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FlexibleSUSY = spectrum generator generator

We can do our calculation in any model because
we implement our algorithm in:

FlexibleSUSY

https://flexiblesusy.hepforge.org/
[PA, J.H.Park, D.Stdckinger, A.Voigt CPC 190 (2015) 139-172]
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FlexibleHiggs

The Higgs mass is a very important prediction in SUSY models

Quartic coupling in MSSM s fixed:
VM = w?lel® + Mgl
VSN = w3 [ HOP + 3 P — m3(HOHY + hoc) + £ (97 + )07
— My, S MZ Tree level upperbound on lightest Higgs mass

To test if 125 GeV is possible two-loop corrections are essential!
Furthermore Higgs mass and sparticle limits imply large logs need resummed
Many alternatives (NMSSM, E6SSM, MRSSM) raise the Higgs mass.

But then two-loop corrections are also essential to check you actually
resolve the problem.



Fixed Order Calculation in full theory

dla.gonallse S m%
for eigenvalues i

M% + Z(p? = m2 )

In practice this is done with:
$(p?) = Bl1eop(p2) 4 n2-leop ()
y1-loop . complete  All models
neloor . O(y?g? yig?) MSSM, NMSSM
Oy, Y Yy Yy, ¥r) MSSM
complete in gaugeless limit All models
(SARAH/SPheno only)

X(p?) = X(p*, Q%)

2 L S :
Q° = Mg M, - chosen to minimise largest logarithmic corrections



Q) = Mgur

Fixed Order Calculation in full theory

A

MSSM

di i
MI2_[ 4 Z(p2 _ m%%) 1IagoNnallse S mh-
<

Calculate

Implemented in a number of
public spectrum generators

Z(pZ) _ Zl—loop(pQ) 4+ 22—1001)(0)
2

7

for eigenvalues

mp,

wssn @ = Msusy = \/ (mg, mg, )

Advantage: includes terms O(p®/Msysy)

Disadvantage: no resummed logs

Suffers from large logs when
Mgsusy >> Mz



QQ = Mgur

EFT. match 4-point functions

> 1 Implemented in SUSYHD and FlexibleSUSY HSSUSY
Advantage: resums large logs
can includes two-loop matching
\J : :
VSSM Disadvantage: Misses p*/MZ; ¢y terms
A Suffers if Mspysy ~ M5
= M l 1
¢ SUELC lodatch 2 (95 + g3) cos® 23 + AN 1 ANR)
Uhnnn 4
SM
Q=Mz Calculate
A meM
QéD,
QCD
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EFT. match pole masses

Q= Mcur New FlexibleHiggs
A approach
Advantage: Resums logs
Includes p? /M3 5y
Y Can be used in any model
MSSM
A Disadvantage: two-loop matching not
9 P 9
known currently
¢ = Msusy Match - -
pole  (my M) — SRM(ME) = (my 2702 — SUSY (M),
SM h s
Q=Mz Calculate A(Msusy) = — [(m]}fR’SUSY)Q — TS (ME) + TRV (ME)
A SM
I my,
QED,
QCD




Full theory
fixed order
QQ = Mgur >
A
\
MSSM
A
Q) = MSUS;
Q =My > A!
I
QED,
QCD
}

Higgs pole mass calculations

EFT match
4-point functions

Calculate

No resummed logs

mhMSSM

Suffers if Msysy >> M,

A
\ 4
MSSM
A
Match
<
L'nunn
SM
‘Calculate
A SM
I my,
QED,
QCD
!

Misses p*/M3z; sy terms

Suffers if Msysy ~ Mz

EFT match
2-point functions
A
Y
MSSM
A
)(Match
pole
SM h
<Calculate
A = SM
| mp M
QED,
QCD
¥
Resums logs

Includes p?/M2; ¢y
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Comparison of FlexibleSUSY EFTs and Fixed order calculations in
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Note: aga; two-loop matching corrections vanish in these scenarios
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(M}, - Mptowen) / Gev

SUSY HD vs FlexibleHiggs (Xt = 0)

Note: aga; two-loop matching corrections vanish in these scenarios

| | . . — 1 . . .
: FS/FlexibleHiggs(w/ y+!), y; NNLO)
ER R FS/modified w/ y5(0>, yt NNLO - - - - |-
h: FS/modified w/ y¢\9), y, NNNLO ****'*
L FS/modified AY), y, NNNLO —-=-— i
Y FS/modified A(2), y, NNNLO ='=""
R OO TUTOTTTUTOORON o9 SUSYHD A2) y NNNLO  + |
' :
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Comparison to public codes (Xt = 0)

Note: aga; two-loop matching corrections vanish in these scenarios

| Bl I
- Xipr =0, tanfB =05 ¥
: e FlexibleSUSY/FlexibleHiggs
: : FlexibleSUSY/FixedOrder —-=--
FlexibleSUSY/HSSUSY = = = = |-
: : SOFTSUSY 3.6.2 == -
: 5 SPheno 3.3.8 |
-/ : FeynHiggs 2.11.3
; FeynHiggs uncertainty
Ny SUSYHD 1.0.2 - ==~ [
| | SUSYHD uncertainty 1
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Comparison to public codes

Why is Spheno so different?
Or
Why do FlexibleSUSY and SOFTSUSY agree so well with FlexibleHiggs?

| Bl |
L Xypr =0, tanB =30 i X
P FlexibleSUSY/FlexibleHiggs
5 FlexibleSUSY/FixedOrder —:=:-=
FlexibleSUSY/HSSUSY = - = = |4
SOFTSUSY 3.6.2 == -
SPheno 3.3.8 |
FeynHiggs 2.11.3
[ : FeynHiggs uncertainty
Ny SUSYHD 1.0.2 - --- |
; | SUSYHD uncertainty 1
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Comparison to public codes

Why is Spheno so different?
Or
Why do FlexibleSUSY and SOFTSUSY agree so well with FlexibleHiggs?

Cause of difference: FS: mP® = M, + [E(l) S(Mt)] + M, [iﬁl)’L(Mt) + iﬁl)’R(Mt)}

higher order P 1 a
differences fromﬁ + M, [2§1>,ch(m?R) n (Egn,ch(m?R)) n E§2),ch(m?R)] ’
calculation of m;

SP: mP® = M, + |55 (mPR)| + mPR [0 mPR) + 5D F(mPR)]

Fmp (5 (R S PR

150 — T . I

: : FlexibleSUSY/MSSM-tower

FlexibleSUSY/MSSM  =: ==

FlexibleSUSY/HSSUSY = = = -
SPheno 3.3.8
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Comparison to public codes

Why is Spheno so different?
Or
Why do FlexibleSUSY and SOFTSUSY agree so well with FlexibleHiggs?

Fixed order expansion: (MAEFT = m?2 4 0%y} [12t5n,; + 12t%k7 (1695 — 9y7 )

3.3 4 2 2 4
Large coefficients suggest both + 4tgKT (736g3 672g3y; + 90y, ) + .. '}’

FlexibleSUSY and Spheno have a 2\ FlexibleSUSY 2 2 4[ 2.2 2 2
) M = 12t 12t 16g2 — 9
larger uncertainty than the (My) M, + vy | 1265k, + 1265k7, (1693 — 9y;)

difference between the suggests 736
) (?qg _ 288627 + yf) ],

(M}%)SPheno al mi27, 1n U2yzl [121;5/461; + 12t%/€% (169% - 9yt2>

150 : ! ! - 992
. : FlexibleSUSY/MSSM-tower 3.3 4 2 2 4
.. », e FlexibleSUSY/MSSM —-—-— + 4Ky, (?93 — 19293y + yt> + .. } :
\ S : FlexibleSUSY/HSSUSY - - - -
: : SPheno 3.3.8
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Comparison to public codes (Xt = 0)

| | | I | | |
Msysy =2TeV, Xp =0, tan8 =5
- - - e T e T e -
: -fexrBleSUSY/FlexibleHiggs ——
: FlexibleSUSY/FixedOrder —-—-— W
FlexibleSUSY/HSSUSY - - - -}
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: FeynHiggs 2.11.3 1
A e ) FeynHiggs uncertainty _
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Comparison to public codes (Xt = 0)

MSU SY [ TeV

T | |
X = _ZMSUSYa Xpr =0, tanf =35 ]
e LR AEEERL Y FlexibleSUSY/FlixibleHiggs -
: FlexibleSUSY/FixedOrder —-=-—
FlexibleSUSY/HSSUSY = - - -
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Summary and outlook

FlexibleHiggs uses a new EFT approach to predict Higgs mass in any SUSY model with
resummed two-loop logarithmic corrections.

The pole-mass matching approach of FlexibleHiggs ensures beautiful agreement with the
fixed order calculation when MSUSY = MZ.

For the MSSM FlexibleHiggs agrees very well with the leading calculations when Xt=0

When Xt I= 0 the two-loop matching corrections can be large are and introduce finite shifts
between SUSYHD / HSSUSY and FlexibleHiggs

We also have done a detailed study of error estimation for FlexibleHiggs, uising methods
that are applicable to all models (see forthcoming paper for details)

FlexibleHiggs has already been applied and studied in the NMSSM, E6SSM and MRSSM
(see forthcoming paper for details)

FlexibleHiggs will be made publicly available as part of FlexibleSUSY in a new release

Two-loop matching conditions will be provided and studied in a future update
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SUSY HD vs MSSM-tower (Xt = 0)
(difference)

Note: aga; two-loop matching corrections vanish in these scenarios
Alternative version of plot with more steps
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Fixed order MSSM uncertainty estimation

4 4
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FlexibleHiggs uncertainty estimation

= Vi = =+

MSSM,(0) v MSSM,(1) )/rSM \@[ZMSSM_ZSM]
r r
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FlexibleHiggs uncertainty estimation

Vary renormalisation scale of SM Higgs mass calculation

Mgsuysy = 2TeV, Xp =0, tanf =5

FIeX|bIeSUSY/FIeX|bIeH|ggs
uncertalntly from varlylng Q :|
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Comparison of uncertainties
Note: combining errors linearly is quite conservative, so these are likely an overestimate

Full model approach (2L):
(C3 and Q uncertainties added linearly)

Ms/TeV  X./Ms AM,/GeV | X;/Ms AM,/GeV

1 0 +1.3 2 +2.0
2 0 +2.1 2 +3.0
10 0 +4.5 2 +5.5

EFT-M,, approach (1L):
(yt(’) and @ uncertainties added linearly)

Ms/TeV  Xi/Ms AM,/GeV | X¢/Ms AM,/GeV

1 0 +1.0 2 +3.1
2 0 +1.0 2 +3.1
10 0 +1.1 2 +2.8
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