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Infroduction

Differential cross-sections measurements — key to Higgs boson properties characterization

—

test of SM predictions for full probe possib|e BSM hints
spectra of variable of interest

Measured in fiducial phase space — largely model independent — results can be
compared between channels and experiments, and with multiple theoretical models
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Fiducial Cross-Settions

Aim: provide model independent characterization of the Higgs boson properties
(even if SM is assumed when calculating the acceptance)

Data unfolded to correct for the detector effects — allow
direct comparison with different theoretical predictions

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

Fiducial cross-section also measured differentially

— many kinematical variables sensitive to possible BSM experimental selection
fiducial phase space
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W—bosins

S/(S+B) Weighted Events / GeV
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Signal: events with 2 energetic
photons

Bkg: SM yy, v, Jj

Results: ML fits on m,,

X1%acms 137 o' (13 TeV)
EH—w‘y T T T T T 3
60 -
E ¢ Data 3
50 — S+B it
%0 F  eme B component
r (R ES R

b [J+2¢ 3

P | e ey Lo Ly 9
110 120 13 140 150 160 170 180

JHEP 07 (2023) 091 m

Events /2 GeV

H—-ZZ

e Signal: events with 4 OS SF
leptons (e, u)

e Bkg: qqZZ, ggZZ, Z+X

e Results: ML fits on m_,
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H—-WW

e Signal: events with 1e+1u +
p' .. > 20 GeV

e Bkg: SM WW, tt+tW, 77,
nonprompt leptons

e Results: fits on (m,, m_")
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W—bosons: inclusive vesults
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@ Overall precision of 10%
e Profit from large S/B ratio and
full kinematic information
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H—termions T

H—rr

(boosted)
e Signal: events with 1 AKS8 jet

reduce tt bkg

+ veto events with p’ > 140 GeV
+ soft drop (SD) algorithm ~——

e Bkg: QCD multijet, tt

reduce QCD bkg

e Results: ML fit on Mg,
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e Signal: events with 2 7 (all decays) | oo™

+p’ <60 GeV HoWW

or+m_> 30 GeV (boosted)
e Bkg: Z—1z, tt, VV, j/i/z, mis-ID, QCD multijet
e Results: fit on m in observables bins,
or fit on NN output (boosted)
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H—termions: inclusive results

e both channels statistically dominated e First differential results in H—77
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Higgs boson p_-

° pTH distribution probes perturbative QCD modelling of Higgs production
e Variations of couplings can distort shape of pTH spectrum
e Different models provided by theorists to describe shape distortions

H—ZZ H—WW H—1z
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Higgs boson p: inferpretations

pTH — set limits on H self-coupling and constraints on couplings modifiers to b and ¢ quarks

e sizable contributions from ttH and VH for k
A H—-ZZ
— thanks to larger V and top masses
e ggH used to set constraints on k, and k_
— possible modification from b and ¢ quarks in ggH loop

JHEP 08 (2023) 040
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Higgs boson vapidy

y" probes the PDFs and Higgs boson production modes
e measurement statistically dominated H—ZZ

e 20-30 % precision with full Run2 statistics
JHEP 08 (2023) 040
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Number of Jefs

Jet variables useful to test modelling of QCD radiation and production mechanisms
— H—17 channel great handle for large jet multiplicity region
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Leadng jet p'

Jet variables useful to test modelling of QCD radiation and production mechanisms
— H—77 channel great handle for high p. region

H—-ZZ Hott H—z7 (boosted)
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Other jet observables

Jet variables useful to test modelling of QCD radiation and production mechanisms
— kinematics of di-jet, H+j, H+jj systems
— 0-jet bin defined
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Rapidity-weighted jet observables

Jet transverse momentum weighted by a function of jet rapidity H—zz

— useful to test QCD resummation JHEP 08 (2023) 040
— 0-jet bin defined JE
S —Ps
] <z
7™ = max Jrmax J =lyi=yml
s == j H
j 2 cosh (y]- = yH) B m]%ix (mTe )
CMS 138 b (13 TeV) CMS 138 b (13 TeV)
— 10; |I E X I TH ¥ I TTT I TTT I TT 7T { TT1 7T I TTT | TTT | TT ]g />\ 10; T I T T I T T I T T 1T I T T 1T I 1T l;
% E t  Daa(stat®sys. unc) p-value(POWHEG): 0.78 (o) et ¢ Data (Stat: @,8ysunc,) p-Value(POWHEG): 057
LI B I L B T T 7T el 2 i 1k Systematic uncertainty .
120 . - Q 1 g_ SN gg—-H (amcatnloF XFX + JHUGen + Pythia) + XH E (\D E SN gg—-H (amcatnloF XFX + JHUGen + Pythia) + XH E
C 2 o) £ SN gg—H (NNLOPS + JHUGen + Pythia) + XH ] o) E SSSSSSS gg—H (NNLOPS + JHUGen + Pythia) + XH ]
100 1jet ] = F Y444 gg--H (POWHEG + JHUGen + Pythia) + XH ] T 1w0'F Y4444 gg—H (POWHEG + JHUGen + Pythia) + XH -
C ] % 107 "] XH=VBF + VH+ ttH (POWHEG + JHUGen + Pythia) X E [ XH=VBF+VH+ttH (POWHEG + JHUGen + Pythia) ]
= FEE ] g E (LHCHWG YR4, m =125.38 GeV) E ;gm 102 (LHCHWG YR4, m =125.38 GeV) ]
> 8o =R i ] Eoor e
§ I - ) : ]
g‘ 60— Es Q F Fl_\_Laggza: Lol >80Gev) ] =~ 10k L:&#a: o> 1s0Gey) ]
= 0 Toj < 15 GeV ‘- | | =1
C ] o) e =—r— o) i — i
S 401~ N © i 1 O w0t G E
C p ] 1074 E £ b
20— przsaoGev Ojet — E T N NS FEEE N NN N N R 1%*5— PR A T T N I T A ) HOH S O
: : g 2 ! | 3 O | TTT I TTT I TTT I TTT ‘ TTT | TTT | T G X | TTT ] 2 5 T I T 0 7 I LS I L | UL I T a1 K ¥
0 C 1 1 1 L I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3 9 9 2-
0 0.5 1 1.5 2 25 2 —7— 2 150 —
o o 1
Yi 2 2 osf |
thSReVD91,054023 g 0 lllll\lIIIIIIIIIIIII‘IIIlIIIlIIIlIII é 0! *i||||||||||\|||||||||||||||
&
' \\{(C*\15 30 45 60 75 90 105m1ai0 135 150 .e\\,@‘“\ 50 100 150 200 1'na)gSO 300
o T&™(GeV) £ Tg"™ (GeV)

A.Cappati 14


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.054023
http://dx.doi.org/10.1007/JHEP08(2023)040

Detay observables

e 7 parameters fully describing the H—4l decay:
o Zmasses (m,,, m,,)
o Angular variables for fermion kinematics (@, cos 6,, cos 60,)
o Angular variables connecting production and decay (®,, cos 6%)
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Detay tbserwables: ME distriminants

ME discriminants sensitive to HVV anomalous couplings Ho77
— DO_deC sensitive to possible CP-violation effects

. . JHEP 08 (2023) 040
— more discriminants in the paper
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Extensive set of double differential observables to probe specific phase space regions
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Conclusions

Run2 data allow extensive study of differential Higgs boson cross-sections

Variety of measurement reported in different decay channels:
e observables targeting production and decay
e double differential observables
e interpretation of p. spectrum

— Differential distributions provide a handle to set limits on various BSM couplings
No tensions with SM observed

Precision measurement has just started!
e Still statistically limited
e Many improvements already in place!
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