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Motivation

Good news for SUSY:
a Higgs-like particle with the mass below the upper bound predicted in
the simplest SUSY models has been apparently discovered at the LHC

Not so good news for SUSY:
Higgs mass of 125-126 GeV is rather big for MSSM
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Higher SUSY scale Mgygsy is not very appealing from the
phenomenological (prospects for SUSY discovery) and theoretical
(hierarchy problem) points of view

Perhaps, the LHC Higgs data tells us that SUSY is non-minimal...
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Higgs sector in NMSSM

NMSSM is MSSM extended by a singlet superfield S that couples to H,
and H, generating effective u-term:

Wimssm = ASH, Hg + f(5)

M2, (m% — A%v%)sindB Av(2p — Asin23)
M?* =] L(m%—A20?)sindp M2, AvA cos 23
Av(2p — Asin23) AvA cos 23 M2,

A=A\ +(03£(9))
Mass of the SM-like Higgs:
mi = M2 cos? (28) + (6m2)™d 4+ \20? sin? 2 + (m3 )™

The Higgs mass can be strongly enhanced with big A and small tan

Marcin Badziak New Regions in the NMSSM with a 125 GeV Higgs



Higgs sector in NMSSM

NMSSM is MSSM extended by a singlet superfield S that couples to H,
and H, generating effective u-term:

Wimssm = ASH, Hg + f(5)

M2, (m% — A%v%)sindB Av(2p — Asin23)
M? = 1(m% — A?v?)sin4p3 ME AvA cos 23
Av(2p — Asin23) AvA cos 23 M2,

A=A+ (03f(9))
Mass of the SM-like Higgs:

mi = M% cos’ (28) + (5mi)md + A2 sin? 28 + (5mi)mix
The Higgs mass can be strongly enhanced with big A and small tan

Do we really need large correction to the MSSM Higgs mass?
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LHC constraints on the stop mass
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For typical SUSY spectra the stop
masses below about 600 — 700
GeV are ruled out by the LHC

One is forced to accept some fine-tuning and hope that stop masses are

just below 1 TeV. For such stop masses:

e O(5) GeV correction to the MSSM Higgs is enough to get 125 GeV
= big A is not necessary if the Higgs mixes with the light singlet

and tan 3 is not small

In this talk: NMSSM with small A\ and moderate or large tan /3
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Mixing with the singlet only

MZ _ ( Mf%h Mf%s )
Mg, M,

where ]\Zf,fh is the SM-like Higgs mass squared without mixing taken into
account Mj, = M} cos” 2 + (5mj)™

With the mixing mp = Mpp + Amix

g m?
B = 0 = \ff, =32 (m, — ) = (mh - ) +0(g?)
2 mp
where G, is a coupling of s to Z bosons

In order to obtain big positive A, one prefers
o large singlet-doublet mixing i.e. large g,

o my K my,
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Mixing with the singlet only

It is not possible to have simultaneously big mixing and light singlet

Light scalar with a substantial mixing with the SM-like Higgs would
have been discovered by the LEP experiments

BR(s — bb) = —Bgfl(sﬁibﬁb)

¢ =92 x BR(s — bb)
For h — & mixing only: 51?5 =72

stronger LEP constraints on g2 for
lighter singlet-dominated scalars
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Mixing with the singlet only

For a given m? we have upper bound on §f = upper bound on A i«

74

max
mix

60 70 80 90 100  1io

@ Apix up to 6 GeV in a few-GeV interval for m, around 95 GeV

o A™2* drops down very rapidly for mg < 90 GeV

mix ~
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Mixing with the singlet and the heavy doublet

Mixing with (very) heavy doublet has little impact on the masses of two
other scalars

However, even small admixture of the heavy doublet may change
substantially the couplings of s to b and 7 if tan ( is not small

Cy, = Cr, =7, + B tan g

where s = g.h + 5§H)H + B§S)§ is the light scalar eigenvector

For large tan 3 and g,3{"") < 0, BR(s — bb) can be strongly suppressed

£7; < g2 can be obtained relaxing the constraints from the
b-tagged LEP searches!
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LEP constraints on s — jJ

If BR(s — bb) is suppressed the s — c¢ and s — gg decays dominate

Flavour-independent LEP searches for s — j; provide the main
constraint

0.5

€% =32 - BR(s — bb)

¢2. =75 BR(s — jj)

Constraints on E are typically much weaker than on Eb in particular for
smaller m, so Iarger values of g2 are allowed
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Upper bound on A ik

For suppressed BR(s — bb) larger corrections to the Higgs mass from
mixing are consistent with the LEP data

2 _ 52
v — Ys
2 _ =2
Sjj = Ys

@ Anix = 5 GeV for mg between 60 and 110 GeV
@ Anix = 8 GeV for mg around 100 GeV
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Numerical example: my, = 75 GeV

-
Amix [GGV]
6 ms = 75 GeV
54 mp = 125 GeV
47 myg = 1000 GeV
3 p =150 GeV
2 LEP bound on E,;{. U:) :l()7 l} A =800 GeV
N
............................. & [1071] A=0.08
04 i i ; ;
10 20 30 40 50
tanp
o the LEP bounds satisfied for 30 < tan 8 < 40 = no new fine-tuning

needed

@ Correction to the SM-like Higgs mass is Apix ~ 6 GeV
o It would be below 2 GeV if mixing with H was neglected
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Predictions for the branching ratios of the SM-like Higgs

Mixing with H changes also the properties of the SM-like
Higgs
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Production and decays of the 125 GeV Higgs

o(pp — h) x BR(h — 1)
oSM(pp — h) x BR%™M(h — 1)

R

Mixing with the singlet reduces production cross-section of the 125 GeV

Higgs:
o(pp — h)

——— . x 17
aSM(pp — h) 9s

Anti-correlation between the branching ratios of h and s:

BR(s — bb) suppressed (enhanced)

I
BR(h — bb) enhanced (suppressed)

For the SM 125 GeV Higgs: BR(hSM — bb) ~ 60%
)

modification of BR(h — bb) affects all channels:

BR(s — bb) suppressed = R\J ~ R(}, <1 — g2
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Numerical scan

mp [GeV] | A | A[GeV] | tan
Minimal value 250 0.05 100 10
Maximal value 2000 0.15 3000 60
Step size 250 0.01 100 5
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mS
Anix 25— 6 GeV with R%)/ > 0.7 for wide range of m, € (60, 105) GeV

Rgf‘), PN — A ;. up to 6 GeV but only for m, around 95 GeV
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Enhanced s — v

In the region with suppressed sbb coupling the branching ratios to up-type
fermions and gauge bosons are enhanced by a factor that may exceed 10.

The s — v channel is very promising for the s discovery at the LHC
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@ Maximal A« predicts R2_ > 1 for (almost) all values of m
p %!

@ The signal in 77 channel 2 times stronger than in the SM is viable!
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LHC constraints on s — 7y

CMS \s = 7TeVL 51lb Ns=8TeV,L=19.61b"
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LHC constraints on s — 7y
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s could have already been discovered at the LHC if the
already collected data were analysed for m, < 110 GeV
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Conclusions

125 GeV Higgs mass may be much easier to obtain in NMSSM with large
tan 5 due to mixing in the Higgs sector:

Correction from mixing Apix up to 5 — 8 GeV for m; € (60,110) GeV

The signal for s in the v channel is typically stronger than for the SM
Higgs, even by a factor of 2.
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Conclusions

125 GeV Higgs mass may be much easier to obtain in NMSSM with large
tan 5 due to mixing in the Higgs sector:

Correction from mixing Apix up to 5 — 8 GeV for m; € (60,110) GeV
The signal for s in the v channel is typically stronger than for the SM
Higgs, even by a factor of 2.

Message to the CMS and ATLAS collaborations:

It is worth to extend the Higgs searches in the v~
channel to masses below 110 GeV, down to 60 GeV.
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