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Motivation andoutline
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A High statistics required Covered in this tal

A Measurement limited to a subset of phase space :
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A Detectors warp the distribution, need to be accounted for by unfolding

A Statistically delicate operation, comes with many considerations

) n . & i ATLASEur. Phys. J. C (2020) 942
A Sensitive probes for BSM effects and precision benchmarks for the SM i CMSarxiv-2103.0495 (submitted :

to EPJC) |
Ug9 aan !
U  ATLASATLASCONF2019029 I

U CMSJHEP01(2019)183 |

A Directly measure the spectrum of an observable

A No need to specify a signal hypothesis a priori

A Directly reinterpretable by theorists
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https://link.springer.com/content/pdf/10.1007/JHEP03(2021)003.pdf
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https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2019)183.pdf

Measured-observables

Wide range of observables giving sensitivity to several effects (including |

A Higgs productiosrelated quantities probg@QCDcalculations, radiative corrections, choice of PDF, light qulark
couplings, CBtructure of the Higgs sector:

A Channel specific decaglated observables probe EW corrections and Higgssaiity properties

ADpphOpphEe Jomdmitlngy

Different channels have sensitivity to different variab
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The(l © T thannel

A The analysis measurgs ) andr) distributions Main backgrounds
) _ _ el ety ST T T T T T T 1
A Relatively large B®(¢ B makes this channel 'A @° 1 Hd di-boson production !
competitive, especially in the high ) regions : A Events with twat leptons estimated with embedded |
: samples :
A All decay combinations of thke Bystem considered, | A Dimuon events in data with muons replaced with
apart fromQQ t ’and* * T’ I simulatedt leptons :
o _ o :A Jets misidentified a$ !
A First differential measurement in this channel! : A Misidentification probability estimated in data :
CMS Prelimina ry el, et UT, LTy all categories i
138" (13 Tev)  +Obs.[Jtt bkg.lZ— ee/up[dtt + jets[ ]t mis-ID[JOthers = Unc.lH—1t
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E 25t { sooof 2500t
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138 b (13 TeV)
& FoMS 1 ommm
— 10 Preliminary %75, 93—~H (POWHEG) + XH E

NN gg—H (NNLOPS) + XH 3
XH = VBF + VH + ttH (POWHEG) |

: e Libal True for all analyses discussed excgpt 102; -
Results unfolded to particle level within likelihood { ENggse  F(bin by bin corrections
fl DE€QiflEHe Y ' o |ti (St :
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Migration matrix Particle level signal strengt i N
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« . . . . S FCMS ¢ observes - S "CMS ¢ Observea ]
A Measurement inclusive in production modes 8 10k moumnay 7 sonvowea o | B | oy smomeg
, L. . @ i i iﬂzvanvmun (POWHEG) 1 é ! iEI=VBF+VH+tlH(POWHEG) E
A Prediction from POWHEGV2@NLO reweighted to = 1¢ .+, 18 L ]
NNLOPS g: ok 11 & ’
A Good agreement with expectation: S ook ;V@ g "'E i
Anm) px@@ ) xem(n ) tue Lo el

A Fiducial cross section extracted from fittto e - '
A, TCQp nEé, T 1T YC )QfE)& g : I e E
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ATLASCONF2021-010 - JHEP12(2020)085
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http://cdsweb.cern.ch/record/2759284/files/ATLAS-CONF-2021-010.pdf
https://link.springer.com/article/10.1007%2FJHEP12%282020%29085

The( ©> AAchannel

A Very highmultijet (QCD) background Ezsooo;bw'ls-w-w~-|~~|mv;1'37fb'-1‘(113'T?\{)—:¢ . 1-2X-*13'3ras'p'reim;n;a'ry' e
™~ B gseoe‘:ggu(b::.g[::e‘efr ;Zf ] © - s = 13TeV, 136 fb-1 :,ata”>1TeV n=26.38 .
A" Z(° AA) u Pk highestinthe SM Phs G s S A A
0] B M H(bb), 1 =3.7 4 ©® C
- .. ) . 515000; * et - § 0.8¢
A Mitigates natural cross section decrease at high : ] @
10000~ - 0.6
A Both analyses target the boosted jet topologg, a E ] oak
large radius jet with a 2 sujet structure B T E of £
2 :: -- - — _l o m IMuItij;tikfl B
2l ol o f ]
g°  op S 100 .
Resolved decay i ] f\, I + b ]
60 80 100 120 140 160 180 200 3 0
A A Mgp (GeV) L A
Q} 449 Multijet, Top, W & Z + 1o
v v al B to +' ]
X < : - & O%Mf
s Signal extracted by fitting s b
_50_
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Jet mass [GeV]

Boosted decay

the jet mass distribution

A ATLAS; 1 v 'mA, 6 ¢ L A, ®ne compatible with 2 sufets

A CMSn1 1 v 'mA, 8ledicated MVA tagger
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Results

A Different approach for the two analyses (differential results): A ATLAS: good agreement with SM
A ATLAS: inclusive in production modes A Predictions from
: POWHEG+MINL@gH,
A CMS: targets gluon fusion, other modes treated as background POWHE@®OX v2 (VBE @ 6 (

@ ) and POWHEBOX
v2+MINLON R 6 ()

137 fb™' (13 TeV)
—— 7T 71

E L _— ' g , cms — Data ] < . . N

7 8o;véL’5¢§/F:§§LLT'”ary ] N == LHCHXSWG approx. NNLO ] A CMSc® ,excess in highest
’ 103~ i — .

T | e e - i = oMo bin, reduced t& ,when

] 0% 3 . . .
60l — 95% CL Upper Limit - i -—a ; considering all bins
I 100? s S— — SimUItaneOUSIy

O] I e . .
25 b E A Prediction from HMINLO
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T . | | E A Also compared to NNLO
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https://link.springer.com/content/pdf/10.1007/JHEP03(2021)003.pdf

The(l © W7/ channel

A Bosonic channels give good sensitivity on a wide range
A Second highest total branching ratio, highest to a leptonic final state
A Final state with 2 leptons and 2 neutrinos provides best sensiti-w'cf

A No access to full kinematics of théibosonsystem

A Neutrinos are undetected, resulting in missing transverse energy (MET) g w0l

A The fitis done on the dilepton invariant mass and Higgs transverse mass ~ : ™

0

_ i

Main backgrounds > 0

8 300

____________________________________ 2 200
! A Non-resonants 7r, <(dominant): B

I A Normalization measured in data
'A Lepton misidentification, "-1L0 W\Eubdominant):
A DY normalization measured in control region, lepton
misidentification probability estimated from data
A Diboson and triboson production (minor):
A Estimated via MC simulation
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Results

A

Fiducial and differentiafy ) )
Cross sections

All production modes are considered

Nominal prediction form POWHEGVZ
at NLOggHreweighted to NNLOPS

Results also compared to MG5@NLC

Good agreement to SM, highest exce

for 0 T atpg8 ,

Total fiducial cross section obtained
from fit onn

Good agreement with SM prediction

obtained from POWHEGV2
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The(l © 77:0; t//éghannel

g owp T . paa =
o r [1 H(125)
% ok [ 4922, Zy*
p ) i s Th + B 9922, Zy ]
A Relatively low BR compensated by very well reconstructed final state @ f — o
150 —
A Selected events contain 4 leptori&@t , grouped into samdlavor -
. . 14 . 100 —
oppositecharge (SFOC) pairs to fotocandidates ;
, : : : 50
A Access to the full kinematics of the Higgs system .
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m,, (GeV)
Main backgrounds
3 OF has  elew T
__________________________________ 1 @] - Higgs (125 GeV/ ]
| A Norrresonantl # mproduction (dominant): ! @ o AT, ma
: A ATLAS: shape estimated from simulation and normalization : % I - et
: measured it sidebands : L% ;
| A CMS: shape and normalization estimated from simulation ! E
‘A & | w2 (subdominant): : :
, A Estimated in dedicated control regions I :
I A Triboson, < gnd <4 (minor): | j
:_ A Taken from simulation : 7
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Results fiducial cross sections
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Results compared to different MC predictions

Total cross section extrapolated

assuming SM acceptance and Good compatibility with the SM expectation
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Results differential cross sections
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Resllts double-differential cross sections

A ATLAS also measured a set of double
i i i . = 102g = —
differential cross sections: 5 E ATLAS | "% b T3 s O Amas % bl
5 T OH s ZZ* — 4l [ Syst. uncertainties . S 10° N — Syst. uncertainties
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https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2019)183.pdf
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https://indico.cern.ch/event/905399/timetable/?view=standard#190-higgs-combination-at-atlas
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Conclusions

A | have presented the most recent fiducial and differential measurements in the Higgs sector from the
ATLAS and CMS collaborations

A Wide range of production modes, decay channels and observabites’O0 1 tlifferential result!
A Results are unfolded to particle level, allowing direct comparison with theory
A Most measurements still statistically dominated, looking forward to Run Il of the LHC and beyond!

A More Run Il results still to come, stay tuned!

A Thank you very much for your attention
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https://cds.cern.ch/record/2682844
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via%3Dihub

Fiducialvolumel definitions(! ©> z1z

CMS

A (1)
A Electron (muonj) ¢ ¢¢ ' Aénd|-| ¢
A Visiblet o1 Aénd|-| <&
Aa(@ np ) uvm Ase

At T Momenta of photons radiated
A Visiblet 1t 1t Aénd|-| ¢® within 3Y 1 of a lepton are
A Atleastonejetwith) o1t A6 I RRSR (2 G(GKS f
AQ:

A Leadinggubleadinyleptonn ¢ tp )" A6
A Lepton|-| ¢8&
Aa (Qhp ) om A6
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Migration matrices (1 © AbA

SRL(S): leadin Py [GeV] 18|
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(subleading > R CMS Simulati
> x
o =
— >650 =
300-450 " x
452;2(5)0’ 450-650, <2 E
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100
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SRL1 10 13 3 c
Re)
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Fiducialvolume! definitions(1 © 7

CMS

Observable

Condition

Lepton origin

Lepton flavors; lepton charge
Leading lepton pr

Trailing lepton pp

7| of leptons

Dilepton mass

pr of the dilepton system

Transverse mass using trailing lepton

Higgs boson transverse mass

Direct decay of H - WTW ™

e u (not from t decay); opposite
pr > 25GeV

;alr2 > 13 GeV

| <25

m > 12 GeV

Pk > 30 GeV

m,sz > 30 GeV

mg > 60 GeV

Momenta of photons radiated
within 3°Y 1@ of a lepton are

U2
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