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“The 95GeV excesses”
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[LEP: hep-ex/0306033]

~ 20 local excess at 95 - 98GeV

Extracted signal strength:
tob (ete™ — Zh — Zbb) = 0.117 + 0.057

[1612.08522]
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Run /1l data: Local excess of ~ 3o

Extracted signal strength:
pyy (g8 = h—vy) =06 +£0.2

[CMS: 1811.08459]

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 = SM(¢1) + Second Higgs Doublet(¢2) + Real Scalar Singlet(¢s)
= 2HDM(¢1, ¢2) + Real Scalar Singlet(¢s)

Scalar tree-level potential
V= w012 4 0212 — miy(0] 03 + e + 2L (o]0 + 22 (0] )2
+ A3(6] 01)(@] 02) + Ng(®] B3) (0] 0y) + %[(o}ozf +hel
A6 7

1 A A
+ 5 ms0s + 2ol + Th@]en)ef + X (@00

Symmetries: Za: ¢1 — ¢1, b2 — —2 and ¢s — s, only softly broken by m3,
Zy: 1 — ¢1, d2 — ¢2 and ¢ps — —¢s, spontaneously broken by vs

Extension of Z; to Yukawa sector = 4 types of the (N)2HDM

EW vacuum:

0=, pvz) 0= (,05) @) =vs/VE eR
BSM Particles:

CP-even scalars hy, hy, h3, CP-odd scalar A, charged scalars HE
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N2HDM interpretation

N2HDM = SM(¢1) + Second Higgs Doublet(¢2) + Real Scalar Singlet(¢s)
= 2HDM(¢1, ¢2) + Real Scalar Singlet(¢s)
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(b) Type IV (flipped)

[TB, M. Chakraborti, S. Heinemeyer, 1903.11661]

0.70

A singlet-like scalar (h1) at 95GeV that mixes with hips can accommodate the excesses

See also [2109.01128] for interpretation in combination with a 400 GeV pseudoscalar
that accommodates a local 3.50 excess in pp — tt

: Singlet-component of hy
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S2HDM interpretation

S2HDM = SM(¢1) + Second Higgs Doublet(¢,) + Complex Scalar Singlet(¢s) + U(1)
= 2HDM(¢1, ¢2) + Complex Scalar Singlet(¢s) + U(1)

¢s — Two new states: h; at 96 GeV and DM candidate x
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[TB, O. Olea, 2108.10864]
v AMS p excess v CMS excess

v Relic abundance v Galactic-center excess

V' LEP excess
A softly broken global U(1) makes x a pseudo-Nambu-Goldstone DM candidate
— vanishing DM direct-detection scattering cross sections at tree-level
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95% CL limit on 6(ggd)BR(0—>77) (pb)

Recent news from

CMS

Searches for additional Higgs bosons in 777~ final states
o CMS Preliminary 138 b (13 TeV) | CMS Preliminary 138 fb" (13 TeV)
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[CMS-HIG-21-001]
Local 3.1(2.6)c excess at 100(95) GeV

o™P(gg = ¢ = T7T7)
ocSM(gg -+ H — 7t717)

exp __

e =12+05
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/index.html

N2HDM: Can we accommodate also the new excess in 7777 ?
1. 7777 excess in combination with 7y excess
2. 717 excess in combination with vy and bb excesses

3. And what about My,?

Strategie: Random scan to minimize x2 in order to find valid points that
accommodate the excesses
exp 2
(M'Y’YaTTvbb - lu"y’y,TT,bb)

2 2 2 2 2 2
X = X'y'y + XTT(+Xbb) + X125 5 X'y'y,T‘r,bb = (A exp )2
Foyy 77,60

Constraints: Collider searches, measurements of hjos — xf25, flavour phyiscs, vacuum stability,
tree-level perturbative unitarity, electroweak precision observables

For M\y-Tevatron:

(MNZHDM _ CDF —new 2
w w <4, M}/\IVQHDM _ ,V,lI/\rl/zHDlxd(s7 T,U)
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N2HDM interpretation: 777~ and 7y

Xizs (Mobs = 109, X&r,105 = 85.77)

Xi25 (Mobs = 109, X&i,125 = 85.77)
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[TB, S. Heinemeyer, G. Weiglein, 2203.13180]

Type Il does not work, but type IV does!
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N2HDM interpretation: 777~ and ~v and bb

X2 (Robs = 109, X&r,125 = 85.77) Xias (obs = 109, Xy 125 = 85.77)
87.5 90.0 .5 95.0 97.5  100.0  102.5 87.5 90.0 92.5 95.0 97.5  100.0  102.5

%  Best-fit point E

1. : E| 14
SRt '., ]ninv(xi’7+fr+bb)v
o ] L + A2y, < 5.99
A o xhs <z

+ X =0

Best-fit point 9
min(x3 4o 44),
Axlas < 5.99 E

o s <xBuaz

+ Xy =0 E|

—=— 1o ellipse for x2 .

038 1.0 0.05 0.10 0.15 020 025
Hoyy i

[TB, S. Heinemeyer, G. Weiglein, 2203.13180]

N2HDM Type IV can accommodate the excesses in all three decay modes
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N2HDM interpretation: 777~ and 4~ and bb

gg — hos — vy gg — hos — 77T ete™ — Z(hos) — (bb)
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[TB, S. Heinemeyer, G. Weiglein, 2203.13180]

Blue points = Describe the excesses within 1o confidence level: X'2y7+7‘7'+bb < 3.53
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N2HDM interpretation: 777~ and ~v and bb

Can be probed indirectly via hios:

Xggrr > 23 Xysrrin > 3.53
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[TB, S. Heinemeyer, G. Weiglein, 2203.13180]

HL-LHC precision sufficient to exclude the scenario
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Tevatron and My, in the N2HDM
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Conclusions

Three local excesses (30 + 30 + 20) at the same mass
— two different production modes (ggF and Higgsstrahlung)
— three different decay modes (v, 77, bb)

Can be described economically in the N2HDM
— valid DM candidate if N2HDM — S2HDM (galactic-center excess)
— Can simultaneously accommodate My, Tevatron measurement

HL-LHC hio5 measurements have potential to exclude all of this

CMS/ATLAS 7+ low-mass searches with Full Run Il eagerly awaited

Thanks!
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o/osm

ATLAS searches below 125 GeV (80fb~1)

[ATLAS-CONF-2018-025]

3.5 . ‘ ‘
—— CMS obs. limit

3.0 --- CMS exp. limit
—— ATLAS obs. limit

2.5} - -~ ATLAS exp. limit | |
—4— CMS excess

65 70 75 80 85 90 95 100 105 110
M, [GeV]
[S. Heinemeyer, T. Stefaniak, 1812.05864]
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The broken phase
Assuming CP conservation: 3 CP-even, 1 CP-odd, 1 charged Higgs bosons
Electroweak symmetry breaking

( &F 3

¢ = 1 . ), ‘Pz:( 1 . >7 b5 =vs + ps
vi + + i — (v +p2+i

\/5(1 p1+in1) \/5(2 p2 +in2)

CP-even scalar sector: Mixing from gauge eigenstate to mass eigenstate basis

hy P1 Cay Cap Sery Cap Sarp
hy P2 , R= | —(cajsaySasz + sajcasz) CayCaz — SaqSapSas CapSag
h3 ps —CajSayCag tSaySag  —(CapSaz +SajSasCaz)  CanCas
™ s
Convention: my, < mp, < mp,, —— < a; < —
hy hy 3 TS i<
Coupling to SM fermions:
Ch; bb Ch;tt ChiTT
2 \/im type | R; R; R;
[ — ype /53 2/ i2/58
“Lyuk = 2 AL s
=1 type Il Rii/cg Ri2/sp Ri/cg
. va lepton-specific Ri2/s3 Ri2/sa Ri1/cp
B = .
vi flipped Ri1/ca Ri2/sp Ri2/sg
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S2HDM: Singlet-extended 2 Higgs doublet model
¢1, ¢o: SU(2) doublets, ¢s: SM singlet, charged under global U(1)
Scalar potential:
v =iy (6101) + 1 (6h62) — ke ((9162) + (ehon) ) + S losl = 33 (6% +(65)°)
20 (861) 4 22a (8162) 4 2 (6161) (0e2) + 2 (162) (oher)

4308 ((0102)"+ (63602)) + 336 (105 + 2 (o]61) 6P+ 2o (6502) los?

0 0
EW vacuum: (¢1) = (vﬁﬁ) , {g2) = (w/ﬁ) , (¢s) = VS/\f2 eR
BSM particles:
h1,2,3: CP-even Higgs bosons

h Re(49)

£, i ! 8

H=: Charged nggs bosons hy | = R(a, a2, 03) - Re(qbg)
A: CP-odd Higgs boson h3 Re(42)
x: pPNG DM

Free parameters (Yukawa type Il):

Mhy o35 Ma, Myt , my, o233, tanf, M= \/ 13,/ (sgeg) ,  vs



Favoured parameter space
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[TB, S. Heinemeyer, G. Weiglein, 2203.13180]
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Favoured parameter space
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Hyp

Correlations of (i, firr, ppp and Cﬁusvv

N2HDM Type IV: X2 < 2y
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