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Era of  gravitational-wave astronomy begins!



Binary black hole merger in three phases:

I will focus on the  
conservative potential (figure from 1610.03567)



virial theorem

The post-Newtonian (PN) approximation is 
an expansion in powers of

which are tiny and perturbatively calculable 
during the inspiral phase.

v2 ⇠ GM
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The post-Minkowskian (PM) expansion is an 
expansion in powers of     .G
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map of  perturbative theory
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FIG. 6. 90% upper bounds on the fractional variations of the known
PN coe�cients with respect to their GR values. The orange squares
are the 90% upper bounds obtained from the single-parameter analy-
sis of GW150914. As a comparison, the blue triangles show the 90%
upper bounds extrapolated exclusively from the measured orbital-
period derivative Ṗorb of the double pulsar J0737-3039 [12, 88], here
too allowing for possible GR violations at di↵erent powers of fre-
quency, one at a time. The GW phase deduced from an almost con-
stant Ṗorb cannot provide significant information as the PN order is
increased, so we show the bounds for the latter only up to 1PN order.
We do not report on the deviation of the 2.5PN coe�cient, which is
unmeasurable because it is degenerate with the reference phase. We
also do not report on the deviations of the logarithmic terms in the
PN series at 2.5PN and 3PN order, which can be found in Table I and
in Fig. 7.

{�↵̂2, �↵̂3, �↵̂4}. We do not consider parameters that are de-
generate with either the reference time or the reference phase.
For our analysis, we explore two scenarios: single-parameter
analysis, in which only one of the testing parameters is al-
lowed to vary freely (in addition to masses, spins, ...) while
the remaining ones are fixed to their GR value, that is zero,
and multiple-parameter analysis in which all the parameters
in one of the three sets enumerated above are allowed to vary
simultaneously.

The rationale behind our choices of single- and multiple-
parameter analyses comes from the following considerations.
In most known alternative theories of gravity [13, 14, 89], the
corrections to GR extend to all PN orders even if in most cases
they have been computed only at leading PN order. Consid-
ering that GW150914 is an inspiral–merger–ringdown signal
sweeping through the detector between 20 Hz and 300 Hz,
we expect to see signal deviations from GR at all PN orders.
The single-parameter analysis corresponds to minimally ex-
tended models that can capture deviations from GR that occur
predominantly, but not only, at a specific PN order. Neverthe-

We also include the 0.5PN parameter �'̂1; since '1 is zero in GR, we define
�'̂1 to be an absolute shift rather than a fractional deformation.

less, should a deviation be measurably present at multiple PN
orders, we expect the single-parameter analyses to also cap-
ture these. In the multiple-parameter analysis, the correlations
among the parameters are very significant. In other words, a
shift in one of the testing parameters can always be compen-
sated by a change of the opposite sign in another parameter,
and still return the same overall GW phase. Thus, it is not sur-
prising that the multiple-parameter case provides a much more
conservative statement on the agreement between GW150914
and GR. We defer to future studies the identification of op-
timally determined directions in the � p̂i space by performing
a singular value decomposition along the lines suggested in
Ref. [90].

For each set of testing parameters, we perform a separate
LALInference analysis, where in concert with the full set of
GR parameters [3] we also explore the posterior distributions
for the specified set of testing parameters. Since our testing
parameters are purely phenomenological (except the parame-
ters that govern the PN early-inspiral stage), we choose their
prior probability distributions to be uniform and wide enough
to encompass the full posterior probability density function in
the single-parameter case. In particular we set �'̂i 2 [�20, 20];
��̂i 2 [�3, 3]; �↵̂i 2 [�5, 5]. In all cases we obtain estimates
of the physical parameters – e.g., masses and spins – that are
in agreement with those reported in Ref. [3].

In Fig. 6 we show the 90% upper bounds on deviations in
the (known) PN parameters, �'̂i with i = 0, . . . , 7 (except for
i = 5, which is degenerate with the reference phase), when
varying the testing parameters one at the time, keeping the
other parameters fixed to the GR value. As an illustration, fol-
lowing Ref. [88], we also show in Fig. 6 the bounds obtained
from the measured orbital-period derivative Ṗorb of the double
pulsar J0737-3039 [12]. Also for the latter, bounds are com-
puted by allowing for possible violations of GR at di↵erent
powers of frequency, one at a time. Not surprisingly, since in
binary pulsars the orbital period changes at essentially a con-
stant rate, the corresponding bounds quickly become rather
loose as the PN order is increased. As a consequence, the
double-pulsar bounds are significantly less informative than
GW150914, except at 0PN order, where the double-pulsar
bound is better thanks to the long observation time (⇠ 10 years
against ⇠ 0.4 s for GW150914).6 Thus, GW150914 allows us
for the first time to constrain the coe�cients in the PN series
of the phasing up to 3.5PN order.

Furthermore, in Table I and Fig. 7 we summarize the
constraints on each testing parameter �'̂i for the single and
multiple-parameter analyses. In particular, in the 6th and 7th

columns of Table I we list the quantile at which the GR value
of zero is found within the marginalized one-dimensional pos-
terior (i.e., the integral of the posterior from the lower bound

6 We note that when computing the upper bounds with the binary-pulsar ob-
servations, we include the e↵ect of eccentricity only in the 0PN parameter.
For the higher PN parameters, the e↵ect is not essential considering that
the bounds are not very tight.

LIGO will continue to test PN corrections.

“Tests of  general relativity with GW150914” (1602.03841)
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FIG. 6. 90% upper bounds on the fractional variations of the known
PN coe�cients with respect to their GR values. The orange squares
are the 90% upper bounds obtained from the single-parameter analy-
sis of GW150914. As a comparison, the blue triangles show the 90%
upper bounds extrapolated exclusively from the measured orbital-
period derivative Ṗorb of the double pulsar J0737-3039 [12, 88], here
too allowing for possible GR violations at di↵erent powers of fre-
quency, one at a time. The GW phase deduced from an almost con-
stant Ṗorb cannot provide significant information as the PN order is
increased, so we show the bounds for the latter only up to 1PN order.
We do not report on the deviation of the 2.5PN coe�cient, which is
unmeasurable because it is degenerate with the reference phase. We
also do not report on the deviations of the logarithmic terms in the
PN series at 2.5PN and 3PN order, which can be found in Table I and
in Fig. 7.

{�↵̂2, �↵̂3, �↵̂4}. We do not consider parameters that are de-
generate with either the reference time or the reference phase.
For our analysis, we explore two scenarios: single-parameter
analysis, in which only one of the testing parameters is al-
lowed to vary freely (in addition to masses, spins, ...) while
the remaining ones are fixed to their GR value, that is zero,
and multiple-parameter analysis in which all the parameters
in one of the three sets enumerated above are allowed to vary
simultaneously.

The rationale behind our choices of single- and multiple-
parameter analyses comes from the following considerations.
In most known alternative theories of gravity [13, 14, 89], the
corrections to GR extend to all PN orders even if in most cases
they have been computed only at leading PN order. Consid-
ering that GW150914 is an inspiral–merger–ringdown signal
sweeping through the detector between 20 Hz and 300 Hz,
we expect to see signal deviations from GR at all PN orders.
The single-parameter analysis corresponds to minimally ex-
tended models that can capture deviations from GR that occur
predominantly, but not only, at a specific PN order. Neverthe-

We also include the 0.5PN parameter �'̂1; since '1 is zero in GR, we define
�'̂1 to be an absolute shift rather than a fractional deformation.

less, should a deviation be measurably present at multiple PN
orders, we expect the single-parameter analyses to also cap-
ture these. In the multiple-parameter analysis, the correlations
among the parameters are very significant. In other words, a
shift in one of the testing parameters can always be compen-
sated by a change of the opposite sign in another parameter,
and still return the same overall GW phase. Thus, it is not sur-
prising that the multiple-parameter case provides a much more
conservative statement on the agreement between GW150914
and GR. We defer to future studies the identification of op-
timally determined directions in the � p̂i space by performing
a singular value decomposition along the lines suggested in
Ref. [90].

For each set of testing parameters, we perform a separate
LALInference analysis, where in concert with the full set of
GR parameters [3] we also explore the posterior distributions
for the specified set of testing parameters. Since our testing
parameters are purely phenomenological (except the parame-
ters that govern the PN early-inspiral stage), we choose their
prior probability distributions to be uniform and wide enough
to encompass the full posterior probability density function in
the single-parameter case. In particular we set �'̂i 2 [�20, 20];
��̂i 2 [�3, 3]; �↵̂i 2 [�5, 5]. In all cases we obtain estimates
of the physical parameters – e.g., masses and spins – that are
in agreement with those reported in Ref. [3].

In Fig. 6 we show the 90% upper bounds on deviations in
the (known) PN parameters, �'̂i with i = 0, . . . , 7 (except for
i = 5, which is degenerate with the reference phase), when
varying the testing parameters one at the time, keeping the
other parameters fixed to the GR value. As an illustration, fol-
lowing Ref. [88], we also show in Fig. 6 the bounds obtained
from the measured orbital-period derivative Ṗorb of the double
pulsar J0737-3039 [12]. Also for the latter, bounds are com-
puted by allowing for possible violations of GR at di↵erent
powers of frequency, one at a time. Not surprisingly, since in
binary pulsars the orbital period changes at essentially a con-
stant rate, the corresponding bounds quickly become rather
loose as the PN order is increased. As a consequence, the
double-pulsar bounds are significantly less informative than
GW150914, except at 0PN order, where the double-pulsar
bound is better thanks to the long observation time (⇠ 10 years
against ⇠ 0.4 s for GW150914).6 Thus, GW150914 allows us
for the first time to constrain the coe�cients in the PN series
of the phasing up to 3.5PN order.

Furthermore, in Table I and Fig. 7 we summarize the
constraints on each testing parameter �'̂i for the single and
multiple-parameter analyses. In particular, in the 6th and 7th

columns of Table I we list the quantile at which the GR value
of zero is found within the marginalized one-dimensional pos-
terior (i.e., the integral of the posterior from the lower bound

6 We note that when computing the upper bounds with the binary-pulsar ob-
servations, we include the e↵ect of eccentricity only in the 0PN parameter.
For the higher PN parameters, the e↵ect is not essential considering that
the bounds are not very tight.
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LIGO will continue to test PN corrections.
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<latexit sha1_base64="i9VFx2Qbkxw5i9Pa+elTYlO6x2w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuixIoLHCvYD2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hrqt56o0kyKezOOqR/hgWAhI9hYqXlVjs8eT3vFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rx3Ip3d16q3WRx5OEIjqEMHlxADW6hDg0g8ADP8ApvjnRenHfnY96ac7KZQ/gD5/MHYu+OWA==</latexit><latexit sha1_base64="i9VFx2Qbkxw5i9Pa+elTYlO6x2w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuixIoLHCvYD2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hrqt56o0kyKezOOqR/hgWAhI9hYqXlVjs8eT3vFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rx3Ip3d16q3WRx5OEIjqEMHlxADW6hDg0g8ADP8ApvjnRenHfnY96ac7KZQ/gD5/MHYu+OWA==</latexit><latexit sha1_base64="i9VFx2Qbkxw5i9Pa+elTYlO6x2w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuixIoLHCvYD2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hrqt56o0kyKezOOqR/hgWAhI9hYqXlVjs8eT3vFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rx3Ip3d16q3WRx5OEIjqEMHlxADW6hDg0g8ADP8ApvjnRenHfnY96ac7KZQ/gD5/MHYu+OWA==</latexit><latexit sha1_base64="i9VFx2Qbkxw5i9Pa+elTYlO6x2w=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuixIoLHCvYD2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hrqt56o0kyKezOOqR/hgWAhI9hYqXlVjs8eT3vFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rx3Ip3d16q3WRx5OEIjqEMHlxADW6hDg0g8ADP8ApvjnRenHfnY96ac7KZQ/gD5/MHYu+OWA==</latexit>

{
<latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit>

+
<latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit><latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit><latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit><latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit>

+ · · ·
<latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit><latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit><latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit><latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit> }

<latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit>

{
<latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit>

}
<latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit>

⇠<latexit sha1_base64="BVyj44p9Cubgl264pnJkDQYihU4=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY2ERwcRAcoS9zSRZsrt37O4J4chfsLFQxNY/ZOe/cS+5QhMfDDzem2FmXpQIbqzvf3ultfWNza3ydmVnd2//oHp41DZxqhm2WCxi3YmoQcEVtiy3AjuJRiojgY/R5Cb3H59QGx6rBztNMJR0pPiQM2pzqWe47Fdrft2fg6ySoCA1KNDsV796g5ilEpVlghrTDfzEhhnVljOBs0ovNZhQNqEj7DqqqEQTZvNbZ+TMKQMyjLUrZclc/T2RUWnMVEauU1I7NsteLv7ndVM7vA4zrpLUomKLRcNUEBuT/HEy4BqZFVNHKNPc3UrYmGrKrIun4kIIll9eJe2LeuDXg/vLWuOuiKMMJ3AK5xDAFTTgFprQAgZjeIZXePOk9+K9ex+L1pJXzBzDH3ifPyKxjlE=</latexit><latexit sha1_base64="BVyj44p9Cubgl264pnJkDQYihU4=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY2ERwcRAcoS9zSRZsrt37O4J4chfsLFQxNY/ZOe/cS+5QhMfDDzem2FmXpQIbqzvf3ultfWNza3ydmVnd2//oHp41DZxqhm2WCxi3YmoQcEVtiy3AjuJRiojgY/R5Cb3H59QGx6rBztNMJR0pPiQM2pzqWe47Fdrft2fg6ySoCA1KNDsV796g5ilEpVlghrTDfzEhhnVljOBs0ovNZhQNqEj7DqqqEQTZvNbZ+TMKQMyjLUrZclc/T2RUWnMVEauU1I7NsteLv7ndVM7vA4zrpLUomKLRcNUEBuT/HEy4BqZFVNHKNPc3UrYmGrKrIun4kIIll9eJe2LeuDXg/vLWuOuiKMMJ3AK5xDAFTTgFprQAgZjeIZXePOk9+K9ex+L1pJXzBzDH3ifPyKxjlE=</latexit><latexit sha1_base64="BVyj44p9Cubgl264pnJkDQYihU4=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY2ERwcRAcoS9zSRZsrt37O4J4chfsLFQxNY/ZOe/cS+5QhMfDDzem2FmXpQIbqzvf3ultfWNza3ydmVnd2//oHp41DZxqhm2WCxi3YmoQcEVtiy3AjuJRiojgY/R5Cb3H59QGx6rBztNMJR0pPiQM2pzqWe47Fdrft2fg6ySoCA1KNDsV796g5ilEpVlghrTDfzEhhnVljOBs0ovNZhQNqEj7DqqqEQTZvNbZ+TMKQMyjLUrZclc/T2RUWnMVEauU1I7NsteLv7ndVM7vA4zrpLUomKLRcNUEBuT/HEy4BqZFVNHKNPc3UrYmGrKrIun4kIIll9eJe2LeuDXg/vLWuOuiKMMJ3AK5xDAFTTgFprQAgZjeIZXePOk9+K9ex+L1pJXzBzDH3ifPyKxjlE=</latexit><latexit sha1_base64="BVyj44p9Cubgl264pnJkDQYihU4=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY2ERwcRAcoS9zSRZsrt37O4J4chfsLFQxNY/ZOe/cS+5QhMfDDzem2FmXpQIbqzvf3ultfWNza3ydmVnd2//oHp41DZxqhm2WCxi3YmoQcEVtiy3AjuJRiojgY/R5Cb3H59QGx6rBztNMJR0pPiQM2pzqWe47Fdrft2fg6ySoCA1KNDsV796g5ilEpVlghrTDfzEhhnVljOBs0ovNZhQNqEj7DqqqEQTZvNbZ+TMKQMyjLUrZclc/T2RUWnMVEauU1I7NsteLv7ndVM7vA4zrpLUomKLRcNUEBuT/HEy4BqZFVNHKNPc3UrYmGrKrIun4kIIll9eJe2LeuDXg/vLWuOuiKMMJ3AK5xDAFTTgFprQAgZjeIZXePOk9+K9ex+L1pJXzBzDH3ifPyKxjlE=</latexit> G(1 + v2 + · · · )
<latexit sha1_base64="YItFaO6yLEbI1lfth2terdFg8Rg=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQKZSZIthlwYUuK9gHtGPJZDJtaCYZkkyljP0UNy4UceuXuPNvTNtZaOuBC4dz7uXee/yYUaUd59vKbWxube/kdwt7+weHR3bxuK1EIjFpYcGE7PpIEUY5aWmqGenGkqDIZ6Tjj6/nfmdCpKKC3+tpTLwIDTkNKUbaSAO7eFN2K3DyUIOVPg6EVhcDu+RUnQXgOnEzUgIZmgP7qx8InESEa8yQUj3XibWXIqkpZmRW6CeKxAiP0ZD0DOUoIspLF6fP4LlRAhgKaYpruFB/T6QoUmoa+aYzQnqkVr25+J/XS3RY91LK40QTjpeLwoRBLeA8BxhQSbBmU0MQltTcCvEISYS1SatgQnBXX14n7VrVdaru3WWpUc/iyINTcAbKwAVXoAFuQRO0AAaP4Bm8gjfryXqx3q2PZWvOymZOwB9Ynz93qZIp</latexit><latexit sha1_base64="YItFaO6yLEbI1lfth2terdFg8Rg=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQKZSZIthlwYUuK9gHtGPJZDJtaCYZkkyljP0UNy4UceuXuPNvTNtZaOuBC4dz7uXee/yYUaUd59vKbWxube/kdwt7+weHR3bxuK1EIjFpYcGE7PpIEUY5aWmqGenGkqDIZ6Tjj6/nfmdCpKKC3+tpTLwIDTkNKUbaSAO7eFN2K3DyUIOVPg6EVhcDu+RUnQXgOnEzUgIZmgP7qx8InESEa8yQUj3XibWXIqkpZmRW6CeKxAiP0ZD0DOUoIspLF6fP4LlRAhgKaYpruFB/T6QoUmoa+aYzQnqkVr25+J/XS3RY91LK40QTjpeLwoRBLeA8BxhQSbBmU0MQltTcCvEISYS1SatgQnBXX14n7VrVdaru3WWpUc/iyINTcAbKwAVXoAFuQRO0AAaP4Bm8gjfryXqx3q2PZWvOymZOwB9Ynz93qZIp</latexit><latexit sha1_base64="YItFaO6yLEbI1lfth2terdFg8Rg=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQKZSZIthlwYUuK9gHtGPJZDJtaCYZkkyljP0UNy4UceuXuPNvTNtZaOuBC4dz7uXee/yYUaUd59vKbWxube/kdwt7+weHR3bxuK1EIjFpYcGE7PpIEUY5aWmqGenGkqDIZ6Tjj6/nfmdCpKKC3+tpTLwIDTkNKUbaSAO7eFN2K3DyUIOVPg6EVhcDu+RUnQXgOnEzUgIZmgP7qx8InESEa8yQUj3XibWXIqkpZmRW6CeKxAiP0ZD0DOUoIspLF6fP4LlRAhgKaYpruFB/T6QoUmoa+aYzQnqkVr25+J/XS3RY91LK40QTjpeLwoRBLeA8BxhQSbBmU0MQltTcCvEISYS1SatgQnBXX14n7VrVdaru3WWpUc/iyINTcAbKwAVXoAFuQRO0AAaP4Bm8gjfryXqx3q2PZWvOymZOwB9Ynz93qZIp</latexit><latexit sha1_base64="YItFaO6yLEbI1lfth2terdFg8Rg=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQKZSZIthlwYUuK9gHtGPJZDJtaCYZkkyljP0UNy4UceuXuPNvTNtZaOuBC4dz7uXee/yYUaUd59vKbWxube/kdwt7+weHR3bxuK1EIjFpYcGE7PpIEUY5aWmqGenGkqDIZ6Tjj6/nfmdCpKKC3+tpTLwIDTkNKUbaSAO7eFN2K3DyUIOVPg6EVhcDu+RUnQXgOnEzUgIZmgP7qx8InESEa8yQUj3XibWXIqkpZmRW6CeKxAiP0ZD0DOUoIspLF6fP4LlRAhgKaYpruFB/T6QoUmoa+aYzQnqkVr25+J/XS3RY91LK40QTjpeLwoRBLeA8BxhQSbBmU0MQltTcCvEISYS1SatgQnBXX14n7VrVdaru3WWpUc/iyINTcAbKwAVXoAFuQRO0AAaP4Bm8gjfryXqx3q2PZWvOymZOwB9Ynz93qZIp</latexit>

G2(1 + v2 + · · · )
<latexit sha1_base64="HFnhACsl3tZlUv3BRnBSsLN7dtA=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQKZSZIthlwYUuK9gHtNOSyWTa0EwyJJnCUOqvuHGhiFs/xJ1/Y9rOQlsPXDiccy/33uPHjCrtON9Wbmt7Z3cvv184ODw6PrFPz9pKJBKTFhZMyK6PFGGUk5ammpFuLAmKfEY6/uR24XemRCoq+KNOY+JFaMRpSDHSRhraxbtBrexW4HRQg5U+DoRWV0O75FSdJeAmcTNSAhmaQ/urHwicRIRrzJBSPdeJtTdDUlPMyLzQTxSJEZ6gEekZylFElDdbHj+Hl0YJYCikKa7hUv09MUORUmnkm84I6bFa9xbif14v0WHdm1EeJ5pwvFoUJgxqARdJwIBKgjVLDUFYUnMrxGMkEdYmr4IJwV1/eZO0a1XXqboP16VGPYsjD87BBSgDF9yABrgHTdACGKTgGbyCN+vJerHerY9Va87KZorgD6zPH6Ysks0=</latexit><latexit sha1_base64="HFnhACsl3tZlUv3BRnBSsLN7dtA=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQKZSZIthlwYUuK9gHtNOSyWTa0EwyJJnCUOqvuHGhiFs/xJ1/Y9rOQlsPXDiccy/33uPHjCrtON9Wbmt7Z3cvv184ODw6PrFPz9pKJBKTFhZMyK6PFGGUk5ammpFuLAmKfEY6/uR24XemRCoq+KNOY+JFaMRpSDHSRhraxbtBrexW4HRQg5U+DoRWV0O75FSdJeAmcTNSAhmaQ/urHwicRIRrzJBSPdeJtTdDUlPMyLzQTxSJEZ6gEekZylFElDdbHj+Hl0YJYCikKa7hUv09MUORUmnkm84I6bFa9xbif14v0WHdm1EeJ5pwvFoUJgxqARdJwIBKgjVLDUFYUnMrxGMkEdYmr4IJwV1/eZO0a1XXqboP16VGPYsjD87BBSgDF9yABrgHTdACGKTgGbyCN+vJerHerY9Va87KZorgD6zPH6Ysks0=</latexit><latexit sha1_base64="HFnhACsl3tZlUv3BRnBSsLN7dtA=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQKZSZIthlwYUuK9gHtNOSyWTa0EwyJJnCUOqvuHGhiFs/xJ1/Y9rOQlsPXDiccy/33uPHjCrtON9Wbmt7Z3cvv184ODw6PrFPz9pKJBKTFhZMyK6PFGGUk5ammpFuLAmKfEY6/uR24XemRCoq+KNOY+JFaMRpSDHSRhraxbtBrexW4HRQg5U+DoRWV0O75FSdJeAmcTNSAhmaQ/urHwicRIRrzJBSPdeJtTdDUlPMyLzQTxSJEZ6gEekZylFElDdbHj+Hl0YJYCikKa7hUv09MUORUmnkm84I6bFa9xbif14v0WHdm1EeJ5pwvFoUJgxqARdJwIBKgjVLDUFYUnMrxGMkEdYmr4IJwV1/eZO0a1XXqboP16VGPYsjD87BBSgDF9yABrgHTdACGKTgGbyCN+vJerHerY9Va87KZorgD6zPH6Ysks0=</latexit><latexit sha1_base64="HFnhACsl3tZlUv3BRnBSsLN7dtA=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQKZSZIthlwYUuK9gHtNOSyWTa0EwyJJnCUOqvuHGhiFs/xJ1/Y9rOQlsPXDiccy/33uPHjCrtON9Wbmt7Z3cvv184ODw6PrFPz9pKJBKTFhZMyK6PFGGUk5ammpFuLAmKfEY6/uR24XemRCoq+KNOY+JFaMRpSDHSRhraxbtBrexW4HRQg5U+DoRWV0O75FSdJeAmcTNSAhmaQ/urHwicRIRrzJBSPdeJtTdDUlPMyLzQTxSJEZ6gEekZylFElDdbHj+Hl0YJYCikKa7hUv09MUORUmnkm84I6bFa9xbif14v0WHdm1EeJ5pwvFoUJgxqARdJwIBKgjVLDUFYUnMrxGMkEdYmr4IJwV1/eZO0a1XXqboP16VGPYsjD87BBSgDF9yABrgHTdACGKTgGbyCN+vJerHerY9Va87KZorgD6zPH6Ysks0=</latexit>

G3(1 + v2 + · · · )
<latexit sha1_base64="ftJSECMiA09XyKnOOqpDBnWg0dY=">AAAB/HicbVDLSgMxFM34rPU12qWbYBEqhTJTBbssuNBlBfuAdloymUwbmkmGJFMoQ/0VNy4UceuHuPNvTNtZaOuBC4dz7uXee/yYUaUd59va2Nza3tnN7eX3Dw6Pju2T05YSicSkiQUTsuMjRRjlpKmpZqQTS4Iin5G2P76d++0JkYoK/qinMfEiNOQ0pBhpIw3swl3/quSW4aRfheUeDoRWlwO76FScBeA6cTNSBBkaA/urFwicRIRrzJBSXdeJtZciqSlmZJbvJYrECI/RkHQN5SgiyksXx8/ghVECGAppimu4UH9PpChSahr5pjNCeqRWvbn4n9dNdFjzUsrjRBOOl4vChEEt4DwJGFBJsGZTQxCW1NwK8QhJhLXJK29CcFdfXietasV1Ku7DdbFey+LIgTNwDkrABTegDu5BAzQBBlPwDF7Bm/VkvVjv1seydcPKZgrgD6zPH6fAks4=</latexit><latexit sha1_base64="ftJSECMiA09XyKnOOqpDBnWg0dY=">AAAB/HicbVDLSgMxFM34rPU12qWbYBEqhTJTBbssuNBlBfuAdloymUwbmkmGJFMoQ/0VNy4UceuHuPNvTNtZaOuBC4dz7uXee/yYUaUd59va2Nza3tnN7eX3Dw6Pju2T05YSicSkiQUTsuMjRRjlpKmpZqQTS4Iin5G2P76d++0JkYoK/qinMfEiNOQ0pBhpIw3swl3/quSW4aRfheUeDoRWlwO76FScBeA6cTNSBBkaA/urFwicRIRrzJBSXdeJtZciqSlmZJbvJYrECI/RkHQN5SgiyksXx8/ghVECGAppimu4UH9PpChSahr5pjNCeqRWvbn4n9dNdFjzUsrjRBOOl4vChEEt4DwJGFBJsGZTQxCW1NwK8QhJhLXJK29CcFdfXietasV1Ku7DdbFey+LIgTNwDkrABTegDu5BAzQBBlPwDF7Bm/VkvVjv1seydcPKZgrgD6zPH6fAks4=</latexit><latexit sha1_base64="ftJSECMiA09XyKnOOqpDBnWg0dY=">AAAB/HicbVDLSgMxFM34rPU12qWbYBEqhTJTBbssuNBlBfuAdloymUwbmkmGJFMoQ/0VNy4UceuHuPNvTNtZaOuBC4dz7uXee/yYUaUd59va2Nza3tnN7eX3Dw6Pju2T05YSicSkiQUTsuMjRRjlpKmpZqQTS4Iin5G2P76d++0JkYoK/qinMfEiNOQ0pBhpIw3swl3/quSW4aRfheUeDoRWlwO76FScBeA6cTNSBBkaA/urFwicRIRrzJBSXdeJtZciqSlmZJbvJYrECI/RkHQN5SgiyksXx8/ghVECGAppimu4UH9PpChSahr5pjNCeqRWvbn4n9dNdFjzUsrjRBOOl4vChEEt4DwJGFBJsGZTQxCW1NwK8QhJhLXJK29CcFdfXietasV1Ku7DdbFey+LIgTNwDkrABTegDu5BAzQBBlPwDF7Bm/VkvVjv1seydcPKZgrgD6zPH6fAks4=</latexit><latexit sha1_base64="ftJSECMiA09XyKnOOqpDBnWg0dY=">AAAB/HicbVDLSgMxFM34rPU12qWbYBEqhTJTBbssuNBlBfuAdloymUwbmkmGJFMoQ/0VNy4UceuHuPNvTNtZaOuBC4dz7uXee/yYUaUd59va2Nza3tnN7eX3Dw6Pju2T05YSicSkiQUTsuMjRRjlpKmpZqQTS4Iin5G2P76d++0JkYoK/qinMfEiNOQ0pBhpIw3swl3/quSW4aRfheUeDoRWlwO76FScBeA6cTNSBBkaA/urFwicRIRrzJBSXdeJtZciqSlmZJbvJYrECI/RkHQN5SgiyksXx8/ghVECGAppimu4UH9PpChSahr5pjNCeqRWvbn4n9dNdFjzUsrjRBOOl4vChEEt4DwJGFBJsGZTQxCW1NwK8QhJhLXJK29CcFdfXietasV1Ku7DdbFey+LIgTNwDkrABTegDu5BAzQBBlPwDF7Bm/VkvVjv1seydcPKZgrgD6zPH6fAks4=</latexit>{

<latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit><latexit sha1_base64="lG8OF/8h696eg4G7D00/gK4+fIE=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKJvtplm62YTdiVBCD178K148KOLVH+HNf+O2zUFbHww83pthZl6UC67Bdb+ttfWNza3t2k59d2//4NA+Ou7orFCU+TQTmepFRDPBJfOBg2C9XDGSRoJ1o/HNzO8+MKV5Ju9hkrMwJSPJY04JGGlgNwLBYghKHOQJkZClZW+KA8VHCTgDu+k67hx4lXgVaaIK7YH9FQwzWqRMAhVE677n5hCWRAGngk3rQaFZTuiYjFjfUElSpsNy/sQUnxlliONMmZKA5+rviZKkWk/SyHSmBBK97M3E/7x+AfF1WHKZF8AkXSyKC4Ehw7NE8JArRkFMDCFUcXMrpglRhILJrW5C8JZfXiWdC8dzHe/ustnyqzhqqIFO0Tny0BVqoVvURj6i6BE9o1f0Zj1ZL9a79bFoXbOqmRP0B9bnD8JQmDU=</latexit>

+
<latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit><latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit><latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit><latexit sha1_base64="55TmTxuGtd5zEQg3a/BhpWrux9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4aMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSo2LfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJa3LqudWvcZVpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH3SHjLk=</latexit>

+ · · ·
<latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit><latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit><latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit><latexit sha1_base64="gSLl22+qYu/IfXZ0QkAVWH7gyFA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjx4qGBroQ1ls9m0SzfZuDsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz84JUCoOu++2UVlbX1jfKm5Wt7Z3dver+QduoTDPeYkoq3Qmo4VIkvIUCJe+kmtM4kPwhGF1P/Ycnro1QyT2OU+7HdJCISDCKVuqckR4LFZp+tebW3RnIMvEKUoMCzX71qxcqlsU8QSapMV3PTdHPqUbBJJ9UepnhKWUjOuBdSxMac+Pns3sn5MQqIYmUtpUgmam/J3IaGzOOA9sZUxyaRW8q/ud1M4yu/FwkaYY8YfNFUSYJKjJ9noRCc4ZybAllWthbCRtSTRnaiCo2BG/x5WXSPq97bt27u6g1bos4ynAEx3AKHlxCA26gCS1gIOEZXuHNeXRenHfnY95acoqZQ/gD5/MHbt+PmA==</latexit> }

<latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit><latexit sha1_base64="kVnYE3nmM1DfV1dB34AQN3Nzi/w=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwFBIR9Fjw4rGCaQtNKZvtplm62YTdiVBCDl78K148KOLVH+HNf+O2zUFbHww83pthZl6YCa7Bdb+ttfWNza3t2k59d2//4NA+Ou7oNFeU+TQVqeqFRDPBJfOBg2C9TDGShIJ1w8nNzO8+MKV5Ku9hmrFBQsaSR5wSMNLQbgSCReDgIIuJhDQpeiUOFB/HEJRDu+k67hx4lXgVaaIK7aH9FYxSmidMAhVE677nZjAoiAJOBSvrQa5ZRuiEjFnfUEkSpgfF/IkSnxllhKNUmZKA5+rviYIkWk+T0HQmBGK97M3E/7x+DtH1oOAyy4FJulgU5QJDimeJ4BFXjIKYGkKo4uZWTGOiCAWTW92E4C2/vEo6F47nOt7dZbPlV3HUUAOdonPkoSvUQreojXxE0SN6Rq/ozXqyXqx362PRumZVMyfoD6zPH7+vmDc=</latexit>

Crucially n-PN corresponds to up to n-loop!

Loop ≠ quantum due to           Fourier factor.eiqr/~
<latexit sha1_base64="egWW1M73kfyShZxC6buZwKvPU0I=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeACB4jmAfkxeykNxkyO7vOzCphyX948aCIV//Fm3/jJNmDJhY0FFXddHf5seDauO63k1tZXVvfyG8WtrZ3dveK+wd1HSWKYY1FIlJNn2oUXGLNcCOwGSukoS+w4Y+up37jEZXmkbw34xg7IR1IHnBGjZW62E35A1Fn7aFP1aRXLLlldwayTLyMlCBDtVf8avcjloQoDRNU65bnxqaTUmU4EzgptBONMWUjOsCWpZKGqDvp7OoJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJSa46qRcxolByeaLgkQQE5FpBKTPFTIjxpZQpri9lbAhVZQZG1TBhuAtvrxM6udlzy17dxelyk0WRx6O4BhOwYNLqMAtVKEGDBQ8wyu8OU/Oi/PufMxbc042cwh/4Hz+AD+lklg=</latexit><latexit sha1_base64="egWW1M73kfyShZxC6buZwKvPU0I=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeACB4jmAfkxeykNxkyO7vOzCphyX948aCIV//Fm3/jJNmDJhY0FFXddHf5seDauO63k1tZXVvfyG8WtrZ3dveK+wd1HSWKYY1FIlJNn2oUXGLNcCOwGSukoS+w4Y+up37jEZXmkbw34xg7IR1IHnBGjZW62E35A1Fn7aFP1aRXLLlldwayTLyMlCBDtVf8avcjloQoDRNU65bnxqaTUmU4EzgptBONMWUjOsCWpZKGqDvp7OoJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJSa46qRcxolByeaLgkQQE5FpBKTPFTIjxpZQpri9lbAhVZQZG1TBhuAtvrxM6udlzy17dxelyk0WRx6O4BhOwYNLqMAtVKEGDBQ8wyu8OU/Oi/PufMxbc042cwh/4Hz+AD+lklg=</latexit><latexit sha1_base64="egWW1M73kfyShZxC6buZwKvPU0I=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeACB4jmAfkxeykNxkyO7vOzCphyX948aCIV//Fm3/jJNmDJhY0FFXddHf5seDauO63k1tZXVvfyG8WtrZ3dveK+wd1HSWKYY1FIlJNn2oUXGLNcCOwGSukoS+w4Y+up37jEZXmkbw34xg7IR1IHnBGjZW62E35A1Fn7aFP1aRXLLlldwayTLyMlCBDtVf8avcjloQoDRNU65bnxqaTUmU4EzgptBONMWUjOsCWpZKGqDvp7OoJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJSa46qRcxolByeaLgkQQE5FpBKTPFTIjxpZQpri9lbAhVZQZG1TBhuAtvrxM6udlzy17dxelyk0WRx6O4BhOwYNLqMAtVKEGDBQ8wyu8OU/Oi/PufMxbc042cwh/4Hz+AD+lklg=</latexit><latexit sha1_base64="egWW1M73kfyShZxC6buZwKvPU0I=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeACB4jmAfkxeykNxkyO7vOzCphyX948aCIV//Fm3/jJNmDJhY0FFXddHf5seDauO63k1tZXVvfyG8WtrZ3dveK+wd1HSWKYY1FIlJNn2oUXGLNcCOwGSukoS+w4Y+up37jEZXmkbw34xg7IR1IHnBGjZW62E35A1Fn7aFP1aRXLLlldwayTLyMlCBDtVf8avcjloQoDRNU65bnxqaTUmU4EzgptBONMWUjOsCWpZKGqDvp7OoJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJSa46qRcxolByeaLgkQQE5FpBKTPFTIjxpZQpri9lbAhVZQZG1TBhuAtvrxM6udlzy17dxelyk0WRx6O4BhOwYNLqMAtVKEGDBQ8wyu8OU/Oi/PufMxbc042cwh/4Hz+AD+lklg=</latexit>



•  massive black hole ≠ SYM gluon

•  scattering amplitudes ≠ potential

•  evaluating high loop integrals = hard

→ but EFT methods solved this in NRQCD 

→ but potential is simple so the integrals should be too!

→ but BH is a point-like particle at long distances

Can amplitudes methods give an efficient and 
scaleable path to higher PN?  Several issues:



full theory effective theory



full theory

integral 
representation

BH / graviton 
tree amplitudes 

full loop 
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effective theory

amplitudes 
methods
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<latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit>

A(p, q)
<latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit>

Atree
<latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit>
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<latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit>

A(p, q)
<latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit>

AEFT(p, q)
<latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit><latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit><latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit><latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit>

Atree
<latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit>

V (p, q)
<latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit><latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit><latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit><latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit>
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i

d(i)EFTI
(i)

<latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit><latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit><latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit><latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit>
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<latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit><latexit sha1_base64="ODtmDsYf8Xuxy9u4ZlvtZEfjVgs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIoBuh4kZ3FewD2hgmk2k7dCYJMxOhhIIbf8WNC0Xc+hPu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYh1GcHaSL69f4kuUEelwmcovM/K7HiEbqbdt0tOxZkAzRM3JyXIUfPtr04Yk1TQSBOOlWq7TqK9DEvNCKejYidVNMFkgHu0bWiEBVVeNrlhhI6MEqJuLE1FGk3U3xsZFkoNRWAmBdZ9NeuNxf+8dqq7517GoiTVNCLTh7opRzpG40BQyCQlmg8NwUQy81dE+lhiok1sRROCO3vyPGmcVFyn4t6elqrVPI4CHMAhlMGFM6jCNdSgDgQe4Rle4c16sl6sd+tjOrpg5Tt78AfW5w8xoJXx</latexit>

A(p, q)
<latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit><latexit sha1_base64="OzQ32pcA1C7TQgPkz50+cfNTRvs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY8eKxgt0W2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPfC1TRWiTSC5VO8SaciZo0zDDaTtRFMchp61wdDP1W09UaSbFvRknNIjxQLCIEWys5F9Xk7PH01654tbcGdAy8XJSgRyNXvmr25ckjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BG/x5WXin9c8t+bdXVTq9TyOIhzBMVTBg0uowy00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4AYW6OUw==</latexit>

AEFT(p, q)
<latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit><latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit><latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit><latexit sha1_base64="I9MAPgVGPt7zSAjv+xbxBJuKI5o=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJUkJKIoMeKKB4r9AvaEDbbTbt0s4m7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t6+fXDYVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ36rRGVisWirscJ9SLcFyxkBGsj+bZ942ddGaG7+/qknJw/nfl2yak4M6Bl4uakBDlqvv3V7cUkjajQhGOlOq6TaC/DUjPC6aTYTRVNMBniPu0YKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7xOqsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJ86LiOhX38bJUreZxFOAYTqAMLlxBFR6gBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucP2COSeQ==</latexit>

Atree
<latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit><latexit sha1_base64="zStZON8MefjyK+T8XLU6A/czrlk=">AAAB83icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJiYxnBxEDuCHubSbJkd+/YnRPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzHFo8kYnpxMyCFBpaKFBCJzXAVCzhMR7fzvzHJzBWJPoBJylEig21GAjO0EnhTS8PjaJoAKa9as2v+3PQVRIUpEYKNHvVr7Cf8EyBRi6Ztd3ATzHKmUHBJUwrYWYhZXzMhtB1VDMFNsrnN0/pmVP6dJAYVxrpXP09kTNl7UTFrlMxHNllbyb+53UzHFxHudBphqD5YtEgkxQTOguA9oUBjnLiCONGuFspHzHDOLqYKi6EYPnlVdK+qAd+Pbi/rDUaRRxlckJOyTkJyBVpkDvSJC3CSUqeySt58zLvxXv3PhatJa+YOSZ/4H3+AOXSkZM=</latexit>

V (p, q)
<latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit><latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit><latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit><latexit sha1_base64="7PDjhop99/mIda9lo5NijWwEC7Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix4MVjBbsttEvJptk2NpusSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8e+VqmitAWkVyqTog15UzQlmGG006iKI5DTtvh+Gbmt5+o0kyKezNJaBDjoWARI9hYyferycXjeb9ccWvuHGiVeDmpQI5mv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjm107RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmug6yJhIUkMFWSyKUo6MRLPX0YApSgyfWIKJYvZWREZYYWJsQCUbgrf88irx6zXPrXl3l5VGI4+jCCdwClXw4AoacAtNaAGBB3iGV3hzpPPivDsfi9aCk88cwx84nz+Bq45o</latexit>

integral 
representation

=<latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit><latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit><latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit><latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit>

AEFT =
X

i

d(i)EFTI
(i)

<latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit><latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit><latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit><latexit sha1_base64="xddW84ViI1q+wCw9kexRKJrWvcs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CIoBuhIoruKvQFTQyT6bQdOpOEmYlQQv7Cjb/ixoUibnXn3zhts6itBy4czrmXe+8JYkalsu0fo7C0vLK6VlwvbWxube+Yu3tNGSUCkwaOWCTaAZKE0ZA0FFWMtGNBEA8YaQXDq7HfeiRC0iisq1FMPI76Ie1RjJSWfNO69FNXcHh9U8/gBXRlwn0Kuw9phR5nM9Zdrphl27IngIvEyUkZ5Kj55rfbjXDCSagwQ1J2HDtWXoqEopiRrOQmksQID1GfdDQNESfSSyd/ZfBIK13Yi4SuUMGJOjuRIi7liAe6kyM1kPPeWPzP6ySqd+6lNIwTRUI8XdRLGFQRHIcEu1QQrNhIE4QF1bdCPEACYaWjLOkQnPmXF0nzxHJsy7k/LVereRxFcAAOQQU44AxUwS2ogQbA4Am8gDfwbjwbr8aH8TltLRj5zD74A+PrF+LLnds=</latexit>
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I will present our results at 2PM and 3PM, 
focusing on certain aspects of:

•  calculating the scattering amplitudes

•  extracting the conservative potential
(extending EFT matching to all orders in velocity)

•  analyzing the results for consistency

(newly developed methods for efficient integration)

(old and new diagnostics on the final answer)



0PN 2PN 4PN1PN 3PN 5PN 6PN 7PN

1PM

2PM

3PM

4PM
�
1 + v2 + v4 + v6 + v8 + · · ·

�
G4

<latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + · · ·

�
G3

<latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + · · ·

�
G2

<latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + v14 + · · ·

�
G

<latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit>

�
1 + v2 + v4 + v6 + · · ·

�
G5

<latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit>

5PM

...
<latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit>

map of  perturbative theory



0PN 2PN 4PN1PN 3PN 5PN 6PN 7PN

1PM

2PM

3PM

4PM
�
1 + v2 + v4 + v6 + v8 + · · ·

�
G4

<latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + · · ·

�
G3

<latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + · · ·

�
G2

<latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + v14 + · · ·

�
G

<latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit>

�
1 + v2 + v4 + v6 + · · ·

�
G5

<latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit>

5PM

...
<latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit>

1808.02489

18xx.xxxx

map of  perturbative theory



i) calculating the amplitude



The loop integrands of  amplitudes are built 
by matching singularities to tree amplitudes.

See Zvi’s talk for details on the integrands. 

Integration is highly nontrivial, requiring the 
new tools developed in 1808.02489.

+
<latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit>

+
<latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit>
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evaluate  
3d integrals

=

Z
d3`1d

3`2
⇣
I(0)
3d + I(1)

3d + I(2)
3d + · · ·

⌘
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expand in  
large mass

the answer

(this is our slowest step!)



After 3d reduction, the vast majority of  terms 
are iterated bubble integrals of  the form

The 3d integrals which appear exactly mirror 
the simplicity of  those in NRGR. 

We also applied several highly nontrivial 4d 
checks using IBPs and differential equations.

(A.10) of  Smirnov’s 
“Feynman Integral Calculus”

Z
d3`

`i1`i2 · · · `im
`↵(`+ q)�

=
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For the nonrelativistic scattering amplitude 
for spinless particles at O(G3vn) we obtain

We checked its gauge invariance explicitly. 

We have resummed the series expansion into 
an analytic all orders in velocity expression.

3

6PN contributions at 3PM order. For convenience we in-
troduce variables for the total mass M = mA +mB , the

reduced mass, µ = mAmB/M , and their ratio, ⌫ = µ/M .
The nonrelativistic scattering amplitude at O(G3) is

A3PM = 4⇡G3
M
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where all IR divergent terms are proportional to the uni-
versal integral in Eq. (??).

In order to extract the conservative potential from this
amplitude we employ the EFT method developed in [?
]. We define a nonrelativistic EFT for a massive scalar
whose interaction vertex is the conservative potential,

V =
1X

i=1

ViPM =
1X

i=1

ci(p
2)

✓
G

r

◆i

, (16)

where i labels orders in the PM expansion. Note that
the form of this potential is itself a choice of gauge. Ap-
plying the Feynman rules defined in [? ], we analytically
compute the scattering amplitude of massive scalars,

A
(EFT) =

1X

i=1

A
(EFT)
iPM . (17)

As discussed in [? ], A(EFT)
3PM receives contributions from

diagrams with two loops or fewer and depends on c1,
c2, and c3. In [? ], c1 and c2 were extracted analyt-
ically at all orders in velocity from the tree and one-
loop amplitudes for massive scalars, yielding the full 2PM

potential. Inserting these into A
(EFT)
3PM e↵ectively imple-

ments the subtraction of iterated contributions. Equat-

ing A
(EFT)
3PM = A3PM, we the solve for c3, yielding the

conservative potential at O(G3),
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where ⇢ = r/GM is the distance between particles. As
emphasized in [? ], all IR divergent contributions in

A
(EFT)
3PM and A3PM exactly cancel, which is why we do

not bother evaluating such contributions.
The above expressions pass several highly nontrivial

consistency checks. First, the full theory amplitude A3PM

agrees exactly with A
(EFT)
3PM computed using the conserva-

tive potential computed in existing literature up to 4PN
accuracy. Second, our potential in the probe limit ⌫ = 0
exactly matches the corresponding terms in the Hamilto-
nian for a point particle in a Schwarzschild background,



ii) extracting the potential



Lkin =

Z

p
A†(�p)
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which describes the dynamics of  two spinless, 
nonrelativistic particles denoted A and B.

Define a general Lagrangian for the EFT,

+

Z

p
B†(�p)
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Lint = �
Z

p,p0
Vint(p, p

0)A†(p0)A(p)B†(�p0)B(�p)
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V (p, r) =
1X

i=1

ci(p
2)

⇣ 

4⇡r

⌘i
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Fourier 
transform

off-shell 
continuation

potential 
(position space)

interaction  
vertex

eV (p, q) =
c1(p2)

q2
+

2c2(p2)

8q
� 3c3(p2) log q

16⇡2
+ · · ·
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potential 
(momentum space)
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p0
<latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit>

Vint
<latexit sha1_base64="eVN4GUNQamN3sEXeTlsPcC0owFU=">AAAB8nicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv2AdinZNNuGJtklmRXK0p/hxYMiXv013vw3pu0etPWFwMM7M2TmjVIpLPr+t7exubW9s1vaK+8fHB4dV05O2zbJDOMtlsjEdCNquRSat1Cg5N3UcKoiyTvR5G5e7zxxY0WiH3Ga8lDRkRaxYBSd1WsP8r5RRGicDSpVv+YvRNYhKKAKhZqDyld/mLBMcY1MUmt7gZ9imFODgkk+K/czy1PKJnTEew41VdyG+WLlGbl0zpDEiXFPI1m4vydyqqydqsh1Kopju1qbm//VehnGt2EudJoh12z5UZxJggmZ30+GwnCGcuqAMiPcroSNqaEMXUplF0KwevI6tOu1wPHDdbVRL+IowTlcwBUEcAMNuIcmtIBBAs/wCm8eei/eu/exbN3wipkz+CPv8wc/+JEr</latexit><latexit sha1_base64="eVN4GUNQamN3sEXeTlsPcC0owFU=">AAAB8nicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv2AdinZNNuGJtklmRXK0p/hxYMiXv013vw3pu0etPWFwMM7M2TmjVIpLPr+t7exubW9s1vaK+8fHB4dV05O2zbJDOMtlsjEdCNquRSat1Cg5N3UcKoiyTvR5G5e7zxxY0WiH3Ga8lDRkRaxYBSd1WsP8r5RRGicDSpVv+YvRNYhKKAKhZqDyld/mLBMcY1MUmt7gZ9imFODgkk+K/czy1PKJnTEew41VdyG+WLlGbl0zpDEiXFPI1m4vydyqqydqsh1Kopju1qbm//VehnGt2EudJoh12z5UZxJggmZ30+GwnCGcuqAMiPcroSNqaEMXUplF0KwevI6tOu1wPHDdbVRL+IowTlcwBUEcAMNuIcmtIBBAs/wCm8eei/eu/exbN3wipkz+CPv8wc/+JEr</latexit><latexit sha1_base64="eVN4GUNQamN3sEXeTlsPcC0owFU=">AAAB8nicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv2AdinZNNuGJtklmRXK0p/hxYMiXv013vw3pu0etPWFwMM7M2TmjVIpLPr+t7exubW9s1vaK+8fHB4dV05O2zbJDOMtlsjEdCNquRSat1Cg5N3UcKoiyTvR5G5e7zxxY0WiH3Ga8lDRkRaxYBSd1WsP8r5RRGicDSpVv+YvRNYhKKAKhZqDyld/mLBMcY1MUmt7gZ9imFODgkk+K/czy1PKJnTEew41VdyG+WLlGbl0zpDEiXFPI1m4vydyqqydqsh1Kopju1qbm//VehnGt2EudJoh12z5UZxJggmZ30+GwnCGcuqAMiPcroSNqaEMXUplF0KwevI6tOu1wPHDdbVRL+IowTlcwBUEcAMNuIcmtIBBAs/wCm8eei/eu/exbN3wipkz+CPv8wc/+JEr</latexit><latexit sha1_base64="eVN4GUNQamN3sEXeTlsPcC0owFU=">AAAB8nicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv2AdinZNNuGJtklmRXK0p/hxYMiXv013vw3pu0etPWFwMM7M2TmjVIpLPr+t7exubW9s1vaK+8fHB4dV05O2zbJDOMtlsjEdCNquRSat1Cg5N3UcKoiyTvR5G5e7zxxY0WiH3Ga8lDRkRaxYBSd1WsP8r5RRGicDSpVv+YvRNYhKKAKhZqDyld/mLBMcY1MUmt7gZ9imFODgkk+K/czy1PKJnTEew41VdyG+WLlGbl0zpDEiXFPI1m4vydyqqydqsh1Kopju1qbm//VehnGt2EudJoh12z5UZxJggmZ30+GwnCGcuqAMiPcroSNqaEMXUplF0KwevI6tOu1wPHDdbVRL+IowTlcwBUEcAMNuIcmtIBBAs/wCm8eei/eu/exbN3wipkz+CPv8wc/+JEr</latexit>

Vint(p, p
0) = eV

✓q
p2+p02

2 , |p� p0|
◆

=
<latexit sha1_base64="ux5i2kMLNtMMNoOa6AR499RWRI8="></latexit><latexit sha1_base64="ux5i2kMLNtMMNoOa6AR499RWRI8="></latexit><latexit sha1_base64="ux5i2kMLNtMMNoOa6AR499RWRI8="></latexit><latexit sha1_base64="ux5i2kMLNtMMNoOa6AR499RWRI8="></latexit>



AEFT =
1X

i=1

A(i)
EFT

<latexit sha1_base64="r39cWOpzO8ZNVfA6/gtVag88BtQ=">AAACJnicbVBLSwMxGMz6rPVV9eglWIR6Kbsi6KVQkYrHCn1Bt12yabYNTbJrkhXKsr/Gi3/Fi4eKiDd/iunjUFsHQoaZ+Ui+8SNGlbbtb2ttfWNzazuzk93d2z84zB0dN1QYS0zqOGShbPlIEUYFqWuqGWlFkiDuM9L0h3cTv/lMpKKhqOlRRDoc9QUNKEbaSF6udOslruSwcl9LofsUox4szS7oqph7CS05adelItAjuJDtJgV6kXq5vF20p4CrxJmTPJij6uXGbi/EMSdCY4aUajt2pDsJkppiRtKsGysSITxEfdI2VCBOVCeZrpnCc6P0YBBKc4SGU3VxIkFcqRH3TZIjPVDL3kT8z2vHOrjpJFREsSYCzx4KYgZ1CCedwR6VBGs2MgRhSc1fIR4gibA2zWZNCc7yyqukcVl07KLzeJUvV+Z1ZMApOAMF4IBrUAYPoArqAIMX8AbG4MN6td6tT+trFl2z5jMn4A+sn19KkqRy</latexit><latexit sha1_base64="r39cWOpzO8ZNVfA6/gtVag88BtQ=">AAACJnicbVBLSwMxGMz6rPVV9eglWIR6Kbsi6KVQkYrHCn1Bt12yabYNTbJrkhXKsr/Gi3/Fi4eKiDd/iunjUFsHQoaZ+Ui+8SNGlbbtb2ttfWNzazuzk93d2z84zB0dN1QYS0zqOGShbPlIEUYFqWuqGWlFkiDuM9L0h3cTv/lMpKKhqOlRRDoc9QUNKEbaSF6udOslruSwcl9LofsUox4szS7oqph7CS05adelItAjuJDtJgV6kXq5vF20p4CrxJmTPJij6uXGbi/EMSdCY4aUajt2pDsJkppiRtKsGysSITxEfdI2VCBOVCeZrpnCc6P0YBBKc4SGU3VxIkFcqRH3TZIjPVDL3kT8z2vHOrjpJFREsSYCzx4KYgZ1CCedwR6VBGs2MgRhSc1fIR4gibA2zWZNCc7yyqukcVl07KLzeJUvV+Z1ZMApOAMF4IBrUAYPoArqAIMX8AbG4MN6td6tT+trFl2z5jMn4A+sn19KkqRy</latexit><latexit sha1_base64="r39cWOpzO8ZNVfA6/gtVag88BtQ=">AAACJnicbVBLSwMxGMz6rPVV9eglWIR6Kbsi6KVQkYrHCn1Bt12yabYNTbJrkhXKsr/Gi3/Fi4eKiDd/iunjUFsHQoaZ+Ui+8SNGlbbtb2ttfWNzazuzk93d2z84zB0dN1QYS0zqOGShbPlIEUYFqWuqGWlFkiDuM9L0h3cTv/lMpKKhqOlRRDoc9QUNKEbaSF6udOslruSwcl9LofsUox4szS7oqph7CS05adelItAjuJDtJgV6kXq5vF20p4CrxJmTPJij6uXGbi/EMSdCY4aUajt2pDsJkppiRtKsGysSITxEfdI2VCBOVCeZrpnCc6P0YBBKc4SGU3VxIkFcqRH3TZIjPVDL3kT8z2vHOrjpJFREsSYCzx4KYgZ1CCedwR6VBGs2MgRhSc1fIR4gibA2zWZNCc7yyqukcVl07KLzeJUvV+Z1ZMApOAMF4IBrUAYPoArqAIMX8AbG4MN6td6tT+trFl2z5jMn4A+sn19KkqRy</latexit><latexit sha1_base64="r39cWOpzO8ZNVfA6/gtVag88BtQ=">AAACJnicbVBLSwMxGMz6rPVV9eglWIR6Kbsi6KVQkYrHCn1Bt12yabYNTbJrkhXKsr/Gi3/Fi4eKiDd/iunjUFsHQoaZ+Ui+8SNGlbbtb2ttfWNzazuzk93d2z84zB0dN1QYS0zqOGShbPlIEUYFqWuqGWlFkiDuM9L0h3cTv/lMpKKhqOlRRDoc9QUNKEbaSF6udOslruSwcl9LofsUox4szS7oqph7CS05adelItAjuJDtJgV6kXq5vF20p4CrxJmTPJij6uXGbi/EMSdCY4aUajt2pDsJkppiRtKsGysSITxEfdI2VCBOVCeZrpnCc6P0YBBKc4SGU3VxIkFcqRH3TZIjPVDL3kT8z2vHOrjpJFREsSYCzx4KYgZ1CCedwR6VBGs2MgRhSc1fIR4gibA2zWZNCc7yyqukcVl07KLzeJUvV+Z1ZMApOAMF4IBrUAYPoArqAIMX8AbG4MN6td6tT+trFl2z5jMn4A+sn19KkqRy</latexit>

=<latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit><latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit><latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit><latexit sha1_base64="bqQ5zJnE3xhN0Dkh65t+Aksxiw0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQEMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDvz20+oNI/lg5kk6Ed0KHnIGTVWatz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UPbfqNS4rtbs8jiKcwCmcgwdXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AI20jMQ=</latexit>

+
<latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit>

+ · · ·
<latexit sha1_base64="OmYf0WojCZktjcyzl+UIWI10c5A=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GNBBI8V7Ac0sWw2m3bpZjfubpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt5+S8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTscXk389iNVmklxZ0YpDRLcFyxmBBsr3Z8i/yHDEfJJJI3uVapuzZ0CLRKvIFUo0OhVvvxIkiyhwhCOte56bmqCHCvDCKfjsp9pmmIyxH3atVTghOogn149RsdWiVAslS1h0FT9PZHjROtREtrOBJuBnvcm4n9eNzPxZZAzkWaGCjJbFGccGYkmEaCIKUoMH1mCiWL2VkQGWGFibFBlG4I3//IiaZ3VPLfm3Z5X69dFHCU4hCM4AQ8uoA430IAmEFDwDK/w5jw5L8678zFrXXKKmQP4A+fzB6KnkfQ=</latexit><latexit sha1_base64="OmYf0WojCZktjcyzl+UIWI10c5A=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GNBBI8V7Ac0sWw2m3bpZjfubpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt5+S8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTscXk389iNVmklxZ0YpDRLcFyxmBBsr3Z8i/yHDEfJJJI3uVapuzZ0CLRKvIFUo0OhVvvxIkiyhwhCOte56bmqCHCvDCKfjsp9pmmIyxH3atVTghOogn149RsdWiVAslS1h0FT9PZHjROtREtrOBJuBnvcm4n9eNzPxZZAzkWaGCjJbFGccGYkmEaCIKUoMH1mCiWL2VkQGWGFibFBlG4I3//IiaZ3VPLfm3Z5X69dFHCU4hCM4AQ8uoA430IAmEFDwDK/w5jw5L8678zFrXXKKmQP4A+fzB6KnkfQ=</latexit><latexit sha1_base64="OmYf0WojCZktjcyzl+UIWI10c5A=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GNBBI8V7Ac0sWw2m3bpZjfubpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt5+S8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTscXk389iNVmklxZ0YpDRLcFyxmBBsr3Z8i/yHDEfJJJI3uVapuzZ0CLRKvIFUo0OhVvvxIkiyhwhCOte56bmqCHCvDCKfjsp9pmmIyxH3atVTghOogn149RsdWiVAslS1h0FT9PZHjROtREtrOBJuBnvcm4n9eNzPxZZAzkWaGCjJbFGccGYkmEaCIKUoMH1mCiWL2VkQGWGFibFBlG4I3//IiaZ3VPLfm3Z5X69dFHCU4hCM4AQ8uoA430IAmEFDwDK/w5jw5L8678zFrXXKKmQP4A+fzB6KnkfQ=</latexit><latexit sha1_base64="OmYf0WojCZktjcyzl+UIWI10c5A=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GNBBI8V7Ac0sWw2m3bpZjfubpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt5+S8tMEdokkkvVCbGmnAnaNMxw2kkVxUnIaTscXk389iNVmklxZ0YpDRLcFyxmBBsr3Z8i/yHDEfJJJI3uVapuzZ0CLRKvIFUo0OhVvvxIkiyhwhCOte56bmqCHCvDCKfjsp9pmmIyxH3atVTghOogn149RsdWiVAslS1h0FT9PZHjROtREtrOBJuBnvcm4n9eNzPxZZAzkWaGCjJbFGccGYkmEaCIKUoMH1mCiWL2VkQGWGFibFBlG4I3//IiaZ3VPLfm3Z5X69dFHCU4hCM4AQ8uoA430IAmEFDwDK/w5jw5L8678zFrXXKKmQP4A+fzB6KnkfQ=</latexit>

+
<latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit>

Scattering amplitudes in the EFT trivial to 
compute using Feynman diagrams.

PM expansion



+
<latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit>

+
<latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit>

+
<latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit><latexit sha1_base64="WUqSpdFB+Tq5nexdCOsACY7GWiU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LInhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpfHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcmyMsg==</latexit>

Each PM order is not homogenous in loops.

A(1)
EFT =

<latexit sha1_base64="x4aF4Urd87LuNQxKyB5IFeRUJ/k=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8Ei1E1JRNCNUBXFZYXeoIlhMpm2QyeTODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPn92NGpbKsb2NufmFxabmwUlxdW9/YNLe2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyB5ejeuuBCEkjXlfDmLgh6nHapRgpbXnm7rmXOiKEV9f17C4t24cZdO4TFMAzzyxZFWssOAt2DiWQq+aZX04Q4SQkXGGGpOzYVqzcFAlFMSNZ0UkkiREeoB7paOQoJNJNxydk8EA7AexGQj+u4Nj9PZGiUMph6OvOEKm+nK6NzP9qnUR1T92U8jhRhOPJom7CoIrgKA8YUEGwYkMNCAuq/wpxHwmElU6tqEOwp0+eheZRxdZ8e1yqXuRxFMAe2AdlYIMTUAU3oAYaAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/szJXT</latexit><latexit sha1_base64="x4aF4Urd87LuNQxKyB5IFeRUJ/k=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8Ei1E1JRNCNUBXFZYXeoIlhMpm2QyeTODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPn92NGpbKsb2NufmFxabmwUlxdW9/YNLe2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyB5ejeuuBCEkjXlfDmLgh6nHapRgpbXnm7rmXOiKEV9f17C4t24cZdO4TFMAzzyxZFWssOAt2DiWQq+aZX04Q4SQkXGGGpOzYVqzcFAlFMSNZ0UkkiREeoB7paOQoJNJNxydk8EA7AexGQj+u4Nj9PZGiUMph6OvOEKm+nK6NzP9qnUR1T92U8jhRhOPJom7CoIrgKA8YUEGwYkMNCAuq/wpxHwmElU6tqEOwp0+eheZRxdZ8e1yqXuRxFMAe2AdlYIMTUAU3oAYaAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/szJXT</latexit><latexit sha1_base64="x4aF4Urd87LuNQxKyB5IFeRUJ/k=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8Ei1E1JRNCNUBXFZYXeoIlhMpm2QyeTODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPn92NGpbKsb2NufmFxabmwUlxdW9/YNLe2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyB5ejeuuBCEkjXlfDmLgh6nHapRgpbXnm7rmXOiKEV9f17C4t24cZdO4TFMAzzyxZFWssOAt2DiWQq+aZX04Q4SQkXGGGpOzYVqzcFAlFMSNZ0UkkiREeoB7paOQoJNJNxydk8EA7AexGQj+u4Nj9PZGiUMph6OvOEKm+nK6NzP9qnUR1T92U8jhRhOPJom7CoIrgKA8YUEGwYkMNCAuq/wpxHwmElU6tqEOwp0+eheZRxdZ8e1yqXuRxFMAe2AdlYIMTUAU3oAYaAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/szJXT</latexit><latexit sha1_base64="x4aF4Urd87LuNQxKyB5IFeRUJ/k=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8Ei1E1JRNCNUBXFZYXeoIlhMpm2QyeTODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPn92NGpbKsb2NufmFxabmwUlxdW9/YNLe2mzJKBCYNHLFItH0kCaOcNBRVjLRjQVDoM9LyB5ejeuuBCEkjXlfDmLgh6nHapRgpbXnm7rmXOiKEV9f17C4t24cZdO4TFMAzzyxZFWssOAt2DiWQq+aZX04Q4SQkXGGGpOzYVqzcFAlFMSNZ0UkkiREeoB7paOQoJNJNxydk8EA7AexGQj+u4Nj9PZGiUMph6OvOEKm+nK6NzP9qnUR1T92U8jhRhOPJom7CoIrgKA8YUEGwYkMNCAuq/wpxHwmElU6tqEOwp0+eheZRxdZ8e1yqXuRxFMAe2AdlYIMTUAU3oAYaAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/szJXT</latexit>

A(2)
EFT =

<latexit sha1_base64="lxfe8dEcEMI2W2X8CWIg+oo006c=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KUgTdCFVRXFboDZoYJpNJO3RycWYilBDc+CpuXCji1qdw59s4bbPQ1h8GPv5zDmfO78aMCmkY31phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi/H9c4D4YJGYVOOYmIHqB9Sn2IkleXoe+dOavEAXl03s7u0UjvKoHWfIA+eOXrZqBoTwXkwcyiDXA1H/7K8CCcBCSVmSIieacTSThGXFDOSlaxEkBjhIeqTnsIQBUTY6eSEDB4qx4N+xNULJZy4vydSFAgxClzVGSA5ELO1sflfrZdI/9ROaRgnkoR4ushPGJQRHOcBPcoJlmykAGFO1V8hHiCOsFSplVQI5uzJ89CuVU3Ft8fl+kUeRxHsgwNQASY4AXVwAxqgBTB4BM/gFbxpT9qL9q59TFsLWj6zC/5I+/wB7lqV1A==</latexit><latexit sha1_base64="lxfe8dEcEMI2W2X8CWIg+oo006c=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KUgTdCFVRXFboDZoYJpNJO3RycWYilBDc+CpuXCji1qdw59s4bbPQ1h8GPv5zDmfO78aMCmkY31phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi/H9c4D4YJGYVOOYmIHqB9Sn2IkleXoe+dOavEAXl03s7u0UjvKoHWfIA+eOXrZqBoTwXkwcyiDXA1H/7K8CCcBCSVmSIieacTSThGXFDOSlaxEkBjhIeqTnsIQBUTY6eSEDB4qx4N+xNULJZy4vydSFAgxClzVGSA5ELO1sflfrZdI/9ROaRgnkoR4ushPGJQRHOcBPcoJlmykAGFO1V8hHiCOsFSplVQI5uzJ89CuVU3Ft8fl+kUeRxHsgwNQASY4AXVwAxqgBTB4BM/gFbxpT9qL9q59TFsLWj6zC/5I+/wB7lqV1A==</latexit><latexit sha1_base64="lxfe8dEcEMI2W2X8CWIg+oo006c=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KUgTdCFVRXFboDZoYJpNJO3RycWYilBDc+CpuXCji1qdw59s4bbPQ1h8GPv5zDmfO78aMCmkY31phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi/H9c4D4YJGYVOOYmIHqB9Sn2IkleXoe+dOavEAXl03s7u0UjvKoHWfIA+eOXrZqBoTwXkwcyiDXA1H/7K8CCcBCSVmSIieacTSThGXFDOSlaxEkBjhIeqTnsIQBUTY6eSEDB4qx4N+xNULJZy4vydSFAgxClzVGSA5ELO1sflfrZdI/9ROaRgnkoR4ushPGJQRHOcBPcoJlmykAGFO1V8hHiCOsFSplVQI5uzJ89CuVU3Ft8fl+kUeRxHsgwNQASY4AXVwAxqgBTB4BM/gFbxpT9qL9q59TFsLWj6zC/5I+/wB7lqV1A==</latexit><latexit sha1_base64="lxfe8dEcEMI2W2X8CWIg+oo006c=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KUgTdCFVRXFboDZoYJpNJO3RycWYilBDc+CpuXCji1qdw59s4bbPQ1h8GPv5zDmfO78aMCmkY31phYXFpeaW4Wlpb39jc0rd32iJKOCYtHLGId10kCKMhaUkqGenGnKDAZaTjDi/H9c4D4YJGYVOOYmIHqB9Sn2IkleXoe+dOavEAXl03s7u0UjvKoHWfIA+eOXrZqBoTwXkwcyiDXA1H/7K8CCcBCSVmSIieacTSThGXFDOSlaxEkBjhIeqTnsIQBUTY6eSEDB4qx4N+xNULJZy4vydSFAgxClzVGSA5ELO1sflfrZdI/9ROaRgnkoR4ushPGJQRHOcBPcoJlmykAGFO1V8hHiCOsFSplVQI5uzJ89CuVU3Ft8fl+kUeRxHsgwNQASY4AXVwAxqgBTB4BM/gFbxpT9qL9q59TFsLWj6zC/5I+/wB7lqV1A==</latexit>

A(3)
EFT =

<latexit sha1_base64="CkZPVX45gwIfCScvbbsCWxBDvmE=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KooJuhKooLiv0Bk0Mk8mkHTq5ODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPnd2NGhTSMb60wN7+wuFRcLq2srq1v6JtbLRElHJMmjljEOy4ShNGQNCWVjHRiTlDgMtJ2B5ejevuBcEGjsCGHMbED1AupTzGSynL0nXMntXgAr64b2V1aOTrIoHWfIA+eOXrZqBpjwVkwcyiDXHVH/7K8CCcBCSVmSIiuacTSThGXFDOSlaxEkBjhAeqRrsIQBUTY6fiEDO4rx4N+xNULJRy7vydSFAgxDFzVGSDZF9O1kflfrZtI/9ROaRgnkoR4sshPGJQRHOUBPcoJlmyoAGFO1V8h7iOOsFSplVQI5vTJs9A6rJqKb4/LtYs8jiLYBXugAkxwAmrgBtRBE2DwCJ7BK3jTnrQX7V37mLQWtHxmG/yR9vkD7+iV1Q==</latexit><latexit sha1_base64="CkZPVX45gwIfCScvbbsCWxBDvmE=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KooJuhKooLiv0Bk0Mk8mkHTq5ODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPnd2NGhTSMb60wN7+wuFRcLq2srq1v6JtbLRElHJMmjljEOy4ShNGQNCWVjHRiTlDgMtJ2B5ejevuBcEGjsCGHMbED1AupTzGSynL0nXMntXgAr64b2V1aOTrIoHWfIA+eOXrZqBpjwVkwcyiDXHVH/7K8CCcBCSVmSIiuacTSThGXFDOSlaxEkBjhAeqRrsIQBUTY6fiEDO4rx4N+xNULJRy7vydSFAgxDFzVGSDZF9O1kflfrZtI/9ROaRgnkoR4sshPGJQRHOUBPcoJlmyoAGFO1V8h7iOOsFSplVQI5vTJs9A6rJqKb4/LtYs8jiLYBXugAkxwAmrgBtRBE2DwCJ7BK3jTnrQX7V37mLQWtHxmG/yR9vkD7+iV1Q==</latexit><latexit sha1_base64="CkZPVX45gwIfCScvbbsCWxBDvmE=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KooJuhKooLiv0Bk0Mk8mkHTq5ODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPnd2NGhTSMb60wN7+wuFRcLq2srq1v6JtbLRElHJMmjljEOy4ShNGQNCWVjHRiTlDgMtJ2B5ejevuBcEGjsCGHMbED1AupTzGSynL0nXMntXgAr64b2V1aOTrIoHWfIA+eOXrZqBpjwVkwcyiDXHVH/7K8CCcBCSVmSIiuacTSThGXFDOSlaxEkBjhAeqRrsIQBUTY6fiEDO4rx4N+xNULJRy7vydSFAgxDFzVGSDZF9O1kflfrZtI/9ROaRgnkoR4sshPGJQRHOUBPcoJlmyoAGFO1V8h7iOOsFSplVQI5vTJs9A6rJqKb4/LtYs8jiLYBXugAkxwAmrgBtRBE2DwCJ7BK3jTnrQX7V37mLQWtHxmG/yR9vkD7+iV1Q==</latexit><latexit sha1_base64="CkZPVX45gwIfCScvbbsCWxBDvmE=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoW5KooJuhKooLiv0Bk0Mk8mkHTq5ODMRSghufBU3LhRx61O4822ctllo6w8DH/85hzPnd2NGhTSMb60wN7+wuFRcLq2srq1v6JtbLRElHJMmjljEOy4ShNGQNCWVjHRiTlDgMtJ2B5ejevuBcEGjsCGHMbED1AupTzGSynL0nXMntXgAr64b2V1aOTrIoHWfIA+eOXrZqBpjwVkwcyiDXHVH/7K8CCcBCSVmSIiuacTSThGXFDOSlaxEkBjhAeqRrsIQBUTY6fiEDO4rx4N+xNULJRy7vydSFAgxDFzVGSDZF9O1kflfrZtI/9ROaRgnkoR4sshPGJQRHOUBPcoJlmyoAGFO1V8h7iOOsFSplVQI5vTJs9A6rJqKb4/LtYs8jiLYBXugAkxwAmrgBtRBE2DwCJ7BK3jTnrQX7V37mLQWtHxmG/yR9vkD7+iV1Q==</latexit>

c3
<latexit sha1_base64="Guh2Rwl6JujLUo+0Ld4EjVfasHg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfQY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+sf9mv1ty6OxdZBa+AGhRq9KtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961qGjMTZDPV52SM+sMSJRo+xSSuft7IqexMZM4tJ0xxZFZrs3M/2rdDKObIBcqzZArtvgoyiTBhMzuJgOhOUM5sUCZFnZXwkZUU4Y2nYoNwVs+eRVaF3XP8v1VzfeLOMpwAqdwDh5cgw930IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Ae4TjYs=</latexit><latexit sha1_base64="Guh2Rwl6JujLUo+0Ld4EjVfasHg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfQY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+sf9mv1ty6OxdZBa+AGhRq9KtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961qGjMTZDPV52SM+sMSJRo+xSSuft7IqexMZM4tJ0xxZFZrs3M/2rdDKObIBcqzZArtvgoyiTBhMzuJgOhOUM5sUCZFnZXwkZUU4Y2nYoNwVs+eRVaF3XP8v1VzfeLOMpwAqdwDh5cgw930IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Ae4TjYs=</latexit><latexit sha1_base64="Guh2Rwl6JujLUo+0Ld4EjVfasHg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfQY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+sf9mv1ty6OxdZBa+AGhRq9KtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961qGjMTZDPV52SM+sMSJRo+xSSuft7IqexMZM4tJ0xxZFZrs3M/2rdDKObIBcqzZArtvgoyiTBhMzuJgOhOUM5sUCZFnZXwkZUU4Y2nYoNwVs+eRVaF3XP8v1VzfeLOMpwAqdwDh5cgw930IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Ae4TjYs=</latexit><latexit sha1_base64="Guh2Rwl6JujLUo+0Ld4EjVfasHg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfQY8OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+sf9mv1ty6OxdZBa+AGhRq9KtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961qGjMTZDPV52SM+sMSJRo+xSSuft7IqexMZM4tJ0xxZFZrs3M/2rdDKObIBcqzZArtvgoyiTBhMzuJgOhOUM5sUCZFnZXwkZUU4Y2nYoNwVs+eRVaF3XP8v1VzfeLOMpwAqdwDh5cgw930IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8Ae4TjYs=</latexit>

c2
<latexit sha1_base64="GdfDwcirgGUoBIskPGsBYMYQh6s=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKG5tb2zvl3cre/sHhkXt80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyh0jyRj2aaYhDTkeQRZ9RY64EN6gO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezir9TGNK2YSOsGdR0hh1kC9WnZEL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5UdRJohJyPxuMuQKmRFTC5QpbnclbEwVZcamU7Eh+Ksnr0O7XvMt319VG40ijjKcwTlcgg/X0IA7aEILGIzgGV7hzRHOi/PufCxbS04xcwp/5Hz+AOyPjYo=</latexit><latexit sha1_base64="GdfDwcirgGUoBIskPGsBYMYQh6s=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKG5tb2zvl3cre/sHhkXt80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyh0jyRj2aaYhDTkeQRZ9RY64EN6gO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezir9TGNK2YSOsGdR0hh1kC9WnZEL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5UdRJohJyPxuMuQKmRFTC5QpbnclbEwVZcamU7Eh+Ksnr0O7XvMt319VG40ijjKcwTlcgg/X0IA7aEILGIzgGV7hzRHOi/PufCxbS04xcwp/5Hz+AOyPjYo=</latexit><latexit sha1_base64="GdfDwcirgGUoBIskPGsBYMYQh6s=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKG5tb2zvl3cre/sHhkXt80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyh0jyRj2aaYhDTkeQRZ9RY64EN6gO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezir9TGNK2YSOsGdR0hh1kC9WnZEL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5UdRJohJyPxuMuQKmRFTC5QpbnclbEwVZcamU7Eh+Ksnr0O7XvMt319VG40ijjKcwTlcgg/X0IA7aEILGIzgGV7hzRHOi/PufCxbS04xcwp/5Hz+AOyPjYo=</latexit><latexit sha1_base64="GdfDwcirgGUoBIskPGsBYMYQh6s=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3jAVXBvP+3ZKG5tb2zvl3cre/sHhkXt80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyh0jyRj2aaYhDTkeQRZ9RY64EN6gO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezir9TGNK2YSOsGdR0hh1kC9WnZEL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5UdRJohJyPxuMuQKmRFTC5QpbnclbEwVZcamU7Eh+Ksnr0O7XvMt319VG40ijjKcwTlcgg/X0IA7aEILGIzgGV7hzRHOi/PufCxbS04xcwp/5Hz+AOyPjYo=</latexit>

c1
<latexit sha1_base64="roGqjDYINk29P0LLW/7j4LS2ipY=">AAAB6nicbZBNSwMxEIYn9avWr6pHL8EieCq7Iuix4MVjRVsL7VKy6Wwbms0uSVYoS3+CFw+KePUXefPfmLZ70NYXAg/vzJCZN0ylMNbzvklpbX1jc6u8XdnZ3ds/qB4etU2SaY4tnshEd0JmUAqFLSusxE6qkcWhxMdwfDOrPz6hNiJRD3aSYhCzoRKR4Mw66573/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroOcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fHdZazSKOMpwAqdwDj5cQQNuoQkt4DCEZ3iFNyLJC3knH4vWEilmjuGPyOcP6wuNiQ==</latexit><latexit sha1_base64="roGqjDYINk29P0LLW/7j4LS2ipY=">AAAB6nicbZBNSwMxEIYn9avWr6pHL8EieCq7Iuix4MVjRVsL7VKy6Wwbms0uSVYoS3+CFw+KePUXefPfmLZ70NYXAg/vzJCZN0ylMNbzvklpbX1jc6u8XdnZ3ds/qB4etU2SaY4tnshEd0JmUAqFLSusxE6qkcWhxMdwfDOrPz6hNiJRD3aSYhCzoRKR4Mw66573/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroOcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fHdZazSKOMpwAqdwDj5cQQNuoQkt4DCEZ3iFNyLJC3knH4vWEilmjuGPyOcP6wuNiQ==</latexit><latexit sha1_base64="roGqjDYINk29P0LLW/7j4LS2ipY=">AAAB6nicbZBNSwMxEIYn9avWr6pHL8EieCq7Iuix4MVjRVsL7VKy6Wwbms0uSVYoS3+CFw+KePUXefPfmLZ70NYXAg/vzJCZN0ylMNbzvklpbX1jc6u8XdnZ3ds/qB4etU2SaY4tnshEd0JmUAqFLSusxE6qkcWhxMdwfDOrPz6hNiJRD3aSYhCzoRKR4Mw66573/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroOcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fHdZazSKOMpwAqdwDj5cQQNuoQkt4DCEZ3iFNyLJC3knH4vWEilmjuGPyOcP6wuNiQ==</latexit><latexit sha1_base64="roGqjDYINk29P0LLW/7j4LS2ipY=">AAAB6nicbZBNSwMxEIYn9avWr6pHL8EieCq7Iuix4MVjRVsL7VKy6Wwbms0uSVYoS3+CFw+KePUXefPfmLZ70NYXAg/vzJCZN0ylMNbzvklpbX1jc6u8XdnZ3ds/qB4etU2SaY4tnshEd0JmUAqFLSusxE6qkcWhxMdwfDOrPz6hNiJRD3aSYhCzoRKR4Mw66573/X615tW9uegq+AXUoFCzX/3qDRKexagsl8yYru+lNsiZtoJLnFZ6mcGU8TEbYtehYjGaIJ+vOqVnzhnQKNHuKUvn7u+JnMXGTOLQdcbMjsxybWb+V+tmNroOcqHSzKLii4+iTFKb0NnddCA0cisnDhjXwu1K+Yhpxq1Lp+JC8JdPXoX2Rd13fHdZazSKOMpwAqdwDj5cQQNuoQkt4DCEZ3iFNyLJC3knH4vWEilmjuGPyOcP6wuNiQ==</latexit>
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We solve for the potential by setting the full 
amplitude equal to the EFT amplitude:

Key point: even though both the full and EFT 
amplitudes are IR divergent, we can compute 
their IR finite difference.

A(2)
EFT �A(2) = 0 = 2


�c2(p2)

q
+

Z
d3` (IEFT � I)

�
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separately non-singular in velocity

we have  
this at 3PM A = AEFT
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we have  
this at 5PM



From the one-loop amplitude, we obtain an 
analytic form for O(G2vn) ~ 2PM potential:

+3(mA +mB)(m
2
Am

2
B � 5(p1 · p2)2

⇤
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1

32E2⇠

⇥
2E(⇠ � 1)c21 � 16E(p1 · p2)c1
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B � 2(p1 · p2)2
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Note the amplitude can be calculated via any 
method: Feynman diagrams or modern tools.



From the two-loop amplitude, we obtain an 
expression for the O(G3vn) potential:

3

6PN contributions at 3PM order. For convenience we in-
troduce variables for the total mass M = mA +mB , the

reduced mass, µ = mAmB/M , and their ratio, ⌫ = µ/M .
The nonrelativistic scattering amplitude at O(G3) is

A3PM = 4⇡G3
M

4

⇢✓
�
17⌫

4
+

5⌫2

2

◆
+ u

2

✓
�
17⌫

4
+

5⌫2

2

◆
+ u

4

✓
21⌫

32
�

539⌫2

160
+

309⌫3

32
+

31⌫4

16

◆

+u
6

✓
�
23⌫

64
+

17553⌫2

4480
�

5193⌫3

640
+

113⌫4

8
+

233⌫5

128

◆

+u
8

✓
125⌫

512
�

124937⌫2

32256
+

254941⌫3

17920
�

6463⌫4

320
+

8919⌫5

512
+

445⌫6

256

◆

+u
10

✓
�
189⌫

1024
+

101123⌫2

26880
�

1279241⌫3

64512
+

298383⌫4

7168
�

43181⌫5

1024
+

10077⌫6

512
+

1717⌫7

1024

◆
+ · · ·

�
+ IR div.,

(15)

where all IR divergent terms are proportional to the uni-
versal integral in Eq. (??).

In order to extract the conservative potential from this
amplitude we employ the EFT method developed in [?
]. We define a nonrelativistic EFT for a massive scalar
whose interaction vertex is the conservative potential,

V =
1X

i=1

ViPM =
1X

i=1

ci(p
2)
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◆i

, (16)

where i labels orders in the PM expansion. Note that
the form of this potential is itself a choice of gauge. Ap-
plying the Feynman rules defined in [? ], we analytically
compute the scattering amplitude of massive scalars,

A
(EFT) =

1X

i=1

A
(EFT)
iPM . (17)

As discussed in [? ], A(EFT)
3PM receives contributions from

diagrams with two loops or fewer and depends on c1,
c2, and c3. In [? ], c1 and c2 were extracted analyt-
ically at all orders in velocity from the tree and one-
loop amplitudes for massive scalars, yielding the full 2PM

potential. Inserting these into A
(EFT)
3PM e↵ectively imple-

ments the subtraction of iterated contributions. Equat-

ing A
(EFT)
3PM = A3PM, we the solve for c3, yielding the

conservative potential at O(G3),
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where ⇢ = r/GM is the distance between particles. As
emphasized in [? ], all IR divergent contributions in

A
(EFT)
3PM and A3PM exactly cancel, which is why we do

not bother evaluating such contributions.
The above expressions pass several highly nontrivial

consistency checks. First, the full theory amplitude A3PM

agrees exactly with A
(EFT)
3PM computed using the conserva-

tive potential computed in existing literature up to 4PN
accuracy. Second, our potential in the probe limit ⌫ = 0
exactly matches the corresponding terms in the Hamilto-
nian for a point particle in a Schwarzschild background,

These have terms far beyond 4PN, for which 
we are unaware of  any existing calculation. 

So how do we check it…?



iii) checking the answer



Check #1: In the probe limit, mA ≪ mB, this 
describes a particle in a black hole geometry.

Our result agrees with Schwarzschild metric. 4
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Details of these checks will be provided in [? ].

3

6PN contributions at 3PM order. For convenience we in-
troduce variables for the total mass M = mA +mB , the

reduced mass, µ = mAmB/M , and their ratio, ⌫ = µ/M .
The nonrelativistic scattering amplitude at O(G3) is

A3PM = 4⇡G3
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where all IR divergent terms are proportional to the uni-
versal integral in Eq. (??).

In order to extract the conservative potential from this
amplitude we employ the EFT method developed in [?
]. We define a nonrelativistic EFT for a massive scalar
whose interaction vertex is the conservative potential,

V =
1X

i=1

ViPM =
1X

i=1

ci(p
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where i labels orders in the PM expansion. Note that
the form of this potential is itself a choice of gauge. Ap-
plying the Feynman rules defined in [? ], we analytically
compute the scattering amplitude of massive scalars,

A
(EFT) =

1X

i=1

A
(EFT)
iPM . (17)

As discussed in [? ], A(EFT)
3PM receives contributions from

diagrams with two loops or fewer and depends on c1,
c2, and c3. In [? ], c1 and c2 were extracted analyt-
ically at all orders in velocity from the tree and one-
loop amplitudes for massive scalars, yielding the full 2PM

potential. Inserting these into A
(EFT)
3PM e↵ectively imple-

ments the subtraction of iterated contributions. Equat-

ing A
(EFT)
3PM = A3PM, we the solve for c3, yielding the

conservative potential at O(G3),
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where ⇢ = r/GM is the distance between particles. As
emphasized in [? ], all IR divergent contributions in

A
(EFT)
3PM and A3PM exactly cancel, which is why we do

not bother evaluating such contributions.
The above expressions pass several highly nontrivial

consistency checks. First, the full theory amplitude A3PM

agrees exactly with A
(EFT)
3PM computed using the conserva-

tive potential computed in existing literature up to 4PN
accuracy. Second, our potential in the probe limit ⌫ = 0
exactly matches the corresponding terms in the Hamilto-
nian for a point particle in a Schwarzschild background,



Check #2: Physically equivalent potentials 
generate the same energy for a circular orbit,

written in terms of  the appropriate quantities. 

We find agreement at the highest order for 
which our results apply to a virialized system, 
which is O(G3v0), i.e. 2PN.
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Check #3: Physically equivalent potentials  
produce the exact same scattering amplitudes.
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=<latexit sha1_base64="1NJrOLp14/hISpAmIC2yu3N8DNs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFETw2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfh2Vm8/odI8lg9mkqAf0aHkIWfUWKtx0y9X3Ko7F1kFL4cK5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/NFp+TMOgMSxso+acjc/T2R0UjrSRTYzoiakV6uzcz/at3UhNd+xmWSGpRs8VGYCmJiMruaDLhCZsTEAmWK210JG1FFmbHZlGwI3vLJq9C6qHqWG5eV2l0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cj5/AI22jMQ=</latexit><latexit sha1_base64="1NJrOLp14/hISpAmIC2yu3N8DNs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFETw2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfh2Vm8/odI8lg9mkqAf0aHkIWfUWKtx0y9X3Ko7F1kFL4cK5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/NFp+TMOgMSxso+acjc/T2R0UjrSRTYzoiakV6uzcz/at3UhNd+xmWSGpRs8VGYCmJiMruaDLhCZsTEAmWK210JG1FFmbHZlGwI3vLJq9C6qHqWG5eV2l0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cj5/AI22jMQ=</latexit><latexit sha1_base64="1NJrOLp14/hISpAmIC2yu3N8DNs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFETw2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfh2Vm8/odI8lg9mkqAf0aHkIWfUWKtx0y9X3Ko7F1kFL4cK5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/NFp+TMOgMSxso+acjc/T2R0UjrSRTYzoiakV6uzcz/at3UhNd+xmWSGpRs8VGYCmJiMruaDLhCZsTEAmWK210JG1FFmbHZlGwI3vLJq9C6qHqWG5eV2l0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cj5/AI22jMQ=</latexit><latexit sha1_base64="1NJrOLp14/hISpAmIC2yu3N8DNs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFETw2IL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfh2Vm8/odI8lg9mkqAf0aHkIWfUWKtx0y9X3Ko7F1kFL4cK5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/NFp+TMOgMSxso+acjc/T2R0UjrSRTYzoiakV6uzcz/at3UhNd+xmWSGpRs8VGYCmJiMruaDLhCZsTEAmWK210JG1FFmbHZlGwI3vLJq9C6qHqWG5eV2l0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cj5/AI22jMQ=</latexit>

our potential
state of  the art 
4PN potential 
from literature

We found agreement at O(G3v4), i.e. 4PN.



conclusions



• There is a concrete and scaleable path to 
connect amplitudes results to LIGO.

• Merging unitarity and EFT methods, we 
obtain the 3PM potential and it satisfies 
multiple nontrivial checks.

• We computed the scattering amplitude 
at 3PM using newly developed integration 
methods which are quite efficient.



0PN 2PN 4PN1PN 3PN 5PN 6PN 7PN

1PM

2PM

3PM

4PM
�
1 + v2 + v4 + v6 + v8 + · · ·

�
G4

<latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + · · ·

�
G3

<latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + · · ·

�
G2

<latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + v14 + · · ·

�
G

<latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit>

�
1 + v2 + v4 + v6 + · · ·

�
G5

<latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit>

5PM

...
<latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit>

map of  perturbative theory



0PN 2PN 4PN1PN 3PN 5PN 6PN 7PN

1PM

2PM

3PM

4PM
�
1 + v2 + v4 + v6 + v8 + · · ·

�
G4

<latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + · · ·

�
G3

<latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + · · ·

�
G2

<latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + v14 + · · ·

�
G

<latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit>

�
1 + v2 + v4 + v6 + · · ·

�
G5

<latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit>

5PM

...
<latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit>

map of  perturbative theory



0PN 2PN 4PN1PN 3PN 5PN 6PN 7PN

1PM

2PM

3PM

4PM
�
1 + v2 + v4 + v6 + v8 + · · ·

�
G4

<latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit><latexit sha1_base64="AHCl8SAZJJ4IxnDPy83VqtarAlc="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + · · ·

�
G3

<latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit><latexit sha1_base64="3A8oSbqMkwByCdAHyUsL2IfWM44="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + · · ·

�
G2

<latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit><latexit sha1_base64="H+G4ZlH6UHvcNeLn58KGsaQs0XE="></latexit>

�
1 + v2 + v4 + v6 + v8 + v10 + v12 + v14 + · · ·

�
G

<latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit><latexit sha1_base64="JLPEreMTltf/8PLqeywG1iyqNJk="></latexit>

�
1 + v2 + v4 + v6 + · · ·

�
G5

<latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit><latexit sha1_base64="zYP1xRKcPw017ncEQ358lJXDFmA="></latexit>

5PM

...
<latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit><latexit sha1_base64="HTqhGarImY6baYGdRvuHqecJbj0=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY8OKxgv2ANpTNZtOu3WTD7qRQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iCVwqDrfjuljc2t7Z3ybmVv/+DwqHp80jYq04y3mJJKdwNquBQJb6FAybup5jQOJO8E47t5vTPh2giVPOI05X5Mh4mIBKNorXZ/Eio0g2rNrbsLkXXwCqhBoeag+tUPFctiniCT1Jie56bo51SjYJLPKv3M8JSyMR3ynsWExtz4+WLbGbmwTkgipe1LkCzc3xM5jY2ZxoHtjCmOzGptbv5X62UY3fq5SNIMecKWH0WZJKjI/HQSCs0ZyqkFyrSwuxI2opoytAFVbAje6snr0L6qe5YfrmuNRhFHGc7gHC7BgxtowD00oQUMnuAZXuHNUc6L8+58LFtLTjFzCn/kfP4AytePQA==</latexit>

map of  perturbative theory

looks doable



thank you!


