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Next-to-Minimal Supersymmetric Standard Model

Supersymmetry - out of reach?
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Next-to-Minimal Supersymmetric Standard Model
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Next-to-Minimal Supersymmetric Standard Model Calculating Mj, in the high-scale NMSSM Numerical analysis Summary

The Next-to-Minimal Supersymmetric Standard Model

Standard Model particles** Supersymmetric partners

OQuarks @ Leptons @ Gauge @ Higgs (O Squarks O Sleptons O Gluino O Neutralinos
bosons @ Singlet Higgs O & charginos
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Next-to-Minimal Supersymmetric Standard Model

The Next-to-Minimal Supersymmetric Standard Model

Complex Next-to-Minimal Supersymmetric Standard Model
Superpotential of the Z;-symmetric NMSSM

n aa n oan n A am o~ 1 A
WNMSSM = [yeHd - LE€ +ded - QD¢ _yuHu : QUC] _/\SHd : Hu i §K53

» Complex scalar singlet extension of the MSSM (4, K complex, e.g. A = |A]e/#A)
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Next-to-Minimal Supersymmetric Standard Model

The Next-to-Minimal Supersymmetric Standard Model

Complex Next-to-Minimal Supersymmetric Standard Model

Superpotential of the Z;-symmetric NMSSM
WNMSSM = [ye’:ld -LEC+ Yd’:’d : éﬁc - yul:’u : QUC] _AgF’d : ’:Iu + %K§3
» Complex scalar singlet extension of the MSSM (4, K complex, e.g. A = |A]e/#A)

» Z, symmetry forbids linear and bilinear terms
= Solves the p problem (no dimensionful couplings in the superpotential)
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Next-to-Minimal Supersymmetric Standard Model

The Next-to-Minimal Supersymmetric Standard Model

Complex Next-to-Minimal Supersymmetric Standard Model

Superpotential of the Z;-symmetric NMSSM

A an N an A A an o~ 1 A
Winson = [VeHy - LE + ygHy - QD° -y, H, - QU] - 1SH, - H, + §KS3

» Complex scalar singlet extension of the MSSM (4, K complex, e.g. A = |A]e/#A)
» Z, symmetry forbids linear and bilinear terms

= Solves the p problem (no dimensionful couplings in the superpotential)
» U parameter is generated dynamically:
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Next-to-Minimal Supersymmetric Standard Model

The Next-to-Minimal Supersymmetric Standard Model

Complex Next-to-Minimal Supersymmetric Standard Model

Superpotential of the Z;-symmetric NMSSM

A an N an A A an o~ 1 A
Winson = [VeHy - LE + ygHy - QD° -y, H, - QU] - 1SH, - H, + §KS3

» Complex scalar singlet extension of the MSSM (4, K complex, e.g. A = |A]e/#A)

Higgs sector

Va+hgtiag h* tang = Y

H u
Hd = Vz ’ HU = e"p” vu+hu+ia S = (VS+hs+’as) Va
hy Y- \/2 v = V2 + V3 = 246 GeV

hy, h,, hs, a4, a,, ag and h%, hi mixingto h,, h,, h;, h,, h;, G° and h*, G*

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 4 A“(IT “:‘ATP




Next-to-Minimal Supersymmetric Standard Model

Higgs mass calculations in the NMSSM

Constraining the NMSSM parameter space with the mi™ measurement

Fixed-order status:
» Full 1L, 2L, in different renormalisation schemes (DR, mixed OS-DR)

[Ellwanger et al. 93, ‘05][Elliot et al. '93][Pandita '93][King, White '95][Degrassi, Slavich "10][Staub et al. '10][Drechsel et al. "17][Ham et al. '01-

‘07][Funakubo, Tao '04][Cheung et al. “10][Goodsell, Staub “17][Domingo et al. "17][Goodsell et al. "15][Ender et al. “12][Graf et al. "12][Miihlleitner et
al. "14][Dao et al. "19-'21]

» Tools: Flexib1eSUSY iathron et atl, NMSSMCALC [gaglio et al.], NMSSMTo0O0S [Elwanger et al],
SOFTSUSY [attanach et al], SARAH/Spheno [Porod, Staub]

Status of effective field theory (EFT) approach:

» Pole-mass matching in FlexibleEFTHiggs mthron etal 177, SARAH/Spheno (staub, porod 17]
» Automated full 1L EFT matching in SARAH [Gabeimann et al. 18-19]

» Full 1L + (NMSSM‘SPECIﬁC) 2L EFT matching in the real NMSSM [Bagnaschi, Goodsell, Slavich '22]
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Calculating My, in the high-scale NMSSM

Higgs mass calculations at higher orders

Fixed-order calculations for the Higgs mass:
~F

» Full perturbative series truncated at fixed order g__@__k /SR

» Reliable for not too high SUSY masses
» Dominant corrections from top/stop sector, e.g. at 1-loop: AM2 ~ ;

P

yyyyy

AT AT

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 6



Calculating My, in the high-scale NMSSM

Higgs mass calculations at higher orders

Fixed-order calculations for the Higgs mass:
~F

» Full perturbative series truncated at fixed order g__@_}_ Bl b (7N

» Reliable for not too high SUSY masses
» Dominant corrections from top/stop sector, e.g. at 1-loop: AM2 ~ ;

If SUSY masses (e.g. stops) are heavy: large separation of scales

EW scale: m, ~v « SUSY scale: m; ~ Mgysy =  In—=

M2 :
Large logs In % from higher orders are relevant and need to be resummed!

AT TP

yyyyy
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:
Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Hg

Qmatch - Msusv

m; ~v
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:
Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Hg

/\SM(Qmatch) ; ANMSSM(Qmatch) Qmatch - MSUSY

m; ~v
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:

Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Hg

/\SM(Qmatch) ; ANMSSM(Qmatch) Qmatch - MSUSY

SM RGEs

AM(m,) m~v
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:

Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Hg

/\SM(Qmatch) ; ANMSSM(Qmatch) Qmatch - MSUSY

SM RGEs

miS(m,) ¢— A**(m,) m; ~v

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 7 Q(IT nﬂTP




Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:

Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Hg

/\SM(Qmatch) ; ANMSSM(Qmatch) Qmatch - MSUSY

SM RGEs

My | ¢——— m}’S(m,) +— A*"(m,) m; ~v
MS - 0OS
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:

Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Hg

/\SM(Qmatch) ; ANMSSM(Qmatch) Qmatch - MSUSY

I SM RGEs
I .

M, | —— mF(mt) — AM(m,) my~v
MS —» 0S
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:
Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Effective field theory calculations:
» Full SUSY theory matched to low-energy EFT at high matching scale Q

match
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:

Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Effective field theory calculations:
» Full SUSY theory matched to low-energy EFT at high matching scale Q..
» RGE running from high down to EFT scale: resummation of large logarithms
In(M3ysy /v?) = In(ug/v?)  + In(MZsy / HR)

—— e )
resummed by RGES  part of matching conditions
at Ug ~ Quarch ~ Msysy
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Calculating My, in the high-scale NMSSM

Effective field theory approach to calculating M,

Assuming all SUSY particles are heavy:

Consider the SM as a (renormalisable) effective field theory (EFT) valid at the
EW scale ~ m; ~ v, and the NMSSM as its UV completion at the high scale ~ Mg ;s

Effective field theory calculations:
» Full SUSY theory matched to low-energy EFT at high matching scale Q..
» RGE running from high down to EFT scale: resummation of large logarithms
In(M3ysy /v?) = In(ug/v?)  + In(MZsy / HR)

—— e )
resummed by RGES  part of matching conditions
at Ug ~ Quarch ~ Msysy

— Non-log terms O(v?/MZs,) not included: EFT only valid for v/Mg s, < 1!
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Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories
describe the same physics at the high scale Q = Q

VSM DASM|H|4

Q) & AMEQ), ¥EH(Q) o VM), gF(Q) > gfSM(a),

match

In general (at the scale Q. ,;,):

n-loop m-point amplitudes with the same external (light) states should yield the same results
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Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories
describe the same physics at the high scale Q = Q

VSM DASM|H|4

\_)!ASM(Q) PN ANMSSM(Q)'

match

YAM(Q) & YIN(Q), g?"(Q) < g}"sM(Q),

In general (at the scale Q. ,;,):

n-loop m-point amplitudes with the same external (light) states should yield the same results
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Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories
describe the same physics at the high scale Q = Q,4:ch
o gsS(q),

VSM S ASM|H|4
<y A(Q) & M), YH(Q) o YISH(Q), g5(Q)

Quartic-coupling matching

HASM - ANMSSM"
» Matching of 4-point functions
» Evaluate directly in v — 0 limit
— Analytical expressions

AT TP

8
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Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories

describe the same physics at the high scale Q = Q,4¢ch
o gsS(q),

VSM S ASM|H|4
<y A(Q) & M), YH(Q) o YISH(Q), g5(Q)

Quartic-coupling matching Pole-mass matching

“pSM _ ANMSSM» “MEM = pMSSM
» Matching of 2-point functions

» Partial O(v?/MZ,s,) terms included
— Numerical expressions

» Matching of 4-point functions
» Evaluate directly in v — 0 limit
— Analytical expressions

AT TP

8

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM



Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories

describe the same physics at the high scale Q = Q,,:ch
o gsS(q),

VSM S ASM|H|4
<y A(Q) & M), YH(Q) o YISH(Q), g5(Q)

Quartic-coupling matching Pole-mass matching

“pSM _ ANMSSM» “MEM = pMSSM
» Matching of 2-point functions

» Partial O(v?/MZ2,sy) terms included
— Numerical expressions

» Matching of 4-point functions
» Evaluate directly in v — 0 limit
— Analytical expressions

= Compare both approaches, estimate size of O(v?/MZ,) terms

ST TP

8
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Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories

describe the same physics at the high scale Q = Q,,:ch

SM 5 ASM 4
SRR AM(Q) o AMSHQ), YSH(Q) o YISSH(Q), gF(Q) e gMSSH(a),

Yukawa couplings only appear starting from one-loop corrections
= For one-loop matching of ASM, match Yukawa couplings at tree level, e.g.:

NMSSM,DR _ y/SM,MS ; .:
Y; =Y; /sinB

TP

sche Physik

8 ST 2
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Calculating My, in the high-scale NMSSM

Matching the NMSSM parameters to the SM

Matching conditions relate the SM and NMSSM couplings such that both theories
describe the same physics at the high scale Q = Q,4:ch

SM 5 ASM 4
SR AM(@) o AMSHQ), YSH(Q) o YISSH(Q), gF(Q) e gMSSM(a),

Gauge couplings already appear at tree level

= For one-loop matching of ASM, match gauge couplings at one loop:

NMSSM,DR

g = g7 + 6g1% + 6!

i i
> 6g;°%: one-loop regularisation scheme shifts (DR — MS)
> 6g}hr: one-loop gauge threshold corrections

AT TP
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching

Evaluated in limit of unbroken EW symmetry (i.e. v, v, — 0) and vanishing ext.
momentum, but keeping tan 8 = const., vg # 0:

ASM(Qmatch) ; ANMSSM(Qmatch)

with [SusYHD: Pardo Vega, Villadoro "15]
[Bagnaschi et al. '19]

ANMSSM,WS(Q h) = Afl\]IMSSM,tree n M’I\:MSSM,H o MﬁSSM,ZI

matc

Note: AAMSS™2.: 21 QCD and mixed QCD-EW corrections in the limit of the
CP-conserving MSSM (not sensitive to the CPV phases in ANMSSMtree gng pANMSSM.T)

P

»»»»»»»

AT AT
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching

Evaluated in limit of unbroken EW symmetry (i.e. v, v, — 0) and vanishing ext.
momentum, but keeping tan 8 = const., vg # 0:

ASM(Qmatch) ; ANMSSM(Qmatch)

ith . __ [SusYHD: Pardo Vega, Villadoro "15]
wi f expressed in terms of MS parameters [Bagnaschi et al. "19]

ANMSSM,WS(Q AEMSSM'tree n M’I;IMSSM,H o MﬁSSM'ZI

match) =

Note: AAMSS™2.: 21 QCD and mixed QCD-EW corrections in the limit of the
CP-conserving MSSM (not sensitive to the CPV phases in ANMSSMtree gng pANMSSM.T)

5 AT AT
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Calculating Mj, in the high-scale NMSSM

Quartic-coupling matching: tree-level contribution

/\NMSSM,MS(Q A;\]IMSSM,tree a MgMSSM,ﬂ a M;\;lSSM,Zl

match) -
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching: tree-level contribution

NMSSM,MS _ 3 NMSSM,tree NMSSM, 1L MSSM,21
A (Qmatch) = Ap +MAy + A7y
N 7/ \ /
N 7 \ /
\v/ ‘C S s
. + s TN e
m |_|ght /// \\\ // m— 0 \\
- 7 N
scale ’ A
_M _ heavy N N y N y
scale N “ / “ ,
= /,\\ + SN +ttu|+ //__J_\J__\ +ttu
/, \\ / \ // \\
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching: tree-level contribution

/\NMSSM,MS(Q A;\]IMSSM,tree a M,’:‘MSSM'“ o MﬁSSM,ZI

match) -

_m_light “IR-divergent” pieces cancel
scale -
_M _ heavy N
scale N
= +tt+u

o SNATITP
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching: tree-level contribution

/\NMSSM,MS(Q Afl\]lMSSM,tree a M,’:‘MSSM'“ o MﬁSSM,ZI

match) -

m  light
T 7 7 scale

n<

heavy
scale

+t+u

Genuine (N)MSSM contributions |

v XIT TP
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching: tree-level contribution

NMSSM,MS _ 3NMSSM,tree NMSSM,1L MSSM,2L
A (Qmatch) =A * A/\h * A/\h
1 1 . hus hy
AISSIIEE = 2(gF + g3) cos? 2B+ 2 IAI7sin* 2B
MSSM-Uke terms NMSSM-Uke terms L,
1 - Tos, ol

- 3|k|“Mg. (1 - cos 4 s S

sk + |21 M (1 - coshB) s

+(3M2 + M2 ) (IK||A| cos @, sin 2B - 2|A|2)

s/t/u-channel S

[A] (3M2+M2)sm 2Bsin? (py M

A
/>—<\

‘I6M2

s/t/u- channeIA / \
hy? “hy,
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching: one-loop contribution

ANMSSM,WS(Q ) _ ANMSSM,tree a MgMSSM,ﬂ o MﬁSSM,ZI

match/ ~
with

AANVSSMI = AAC + DA+ DA + DAy + DA, + A

reg ¥ BAgauge-thr

> DR — MS shifts: A, = 641n2 932 cos? 23 - —( +2g393 + 3g3)

> 1L gauge thresholds: Mgy gethr = (g16gthr +g,6g5") cos? 2B + 0((69;)?)

(same as in the MSSM)
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Calculating My, in the high-scale NMSSM

Quartic-coupling matching: one-loop contribution

ANMSSM,WS(Q _ ANMSSM,tree a MgMSSM'“ o MﬁSSM,ZI

match) -

with

A/\,'\,‘MSSM'” = Mg+ ML, +AASE +A/\CT+AA + DA
1L amplitudes from SARAH

reg gauge-thr
with SM part already sub-

_— ) tracted [Gabel tal. 18
> vertex contributions: AA, = —%%Aghhs - %% Ghha, {Gabetmann et al. 6]

> box contributions: AAy

g Ghha, 9hha,Inhs
> self-energy contributions: Mg = 5 ( I\l;lgs) 255(0) + 5 ( " ) 50.0,(0) + AT —5 35, (0)
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Calculating Mj, in the high-scale NMSSM

Quartic-coupling matching: one-loop contribution

/\NMSSM,MS(Q A;\]IMSSM,tree o M#MSSM,H a M;\;lSSM,Zl

match) =

with
QaNMSSM’ﬂ—Qa AA AA A AA AA
h - O+t BA +DAge + DAcy + reg + gauge-thr

Js WER + _®_ % Contributions from
8z, = -——hh singlet tadpoles
dp? |2 ) '
5§t gz 92 &5t 92 Gria G gz
= 2)\NMSSM,treE‘6(1)Z _ hs hhS hhAg as 3 hhAg tan ) hhAs<hhs _ Zhhs tan
Mer =20, " Tavg \ M2 M )T Ty (Tmg, NPT Tz Tz A P
Ihna, 09 J o :
+6M |mA/\( A;%As ) Ir:]hz; + th_%S 3 IgmhfZA) ( evaluated at the minimum of the potential
N min
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Calculating Mj, in the high-scale NMSSM

Quartic-coupling matching: one-loop contribution

/\NMSSM,MS(Q Afl\]lMSSM,tree o MuMSSM,ﬂ a M;\;ISSM,ZI

match) =

with
NMSSML _
A/\h - A/\EI + MA + A;\SE + A]\CT + A]\reg + A/\gauge-thr

Js WER + _®_ % Contributions from
8z, = -——hh singlet tadpoles
dp? |2 ) '
5§t gz gz &5t 92 Gria G gz
= 2)\NMSSM,U‘6€‘6(1)Z _ hs hhS hhAg as 3 hhAg tan ) hhAsJhhs _ Zhhs tan
Mer =20, " Tavg \ M2 M )T Ty (Tmg, NPT Tz Tz A P
Ihna, 09 J o :
+6M |mA/\( A;%As ) Ir:r]hz; + th_%S 3 Igmhfz)\) ( evaluated at the minimum of the potential
s min

K a, tadpole: non-vanishing contribution for v — 0 and CPV!
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Calculating My, in the high-scale NMSSM

Intermezzo: treatment of tadpoles and counterterms

Work in DR or MS scheme — no finite counterterm (CT) contributions

Exception: tadpoles are calculated in a “tadpole-on-shell scheme™:

such that 6Mt; = -t
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Calculating My, in the high-scale NMSSM

Intermezzo: treatment of tadpoles and counterterms

Work in DR or MS scheme — no finite counterterm (CT) contributions

Exception: tadpoles are calculated in a “tadpole-on-shell scheme™:

such that 6Mt; = -t

» Minimum of V,, does not move: tree-level VEV corresponds to the true VEV
» No explicit tadpoles in loop diagrams (exactly cancelled by the tadpole CTs)
» However: tadpole CTs 6“)t,~ appearing in mass and vertex CTs

\ ’
\ , \ ’
\ ’
. ’ ’
, N , \
\ ’ \
’ \
’

TP

‘‘‘‘‘‘‘‘‘‘‘‘
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Calculating My, in the high-scale NMSSM

Intermezzo: tadpole equation for a,

Tree-level tadpole equation for the a; component (CP-odd doublet):

t
Tsnp S 1NV (~IKklvs sin g, + V2Im A, cos(i,, - @,) + V2 Re Ay sin(g,, - 9,)
t sin
= |mAA - \/5 aq |K|VS "py )_ REAAtan((pw—(py)

— 24
[Alvscos(p, - @,)sinB v~ 5 cos(p, - o,

with the tree-level tadpole t, = tﬁfz) = 0 at the minimum.
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Calculating My, in the high-scale NMSSM

Intermezzo: tadpole equation for a,

Tree-level tadpole equation for the a; component (CP-odd doublet):

t
Tsnp S 1NV (~IKklvs sin g, + V2Im A, cos(i,, - @,) + V2 Re Ay sin(g,, - 9,)
t sin
= |mAA - \/5 aq |K|VS "py )_ REAAtan((pw—(py)

. — +
|Alvs cos(p, - @,)sinB v 2 cos(p,, - ¢,
with the tree-level tadpole t, = tﬁfz) = 0 at the minimum.

— Finite CT contribution from t, — tﬁ? + 6(1)tad (all other pars. renormalised DR):

J2 6Mt, . ®
|A|VS COS((pw - pr)SinB v ’ J

6MimA, =
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Calculating My, in the high-scale NMSSM

Intermezzo: tadpole equation for a,

Tree-level tadpole equation for the a; component (CP-odd doublet):

t
Tsnp S 1NV (~IKklvs sin g, + V2Im A, cos(i,, - @,) + V2 Re Ay sin(g,, - 9,)
t sin
= |mAA - \/5 aq |K|VS "py )_ REAAtan((pw—(py)

- — +
|Alvs cos(p, - @,)sinB v 2 cos(p,, - ¢,
with the tree-level tadpole t, = tﬁfz) = 0 at the minimum.

— Finite CT contribution from t, — tﬁ? + 6(1)tad (all other pars. renormalised DR):

5" Non-vanishing contribution from 6Mt, jvforv - 0! __

R e e
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Calculating My, in the high-scale NMSSM

Pole-mass matching

Demand that the pole masses M{ (X = SM, NMSSM) of the SM-like Higgs states are
the same:

SMy2 ! /pnaNMSSMy2 e.g. [Athron et al. '16],
(Mh ) = (Mh ) [Braathen et al. '18]

with (M)? = (m})? - Re $§(p? = (1))

> mf: SM(-like) MS (DR) Higgs mass in the SM (NMSSM)
» 3X: MS (DR) renormalised self energies in the SM (NMSSM)

P

»»»»»»»
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Calculating My, in the high-scale NMSSM

Pole-mass matching

Demand that the pole masses M{ (X = SM, NMSSM) of the SM-like Higgs states are
the same:

SMy2 ! /pnaNMSSMy2 e.g. [Athron et al. '16],
(Mh ) = (Mh ) [Braathen et al. '18]

with (M})? = (m)? - Re £§(p? = (m{)?) (first iteration, expanded to 1L)

> mf: SM(-like) MS (DR) Higgs mass in the SM (NMSSM)
» 3X: MS (DR) renormalised self energies in the SM (NMSSM)

P

»»»»»»»
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Calculating My, in the high-scale NMSSM

Pole-mass matching

Demand that the pole masses M{ (X = SM, NMSSM) of the SM-like Higgs states are
the same:

SMy2 L NMSSM\2 e.g. [Athron et al. '16],
(Mh ) - (Mh ) [Braathen et al. '18]
with (M})? = (m)? - Re £§(p? = (m{)?) (first iteration, expanded to 1L)
> mf: SM(-like) MS (DR) Higgs mass in the SM (NMSSM)
» 3X: MS (DR) renormalised self energies in the SM (NMSSM)
Expansion of self energy around small external momenta:

Re 25((m})?) = £5(0) + (my)> £X'(0) + O((m})")

P

yyyyy
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Calculating My, in the high-scale NMSSM

Pole-mass matching

Demand that the pole masses M{ (X = SM, NMSSM) of the SM-like Higgs states are
the same:

SMy2 ! /pnaNMSSMy2 e.g. [Athron et al. '16],
(Mh ) - (Mh ) [Braathen et al. '18]

with (M})? = (m)? - Re £§(p? = (m{)?) (first iteration, expanded to 1L)
> mf: SM(-like) MS (DR) Higgs mass in the SM (NMSSM)

» 3X: MS (DR) renormalised self energies in the SM (NMSSM)

Expansion of self energy around small external momenta:

Re 25((m})?) = £5(0) + (my)> £X'(0) + O((m})")

2 B = 2

Gauge thresholds (m'r;mssm) 5 (m'l;lMSSM(g,NMSSM,DR N giSM,MS . 5g,~))
at one loop: 5,\2

P = (mpMsSM(gSUIS))” 1 seausem? + o((6,)?)
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Calculating My, in the high-scale NMSSM
Pole-mass matching: tree-level contribution
At tree level, pole masses = tree-level masses:

(MEM)Z 4 (MII;IMSSM)z = (mﬁM)Z e (m,'\:MSSM)Z

Use MS relation (mpM)? = 2(vSM)2A2M and solve for A3M:

(m’I:IMSSM )2

ASM -
h 2(VNMSSM)2

where vNMSSM = ySM and 6g. = 0 (tree-level matching of the VEV and the g;)

TP

‘‘‘‘‘‘‘‘‘‘‘‘
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Calculating My, in the high-scale NMSSM

Pole-mass matching: tree-level contribution

At tree level, pole masses = tree-level masses:

(MEM)Z = (MII;IMSSM)z = (mﬁM)Z = (m,'\,‘MSSM)z

Use MS relation (mpM)? = 2(vSM)2A2M and solve for A3M:

(m’I;IMSSM )2

ASM -
h 2(VNMSSM)2

where vNMSSM = ySM and 6g. = 0 (tree-level matching of the VEV and the g;)

Analytical diagonalisation of tree-level mass matrix & expansion in v/Mgsy:
obtained same expression as for tree-level quartic-coupling matching!
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Calculating My, in the high-scale NMSSM

Pole-mass matching: one-loop contribution

At one loop, take into account 1L self energies (reuse from implementation for
fixed-order calculations in NMSSMCALC):

(MEM)Z ; (M”MSSM)Z = (mﬁM)Z - Re iﬁM((mgM)Z) ; (mfl\'lMSSM)Z - Re i’I;IMSSM((m”MSSM)Z)
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Calculating My, in the high-scale NMSSM

Pole-mass matching: one-loop contribution

At one loop, take into account 1L self energies (reuse from implementation for
fixed-order calculations in NMSSMCALC):

(MEM)Z ; (M”MSSM)Z = (mﬁM)Z ; (mfl\'lMSSM)Z - Re i’I;IMSSM((m”MSSM)Z) +Re igM((mgM)Z)
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Calculating My, in the high-scale NMSSM

Pole-mass matching: one-loop contribution

At one loop, take into account 1L self energies (reuse from implementation for
fixed-order calculations in NMSSMCALC):

1 1 ~ ~
(MSM)2 & (MNMSSM)2 | =5 (mSM)2 L (mNMSSM)2 _ Re SNMSSM((mMSSM)2) 4 Re $SM((m>M)2)
Expand for small ext. moms., again use (m3")? = 2(v>M)2A3M and solve for A?M:

st B
SM _ NMSSMy2 2, e /
Ah _z(vNMSSM [(m )( 2Azh)_Azh] ]
L e

with AS() = SNMSSME)(g) _ §5M0) ()

= Consistent expansion at 1L, get v/ M, corrections for free!
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Calculating My, in the high-scale NMSSM

Pole-mass matching: one-loop contribution

At one loop, take into account 1L self energies (reuse from implementation for
fixed-order calculations in NMSSMCALC):

1 1 ~ ~
(MSM)2 & (MNMSSM)2 | =5 (mSM)2 L (mNMSSM)2 _ Re SNMSSM((mMSSM)2) 4 Re $SM((m>M)2)
Expand for small ext. moms., again use (m3")? = 2(v>M)2A3M and solve for A?M:

st B
SM _ NMSSMy2 2, e /
Ah _z(vNMSSM [(m )( 2Azh)_Azh] ]
L e

with AS() = SNMSSME)(g) _ §5M0) ()

i |
= Con\ e — 1L, get v/ Mg,y corrections for free!
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Calculating My, in the high-scale NMSSM

Pole-mass matching: one-loop contribution

At one loop, take into account 1L self energies (reuse from implementation for
fixed-order calculations in NMSSMCALC):

1 1 ~ ~
(MSM)2 & (MNMSSM)2 | =5 (mSM)2 L (mNMSSM)2 _ Re SNMSSM((mMSSM)2) 4 Re $SM((m>M)2)
Expand for small ext. moms., again use (m3")? = 2(v>M)2A3M and solve for A?M:

Ty LY
SM _ NMSSMy2 2, e /
Ah - 2(VNMSSM [(m ) ( 2Azh)_Azh]

=5 "
AN {t n

N
-4 - --Ye_

with Ag(f) - gNMSSM(')(O) _ gSM(')((;& (VSM)2 = (VNMSSM)2 | 5,2, 6_2 = A5 + o(

SUSY )
= ConYy

Large cancellations! 1L, getv (One-loop matching of the VEV, e.g. [Braathen et al. '18])
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Calculating My, in the high-scale NMSSM

Pole-mass matching: one-loop contribution

At one loop, take into account 1L self energies (reuse from implementation for
fixed-order calculations in NMSSMCALC):

(MSMY2 L (MNMSSMY2 |y (mSMY2 L [ NMSSM2 _ pg i,';‘MSSM((mﬁMSSM)Z) + Re igM((mgM)Z)
Numerical limit of v — 0: excellent agreement |

. SM . _ . . '
with Ap™ from quartic-coupling matching! - 2(vS")225M, and solve for ASM:

SM _ NMSSMy2 ' -- <
\)Ah = W[(mh ) (1 —2AZh)—AZh]

=5 "
AN {t n

N
-4 - --Ye_

b AS() - SNMSSM() SSM(7) -
with A3}’ =3, (0)-2; (O’K (VSM)2 = (yNMSSM)2 4 6,2, %2 A5+ O(M\z,z )

. Susy
= Con Large cancellations! 1L, getv (One-loop matching of the VEV, e.g. [Braathen et al. '18])

P
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Calculating My, in the high-scale NMSSM

NMSSMCALC algorithm to determine SM Higgs mass prediction M,

1b) NMSSM high-scale DR input:

la) SM low-scale OS input: . g,NMSSM'DiﬂQinp)v y\:NMSSM'ﬁ(Qinp)»
— Gr/a(Mz), as(Mz), :‘:'::s oNMSSMDR(Q, ), A(Qinp)» £(Qinp)
My, My, Mz, 1\4:,‘ for My, Ax(Qinp): Ax(Qinp); Ar(Qinp),

mg, (Qinp), Mg, (Qinp); - -

OS — MS conversion
full one-loop and partial two-loop

2) SM@ parameters at M,:
B (0), Y (),
ASMIS (7,) o SMS(A,).

SM RGE:s at full two-loop

+ partial three- and four-loop

3) SM+NMSSM parameters at Qmatch:

5 (Quaten)s YN Q) JEDR

XM (Qrmaten), VMM (Qruaten),

)\(Qmmch)y N(Qmatch)w AA(Qmatch)« NMSSM .
Ap(Qumateh)> At(Quaten), - - two-loop RGEs

4) Matching:
obtain AN MSSMMS (@ ,) using effective quar-

tic Higgs coupling or h,-like Higgs pole mass.

start new iteration with My, — My, + sgn(AN)

jA)‘ - (A,sl.\s,m _ )\ilmss.w,m)/)\ﬁm.m

6) Output:
0S Higgs mass MP® equal
to the SM input My,

[AN > € AN < e

converged

5) Compare:
AX(Qumaten)
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Calculating My, in the high-scale NMSSM

NMSSMCALC algorithm to determine SM Higgs mass prediction M,

1b) NMSSM high-scale DR input:

la) SM low-scale OS input: r— gyMSSM’TiQinp), nNMSSM’TR(Qinp),
Gr/o(Mz), as(Mz), guicss pNMSSMDR (O, ), A(Qinp ) #(Qinp)s
My, My, Mz, J\/{h- for M, Ax(Qinp); Ax(Qinp), A¢(Qinp),

mQS (Qinp)7 mﬂRS (Qinp)7 e

OS — MS conversion
full one-loop and partial two-loop

2) SM MS parameters at M;:
giSM’I\E(Mt)v YtSM’Mj(Mt)v
MM (M), SMMS ().

SM RGE:s at full two-loop

+ partial three- and four-loop

3) SM+NMSSM parameters at Qmatch:

SM,MS SM,MS TEDR
9; (Qmatch)y Y; (Qmatch)7 C()I\I/Ilslg}]gi%n
S S MS .
/\hM’M (Qmatch)7 USM’MS(Qmatch)y
A(@matcn); £(Qmateh); Ax(Qmaten), NMSSM

ation with Mp — My, + sgn(AN) -

An(Qmatch)) At(QmatCh)7 s tWO—lOOp RGES
T
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Calculating My, in the high-scale NMSSM

NMSSMCALC algorithm to determine SM Higgs mass prediction M,

3) SM+NMSSM parameters at Qmatch:

SM,MS SM,MS
9; ’ 7(Qmatch)7 )/t ’ (Qmatch)7

l T palulal LILEeS anu 1uuL-10up

MS—PR
conversion

SM,MS MS
>‘h ’ (Qmatch)7 USM’MS(Qmatch)y

A(Qmatch)y H(Qmatch): A/\(Qmatch))
An(Qmatch)y At(Qmatch)y e

_4) Matching:
obtain )\EMSSM’MS(QmatCh) using effective quar-

tic Higgs coupling or h,-like Higgs pole mass.

start new iteration with My — M

NMSSM
two-loop RGEs

_ /\SM,MS NMSSM,MS SM,MS
AN = (/\h - A )//\h

[AN] > € 5) Compare: [AXN <€ ( . 6) Output-,(;S
AX(Qmatch) oed OS Higgs mass M equal
matc converge { to the SM nput M.
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Calculating My, in the high-scale NMSSM

NMSSMCALC algorithm to determine SM Higgs mass prediction M,

1b) NMSSM high-scale DR input:

la) SM low-scale OS input: . g,NMSSM'DiﬂQinp)v y\:NMSSM'ﬁ(Qinp)»
— Gr/a(Mz), as(Mz), :‘:'::s oNMSSMDR(Q, ), A(Qinp)» £(Qinp)
My, My, Mz, 1\4:,‘ for My, Ax(Qinp): Ax(Qinp); Ar(Qinp),

mg, (Qinp), Mg, (Qinp); - -

OS — MS conversion
full one-loop and partial two-loop

2) SM@ parameters at M,:
B (0), Y (),
ASMIS (7,) o SMS(A,).

SM RGE:s at full two-loop

+ partial three- and four-loop

3) SM+NMSSM parameters at Qmatch:

5 (Quaten)s YN Q) JEDR

XM (Qrmaten), VMM (Qruaten),

)\(Qmmch)y N(Qmatch)w AA(Qmatch)« NMSSM .
Ap(Qumateh)> At(Quaten), - - two-loop RGEs

4) Matching:
obtain AN MSSMMS (@ ,) using effective quar-

tic Higgs coupling or h,-like Higgs pole mass.

start new iteration with My, — My, + sgn(AN)

jA)‘ - (A,sl.\s,m _ )\ilmss.w,m)/)\ﬁm.m

6) Output:
0S Higgs mass MP® equal
to the SM input My,

[AN > € AN < e

converged

5) Compare:
AX(Qumaten)
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Calculating My, in the high-scale NMSSM

Uncertainty estimate (1)

» SM uncertainties:

» missing EW corrections (from choice of input scheme): Ag’:‘,amz = |M,fF - MZ’”Zl
> missing h.o. terms in MS-0S conversion between A3™S and M,:
02 p? - 2™5(Qe)v2(Qew) + Re 5™"5(p2, Qe)
Solve iteratively for p2 = MI>P°(Q,,), vary Qg

Ag,:‘w = max{lMi?S _ M;\’TS,Pole(ZMt)I’ |Mi95 _ M’:/TS,pole(Mtlz)l}
» missing 3L top corrections: AGM = M, (YOO - m, (YO
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Calculating My, in the high-scale NMSSM

Uncertainty estimate (I1)

» SUSY uncertainties:
» variation of the matching scale Q. With respect to the SUSY input scale Mgsy:

M 2 M 2M
ASUSY = max[th susy/ _ Mh susvll |Mh SUsY _ Mﬁsusvl}

Qmatch
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Calculating My, in the high-scale NMSSM

Uncertainty estimate (I1)

» SUSY uncertainties:
» variation of the matching scale Q. With respect to the SUSY input scale Mg sy:

M 2 M 2M M
ASUSY = max[th susy/ _ Mh susvll |Mh SUsY _ Mh susvl}

Qmatch

Combined uncertainty:

N=

For pole-mass T _ ( SM )2 ( SM )2 ( SM)2 ( 5% )2
matching MI: AMy, = [ AGF/O‘MZ *(Bae) *\AY) DG,

1
For quartic-coupling AMY = [(AM%)Z . ( M - M )2]2
matching MI: —
EAVZ/M%USY “EFT uncertainty”

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 19




Comparison with previous works

K=\ tanf = 3, Xt:\/é, Mgsusy = 5 TeV

135

MY [GeV]

115¢

BP1

—— Bagnaschi et al.’22]

=== NMSSMCALC + mr[Knikhl et a

NMSSMCALC + SMDR ]
Martin et al.

— NMSSMCALC

A [GeV]
(=) (==}

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 20

k=X\=005tanf =20, X, = —/6

Numerical analysis

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]

= 120}

L. 16
115}

. "19]

[ 4}§ixed—order
— Iv

M
R II

M;

bl T pp—— = ]

108 107 10°

M. SUSY [GGV]
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Numerical analysis

Comparison with previous works

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]

k=M\ tan8 =3, X; = V6, Mgusy = b TeV k= \=0.05tan 8 = 20, X; = —v/6

135 135 T
BP1 Blue band: total SM + SUSY + EFT uncertainty BP2
1301 1301
EFT region
Z 15] Ml =125
o, O,
= 1 < .
= 120 Bagnaschi et al.’22 = 120 _— /f;?mdimdnr
115 NMSSMCALC + mr[Knikhl et ahwg —_— M (quartic-coupling m.)
===s NMSSMCALC + SP?BEM etat 9] === M} (pole-massm.)
— NMSSMCALC ) }
110 1 1 1 1 110 1 1
% 0.5F I : T T % 2.5 T T
b iuensarmnennatan i o R
< 0.0f ‘ ‘ ‘ ‘ 4 00 — =TT i
0.0 0.2 0.4 0.6 0.8 1.0 10° 10° 10°
A ]\/[SUSY [GGV]

A: left: difference to [Bagnaschi et al. '22]; right: difference to M%y

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 20 A“(IT MHTP




The case of a light singlet

BP3 with K = A - k%% /AP A, = AP

Numerical analysis

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]
(3—A/N)/2

105}

100F h

-——- M

— M,

h

.
FO O((avt(ast+ay)) .
h

\-
~

0.4
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The case of a light singlet

Numerical analysis

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]

BP3 with k= A k%% /AP A, = AP (3 — \¥3/))/2

130¢ ’\]WEO Singlet-like Higgs mass 1550
’ “ Small Mg: large impact
Allowed region —) 125 \,\. 1500 of partial v/ Mg ;s terms
N\,
L \.
=120 N 150 =
L Red band:
O, 1151 total SM + SUSY uncertainty 400 o
" Len
110¢ ~
1350
105} N
w ) . . v FO O((ar(as+ay)) . 1300
Mj,": quartic-coupling matching — M -_——— M, (s T ~.
100 L h h \.\
MEL: pole-mass matching ———— A/[H FOO(amas+(artartan)?) . 4250
(contains v/M terms) h ]V[h ]
SusY 1 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9
A
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Numerical analysis

v /Mg, effects

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]

min{v/\? + k?}
0.2 0.4 0.6 0.8 Parameter scan:
I~ | 100GeVs M, My<1.5TeV, 100GeV < iger < 1.5TeV,
1TeV < méL3, mfR3 <2.5TeV, Mgysy = méL3mfR3,
A ] My = max{Mgysy,2.3TeV}, -2.5TeV <A, < 100 GeV,
?«5 -2.5TeV<A, <2.5TeV, -/6<X, <6,
= 3leg ' 1<tanf<20, 0.05<AK<10
3
EE 21 1 Bounds and constraints:
£l > Mg >1310GeV, Mg > 2.3 GeV, My. > 500 GeV
1 1 > 122GeV < MI < 128GeV
> Using HiggsTools [Bahl et al. 22] to check for
0 compatibility with data from LEP, Tevatron, LHC

200 400 600 800 1000 1200
Mhz = MS [GGV}
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Next-to-Minimal Supersymmetric Standard Model

Effects of CP-violating phases

BP3

@i [m]

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM

Calculating My, in the high-scale NMSSM

Numerical analysis Summary

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]

03 =002 —001 000 00l 002 003

» o AT TP




Next-to-Minimal Supersymmetric Standard Model Calculating My, in the high-scale NMSSM Numerical analysis Summary

Effects of CP-violating phases

Solid: pole-mass matching; dashed: quartic-coupling matching (shifted)
Solid vs. dashed: v/Mgsy effects from CPV phases J

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]
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Summary

Summary

Calculation of the SM-like Higgs mass in the EFT approach for the CPV NMSSM

» Applicable for heavy SUSY masses (v/Mg s, < 1), resums large logarithms

» Implementation at full 1L (+2L mssm) via quartic-coupling & pole-mass matching
— Excellent agreement found for CPC and CPV case in v — 0 limit v/ 635
— Estimate of v/ M., contributions for EFT uncertainty a\.)('w-.'zltof’ﬂ
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Summary

Summary

Calculation of the SM-like Higgs mass in the EFT approach for the CPV NMSSM

» Applicable for heavy SUSY masses (v/Mg s, < 1), resums large logarithms

» Implementation at full 1L (+2L mssm) via quartic-coupling & pole-mass matching
— Excellent agreement found for CPC and CPV case in v — 0 limit v/ 635
— Estimate of v/ M., contributions for EFT uncertainty ar)('w-.'zlto@'ﬂ

Implementation in our code NMSSMCALC (https://itp.kit.edu/~maggie/NMSSMCALC)
[Baglio, CB, Dao, Gabelmann, Gréber, Krause, Miihlleitner, Le, Rzehak, Spira, Streicher, Walz]

» Spectrum calculator of 1L & 2L Higgs masses, self couplings, decay widths

> For the CP-conserving and CP-violating NMSSM atation O Mg
» ..and more: electron EDMs, muon g - 2, p parameter, M, New: EFT impleme i
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https://arxiv.org/abs/2406.17635

Summary

Summary

Calculation of the SM-like Higgs mass in the EFT approach for the CPV NMSSM

» Applicable for heavy SUSY masses (v/Mg s, < 1), resums large logarithms

» Implementation at full 1L (+2L mssm) via quartic-coupling & pole-mass matching
— Excellent agreement found for CPC and CPV case in v — 0 limit v/ 635
— Estimate of v/ M., contributions for EFT uncertainty a\.)('w-.'zltof’ﬂ

Implementation in our code NMSSMCALC (https://itp.kit.edu/~maggie/NMSSMCALC)
[Baglio, CB, Dao, Gabelmann, Gréber, Krause, Miihlleitner, Le, Rzehak, Spira, Streicher, Walz]

» Spectrum calculator of 1L & 2L Higgs masses, self couplings, decay widths
> For the CP-conserving and CP-violating NMSSM entation fOr Mg
» ..and more: electron EDMs, muon g - 2, p parameter, M, New: EFT imple™ T

THANK YOU FOR YOUR ATTENTION! ©
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Backup

NMSSM tree-level Higgs masses in the unbroken phase limit

Higgs mass matrix M;; becomes block-diagonal for v — 0, easy to diagonalise
analytically (after applying tadpole equations):

hy~h,: mj =m; =0 (sinceitis ov?)
m2 = M2 < _3|K| ReA,vs
h2 B As
V2cos g,
|/\|v5(\/§ReAA + |K|V5COS(pW)
sin B cos B cos(p,, - ¢,)

Co2 o2
h4~hd' mh[‘—mh3
ReA
[K1Vs (41K1Vs + V2 e )
he ~h.: m2 =M2-= w
s~ Nst mpy =Mg= 5

TP

sche Physik
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Backup

Quartic-coupling matching: couplings

1 . i
Onns = 5, (|K| |AlvZ sin(2B) cos @, - 2|A|?vZ + M. sm2(2[3)) '
S

3 . .
Inhas = =5 |KIIAlvssin(2B)sin @, ,

9Ghhs _ (x| <i i -
SimA. - |Al sin(2B) sin(y,, - @),

aghhAs H
STmA - -|Al sin(2B) cos(w,, - )
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Backup

Contribution of a, tadpole forv — 0
One-loop contribution from stops (after expanding stop mixing matrices to O(v)):

:v3|A||At|v5Yt2

&Mt
% 16m2/2sinB

B(mé3r mC’R,3) Sin((pw - (py + (pAt)

with B(x,y) = (A(x) - A(y))/(x? - y?) and A(x) = x? (1 + In(u?/x?))
General way of computing the contributions: one-loop effective potential:

ot o%V(h,ay,...)

2
3y +0(v?)

h=a4=0;v=0

v=0
=V g, (PP = 0)| +0(?)
=V - (sin Bz, 6(p* = 0) - cos Bz, o(p* = 0))] _; + O(v?)
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Backup

One-loop gauge thresholds

e.8. [Bagnaschi, Giudice, Slavich, Strumia '14]

h g? Hest M j mg

thr _ e * I

691" = -z [12In "5 +31n F 23 31 7

3 m~ mg m(zf
Ug,i
+;(ln—+8[n 72 ot )]

5t = - 92 -8[nM—% atn Kt M £y lnm—%+3lnﬁ
I T em PN Tt e T T Q2

3 2 3 m m?2 m2

g3 M Ug,i dg,i

5gihr = - 12ln =2 + (2 In —2 4 n +1ln )
1921 | 7 Q2 Z Q? Q? Q?
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Backup

SM input parameters

Gr = 1.1663788x10°GeV?,  a(M,) = 1/127.955,
ag(Mz) = 0.1181, M, = 172.69GeV,
miS = 4.18GeV, M, = 1.77682GeV,
My, = 80.377GeV, M, = 91.1876GeV,
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Backup

Benchmark points (1)

BP1: [Bagnaschi et al. '22]
BP2: [Slavich et al. 20]
BP3: our own scan
tanB | A K My | My, | My | A A, Ac | Hess. méL3 m;
BP1 3.0 0.6 0.6 1.0 | 20 | 25| 1275 | 0.3 -2.0 1.5 5.0 5.0
BP2 | 200 | 0.05| 0.05| 3.0 | 3.0 | 3.0 | -720 | -2.85 | -1.0 3.0 3.0 3.0
BP3 | 127 | 0.73 | 0.62 | 0.24 | 118 | 23 | -0.39 | 0.06 | -1.44 | 0.49 | 1.79 | 1.51

ME M} my, my, m, m, my,.

BP1 | 124.29 (h,) | 124.31(h,) | 2407.6 (h,) | 2971.8 (h,) | 2905.7 (a) | 3000.2 (a,) | 29671
BP2 | 125.26 (h,) | 125.28 (h,) | 2996.4 (h,) | 5744.4 (h,) | 2985.3 (a,) | 3010.5(a) | 2997.8
BP3 | 12718 (h,) | 129.47 (h,) | 305.5(h,) | 659.5(h,) | 663.8(a) | 1308.7(a,) | 658.4
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Backup

Benchmark points (11)

Other SUSY masses:

i m,,o m,o m,o m,o + .
2 Xa X2 X3 Xy Xs Xi X2
BP1 | 4829.6 | 5168.2 | 997.2 14915 | 1502.4 | 2010.5 | 3003.3 | 1490.2 | 2010.5
BP2 | 2831.6 | 3164.7 | 2932.7 | 3000.0 | 3000.0 | 3067.9 | 6000.0 | 2940.9 | 3060.0

BP3 | 1514.2 | 17991 | 232.8 4841 498.2 835.4 | 1192.7 471.3 1192.6

Uncertainties:

o] B8 0, | 08, | BFin,. [ AV | vy
BPa1 | -738 | 208 -19 376 -21 854 | 836
BP1 | -679 | 212 -69 403 -12 819 820
BP1 | -401 197 21 834 -2294 947 | 2452
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Backup

Quartic-coupling vs. pole-mass matching forv — 0
[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]
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Backup

Comparison between EFT and fixed-order results

[CB, Dao, Gabelmann, Miihlleitner, Rzehak '24]
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