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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
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[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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“The 7777 excess” at ~ 400 GeV
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“The tt excess’ at ~ 400 GeV
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e "
The 96GeV excesses” (LEP and CMS)
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[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/11/111/IV(¢1, ¢2) + Real Scalar Singlet(s), Zy: s — — s
Z}, spontaeusly broken when (¢s) = vs #0 = ¢1,2,5 are mixed

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

1. Pseudoscalar A as the origin of the tf and the 777~ excesses at ~ 400 GeV

Yukawa type | |l Cars| 1P|
I 1/tang 1/tanfg 1/tanp
v - - 7777 can only be realized in
tanf3 = — 11 1/tanf  tang tan 3 I type Il
v -
g il 1/tang tanf 1/tang In combination with tt excess?
v I/tanS 1/tang  tan

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 tt or (and)
[T.B, M. Chakraborti, S. Heinemeyer: 1903.11661] the T+’T_ excess

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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Introduction

2
XA

Collider excesses

N2HDM interpretation

NMSSM interpretation

A 400 GeV pseudoscalar in the type Il N2HDM

X2 = X305 + Xff + X_2r+7_, ,we demand: x? < X%M

20 GeV < my, < 1000 GeV
,
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mp, = 125.00 GeV

10 GeV < vs < 1500 GeV ,

mp = 400 GeV ,

0.5 <tanB < 12.5

tan 3

*  min(x*)
- Best fit 7 for [a/ma
= Best fit ¢ for Da/ma
= Best fit ¢z for Da/ma
+ Best fit cau for Ta/ma = 2.0%
+ Best fit caqf for Ta/ma = 1.5%
+ Best fit cay for Ta/ma = 1.0%
+ Best fit ¢y for a/ma = 0.5%

Type Il: x* < xdy

T2 3 4 5 6

60

(b — A — 777 ]
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—— 1o ellipse for \%,
20 ellipse for y%. -

*  min(x?) = 94.25 (x&y = 108.4)

min(x3i, - + Xips) = 85.16

Type Il 3* < xdye
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Conclusion

(Also the “A — Zh" excess can be realized)

— Appendix

Both the tf and the 777~ excesses can be

realized, but not simultaneously

tan 3 < 2.5 for tt excess
tan 8 > 5.5 for 7777 excess
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A 400 GeV pseudoscalar and a 96 GeV scalar in the type || N2HDM

X2 = Xios + X3z + X2, + X86 s we demand: x* < x3y
Parameters as before, except: 95 GeV < mpy < 98 GeV, and
(1) 0.5 < tan B < 4 for tf excess
(2) 6 <tanB < 12.5 for 777 excess

(1) Ta/ma [%)] car
1.6 1.8 2.0 2.2 24 2.6 2.8 3.0 0.65 0.70 0.75 0.80 0.85
: : - T - "
09F
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% min(x?) = 97.93 (x2y, = 121.61) ]
. Best fit cqy7 for [a/ma = 3.5%
Best fit ¢,z for [a/ma = 3.0%
Best fit cq47 for I'g/ma =2.5%
Best fit 47 for Tq/ma = 2.0%
Best fit c.7 for [a/ma = 1.5%
Best fit ¢4 for Ta/ma = 1.0%
Best fit ¢,z for [a/ma = 0.5%

J  min(x?) = 97.93 (x3y = 121.61)
---= 10 ellipse for x3; ]
+ =0
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Type I1: x* < xdu
0.4

1 2 3
tan 3

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* = X35 + Xf; + x_2r+7_, + x36 , we demand: x? < xZy
Parameters as before, except: 95 GeV < mpy < 98 GeV, and
(1) 0.5 < tan B8 < 4 for tf excess
(2)6 <tanpB < 12.5for 7 7 excess

*  min(x?) = 105.6 (x3y = 121.61)

(==== 10 ellipse for x2; k|

— 10 ellipse for %,
S0F 20 ellipse for x2, E
) % min(x?) = 105.6 (x3y = 121.61)
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. . s L .
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olgg— A= 7777) [fb] Homs

In the N2HDM type Il the pseudoscalar A can give rise to the 777~ 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

Introduction N2HDM interpretation

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

P S |
WNMSSM:WMSSM/"')\SHU'Hd‘*'g"5

tt excess — low tan 3

Alignment without decoupling
2 2
N Mhont M35 cos 23
v2sin2 8
M2 s 2 .
Asin® 23 . Ksin283 _

4p2 22
[Carena, Haber, Low, Shah, Wagner 1510.09137]

1

M, = [410.0, 430.0] GeV , A =0.66,
p=[182,202] GeV , = [0.043,0.204]
A, =[—517,65] GeV , M =140 GeV ,

My =180 GeV , Mz = 3000 GeV ,

mz = 1200 GeV , A; =0 GeV
Code: NMSSMTools

Also g can be explained

— Appendix/questions
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Collider excesses

N2HDM interpretation

NMSSM interpretation

Conclusion

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

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

Introduction
A pseudoscalar at ~ 400 GeV in the NMSSM
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Conclusion

Conclusions

- Pseudoscalar of the N2HDM type II: Either the tf or the 7H 7~ excesses

— In addition: Singlet-like scalar at 96 GeV for LEP and CMS excesses
mp, ~ 96 GeV, mp, = 125 GeV, my ~ 400 GeV and mp, ~ my+ 2 550 GeV
— Very predictive

- Pseudoscalar of the NMSSM: tt excess in alignment-without-decoupling limit

— In addition: Singlet-like scalar at 96 GeV can give rise to the CMS excess

- NMSSM with tan 8 ~ 8: 7777 excess

Outlook: How to probe?

tt scenarios: gg — ¢ — tt, pp — HE > tb (SUSY), gg > A— Zh, gg - H — ZA (V)
77~ scenarios: CMS/HL-LHC searches for ¢ — 7+7~ with 139fb~1/3000fb ! v
96 GeV scenarios: Indirect hjps constraints, CMS gg — h — v with 139fb™1, ILC (?)

THANKS!
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A Higgs boson at 96 GeV in the
alignment-without-decoupling limit of the NMSSM
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o(gg — A — zh) [pb]

“The Zh excess”
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at ~ 400 GeV
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