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INhy the complex NMSSM? AT

@ Solve p problem o A
uHyHy — ASH,Hy

when (S) = “£ then . = 2% about EW scale.
V2 V2

@ Higgs sector: 2 Higgs doublets + 1 Singlet ~» 5 neutral Higgs bosons + H*
Vi = (IASP + m%d)H;,/Hd,i +(IxSP + m.‘Z-IU)HZ,iHu,i
+ %(gé + G5)(Ha,iHa,i — Hy iHui)? + %gilH&“,fHu,ilz
+ m3|SP + | — ' XHa iHuj + £ S?)° + [ — €/A\A\SHa,iHuj + %I‘{ANSS + Hcl,

A, K, Ax, A are in general complex. CP-odd and CP-even Higgs bosons can
already mix at tree-level.

@ Provide additional CP violation which can be useful for electroweak
baryogenesis.

@ Tree-level light Higgs boson: m2 < M2 cos?(23) 4+ A?v?sin?(23) < ASH,H,
less fine tune, large A and moderate tan 5 are favoured
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INhy O(asat) correction to Higgs masses? &("‘

@ The Higgs mass has been measured with good accuracy:
125.36 + 0.38(stat.) + 0.17(sys.) GeV at ATLAS,
125.0319% (stat.) "% '3 (syst.) GeV at CMS.
@ The O(asa;) correction to the NMSSM Higgs masses is important to reduce
large theoretical uncertainty and improve theoretical prediction.
m One-loop: §myp, ~~ 50% with uncertainty about 10% comming from undefined top
mass.
m Expected O(asay) correction contribute about 10% and reduce the uncertainty to
about 3%.
@ Status of Higgs masses calculation in the NMSSM:

m Full one-loop masses in the complex NMSSM, full momentum dependence, mixed
renormalization scheme, using Feynman diagram approach,

in public code NMSSMCAL’C

a Full one-loop masses in the real NMSSM (full momentum dependence) +
O(asat + asap) correction (DR scheme, Effective potential approach),

in public codes: NMSSMTOOLS , SOFTSUSY
and SPHENO
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IThe tree-level Higgs masses AT

@ Higgs fields are expanded around their VEVs.

Lt gea) i hy €'%s(vs + hs + ia
Ha = 2 , Hi=e™ (Vu+huu+iau) , Hs= (v s )
Ay vz V2

@ The 6 x 6 Higgs masses matrix: h = (hg, hu, hs)", a = (ay, au, as)"

Moo — (Mhh Mha)

Mha Maa
0 0 3vssin 3 .y
M = 0 0 3vs coS 3 w
—Vvssinf8 —vscosfB —2vsin2p

only one CP-violating phase: ¢, = ¢x — ¢x + 205 — du
@ Tree-level Higgs boson masses determined by

tan 57 MHia Vs, P“ "L{‘v |A’i‘7®y
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he loop-corrected Higgs masses AT

a Loop-corrected Higgs mass matrices, Goldstone component has been sifigted™
out. hy, ho, hs, hs, hs mass eigenstates at tree level.

mfZH n im hy Z*ihlhg *%m hg *)::m hy *)::m hs
. ~Xnyhy Mhy — oy —Xhyhg ~Xhyhs Xy
M (p") = ~2hghy ~Zhghy mﬁs —Xngh gy —Z g ,
—Xnyny —2hyhy —Xpaa m;2,4 — Lnyhy —2pyhg
—ih1 hg _ihzhs —ihahs —ih4h5 mis - ih5h5

a ihihj(pz) is renormalized self-energy of h; — h; transition
Sam(0) = £41, (P°) + £557(0)

m Mixings with G,Z are negligible and are not taken into account
m Loop corrected Higgs boson masses are obtained by diagonalizing mass matrix
iteratively
M, = M;, (tree) + AM, (loop), i =1,5,

/\/’,1-/1 < MHZ < /W,A-/3 < IW,A-/4 < IW,A-/5

m Loop corrected Higgs boson mixing: H; = Z; hx
a ZSis not unitary if p? # 0, wave function renormalization factor
m p? =0, Z° is orthogonal and equal to the rotation matrix
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Fne-loop Higgs boson self-energies: A‘,,*,.h/.(PZ) \“(".

a One-loop corrected Higgs masses: O(«) including full momentum dependence
in our code.

a Two renormalization schemes are possible:

e, MZ7 MW7 MHi'/ tfhn thdv th57 tad7 tas7

on-shell scheme

OR

e7 MZﬁ MW7 thu7 thd7 ths-, tad-, tas7

on-shell scheme

Higgs fields are renormalized in DR scheme
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IThe two-loop correction: >, (0) AT

Using Feynman Diagram Approach, gauge less limit e — 0 but My /Mz # 0
i;;,sh;”(o) = Z;:j;r(O) — — dMI%,h/

P et
a The phases involved in the O(asat) correction are: ¢, ¢s, dx, duy,, P4,

a The unrenormalized selfenergies: Z;;I;;”(O)

i .
P - t t ty

hi / NS hi ok hi by N hi ok h;
\

J— ) b- - . . . E-- - .
\ \ ~
NSNS 7

tn

m The wave function renormalization:

Using DR, necessary for UV-finiteness. This contribution is not present in
MSSM (p? = 0).
thuhu X (st dtan ,6 = %thuhu
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IThe two-loop correction: Z“S“’(O) \“(IT

m The Two-loop Higgs mass countertem matrix dMﬁihj_. Parameters need to be
renormalized.

v, MHia thu? thd7 th57 tadv tas»

on-shell scheme

a Tadpole contributions: dtp,

L q e

a Charged Higgs selfenergy: My+ = ¥+ y+(0) — ZHE cos B82dZp,n,, Mp =0

t [
\
!

t
-~ -~ ¥
H W \ H-  H- H-  H- N H-  H- H™
-=- ) F-- -- -- -- -—- - - --
AT b b 7,
b b

b

T T
m W, Z boson selfenergies: contribute to 57" = C:—V%V (zzlﬁz(o) = ZVI‘\’A"%V(O)) + % ",‘\’/,":V(O)
This contribution is not present in the MSSM
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enormalization of top/stop sector with complex
Fenormet ST

OO S N e e
- i \@/ i
a Parameters need to be renormalized: m;, M, , My, A;.
m Two renormalization schemes are possible: On-shell or DR
M = L Re {M[S,u (M) + Sy a(ME)] + S0 (M) + oMY},
MY = Eig (M), M =T (My),
SAPS = %(—er + My Uiz ULy + sMy Uss UL,
+ Ty (Mg ) U Ul + Ty, (M) Ui Uy
6s  ATVge s
X = At V2tan g

For the DR scheme:  §XP% = 5XOS‘di\,
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ITooIs and checking \\‘(lT

m FeynArts-3.6, FeynCalc-8.1 and Tarcer for two-loop tensor reduction. Using
Dimensional reduction [Siegel, 1979]
SUSY preserved for O(asat) Higgs masses [Hollik, Stdckinger,
hep-ph/0509298]

a Codes are implemented in Fortan 77.

a Two independent calculations are in perfect agreement.

a Check MSSM components S s, Shyhys Shyhys Shya Shyar -aa With complex
phases. Perfect agreement.

m Check with the Slavich’s code for asa; in the real NMSSM, using DR scheme for
top/stop sector, A,. perfect agreement.
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ﬁ vs OS schemes
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HiggsBounds and HiggsSignals have been used to validate all the points
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ﬁ vs OS schemes

tan|

=7, A=0.2, ¥=0.37, M
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Karkruher Insttut i Technologie

a OS-scheme: well behavior
at large gluino mass

m DR: can be very large
[Degrassi, Slavich, Zwirner,
2001]
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wo-loop Higgs masses in OS scheme with
omplex parameters \“(IT

Karkruher Insttut i Technologie

tanp=3.8, Re(lambda)=0.61, ¥=0.3, M =500 GeV
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Fonclusions A“(“.

a The O(asat) contribution to the Higgs masses in the NMSSM with complex
parameters has been calculated and studied. It increases precision of the
predicted Higgs masses in this model.

= Two renormalization schemes: OS and DR have been used and studied.
m The theoretical uncertainty on the Higgs masses is significantly reduced.
a New version of NMSSMCALC which includes this correction will appear soon,
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