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Higgs Discovery: LHC has found a Ppossible solution is Supersymmetry:
Higgs like particle. So one possibility is this can be
Mass : 125.02GeV MSSM Higgs.
But it is difficult to get 125.02 GeV
CMS : 1 =1.00+0.13 value in MSSM because:
— Consistent with Standard model

. L In decoupling limit er bound on
but some discrepancy is still allowed. upling fimit, upp u

mpy:
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But SM suffers from Naturalness mj, = mz cos” 2[5 + 0

problem, need some mechanism to 5? comes from top squarks/ top
cancel the quadratic divergences, and quark loops
possibility of the found Higgs as
non-standard Higgs is not ruled out . To achieve this value we need .......



Heavy top squarks or large mixing in stop mass matrix:
But heavy stops give large contributions to quadratic term of Higgs
potential
2 _ 3 (.2 2 2 A
omp, = — g (mg, + mi, + |AZ]) In 2
If mf_,u becomes too large parameters of the theory has to be tuned to get
correct scale of EWSB .
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This motivates us to study non-minimal models.
One such model is Next-to-Minimal-supersymmetric-Standard-model
abbreviated as NMSSM:

It was originally introduced to solve p problem of MSSM.

But it has importance in the context of Higgs discovery, because it
comfortably offers 125.02 GeV Higgs mass..

m? = m? cos® 23 + A\?v?sin” 23

MSSM: two Higgs doublets
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1 problem : Superpotential MSSM and NMSSM :
MSSM:

WMSSIVI = ,u.Hu.Hd - hde.Q D - h,_,Q.Hu U - heHd.L E

Correct phenomenology demand, p ~ EW sacle : The question how it
assumes the value if this order is known as p problem:

NMSSM:
Wimssm = Wiissm + AHy.Hg S + 3553
when S gets v.e.v p is dynamically generated of the desired order.
Heff = AVs

NMSSM: — solves i problem

— easy to accommodate 125.02 GeV Higgs boson found at LHC
S — addition of CP even scalar

— addition of CP odd scalar

— addition of neutralino



NMSSM scalar potential and Parameters :

V= VF + VD + Vsofh
Ve = IASP(|Hu[2 + |Hal?) + [AHuHg + KS2[2
Vb = §8%(|Hal? — [Hu[?)* + 382 |H} Hal?
Veort = mZ, |Hul? + mZ, |Hal? + m2|S[? + [ANA\SH.Hq + 35A.S® + h.c]

Parameters in Higgs sector :

Couplings: A\, k
Soft parameters: Ay, Ax
Related to v.e.v: tan 3, tesr
Radiative Corrections: mg, my;, mp, Ay, Ap

NMSSM spectra :

3 scalars: Hy, Ho, H3
2 pseudo scalars Aq, Ay
2 charged H*




Re[ H3, H2, S | gives 3 x 3 CP even Higgs mass matrix M2 =

&2V3 + perrBesrtan 8 (207 — g%)Vuvy — fierBerr  M(2pterrva — (Berr + K5) Vi)
S g2 V3 -+ [LeffBeff/tan ,3 A(2/Leffvu — (Beff + K'/S)Vd)
)\A)\vuisvd + KS(AN+4NS)

Hi = S1 HY + SiaH? + 5155

Hy = 5n HS + 522:"/,(,J + 5235

Hs = S31HY + SsaH + 5235
Singlet -Doublet mixing o< A

In limit Ma high,
m,2_,1 < m% cos? 28+ N sin? 2

The extra term is Highly welcomed in the context of 125 GeV Higgs Discovery.



Imm[ HY, H2, S ] gives 3 x 3 CP even Higgs mass matrix M3 =

lefr Begr tan B Lefr Befr Avy(Ax — 2ks)
R(B)" Heff Berr / tan 3 Avg(Ax — 2ks) R(B)
A(Befr + 3k5) 24 — 3kALs

A = sin BHS + cos BH?

G = —cos BHY + sin BH? — GoldstonMode
s=S

In basis (A,S)

> ot Mai A(Ax — 3ks)
M*=p ( A(Befr + 3k5) 24 — 3kALs P

A1 = PuA+ PiS
A1 = PaA+ PxS



2
& cot 1
M: = <MefrBefr + Vqu(?z - /\2)> [ 15 tan 5]

g2
ML = Mz + v (5 = X%



Higgs couplings in SM and NMSSM

SM NMSSM
Hboh | S

HiZ,Z, g =% g,“,ﬁTM;(cos BSi + sin 5S;3)

H; W: W, gm,@ g ﬂMsV(cos BSi1 + sin 8Sp)

K v
. c m, .
Aite tr \/ivstin ] Pi
. c mp .
A' bL bR v/2vcos B Pll

Note : NMSSM Higgs couplings are related to parameters
(A, K, tan B, i, Ax, Ag) etc, in very complicated way through S and P.

This will lead to very different NMSSM phenomenology (see next slides).



With goal of having either H;/H, to be SM like and interpreting this as
the Higgs found at the LHC.

Preformed a through scan of NMSSM parameters using NMSSMTools.
Studied the phenomenology of other Higgs Bosons in NMSSM.

Used up to date constraints from LHC.
Flavour physics

Dark matter

g2 ...

o . Gaugino mass parameters
Specific to Higgs sector & P

A~0.1-08 (GeV)
K~01-—08 M ~ 50 = 500
M ~ 50 — 500

tanf~15-30 Third generation (GeV)

A ~-4000 ,4000
Mag, ~ 500 -3000
mu, ~ 500~ 3000

1(GeV') ~ 100 — 2000
Ax(GeV) ~ 0 — 1000
A.(GeV) ~ —600, 100






w g-2+4DM+LHC

50

250
So there can be two light Higgs Bosons below 125 GeV.
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In this case there can be one light Higgs below 125 GeV.
Next question would be how to find them at the LHC? For that we need
to study their couplings and branching ratios and production cross-
section etc.
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Recall that Higgs couplings are complicated functions parameters
through S and P mixing matrices

8a = \/_ 2vcos 3

——S;3, tanS enhanced

but if

S11 =0 = ¢4 — 0 (NMSSM effect)
g2
1t

This has important consequences
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c, enters in BR(gg) and BR(cc) : in this region these will be
the dominant decay modes.



r(gg) o8 glgllgg(slla 512)
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Branching ratio

BR(gg) up to 55 %
BR(cc) up to 60 %



m
8d =

b
—S41, tang enhanced
V2vcos 3 H P

but if

= g-2+DM+LHC

Si» : significant —> ¢4 — large (as in MSSM)
g-2

Ch,da
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Natural width of H; will be very large
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In this region bb and 77 would be dominant modes.



On the other hand whenever M, < 0.5My,
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A1 A1 mode will take over. (width propotional to tripple Higgs couplings
KVs)
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= whenever kinematically allowed, H; — A;A; will dominate.



8u = \/_vsmﬁpll
8d = \/_vcosBP11
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A; is singlet like and has decopled from SM particles. But it
can interact through loop



It can still couple to charginos through MH,H4S in the superpotential
(NMSSM effect)

i

Banix = NG (APs3Ui2Vio — g2(Pa2Un V2 + P21 Ui V1))

=)

v

While singlet like A; has mostly decoupled from SM particles it can still
couple to photons through Chargino loop.
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This high branching ratio is not possible in SM or MSSM, it can be used
to distinguish NMSSM from MSSM.
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[Obtained using SusHi and NMSSMTools]
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Thanks for your attention.
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NMSSM __ SMm NMSSM __ SM
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Down-type coplings can be substantial because

fraction of Hy component.

of presence of good
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We are considering mainly -ve values of Ay —

2025 — )2
CHaa X ——=—
my
=—> whenever kinematically allowed, H; — A;A; will dominate over bb
. Naively we expect that otherwise bb should dominate. That is not the
case actually.

r(gg) X glzllgg(slla 512)
F(77) o 8y (11, S12)



Branching ratio
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We use approximate formulas to estimate the Higgs cross section:
oger (¢ — XX) = 00 p x Br(¢ — XX)
Here

Ogef (¢) ~ Cef¢ X Ugg’\,”:
and
¢ = A1, Hi, H>

SM

eff . . .. . . .
ng¢ is one loop coupling comprising Bosonic and Fermionic loops.o 2gF IS

calculated using SusHi [Robert V. Harlander et el].



H, — bb, c¢, 7, gg, WW

Ay — bb, cC, 7T, g8, XX
1. ¢ = 777+ Er, 7 + By, Ma, ~ 100GeV, Events ~ 7000
2: ¢ —bb:¢+1jet Ma, ~ 100 GeV, Events ~ 65000

3. ¢ — Susy particles, x2x1 — 2 leptons
+E7r My, ~ 180 GeV, Events ~ 2
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¢ — vy : Ma, ~ 17 GeV, Events ~ 60
¢ — gg,cc: ¢+ 1 jet ,My, ~ 50 GeV, Events ~ 3900 gg



NMSSM
CMS Prelim. 2012 Vs =8 TeV L, =20.65fb"
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Discovery Prospects for NMSSM Higgs Bosons at the High-Energy Large
Hadron Collider, S.King et al.

A light NMSSM pseudoscalar Higgs boson at the LHC Run 2, Bomark et
el.

125 GeV Higgs and enhanced diphoton signal of a light singlet-like scalar
in NMSSM, M. Badziak et al.

A light Higgs scalar in the NMSSM confronted with the latest LHC Higgs
data, J Cao et al.



Prepration under progress soon to be published. Thanks for your attention.




