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https://indico.cern.ch/event/1291157/timetable/?view=standard#151-searches-for-additional-hi

Must the Standard Model (SM) be like this? No!

« The simplest Higgs sector
« Problems: 3 generationse Hierarchy problem@e Dark mattere ...

Can SM be in other forms? Yes!
Extension of the Higgs sector

Electroweak Qr}]Hg%%sl—ga%kI)\lAe)’r Supersymmetry
singlet model (SUSY)

Search for additional Higgs bosons predicted
by these models!
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Experimental explorat_is experiment

Nevutral scalar Higgs boson (X) Nevutral pseudoscalar Higgs boson (A/a)

Decay to vector bosons (V) Decay to ZH

> X>VV->4q/b: CMS-B2G-20-009 o A>IH-IItf: CMS-PAS-B2G-23-006 All with full Run 2 dataset!

> Light X vy: CMS-HIG-20-002 v A>ZH->IllIrT: CMS-PAS-HIG-22-004

& Heavy X->vy: CMS-EXO-22-024 Decay from the Higgs boson(H) |

¢ X>WW-llvv: CMS-PAS-HIG-20-016 > H>aa>4y: CMS-HIG-21-016 > Previous results

v X>ZI>4l: CMS-PAS-HIG-24-002 > H>Za>212y: CMS-HIG-22-003 # Included inne falkcof

. . e . Babbar

Decqy o H|ggs bosons (H) d |O‘|O?OO%2|J2b, 2120 CMS-HIG-22 QO Included in the talk of

» X2>HH->bbtr: CMS-HIG-20-014 il . S Kwan

» X2>HH->4b: CMS-B2G-21-003 a D. HundHausen

> X>HH/YH>bbyy: CMS-HIG-21-011 ~ v Published in 2024 and

> X>HH->bbWW: CMS-HIG-21-005 Yy included in this falk !

v X>HH/YH->yyT1T: CMS-PAS-HIG-22- [ S FREE

012 ; ~ \\ Charged Higgs boson (H+)
Other decays . . | |
> XDTT: CMS-HIG-21-001 g4 f' —% 1 > H+{H+)>WW(WZ): CMS-HIG-20-
017
\/ o _ _ _ _ M 17
X/A>bb: CMS-PAS-SUS-24-001 u\‘ ((% > H+>WH(1T): CMS-HIG-21-010

i ., e = % H:>Wy: CMSEXO21-017
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https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-024/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-003/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-011/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-005/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/
http://cds.cern.ch/record/2905040?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/
http://cds.cern.ch/record/2905039?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-003/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-004/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-017/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-010/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-017/
https://indico.cern.ch/event/1291157/timetable/?view=standard#195-searches-for-new-physics-i
https://indico.cern.ch/event/1291157/timetable/?view=standard#529-searches-for-rare-decays-o
https://indico.cern.ch/event/1291157/timetable/?view=standard#219-searches-for-heavy-resonan

Experimental explora_s experiment

Nevutral scalar Higgs boson (X) Nevutral pseudoscalar Higgs boson (A/a)
Decay to vector bosons (V) Decay to ZH
» X2>VV->4qg/b: CMS-B2G-20-009 All with full Run 2 dataset!
> Light X=>yy: CMS-HIG-20-002 v A%ZH%”TT CMS- PAS H|G 22-004
& Heavy X->yy: CMS-EXO-22-024 Decay from the Higgs boson(H) |
« X>WW-Ilvv: CMS-PAS-HIG-20-016 > H>aa>4y: CMS-HIG-21-016 > Previous results
v X>Z1>41: CMS-PAS-HIG-24-002 [l (S sl e 7otk # Included inne falkcof
Q H>aa>2u2b, 212b: CMS-HIG-22- - babbar
007 O Included in the talk of
» X>HH>bbTT: CMS-HIG-20-014 007 | S. Kwan
» X>HH->4b: CMS-B2G-21-003 P D. HundHausen
> X>HH/YH>bbyy: CMS-HIG-21-011 (on v Published in 2024 and

> X>HH>bbWW: CMS-HIG-21-005 a4 included in this talk |

Charged Higgs boson (H+)

Other decays W > HH(HH) D WW(WZ): CMS-HIG-20-

> X>TT: CMS-HIG-21-001 ' 017
(M > H+>WH(1T): CMS-HIG-21-010

v X/A->bb: CMS-PAS-SUS-24-001
~— % Hx>Wy: CMS-EXO-21-017
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-003/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-011/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-005/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-003/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-004/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-017/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-010/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-017/
https://indico.cern.ch/event/1291157/timetable/?view=standard#195-searches-for-new-physics-i
https://indico.cern.ch/event/1291157/timetable/?view=standard#529-searches-for-rare-decays-o
https://indico.cern.ch/event/1291157/timetable/?view=standard#219-searches-for-heavy-resonan
http://cds.cern.ch/record/2905039?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
http://cds.cern.ch/record/2905040?ln=en

CMS-PAS-HIG-22-012
Search for scalar X2>HH/YH->yyTT



X->HH/YH>yyrr: AnalysisSifaiegy.

Physics
» X2>HH->vyyrT: warped extra
dimension (WED) theories
« bulk radion and graviton
» X=2>YH->yyrr / 11yy: NMSSM
« 2HDM + 1 complex singlet
« 3 scalar Higgs bosons (X, Y, H)

g

Event selection and categorization

> Trigger on yy

» Select 2 good photons, and =2 1 T candidate (e, y,

hadronic 1, or an isolated track)

> 8 channels depending on the lepton flavor
» Parameterized Neural Network (pNN) used for event

categorization: f(X|Mx, My)

20Jul 2024

Geliang Liu | LLR, Ecole polytechnique

CMS-PAS-HIG-22-012

?»
-
CMS 138 fb (13 TeV)
w F - 1 |
o 105; H Y + jets - X500—>Y150(—>VY)H -y |
Rt tt+jets HEM  YY +jets Data ¢t 3
Va+y

.

Data/ MC

N E—

06 08 10
f(X; my =500 GeV, my =150 GeV)
6


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

X->HH/YH->yyrr: AnalysisSiiaiegy.

Discriminating variable: M,

R >

Process modelling 8

» Signals: double crystal 3

ball functions (DCB) on &
Myy

> Single Higgs boson: DCB

» Continuum
backgrounds: smooth
functions

> Drell-Yan (DY)
background: ABCD
method

20Jul 2024
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Low mass Y (< 125 GeV)

CMS
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Events / 6 GeV

?I 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
100 150 200 250 300 350

CMS-PAS-HIG-22-012

2~

High mass Y (> 125 GeV)
138167 (13 TeV

T | T T T T | T T T T | T T — 1]
Xgso = Yigi(=11H(=1T) ¢ Data
Cat0

CMS

S—

=== B model

=== B+H =B +H+YH

. 68% expectedD 95% expected

T | T T T T | T T T T | T T T
B component subtracted

0

S 3 I\‘HII'IH

m,, [Ge


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

X%HH/YH%YYTT: Res_ CMS-PAS-HIG-22-012

Results on NMSSM, X=>YH Different trigger efficiency

and kinematics

Y(t1)H(YY) Y(yy)H(11) low mass <) Y(yy)H(TT) high mass

1 -
.»CMS 13817 (13TeV) _1oCMS___ 188 (8Tev)  CMS 138 fb™' (13 TeV)
—_ —_— = —_— —
£ —— Observed Bl 68% expected = —— Observed Bl 68% expected = —— Observed B 68% expected
’E -—- Median expected 95% expected ; ----- Median expected 95% expected ; _____ Median expected 95% expected
> T myx = 1000 GeV (x10°)
> 407l _mx:mOOGQVMOB]_ > 108} “—: essee Mx- 1000 GeV (x10%) | T 108} W |
:E 2 % W =900 GeV (:107)
S e o B e T
>1: E § ommas s, 1, - 800 GeV (10°)
< 105,mmx:mcevmoa q1 1 106—h“—-——‘ my-800GeV (<105~ 9 10%}- .
o Y o4 My =700 GeV (x105)
< S 0 GV 1) Q T J o NESSSRER o S —— e 1
) N 3 . V- |8
Q 13| eSS - 650 GeV (-1 ofg | v 104 My=850 GV {10y _| 5 10°f M & =650 GeV (x107) ]
a
E Soummaa v co0col (1) & e el 5 Mm“mwe‘”“wa)
= St 00 oy (1) E ) S e e -500 6ol (1) £ AN PNS :-s00 G (109
= | - S00GeV o 1 = 12l 15 102 }
| my =400 GeV (x107) % 2 o
(@] 3 M = 300 GV (x10°) S ,
O\o &mx:swgew,wﬂ) @ g 8 vmx:EOOGEV(HO)
O gl ool ool ;o
o 10 200 400 600 300 1000 70 80 90 100 110 120 130 140 200 400 600 800 1000
my [GeV] my [GeV] my [GeV]
Highest excess: Highest excess: Highest excess:

(My, My )=(320, 60) GeV (My, My )=(525, 115) GeV (My, My)=(450, 161) GeV
Local 2.6 o, global 2.2 o Local 3.2 o, global 0.1 o Local 3.2 o, global 0.3 o
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

CMS-PAS-HIG-24-002
Search for scalar X>7ZZ->4l



X->ZZ->4l: Analysis strafegy i CMS-PAS:HIG:24:002

Physics Event Categorization
> X>11>4l (e / ) > Two categories targetin
» X produced with gluon fusion (ggF) or kinematics and |D; /,; computed from MELA
vector boson fusion (VBF)
> Model-independent search Matrix Element Likelihood Approach (MEL
q g > > q | » Compufe discriminants based on matrix elelmen‘rs and
. x wzy o ) klnemo‘ncng]%I; qa ngH+jj(Q4H.].]|m4l)
W, 7 Pyprn Q477 my;)
§ ummaasa g - y NS Prelminary 1R IRTEY
=S S gg X(200) - gg X(800) gg X(3000) ]
Lﬁ = — VBF X(200) — VBF X(800) VBF X(3000) .
Event selection TS e M R E
> Triggeron 1, 2 or 3 leptons o iy, D .
> Select electrons and muons 10 eI R T =
» Build Z candidates, then the 77 e
candidate [ ———r——
107

IS O s . N S s Y Y Y Y .

0 61 02 03 04 05 06 07 08 09 1
DVBF

2Zjet
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/

X>11>4L: Analysis strafegyliIIIT cusrasiioeo0

[ ] [ ]

Two - d Imensiond I CMS Prehmtnary 138 fo ! (13 TeV) CMS Preliminary 138 fo' (13 TeV)
d’ HP.- i-’n r‘ bl .| ZICET . g X(200) VBF X(200) 7 gt g |>I<(I26t‘))‘ g xl(som s x(a‘ooo) S
= — 1 0s E - gg X(200) 99 99 E
ISC:ellna ! g varia es. (;Z S [ gg ;Egggi)) —xgi igggér ,_%, — VBF X(200) — VBF X(800) VBF X(3000) .
@ L - 3 [ SM H(125) @ qqzz [ [elovad —
@b I other B Z+X . [ —— Data ]
pa4ZZ (al ¥ - De E 10° E
: aYmu| e g e
kin __ Phig ( 4l 1Tl P §
> |Porg = |1+ Loomga ' T o — e
P sig ( |m4l) I E

107" = 1
20 300 400 1000 2000 3000 . : . . . . . . 9 1
M (GeV) Dby

)
4
(0]
<

CMS Sfmulatron Prehm.'nary
| T T ‘ | T T 1T 7 ‘ LI | T T T 7T T T T

=> ]

Parametric process modeling A
> Signals: by MC, with M1¢°° parameterized as (analytic £ - - E
lineshape x signal efﬂmencv) &® mass resolution 5 3 Lo E

> Irreducible backgrounds: by MC, with M}#¢° g %% ——— inllsig.097Z+ggH(125)] E
parameterized “F E

> Reducible backgrounds: data-driven method “E E
> Interferences: amplitudes from signal, backgrounds; > E
phases from generators and kinematics e

150 200 250 300 350 400 450 500 550 6
My (GeV
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/

°
[ J

CMS Preliminary 138 fb" (13 TeV) CMS Preliminary 138 fb" (13 TeV)
1 ggF, NWA | _| 1 VBF, NWA ‘ B
............... Median expected E e Median expected =
68% expected . 68% expected .
95% expected ] 95% expected ]
S 2, L pr— ATLAS,EPJC 81,332 (2021) | % | ] ATLAS, EPJ C 81,332 (2021) | |

Observed Observed

—
<

—
<

L TTTH

gg— X— ZZ) [pb] at 95% CL

SOHLIL WV D\ 7 /A7 L) |PV] AL T 70 Wil

B107 A 1072 » =

c e e conct g =

o r 1 L° = =

= Qe DO LJCTIO _ \NRE o IR P N ]

£ YYt e i ] VO PpProauction ]

@ .

21073, . 21073,

5 130 200 300 400 500 1000 2000 3000 3 130 200 300 400 500 1000 2000 3000
M, (GeV) M, (GeV)

ATLAS result:
Eur. Phys. J. C 81 (2021) 332 CMS Preliminary 138 fo! (13 TeV)

fyge floating, NWA -
------------- Median expected .
68% expected
95% expected
—— Observed

—
<

Upper limit on o(pp— X— ZZ) [pb] at 95% CL

1072 =
VBF-fraction-floating i

107
130 200 300 400 500 1000 2000 3000

M, (GeV)
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http://dx.doi.org/10.1140/epjc/s10052-021-09013-y
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/

X=>711->4l: narrow wid_

CMS Preliminary

138 fo' (13 TeV)

CMS Preliminary

138

CMS-PAS-HIG-24-002

fo (13 TeV)

| T T T T 1 T T T T
S 1 ggF, NWA A VBF, NWA .
f‘\.’ ............... Median expected = ; ............... Median expected =
% 68% expected ] ; 68% expected .
= 95% expected 15 95% expected ]
S N a ATLAS, EPJC 81,332 (2021)| | % | ATLAS, EPJ C 81,332 (2021)| | . e epe
ﬁ10_1 3 Observed — 3“10‘1‘ Observed — nghest SlgnIfICCInce
2 7 ) reached at 137.8 GeV
O E R S & R ; Local 3.02 o, global 1.85 ¢
B107 P 51072 o E
c T e ey : el =
= AqE oroductior 1 VRE Aradiie i am ]
£ YYt e i 1 VO PpProauction ]
@ . B
21073, . 21073,
57130 200 300 400 500 1000 2&00(G %c;oo 37130 200 300 400 500 1000 2&00(G 3 No excess at around 650 GeV
e e
ATLAS result: X X
Eur. Phys. J. C 81 (2021) 332 CMS Preliminary 138 fb' (13 TeV) CMY' Preliminary 138 fo™! (13 TeV)
- ! o Tl ! () LAWY AT L aNT v AT n
© r fygr floating, NWA ] 2 VL lflv!.r VT Vo o
SN T U DA N T e i > URARN IR I
o Median expected - 5 B A i e 0 i T B | K
% 1 68% expected = ' i ’ V 1o
=107 95% expected — 3 107 k-4 i . '
= —— Observed | p-value scan |
I, z G """"
|| o
21072 =
I s s s i & Y B ST 3 |
© g - |
c -
© £ H | H -
£ VBFfractionfloating UC\[ ____________________________________________________________________________________________________________________________
= 1 -4 3o
()]
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http://dx.doi.org/10.1140/epjc/s10052-021-09013-y
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/

X->1Z->4l: various width assumption

CMS Preliminary 138 tb! (13 TeV)

—_

o
i
3

This is ggF production;
VBF production shown

in backup

10 "xrx/M' =0. 530

10"8xT" IMX_O 26

S —————— o‘5xrx/M,_o 24

—
<
w

"} ‘xrlex_o 22

Z) [pb] at 95% CL
o,
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-7
=)

10"D /Mx..oq 8

10! 1xr.xl.Mk=0.§16t

—
o
© "

10" /M,=0.14
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CMS-PAS-HIG-24-002

ggF
--Median expected
68% expected

95% expected

- QObserved

I'x . .
— Increasing
Mx

No other excess
observed

14



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/
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CMS-PAS-SUS-24-001
Search for X/A->bb



¢(H,h,A)=>bb: Anql_ CMS-PAS-SUS-24-001

Physics
> 2HDM & MSSM Enhance by 2(tanf)A2

Type-| Type-Ii m
g b

q,l. q)l‘% 200001

b
(MSSM-like sector) 0—-—-<

?\'

Lepton-specific Flipped A ¢ b
. G g \Q0000 # ;
(b-quark unique) High BR(¢9bb)

» Search for ¢ (H,h,A)=>bb associated with21b

Online and offline selection

> Full hadronic (FH): double-b-jet triggers, with high pT thresholds

> Semi leptonic (SL): one of the two leading jets contains a muon from the b hadron decay
> Three off-line b-tagged jets, with different kinematic requirements

20 Jul 2024 Geliang Liu | LLR, Ecole polytechnique 16


http://cds.cern.ch/record/2905040?ln=en

¢(H,h,A)=>bb: Anqu_ CMS-PAS-SUS-24-001

Discriminating variable: M; ;_ (jet ordered by pT)

Process modeling

» Signals: from MC, fitted with the DCB function. Predicted to be narrow.

» Backgrounds (QCD multijet): smooth functions fitted from conftrol regions (defined that j; not
b-tagged), corrected with transfer functions from MC

Jj1j2

Arbitrary units

«10°CMS Preliminary 54.5fb" 2018 (13 TeV) CMS Preliminary 545" 2018 (13 TeV)

CMS simuiation Preliminary 2018 (13 TeV) > L > L

0.25 19 - —«— Data (SR) IO —— Data (SR)
L o 14— w 10E
N = - —_— ) N = —— Bkg. only fit
B mq) - 350 GeV :; - Bkg onlyﬂrt | __u; E g only |V |
- "qc'; 12— - +1 std. deviation ‘E’ : - +1 std. deviation

0.2— m, = 600 GeV o E +2 std. deviation o N +2 std. deviation

- 10}— =
= —— m, =1000 GeV B -

0.15— ~
- 8_7 ~
- ° — 107 =
- Signails oL -

0.1— - C §

n - backgrounds - backgrounds
L 4 4f— o
B ’/ - at low mass °c at high mass

0.05— T C
L 2 L
: d B 1 | 1 1 I 1 | 1 ! [l 1 ‘ 1 1 1 L | ! 1 ! [l | 1 1 1 1 ‘ — | | | | | ‘

1 | L L L L L L L L L L 1 L L 1
o ! A A 9’7 2 + g } }
T L1 L1 TR L1 L1 m%’ 1 I+ +—L . 1 ék 2 H
200 400 600 800 1000 1200 1400 == 0 4 ? g =2 0
My B _2%&7 TR o b Ty

300 350 400 450 500 550 600 800 1000 1200 1400 1600 1800 2000
M,, [GeV] M,, [GeV]
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¢(|—|'h'A)9bb; resuli_ CMS-PAS-SUS-24-001 -

/
Model-independent search MSSM interpretation: 2HDM interpretation:
CMS Preliminary 121.4-126.9 fb~" (13 TeV) 60 CMS Preliminary 121.4-126.9 ™ (13 TeV) CMS Preliminary 121.4-126.9 ™' (13 TeV)
E 1035— | | | | 95|% CL u;lnper Iim;ts — (E%L ] I ! N | o 2HDM type-ll scenario
a —s— Observed e ®— bb, cos(B-o) = 0.1
-~ T Expected | S0 — Observed [ 68% expected
_g_ 102k B 68% expected | L L Expected 95% expected
= g E = 10 ' T T
m : 95% expected 7 — c ]
s 2016 FXH Exp. | 40~ UL—f(mA, tanfB) § ]
s | — 2017SLExp. | - Higgsino masg & -
10'E —— 2017 FHExp. ]
: 2018 FH Exp. ] 301 parameter - 40 T
1 H=1TeV 1 30 i
100k | 20 W scenario _
F Observed 20 ]
------- Expected ]
10 I 68% expected ]
107" g 95% expected 10 UL=f(m , tan , cos(B-a
: | ~m,, £125 +3GeV | ] (m, B (B )_z
T T T e ] 0 | 1 1 | I i | 1 I I I 6L i
550 500 | 750 1000 1250 15|0r$] 1 (;15?\/ 500 1000 1500 T T T VR
o [GeV] m, [GeV] m,,,, [GeV]
At 250 GeV, local (global : : :
3.2 (2.8) o from the(9201 7 S)L MIM™°4+ and hMSSM scenarios Flipped scenario also fested

dataset also tested
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CMS-PAS-HIG-22-004
Search for A>ZH=>lITT



Physics

> A pseudoscalar Higgs boson predicted
from MSSM, decaying to Z(ll)H(TT)

» Two production mechanisms: ggF and bbA,
predicted to be the dominating ones in
certain scenarios

CMS Simulation 2018 (13 TeV)
ma =300 GeV

Event selection and categorization

» Single e/u triggers on 721l (I=e/u)

> Select leptons (e, y, hadronic T1)

» Build the Z and H candidate

» Categorize based on the number of b jet tagged with
Deeplet: 0 b jet and 2 1 b jet category.

>o|gori’rhm to construct H(tT), with M, fixed at the

H1gQgs DOsSON MASS

00 T T T T
100 150 200 250 300 350 400

Reconstructed /Tt Mass [GeV]
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A->IH-> I Analysis strafegy CMS-PAS-HIG-22:002

CMS Preliminary 138" (13Tev) __ CMS Preliminary __ 138fb" (13TeV)

— T T T T T T T | > n 1 -

(] (] (] (] (] : 1-8 : - L

. < . - - . b-tag ]

Discriminating variable: < . 0bjet "0bia Eoz0f >1bjet 3%, -
° -$-data = C N

Mll‘t‘t Z 14 zz Z X [zz ]
© - . -

1.2 [ reducible 0.15 e [ reducible -

[ other - [ other ]

Process modeling 19 — gg—A(350) ; —09-A(350) 3
: 0.8 0 bbA(350) 010 Il Ll |0 - bbA(350)

» Signals: by MC 06 ' ]
> Irreducible backgrounds: : -
by MC ]

» Reducible backgrounds:
by a data-driven method

- i ) { : 0 .
0 H i 1
T 000 200 300 400 500 mcons1(cg3cigv)

meens (GeV) Itz
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A->ZH->IItT: results _ CHAS-PAS-HIC:22:004

Model-independent Model-independent

search: pure ggF search: pure bbA
CMS Preliminary _1381b” (13 TeV) CMS Preliminary _138 ft?'1(13_TeV)

bbA

-] —®— Observed —

MSSM: M;!1- scenario
C?IV'IS Preliminary 138 fb‘j (13 TeV)

(o)}

1.4

a
tanp

(8]

gg—A
1 2 L W S ......................... —8— Observed —
- : I FRE Expected

[V
I
N

------ Expected
1.0 68% expected R ;
s 95% expected - 3 _,A,,...;..A‘.e.' [ ,,,,,,,

mhaclvded \
125 e -

......

£ Jud " H
i pesn * i
i

68% expected

)xB(A—Zh) [pb]

95% expected | |

(bb

o(gg—A)xB(A—Zh) [pb]

4 SR SR s S — ,,,,,,,,,, ,,,,,,,,,,, e

. E | i —e- Observed

\ : : _ 1l | | Expected

0.2 e 68% expected
95% expected

04f e e

i : 0.0 : ; : L N N . X
300 400 500 600 700 800 300 400 500 600 700 800 1 250 300 350 400

m, (GeV) m, (GeV) m, (GeV)

0.0

No excess observed
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Conclusion TEEEN

Four results published in 2024 on searches for additional Higgs bosons

are shown.

o scalar X=2>YH-2>yyT11/T1YVY

« scalar X->ZZ->4l produced via ggF/VBF

« scalar/pseudoscalar ¢>bb associated with b jets

. pseudoscalar A>ZH-> 1T produced via ggF/bbA We need to

touch more !

No Significant excess observed.
« Still blinded from new physics

More exploration are needed!

« With Run 3 data to further constrain more phase
space and to check potential hints

« New ideas to search for new physics are welcome
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Conclusion THEN

Four results published in 2024 on searches for additional Higgs bosons

are shown.

o scalar X=2>YH-2>yyT11/T1YVY

« scalar X->ZZ->4l produced via ggF/VBF

« scalar/pseudoscalar ¢>bb associated with b jets

. pseudoscalar A>ZH-> 1T produced via ggF/bbA We need to

touch more !

No Significant excess observed.
« Still blinded from new physics

More exploration are needed!

« With Run 3 data to further constrain more phase
space and to check potential hints

« New ideas to search for new physics are welcome

Thanks for your attention!
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¥

The CMS detector _NST3 S08004 2017 JINST 12 PO1020 %

Superconducting Solenoid
Silicon Tracker
Pixel Detector

/

Very-forward
Calorimeter

{

/

y/

/

* Raw: 40 MHz
« Level-1 trigger: 100 kHz
« High level trigger: 1 kHZ

Hadron

Calorimeter /

Electromgnetic
Calorimeter

QARVR <
N - -t'll Muon
e R Detectors
AN -..‘":-..

Compact Muon Solenoid
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X%HH/YH%YYTT: p_ CMS-PAS-HIG-22-012

5
yan
Input features
Object Group Features
Ty, €, U, 1soTrack pr, 1, multiplicity
Photon pr/my,, 1, pixel veto
Diphoton pr/myy, 0,001, v, AR(Y, ¥?)
Jet pr.1,b—tag + MVYTT
multiplicity, b-jet multiplicity
MET Pr
Composite msy T AR (yy, tTSVER), Ap(MET, yy), my ...
Other Channel (1, TaTh, Thi, -..)
Categorization optimization Category 0[1[2|3[4]5]6
: X - HH 10101010 (20|80 | -
 From the highest pNN score, add up 10 background
t Fme until the limit ' iner oy > X2 — HH 10 /1010|1020 |80 | -
1% to decide one category. Keep on doing so until Low-Mass X — Y(yy)H(TT) Y = v | 10 | 10 | 10 | 10 | 20 | 80 | 320
all events are Ossigned. High-Mass X — Y (yy)H(77) 10 | 10 | 10 | 10 | 20 | 80 | 320

20 Jul 2024 Geliang Liu | LLR, Ecole polytechnique 28


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

X->IZ>4l: signal modeling

= {[P(my"|mi”™, ) x ef f(mi™)] @ R(mige ™)}« P (D e

reco kin
p (m bkg
Lineshape: P(md"|mb%%, 1) =
ngenmpole
gen H
U(mH ) l l .
en oLe oLe
(mg™)? = (i)’ | + (m2ery)
Signal efficiency: ef f(mz™) from MC
CMS Simulation Preliminary 13 TeV
w T T T T T T T T ‘ T T
T 10= gg X signal —
i = (M I'y)=(130,0.004) GeV =
s - —— (M, I',)=(130,1) GeV ]
% - ( o [x)=(200,0.004) GeV -
S 1= —— (M, I')=(200,10) GeV _
= — (M x’ I'y)=(500,0.004) GeV 3
- (M, ')=(500,10) GeV ]
- (M, T')=(3000,0.004) GeV | -
oL (M, T,)=(3000,100) GeV  f{
1072
100 200 300 400 1000 2000 3000
ME* (GeV)
20 Jul 2024

Signal resolution from MC : R(m}#°|mg")

CMS-PAS-HIG-24-002
A

2D templates: P(D |mife
from MC as the 2D histograms

gen
= DCB(mlf® —mI"| w0, ay,nq, a3, m3)
CMS Simulation Preliminary 13 TeV
175) T T T T
T 10 VBFX5|gnaI -
i = —— (M, Tx)=(130,0.004) GeV =
S (M I',)=(130,1) GeV 7
% - (Mx I'y)=(200,0.004) GeV -
Z 1= —— (M, T))=(200,10) GeV _
- ——— (M, T)=(500,0.004) GeV
- ——— (M, T))=(500,10) GeV 7
- ——— (M, T})=(3000,0.004) GeV || -
10 —— (M,, T,)=(3000,100) GeV [ _
102 ¢

200
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/

CMS-PAS-HIG-24-002

X=>711I->4l: various wi

CMS Preliminary 138 tb! (13 TeV)
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¢(H,h,A)>bb: results

tanp
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MSSM interpretation
scendario
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MSSM interpretation
hMSSM scenario

121.4-126.9 fb™' (13 TeV)

I ol
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CMS Preliminary

CMS-PAS-SUS-24-001

2~

2HDM interpretation

Flipped scenario

121.4-126.9 fb™ (13 TeV)

2HDM flipped scenario

o— bb, m_ =900 GeV
—— Observed [l 68% expected

Expected 95% expected
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