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Introduction

The Higgs boson, the last missing piece of the Standard Model (SM), was
discovered by the CMS and ATLAS collaborationsin 2012 using Run 1 LHC data

LHC HL-LHC

EYETS 136 Tev  [RMER 13.6 - 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation limi LIU Installati E
7 TeV 8 TeV button collimators icn%or:t?tliton netetation . inner triplet HL-LHC
—— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
EZETE ETR R T T
ATLAS - CMS 5 to 7.5 x nominal Lumi
@ QUARKS @@ LEPTONS @@ BOSONS @ HIGGS BOSON et upgrade phase 1 ATLAS - CMS
beam pipes HL upgrade
]

nominal Lumi 2 x nominal Lumi ALICE - LHCb ' 2 x nominal Lumi

upgrade

. . . 75% nominal Lumi /" 1
/ Higgs Propertles.\ e e

luminosity EEGE{
v' Mass

Run1l: Run3:

v’ Width . . Run2: i
Key Higgs properties . . push precision further
_ Higher precision measurements .
v’ Spin/CP were measured & probe for new physics

v’ Couplings

\\/ Cross section /
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So far agree with SM predictions and any deviation would indicate new physics




Higgs Boson Production and Decay modes
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Higgs decays mostly to b-quarks

[ With my=125 GeV, a wide range of production and decay modes are accessible

J

\

Dominant production modes:
ggH, VBF

EW production modes
VBF & VH — clean signatures

Production mode

Cross section (pb)

Decay channel

Branching fraction (%)

/

Diboson decay modes:
WW,ZZ,yy, Zy

ZZ & yy — clean signatures for

K precision measurements /

NeB\J |||||||| l%a'

F
®

Lincoln

ggH
VBF

WH

ZH
ttH
bbH
tH

ggH

48.31 +2.44

0.771 = 0.807
1.359 £ 0.028
0.877 £0.036
0:505 £ 0.055
0.482 +0.097
0.092 £ 0.008

Vs=13TeV & my=125.38 GeV

i

bb 2260 070

WW 2200 =033
20 815 +:0.42
TT 620" = (.09
cc 2:860 ¢ == 009
77 271 =+£0.04

[ Y 0.2270 = 0.005]

Ly 0157 = 0.009
SS 010251 0.001

0.0216 £ 0.0004
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Higgs Boson Production and Decay modes

/

Dominant production modes:
ggH, VBF

\

EW production modes
VBF & VH — clean signatures
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Higgs decays mostly to b-quarks

Diboson decay modes:
WW,ZZ,yy, Zy

[ With my=125 GeV, a wide range of production and decay modes are accessible ]
CMS Preliminary 138 fb~! (13 TeV)
o Observed | SM expected
my = 125.38 GeV H 68% CL (stat @ syst) 6.8% CL (syst-only)
pSM = 0-03 (per-production-times-decay made) W p:68% CL (stat & syst) - IJI :68% CL (stat & syst)
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Zy ——
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p=1.019%8 HogH=0.99:338 Pver =0.87:8 1 Hwn=1.513% pzu=1.36:0% Pur e =0.93:312

ZZ & yy — clean signatures for

K precision measurements /

NeB\IIVERSITY lo{ra'®

Lincoln

=  Summary of the signal-strength modifier measurements in Run 2

Inclusive = 1.0119-3¢ = Good agreement with SM at current precision
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Higgs boson mass my: H > ZZ - 448 using full Run 2

: CcMS
Four final 14, de, 2u2e, 2e2 \ :
/ ou al states: 4l , 4e, 2lile, Zell Run 2: 138 fb™ (13 TeV) ~—Total | |Stat. Only
Run 1. 5.1 fb™" (7 TeV) + 19.7 b (8 TeV)
. . o . Total (Stat. Only)
Mas.s resolution |mproved by 3-8% using | a o 124.90 35 (14 Gev
beam spot constrain, Z; constrain, per event mass uncertainty (6ma#) s 12670°95 (14 Gov
S . - 2e2 — 125.50 027 (*°%) GeV
Discriminant: §my; /my; (9 bins), Dy "6 Tou
2u2e — 125.20 777 (7)) GeV
. T T T T T T T T YT T T e 4012 404D vy |
K Final N —2D likelihood fit using the observables (my;, Dyiy) / Run 2 T 125.04 575 o) GV
Run 1 = 12560 oas (o) GeV
3 (o 138 fb' (13 TeV
IC\Mlﬁ TT I TTTT I TTTT ‘ TTTT I TTTT | T I1I:|3|8Iflt)l T $1| I3‘-!-Iey FrooT | T I'I I TrTT | TrrT I rrrT I TrrT | T I T I l(l T I T Ie‘ I_) Run 1 + Run 2 + 125-08 -+no..1122 (+o.1°) Gev
" Inclusive 105 < m. < 140 GeV 7 100 Inclusive 105 <m, < 140 GeV — -0.10
100~ 4 pata 4 T - ¢ Data 4 4 | : | | |
: H(125) T - H_(125) a 1 1 1 | | 1 1 1 1 1 1 1 | 1
[ mEozz 1 |~ ol BE2Z I - 122 124 12% y 128 130
- e 4 | S N Vi B m,, (Ge
801" mmzix S| | mzex + \ ] PRD 111 (2025) 092014 u(GeV)
. g 1 2] S wr .
T 60~ } ' ] ol @ F + { - . .
S * * 1195 ¢ . Most precise single channel
i 11 I ] .
40 1 [ Z| @ ep ] measurement of Higgs boson mass
200 % 20-_ i my = 125.08 £0.12 GeV(£0.10 (stat) = 0.05 (sys) GeV)
0 1 2 3 4 5 6 7 8 9 00 0.1 02 03 04 05 06 07 08 09 1 Uncerta|nt|es are mOSt|y StatIStlca|
dm,, / m, bin category D'Q'p?g
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Higgs boson width I'y: H 2 ZZ - 448 using full Run 2

/ Standard Model predicts narrow width \

['y ~ 4 MeV for my ~ 125 GeV

Invisible in the line shape since I'gy; K o0,,/m
experimental resolution for m,,, or my; ~ O(1) GeV
Direct measurement strongly limited

H—>7z: Ty <50 (330) MeV@68 (95) % CL

\
-

Indirect measurement from the ratio of \
on-shell and off-shell Higgs boson production

on—shell 2.2
O-gg—>H—>ZZ* gggz/mHFH r
X
off—shell 262 2 H
Gggf;H*_)zz 8z8z/4mz

Assumes on-shell and off-shell couplings are
identical; no BSM loops in off-shell ggF /

\_
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Indirect measurementin H - ZZ

CMS

| —— 4¢ on- and off-shell + 22 2v off-shell
18

138 b1 (13 TeV)

[ --- Expected
15F — 42 0n- and off-shell
-
E 12} --- Expected .
+2.0 pa
c\ll 9 FH < 3.0_1_5 MeV /, ]
6 s
_9%CL s ]
3 -
68%CL = et ]
0 R | L
0 2 4 6 8 10 12
Iy (MeV)

PRD 111 (2025) 092014

Production modes:
ggH, VBF, VH, ttH

Final States: 44 ,2f2v

3 final fit observables:
Myy, Dbkgr Dint

Simultaneous fit:
on-shell+off-shell regions

First evidence for off-shell Higgs production in ZZ.
“no off-shell” hypothesis is excluded at 3.60.
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Higgs boson width I'y in H = yy using Run 2 (NEW results)

A different technique, purely on-shell

using interference between
signal gg - H = yy and QCD background gg = yy

Signal: § « ¢2, /Ty « p, while Interference: Z « ¢gy = \/uTr/T3M

gg — H — ~~ prod. | non-res. gg — v

: 000
H !
-- | A
[ 000,
signal ' background
(gluon-gluon fusion)
o2
|As + Ap|* = #2S + ¢y [+ B

Interference modifies m,,,, spectrum
- Its amplitude is the key to measure Iy

NeB\J |||||||| l%ra'
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o

2
S’YS

daggH/dm ,
™ (o, mi T

(m2,
(m3, —m%)R +mylyl

“gv (m2, — m2,)% + m2T%

do; /dm

Signal term: Standard Breit—-Wigner resonance
Interference term: Distorts invariant m,,, spectrum
Real part (R): changes sign around my, distorts lineshape
Imag part (I): always negative, affects normalization

gg—h(125 GeV)-yy

= Full.Int

With detector resolution:

— It x10

smeared but asymmetry
remains visible

-0.02 0.01

CMS PAS HIG-25.004 My (GeV)

-0.01
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Higgs boson width I'y in H = yy using Run 2 (NEW results)

/ Event categorized into 11 categories \ . Feldman-Cousins scan _
One inclusive 2j + (5 pr.,, bins x 2 diphoton BDT bins) with 1000 toys for each point
CMS Preliminary 138 fb™ (13 TeV)
Phenomenology: a e
do/dmy, =ty S+ Cgy | + Xizggr i Si(Myy,) + B(my,),) . 22 e
' —— Observed

Interference contribution (sensitive to ['y) is negative after my

To handle negative interference,
the method models the full shape change of do/dm,,,

fromS = S +1asa function of [y

CMS PAS HIG-25-004

do/dmy,, = (W, — Cg]/)S+ng(S+I)+Zi¢ggF'uiSi+B(mw) 0(;__"__'_‘_' — 60 80 120 140
T, (MeV)

Templates for S(m,,) and (S + 1) m,,, from MC, T MoV (138 MoV
while B(m,,, ) from data sidebands imit at 95% C.L.: 'y < 91.8 MeV eV exp)

Improves previous limit (I'y < 330 MeV from H = ZZ)
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Higgs boson spin and parity: CP Structure

/ \ | H : CP-even? Odd?J , CMS_ ierwleTevisielriey)
CP — (++ Mixed? c o012 o8 — X(1) »2Z ]
Higgs boson is CP even scalar in SM: | 0 g Run1  ®2X0-2z
. . . . . . . ’|6m6w -g 01— 0% -
Higgs boson spin-parity consistent with SM prediction ey < 0
Q p.08- N
(@) L
Any CP-odd interaction » BSM physics @ 3 -
B 06" b
o i k. ]
(e.g. matter-antimatter asymmetry) 0.04k- b
Current precision is limited 0.021 1 -
leaving room for CP-violating anomalous couplings e R
, -2xIn(L /L)
arXiv:1212.6639. J
Higgs coupling to gauge boson (HVV) Higgs coupling to fermions (Hff)
M —
EYVad, +kYV g2 . A(Hff) = — L9, (x + iR ,
A(HVV) ~ { }/V+ 1 4y + s qVQ]m%,le?,le{}Q +a2 *(1)f*/,u/ (2) +aVV £1)f*uu(2) ( ) - ‘Pf( ¢+ iReys) Py
(A7V)?
y —
New physics scale A; ~ 1TeV a, —CP even a; — CP odd Ky > CPeven || Kr = CPodd
" e 2 |20" N e
mmmmmm AC measurements expressed in — i sign(a;/a,) U |&¢ |2 s (E)
terms of cross-section fractions = ' Z |a; |2 o : P el + [Re? K
v\ jol Y, N
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Anomalous Coupling in H — yy using full Run 2

: VBF .

ﬂ bins each for Dy~" and a . CMS Preliminary 138 fb~" (13 TeV)
pair of DNN SM/BSM/bkg < 10— ————————3
classifier discriminants : Cc: B Non resonant bkg — ggH H - yy x500 (f38"=1) -

B [ —— ggHH - yy =500 (f3" = 0) VBF H - yy x 1000

o - Diiviks S | — ggHH - yyx500 (1'=05) t Data
> ;

1 105} -

VBF
DNNbsm

7 2ol
VBF (f,30 fizfi S agH+2Jets (/55 [l pyer

104}

/ \ 5 categories (with sufficient
HVV ACs: studied in VBF & VH events Ksta“sff_'cal' o '“f'“.ded'“/
e f o ina analysis 109
S: from + 2 jets i
B8 B8 J GgH+2jets selection with Bﬁ
VBF and ggH+2j have similar topology - separate analyses Sigaaly kg Classiticis
. .. . 3D Categorisation : e
Categories optimized using MELA + ML discriminants areeorBaten 1 50
S g o IIt‘eertt} Il—|‘st;tf
\ Goal: maximize sensitivity to CP-odd signal / wj“ S 125 TVS s % -
D= I |
P Q) int (0 AP RV S TR RN B
Dpsm = = = = int = iM psw(£) — / 0980 0.2 0.4 0.6 0.8 1.0
‘@SM(Q) + (@BSM(Q) @SM(Q) + '@BSM(Q) D=§3 CMS-PAS-HIG-24-006 DggH
30 categories included
in final Hyy analysis
NeB\HVERsm( l%ra'
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Anomalous Coupling in H = yy using full Run 2

4 R

Simultaneous maximum
likelihood fit across all
categories

Measures 4 HVV and 1 Hgg
anomalous coupling (AC)
cross-section ratios

No significant deviations
from SM predictions are

K observed /
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H— yy, m, =12538 GeV
30 f

138 fb ' (13 TeV)

- CMS
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H - yy, m =125.38 GeV
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o9
CMS-PAS-HIG-24-006 a3
Parameter | Expected/(68% CL) | Observed/(68% CL)
29 0.00" 583 0.4504
fép 0.0024:50 0.26 15:3

=/
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First CMS cross-sections using Run 3 (2022)

First CMS cross section measurement at
13.6 TeV using 2022 data with 34.7 fb~!

fiducial phase space was defined
to reduce model dependence

differential cross section as function

of p7 and |yy|

measured inclusive fiducial cross section

in different final states
(Yy or ZZ: 4y, 2e2y, 4e)

CMS _

34. 7fb ! (136 Tev)

=)
)

3

p value (MGS aMC@NLO + NNLOPS) 0 14
§ Data (stat @ sys unc.)
I Systematic uncertainty

— ggH (MG5_aMC@NLO + NNLOPS + Pythia) + xH i

— ggH (MG5_aMC@NLO + Pythia) + xH
—— ggH (POWHEG + Pythia) + xH
*H =ttH + VH + VBF
(MG5_aMC@NLO + Pythia)

Acg/Apt (1b/GeV)

S
o
T

34 7fb {13 6 TeV)

n
(=]
T

Acgg/AlyH| (fb)

[=2]
(=]
T

p value (MG5 aMC@NLO + NNLOF'S) (] 19
§ Data (stat @ sys unc.) _'
I Systematic uncertainty ]

— ggH (MG5_aMC@NLO + NNLOPS + Pythia) + xH ]

— ggH (MG5_aMC@NLO + Pythia) + xH ]

— ggH (POWHEG + Pythia) + xH

xH =ttH + VH + VBF
(MG5_aMC@NLO + Pythia)
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First CMS cross-sections using Run 3 (2022)

-~

~

H— yy

ol¥ = 74 + 11 (stat) J_ri (syst) fb

o) (exp) = 67.8 +3.8fb

H—>ZZ - 4l

o%4 = 2.89

+0.53
—0.49

+0.29
(stat) 021 (syst) fb

+0.27fb

oZ4 (exp) = 3.09

S

—0.24 /
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Inclusive cross-sectionin H — yy & H > 72Z - 4l

osm (LHCHWG YR4 @ mu=125 GeV)

CMS-HIG-23-014

CMS Supplementary 5.1 fb~'(7 TeV), 19.7 fo~'(8 TeV), 137 fb~1(13 TeV), 34.7 fb~1(13.6 TeV)
_l 1 1 T I I 1 1 1 I I 1 1 1 I T I 1 ] I 1 1 1 I I 1 T 1 1 l 1 1 1 1 I I I 1 T I 1 ]
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— osm (LHCHWG YR4 @ my=125.38 GeV) -
E 0 Hayy ;
— ¢ H-o2ZZ -
; Run 3 |
E +* Fiducial cross sections rescaled to the full phase 1
[ space without extrapolation uncertainties
3 H - yy @ 7 TeV: signal strength scaled to the
expected cross section removing theory uncertainties -]
l L l | 1 I L I I L L il Il l 1 1 L l Il 1 L 1 l L i i 1 l L il
7 8 9 10 11 12 13 14
v's (TeV)
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Summary & Outlook

Recent CMS analyses have provided significant new measurements
that enhance our understanding of the Higgs boson’s properties.

Mass: Measured with ~0.1% precision (0.12 GeV); most precise from H - ZZ - 4¢

Width: Direct measurement limited; best constraints from indirect measurements of on-shell/off-shell in H &> ZZ;
New upper limit is set by H = yy using interferences effects, representing the first purely on-shell width measurement.

CP & ACs: Searches for anomalous or CP-violating couplings in H = yy decay mode for first time show no significant
deviations; results consistent with CP-even SM Higgs

Cross-sections: First look at Run3 for the cross-sections measurement of Higgs using 2022 data with 34.7 fb~ 1 in
H->ZZ& H - yy channel

Higgs remains SM-like, but HL-LHC offers more opportunities for precision and new discovery.

Stay tuned!
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Thank you very much for your attention!



CMS Higgs Property Measurements Discussed

oMSID | Finalstate |3 TV IEI\

Mass HIG-21-019 H>ZZ->42% 13.0 138fb™ Run 2

HIG-21-019 H>ZZ->42
(on-/off-shell)
. -1

(NEW on-shell)

SP/CP/
Anomalous HIG-24-006 H - vy 13.0 138 fb™" Run 2
coupling
HIG-23-014 H->vyy
Cross- 13.6 ~35fb" Run 3
- HIG-24-013 H>Z7Z->49

Nebiraska, Jahid Hossain 16

Lincoln



Compact Muon Solenoid (CMS) Experiment at LHC

CMS Detectors:

=  Silicon Tracker

= Electromagnetic Calorimeter
= Hadron Calorimeter

| |

Muon System

~

NeB\IIVERSITY lo{ra

Lincoln”

CMS DETECTOR

Total weight
Overall diameter
Overall length
Magnetic field

: 14,000 tonnes
:15.0m
128.7m

:3.8T

om im m im am 5m

Key:

Muon

Electron

Charged Hadron (e.g. Pion)

- = = - Neutral Hadron (e.g. Neutron)
""" Photon

Silicon
Tracker

. .3 /.

<
Electromagnetic \ . /
) ’ ‘l Calorimeter & Y,
4 O /
Hadron \/ Superconducting
Calorimeter Solenoid

Transverse SlI(E
through CMS

Iron return yoke interspersed
with Muon chambers

-

Common analysis strategies:

CATEGORY

PRESELECTION OPTIMIZATION

RESULTS

> < =

@)

O

DISCRIMINANT

VARIABLE

\_

FIT STRATEGY
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Higgs Boson Production and Decay modes

Higgs boson production modes Higgs boson decay channels \
b) g) h)

W
KW,
H- - - w
w
,
Nature 607 (2022) 60-68

_ 0.B _ Observed event rate pu = 1:observed data is consistent with SM predictions
~ osmu-Bsm  SMExpectedrate |u # 1:observed data deviates from SM; suggesting potential new physics
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Improving ms€ Resolution in H - ZZ - 48 cMmS-HIG-21-019

. CMS Supplementary (Simulation) 138 1b™ (13 TeV) C‘NI.S‘ E— |1-|?~Ef fP? (‘13|T6|V
» Beam Spot (BS) Constraint % =117 eof- 105 <m, < 140 GoV |
« Common BS point in track reconstruction - se% _ 111 a0k " St E
) . . Oyxgs = - ¥ - H(125)
* Muons: p; recalculated - resolution gain > b v 1201 D@z
. (6] - L + 4
* Electrons: unaffected (ECAL-dominated) o f 2 100 * + mzex E
* - Improves m4® resolution by 3—-8% @ B é a0k E
. c [ C ]
> Event-by-Event Mass Uncertainty (6m,8) = wE > 6o + .
e Derived from per-lepton momentum uncertainties - a0[- ++ 1 o
: . . d g i
* Muons = covariance matrix of track fit °F , 20 Jr++ -4 O
. . i - T —
* Electrons - ECAL + tracker (neglect track direction) st | Mo ok : ~
‘POS 110 115 120 125 130 135 140 0 0.01 0.02 0.03 0.04 0.05 |
o Mgl = VI(6miat)? m,, (GeV) sm, /m, %
> Calibration of 6m4'e CMS Supplementary  59.83 o' (13 TeV) h
: ad : eMS 1BBIU3TEY) £ Oy e (DATA / >
. CorrchOI:\S derived in |n| and (&6p¢/py, |Nn|) bins sf ¢ Data $ oous T oATA PR
e 28€ mass fits: 70F- 2 0oi- Y //
. . . > ooE s =
* Breit-Wigner (Z) ® Double-Sided Crystal Ball & ®: 0.035 o
. — 90F E /
(detector) + exponential (background) = soF . i //
» Closure test ensures consistency 5 0= R ) s
. . . . . = 0.02F Ve
> Kinematic Fit with Z; Mass Constraint - = . o
. . . . = = /e
— Further improvement in Higgs mass resolution 5 N
oo b e b v v b b b e v b a E
* Refits leptons from Z; - follow true Z line shape 105 M0 TSR0 ey 0 T M enes S
4 F
* Adjusts lepton momenta via likelihood 05" 0.005 0.01'0.015 0.02 0.025 0.05 0.035 0.04 0.045 0.05
Predicted ¢_/m
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Kinematic Discriminants (MELA)

Motivation: Use matrix elements to compute event-by-event
probabilities for different physics hypotheses

= Higgs - 48 + jets described by up to 13 observables (Q)
= Higgs - 48 + jets described by up to 7 observables (Q)
= MELA (Matrix Element Likelihood Approach) framework

reduces dimensionality > optimal sensitivity ggrHVW—40 qq—2VW—H-W
MELA Discriminants: Pu(2) < Mg (Q)
= Alternative model vs. signal: Separates SM-like Higgs events from
alternative or background scenarios Pint(2) o« 2Re [Msig Ma.lt]
P (Q) _ gbsig(ﬂ)
WY T P @) + Pan(Q) /"> Method: N\
= Starts from the reconstructed event
= [Interference term: it separate whether an observed event is = Extracts observables (Q)
consistent with constructive, destructive, or no interference = Computes matrix-element probabilities (| My (Q)]?)
between the signal and alternative amplitudes. (Sign sensitive) = Produces per-event likelihoods (Pg;g, Pasz)
(@) Pio(Q) = Builds .discriminants (Dal.t' D.mt) |
int N OERON k- Feeds into event categorization and fits /
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H—> ZZ > 48 CMS-HIG-21-019

SIB si

—

Off-shell measurements: my; > 220 GeV | PRD 111 (2025) 092014

\

Category VBF-tagged VH-tagged Untagged
Selection DI > 05 DI or DY > 0.5 Rest of the events
Observables Mg, DYLr+oce, gyBF+dee Mg, DYiTHdee, gpyiisdec Mz, DD, DR

87:'jk(?Q ?jks ?) = ‘u

M'FH ; -
Slg( §jk)+\/ J[,—Ogb}?ct X; )

bk e
+u g)jjrcCiSS( : gjk)+g,jkg(?; g}_k), PRD 111 (2025) 092014

On-shell ZH events with H>WW/ZZ producing extra leptons
ZH Cross-Feed events removed from Off-Shell Region to avoid
double counting

Nebiaska Jahid Hoss

Lincoln”

ain

bk
+ g) gTbk (@bkg|m4€)

PRD 111 (2025) 092014

cmMs 138 fb~' (13 TeV)

+ BestFit 4
X SM :

2
tz >2.5
<20
1.5
1.0
0.5
0.0
0.0 0.5 1.0 1.5 2.0 25 3.0
. u off-shell
Largest Systematics: F

On-shell: from lepton momentum scale & resolution;
Off-shell: dominated by QCD background modeling and
jet energy calibration in VBF/VH categories.
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Higgs boson width I'; in H - yy using Run 2 (NEW results)

LO : qg interference

! ’ ?}‘ igwﬂ"’\’wv ’ !
2 2 :
9i 9r / T ;

» In the narrow-width approximation (NWA), OisHof ™~
FH Signal: gg — gH — gy Background: gg — gy
> Scaling degeneracy: If g = A1g°M & Ty= A4T3M then OisHof = al-S_)A}I{_)f . CMS Smulation Proiminary (13Tev)
g f Resoluton effects ncluded
» Consequence for LHC data: 3 L
E o;— —————————————————————
n-shell Hi r ions cannot determine absolute Higgs 2 el
On-shell Higgs cross sections ca gg Method 1: “E Method 1:
couplings or the total width Mass peak shift  ™"Interference
Many different A values give the same measured rates. Method 2: S S DTN T ST ORT TSV IR I |
. . . Full shape change CMS PAS HIG-25-004 ™Y
Only ratios of couplings are constrained by on-shell measurements OMS Simulation preliminary
E . E Category 5 (2018): 31<p’r’<47, Diphoton BDT score > 0.92
> Breaking the degeneracy (extra information needed): R
) [ —=— Spye+latfyri'=2s
T 03
Use off-shell Higgs production (gg>H->ZZ at high mass). 8 Method 2:
e o :
Study interference effects between Higgs and background. E of- St |
c TR e
g T
=01 11‘8 1£o 1&2 1&4 1;6‘ ' 'és
m,, [GeV]
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Higgs boson width I'; in H - yy using Run 2 (NEW results)

/ ~A HAH \ The largest experimental systematics:
_ gg—> —>"}/"}/ . . .
Agg—wfy = — 5 _ - + Acont non-linearity in the photon energy scale
S o mH —I_ ImH H w 001 CMS Simulation preliminary
Re (.A —>H-/4H—:— _A* ) % 000 — =
56 — — (& — m2 g8 V7YY tcont B 000 B
gg—H—~y ( H) (g o m.!2-!)2 + mir%{ % 0.007 — Tw=0
T (Agg s HAH_s o AL i
_ 2erH — (A gg—)f; 2H—>’Y’; gont) 0-004
K (5 —my)? + my Ty j s
gH . v E'ON ......................
do L doi  doy | doy E s
dmw dm’y'y dm’m dmw 2 e
rH S FH S I S do.b E M:% 121 122 123 124 125 126 127
HF — VF@ ogH T FF@( ogH T )+FVjE{V§VH} V,jJrM m,, [GeV] \
procs . . . .
. . = i = bk - Fit uses floating signal strengths: uF (ggH), pV (VBF/VH
Ni (i, TH/FIS{Mr #,mp, 0) = E P‘j(rH/FIS—IM)nj,kPjS]zg (xirmHFB) + Py 8 (xi} 9) . ES1§ & HF (ggH), KV ( )
[ Define parameter: A = /rH/rIEIM
_— Benefits:
L (data | Ty /TEM, i1, my, 9'5,6'3) =[] ]]Pois (ngf‘ta | Ni(i, Tig /T, 31, my, 5)) *Avoids discontinuity at I'y =0
k==l *A can be negative > models fluctuations better
Qmits on A > converted to limits on [y /
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Anomalous Coupling in H = yy using full Run 2

Production Discr Goal

mode CMS'PAS'HIG'24'006
ggH DfpH CP-even VS CP-odd scenarios

ggH pEy Probe the interference

ggH Dgrgr})l(s Higgs signal VS non-resonant background
ggH DEENT2Ies | ool + 2 jets (SM and CP-odd) VS rest
ggH DgB%EI{,I“jets ggH + 2 jets (CP-odd) VS rest

VBF y o)Lk SM VS CP-odd scenarios

VBF 'DI\\,’SEkg Higgs signal VS non-resonant background
VBF DR SM Higgs VS BSM Higgs

VH-hadronic prs
VH-hadronic | Dhad,

Higgs signal VS non-resonant background
SM Higgs VS BSM Higgs

W (4v)-leptonic
W (4v)-leptonic

Higgs signal VS non-resonant background
SM Higgs VS BSM Higgs

Z(¢¢)-leptonic Dlseq?xs
Z(£¢)-1eptonic

Higgs signal VS non-resonant background
SM Higgs VS BSM Higgs

Z(vv)-MET y 2,
Z(vv)-MET Dt

Higgs signal VS non-resonant background
SM Higgs VS BSM Higgs

NeB\IIVERSITY lo{ra'
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P05 Gy, ) = (1= )PS5 ) + fiPylm,y; ) + 20/ = Jcos(h)Perim, 3 0

Qprod _ {Qg)rod, ggrod’ 9*prod, (I)PFOd, q)llarod, p%,Vprod’ p;,prod}

Do = Pu(Q) 1 1

BSM — — —
Pm(Q) + Ppau(Q) Ifg;f = (1 4 2.38 [ cgl| 1] )
_ _ |f:‘l3 I

P. = g)lSnI{/l—BSM(Q)

" Pou(D) + Pasm(D) P(BSM)
. . . . /
Systematic Uncertainties in H>yy D; P(BKG)

*Experimental (line shape):
» jetenergy scale/smearing > ~15% 75
*Experimental (normalization): ( /
s

CR
o sisn\  op - Ndata
=2\5 NG

4 MC

9

i=

 Photon energy scale & resolution > ~5% &
*Theoretical:

* PDF uncertainty - ~20%

Overall: systematics <10% of total

uncertainty (statistics dominate)

faz-Nazg©
1
FXNZRETT® + (1 — fo3)X Ny ™ + NEg%
Nygg = pul(1 = f,) X Ng: +ﬁs,N5?3F]

Use as f, upper limit from: HIG-19-009

Categories
VBF BSM VBF SM
dominated dominated

8=2+2+1+3

Categories Empty
BKG Dominated

Categories
OPTIMAL BOUNDARIES:
P(BSM) = 0.97
P(BKG) = 0.05
Dy =0.6
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