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Tools for Dissecting SUSY

Supersymmetry allows to For each of them we need
address many shortcomings of accurate predictions
the SM at the same time

> stable scalar potential > My, Anph
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Tools for Dissecting SUSY

Supersymmetry allows to For each of them we need At the same time, need to
address many shortcomings of accurate predictions agree with other (precision)
the SM at the same time observations such as

> stable scalar potential > My, Anph > electroweak precision

» more sources of > EDMs observables, My,

CP-violation > low-energy observables,
> Dark Matter > QR (8 —2)e, (&g —2)u
> > > Higgs signal rates, direct

constraints
~> Higgs decays
> .

NMSSMCALC: provides precise predictions for many observables in the NMSSM.
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Recent Improvements in NMSSMCALC

[y

. Higgs mass predictions [2106.06990], [2406.17635] (see talk by C.Borschensky),

. W-boson mass prediction [2308.04059],
3. Trilinear Higgs couplings: App;p, at two-loops [2210.02104]

N

3.1 Higgs-to-Higgs decays,
3.2 Di-Higgs production,

. Lepton AMMs (g — 2);, and EDMs, d; [2207.12618].

o
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https://arxiv.org/abs/2106.06990
https://arxiv.org/abs/2406.17635
https://arxiv.org/abs/2308.04059
https://arxiv.org/abs/2210.02104
https://arxiv.org/abs/2207.12618

Recent Improvements in NMSSMCALC: Higgs Mass Predictions

— see previous talk by Christoph Borschensky.
One additional detail: uncertainty estimate.
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Recent Improvements in NMSSMCALC: Higgs Mass Uncertainty

k=A=0.05tan g =20, X, = —/6

P> Fixed-order: estimate uncertainty by

1301 comparing M}, prediction with OS/DR
renormalised s/top sector. Large Msysy:
=125 suffers from large logs.
% > EFT: quadratic sum of individual
=120 uncertainties. Dominated by SM

(O(800MeV)) and SUSY-scale
uncertainty (O(1 GeV)).

— ]\Jﬁxedforder
h

115y,
R EFT
Mh
110 . .
108 10 10°
MSUSY [GGV]
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Recent Improvements in NMSSMCALC: W-Boson Mass Prediction
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W-Boson Mass Calculation: General Strategy

> relation between My <+ Mz, Gg (muon decay) and aqep

TOQED
Gr = (1 + Ar)
2 Y 2
\/EMW (1 MW/MZ) loop coz'ections
to muon decay

> Solve (iteratively) for Myy:

1 1 TOQED )
My =Mz >+, /> ——="=(1+Ar
v 2(2 4 \/§GFM%( )

» OS scheme for all (electroweak) input parameters

Instead of predicting My, we are asking "which (OS) value of My, do we need to get the
muon decay right?”
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Higher-Order Corrections to the Muon Decay: Ar and Ap

sWz,  ThT0) - WM, sWs?
+ W ( ) wo_ > + 5vertex+box

art) =2
r M2, s2

2
Cw

= Aa — STAP + Arremainder
w

ingredients: Vi
> Mz, photon and photon-Z self-energies

> 5(1)Ml2,v/z, ZS/)/’;(O), 6Ms2,: (transverse) W /Z self-energies —_— Ve
> Suertextbox: Vertex/box diagrams H H
dominant: Wk
> Aa: light fermion contributions (SM-like)
s Ty =D 7o)
> Ap= 45— — —U— < sensitivity to BSM physics
z w i

(also part of EW fits, "T" parameter) €
> i . _ -
this work: Ar at full one-loop. Ap at two-loops. Ap™ A 38420 x 10~ [PDG 22]
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Ap at One-Loop in the NMSSM: Uncertainties?

> all one-loop contributions are well-known (in CP-conserving case) [stal, Weiglein, Zeune '15]

» how to estimate the uncertainty without calculating higher-orders?
— using different renormalisation conditions

»> DR or OS renormalisation of top & stop sector [Graf et al. '12]
— estimate uncertainty due to missing higher-orders

» one-loop: huge uncertainty — higher-orders required

my, [GeV]
124.4 129.1 141.7 160.6 148.8
10F™ ‘ ‘ ‘ ‘
05 A m,(fo) 5mt
- =0
T8 () 5
> DR~ ¢ YA
X7 my —— + + X
q
ot —UV-finite
0 _ one—loop?s . . . all-orders DR
01 0.3 15 2.2 2.0 Dp(m®) TTETE Ap(mPR)
VA2 + K2
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Ap Beyond One-Loop

my, [GeV] my, [GeV]
124.4 129.1 141.7 160.6 188 1244 129.1 1417 160.6 1488
10 5
9
A4 40
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= K
X 230
7 P 5S4
=
T 4
| S
——one-loop®® 2
Of---- one—loopﬁ
01 0.8 15 22 79 007 0.3 5 22 29
NoXE NoxEy)
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Ap Beyond One-Loop

. . = t
> leading QCD O(asa¢) mixed OS/DR @ Qs it
[0 St
'« )
I g 1
W*/Z A rroe W/ Z
\ 1
N .
b/t
my, [GeV] my, [GeV]
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10 O
9 p
s
c? 8 ;’/ // <
S alad X
<t e 530
Vi - £S+1
S Tt T L
5 e 3
6F T S
—one-loop®®  ——0O(a;a,)°8 2
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Ap Beyond One-Loop

> leading QCD O(asa¢) mixed OS/DR 4 a?
> O(a?) very sensitive to top mass t t
w*/z w*/z
b/t
my, [GeV] my, [GeV]
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O
40
S
=30
U=
4
6 ; . S
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Ap Beyond One-Loop

> leading QCD O(asa¢) mixed OS/DR

> O(a?) very sensitive to top mass

> O((ar + ax + a.)?) can be large for large A, & WH/Z ~n, honn W/ Z
\ 1
H* /i
my, [GeV] my, [GeV]
124.4 129.1 141.7 160.6 1488 1244 129.1 141.7 160.6 1488
bl
40
S
=30
U=
4
6 ; . \
—one-loop®®  ——O0(a,)%  ——0O(a2,,,)°® 2
5F---- one-loopP®  ---- Oaya,)PR =--- O(a2,, PR
01 0.8 15 22 20 %1 08 15 22 2.9
VA2 + K2 VA2 + K2
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My, and Ar

combination with higher-order results for SM from literature is crucial (see backup,

my, [GeV)
11%4.3 124.8 126.9 130.8

136.2 141.6 149.3

80.354
80.352
80.350
80.348
= |— one-loop — O(aa;) — O(a?y,)
15 //]
5703 =
< 0 0.3 0.6 0.9 1.2 1.5 1.8
VAT R
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CP-Violating Effects on M)y, Prediction

80365 F ' ' ' 3
12t
=
< 80364 =
= Z 1
=2 =
- 3
80363+ [
< - 10 -
80362 | - SOIJVH - WMZI — PMs . PA | 9 L - (IOIAIL - QQMQI — M . YA, i
—-1.0 —0.5 0.0 0.5 1.0 —1.0 —05 0.0 0.5 1.0
o [7] @ [7]

» Phases in gluino- (¢pm,) and stop-sector (¢4,) typically have a small effect if the

particles have large (2 1TeV) masses
> electroweakinos (yp, ,) can be light and can have sizeable effects
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Recent Improvements in NMSSMCALC

[y

. Higgs mass predictions [2106.06990], [2406.17635] (see talk by C.Borschensky),
W-boson mass prediction [2308.04059],
3. Trilinear Higgs couplings: App;p, at two-loops [2210.02104]

3.1 Higgs-to-Higgs decays,
3.2 Di-Higgs production,

. Lepton AMMs (g — 2);, and EDMs, d; [2207.12618].

N

o
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Why the Trilinear Self-Coupling(s)?

P probes electroweak symmetry breaking
mechanism

> very sensitive to BSM

> important input for
di-Higgs production

> important input for
Higgs-to-Higgs decays

> important input for phase transitions

Martin Gabelmann
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Available Corrections for M, and \pp, in the NMSSM

Mass corrections d M}, Coupling corrections d Appp
» full one-loop P V7 ot of indpendent conrvutions] | VAT
> two-loop O(arars) > e | R .
> two-loop O(a%) PV e g P> [Borschensky, Dao, MG, Mihlleitner, Rzehak '22]
> two-loop O(a3) P fconta o 10 st 2 >
> full two-loop > X >
> three-loop O(ara?) P (" o wiom e o) > x

catch-up on missing higher-orders in the trilinear Higgs couplings
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https://arxiv.org/abs/2210.02104

Impact of Loop-Corrected Trilinears

NMSSMCALC tool-chain g g oh 97080 s ‘h Ot - - 1
automatically makes use of q Heyr G ot q g
loop-corrected Ap,pp, in ’ a g oo @ Ny 9000tk
| 2 hh—prOdUCtion (HPAIR) g -gi--r---- " g TTON i o h g G T h
665 [N - g :
> hj — hjh, (HDECAY) GG G el S
I |‘If4. ‘\\ _\\\I
9TTTL -~ 4 oo @ ch g G oo
g LT - h g i ’,h.
;o \K,’/ ’ \\_{I’_‘"’
\ S \\_@"s“z' ‘\\
g RS TS0, g “h
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Summary: in-house NMSSMCALCulations

VVYyVVYYVYVYYVY

NMSSMCALC is more than a spectrum generator for the CP-violating NMSSM:

Higgs boson masses up to two- loop O(asa:+(ar + ay + a,)?) (fixed - order/EFT /hybrid)
Higgs boson self-couplings AT, up to two-loop O(asar + a?)
H?’i — Xj X decays at NLO including SUSY QCD+EW corrections (or using Aff,)
electric dipole moments (EDMs) of e and various bound-states
(§ —2)e and (g —2),
Mp and Ap
also for inverse seesaw scenario (NMSSMCALC-nuSS) [2108.10088]
coming soon: SUSY decays, links to other codes (DM /vacuum stability/...)
~» see talk by Felix Egle on Friday

example

wget https://www.itp.kit.edu/\~maggie/NMSSMCALC/nmssmcalc.tar
tar xf nmssmcalc.tar

cd nmssmcalc-C

make

./run inp.dat

Martin Gabelmann
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Backup: a, in NMSSMCALC (-nuSS)

[T. N. Dao, D. N. Le, M. Miihlleitner, 2207.12618]

NMSSM-nuSS:
> adds six gauge-singlets (with lepton
number)
> explains neutrino masses via inverse
seesaw

P sneutrinos: enter at one-loop, larger
sensitivity to fieff

——NMSSM-nuss ——NMSSM

-0.8 -0.6 -04 -0.2 0.2 0.4 0.6 08

0.0
[
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Backup: M, predictions

& s (S, S2} ={h by ALFAD B, (b (B b))
T by (L F) =exh (L@ (o) D)
5 S ={h,h™,t,d}
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Recent Improvements in NMSSMCALC: Higgs Mass Uncertainty

» SM uncertainty:
> scale uncertainty: 0 = p? — 22%(Qew)v2(Qew) — ReZp™ (0%, Qew) uv—sin
— A = max{|MPS — M5 P (2M,)|, [MPS — M5 P (M, /2)[}

fecl SM _ (Y 4
> missing gauge corr. AGF/aMz =|M, M, "]

2 3
> missing top corr. AP = Mi(YE©) = MY
» SUSY uncertainty:
> scale-uncertainty: A%ﬂf:h = max{|M,'7V’SUS"’/2 _ M/Q/ISUSYL |Mi27Msusy B MIIIVISUSY”

1
> for the quartic-coupling matching: AMY = [(AMEY? + (M — MI¥)?] 2
———

SUSY
v/Msysy
- I SM 2 sm )2 sm\? susy 2|2
> total uncertainty: AM,; = (AGF/aMZ> + (AQEW> + (AYt> + (AQmatch>
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"Fixed"-Order: Partial Resummation of Large Logs: Treatment of m;

In the renormalisation of the top quark pole mass:

mtOS = m;)ole, NMSSM _ mtOS,NMSSM . ztt + 5m§)$
large logs In mt/Q... can lead to artificial large dependence on Qren. ~ Msysy.

This kind of log can be resummed in the following way:

mtos = m?OIe' SM conversion ml;/lS,SM(mt)
SM RGEs_ _ MS,SM
— m; (Msysy)

conversion DR, SM
— My (Msusy)

SUSY thresholds. DR, NMSSM
———— My (Msusv)

Such that mtDR"\"VISSNI is free of such large logs.
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Renormalisation in NMSSMCALC

In NMSSMCALC the Higgs sector can be renormalised as follows

thd,thu,ths,tad,tas,l\/l,_,i,v Soyy s tan B, |\, vs, |k|, ReAs , (1)

on-shell scheme DR scheme
in case I\/I,z_,i is used as independent input, or

thda thuv th57 tada ta;, vV, S tan Bv |)‘|7 Vs, |H|7 ReA)\a ReAlia (2)

-

on-shell scheme DR scheme

for ReA) as independent input.
In the squark/top sector the OS and optionally the DR renormalisation scheme is used for:

Me, Mg, My, and A;.
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Backup: My,
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My via Ar: Combination With Known Higher-Order SM-Results

. 1 1 TAQED
R : My =Mz = - — ——(1+ Ar(Mw, Mz, M¢, My . M . M-, ...
eminder W z<2 + 2 \/EG,:I\/@( + Ar(My, Mz, My, My, M, . M; )))

SuU S?gector

> Ar=AWr|g, + ArBg o,
2
~ Ar® g+ ArDg o — Z_évv APplg ey

(n) — Al _ Al -

> A X’susv =A X’NMSSM A X‘SM’ X =p,r

with full two-loop and partial three & four loop results obtained in the OS
Scheme [Awramik, Chakraborti, Chen, Chetyrkin, Czakon, Degrassi, Djouad, Fleischer, Freitas, Giardino, Gambino, Heinemeyer, Hollik,

Jegerlehner, Kiihn, Kniehl, Saha, Sirlin, Steinhauser, Tarasov, Weiglein, ..]
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SU(2), Mass Splittings — Ap (Custodial Symmetry)

124.3

mp [GeV]

129.0 141.6 160.5

10F

— one-loop®®  — O(q)®® — 0(a?,,)%®
5f-=-- oneloop™  ---- O(aa,)PR ---- O(a2,,)P¥
50 = ‘ I I ‘

0
<
10 0.1 0.8 1.5 2.2 2.9
VA2 + K2
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Comparison with o tools / the MSSM (FeynHiggs)

% FeynHiggs
"""""" “- FlexibleSUSY
WABET —— NMSSMCALC Eggi
--------------- --- NMSSMTools o8}
80.390f, —— SARAH/SPheno | & 27}
0.0 0.1 02 03 00 01 02 03
VAT 2 VAT 2

— agreement within SM uncertainty band
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Comparison with MSSM /Previous Results

h;
hi L e hy
/ h \
I k \ 81,820
V'\/\/\J\ (%% %Y V o2 0
\ /’ MSSM
hm

In the MSSM, Higgs-self couplings are given by gauge couplings:

i ,8,—0
Viieow < 81°(|Hul® = |Hal?)? + g2°(HuoaHu + HaoaHg)? L8 0
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Comparison with MSSM /Previous Results

hj
hl /ﬁ\_f\ h/
/ h \
! k \ 81,820
\ ) NMSSM
hm

In the MSSM, Higgs-self couplings are given by gauge couplings:
i ,82—0
Viicain o 812 ([Hul® — [Ha*)? + g5%(HuoaHy + HaoaHa)® =75 0
In the NMSSM, there are additional non-zero self-couplings:
. . .8 0
VIS, o VG + [\ HuHg + 1877 25752 0
— Many new two-loop diagrams with Higgs self-couplings.
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Comparison with MSSM /Previous Results

! 5 mQG—>0
V rn Voo log mg ——— —o0
!

In the MSSM, Higgs-self couplings are given by gauge couplings:

' 81:82—0
Ve o g12(|Hul® = [Hal?)? + 82 (HuoaHy + HaoaHg)? 22225 0
In the NMISSM, there are additional non-zero self-couplings:

quartic quartic 22 21,820
Vivsen < Viassm + [AHuHg + <877 ———#0
— Many new two-loop diagrams with Higgs self-couplings.
Massless Goldstones — appearance of intermediate IR divergences (final result IR-finite).
29 / 19

Martin Gabelmann Recent developments in NMSSMCALC, LHC-HWG Meeting (CERN), Dec 2024




Parameter Point P1 for the Shown Plots

P1: my, = 2002 GeV, my, = 2803 GeV, my = 2765 GeV,
mjy, , =565 GeV, mep pp, = 374 GeV,
mp. =575 GeV, mz, = 981 GeV,
|Ay,ct| = 2532 GeV, |Agsp| = 1885 GeV, |Ac | = 1170 GeV,
|Mi| =133 GeV, |Msy| =166 GeV, |Ms| = 2300 GeV,
A=0.301 GeV, Kk =0.299 GeV, tanf = 4.42 GeV,

pet = 254 GeV, ReA, = —791 GeV, My+ = 1090 GeV,

PhAepr =0, PAg, =Ty PAyer =Py = PMy = PMz = 0.

([ [ H | B | B

125.4 | 230.6 | 770.5 | 1088.0 | 1090.1

hy hs as a hq
X T a8 w ]

| 113.9 | 145.07 [ 261.95 | 295.74 | 509.49 | 132.93 | 294.98 |

Martin Gabelmann
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Parameter Point BP3 for the Tool-Comparison

BP3: my, = 2144 GeV, meg, = 1112 GeV, mg, = 1539 GeV,
my, , = 131.9 GeV, ms, i = 103.6 GeV,
mj. =205.2 GeV, mz, =238.6 GeV, |[Ayct| =3971.2 GeV,
|Agsp| =1210.3 GeV, |Ac | = 3643 GeV, |A;| =2052.4 GeV,
|M7| =178.3 GeV, | M| =128.6 GeV, |M3| = 1757.6 GeV,
A =0.1229 GeV, £ =0.0128 GeV, tan = 8.7199 GeV
tet = 212 GeV, ReA, = —10.48. GeV, ReA) = 2245 GeV,

PAep,r — 0, PAuer =Ty PAg,p = PMy = PMy = PM3z = 0.

Martin Gabelmann
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Trilinear Self-Couplings: Getting Started

In the SM at tree-level:

M? 1 3M? BPV(h) 3M?
V(h)o b+ Z—hpd 4 0 = M= =2
(h) 2 31 v hhh 03h v
Thus A%,':"h can be predicted perturbatively as a function of the SM parameters.
> corrections to Appp are expected to behave similar one-loop correction to the SM Higgs self-coupling
to those of the Higgs boson mass -6 17
» OS scheme for M}, allows to "absorb” large part of = N g
= s 2 g
corrections S 19} 5( )Ahhh +30my /v |2
= 40 :
> in SUSY ’?; J Ahhh H “E
4 2
> )\hhh = 3M,%/V approximate[oobadu‘ Herrero, Hollik, Penaranda '02] G’{ g
B e e G -
» but M, not free and My, < myz at tree-level! 1f71 3 173
— requires loop corrections of about 40 GeV (15-30%) my [GeV]
— can't stop at one-loop; need higher orders
— the precision of Appp (order in perturbation theory) should match those of Mp,!
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https://inspirehep.net/literature/591777
https://anybsm.gitlab.io/anybsm/anyBSM.html

NMSSMCALCulation of the O(a?) Corrections

» O(a?)= all two-loop diagrams with top/stops and max. one Higgs d.o.f.

. hl‘
b, ¢ A5 5
A t mt
hi - hi <=4 vd,  ~ O —
SRS m4 V5
RN (3 Susy

> approximations at two-loop:
> MSSM limit: A,k — 0, fteff = vs>\/\/§e"“"5 const.
> gaugeless limit: g1,8 — 0
» vanishing external momenta: "effective coupling approach”
» OS/DR renormalisation allowing to estimate part of the theory-uncertainty:

Ty g

i ~ 5(1)m?5/ﬁ ~ 5(1),4?5/ﬁ
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O(a?)

Renormalisation for A,

. counter-terms __
= OAhhh =0

> MSSM- and gaugeless-limit — Abree-level
> example at O(at)
t i P 4 2
- A S 3 m m
O — oy - Tyt 4ox -<TyE 46x -4 L K o~ (o3 T
¥ A 3272 V3 m;, m;
t ~ t N ~ > ~q- ’ S [Hollik Petn];randat‘ﬂzl]

~

> at O(a?): only top / stop and VEV sub-loop renormalisation
(5(1)m?5/ﬁ7 5(1)m2i/ﬁ, 5(1)A?S/ﬁ, 5(1)Yt(m?5/ﬁ, v0s),  6(1),05

— UV-finite result v
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https://arxiv.org/pdf/hep-ph/0108245.pdf

Results: Scatterplots

240 50

e one-loop
o Oaras)
O ﬂt(ﬂs + Qf))

—3.5 —1.75 0 1.75 3.5 —3.5 —1.75 0 1.75 3.5
ADPR [TeV] APR [TV

Ao Ny — A (MPRADRY X (m9S,A95)
ren.\hhh — Ahhh(mtDiRyAETR)

~ higher-orders — estimates theory uncertainty

(Points checked against HiggsSignals 2.6.2 and HiggsBounds 5.10.2 as well as model-independent
constraints on SUSY masses.)
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Size of the O(a?)-Corrections to A

..and correlation to O(a?) Ms-corrections

af(as+ar) DR o .
At DR [0 Aot ;S (o)
0.25 0.50 0.75 1.00 1.25 25 5.0 7. 10.0 12.5
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Anhh: Detailed Scheme-Uncertainty Plots

o, () I
Aiﬁg_ﬂﬁat) M, [%] Arten.s777’}LLz [A)] A?:ne_- oop mp, [%]
2 4 6 ! 2 5 10 15 20

< 4 — 50
= 5 =

2 15 s~ e~
s < § 40
5.2 S €3
< =] 2 22
’éi 10 «< o
+ e % 30
g . <4 -
B 5 : <] 0 gj 20
45 . . j —35  —L75 0 175 35 235
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Anhh: Size of the O(azas)-corrections

..and correlation to O(a?) Ms-corrections

Ao mﬁ [%] A% 08 %]
one-loo hy one-loo hy
2 Py 6 5 fo 15 20
=,
x
a
B
<
[a
3
&'d
35
—3.5 —1.75 0 1.75
APR [TeV]
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Appp: CP-violation
210

-_

L0 —one-loop®® —0(a104)%° —O(ai(as + ar))°s
] - oneoop™ O (ar0,) —O(as(ay + )

| APR| = 250 GeV

AT [eevt

170 1

150

[%
©

i

(=)

—
[=2]

Aven, [%] Afi+

o
|
A
|
2
W
= o
=
N
—

QDAP_R [ﬂ']
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Anhh: Influence on Double Higgs Production

Parameter point with resonant contribution from intermediate BSM Higgs:

one-loop two-loop O(a)

80 —
BN oS DR

T 75
13 15

25
<0 W/O )\eff. W/ )\eff. w/o )\eff. W/ )\eﬁ.
> w/o X loop corrections to masses/mixing angles (and according LSZ-factors)
— corrections to the input parameters
> w/ Xeff: additionally use effective coupling at respective order
— corrections to the di-Higgs process
Cancellation leads to overall reduction of theory uncertainty

41 /19

Recent developments in NMSSMCALC, LHC-HWG Meeting (CERN), Dec 2024

Martin Gabelmann



)\hhh: Influence on hs — huhu Decay (same BP as for di-Higgs example)

1.75 | —onetoop”™ — O(a)® — O(au(as + @)
=== one-loop™ ==+ ()K= Ofau(as + )

1.50 | Ti ~Taowew- +Thozz +Th s,
~ 0—60 MeV

==
=S )
S o

Th,—huh, [GeV]
e
g9
(92

0.50

-3 —2 -1 0
At [TeV]

~ significant reduction in scheme-uncertainty for large A;
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Inputs For Shown Benchmark Points

BP10 (light singlet; enhanced hh-production):

A
MH:t

Martin Gabelmann

0.65, |k| =0.65, Re(Ay) = —432 GeV, |ueg| = 225 GeV, tan 8 = 2.6,
611 GeV, meg, = 1304 GeV, mg, = 1576 GeV , M§ 265 i = 3 TeV,
46 GeV, Ay = —1790 GeV, A, = —93 GeV, A. = 267 GeV,

—618 GeV, A, = 1851 GeV, A, = —59 GeV, Ay = —175 GeV,

1600 GeV, |M;| =810 GeV, |Msy| =642 GeV, Mz =2 TeV .
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Ingredients at O(a?): The (s)top Sector at Tree-Level

top mass:
vsin 8Y; .
my = %, tanf = v, /vy, V= VS + vg (similar to the 2HDM)
top-partners of t; and tg have masses:
2 2 * =iy _Heff
M - mé3 + m; m; (At e tanﬁ)
£t ip P 2 2
my Ate ”—m mER—l—mt

diag(m%l, m%z) = L{;M;UET
> parameter A; controls mixing between SUSY partners of left- and right-handed top.
> A also controls the coupling strength of #; > to the SM-like Higgs boson
> At my , and m; can be renormalise OS or DR (SUSY-restoring version of MS)
> A, (besides SUSY masses) will have largest influence on O(a?) corrections
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NMSSM

Next-to-Minimal Supersymmetric Standard Model

> Singlet extension of the MSSM.
» Theoretically well-motivated (solves u- and little-hierarchy-problem).

» Rich phenomenology in the Higgs boson sector:

Vd+hd+iad h+ .
-4 ¢ " g . u ips .
Hd = \/E ) Hu = e"PU vut+hutiay 9 5 = e\/§ (VS + h5 + Ias)
d V2
mix to

hy, hy, hs, ha, hs, G° (mass ordered) and h*, G*

» LHC measurements: h; or h, play the role of the Higgs boson h measured at LHC (hy or hy are
"SM-like”). MSSM: no CPV at tree-level and always h; = h.
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