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@ LHC Run 1 was the era of the Higgs boson discovery
® LHC Run 2,3 are the era of Higgs boson properties measurements

@ Differential cross sections measured in fiducial phase spaces:

@ Largely model independent
® Results can be compared between experiments and with many theories and models

@ Exploring Higgs production differentially key to:

@ test SM predictions for full spectra of observables of interest
@ probe for BSM hints

@ Five decay channels considered with latest public results from ATLAS and CMS:

@ all results based on full Run2 data ~137 fb-1
@ first inclusive fiducial cross section measurement at 13.6 TeV
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@ Fiducial cross section measurements aim at providing the least model-dependent

characterization of the Higgs boson properties
® However, SM assumed when calculating acceptance

® Measured data unfolded to correct for the detector effects, allowing for direct comparison with
different theoretical predictions

@ Fiducial phase space defined to closely match experimental acceptance and analysis selection

@ Fiducial cross section measured differentially with many kinematical variables sensitive to BSM
effects considered
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@ Signal is fully reconstructed using
four leptons

® SM backgrounds: qqZZ, ggZZ and
Z+X

@ Large S/B ratio ~2:1 under the Higgs
peak

@ Full kinematic information due to
great reconstruction of all final state
objects

® Many observables sensitive to
production and decay explored
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@ First ever differential cross section measurement in the H—=rr channel!

@ Both measurements statistically dominated

® These channels are great handles for the large jet multiplicity and high Higgs boson pr regions
for the future combination
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® Run 3 first time part of the fiducial cross section as a function of sqrt(s)

® Several assumptions and extrapolations from Run2 for the early Run3 result that is statistically
dominated

® Assuming SM values for fiducial acceptance and BR results extrapolated to full phase space

https://arxiv.org/abs/2306.11379
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HIGGS Py

® pt(H) probes the perturbative QCD modelling of Higgs production

® 20 - 30% precision with full Run 2 statistics
@ Variations of couplings distort the shape of pr(H)

@ Different models are provided by theorists to describe the shape distortions

Ratio to NNLOPS
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® ggH p1(H) spectrum sensitive to anomalous values of Higgs couplings to b and ¢ quarks
@ results with BR freely floating vs BR scaling with k;, and x..

@ ttH and VH pt(H) spectrum sensitive to Higgs boson self coupling
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*Many more interpretations in the dedicated EFT talk by Chen Zhou on Wednesday 29/11
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® Y(H) probes the PDFs and Higgs production mode

® measurement precision statistically dominated

® 20 - 30% precision with full Run 2 statistics

CMS 137fb~" (13 TeV) 138 fb" (13 TeV) S 80 T | T -
H — vy ### MADGRAPH5 aMC@NLO, NNLOPS ggH + HX o) L Z : ATLAS i\ H—ZZ* =
¥ MADGRAPH5_aMC@NLO ggH + HX e Data (stat. ® sys. unc.) p-value(POWHEG): 0.85 | T T 70— H—ZZ*, H — vy Y H—vyy s
30 - 7% POWHEG ggH + HX Systematic uncertainty 4 é — Vs =13 TeV, 139 b ¢ Combination =
— HX=MADGRAPH5 aMC@NLO VBF+VH+ttH T > gg—H (amcatnloFXFX + JHUGen + Pythia) + XH N Q — I:I Systematic Uncertainty _
4 Data, stat@syst unc. Z’ > gg—H (NNLOPS + JHUGen + Pythia) + XH . _8 60 [ Total Uncertainty g
?E syst unc. O . gg—H (POWHEG + JHUGen + Pythia) + XH i E R MG5 FxFx K=1.47, +XH E
& 0607 p-value(nominal SM): 0.959 \_O XH = VBF + VH + ttH (POWHEG + JHUGen + Pythia) - so— e NNLOPS K=1.1, +XH —
) = (LHCHWG YR4, m =125.38 GeV) - - sevsees XH=VBF+VH+{tH+bbH+tH T
<] == © i 40— T
\3,3 401 R S © i - -
5 [ | ] B * v ]
< ‘ i 30 —_%L | A —]
20 1 ] - 1 [+] B I B 5 1*} *JH' -
| . 20} Hﬁ =
01 { | —— ¥4 : 10_ -mx’”.i
| | | | | | | [ ] ] ] l ] ] ] ] : ]
cnj_) 1.6 ] o ; 0 i&i\'\ii’\gi\’gfg F\\-Q\\F\RF\F\EE\EESQ\\_\’X\- —S N -SS& R A RSN =
c 1 H_=+__——d-.{a_—+— , | ®) ]Ig 1 - . .

2.9 -1 T * I = ey i N ] w 1.9 -

2.2 I Z 0.8 I’ - f 3 0 ’ ’ .
SIS S ARE ] = 1w R e v---- oo -t -

c = 0- + 06 ] ~. ¢ .
< 2 04t : -
l g 02} | | | : S 0.5¢ —
T T T T O : | | | | 1 | | | | | | | ] c L L L L L L L L L
- " o =0 = 0 1 1.5 2 2. — 0 0.15 0.30 0.45 0.60 0.75 0.90 1.20 1.60 2.00 2.50
H
H
1} YY “,»zﬂ» & “,»zﬂ» &
w7y

https://arxiv.org/abs/2208.12279 https://arxiv.org/abs/2305.07532

https://arxiv.org/abs/2207.08615



https://arxiv.org/abs/2305.07532
https://arxiv.org/abs/2207.08615
https://arxiv.org/abs/2208.12279

A 3 SOMSTE Usp,
8 & £7
N %) = <
S X 2 5
N ||\, @ 5
| \ J/(JI/ : \L\-\
XPERIMENT | . \ MO e

NUMBER OF JETS

12

@ Jet kinematics useful for test of modelling of QCD radiation and production mechanism:

Ratio to NNLOPS

1) Number of central jets
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@ Jet kinematics useful for test of modelling of QCD radiation and production mechanism:

2) pr of leading jet
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g OTHER JET KINEMATICS

@ Jet kinematics useful for test of modelling of QCD radiation and production mechanism:

Ratio to data

3) Number of b-jets, di-jet kinematics, and many more
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@ Differential measurements with respect to observables sensitive to H decay

1) Decay angles in the Higgs rest frame
2) Matrix element discriminants

CMS 138 b (13 TeV)
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® Lepton kinematics vs number of jets in H>WW
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® Transverse momentum vs number of jets in H—=>yy and H—>ZZ—-4l
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® Z1VS Z> mass in H—~ZZ—4l
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EXPERIMENT |[f—— | 0 e
® Run2 data set allows extensive study of differential Higgs boson cross — 10SMS Projection 3000 6 (13 TeV)
> ~w/ YR18 syst. uncert. (S2) Ao(6'' > 600) / 250
. ()] B o(p; >
SeCtlonS g 12.—on aasan TR Ac(p:'>200)/120
'8_ - e - Ao(p! > 600) / 250
~ 10'= |
. . . L . ombination “e
@ A variety of measurements are reported using five decay channels and g 1 s
~ = H — bb T
their combinations from ATLAS and CMS Collaborations: I
@ Observables targeting production and decay " b Hozz M
® Double differential cross sections 10*=7//// aMC@NLO, NNLOPS
. . - . . : O, from CYRM-2017-002 M§
® Many interesting variables not shown in this talk B R T T TP T T o
S 1.5 B
. . . . . . . . . g 1: Aey  Lav --é—i---%-@i-----é—i---?-@i-----é—i-----%i ----A}-O--l
@ Differential distributions provide a handle to set limits on various BSM S F % ]
couplings: U0 a0 s 0 a0 506" 40 g0

® Keeping in mind that SM used to calculate acceptance effects

H
https://cds.cern.ch/record/2806962 p-|- (GGV)

® No tension with SM predictions

@ Precision in measurements is still largely statistically limitead
@® Many ideas ready for HL-LHC statistics!
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@ Differential measurements with respect to observables sensitive to H decay
1) Decay angles in the Higgs rest frame

CMS 138 fb'' (13 TeV)
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@ Differential measurements with respect to observables sensitive to H decay
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2) Matrix element discriminants
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@ ttH and VH pt(H) spectrum sensitive to Higgs boson self coupling
@ possible to extract k; limits from the differential cross section

® ATLAS made a combined fit to pt Higgs differential distributions (from H—-+ZZ—4l and H—yy) and
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® In VBFH—=>WW constrains on Wilson coefficients defined in SMEFT

® No sensitivity for a simultaneous fit, one coefficient at the time
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® Two scenarios if pure dimension 6 operators are considered or not
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@ Similar analysis in H—yy, setting constrains on Wilson coefficients

® No sensitivity for a simultaneous fit, one coefficient at the time

® Five differential distributions used to set limits

® Two scenarios if pure dimension 6 operators are considered or not

Ratio to SM
N
N (@) | (@)

—h
Ol
[T 11

Bt R et T R T Rt T Rt T R T Rt T R et T Rt T R et T R et T Rt et T Rt R Rt T R et T Rt R T Rt T R et T R R Rt TR Tt TR TRt R TRt

ATLAS H—yy,Vs=13TeV, 139 fo' -
SMEFT (interference only),A =1 TeV —
oBSM RBSM 1

total \ith o = -0.0083 ... —X_withe,,, =0.013

SM HG SM HW

0total BYY 4
RBSM gBSM B
...... —— with ¢, = -0.004 ——with¢,,, . = 0.0067 -
B., B, ]

oo
N O
@
oo
&
N

OONMONINOO0000000000O0OTANOOOONON EQO
TTAAQOFORONIRoLOLD T I IT-AROT I EL9P
LOWwOWOWWO T T T TANRT D DTYIR TS ST 00
TrAANONTOOO00000000 cCoW L FOCEM®
DONTNOLO LD N O §
—rr QAN ANM< 1—@

Nz 20GeV m, [GeV] A¢jj

jets

p"[GeV]

i ATLAS
H—svy, s =13 TeV, 139 fb™

— SMEFT (interference+quadratic), A =1 TeV

| Observed 68% CL -

Observed 95% CL
—e— Expected 68% CL -
--—---- Expected 95% CL

10 20 30

Parameter value



t) INTERPRETATIONS :

® Z1 mass vs Z> mass in H—=ZZ—4l can be used to set limits on modifications of couplings with left and
right handed leptons

@ Pseudo-observables affecting angular distributions setto O
@ di-lepton invariant mass only sensitive variable
@ Four scenarios considered
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