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e h; — f; fr now exactly as in arXiv:1103.1335.
e Overhaul of effective masses used internally.

¢ Improved/added routines for output and retrieval
of parameters, to make FeynHiggs frontend for
other programs, e.g. nodel_fh.F of FormCalc.

e FeynHiggs can now create SLHA Files, i.e. can be
the first element in an SLHA chain.

e Many small additions and bug-fixes.
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3
o Five physical states: h, H, A, H™, H™.
e Input parameters: tan 5 = vy /vo, M4 Of My +.
e Unlike SM, MSSM predicts 1/, (cf. Gauge Couplings).
o M; < M, at tree level, excluded by LEP searches.
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e - Higgsino mass parameter,
e - trilinear couplings,
e -gaugino mass parameters.

They make .~ .~ ( and induce mixing between £, H,
and A:

h1 Unn Uiz Uss h
N
ho | = | U1 U2 Lo | | H »
hs3 Us1 Usy Uss A O
[ |
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The physical Higgs states /1, 1o, i3 diagonalize this matrix:

hi h Mg 0 0
ho | =U|H| where UM?U'=[ 0 M2 o0 .
hs A 0 0 M7

Observe: M? is symmetric but not Hermitian.
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Heinemeyer, Hollik, Rzehak, Weiglein 2007

Leading O(c}) + subleading O(asap, ayay, o) two-loop
corrections in the rMSSM (phases only partially included).

Degrassi, Slavich, Zwirner 2001
Brignole, Degrassi, Slavich, Zwirner 2001, 02
Dedes, Degrassi, Slavich 2003

Full one-loop evaluation (all phases, ¢° dependence).
Frank, Heinemeyer, Hollik, Weiglein 2002
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e only the cMSSM o ,«; corrections,

e the cMSSM o, «; corrections combined with the remaining corrections
in the rMSSM, truncated in the phases,

e the cMSSM o, «; corrections combined with the remaining corrections
in the rIMSSM, interpolated in the phases [default].
Choice of interpolation in A./X:, Ap/X,.

FeynHiggs thus not only has the most precise evaluation of
the Higgs masses in the cMSSM available to date, but also a
method to obtain a reasonably objective estimate of the
uncertainties due to the rMSSM-only parts.
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Complex contributions to the Higgs mass matrix (Im ) are
taken into account.

The diagonalization routines are available as a stand-alone
package: http://feynarts.de/diag

Hahn 2006
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must be used ror internal fHIggs bosons.
Note: To obtain a unitary matrix, it is mathematically a necessity that
M? has no imaginary parts - making it Hermitian. This of course
constrains the achievable quality of approximation.

o ZHiggs is a matrix of Z-factors. It guarantees on-shell
properties for external Higgs bosons.

It is important to understand that ZHiggs and UHiggs are two
objects with physically and mathematically distinct properties.
Neither is universally ‘better’ than the other.
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External Higgs bosons (production and decay):

g ~ m
¢ b %%

¢ g W .

h; h;

t b 1%,% [ |

g gl ]

[ |

[ |
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2
o ¢ =0
In this limit, UHiggs corresponds to the effective
potential approach and coincides with ZHiggs(q? = 0).

In the absence of C? effects (i.e. 2 x2 mixing only), this is
identical to the .« description.

FeynHiggs 2.9 -p.11



The = ZA(Z AT+ ZanTg +T 4)

o 'y, iy 4 - amplitude for 7, H, A — X,

e //; - sets residuum of the external Higgs boson to 1,
e /1y, 2 - describe the transition » — H, A.
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In this guise, ZHiggs can be used very much like UHiggs, even
though its theoretical origin is quite different.

Reassuringly, ZHiggs and UHiggs coincide in the limit ¢> = 0.
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UHiggs(q? on-shell) ~  ------ UHiggs(g*> = 0)

ZHiggs

[ Msusy = M3 = My = 500 GeV, = 1000 GeV, M+ = 150 GeV, X = 700 e'?Xt GeV ]

UHiggs(q* on-shell) gives results closer to the full result than
UHiggs(q* = 0) with deviations at the few-percent level.
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I u,d
ud m;X; 0 0 | M: 0 0
Y ’ 2
0 mX; 0 0 M. 0
0 0 kak 0 0 ]\42
Rk -
|
M%J,q = M%,q -+ mg + cos 28 (T4 — Qg8 )m% Xqg=Aqg—p* tan— 275 8 u
[ |
M%,q = M%/D,q + m?] + cos 23 Qqs%‘/mQZ O
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Rd:;R;lg/_F?) (699//“1'* —I_ Agg/ tan 5) ]

This enters the Higgs masses through the A self-energy and
can lead to sizable effects.

Main constraints from low-energy observables.
Currently included in FeynHiggs are b — s+, AM,, and
Bs — p i~ both at LO including NMFV effects and A,.
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e We take into account only the tan 5-enhanced terms,
thus no NMFV effects.
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MSSM,LO MSSM,LO
3 A 7 + 'Arest 3

.ASM _ C?LO .AfM’LO + ¢y Re ASM,LO + Im ASM,LO 4 ArSeh:t,LO’

|AMSSM|2 -
O_MSSM _ O_SM,NLO

i | ASM|2 ' 0]

|

Bonciani, Degrassi, Vicini 2007 - Aglietti, Bonciani, Degrassi, Vicini 2007 O

Dedes, Slavich 2003 - Dedes, Degrassi, Slavich 2003 ]
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The real gluon (photon) which cancels the IR pole is treated
fully inclusively.
Braaten, Leveille 1980

Of the (phenomenologically important) resummed A,
corrections the one-loop contribution is subtracted, to prevent
double counting.

FeynHiggs 2.9 — p.22



constraints e.g. from COM.

Solution: FeynHiggs offers the Parameter Table format to deal
with such cases.

Four predefined NUHM )/ 4-tan 5 planes in accordance with
CDM can be downloaded from feynhiggs.de.

Definition of new planes by the user is possible.
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171.4 500 200 5 1000 761
171.4 500 210 5 1000 753

171.4 500 200 6 1000 742
171.4 500 210 6 1000 735

For two given inputs (typically //4 and tan 3) the four
neighbouring grid points are searched in the table and the
other parameters are interpolated from those points.

An error is returned if the inputs fall outside of the table
boundaries (i.e. no extrapolation).
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1,2,3

froay, 2z, WW*,gg  H*— ff t— Wb
hiZ*, hihj,H+H_ hZWi* HTb
fifj, fif};
%K XK erel )
e Branching Ratios of an SM Higgs with mass 1/}, :
h%s = [y, ZZ2*, WW*, gg o
[ |
[ |
[ |
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° — ; = YUKAQWQa process. all energies
e bb — bbh;, h; — bb, one b tagged. 2,14 TeV
e it — tth; - Yukawa process. 2,7 8,14 TeV
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Heinemeyer, Stockinger, Weiglein 2004
e EDMs of electron (Th), neutron, Hg.

e FHFlavour - Flavour observables:

e BR(b— s7v)
Hahn, Hollik, lllana, Penaranda 2006

o AM,
Hahn, lllana 2009
e B, = putu”
Hahn, Illlana 2012
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e Type make to build.
e Type make install to install the package.
e Type make clean to remove unnecessary files.

Build tested on Linux, Tru64 Unix, Mac OS, Windows (Cygwin).
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FeynHigos or SLHA format at the shell prompt or in
scripts with the standalone executable Fcyniiiggs.

e Web Mode: Interactively choose the parameters at the
FeynHiggs User Control Center (FHUCC) and obtain the
results on-line.

e Mathematica Mode: Access the FeynHiggs routines in
Mathematica via MathLink with MFeynHiggs.

All programs and subroutines are documented in man pages.
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C/C++ users include CFeynHiggs.h for prototypes.
e Detailed debugging output can be turned on at run time.

e Main routines:
FHSetFlags - set the flags of the calculation,
FHSetPara - set the MSSM input parameters,
FHHiggsCorr - compute Higgs masses and mixings,
FHUncertainties - estimate their uncertainties,
FHCouplings - compute the Higgs couplings and BRs,
FHHiggsProd - estimate Higgs production cross-sections,
FHConstraints - evaluate additional constraints.
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e parameter-scan capable.

Easy 1/O with SLHARead, SLHAWrite, FHReadRecord, etc.
Routines to extract parameters from FeynHiggs:

o FHCetPara, retrieve computed parameters (masses etc.),

e FHRetrievePara, FHRetrieveSMPara, ... retrieve input
parameters. The FHRetrieveXY functions have the same
invocation as FHSetXY.

Even more comprehensive, the programmer can process
FeynHiggs parameter files independently of the frontend
through the FeynHiggs Record. R
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them to FormCalc code.

No duplication of initialization code.

Much more versatile way of specifying parameters.
Includes NMFV parameters.

Parameters consistent between Higgs-mass computation
and cross-section calculation.

Needs FeynHiggs 2.8.1 or above.
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TB 1 | ESTIMATED UNCERTAINTIES -------------
Abs (At) -300 | DeltaMhO = 1.591957
Abs (Ab) 1500 | DeltaMHH = 0.004428
Abs (M_3) 975 | DeltaMAO = 0.000000
| DeltaMHp = 0.152519
N

e Mask off details with

n
FeynHiggs file [flags] | grep -v Y
e table utility converts to machine-readable format, e.g. -
FeynHiggs file [flags] | table TB MhO > outfile O
|
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MSusy
MAO
Abs(M_2)
Abs (MUE)
TB

Abs (Xt)
Abs (M_3)
_EOF_

3000
1000
2500
2000

1000
2000
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BLOCK SMINPUTS BLOCK ALPHA
4 0.911870000E+02 # MZ -1.10658125E-01 # Alpha
5 0.425000000E+01 # mb(mb)
6 0.175000000E+03 # t

/

e Uses the SLHA 2.
e SLHA can also be used in Library Mode with FHSetSLHA.

e FeynHiggs tries to read each file in SLHA format first,
falls back to native format if that fails.
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The FeynHiggs User Control Center (FHUCC) is on-line at

@ T € http:/ fwww. feynhiggs.de /fhucc

The Fe_)_mfli_ggs User Control Center

You can still access the version 2.5.1.

You can still access the version 2.3.2.

Flags

Scope of the 1-loop part: | full MSSM |
1-loop field renormalization: I DRbar |
1-loop tan(beta) renormalization: | DRbar |

Mixing in the neutral Higgs sector: | 2x2 (h0-HH) mixing = real parameters fad|

Approximation for the 1-loop result: | no approximation

FHUCC is a Web interface for the Command-line Frontend.
The user gets the results together with the input file for the
Command-line Frontend.
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Out [4]= {MHiggs -> {117.184, 194.268, 200., 212.67},

> SAeff -> -0.37575,

> UHiggs -> {{0.994782, 0.102021, 0},
> {-0.102021, 0.994782, 0},
> {0, 0, 1.}}}

e Can use all Mathematica functions on the results
(e.g. ContourPlot, FindMinimum).

e Convenient interactive mode for FeynHiggs.
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Inclusion of full one-loop NMFV effects.

Possibility to interpolate parameters from data tables.
M 4-tan 5 planes in agreement with COM constraints.

All important Higgs decay channels. i
New at IL: /; — h, hy, Improved: 1, — f; fr.

Estimates of Higgs production cross-sections.

Flexible interface, can also be used as frontend, as in

FormCalc’s model fh.F.
EEEE
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