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Introduction

CMS 138 fb™' (13 TeV) CcMS 138 b~ (13 TeV)
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The Higgs boson

94 CMS Experiment at the LHC, CERN
4| Data recorded: 2016-Aug-05 04:52:09.150784 GMT
Run / Event / LS: 278240 / 338025446 / 168

In the SM:
« Elementary particle
« Scalar particle (spin 0)
» Strength of interaction with other pd
 Interacts with itself
 Unique features in the SM |
« SM does not predict the mass A W

e|lated to their masses

Only a few events = aim at exploring its properties
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Higgs boson in Run3

CMS-PAS-HIG-23-014, CMS-PAS-HIG-24-013

. - CM$P(eliminaryl | '371.7fb" (13.6 TeV)
* 5 main decay channels ienn,
w 70| . - Z
—ZZ, YYs WW1 1T, bb %60E } = o
— Most accurate measurements in yy and ZZ E }
40(
305

* Progress since Higgs discovery (July 2012) ! f ; H:
rof ¢ Tt P

— Observation in boson and fermion channels

ol e .|
— Precise mass measurement (~125 GeV) T T s e RS
— Improving precision of coupling measurements % 6‘C1V'3Pfe’"("mafy, ''''''' S
— Differential distributions M R e E
—2nd generation fermions 4“ SRR, Standart modal (NNLORS: By 125,38 G ) _
— Study of rare decays z_ =FT
» A long journey ahead T A
6 7 8 9 10 11 12 13 14

s (TeV)
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Differential distributions

arXiv:2305.07532, arXiv:2208.12279

« 1-D and 2-D variables measured in several channels
« BSM effects can be enhanced in tails of distributions
« Good agreement of data with predictions
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Low mass-resolution channels

arXiv:2206.09466, arXiv:2204.12957, arXiv:2312.07562
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Boosted H—bb

arXiv:2407.08012

« Search for boosted Higgs (pt>450 GeV) via VBF and ggF

— Higgs identified by 2-prong substructure (large R jet), multi-variate jet tagger
— Relative ggF contribution expected to decrease as p; 7 (>450GeV)
— Jets are used to distinguish VBF vs ggF production

* Cross sections measured in bins of m; and py
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Couplings

Nature 607(2022)60

CMS 138 ' (13 TeV) CMS
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Rare decays: H—uu, cc

JHEP 01(2021)148, arXiv:2205.0550, arXiv:2211.14181

137 o' (13 TeV)

. . N R B I RS R R ERRR AR

Study couplings to 2"d generation Tou ]
@ 700 All categories — S+B(u=1.19) 4

o % g0l :/:S:B) .Welghted ------ Bkg. component E
HHMH ésoo% 125.38 GeV Ei;z 7

o Most sensitive category is VBF channel
o Obs.(exp.): 3.0 ¢ (2.50)

« H—cc

o Low cross section, need c-tagging %” 0
o Use resolved (2jets) and merged (1jet), I VNN VN TONNTN. |
o Use ML and large jet substructure for tagging T m((GV:
and classification R - e o ]
o Validate using VZ production: g0 Che Som |
07 == H(cé)x 200 ]
wy z(ee) = 1.0170:37 (5.70)

o Set limits wof

o (VH) B (H — ct) < 0.94pb

1.1 < |x.| < 5.5(|x.| < 3.4)

L L . " " L L
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Coupling vs mass

Nature 607(2022)60

CMS 138 fb~1 (13 TeV)
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Rare decays: Z+photon

arXiv:2204.12945, PRL 132 021803

* New particles may contribute to
internal loops

« Exploit different production modes
— Tag Z—U ({=e,n): most accessible
experimentally

o(pp — H)B(H — Zv) = 0.21 +0.08pb

Z z
z
q W W
H---- g H---- W H---
q W
w v
5 v

= significance of 3.4c (ATLAS+CMS)
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Higgs+Top: ttH(bb)

 ttH offers direct access to top-H coupling

— Higgs produced in association with one (tH) or two
(ttH) top quarks in final states with electrons, muons

arXiv:2407.10896

— Study H—bb decays H
— Challenging due to irreducible bkg from ttbb
* Model-independent, signature-based
CMS 138 b (13 TeV)
T T T T T T T T T fo-! T
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: Higgs+Top: tH, ttH (cont.)

 Crucial to SM tests and BSM searches

« Direct access to top-Higgs coupling
— Also sensitive to CP-odd contributions in top-H coupling

e Challenge: small cross section wrt bkg
« tH and ttH production in many final states

138 fb" (13 TeV)

A o Observed =— 18D (stat @ syst)
I 3 Cle§ T T | T T T T 1\ 3|? flbl \(1| ? |Tfe|V) Preliminary
E O oS ] Z +1 SD (syst) D +1 SD (stat)
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C ] uttH
o ] Eur. Phys. J. C 81 (2021) 488 e 0.1770% 088 1048
150 T - -
n . oo
- : N ] tH
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O:_ — 68% CL region B JHEP 07 (2021) 027 $ 1.0070%8 037 4006
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e
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

Higgs boson mass

PLB 805(2020)135425
CMS
Run 1:5.1 fb™ (7 TeV) +19.7 fb! (8 TeV) - Total Stat. Only ° MOSt accu rate measurement
2016:35.9 fb™' (13 TeV) .
Total (Stat. Only) in the yy and 44 channels
Run 1 H=>yy = 12470+034(=031)GeV | o Precision driven by statistics
Run 1 H— ZZ—> 4| ———= 12550 + 0.46 ( + 0.42) GeV — soon energy scale and
resolution systs will
Run 1 Combined ——| 125.07 = 0.28 ( + 0.26) GeV become domlnant
2016 H—yy L — 125.78 + 0.26 ( = 0.18) GeV ° Some measurements Stl”
2016 H— ZZ— 4| —— 125.26 = 0.21 ( = 0.19) GeV based on partial Run2
datasets

2016 Combined —— 125.46 + 0.16 ( + 0.13) GeV
Run 1 + 2016 —— 125.38 + 0.14 (= 0.11) GeV

co e v by v v b b v b b Ly Uncerta|nty14OMeV(O11%)
122 123 124 125 126 127 128 129

m,, (GeV)
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Higgs mass and width

arXiv:2202.06923, CMS-HIG-21-019
« H(4¢) small BR (1.24x10-4) but clean final state

* Improved my measurement through better detector
calibration, understanding of systematics

» Most precise single-channel measurement to date
— precision at per-mille level

CMS Preliminary

Run 2: 138 fo™' (13 TeV) - Total Stat. On]y
Run 1:5.1 fb™ (7 TeV) + 19.7 b (8 TeV)
Total (Stat. Only)

M -t 124.907,7 (%) GeV

de — 124.707 (1)) GeV

2e2u —— 125.509 ;¢ (127) GeV

2u2e ——— 125.20077 (07) GeV

Run 2 (= 125.04%,7 (:’_'1‘1‘) GeV

Run 1 [ 125.60% 5 (;ff:f) GeV

Run 1 + Run 2 5 125.087; () GeV

1 1 | 1 1 1 I 1 1 1 I 1 1 | l 1 1 1 I

122 124 126 128 130
m,, (GeV)

Events / 1 GeV

CMS Preliminary
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Higgs mass and width (cont.)

arXiv:2202.06923, CMS-HIG-21-019

« Couplings and width sensitive probes to BSM ngfzfjh}?izw T
— Total width of 4.1MeV too small to measure directly O.OIl—SheH X1y
 Measure width by using off-shell vv—H—4/¢

production/decay: H(ZZ)
» Off-peak to on-peak ratio proportional to I'y,

1+2.3
1 MeV

CMS pPreliminary 138 fb" (13 TeV) 6 CMS Preliminary 138 fb' (13 TeV)
20 1_ T T 1 T | T T T | | T T J I . U 1 T T I 1 ] ] T I Ll 1 T T l L) T T Ll ! ) 1 l,,‘ I‘.:
- — Observed s
15~ .
o Expected 4
-4 | _ i
£ 2
<] 10 _J tz - 3 g
N =
| 8
: T s
________________ 1 - ._: 14
-1 | 1712
L :'T-’ﬂ‘___[____l_— 0\1“[ 4. 1 1 L 1 1 -'r...l--l i L 1 1 i L 1 L L l L L -.0
5 10 15 0 0.5 1 1.5 2 2.5 3
r (MeV) Moff-shell

F
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di-Higgs searches

non-resonant production

* Self-coupling measurement

» Destructive interference in SM
— Could be altered in BSM

— If constructive, it could be large enhancement

* In SM, only 6=31fb at 13 TeV
 Study different final states

- BR Mass scale
bbbb 34%}
| bbtt  7.3%  High
(X2)hh>7 oww  27%
| bbyy 0.26% Low

1 1
V(h) — VO -+ EmIQ{'h2+A’hthh3 -+ Zlhhhhh‘t

Mass Term HH production HHH production

M. Gallinaro - "The Higgs boson and beyond

interference

Only SM
---h

resonant production

New Physics

" - Multi-Higgs - Sept. 2024
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HH: Non-resonant production

* Higgs pair production @13 TeV
— ggF 6=311b
— VBF 6=1.7 fb

* Test non-resonant BSM models with anomalous couplings

1

ggF Process

BR HH—xxyy
(my =125 GeV)

107

10%

10~

vy 10.26%| 0.1% .
3 . | | |

bb WWwW g9 A ZzZ

_ rarer
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What is new In HH searches

arxiv:2206.09401. CMS-B2G-21-001

* Results are better (x2-3) than 2016 results alone after
scaling for luminosity

Extensive use of ML tools Boosted topologles

CMS Preﬂmlnary 138 fo! (13 Tev)
CcMSs 50.7 fb™ (13 TeV) @0 T T -
%) 105 S I leoson QCD
e bb T Expected VBF HH x 150 —— Expected ggF HH x 5 a | = HWW —— ggF HHbbYV x 100
Q F res2 B Drel-van ° - == Hbb — VBF HHboVV x 2000
w10 H gzo , E'"tg'e H 8 W Single-t VBF HHbOVV (kpy = 0) -
\ e S‘a:' ;ys‘ postit unc. ata ! B Wilets  — VBF HHBBVV (Key=2)
10 L Z+Jels Total Background Unoerta]my
-t { Data

6 _

0
- ]

2 .
- -
8 L _ ‘{
S ol— NS

A WS P | .

50 75 100 125 150 175 200 225 250
bt

DNN Mpeg (GeV)

Regressed mass of one AKS8 jet
DNN score for resolved ggHH(bbtt) category i agHH (VVbb) boosted categjory
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HH: Results

Nature 607(2022)60

Expected: 18 CMS-PAS-HIG-21-005

Observed: 14

-1
CMS Preliminary 138 b (13 TeV 108 FCI.VIS —— T 138 f? ' (1-3 TeVl
T | T T T T T 1rrr I T T T T LI I T T T T LI I -
K=K =1 —e— Observed ~ ----- Median expected -k, =k,=ky=1 —— Observed  ----- Median expected
Ky =Ky =1 858 68% expected i = Theory prediction 555 68% CL expected ]
----- 95% expected s ====- 95% CL expected
WW vy
Expected: 52 CMS-PAS-HIG-21-014
Observed: 97 102 —
bb WW .

Excluded Excluded

bb ZZ &%
Expected: 40
Observed: 32

Acc. by JHEP (2206.10657)

10

Multilepton &
Expected: 19
Observed: 21

95% CL limit on o(pp — HH) fb

Acc. by JHEP (2206.10268)

bb yy &
Expected: 5.5
Observed: 8.4

JHEP 03 (2021) 257

bb Tt &
Expected: 5.2
Observed: 3.3

Acc. by PLB (2206.09401)

bb bb &
Expected: 4.2
Observed: 7.2

Natre 6o 20220 Combined sensitivity:
Nature 607 (2022) 60 * kx E[-1 .24, 6.49]
e T oo ¢ k2V E[067’ 138]

95% CL limit on o(pp — HH)/oTheory

Comb. of &
Expected: 2.5
Observed: 3.4
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Self-coupling: H and HH

q/q w/Z

arXiv:2407.13554

ASA 1111112

ASE 111111

CMS 138 b (13 TeV)
j6_'I'"l'"|"’I"'I"'I"’I"'I"'I"‘_
= | Observed — single-H comb., 58jiz
g 5'_ K=Ky =Kpy =1 HH comb., 1.0i?:§ 7
A i — single-H and HH comb.,3.1i3:g ]

4:_ \ 20 _:
« Set constraints on H self-coupling |

« Use H and HH results:
—HHVV coupling (ko) affects VBF HH mechanism 2;
—H: Use NLO EWK corrections 1F

= k;, €[-1.2, 7.5] @95%CL R e R
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HH: Resonant searches

CMS-HIG-22-012
* X=>YH(ttyy) : M i M

* Probe additional heavy scalar L v
— Clean exp. signature w/good mass resolution: yy
Yoo °°
— Perform fits to m,,, : p " : "

» Set limits on HH resonant production HY 7
— Max deviation 3.4(0.1)c for my~95GeV, my=650GeV A

* Non resonant: self-coupling, k, €[-13,18] i

H. ™,
g \
low mass: X-=>Y(yy)H(t1)
CMS Simulation Preliminary (13 TeV) i510 CMS Preliminary 132 fb=! (13 TeV) CMS Preliminary 132 fb-! (13 TeV)
(04 = e e = L L T I R O A O R LR I R T St I R r T - ¢ F k. E. T L T % & & F & & °
! [ I I I (l.‘,ato 7 —— Observed B 68% expected —— Observed B 68% expected
+ Simulation ] -= Median expected 95% expected 107 ---- Median expected 95% expected 1
0.6 B
] sl o
Parametric 1 19 mx=1000 GeV (x10%)
model ~

105_\m:1256w(”05) B
\m,mwm
103;i my=95GeV (x10%) |
1o'—¥~mv=mvw“ 8
R E [ ET _' 125 ‘ p— 10 =% "0 100 110 120 130 140 10 20 600 800 1000 1200

m,, [GeV] my [GeV] mx [GeV]
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My =900 GeV (x107)
2016: o, = 1.48 GeV
108}

My =700 GeV (x10%)
104 - my =650 GeV (x10%) |

= a8 -
04 2017: 0, = 1.59 GeV my =800 GeV (x105)

Events /(0.5 GeV)

--- 2018: o, = 1.54 GeV

03 O,y = 1.54 GeV

myx =600 GeV (x10%)
0.2
mx =500 GeV (x10?%)
102

my =400 GeV (x10')

0.1

my =300 GeV (x10°)

lIIIIIIIIIIIII!llllll]ll!llll!lllIL
|

95% CL limit on o(pp = X = YH)B(Y - vy) [fb]

95% CL limit on o(pp = X = YH)B(Y - yy) [fb]




Consistency with SM

arXiv:2310.01643, CMS-HIG-20-016, arXiv:2208.02717, CMS-HIG-20-002
CMS 138 fb™' (13 TeV) e 138107(13TeV)

e e T | X-Y(bb)H(yy) for ProMs g
8 e T T My=650GeV, 1 melomom
T

— Exp. for SM-like nggs

10'p 1 1
s My =90G eV, 3_8(2_8)5
fmy =600 GeV :mx=ésoeev =700 GeV )

LTS o~ _ésoGev ' | Heavy Higgs:

LMy =750 GeV my =800 GeV my =850 GeV -

1 | — 1 X->WW (202v)
B e e ]
LMy =900 GeV m, =950 GeV my = 1000 GeV -3

Scenario: f ;.=

1

10—2 3 “.

imit on o(HH>WW—2I2v) [pb]
)

1]
[\l

o (pp — X) B (X - HY — yybb) [fb]

o S | S | S at mX 6506 V % 104;
10+ Tt8560 05505 st 700~ 160200305 05 500~ ebo 7o~ 700700 580 400°500-800 700° 550 N T T TR T T TP T fn F
- my [GeVI® 100 150 200 250 300 350 400 3.8(2.6)c N ]
(Spin-0) X — HY — yybb - - 107 e L e o s
I Expected limit +1 ¢ Expected limit +2 ¢ 1000 2000 3000 4000 5000
————— Expected 95% upper limit —— Observed 95% upper limil my [GeV]
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DM searches with Higgs bosons

Invisible Higgs

* Higgs as portal to Dark sector

— New massive particle mediates the Higgs-DM
interaction

 H(125) may mix with new dark mediators

— DM particles could get mass through Higgs
mechanism

» Study scenarios where Higgs is involved

7' — 2HDM Z’ — baryonic

Mono-Higgs

— Generic search: pp—H+MET

— ISR suppressed due to small coupling to H
— Signature: Higgs+MET = H used as a tag
— Final states (WW,ZZ,bb,t1,yy)
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Dark Higgs & Dark photon

arXiv:2310.12229, arXiv:1908.02699, arXiv:2009.14009, arXiv:2405.13778

Dark Higgs w-

* DM particle acquire mass through o
interaction with a dark Higgs (s) ’

 WW decay dominates for m>160GeV
—leptonic final state (2¢2v, 2(2q)

* Observable: m{(¢(,MET)

Fraction of events

- CMS Slmulatlon
t ww
—— (m_m,m,) = (160,100,500) GeV

0 50 100 150 200 250 300 350 400

m';‘ o [GeV]

Dark photon CMS,/! e I 180 fo" (13 Tev)
é R IE t 281693/947253769 3! 10 F—— 1 T T T T T ] T T T 1 T 1
< Lumi sec tion: 501 ro¥ - CMS Observed ]
L] s \ el - -—
« Search in ZH & VBF events ra = | 8 66% oxpoctod
> 4L VBF+pT"*"+y - 95% expected |
€ 3 £
n g - 0.05 x Oy ;
L
Q -
9 N 107
- [T
g
o]
102

discriminating variable, mr,

\/2- prEr- (1 —cos Ag(y,Er))

Il | L Il Il Il | L Il L Il L Il |
200 400 600 800 1000

m, [GeV]
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DM: Higgs invisible decays

arXiv:2201.11585, arXiv:2303.01214

* Inthe SM, BR(H—inv) is ~0.1%
« Search for Higgs invisible decays in
VBF and associated production

— Select large MET and 2-jet events
with large An(jj)

491" (7 TeV), 19.7 fb” (8 TeV), 140 fb™' (13 TeV)

— Fit to dijet invariant mass distributions g 0T ' | i

. . ~ S 1o ; ' CcMS Higgs portal models _

o Comb|nat|0n Of ggH, V(JJ)H, and § ., g(();:lﬁ:CLi"";itS()14 = - - Majorana fermion DM —J
. S 10 e, —inv) <0. -

Z(U)H, ttH production modes N o sewon

. . (/JbD z """"" = = - Vector DM - Z

« Set limits on DM models 104 o
— Upper limits: 0.15(0.08exp)@95%CL 0°F S 3

« Limits interpreted in the context of v [ W 3
. 107 . e =
nggs portal mOdels 10—492: E}gGLUD’ED Direct-detection :

= Competitive limits for low-mass DM B o
candidates 10=f - -
10_55:‘ vl Lol Lol Lo .T

10 1 10 102 10°

mpy (GeV)
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non-SM Higgs decay. h—aa—4X

arXiv:2407.20425, arXiv:2403.10341

» Explore non-SM decays of a Higgs boson (h)
—Higgs boson (h) can be SM or not
— include production of two new light boson (a%)

« Search for generic Higgs decays: h—2a+X—4u+X
— Require two dimuon pairs with consistent masses
— Limits on production rates, benchmark models

* (similar search: 4b final state)

Results mterpreted in NMSSM and dark SUSY

« NMSSM: add a complex singlet field (1 CP- even+1
CP-odd boson) &

b=
L
Events/(0.5 GeV x 0.5 GeV)

1550 25 30 35 40 45 50 55 60

NMSSM Dark SUSY m% [Ge
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Exotic: H->AA—4y

arXiv:2209.06197, arXiv:2208.01469

. . . Y
« Exotic Higgs decay to light pseudo-scalar A
— Motivated in BSM extensions (ALPs, DM, etc) g a y
— Merged vy reconstructed as single y-like object & >----- <
. \\ ")/
— Resolved and boosted topologies g a <
 Model-independent search ;
boosted resolved
- -1 _q
< 12CMS 130613100 A0 3 4 ST | U re2blsTey
% — m, =04 GeV, 75% 5 T E CMS 95% CL upper limits 5 - 95% CL upper limits _f
S 1 S = o i -e- Observed ~ 3'51_ —— Observed
= iy = 0.4 Gev’ 50% % i . = C ---- Median expected
[:‘ 4 T I~ -+ Median eXpeCted ; 3:_ [ 68% CL expected _:
g 08 T I 68% expected T - 95% CL expected ]
3 X 102 95% expected 4| | s 25 A
0.6 S - ~ CMSH- vy 11y
s E L L 3 E
0.4 ?, : % 1_5:_ ]
Q. —
02 1 _I% 10—3:_ - ]T: 1
0 ‘ o 9 ¢ € os
0 02 04 06 08 1 1.2 T | e
(o)) C
mp [GeV] 0 02 04 06 08 1 12 Y ST S
m, [GeV] m, (GeV)
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Heavy resonance search: ZH

CMS-B2G-23-008, B2G-23-006

« Search for heavy resonance: Z(#)H ,

i
—H->ccor VV(4CI) — H-ttbar >2 b-tags | CR-nj-2b-SB CR-nj-2b-SB
— H as AKS jet recoiling against Z — Event lbtag | CRni1b-SB CRonj-1b-SB
— Jet substructure to discriminate vs bkg (DNN) ~ categories:  obiag
, _ leptons, b-tags e
» Reconstruct invariant mass of ZH
system .
138 fb~'! (13 TeV) 138 fb™ (13 TeV)
> oS T T T e a L R LA L LA L L L L ) LA L B LI B L
8 SIV’S ) —+— Data P - CMS HVT benchmark 95% CL upper limit ]|
Py . reliminary Z+jet p— 102 = imi — Observed —
o 10 - VY T = — Model A - Ex E
g -t E pected 3
5 10°E Lo, —— m, =2TeV (1pb) N - — Model B I 68% expected 7
c - Tee,, T m;. =3 TeV (1pb) 1 95% expected
2 102 e, m; = 4 TeV (1pb) YRS -
I Ey = 3
AQ X ]
N e e, . 5
T - T T 3
Q - .
£ [ Eur Phys.J. C81(2021) 688 |
. 3 B 107 —— Observed =
o E = - - - Expected 3
o = — ----- Expected < 1b tag cat. g
o E - Expected 2b tag cat. .
8 é 10—2 | | | | |
01500 7500 2000 2500 3000 3500 4000 4500 5000 1500 2000 2500 3000 3500 4000 4500 5000
mise [GeV] m,, [GeV]
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LFV In Higgs decays

arXiv:2105.03007, arXiv:2305.18106

« Some BSM models allow for LFV Higgs decays

« Search for H—er, ep, urt final states

- Categories: N, lepton kinematics
— Njet to target ggH and VBF production

- Largest excess at m,,=146GeV, 3.8(2.8)c

S/(S+B) weighted events / GeV

500

400

300

200

CMS

138 b (13 TeV)

TTTTTTTTTTTTTTTTTT]HS L LT TR
I I I I I I

llllllllllllllllllllllllll -
T T T T T T .

¢ Data
— S+B fit
~~~~~ B component
[N E3RY
[]+2¢

1 |
110 120 130 140 150 160 170

me, [GeV]

95% CL limit on o(pp — X —> ey) [fb]

m, [GeV]
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Observed (expected) Best fit branching  Yukawa coupling
upper limits (%) fractions (%) constraints
H—ut <0.15 (0.15) 0.00 £0.07 o o G B ) 103
H— et <0.22 (0.16) 0.08 £ 0.08 < 1.35(1.14)x1073
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-] [y . .
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Expected + 26 b, VBF '
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,u-ce,ZJets
0.77 (1.13)% -
pr_, VBF
0.58 (0.83)% -
ut
0.15 (0.15)% i
10 115 120 125 130 135 140 145 150 155 160 e L L
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Long-lived: Higgs portal

arXiv:2402.14491

Production of long-lived dark photons Z; via Higgs portal B
H-Hp mixing with parameter «
. . " . 7 H
Higgs decaying to long-lived scalars S ;__ﬁ___ zD
. . . D -
— Scalars decay to fermion final states in the muon chambers S
— Displaced dimuon originating from secondary vertex
. . . f
Resulting bounds are interpreted in context of LL decays
S 0oE CMS  smuas 3
§ 0.8E- H%zozflmwat’on ----- Run 2 (2018) N 15 CMS
£ 07 m(H)=125GeV —— Run 3 (2022) JT:10‘ E H- Z,Z,
8 0.62— m(ZD)=2o GeV —— Run 3 (2022, L3) [~ E m(zD)= 20 GeV
% gi;: —— Run 3 (2022, L2) §10—2:E B(ZD—)HH)=0-143
F ok E .
028 D 510°F
0.1E e :
S[@ 210_455
&& 23310—5 | Combined: Observed:
Y — Observed 68% quantle  — 13 TeV (97.6 fb™")
5[5 - - Expected 95% quantile ~ — 13.6 TeV (36.6 fb™')
ocioc 10—6
10° 102 10" 1 10 10*° 10® 10* 10° 10°
ct [cm] ct [em]
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Run 3 improvements: The present

CMS-DP-2023-050, CMS-DP-2024-064

Trigger:

ML (ParticleNet, DeepTau)
Added data streams (“parking”)
Lower p; threshold (4b, bbrtr)

Trigger Efficiency

-
»

1.4
1.2

0.8
0.6
0.4
0.2

s =13,13.6 TeV

I‘l]lllllIlllllllll[lllllll

CMS

Simulation Preliminary

HH — 4b with K, = 1

Run 3 2023 HH trigger ¢(HH- 4b) = 82%

Run 3 2022 HH trigger ¢(HH— 4b) = 68%

— Run 2 £(HH- 4b) = 52%

—_—
—

Event selection: = 4 jets with P, > 30GeVand g <25

[T [ T i Wi o PP T | [ o S o L o A0 DS B Wt M 00 07 | oy B e o ) |
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Reconstruction:
« Jet p; regression (ParticleNet)
= Improves resolution ~15%
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Looking ahead

Nature 607(2022)60

* Precision of measurements improved Y :

« BSM scenarios may provide only small o W _____ ﬁ-----“-“--:l"- ________________ “"::ﬂé
deviations S | D

* More Higgs bosons expected in Run3 | { ; —

and HL-LHC < 1.0&— -------------- n--.,,w"--. ______________ H}WII_
— harsher experimental conditions i o |3
— Improved/new detectors 14 =]~ l}]l

N & \:39 ¢ Observed (stat ® syst) | Stat
&2 d [ Projected (stat @ syst) | Syst
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Summary

* From discovery to precision
 Latest results on Higgs studies:
— Properties, couplings, HH, BSM

— Improved analysis techniques and new tools &
crucial to enhance sensitivity beyond statistics

— No clear signal, a few deviations
» Great progress in the first 10+ years
» Large samples to be collected

— Run3 ongoing

— Preparations for HL-LHC at full speed

= Rare processes and precise measurements as BSM probe
...and crack the code of Nature
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Luminosity [cm™s]
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Stay tuned!
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Run 3: yy and ZZ

CMS-HIG-24-013, CMS-HIG-24-014

5.1fb™ (7 TeV), 19.7 fb™" (8 TeV), 138 fb™' (13 TeV), 35 fb™! (13.6 TeV)

o N LA A A AN AR EARAY RAARY RERRY RS
= 6 CMS Preliminary
g Run 1 Data (stat ® syst)

 Inclusive and differential distributions © 5 1' o Do e & o

Systematic uncertainty
ssxseay Standard model (minloHJ, m, = 125.00 GeV)
w=zz2=: Standard model (NNLOPS, m =125.38 GeV)
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Search for rare decays

arXiv:2208.00265, arXiv:2206.03525, CMS-HIG-23-005

- -1
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Excellent LHC performance!

Currently pp collisions @13.6TeV

 Excellent performance: data-taking

efficiency, data quality, performance of
LHC

* Luminosity (Run2): delivered ~163/fb,
recorded ~150/fb

Excellent performance

» Fast commissioning

» Good recording efficiency >94%

» Peak luminosity ~2.1x1034sec'cm-
* Pileup ~52 (2023)

» Deadtime negligible at highest

luminosity (factor of 2 higher than
design)

Peak delivered luminosity (Hz/ub
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o
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Detector Upgrades

The HL-LHC will provide an integrated luminosity of 3000 fb-' over 10 years of operation. It will
present many technological challenges. Preparing new detectors and upgrading current ones.

Replacements of existing system/detector
Electronics upgrade/replacement
New detector
CMS Phase-2 upgrades
L1-Trigger/HLT/DAQ [CMS-TDR-021/ 022]
* Tracks in L1-Trigger at 40 MHz

* PFlow-like selection 750 kHz output
* HLT output 7.5 kHz

Barrel Calorimeters [CMS-TDR-015]
* ECAL crystal granularity readout at 40 MHz

* Precision timing for e/y at 30 GeV, for vertex
localization (H — vyy)

* ECAL and HCAL new Back-End boards

f y 4 0 — Muon systems [CMS-TDR-016]
Calorimeter Endcap [CMS—TDR-mgy ‘ y =5 7 *DLE&SSE new EEIRE re‘a dost
: A ] [ * RPC back-end electronics
* 3D showers imaging for pattern A
" - ] ‘ * Extended GEM coverage ton =3
it - i ' 1 1} Y / « New GEM/RPC 1.6 < 1 < 2.4
* Precision timing for PU mitigation \ / /¢ 8CF — 7 ERSN
* Si, Scint+SiPM in Pb/W-SS \
MIP Timing Detector [cMS-TDR-020]

Tracker [CMS-TD-014]

* Precision timing for PU
mitigation
* Py module design for tracking in L1-Trigger { « Barrel layer: Crystals + SiPMs
* Extended coverage ton = 3.8 VA B 4
* Much reduced material budget '

* Endcap layer: Low Gain
Avalanche Diodes
» Si-Strip and Pixels increased granularity

Precision Proton Spectrometer
Detector design and physics prospects

arXiv:2103.02752
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http://arxiv.org/abs/arXiv:2103.02752

Charm tagging

ParticleNet: Use of PF and
secondary vertices
associated to large-R jets

Exploits jet substructure,
flavor, pileup with GNN

Regression algorithm to
Improve mass
reconstruction

M. Gallinaro - "The Higgs boson and beyond" - Multi-Higgs -
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Entries / GeV

Data - fit

95% CL limits on ¢ (pp — X — HH) [fb]
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arXiv:1909.10235, arXiv:2209.10910,arXiv:2004.14636, arXiv:2407.07546, arXiv:2002.12223
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Resonant: X—HH—Dbbyy

arXiv:i2310.01643
: CMS 138 fby' (13 TeV)
Search for a resonance decaying to two scalars AN VAT S 1
2 F e Bulk radion (Ag =3 TeV) :
1030 —— Bulkradion (A =6TeV) |
! g —— Observed 95% upper limit E
T 1n2l - - Expected 95% upper limit
F10°= I Expected limit =1 ¢
1 E Expected limit 2 o
x 10& E
Q F
<
1
HH g
o]
— BDT to reject non-resonant y(y)+jets bkg 102300200 500 600 700 800 900 1000
. . m, [GeV]
— b-jets tagged using DNN X
. CMS PreI/mlnary 138 fb (13 TeV)
-_ 2D flt Of myy VS mJJ .,,21014 — sm — 300 Ge V“O)J) b ppE):)aHYd—I»beb (Spl(;‘l 2)
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Neutral MSSM Higgs

PLB793(2019)320, arXiv:2208.02717

« Enhanced couplings of MSSM Higgs to down- , LQ )
type fermions (large tanf) b_, —
=increased BR to t leptons and b-quarks ; : ) §U1
TOOOTTOOy——<—— b Tt
L__¢__
« Search for neutral MSSM Higgs boson B ] b

* 4 final states used: uty, ety,, T, €U
— Reconstruct tau-pair invariant mass
— Signal extracted from m+tet distribution
— Split in b-tag/no b-tag categories to enhance
sensitivity
* Main backgrounds: Z—tt, QCD/W+jets, DY, ttbar

« Some fluctuations over bkg expectations
— Two excesses: 100GeV and 1.2TeV
— Local(global) significance 3.1(2.7)c@100GeV
~2.8(2.4)c@1.2TeV 10

138 b (13 TeV)

—e— Observed

........ Expected

- 68% expected
|:| 95% expected

95% CL limit on o(gg¢)B(p—tt) (pb)

Low-mass High-mass

70100 200 300 1000 2000
m, (GeV)
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Charged Higgs

arXiv:2207.01046

Search for a H* decaying to a heavy
neutral Higgs boson Hand a W

Produced in association with top quark
— discriminating variables: m, BDT discr.

g
Data consistent with SM expectations

g

A 10 s 1 (13 ToV) CMS 138 fb™' (13 TeV)
S 10§Background-onlyﬂt u, v, final states 3 3 1:"''|""|"''|"''|""°|""I"'_'I-"":
D C é Data ] o - m, =200 GeV 95% CL upper limits
O] — H* (500 GeV,0B=1.0 pb) | ~ L -e- Observed ]
P Misidentified t, B N - e Median expected |
= P+ X +P B 1] 68% expected 7
) Electroweak L [ 195% expected .
@ W : 1
v 10-1 .Singlet — I 1
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Charged Higgs (cont.)

EPJC 81
« Search for charged Higgs in GM model:
H* and H**

« Search for resonant production
— Only fermiophobic H* considered
— Require 2/3 leptons
— Good bkg description of data in SR
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@ 15k — H'500)~W'Z, 5 =1 -;vzz i 2 i — H'(5005W'Z,s =1 EWZ I~ B 68 ted
£ O ] c - H 74 = B o eXpecte
C B [ Nonprompt N () 8 | _ p L
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