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Introduction Collider excesses N2HDM interpretation NMSSM interpretation Conclusion

New physics at the LHC?

Theory: Susy, inflation, baryogenesis, ...
= Non-minimal scalar sectors
= Presence of more than one Higgs boson

Colliders: Excesses at ~ 3(2)o locally(globally)

= Are the excesses consistent with each other?
Nat. hist. Museum Rotterdamm = Can they have a common origin?

= 10 times more LHC data “around the corner”

We are here <Peakluminosty —egated uminosty

LHC / HL-L| Pl s T

Luminosity [ems]

Integrated luminosity [fb)

Yar
We are here

[Ihc-commissioning.web.cern.ch]

[hilumilhc.web.cern.ch]

Two concrete model realizations:
Higgs bosons at 400 GeV and 96 GeV in the N2HDM and the NMSSM
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Introduction

Collider excesses
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N2HDM interpretation NMSSM interpretation

“The 77 excess” at ~ 400 GeV

Conclusion
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»
A\ Local excess of 30 at ~ 400 GeV

Global significance below 2o

Here: Xi%(ggg X By—yrr,Obb X Byyrr) for
mg = 400 GeV

Both prodution modes relevant:
= Opp ~ 20gg

No excess in CMS analyses, but only 35.9fb~!
[CMS: 1803.06553]
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“The tt excess’ at ~ 400 GeV

CMS st channel 35.9 fb! (13 Tev)
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Global significance below 20
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[CMS: 1908.01115] and only 8 TeV data

%0
my [GeV]

[ATLAS: 1707.06025]
3/11



Conclusion
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e "
The 96GeV excesses” (LEP and CMS)
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= 1 LEP . R R A LR R
© [ (@) ] = P H=2yy — Observed
N r s = 91-210 GeV ] = qa4f 3
'E L i S : r - Expected + 1o
o= 5 1 2:_ ----- Expected + 20 ]
— r Observed 7 m L
Q - Expected for background > 1
o 1 = £
5= 10 E N C
n -, 0.8F

1 Q
=

f 8 os
=
=

4 04
I

10-2 M- N . m 02
20 40 60 80 100 120 I

mH(GeV/cz) & 80 85 80 85 100 105 110
m, (GeV)

[LEP: hep-ex/0306033]

~ 20 local excess at 96 - 98GeV

Extracted signal strength: _
prep (ete™ — Zh — Zbb) = 0.117 £ 0.057

[1612.08522]

Run I/1l data: Local excess of > 30

Extracted signal strength:
pewms (g8 = h—v7) =0.6£0.2

— XSﬁ(/LLEp,MCMS) assuming no correlation between urgp and pcms

[CMS: 1811.08450]

Many model interpretations with common origin of both excesses, including N2HDM and NMSSM

see [T.B, M. Chakraborti, S. Heinemeyer: 2003.05422] for a list models
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The Next-to 2 Higgs Doublet Model: N2HDM

N2HDM = 2HDM-I/11/1I1/IV(¢1, #2) + Real Scalar Singlet(¢ps), Z5: ¢s — —s
Z}, spontaeusly broken when (¢s) = vs #0 = ¢12 s are mixed

Higgs sector
CP-even Higgs bosons hy > 3, pseudoscalar A, charged Higgs bosons H*E

1. Pseudoscalar A as the origin of the tt and the 77 excesses at ~ 400 GeV

Yukawa type | Jead o] lea
I 1/tan 1/tanfg 1/tanf
tan 8 = i i Ljtang  tanp tan 8 I TT can (.)nly.be re.alizeg in type Il
%) In combination with tt excess?
111 1/tan3  tanf  1/tanf
v I/tanf 1/tanfg  tanf

2. Pseudoscalar A at 400 GeV and in addition a scalar h; at ~ 96 GeV?

Type Il and IV can realize the 96 GeV excesses — Simultaneously also the t£ or (and)
[T.B, M. Chakraborti, S. Heinemeyer: 1903.11661] the TT €eXCcess

Constraints: Vacuum stability, tree-level perturbative unitarity, collider searches, hios signal rates,
flavour physics observables, electroweak precision observables

Codes: ScannerS, N2HDECAY, SusHi, HiggsBounds, HiggsSignals
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A 400 GeV pseudoscalar in the type Il N2HDM

2 _ 2 2, 2 22
X" = XI5 + X5z + X77 ,we demand: x° < x§m
20 GeV < my, . <1000 GeV ,  my, = 125.00 GeV , my = 400 GeV
550 GeV < m,o < 1000 GeV , 10 GeV < vs < 1500 GeV , 0.5 < tan 8 < 12.5
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©
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Type Il x* < &
R e e S R R TR TR ) 00710 20 B0 A0 B0 60 70 m0 80 100
tan g (g9 = A— 17) [fb]
(Also the “"A — Zh" excess can be realized)
" - — Appendix
r=SMA e

12 r=SM7F e

Both the tt and the 77 excesses can be realized,
. but not simultaneously

tan 3 < 2.5 for tt excess
tan 8 2 5.5 for 7T excess
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Collider excesses

N2HDM interpretation

NMSSM interpretation Conclusion

A 400 GeV pseudoscalar and a 96 GeV scalar in the type || N2HDM

2 2 2 2 2 .2 2
X" = Xi2s + Xz + X7+ + X6 » we demand: x” < x5y
Parameters as before, except: 95 GeV < Mhy < 98 GeV, and

(1) 0.5 < tan B < 4 for tf excess
(2) 6 < tan B8 < 12.5 for 77 excess

( 1) Ta/ma [%]
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In the N2HDM type |l the pseudoscalar A can give rise to the tf excess at 400 GeV in
combination with a scalar h; at ~ 96 GeV giving rise to the LEP and CMS excesses

(Type IV also works)
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A 400 GeV pseudoscalar and a 96 GeV scalar in the type || N2HDM

X° = Xias + X5z + X7 + Xb6 » we demand: x* < xEy
Parameters as before, except: 95 GeV < Mhy < 98 GeV, and
(1) 0.5 < tan B < 4 for tf excess
(2) 6 < tan 8 < 12.5 for 77 excess

2 2
(2) Xos Xrr
2 4 6 8 10 12 05 10 15 20 25 30 35 40

100 preeeeee T T T T T T T T ”
— 1o ellipse for - K min(x*) = 105.6 (x&y = 121.61)
% 20 ellipse for X2, o~ Lo ellipse for x3; 1
80 *  min(x?) = 105.6 (x&y = 121.61)
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In the N2HDM type |l the pseudoscalar A can give rise to the 77 excess at 400 GeV in
combination with a scalar h; at ~ 96 GeV giving rise to the LEP and CMS excesses
(Type IV doesn't work)
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A pseudoscalar at ~ 400 GeV in the NMSSM

The Higgs sector of the NMSSM is similar to the one of the N2HDM type Il

1
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Alignment without decoupling
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Conclusion

139"+ obs. 95% CL
6ab~ ' proj. 95% CL

min(x?) = 97.60 (x3y = 108.38)

Introduction Collider excesses N2HDM interpretation NMSSM interpretation
A pseudoscalar at ~ 400 GeV in the NMSSM
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Conclusion

Conclusions

- Pseudoscalar of the N2HDM type |l can give rise to either the tf or the 77 excesses

— In addition, the excesses at 96 GeV can be accommodated with a singlet-like scalar h;
mp, ~ 96 GeV, mp, = 125 GeV, my ~ 400 GeV and mp, ~ my+ 2 550 GeV
— Very predictive

- An NMSSM pseudoscalar Ay can be the origin of the tt excess
— Theory: Natural NMSSM: alignment without decoupling
— In addition, a singlet-like h; can give rise to the CMS excess

- For larger values of tan 8 the NMSSM can realize the 77 excess
— Alignment only via decoupling
— Large radiative corrections in Higgs sector

Outlook: How to probe?

tF scenarios: gg — ¢ — tf, pp — H — tb (SUSY), gg = A — Zh, gg — H — ZA (V)
77 scenarios: CMS/HL-LHC searches for ¢ — 77 with 139fb~1/3000fb~! v
96 GeV scenarios: Indirect hips constraints, CMS gg — h — v+ with 139fb 1, ILC )

THANKS!
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o(gg — A — zh) [pb]

“The Zh excess”
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at ~ 400 GeV
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