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From MSSM to the NMSSM

The Higgs sector of the MSSM contains a soft SUSY breaking term
~ uH,Hy - o exists in the Superpotential before EWSB so natural
value would be either 0 or Mp - both phenomenologically unfeasible

This "p-problem’ is elegantly addressed in the Next-to-Minimal
Supersymmetric Standard Model (NMSSM), described by

W = QHuhyUS + HyQhaD® + Hylh E€ + \S(H,Hy) 4+ -1 S?
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(Do not consider here nMSSM, MNSSM — x = 0 and linear terms

are present instead.)

A new singlet Higgs field S is introduced and BuH,Hy gets
replaced by an interaction term AA,S(H,Hy), so that EWSB yields
a VEV to S naturally of the order of Mgygy or My, along with the
other two Higgs fields; generating an ‘effective p-parameter’:

e =A< S >
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where, like A5, A,; i1s a dimensionful coefficient of order ~ Mgugy.
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After employing the minimization conditions for the Higgs potential and demanding the known
value of the Z mass, the parameters specifying the Higgs sectors in the | NMSSM |are as follows.

Aok A Ake 0= e, tan g
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The NMSSM relaxes the LEP bound on Mpy,. Due to the second term in red above.

Effect pronounced at moderate tan 3
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M = M3 + Mg (1——-)
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A limit on Mg+ is possible only a
limit on XA is possible.

Such a limit obtained by demand-
ing that all couplings remain per-

turbative upto some high scale. 300 ISSM. No comstraint on fi ——

ﬂh MSSM (max mix) o
Apart from A,k and z, one also 250 L Direct:LEP limit - - - -
has the soft SUSY breaking pa- NMSSM i = 100
rameters: A, A.. :;£ 200 |
We obtain a limit by wvarying all £ _
these parameters of the NMSSM = 0 ]
potential, Imposing LEFP con-
straints. 0ot -
Direct LEP bound is also shown. 50 :

2 3 4 5 6
tan 3

For tan3 < 6(4) Mg+ = 150(175)
GeV for MSSM. In NMSSM a H= Godbole/Roy, 2005
with mass less than 120 GeV al-

lowed over this range. Conventions: o= A r = {S}



NMSSM Benchmarks for H+ searches

1. If (Myg+ ~ 120 GeV) one has a dominantly singlet H; with (Mg, ~ 50 GeV).
Thus this H1 will evade LEP searches and will be difficult to produce at LHC
as well. There is a light (50 GeV) pseudoscalar Ag with significant doublet
component. Such H* can be searched through Ht — 7+ |

2. (My: > 130 GeV), (in this tan 3 range), decays dominantly via the H+ —

W+ AY . This is a good-etrannel for the H= as well as AY search.
tan3 | Mg+ | My, | Ba, A, K = ve/v2, Ay, Ag
— | (GeV) | (GeV) | (%) (GeV)
2 147 38 94 | .45,-.69 224,-8,2
3 159 65 83 | .33,-.70 305,40,38
4 145 48 89 | .28,-.70 563,170,85
5 150 10 91 | .26,-.54 503,109,38

Interesting new phenomenology for a light charged Higgs boson at the LHC



Benchmark scenarios for the NMSSM

A, Daovapt™®®, M. Drees®, U, Erpwancer!, R.Gopeore!, C. Huconie®,

S.F. Kmna?, 8. Lenti®, S. MorerTi!?, A. NmaTtenko’, I RoTTLANDER?,

M. ScuumacuEr®, A. M. TExERA!

P5 cannot be a benchmark for
BR(H+ -> W+A1)~1x1073 &
BR(H+ -> W+H1)~1x10"2

NMSSMTools from Ellwanger et

all include constrained/universal
NMSSM version with RGE evolution,
in addition to test all exp. bounds and
generating all EW level spectra of
couplings and masses as well as

all decay rates

Output can be fed into a public NMSSM
CalcHEP/Pythia event generator via
SLHAZ2

Proper simulations could be done right
now !

Point Pl | P2 | Fa| P4 P5 |
GUT /input parameters
SNt | + + = - +
tan 7 10 10 10 2.8 £
ma (el ) 174 | _AT4 174 75 15010
Mym (Gbe¥) B A 500 Thi 175
Ay -1500 -1500 -1500 | -2300 -2468
Ay -1500 -1500 -1500 | -2300 =
A -3349 -33.4 -628.56 | -1170 &
NUHM Mg, (GeV) - - - B0 -a11
L PATHM: My, (CeV) - - - 2105 1910
-P'armuctcrs at the S UE?Y scale
A lmnput parameter) 0.1 01 0.4 0.52 0.016
K 011 011 0.31 012 ] -0.0029
A (GeV) -0a2 -082 -620 -510 45.8
A [GeV) -1.63 -1.14 -11.4 200 60,2
My (GeV) 302 300 303 i 140
o [GeV) G643 GER 936 -193 03
CP even Higgs bosons
mpe (GeV) 1203 1202 0.0 32.3 G0.T
Ry 1.001 1.00 0.908 | 0.034 -0.314
i 1.001 1.00 0950 | 00382 -0.305
by 1.018 1.01% 0975 | -0.291 0644
BR(R] — bb) 0.072 00s6 | 7= 1078 | DoLs [N
BR( F:'j' — TTTT) 0L00s 000 | 7= 107" 0.073 0.0SE
BR(R] — ajaj) 0.807 0.921 0950 0.0 0.0
mpe (GeV) FE GOR D64 122 115
Ay 00018 1 nmis 0005 ¢ 00040 0037
in 0102 | 0102 0005 | 0,094 0,804
by 10,00 10,00 9.00 1.03= 2,111
BR(fg — bb) 0.31 0.31 0.14 | 0.081 0.87
BR(fy — ) 011 011 0.046 0.0 0.0
BR(ki — aijs") 0.23 0.23 0.72 0.0 0.0
mpe (G3eV) 2142 2142 1434 547 174
CFP odd Higgs bosons
Mgo (GeV) 40.5 0.1 0.1 185 09,6
£ 0.0053 | 0.0053 00042 | 0.0513 | -0.00438
by 0.529 0528 1425 | 0.347 0,155
BR(a] — bb} 0.01 . . 0.62 0.91
BRa] — 7777} 0035 088 088 | 0.070 0.0
mgn (GeV) 1003 1o0d ] L 170
Charged Higgs boson
mpz (GeV) 1005 | 1005 | 987 | 541 | 155 |




Establish a benchmark from Abdesslam’s scans ?
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It is possible to have pp — H*A; — W+ A4, A, — {W4b, W4r} and

pp — WEh, — WA, A, — {W4b, W4r} with sizeable cross
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Others welcome to join, contact myself or Martin.
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Some interesting NMSSM scenarios for the Charged Higgs sector
(to be discussed in Benchmark Break-out Session)

Must be different from MSSM:

1) H+ -> W+A1 (a la Godbole/Roy) but also WH1 & WH2

2a) H3/A2 -> W-H+

2b) H3 -> H+H- (by CPC, A cannot decay to 2 charged Higgses!)

3) m+ # mA (mH+ just above mH2 and mA1, H3, A2 heavy and singlet )
4) m+ << mt-mb (a la Godbole/Roy)

5) m+ > mt-mb, all other Higgses < mt

no constraints SUSY. Higes + theory all constraints
# points | tan(3) | my+ || # points | tan(3) | my+ || # points | tan(3) | mig+

BMP1 100k 1 90 30k 1.4 170 15k 15 250
BMP2a || 380k 1 70 170k 1.4 160 S0k 15 210
BMP2Db || 90k 1 70 24k 1.6 170 Tk 16 210
BMP3 44k 1 70 6k 3 160 2k 18 215
BNP4 13k 1 70 3 15 160

BMP5 || 3 10 180

NMSSM (weak scale). Soft masses for sleptons at 1 TeV, 2.5 TeV for trilinears and
150 GeV, 300 GeV, 1TeV for M1, M2, M3 risp. | then randomly scanned on lambda,
kappa, Alambda, Akappa, mu and tan(beta), taking 10"9 points. Positive mass
squared for all scalars, all exp. constraints (LEP/Tevatron limits, b->sy, g-2, etc.)



