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A long way coming

First stage at the Los Alamos Neutron Science Center (LANL)
- Letter of intent in 1998

« Construction of FP12

- Data taking at Los Alamos in 2006-2007

. Statistically limited result: Ay=[-1.2 + 2.1(stat.) = 0.2(syst.)]x10-7
Gericke et al. Phys. Rev. C 83, 015505 (2011)

Second stage at the Spallation Neutron Source (ORNL)

- More intense neutron flux available

« Modifications to some components, installation and commissioning (2008-2012)
« H2 data taking at the SNS (November 2012 - March 2014)

« Apparatus decommissioned in the Summer of 2014 and partially reinstalled again in 2016 for
background asymmetry measurement (aluminium inconsistencies)

. Final result: 4 =[-3.0 £ L4(stat.) £ 0.2 (syst.)| <108

Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)
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Traditional theoretical description

Meson-exchange model

- One-meson-exchange potential
« Model dependent
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Traditional theoretical description
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Motivation for NPDGamma and other
few-nucleon experiments using neutrons

n+3He—3H+p
A (x107) Ap(x107) | de/dz(urad/m) | de/dz(urad/m)
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Motivation for NPDGamma and other
few-nucleon experiments using neutrons
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-+ Exactly calculable two-body system (no nuclear structure uncertainty)
- Dominated by a 41=1 358;-3P; parity-odd transition in the n-p system (z-exchange)

- h! coupling can be isolated (heavy meson contributions very small)
,=-0.11 h (4,=-5x10-8 using DDH “best value”)

- Charged currents are suppressed for 4I=1, so potential to study neutral currents (not present
in strangeness-changing HWI)
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More recent theoretical developments

Effective Field Theory (EFT)

ISy=3Py

A, = —g,2+ xp)b) — goQ2 + xu)b., Not dependent on a model -
3. _1p 0 0 Consistent with the symmetries and -
Ayt = 3G X0k + Gu b, degrees of freedom of QCD

Ig. 3
AT = —g, 2+ X)) — g0 + Xu)b),

3S _3P 2 /
1 1 _ 1 Mp 1 1 1N 1
Al _ 2 ZxNN (mn> bn’ +g/0(bp bp ) gwlya)
I§,-3p 2
AT = —g, 2+ x,)b p Haxton, Holstein, Prog. Part. Nucl. Phys. 71, 187 (2013)

Hierarchy of parameters in large-Nc expansion °|

Phillips, Samart, Schat, Phys. Rev. Lett. 114, 062301 (2015) oL , , ®
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More recent theoretical developments

Effective Field Theory (EFT)
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AT = —g Q4 x )b — g0 Q + x0)b)
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AT = —g, 2+ x,)b p Haxton, Holstein, Prog. Part. Nucl. Phys. 71, 187 (2013)

Hierarchy of parameters in large-Nc expansion °|

Isolated in y polarization in
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More recent theoretical developments

Effective Field Theory (EFT)

AT = g 2+ Xo)b) — go(2 + xw)b, Not dependent on a model -
NP = g+ g Constr it syt
AT = —g Q4 x )b — g0 Q + x0)b)

AT = g (Z—)z ba +8olby = by) = gob,

A;SOJPO = —g,2+ x,)b; Haxton, Holstein, Prog. Part. Nucl. Phys. 71, 187 (2013)

Hierarchy of parameters in large-Nc expansion
LO and NLO

Three NNLO
3 3g 1 1 1L g 1p 3 15 3p

4+ S1—"Pq So—"Po ~ — 1 | 0 0
AO =ZAO -I—ZAO N, A() = 4A0 4A0 I/Nc

So—3P 1So—3Pg 2
AT N, A, ~ sin” O,

3 3

Schindler, Springer, Vanasse, Phys. Rev. C. 93, 025502 (2016) AISI_ Proo sin2 O

Gardner, Haxton, Holstein, Annu. Rev. Nucl. Part. Sci. 67, 69-95 (2017)

Particle Physics with Neutrons at the ESS




More recent theoretical developments

Effective Field Theory (EFT)
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More recent theoretical developments

Effective Field Theory (EFT)
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The experiment
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Magnetic field coils

The experiment 7
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The experiment

Neutron flux
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Magnetic field coils

The experiment 7
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Magnetic field coils

The experiment 7
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Magnetic field coils
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Magnetic field coils

The experiment /a—
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The experiment

LH; target

Santra et al., Nucl. Instrum.
and Meth. A 620, 421 (2010)
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The experiment 7
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Data and cuts
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Data and cuts
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Data and cuts
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The aluminium background
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After the experiment was decommissioned and analysis was nearing completion,
Inconsistencies revealed the dedicated aluminium target was not the same alloy as the target
vessel (nor aluminum 6061)

The uncertainty goal of the experiment was not achievable without a new background
subtraction strategy

The experiment was partially mounted again in 2016 to perform measurements with
background targets made out of the actual RFSF windows, target cryostat windows, target
vessel windows and side walls
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The aluminium background
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Extraction of A,
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Extraction of A,
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Extraction of A,

T T l l
0 PR RS A e A
vrav- ol yl 4y vty
0 0+ 0 0+
0+
Corrections 1
A raw = ZEGZ A ]
- Neutron polarization (P) v ; Pn Z.C J Z.SSFZ. v

- Spin Flipper efficientcy (e¢z)
« Neutron depolarization (Cy)
 Fraction of prompt gammas from material target (F))

- Geometrical factors (Gup and Gzr), which include the finite structure of the beam, the effective
solid angle of the detector, the spatial distribution of the material in question and other effects
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Extraction of A,

Gup,i = <l€y 0,)= (/%/ V)
G, =k (6, xk))=(k -%)

Calculated using a combination of MCNPX
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Extraction of A,

Hydrogen and aluminum asymmetries
simultaneously subtracted from a »?

minimization scheme
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Chlorine asymmetry test

« Test of sensitivity with large and well known PV gamma asymmetry

- In 7i+ PCl— *Cl+7, the PV effect is amplified by the mixing and interference of opposite
parity states and the presence of close-lying degenerate states
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N. Fomin et al., Phys. Rev. C (to be published)
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Final result and systematics
A, ~[-3.0£1.4(stat.) £ 0.2(syst.)] x 10~

Source Contribution  Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)

Prompt Al y’s: window thickness 1 x107°

Prompt Al y’s: geometric factors 7 x 10710

28A1 bremsstrahlung <9 x 107!

False electronic asymmetry (LEDs off) <1x107°

False electronic asymmetry (LEDs on) <1x107°

Remaining systematic uncertainty [44] <3 x 10710

Total <2x 1077 Gericke et al. Phys. Rev. C 83, 015505 (2011)
Description Process Invariant Size
Stern-Gerlach w-VB w-VB 8 x 107!
Mott-Schwinger n+p—>in+p Sn - ki X kg 6 x 107

PA left-right n+p—>d+vy ky - sp x ki 7 x 10710
y-ray circ. polarization n+p—>d+7vy kn - P, 7 x 1071

B decay in flight n—>e +p+v Sn - kg 3x 1071
Radiative 8 decay n—>e +p+v+y Sn - ky 2 x 10712
Capture on °Li n+°Li— Li* > a+T S - ke 2 x 1071

Al B decay, external n+%YAl > 8Al > BSi+ e~ Sn - kg 1.0 x 1078

%Al B decay, internal n+ Al - PAl - BSi+ e Sn - kg 1.9 x 10710

28 Al prompt y rays n+2Al - BAl+y's Su - ky (—0.8 +2.8) x 1077
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In DDH

A4, =[-3.0+1.4(stat.) £ 0.2(syst.)] x 10~
A, =-0.114h,
h. =[2.6+1.2(stat.) £ 0.2(syst.)] x 107

Y43 . [20] (1986) -
FCDH | o [23] (1991)
QCD sum | . [29] (2002) -
rules ]
Skyrme |- e [26] (1999)
LQCD ——— [37] (2012) =
1IN = [13] (2015) 3
YEFTL . : [40] (2014) -
NPDGf— : = : this work —
4 0o 1 2 3 4 5 s

h! x 107

Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)
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In DDH

Ay =[-3.0+1.4(stat.) £0.2(syst.)| X 107 Also since P, in 18F contains on all

Ay ~-01 14;,; the AI=1 weak-couplings and 4, only
depends on k. one can find a
constraint on heavy mesons to be

0.4%' +0.6/, =8.5£5.0

h' =[2.6%1.2(stat.) + 0.2(syst.)] x 10”7

Y43 . [20] (1986) -
FCDH | o [23] (1991)
QCD sum | . [29] (2002) -
rules r §
Skyrme |- e [26] (1999)
LQCD F —_— [37] (2012)
1IN = [13] (2015) 3
YEFTE . : [40] (2014) -
NPDGf— : P | this work —
1 o 1 2 3 4 5 &

h! x 107

Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)
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In EFT + 1/N¢: expansion

Constraints on NNLO parameters

A, =[-3.0+1.4(stat.) £ 0.2(syst.)]x 107
- %%_33
A, ~—(3.7x10 DA,

24205 4 A ST <340, P(F)
4

Haxton, Holstein, Prog. Part. Nucl. Phys. 71, 187 (2013)
Gardner, Haxton, Holstein, Annu. Rev. Nucl. Part. Sci. 67, 69-95 (2017)
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In EFT + 1/N¢: expansion

Constraints on NNLO parameters

A4, =[-3.0%1 A(stat.) +0.2(syst.)]x 107

- %%_33
A ~—(3.7x10™)A,

24205 4 A ST <340, P(F) >
4

Haxton, Holstein, Prog. Part. Nucl. Phys. 71, 187 (2013)
Gardner, Haxton, Holstein, Annu. Rev. Nucl. Part. Sci. 67, 69-95 (2017)

Test for the large-N¢ expectations

800 7

700 1

600 7

500

400 -

300 A

200

100 -

-100 -

-200 -

-300 -

[18];)

-600

Particle Physics with Neutrons at the ESS

-400

0

200



Improvement possibilities

One either has to do this measurement on a pulsed neutron beam or at least pulse the beam
in some way so that one can analyze the transient signals in the gamma detectors.

We were not limited by systematics. In this experiment they were ~2x10-°. This could be
decreased to about 1x10-°.

It would be nice to try to find something better than aluminum. A different Al alloy or one could
try Titanium for the target vessel.

Put the lithium plastic (neutron absorber) inside the hydrogen target vessel?

~4300 hours life time with average beam power about 1 MW at SNS for the LH> running gave
a statistical error of ~1.4x10-8. Other potential beams/sources?

Particle Physics with Neutrons at the ESS




Final comments

- The NPDGamma has achieved the most precise and direct determination of 4. in a two-body

system without nuclear corrections, and it is the best constraint for future investigation of the
HWI.

- The result, combined with 8F, implies a larger linear combination than what DDH predicts:

0.4h/+0.6h,/=8.5+5.0. On the other hand the result seems to be in agreement with large-Nc
expectations.

- Several few-body system experiments with neutrons have been performed (NPDGamma,
n-3He, NSR “4He -statistically limited) or are planned for the future (NSR 4He, NDTGamma,...)

- Additional theoretical and experimental work in exactly calculable few-body systems is needed
to establish a complete determination of the HWI.
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The NPDGamma collaboration
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