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Various Interpretations

e MSSM: the most straight forward, SUSY predicts a light Higgs
boson. But to give a 125 GeV Higgs puts a tight constraint on the
stop mass sector, and difficult to enhance the v~ rate. (Baer et al;

Heinemeyer et al; Arbey et al; Draper et al; Carena et al; Cao et al, ...)

e NMSSM: easier to obtain a 125 GeV Higgs boson, but still
controversial to obtain enhanced 7 rate. (Gunion et al; Ellwanger; King
et al., )

e RS Radion/dilaton: the anomaly couplings to gg and v~ easily
enhance the diphoton rate. (KC and TC, PRL)

o 2HDM: Ferreira et al.
e 4th generation: Guo, Ren, and He
e Inert Higgs doublet model: Arhrib et al.

e U(1l)-extended MSSM: C.F. Chang, KC, Y.C. Lin, TC
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U(1)-MSSM

e Extra U(1)s exist in the breaking of Fg:
Es — SO(10) x U(1)y,  SO(10) — SU(5) x U(1)y -

and each family of left-handed fermions is promoted to a

fundamental 27. The two U(1)s can mix to form various Z' models.

e We require one of the U(1) remains unbroken until TeV and then
broken to give mass to Z’' and Z'-ino.

SO(16) SU(5) 2V/10Q,  2V6Q,,  2V15Q;
16 10(u,d, uc, e) —1 1 —2
5%(d°, v,e™) 3 1 1
ve -5 1 -5
10 5(D, H,) 2 2 4
5%(D°, Hy) 2 2 1

1 1S 0 4 —5
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e Based on the U(1) quantum number the allowed terms in
superpotential

Wit = eav yi5Q5 HLUS =yl QI HSDS — yl LY HEES + ho SH HY|
The U(1) charges of S, H,, Hy are related by Q%, + Qx, + Qs = 0.

e The gauge interactions involving Z’ and the supermultiplet (¢, 1)) is

- %%Zz' " Dy i + (D* i)' (D)
where

: . g — — . .
D,¢; = |0, +ieQA, + ’LE(T—FW: +7 W, )+ 191 (T3 — Qow)Z, + zggZ;Q/ bi .

e The Z' mass arises from VEVs of H,, Hy, S:
my %92(62/ Uy +QHd i+ Qv 2)1/2

The Z’-ino mass comes from the soft SUSY breaking gaugino mass

term.
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Physical States

e Higgs bosons:

HY HT
Hy = d , H, = % and S .
H; e

Similar to NMSSM, UMSSM has 3 CP-even Higgs bosons, 1 charged
Higgs, but only one pseudoscalar boson, because one is eaten by the

7' boson.
0 1 .
H, = E (vg + dq + ixa) ,
0 1 .
Hu = ﬁ (Uu + ¢u + ZXu) s
0 1 .
H, = E (vs + s +ixs) ,

So hl,hg,h3, A, Hi.
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e Neutralinos, total 6: in the basis of (B, W3, 132, fNL?L, S, Z’)T

(

My =

0 - 2cew vd 2fw u 0 0
Mo Zvg ZVu 0 0
— Zvg 0 — Mo %vu 92Q ,Vd
5 — 2y — etf 0 —%Ud 92Q'%,, Vu
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Two Higgs Scenarios

e The SM-like Higgs boson: 130 < Muqy 1. < 141 GeV. We have to
hide it from showing up in the WW, ZZ, v+, bb, and 717~

channels. A possible way is to allow decay into neutralinos.

e The SM-Ilike Higgs boson: 120 < M, ;.. < 130 GeV. This is what
LHC and Tevatron are seeing. So have to make sure that the WW,
ZZ, ~vv, bb, and 777~ channels are there. We have to suppress

decay into neutralinos.
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Scanning of Parameter Space

e Fix some parameters:

M1 = 05M2 = 0.2 TeV, M3 = 2 TeV 3
Mg = Mg = Ay =1TeV, Mz =Mz =0.2TeV .Mg=0.5TeV, A;=0.5TeV

e Vary

0.2TeV <wvs <2TeV, 02<hs <07, 1.1 <tanB <40, 0.2TeV < Mz, < 2TeV

e (Constraints:
1. Chargino mass > 94 GeV
2. Invisible width of Z

0 Am 3/2

~0 ~ g 2
N(Z = 8530 = gl (IN1al® = [Nwal®) mz |1 -

0
1 1
o

i N

< 3 MeV

2
my
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Higgs Decays

e Higgs decays into gauge bosons
e Higgs decays into fermions
e Higgs decays into neutralinos

e Higgs decays into lighter Higgs

12
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Scenario 1: 130 < My, 0. < 141 GeV.

The physical Higgs states are

hi = Or10q + Orody + Orsds

Require the singlet component to be small: O, < 0.1 to be the
SM-like.

In our scan we do not find more than one SM-like Higgs boson.

A smaller hy is more likely to give a Higgs boson in mass range
130 — 140 GeV.

If B(hsy-1ike — X1X71) > 0.4, we are able to hide the Higgs
boson under the current data. Larger hgs will make invisible

mode dominant.

13
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Scenario 2: 120 < Mpq,, 0. < 130 GeV.

e A smaller hs is more likely to give 120 GeV < Mgsnm—1ike < 130 GeV.

e Again larger hs will make invisible mode dominant.

16



LHC Focus Workshop

Vs (GeV)

2000

1500

1000

500

20

- 1 2000 | h=05
- 1 1500 |- 1
>
(5]
<)
- - = 1000 t -
- 1 500 | 1
0 10 15 20 0 5 10 15
tan 3 tan B
2000 | h,=06 -
1500 | l
S
L
<)
=" 1000 | !
500 | I ]
0 10 15 20

tan B



LHC Focus Workshop 18

2000 |- h=04 | 2000 h=04 | 2000 =04
Br(bb) > 0.3 Br(WW#) > 0.3 Brix, ¥, > 03
1500 | 1 1500 g 1500
S
>
S
=" 1000 - E 1000 | 1 1000 |
N "
500 1 500 g 500 |-
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
2000 | hi=05 4 2000 h=05 | 2000 t h=05
Br(bb) > 0.3 Br(WW*) > 0.3 Brix,’ x.) > 03
1500 1 1500 E 1500
s
o
S
=7 1000 + 1 1000 F — 1000 F
500 1 500 e E 500
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
2000 ¢ h=06 1 2000 hy=06 - 2000 | hy =06
Br(bb) > 0.3 Br(WW*) > 0.3 Brix, ¥, > 03
1500 ¢ 1 1500 g 1500
>
>
<)
571000 - 1 1000 | E 1000 |
) N A
500 1 500 - — 500 |-
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

tan B tan B tan B



LHC Focus Workshop

Conclusions

e Extensions to the MSSM easily raises the Higgs boson mass, e.g.,
NMSSM, UMSSM.

e The UMSSM only has one pseudoscalar such that hsy_1ike cannot
decay into two a1, in contrast to NMSSM.

e If the hsm-_iike falls in the range 130 — 141 GeV, it can be hidden

from current data by decaying into neutralinos. Still allowed.

e If the hsnm_1ike falls in the range 120 — 130 GeV, it can decay similar
to the SM Higgs boson. Thus, allowed by current data.
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