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» Although the Higgs boson discovered
at LHC so for is compatible with the SM

Higgs boson, there is still room for
BSM

» Many BSM models (e.g. NMSSM,
2HDM, Georgi-Machacek model)
provide a Higgs boson that is
compatible with the LHC observed
125 GeV boson, and additional Higgs
bosons or (pseudo-)scalars

» Discovery of extra scalars would be
an unequivocal sign of new physics

» LHC is currently the most powerful
discovery machine
-- Hope to find hints of BSM
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Big Questions

Extra dimensions

| wonder if there are
others like me.




Extra scalar searches at CMS ozt
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» Large group of extra (pseudo-)scalar searches being covered

with full Run-2 (2016-2018)

BSM Neutral scalars (H, A, X, ¢)
particle

searches Charged H/X -

Light pseudo-scalar
« H—aa

. H-Za 2

Multi-Higgs X — HH Searches
g ind X — HY Searches “

» Selected results will be presented

HIG-20-002 (arXiv:2405.18149): light H—yy
EXO-22-024 (arXiv:2405.09320) : High mass X—yy
CMS-PAS-HIG-20-016: High mass X— WW

JHEP 07 (2023) 073: ¢—11 CMS-PAS-EXO-24-007: ¢— bb

PRD 110, 012013: V¢lttp — I

EXO-22-022 (arXiv:2405.00834): boosted multi-y X— ¢¢p — 4y
CMS-PAS-HIG-22-004: A -ZH, H—1tt

HIG-22-002 (arXiv:2305.18106): LFV X->eu
JHEP 09 (2023) 032: H* — H(200)W — (tt) (tv /qq):

EXO-21-017(arXiv:2406.05737): X * —>Wy

EPJC 84, 493 (2024) : H — aa — yubb/ttbb
JHEPOQ07(2023)148: H — aa — 4y resolved

PRL131 (2023) 101801: H - AA — 4y merged

EPJC 84, 493 (2024): H — aa — 2b2t/2b2pu

PLB 852 (2024) 138582: H— Za—ll + yy (see Zebing'’s talk)

HIG-21-005 (arXiv:2403.09430): X — HH — bbWW
JHEPO05(2024)316 : X — HH/YH — bbyy
CMS-PAS-HIG-22-012: X — HH/YH — 11yY

I Many other list : CMS Publication List I



https://arxiv.org/abs/2405.18149
https://arxiv.org/abs/2405.09320
),%20http:/cds.cern.ch/record/2803723
https://link.springer.com/article/10.1007/JHEP07(2023)073
http://cds.cern.ch/record/2904945?ln=en
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012013
https://arxiv.org/abs/2405.00834
http://cds.cern.ch/record/2905039?ln=en
https://arxiv.org/abs/2305.18106v1
https://link.springer.com/article/10.1007/JHEP09(2023)032
https://arxiv.org/abs/2406.05737
https://doi.org/10.1140/epjc/s10052-024-12727-4
https://link.springer.com/article/10.1007/JHEP07(2023)148
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.101801
https://link.springer.com/article/10.1140/epjc/s10052-024-12727-4
https://www.sciencedirect.com/science/article/pii/S0370269324001400?via%3Dihub
https://indico.ihep.ac.cn/event/21331/contributions/161784/attachments/80877/101506/2024%E5%85%A8%E5%9B%BD%E7%B2%92%E5%AD%90%E7%89%A9%E7%90%86%E5%AD%A6%E6%9C%AF%E4%BC%9A%E8%AE%AE.pdf
https://arxiv.org/abs/2403.09430
http://dx.doi.org/10.1007/JHEP05(2024)316
http://cds.cern.ch/record/2893031?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/Run2/index.html

Search for low- mass (mH<125 GeV) HDyy o
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Fan .JT(*) et aI Chln Phys C 38 (2013) 073101
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» Why low-mass Higgs?

J
v Final LEP SM Higgs boson search : 110f- :
results: 2.30 local excess at m= hs 100f- =
98 GeV i %0 2
10'2:—_ —— Observed 802_ NMSSM —i
v’ Several BSM (NMSSM/2HDM) E__}}lfi”-l? 'aliliiiiﬁiilZJJQ::I:Z:‘““T = = 70;— N —
predict additional Higgs bosons S pLB 565 (12003) sl ° 0~ on>01102
with some of which could have 10 g0 8 95 100" 105 110 115 120 T T S Ty T
masses < 125 GeV m,(GeV/c’) M, (GeV/c?)
g %cms | 137167 (13 TeV) > (:.h:.s.SimL.'I?ti?? SAMAEAMAS N, 18 TeV
3 -y, m, =1 e categories 1 ¢ 800H — categories 3
> Why h/H—>yy? e F I R
v' One of the major channels for Higgs U emeren | 8 oo paumn E
discovery and property measurements £ Cloe ] £ soof - ameseimon :
g = H 400 - 2013:::;:: —i
v Aclean final-state topology that allows ~ * © e B b o1 :
the mass of a Higgs boson to be oo Y A A e ’ 200} §
reconstructed with high precision (1- w0t JHEPY7(202190627 7. .
2%) 2 ”‘“‘““=‘="””=’="“"M 135/ :40



https://www.sciencedirect.com/science/article/pii/S0370269303006142?via%3Dihub
https://link.springer.com/article/10.1007/JHEP07(2021)027

Search for low-mass H->yy at CMS ..

az[emy f Sf ces

197fb (8TeV)+359fb 13TeV .
o 1 1 G.Cacciapaglia, JT et al JHEP12 (2016) 068
T 5 012
> We (IHEP+...) have g 1o . _| 2HDM | roren B
L A g | ST WithCMS 8
—> P S St S Upermmsemsesmssamsemmnannssnnnansnnnnns 47 it
performe_d the LM H—yy A 5w TeV resulie
search since Runl at CMS
b> 0.04
e mmmeemmmmeemememmemmeemeessmmees s eme st emenacbgannana- 6
v’ 2012 data (HIG-14-037, PAS oo Observed 8 TV o
only) : ~2c local at 97.5 GeV 0" 0
12 S, T BeeceanTevrIsTY 80 85 90 95 100 105 110
80 85 90 95 100 105 110 m;, (GeV)
v’ 2016 + 2012 data (HIG-17- M (GeV) ¢ Wang, JT(+) et al., CPC 46 (2022) 8, 083107

JT etal, CPC 42 (2018) 10, 103107

013, PLB 793 (2019) 320~
347): 2.8c local (1.3c global) JNMSSM |
at 95.3 GeV i
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» Performed interpretations
with several BSM
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http://cds.cern.ch/record/2063739?ln=en

SM-like low-mass H>yy :70<m,;<110 GeV w. ...

7gf£ gy}’_y
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» | CMS Low-Mass H->yy team 3“”; cMs ¢ Da':mb = 20'?

» Search for narrow signal peak over smoothly- S S 2:260'_52”8' S e et e

falling background (direct vy , reducible y + jet, N §o 1

jet+jet processes) except for relic Drell-Yan (Z=>ee), of E

in the diphoton mass spectrum «2021 JINST 16,P05014
» Signal searching region: 70-110 GeV, backgoud g
fitting range 65-120 GeV : . — &

v" To avoid the distortion of the m.,, spectrum, due to 70 70 " jé:\)/) : | | |

turn-on effects from the HLT criteria (M>55 GeV) " T maeen)

CMS Simuiation 2016 coCMS 54457 (13TeV)

» Many elements and techniques (y energy 8 0= Ho7y,m,= 90 GeV YA % oy 557 $ o E
calibration, signal and data-driven background S 4 Simulton 18
modeling, ) inherited from SM H—yy analysis ¢ = . . EI:
(see Chenguang’s talk), but with dedicated oo e
updates and optimizations in low-mass case PE —oum1s0cey i

v" Dedicated HLT paths then event (pre-) selections OF  Frm=283 Gev - e —

v' Dedicated DY suppression strategy ol 1 = o E
v" Retrained photon ID MVA and diphoton BDT L I

training, optimization of event categorization VT 85 0 95 000 H05 ek

m‘w (GeV) 70 80 90 100 110 120

v" More in arXiv:2405.18149 My, (GeV)
arXiv:2405.18149



https://indico.ihep.ac.cn/event/21331/contributions/161775/attachments/80838/101454/mHQingdao.pdf
https://arxiv.org/abs/2405.18149
https://doi.org/10.1088/1748-0221/16/05/P05014
https://arxiv.org/abs/2405.18149

Low-mass H2>yy results ot

» Observed local p-values for » S/(S+B)-weighted m,, distribution

2016, 2017, 2018 and combination
CMS 132 b (13 TeV)
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* Modest excess with ~2.9¢ local (1.3c
global) significance at m,,= 95.4 GeV

with S+B fit for my = 95 4 GeV More results and interpretations
><103CMS Supplementary 132 fp™ (13 TeV)
| T
100__H —) Y ' Data _: CMS Supp!ementary N —_— 13|2fb (13TE.‘V)
my, = 95.4 GeV ___ S+Bfit ] .
30: ______ B component ] . Combined * 1o
B +1 - =
oo 512% B .- Holgy 7]
B 71 2016 ~ _ +0.19
40_— _ ] IJ'c:ombimad- 0.33 -0.12
- - " m,=954GeV -
20:— —: 2017 E
0:..|........|....|.... . E I
600 - component subtracted— 2018 E
4004 _; : | | M |
200 — KD 2 3 4 5 6
0 i
2008 « for the 3 years
— 80 90 100 110 720 XZ Comp_atlblllty
my, (GeV) probability: 6%
The excess did not grow with
luminosity, but remains intriguing :


https://arxiv.org/abs/2405.18149
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html

Search for neutral scalar ¢=217 sty

. . . . ur,+et,, No b tag, p_"> 200 GeV 38 b (13 TeV) 3CMS 138 fb™ (13 TeV)

» 1t final state: identified with = snn;'cm's"""'+om;d1 T 1 | = obeenved 'f
higher purity than b; well £ . i -f wp Expected

. . g I [ ] . I 68% expected ]
estimated tt bkg; typically £ .} = overs : ol [ os%expected -
larger BR; = A

=

200

95% CL limit on 6(gg¢)B(d—171) (pb)

: : . . , 21T

» Production via gluon fusion 100] ] 107} 99¢
(gg¢) or in association with i} o T.4==.= 02l
b quarks (bb¢) g Ml gf%* | ol

%’— 091- v +|4| o ] Low-mass High-mass
» Performed in 4 tt final R o '25'0'6' '\?00 0" 76700 200 300 1000 2000
“Low-mass” (60—

> Event Categorization : Sp“t 250 GeV): fittin_g on 310'(270') local (global) @ 100 GeV
Into no b-tag (Ny;s=0) and M. 1o extract signal 2.60(2.30) local (global) @ 95 GeV
b-tag categories 2.80(2.20) local (global) @ 1.2 TeV
v" For no b-tag category split events Not seen in bb¢ production

based on reconstructed p;™ 8


https://link.springer.com/article/10.1007/JHEP07(2023)073

> Search for a new boson X decays into two

spin-0 bosons, with 2y and 2b quarks
* Relatively large signal purity in H-yy
 Large branching fraction of decaying into bb

» Focus on X decays into an H(—vyy) and a
new spin-0 boson Y(—Dbb) in this talk

» BDT (DNN) scores to separate signals and
non-resonant (resonant) backgrounds

» Six BDT training accounts for different signal
my-m, mass ranges
» 3 event classes based on BDT output

» A parametric fit in the (m,,, m;) plane is
performed for signal extraction

3.80 local (2.80 global) for my
= 650 GeV and m, = 90 GeV

10g '
A EMy = 300 GeV My = 350 GeV i mx_ 400 GeV

o| F Ssmmmammeak 3 E
2] CEELEEEET g B
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T 10';’ ki3 ElS E
> 102 bttt Al o e s ad
T | [mx=500GeV " Jfmy=650GeV ' Jmy =700 GeV ]
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e
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138 b (13 TeV)
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= 900 GeV

JEmy = 1000 GeV ]

1[10 2[}0 30{] 40[} 5[]0 BO{] ?OD
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1[]0 200 300 400 500 600 70O 800
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P Expected limit £1 6
Expected 95% upper limit

JHEP05(2024)316

my [GeV ™

Expected limit £2 o
Observed 95% upper limit
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http://dx.doi.org/10.1007/JHEP05(2024)316

X — HHIYH — 11yy
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» Diphoton pair offers a clean experimental .. CMS Preliminary 132 b~ (13 TeV)
signature to trigger on with a good mass =T Obseved WM 68%expected
resolution, whilst the additional tau leptons in the E —— Median expected 95% expected  Y— Yy
event help further isolate signal from bkg T g8 e

>_ e = 1000 =1

M =900 GeV (=107)

» Three search channels of X -YH — 11yy:
v X = Y(t7) H(yy)
v' Low-mass X — Y(yy) H(z7) (Y mass 70-125 GeV)
v" High-mass X — Y(yy) H(tt) (Y mass 125 -800
GeV)

108

my =800 GeV (=10F) —

My = 700 GeV (x10°)

My = 650 GeV (=104

104

my = 600 GeV (=107

» A Parametric Neural Network (pNN) trained to
identify sig from bkg and for event categorization

my =500 GeV (=109

102

M = 400 GeV (=107)

my =300 GeV (=107

95% CL limit on o(pp —» X — YH)B(

Y— yy: the largest local significance of 3.4c
(0.1c global) @ my =525 GeV, m, = 115 GeV B T RSN To s RS E T RS- s B =T w7
my [GeV]

local 2.3c @ my = 650 GeV, CMS-PAS-HIG-22-012
=95 GeV is interesting 10



http://cds.cern.ch/record/2893031?ln=en
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Boosted multi-photon X—> 010 —>4y tagmststacs

Cﬁ ﬁ fmny'

70 . 1?’.?‘f‘?‘.(13.T?Y>
» Highly boosted ¢ resulting in merged % oS oeee |
photon pairs : need new ML analysis 0 %/ = 0.98
techniques Analysis Regime: -' :2: e oo 0.1
o 300 GeV < My < 3000 GeV D e e 1
o 0005<a<0025 a=M,/M, " i3 e Ty !
o Barrel Only [ e Dae \\‘*++
. i Exponential background from data-x‘:fﬂx..qt_:
» Two convolutional neural networks CMS-EX0-22-022, e Gaumsn o e o s
° . . LT Gaussian fi fxmgu o, from simulation ]
CIaSS|_f|cat|on NN1: selects diphotons arXiv-2405.00834 ) St T
from single photons and hadrons . m, [G eV]
. . . 138 13 TeV
* Regression NN2: predicts the diphoton s 17 e T et 138 1" (13 Tev)
e cMS Supplementary > s~ CMS 10144 < 0" < 0 49% -
ma.SS (mr) s . % . ¢ Data X = 60 = (r7)(vy) 3
- Validations of CNN: n—yy L = & ] —opwoonn <D o oey
-r 5 8 £  =2GeV -
. . . . £ 1 G = Oneory A
» Final search is abump hunt in M _ T 3 o x:g%ogvél\?" :
(reconstructed X or four-photon mass) .. g T R
i 15 E a0 = i /g _g
3.57c (1.070) local (global) & 8 E
© 3
excess @ my =720 GeV, " ,‘ | [Pos 5 EE ]
— 504 Gev 0.005 . =l gg #2/NDF = 8.52/13 = 0.66 :

il L L L L L I‘ s 1=
300 1000 2000 3000 300 400 600 1000 2000 3000

public-results My [GeV] mer [GeV]



https://arxiv.org/abs/2405.00834
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-022/index.html

L FV X ) eu arXiv:2305.18106 ‘m,:jif%@;‘fﬁ;ﬁ
1387 (13TeV) e

CMS CMS 138 fb! (13 TeV)

Additional nggS bosons with mass § = -ov T %"’ EFga;” I=I gég;;éumfm o jlflf;lggsg;j;_ﬂ?;;jm?
below 2m,, in the lepton-flavor ; e i ] § S TR
violating decay channels is important i i g
to constrain the Type-Ill 2HDM model |

» First direct search at the LHC

» Signal topology : opposite-sign ep pair; g ‘.
possible additional jets (no b-jets) 0T wr o w5 _os o . . —
99H BDT discriminant VBF BOT discriminant
CMS 138fb (13TeV) nCMS 138 fb™! (13 TeV)

(011 = L I B B B L L L B

» Events are split into production modes,

son - t Data = E o5% CLiimits E
then into categories based on the output e e T e \ :
of BDTs - 6 B coeciea -

:_ ————————— Expected = 20 -

» Signal is extracted from bkg using a
parametric fit to the m,, distribution

3.80 (2.80) local (global)
excess @ 146 GeV

S/(S+B) weighted events / GeV

95% CL limit on o(pp — X — eu) [fb]

115 120 125 130 135 140 1145 150 155 160
my [GeV]



https://arxiv.org/abs/2305.18106v1

High mass X—yy / Wy / WW e
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138 b7 (13 TeV}

> X—)yy bump search in the diphoton » X—>Wy : W both leptonic o ™S,

two channels combined,
TeV for the broad resonance model Leptonic Wy — Ivy)  Width hypothesis -
at ~1.58 TeV 10 — — Hadronic (Wy — qay)

arXIV 2405 09320 S el Combinaton . 4sd.
138 o' (13 Te . 138fb (13 TeV
: T T T T | = | l—'x_ |J -2 _ I 10_ 1 1 1 ‘ 1 1 Il 1 | 1 1 1 1
" CMS EBEB ! Data cMs T =56x10240 ] 1000 1500 3000

x2/dof=77.1/111=07 p.+p_log(x) my [GeV]
—fixt 138 o (13 TeV)

10- CMs -»-Observed

Preliminary ----Expected

[ 68% expected

mass spectrum (> 500 GeV) and hadronic decays % - |

» Two channels: EB+EB, EB+EE Local excess of 3.10in § -
the hadronic analysis 10° r E

2.60 (0.80) local (global) excess @ ~1.3 reduced to 2.50 with the e S p—

(

=== Expected limit

—
IIII|

- 68% expected —

pXx p
—fre' x?

=== 95% expected

-+

== Observed limit

f3: (1+p1x)pz

95% CL limit o(pp—S—7v7Y)

-
IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIII|
—

£ 1 P,*P, [195% expected E
+ —
.“,_:__.___& 4 ( p1x) 10-'E Exp. for SM-like nggs
Scenario: SM f, E
1 it VBF E
10° BTG |||| 1
5 Pk=001,M=13TeV x02 ‘ | ‘I heavy nggS
10- . L
.k 0.01,M =22 TeV 1000 2000 3000 4000 5000
L L L L |

mg (GeV)

Pull
- N W

% CL limit on o(H—WW-—2I2v) [pb]
3

» ggF/VBF X>WW : W fully
leptonic decay (ey, uu, ee)

m (Data-Fit) / Unc.
I Signal / Unc. (M_=1.3 TeV)
B Signal / Unc. (MZ:2_2 TeV)

o5 1 15 2 mj(Teﬁ over 20 between 500-900 GeV CMS_ﬁXOS_H2|°g_26’f831é 4%:2 [Gefﬂoo



https://arxiv.org/abs/2406.05737
http://cds.cern.ch/record/2803723
https://arxiv.org/abs/2405.09320
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1C 132 b~ (13 TeV)

138 fb™' (13 TeV)

> Selected CMS latest results ™ AmS supprementary JJ*

of searches for additional Boosted ¢ = "
; X— (I)(I) —)4y 25 O Qe 420
scalars using full Run2 5 : ]
S S Ho T T 290 @
data are presented 357c@my=fl E & oM Js5 95.4 GeV
22004%ee\<,/m¢ 5 2 Low-mass
» No direct evidence of N AL 3 " —we HIm :
: - = - —Run2 1%9
new physics yet, but '., . | ) 0o arXiv:2405.18149 -
. 300 1000 2000 3000 70 75 80 85 90 95 100 1 05 110
several mild excesses CMS-EX0-22-022 T ey e (G20
cms | R CMS — 2010, 7TeV, 450pb https//tvvlkl cern.ch/thi
. 2 60 @ M P i —d 7T2V S ki/bin/view/CMSPublig/
» More data is needed to W« ~13Tev -Zje::-:: “ = . LumiPublicResults

conclude on the nature of
these excesses

= 95% expected 60k — 2018, 13 TeV, 7.9 b~

== Observed limit

Iv:2405.09320 7

40t

95% CL limit o(pp—S—7v7Y) (fb)

Total integrated luminosity (fb™")

» Run3 (now ~140 fbt) is
expect to collect ~1.5 times G LI S X
data than Run2 mg (GeV) N \\‘\a‘! 3 W O (o o o o

Stay tuned for Run3 results ! &

[ High mass X—yy

CMS has recorded >300 fb-! pp coliiélsion data


https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
https://arxiv.org/abs/2405.18149
https://arxiv.org/abs/2405.09320
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-022/index.html

Thanks for your attention!
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» CMS (Compact Muon Solenoid) detector is a
general-purpose detector, designed to observe any
new physics phenomena (including Higgs boson)

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~1m? ~66M channels
Overall length :28.7m Microstrips (80x180 um) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
~— Silicon strips ~16m* ~137,000 channels

CMS experiment at the LHC

» Data-taking started 14 years ago!
LHC / HL-LHC Plan

PRARHD E PR UL
Institute of High Energy Physics
Chinese Academy of Sciences

e W4

'-51 EV’ETS Lsz

13 TeV 13.6 - 14 TeV

energy
Diodes Consolidation

splice consalidation cryalimit LIV Installation o
7 TeV 8 TeV button collimators interaction . inner tripiet HL-LHC
— R2ZE project regions Civil Eng. P1-PS pilot beam radiation limit installation
N A N T T A R N N R R R
5to 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
beam pipes . X . HL upgrade
nominal Luml 2 x nominal Lumi ALICE - LHCb 2 x nominal Lumi
75% nominal Lumi upgrade

e

oo (1]

integrated JEMSRL
luminosity LRV

HL-LHC TECHNICAL EQUIPMENT:

| INSTALLATION & COMM. HH

- |

DESIGN STUDY PROTOTYPES CONSTRUCTION PHYSICS
\ FORWARD CALORIMETER HL-LHC CIVIL ENGINEERING:
, Steel + Quartz fibres ~2,000 Channels DEFINITION EXCAVATION BUILDINGS
»H—————————————————— 35 : : 35
CMS ™= LHC delivered: 336.92 fb" CMS 2023 (13.6 TeV): <p> = 52
— 300 [ CMS recorded: 310.89 fb™* 3.0 1 2022 (136 TeV): <p>=46 |5,
_L_g s [ 2018 (13 TeV): <p> =37
2 250} = 1 2017 (13 TeV):<p>=38 |,
8 5 2016 (13 TeV): <p> = 27
£ 200 > [ 2015 (13 TeV): <p> = 14
CRYS?;L - 5 200¢ g 20 ] 2012 (8 TeV):<p>=21 |20
ELECTROMAG € 3 £ 7 2011 (7 TeV): <p> = 10
CALORIMETER (ECAL) £ 150/ E.s lvs
~76,000 scintillating PbBWO, crystals GEJ’ 9 Uﬁf( 13.6 TeV) = 80.0 mb
= 100} = o o (13 TeV) = 80.0 mb o
B 8" o8 TeV)=73.0mb |
. © 50l PP(7 TeV) = 71.5mb
HADRON CALORIMETER (HCA 03 10°
Brass + Plastic scintillator ~7,000 channels 0 ) ) . ) ) ) ) ) ) ) .
A A% A% bk a® w0 W wa® W 90 QA g2 @D ok 0.0 == 0.0
I R R T SR R 7’5.&(\ v ° 20 a0 & R AP

Date
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

Mean number of interactions pir?ossing



https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

SM-like LM H—yy search with full Run2 .

71'g/'£ gy}’f_y
Cf /1 ademy of Scie

CMS S:mu!arron Supplemenraty 2018
C T T ]

[ —90Gev ggH

0.1 . Public results

| —Dbpymc

» Major changes wrt prior version (PLB 793
(2019) 320) (2012+2016 data):

v" AKinematic diphoton BDT (pt/m_, 77, coS(g,,- [
¢,2), both Photon ID MVA scores, mass 0.061-
resolutions wrt correct and incorrect vertices, [
vertex probability) for sig and bkg ,
discrimination retrained and reoptimized for 0.02-
events categorization, for low-mass case :

Events /0.2

The 2 additional cuts can
reject ~60%-70% of the relic
DY events while keeping

] ~92% 90GeV signal efficiency
- in 2016-2018 analysis, on top
] of pixel seed e-veto

0.04]

D_.--...\...Iu..l. Lo
0 2 4 6 8 10 12

v Relic DY (Z>ee) veto (based on pixel In(Y" p&/GeV?) of chosen vertex
detector hits) reinforced with:

CMS simulation Supplementary 2018 CMS simulation Supplementary 2018

. . . 0.006
* Rejection of photon candidates also

reconstructed as electrons 0.005

« Maximum value of In (Zp;2/GeV?) [tracks in 0.004

chosen vertex] as function of p;* (GeV):
In (Zp;2) < 0.016 p* + 6

v’ 2017/18: events with additional jets
selected for class targeting VBF process

0.003 0.01

0.002
0.005

In(} p_ijeV2) of chosen vertex
In(y. p_";/GeVz) of chosen vertex

o
o
o
—_

o

0
UU 10 20 30 40 50 60 70 80 90 100 UU 10 20 30 40 50 60 70 8O0 90 100

v'  2016: data reanalyzed with an improved o"GeV GeV
calibration (legacy data) 90 GeV ggH DY MC ¢


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html

LM H—yy ‘signal’ strength compatibility ...=".....

nstitute of High Energy Physics

Academy of Sc
CHE Su Jememar 132 fb 13Te‘u’
e — ( ) CMS Preliminary 19.7 fo'' (8 TeV) + 35.9 fb' (13 TeV)
T T I T T T T ] T T T I T T T T I T T T T | T T T T I T T T T
;n' - Combined + 16, Hoyy [ .
2016 Class 2 145 P | 1 — n . . Combined + 1o _
2016 Class 1 | 0.61%°% - er class = 16 8TeV Class3 | 0.8 %) | |
— =] '_ . EEEE — —
2016 Class 0 |0.69 ;j”j;‘ === L=l s . Y
s . SM — 8TeVClass2 | 1.5,
2017 VBF Taqg —{J 03 o : ﬂ - 0.33 +0.19 — : n - 06 +0.2 —
N bined 012 = B +1.0 . - VY 0.2
2017 Class2  [0.09 e . combine 8TeV Class 1 |[-0.4 "] . combined
+0.40 m, = 95.4 GeV m, = 95.3 GeV
2017 Class 11 0.07 . H n 8TeV Class 0 | 0.1°°¢ - H
’ L]
2017 Class 0 |-0.01 % . — . n
| — +1.3
2018 VBF Tag | 0.41 0 - 13TeVClass2 | 1.4 44 ’ HIG-1/7-013
p— - — — . —
2018 Class2  |0.10 /7 13TeV Class 1 | 1.5 ‘% i
1 L]
2018 Class 1 n 50 ;?j: Y " ]
a6 — 13TeV Class 0 | 0.4 7 .
2018 Class 0 | 0.31 Ll 1 - Cl | | .
? 'qzﬁ 1 1 1 I | 1 1 1 1 | ] 1 1 1 _5 O 5 10 15 20 25
-5 5 10 15 -
-~ U
1

* for the 11 event classes :
¥> compatibility probability: 68%

HIG-20-002
Public results
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-013/CMS-PAS-HIG-17-013_Figure-aux_013.png
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/HIG-20-002/index.html

ATLAS full Run2 LM H—>yy results

ATLAS-CONF-2023-035

» A kinematic diphoton BDT to separate sig
from bkg, used for event classification

» Event categorization

v’ 3 conversion categories
« 2 unconverted photons (UU)
» 1 converted photon only (UC+CU)
« 2 converted photons (CC)

v" BDT score is used to further define 3
categories in each conversion cat
v" 9 event classes in total

» No significant excess is observed
» Upper limit g, x BR =[19,102] fbo @ 95 % CL

1.70 @ 95.4 GeV

Released in June 2023 (~3
months later than CMS)

oy, X B(H— vy) [fb]

Local p-value

18
160
140
120

100

107"

1072

1073

A TLAS — Observed limit
Vs =13 TeV, 140 fb’ -
Hoyw = Expected limit

All limits at 95% CL

. Expected = 1o
I:l Expected + 20

I|III|III|III|III|III|III|IIJ_

- ‘ﬂTLAS 4 — Observed
- Vs=13 TeV, 140 fb
L Hoyy
OL_I‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
z | | L | |
70 80 90 100 110
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://arxiv.org/abs/2407.07546

Comparison, combination and BSM Interpretations

T. Biekotter, S. Heinemeyer, G. Weiglein Phys. Rev. D 109, 035005

= (CMS obs. e Typell = CMS obs. e Typell
10 === CMS exp. » TypelV 10 === CMS exp. Type IV
: 20 CMS exp. === ATLAS exp. ' 20 CMS exp. === ATLAS exp.

lo CMS exp. =—— ATLAS obs. lo CMS exp. — ATLAS obs.

0.8 —~ 0.8
e .
e @
T T
= 0.6 = 0.6
T 1
P4 >
= S

=04

A ﬁ

From Thomas Biekdtter at the “Collider
Cross Talk at CERN” (Sept. 2023)

Ak PR PETETE. AP BRI EPEPE Y kil Addod Ak PRI BN SRTUR ST U N Y
85 90 95 100 105 85 90 95 100 105
mp Mp
ATLAS _ O°P(gg = & —77) o 4012 exp __ ,, ATLASH+CMS _  9~+0.10
o T M gy 5 H ) 0200 Hoyy™ = Hyy = 0277 g

corresponding to an excess
of 3.2c at 95.4 GeV

,CMS _ o™ (g9 > o= 77) _ 43+0.19
P = oM (g 5 H ) 012

CMS/ATLAS: 290 /1.7 0 @ 95.4 GeV

CMS still has better sensitivity (except Z-peak region)
than ATLAS, even with less data (132 vs 140 fb-1)

Authors Model arkiv Excesses Comments
Cao, Guo, He et al. nNMSSM 1612.08522  bb + vy

Fox, Weiner 2HDM + VL 1710.07649 b + vy

Haisch, Malinauskas 2HDM 1712.06599 b + (77)

TB, Heinemeyer, Mufioz wSSM 1712.07475  bb + vy EW seesaw
Liu, Liu, Wagner, Wang U(l)z,-L, 1805.01476  bb + 7y B-anomalies
Domingo, Heinemeyer, PaBehr, Weiglein -~ NMSSM 1807.06322  bb + vy

Hollik, Liebler, Moortgat-Pick et al. pNMSSM 1809.07371  bb + vy Inflation

TB, Chakraborti, Heinemeyer N2HDM 1903.11661  bb + vy

Cline, Toma pNG + squarks  1006.02175  bb + vy DM

Choi, Hui Im, Sik Jeong et al. gNMSSM 1906.03389  bb + vy

Cao, Jia, Yue et al. nNMSSM 1908.07206  bb + vy Type-| seesaw
Aguilar-Saavedra, Joaquim SM+ U(1)yr  2002.07697  bb + 7y

1B, Olea-Romacho S2HDM 2108.10864  bb + 7y DM, GC excess
1B, Grohsjean, Heinemeyer et al. NMSSM 2109.01128 v 400 GeV excess
Heinemeyer, Lika, Moortgat-Pick et al. ~ 2HDM+s 2112.11958  bb + vy

TB, Heinemeyer, Weiglein N2HDM 2203.13180  bb+ (77) + 7y

TB, Heinemeyer, Weiglein N2HDM 2204.05975  bb+ (77) + 7y CDF My
Benbrik, Boukidi, Moretti et al. A2HDM-III 220407470 bb + vy LFV

TB, Heinemeyer, Weiglein S2HDM 2303.12018 bb+(r7)+7y DM

Azevedo, TB, Ferreira C2HDM 230519716 bb + 77 + 7y

Bonilla, Carcamo, Kovalenko et al. Left-Right model 230511967 7y DM

TB, Heinemeyer, Weiglein S2HDM 2306.03889  bb+ (77) + 77 ATLAS-yy
Escribano, Martin Lozano, Vicente Scotogenic 2306.03735  bb + 7y DM, v masses
Belyaev, Benbrik, Boukidi et al. A2HDM 2306.09029  bb + (77) + 7y

Ashanuman, Banik, Coloretti et al. Y =0 triplet 2306.15722 CDF My

Aguilar-Saavedra, Camara, Joaquim et al. ~ UN2HDM 2307.03768 (ITIT), 00!
Green: 2HDM(+X); Blue: Susy; Red: Extra charged fields,,


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.035005
https://indico.cern.ch/event/1297350/

(‘f

Search for tt/Z ¢—2 || ozt

First direct search for ¢ decays
into all lepton flavors, with ¢
produced in association with a
massive vector boson or ttbar

138fb“{13TeV)
II|IIII|II | |

- - 4 _II T | T T T 1 LI
» 24 ¢ signal scenarios for 10°Ecms 26( > ee), H-like production 3 Phys. Rev. D 110, 012013
roduction mode, coupling, 10° sin6=0.1,B(p >ee)=1 =
P ping fe) = 95% CL upper limits 1 2.90 (1.40‘) local
and decay are probed o 1%k Obsorved .
. —~ oot 1 (global) excess @ 156
iIndependently ® qoL edian expected . :
= I 68% expected = - GeVin z¢(éee)
- 95% expected _
T . i
. . =- = E
> Signal is extracted based = . ,f Lp(—>ee) E .
D (e max ~ 10 = Not seen in Zg(->pp),
on m,mn (m,ma) for low NI - .
N 107 < W, tt¢ production

(high) mass search

—
9
[
IIII| IIIIIIII| IIIIIIII| TTI

. .- . . N B R el N AT A T I AN AN AT AN AT A I IR AN A A BN A I -
» No significant deviation 50 100 150 200 250 300 320

from the SM expectations ¢ mass (GeV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012013

Search for scalar d— bb : 50-300 GeV u e

CMS Preliminary 138 b ‘ (13 Tev) CMS Preliminary 138 fb T (13 TeV)

= FrrrrrrrrTT T T T T T T T T = [ T
> Soft-drop jet mass [1], Mgp, and the Mass- Seoaor e * 5 2w 3 8pqef mggmes  + 8;:; =
. - — af  ParticleNet,, Pass N Z(bb) H(bb, g articleNet,,, Fai Z{og Z'a0(ad
decorrelated ParticleNet (PN-MD) jet g ToxoE TRt =20 mzaeh | Bpgnel -;y\gc(gn o b
. . . . © 6.0x10%F N aq) Zmlod 4§ @ 5 % Zon(gd) x 2 1
tagging algorithm [2] are used to identify the a_ ... .4 "“’(““’Z_——(;;;z;maxe_; 515“04- ey -0 ]

Hz cn‘ D ”-005

signal resonances (X=Z'/¢/A) and distinguish  oxio:;

them from the dominant QCD 20107 T i
- - 20x10°%E iah- 3 soxio°f LOW'p ]
[1] A. J. Larkoski, S. Marzani, G. Soyez, and J. Thaler, “Soft Drop”, 10°E - H |g pbv| E : bvl ]
JHEP 05 (2014) 146 : e ] : ]
e B I e i L e o[t | |
[2] H. Qu and L. Gouskos, “ParticleNet: Jet Tagging via Particle g !5'— N Zz70(bb) Zz0(0d) Big. Unc. 3 2 !5— iififififi=f? Z'520(bb) , +Zzi:(qq} Big. U: 7
Clouds”, Phys. Rev. D 101(2020), no. 5, 056019 : N HL+;+ ###H *iﬂ*#{* *’# % 2 & of T# TJ:HTT#'J"*T p,++++++++ " +u++++lm¢++++ m_
» Two discriminants, p,..,n4 to distinguish 50 \”’” W0 miﬂ”[eew 0 N0 0 B e e
two-pronged resonances of any f_Iavc_)r from . OCMSEPrehrzma:y BT S\ DS EXO)-24-007
the QCD background and p,,, discriminant & [~ peee
to distinguish bb resonances from cc and q,q, 8 & 1 Upper limits on g,
(light quark-antiquark pairs) resonances ! A range from 1.5-5.8
- ,-" (coupling equal to the SM Yukawa coupling

;32—pr0ng = (PNX—}bE + PNX—)—CE + PNX_}C[]E) / (PNX—}bE + PNX—H:E + PNX—N:IIW 4 PNQCD)
Pov1 = PNXﬁ\bE/ (PNXAbF + PNx_e + PNX_}C{]W)

times a flavor-universal scaling factor)

Most sensitive limits to
Most significant deviation : date on dijet resonances

2.6 (1.60) local (global) ! ST Vc\allg\]/masses from 50-300
deviation @ my = 75 GeV P B e[GOV 23



http://cds.cern.ch/record/2904945?ln=en

s

H— aa — 2b2u/2b2t taym i

Chinese Academy of Sc

> 2b2u clean signature with a precise mass resolution » 2b2t1:. analysis categorization is based on
from m,, and large branching ratio from bb lepton flavors and number of b jets
I . - b, b, b
» Search for 15< m_ < 62.5 GeV GeV with fit to invariant tetu Tuth™h Feth
- 1,7,bb, T 1,bb, T 7, DD
mass m,,
» Even categorization based on the b tagging working » A DNN is used to define multiple categories
points (TL, TM, TT) : also included are dedicated VBF In each category, to optimize the sensitivity
and low pT category ,_, macms 13807 (13 TeV)  _ EM?WIWlelwlllH1|3|§3Iﬁt>|'?|(l1?lxt?\lf|)
% : | | | gs%lcu elr"mitsl & %14_— 95% CL upper limits : 2b2’c' no
?0.6:— uubb final state —C—Ob::rved _: 'g | 11bb final state —e— Observed ] .

2b2p: over2c 5 ¢ - oo |1 gz Combined — e | @XceSS Is found
1 ol 95% expected B g‘_ K 530/” z’:p: Z:d ]

Iocal @ ~57 GeV %0'5: I 55% expected ; 10:_ [ e8% exp E

Both analyses
provide the
most stringent
expected limits
to date

EPJ C 8

TlllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIT

cern b b b v b b b B 0
5 20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60

m, (GeV) m, (GeV)
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https://link.springer.com/article/10.1140/epjc/s10052-024-12727-4

Resolved

» Four well-isolated photons in the
final state

» Adedicated primary vertex (PV)
BDT is trained, to select PV with
highest BDT score

» To improve the sensitivity, a 4-y event
classifier is trained to separate sig
from bkg: a single category
optimized based on BDT output, for
each m,

> deistribution IS used to extract
signal

» 95% CL upper limit ¢,.B(H —» aa —
vyyy): 0.26-0.80 (0.24-1.0) fb
observed (exp.)

First CMS search In this channel

s

_) _)F}qqq, MMT%MW«M
H a a Cﬁ ;,7{5} m§ fgy Pfyms

o(pp — H)x BR(H— aa — yyyy) (fb)

Boosted
» Two merged y reconstructed as single I': 110 < m< 140GeV

» Deep-learning used to reconstruct my of collimated di-y

»> Upper limits on the branching fraction B(H — AA — 4y) of (0.9-

3.3) x 1073 at 95Y% CL
No excess observed

CMS 1327 (13 Tev) | 136 fb" (13 TeV)
4_| T ‘ T T T T T T T T ‘ T T T T | T T T T ‘ ] %‘ 10 : T T T ‘ T T T T T T | T T T ‘ T T T ‘ T T T | T :
3 5i 95% CL upper limits 7 T - CMS 95% C.L. upper limits
r —— Observed 7 $L‘ i == Observed
3:_ - Median expected B 0 .=« Median expected
C B 68% CL expected ] .
B 95% CL expected ] L I 68% expected
2.5 ] Q 102 - 95% expected E
- JHEPO07(2023)148 1 5 - ~ CMSH-yy .
2L 1 E PRL 131 (2023) 1018
= E g e
1 o
1 210° E
4 -
’ (@] [
0.5 __ ‘6\9‘ i | | | ‘ | | | ‘ | | | | | | | ‘ | | | ‘ | | | | |
ST
o 0 0.2 0.4 0.6 0.8 1 1.2

20 30 40 50 60 m, [GeV]

m, (GeV) CMS upper limit of B(H=2>yy) 25


https://link.springer.com/article/10.1007/JHEP07(2023)148
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.101801

| | | e
Summary of H—aa limit i
Institute of High @nergy_;};gzjifs

Chinese Academy of Sci

» Upper limit on BR(H—aa) depend on the 2HDM Types and model parameters

10°

107"

1072

1072

10~

107°

CMS Preliminary 35.9-138 fb' (13 TeV)
= T M I T I T 1 I T I I %
— [ ' -
~ 2HDM+S typell | N
= IR\ :
— | ]
= | i
: | |
= T TR N T =
SN .
= [ ] Observed exclusion 95% CL =
B mmmmmen | xpected exclusion 95% CL ]
= H — aa — ppup H — aa — 1111 =
— PLB 796 (2019) 131 PLB 800 (2019) 135087
B H — aa — putt H — aa — putt N
= JHEP 08 (2020) 139 JHEP 11(2018)018 =
— H —aa —llbb =
L HIG-22-007 —
| | 1 | 1 | L1 1 | 1 1 |
1 2 3 4 5 678910 20 30 40 5060
m, (GeV)

95% CL on B(H— aa)

. CMS Preliminary 35.9-138 fb' (13 TeV)
I l I I l T I l l l ES

10° 2HDM+S type IV !
10° tanf =0.5 E;
10* h _%
10 =
10° i =
10 .' =
e -
10-'E ~ =
107 - =
[ ] Observed exclusion 95% CL =

107 mmmmmee Expected exclusion 95% CL =
10~ H — aa — puup H — aa — 1111 ]
PLB 796 (2019) 131 PLB 800 (2019) 135087 =

1045 H — aa — purrt H — aa — uutr _;
JHEP 08 (2020) 139 JHEP 11 (2018) 018 =

1078 H —aa — libb —
HIG-22-007 =
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26

CMS public Higgs 2HDMS Summary Plot



https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2

my < 300 GeV

X = HH/YH — bbyy

my = [300-500] GeV

CMS 138 b’

‘r(qﬂ%?ﬁ%%%lfﬂﬂmﬁ'{

Institute of High Energy Physics
Chinese Academy of Sciences

(13 TeV)

mx

mx

mx

Table 2. The BDT based event classification according to defined my (and m+-) ranges for HH (and
HY) searches. For HH searches, the column with m+y < 300 GeV is used. The number represents the
BDT scores showing a decreasing signal purity region from category 0 to 2.

<

>

500 GeV

[500-700]

700 GeV

eV

CAT 0 = 0.63-1.0
CAT 1 =0.33-0.63
CAT 2 = 0.17-0.33

CAT 0 = 0.55-1.0
CAT 1 = 0.40-0.55
CAT 2 = 0.21-0.40

CAT 0 = 0.50-1.0
CAT 1 = 0.30-0.50
CAT 2 =0.21 0.30

CAT 0 = 0.60-1.0
CAT 1 = 0.35-0.60
CAT 2 = 0.18-0.35

CAT 0 =10.35-1.0
CAT 1 =0.24-0.35
CAT 2 =10.18 0.24
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CAT 2 =0.13 0.29
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http://dx.doi.org/10.1007/JHEP05(2024)316

X — HHIYH — 11y

Data points (black)
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Institute of High Energy Physics
Chinese Academy of Sciences

CMS Preliminary 138 fb ' (13 TeV)
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CMS Preliminary 138 fb (13 Tev) CMS Preliminary 182 fb- (13 Tev)
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S 105k H y+jets - Xaooﬁym(ﬁTT)H — o 105 H DY - y+]ets
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104;_ V+y 104 it + jets vy +jets Data ¢
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CMS Preliminary 138 fb (13 Tev) _CMS Preliminary 138 fb’ (13 TeV)
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and S+B models for
the most sensitive
analysis category in
each search channel
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A sliding blinded region to
construct mass sidebands
for Y(yy) H(t7)
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http://cds.cern.ch/record/2893031?ln=en

Summary of BSM X > HH/YH o

Chinese Academy of Sciences
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Also see ChuWang's talk my<1 TeV my>1 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG#Higgs_PAG_Summary_Plots
https://indico.ihep.ac.cn/event/21331/contributions/161799/attachments/80914/101564/2024%E9%AB%98%E8%83%BD%E7%89%A9%E7%90%86%E5%88%86%E4%BC%9A.pdf

