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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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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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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*
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Next-to-Minimal Supersymmetric Standard Model

Supersymmetry - out of reach?
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Higgs mass calculations in the EFT approach

Higgs mass calculations in the NMSSM

Constraining the NMSSM parameter space with the mi™ measurement
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Higgs mass calculations in the EFT approach

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 athron et atl, NMSSMCALC [saglio et L], NMSSMTo0O0S [Elwanger et al],
SOFTSUSY [attanach et al], SARAH/S p heno [Porod, Staub]
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Higgs mass calculations in the EFT approach

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 [cabelmann et al. 18-19]

> Full 1L + (NMSSM-specific) 2L EFT matching in the real NMSSM [sagnaschi, Goodsell, stavich 22]
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Higgs mass calculations in the EFT approach

Higgs mass calculations at higher orders

Fixed-order calculations for the Higgs mass:

» Full perturbative series truncated at fixed order

» Reliable for not too high SUSY masses 5
» Dominant corrections from top/stop sector, e.g. at 1-loop: AM2 ~ Y, In m—g
t

6 AT TP
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Higgs mass calculations in the EFT approach

Higgs mass calculations at higher orders

Fixed-order calculations for the Higgs mass:

» Full perturbative series truncated at fixed order

» Reliable for not too high SUSY masses 5
» Dominant corrections from top/stop sector, e.g. at 1-loop: AM2 ~ Y, In m—g
t

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

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

2
Large logs ln % from higher orders are relevant and need to be resummed!

6 AT TP
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Higgs mass calculations in the EFT approach

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
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Higgs mass calculations in the EFT approach

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 (EFT) calculations:
» Full SUSY theory matched to low-energy EFT at high matching scale Q,;ch,
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Higgs mass calculations in the EFT approach

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 (EFT) calculations:
» Full SUSY theory matched to low-energy EFT at high matching scale Q,;ch,
» RGE running from high down to EFT scale: resummation of large logarithms
In(M3ysy/v?) = In(ug/v?) +  In(M3ysy/pR)

—— e e e——
resummed by RGES  part of matching conditions
at Pg ~ Qmach ~ Msysy
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Higgs mass calculations in the EFT approach

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 (EFT) calculations:
» Full SUSY theory matched to low-energy EFT at high matching scale Q,;ch,
» RGE running from high down to EFT scale: resummation of large logarithms
In(M3ysy/v?) = In(ug/v?) +  In(M3ysy/pR)

—— e e e——
resummed by RGES  part of matching conditions
at Pg ~ Qmach ~ Msysy

— Non-log terms O(v/Mgsy) only included partially: EFT valid for v/ Mg s, <« 1!
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Higgs mass calculations in the EFT approach

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

M@ EAMEQ), ¥ £ YIMSH(Q), giM(Q) £ g Q)

match

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 8 Q(IT MHTP




Higgs mass calculations in the EFT approach

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 DASMlHIA

Sy AM(Q) E M), ¥EM(Q) £ YAMSH(Q),  giM(Q) £ g

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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Higgs mass calculations in the EFT approach

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 DASMlHIA

\_),ASM(Q) L ANMSSM(Q)’

match

Y@ = M), gi(Q) = gisa),

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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Higgs mass calculations in the EFT approach

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

Sy AM(@) EAMEQ), ¥ £ YIMSH(Q), giM(Q) £ g Q)

Quartic-coupling matching

“/\SM - ANMSSM"

match

» Matching of 4-point functions
» Evaluate directly in v — 0 limit
— Analytical expressions
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Higgs mass calculations in the EFT approach

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

S AMQ 2 AMSMQ), vPM(Q) 2 YMSH(Q), gM(Q) = gSM(@),

Quartic-coupling matching Pole-mass matching

match

HASM - ANMSSM" UMEM - MHMSSM"
» Matching of 4-point functions » Matching of 2-point functions
» Evaluate directly in v — 0 limit » Partial O(v/Mgs,) terms included
— Analytical expressions — Numerical expressions
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Higgs mass calculations in the EFT approach

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

Sy AM(@) EAMEQ), ¥ £ YIMSH(Q), giM(Q) £ g Q)

Quartic-coupling matching Pole-mass matching

match

HASM - ANMSSM" UM2M - MHMSSM"
» Matching of 4-point functions » Matching of 2-point functions
» Evaluate directly in v — 0 limit » Partial O(v/Mss,) terms included
— Analytical expressions — Numerical expressions

= Compare both approaches, estimate size of O(v/M,s,) terms
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM(Qmatch) = ANMSSM(Qmatch)

with ANMSSM(QmatCh) = A}TMSSM,tree + M’I;IMSSM,’IL + M#SSM,ZL
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM Q — ANMSSM Q
( match) ( match) [SusYHD: Pardo Vega, Villadoro "15]

H NMSSM _ 3 NMSSM,tree NMSSM,1L MSSM,2L
with A (Qmatch) - /\h * A/\h + A}\h
N 7 \ /
AY d \ /
~/ ~ % it
. + cooo b+ u
m l|ght // \\ // m — 0 \\
[Rp— 4 N / \
scale ’ N ‘ N
=j=[= heavy \\ ” \ / \ 7
scale Sy AN / AN /
= M + Sooooal +ttu |+ SEEEEE] +ttu
PN s m—0 ’ M \
I’ \\ / \ // \\
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM Q — ANMSSM Q
( match) ( match) [SusYHD: Pardo Vega, Villadoro "15]

with ANMSSM(QmatCh) = /\fl\,lMSSM,tree + M’I;IMSSM,’IL + MﬁSSM'ZL

|

_m_ light “IR-divergent” pieces cancel
scale , )

_M _ heavy . ) ,
scale L /

— v ==E=== +t+u
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM Q — ANMSSM Q
( match) ( match) [SusYHD: Pardo Vega, Villadoro "15]

with ANMSSM(QmatCh) = /\fl\,lMSSM,tree + M’I;IMSSM,’IL + MZISSM,ZL

]

_m_ light “IR-divergent” pieces cancel
scale )

_M _ heavy
scale

+t+u

Genuine NMSSM contributions |
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM Q — ANMSSM Q
( match) ( match) [SusYHD: Pardo Vega, Villadoro "15]

_ yNMSSM,tree NMSSM, 1L MSSM,2L
= A, + DAy +AAy

with ANMSSM(Qmatch)

1L amplitudes from

SARAH with SM part | ™ =
already  subtracted O D‘:

[Gabelmann et al. '18]

M heavy N SN /

=== N ’ \ 72

scale N S £ % /
= , )—®—( )—® eoe +t+u
d 7’ Ay 7
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM Q — ANMSSM Q
( match) ( match) [SusYHD: Pardo Vega, Villadoro "15]

_ yNMSSM,tree NMSSM, 1L MSSM,2L
= A, + DAy +AAy

with ANMSSM(Qmatch)

1L amplitudes from

SARAH with SM part | ™ =
already  subtracted O D‘:

[Gabelmann et al. '18]

M | \ ’ \ 7

Contributions from " / " '
singlet tadpoles — Q= —Q +itu
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Higgs mass calculations in the EFT approach

Quartic-coupling matching

Evaluated for v,,v; — 0 (tan B = const., vs # 0) and vanishing ext. momentum

ASM Q — ANMSSM Q
( match) ( match) [SusYHD: Pardo Vega, Villadoro "15]

with ANMSSM(Q
1L amplitudes from

SARAH with SM part | ™ -
already  subtracted O >

[Gabelmann et al. '18]

_ 3NMSSM,tree NMSSM,1L MSSM,2L
match) - /\h + A/\h Jr A}\h

M tmmens . In CPV case:
Contributions from _) — non-vanishing contri-
singlet tadpoles | & ® bution from CP-odd

/ N . doublet tadpole!
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Higgs mass calculations in the EFT approach

Pole-mass matching

Demand that the pole masses of the SM-like Higgs states are the same:

(MEM)2 = (M,’;‘MSSM)Z e.g. [Athron et al. "16][Braathen et al. '18]
with (M})? = (mf)? - SEM((MF)?) ) RO
(m%: SM(-like) MS (DR) Higgs mass in the SM (NMSSM); 5% renormalised self energies) AN

h h e "

__{[/ ‘\,,,_ R L
S__7
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Higgs mass calculations in the EFT approach

Pole-mass matching

Demand that the pole masses of the SM-like Higgs states are the same:

(MgM)2 = (M,’;‘MSSM)Z e.g. [Athron et al. "16][Braathen et al. '18]
with (M)? = (m)? - S$M((MX)2) A -
(m{: SM(-like) MS (DR) Higgs mass in the SM (NMSSM); 3%: renormalised self energies) N A

- _{(/ ‘\,,, - - _“\\_;.g_//_ -
Use MS relation (mpM)? = 2(vSM)2A2M and solve for A3M:

1 & 2 with
SM _ NMSSMy2 /
ASM = S (mNMSSMYZ (1 - 215} ) - Azh] A3 = SIMSSME) ) _ $5M) )

= Consistent expansion at 1L, captures leading terms when expanding in v/ Mg sy
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Higgs mass calculations in the EFT approach

Pole-mass matching

Demand that the pole masses of the SM-like Higgs states are the same:

(MgM)2 = (M,’;‘MSSM)Z e.g. [Athron et al. "16][Braathen et al. '18]
with (M)? = (m)? - S$M((MX)2) A -
(m{: SM(-like) MS (DR) Higgs mass in the SM (NMSSM); 3%: renormalised self energies) s

h P I )
- _{(/ \\,,_ - - _“\\_;.g_//_ -
Use MS relation (mpM)? = 2(vSM)2A2M and solve for A3M:

SM _ NMSSMy2 AT with
A -W[(m ) (1 2Azh)'Azh] A3{) = SIMSSMO) ) - 5540 )

= Consistent expansion at ‘I%ﬁures leading terms when expanding in v/ Mg q,

(VSM)Z - (VNMSSM)Z + 6V2
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Higgs mass calculations in the EFT approach

Pole-mass matching

Demand that the pole masses of the SM-like Higgs states are the same:

(MgM)2 = (M,’;‘MSSM)Z e.g. [Athron et al. '16][Braathen et al. '18]
‘ X\2 = (mX)2 _ $SM{(pX)2 P S
with (MX)2 = (mX)? - SSM((M)?) ST A
Numerical limit of v — 0: excellent agreement f "enormalised self energies) _ o= -

-4 P YL
N

with A3 from quartic-coupling matching! for ASM:

1 s 2 with
SM _ NMSSMy2 ’

B35 = 330 (0) - 53M0)(0)

= Consistent expansion at ‘I&aptures leading terms when expanding in v/ Mg q,

(VSM)Z - (VNMSSM)Z + 6V2
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM

HrA

® Qmatch ~ MSUSY

e Mm,~Vv
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM
HrA

ASM(Qmatch) = ANMSSM(Qmatch) ® Qmatch ~ MSUSY

e Mm,~Vv
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM
HrA

ASM(Qmatch) = ANMSSM(Qmatch) ® Qmatch ~ MSUSY

~

ASM(m,) em ~Vv
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM
HrA

ASM(Qmatch) = ANMSSM(Qmatch) ® Qmatch ~ MSUSY

~

mi"S(m,) $— AM(m,) @ m, ~V

(mES(m,))” = 2 (vs"(m,))’ A*(m,)
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM
HrA

ASM(Qmatch) = ANMSSM(Qmatch) ® Qmatch ~ MSUSY

~

My | ¢——— m}S(m,) <— A"(m,)  JUIE

(mES(m,))” = 2 (vs"(m,))’ A*(m,)
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM

Iterative procedure Hr A
1. Choose SM inputs (g;, Y;, ...); guess on-shell M,

2. Convert inputs to MS values at pg ~ my, run up ASM(Q ) = ANMSSM(Q )e Q ~M
= match SUSY
t0 pg = Qpaten match match

3. Convert parameters to DR, calculate ANMSSM
4, Compare ANMSSM with ASM from RGE running
5a. If same, chosen My, is the predicted Higgs mass

AN

5b. If not same, vary initial M, guess and repeat
procedure until convergence is reached

~

My, | &——— mI'S(m,) <— A*M(m,) om ~v

(mES(m,))” = 2 (vs"(m,))’ A*(m,)
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Higgs mass calculations in the EFT approach

Renormalisation-group running of ASM

Iterative procedure Hr A
1. Choose SM inputs (g;, Y;, ...); guess on-shell M,

2. Convert inputs to MS values at pg ~ my, run up ASM(Q ) = ANMSSM(Q )e Q ~M
= match SUSY
t0 pg = Qpaten match match

3. Convert parameters to DR, calculate ANMSSM
4, Compare ANMSSM with ASM from RGE running
5a. If same, chosen My, is the predicted Higgs mass

AN

Vary scales to esti-

5b. If not same, vary initial M, guess and repeat Tt

procedure until convergence is reached

~

My, | &——— mI'S(m,) <— A*M(m,) om ~v

(mES(m,))” = 2 (vs"(m,))’ A*(m,)
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Numerical results

Comparison with previous works
[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]
k=X=0.05tan 8 = 20, X; = —/6

K=\ tanf = 3, Xt:\/é, Mgsusy = 5 TeV

135 135
BP1 BP2
1301 1301
Z 195 =125
o o,
< L ] = L .
E 120 —_— Bagnaschi ot 31'122 E 120 — ]\/{}?xed—order
— == NMSSMCALC + mr[Knikhl et al. 16 — ]W,?’
115} *=++ NMSSMCALC -+ SMDR ] 1,15 ’ -—= M
NMSSMCALC [Martjn et al. "19]
110 : : 110
= 0.5 = 2.5F
O iiiitiria i iaana e, o R
N 4 00f
0.0 0.2 0.4 0.6 0.8 1.0
A
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Numerical results

Comparison with previous works

[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]
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Numerical results

The case of a light singlet

[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]
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The case of a light singlet

Numerical results

[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]

BP3 with K = A K58 /AP A, = A, (3 — \PP3/))/2
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Next-to-Minimal Supersymmetric Standard Model Higgs mass calculations in the EFT approach Numerical results Summary

Effects of CP-violating phases

[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]
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Next-to-Minimal Supersymmetric Standard Model Higgs mass calculations in the EFT approach Numerical results Summary

Effects of CP-violating phases

[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]
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Next-to-Minimal Supersymmetric Standard Model

Effects of CP-violating phases

Higgs mass calculations in the EFT approach

Numerical results Summary

[CB, Dao, Gabelmann, Miihlleitner, Rzehak; in preparation]
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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/
— Estimate of partial v/M s, contributions for EFT uncertainty
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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/
— Estimate of partial v/M s, contributions for EFT uncertainty

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

» ...and more: electron eDMs, muon g - 2, p parameter, W mass e
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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/
— Estimate of partial v/M s, contributions for EFT uncertainty

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
» ..and more: electron eDMs, muon g - 2, p parameter, W mass e

THANK YOU FOR YOUR ATTENTION! ©
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Quartic-coupling matching: tree-level contribution

1 1 .
AMSSITee = 2(gF + g3) cos? 2B+ 7 [A|2 sin® 2B
MSSM D-terms NMSSM F-terms

1
© 48[K[2M2(3M2 + M} )

3|Kk|2MZ. (1 - cos 4PB)

+ (3M2 +M£S)(|K||A| cos @, sin 2B - 2|A|?)

.

s/t/u-cﬁannels

3 |A[2(3M2 + MA%S)sin2 2B sin’ @,

T6M3

s/t/u-channel A,

Christoph Borschensky - Higgs Mass Predictions in the CPV High-Scale NMSSM 16 Q(IT nﬂTP




Backup

Benchmark points

BP1: [Bagnaschi et al. '22]
BP2: [Slavich et al. '20]

tanf | A K My | My | My | A A, A | Hess. Mg, | M,
BP1 | 3.0 06 | 06 | 1.0 | 20 | 25| 1275 | 0.3 -2.0 1.5 50 | 5.0
BP2 | 20.0 | 0.05| 005 3.0 | 3.0 | 3.0 | -720 | -285 | -1.0 | 3.0 3.0 | 3.0
BP3 | 127 | 073 | 0.62 | 0.24 | 118 | 2.3 | -0.39 | 0.06 | -1.44 | 0.49 | 179 | 1.51

MEt MEY my, my, m,, m,, m,.

BP1 | 12429 (h,) | 124.31(h,) | 2407.6 (h,) | 2971.8 (hy) | 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,) | 12947 (h,) | 305.5(h,) | 659.5(h,) | 663.8(a) | 1308.7(a;) | 658.4
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