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Introduction: LHC - Runl @ >4

EXPERIMENT
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£ [JGood for Physics

- 80 fb-1 dataset in 2015 - 2017.

l Updated Results
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EXPERIMENT

H- ZZ - 4l: H - yy:
® 2 same-flavor / opposite charge-sign leptons from e Selects the 2 leading in p, photons.
the same vertex. e Usesm  as discriminant.

e Uses m, (fiducial XS) or BDT (STXS) as discriminant.

® Tight kinematic criteria.
e Splitting according to lepton flavor.
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' ’ EXPERIMENT
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Differential cross-sections (more)
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Simplified Template XS ATLAS

EXPERIMENT

Categorization scheme for
cross section measurements to: arXiv-1610.07922

» simplify the combination of
analysis results;

» decouple the measurements
from specific models;

* cross sections with minimal
theoretical uncertainties.
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First results are available for:

Stage0: minimal categorization,
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production modes in y, <2.5) H—rr Co (o (tiH) | lo(vbH)| | o(tH) |

+Reduced Stagel (ATLAS).
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Simplified Template XS (Stage-0)
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Simplified Template XS (Stage-0 combinations) ) e
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Simplified Template XS (reduced Stage-1) £ B

Further STXS categorisation according
to the available sensitivity.
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Coupling modifiers @ >4

EXPERIMENT

Observed likelihood contours in the plane of The k framework expresses Higgs boson
Og VErsus o . from individual channels and interactions using multiplicative modifiers
the combined fit. to SM cross-sections and partial widths.
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Coupling modifiers @) }?MS

® EXPEF!TMENT f
Branching Fractions Floating
depending on couplings Branching Fractions
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H— WW- 212v ) B

Outline

* ggH and VBF production with 0, 1 and 2 jets.

WH/ZH production also studied by CMS (31+4l events).

Major backgrounds (WW, ttbar, ...) determined from data control regions.
Discriminant: m_ (also m, for the VH categories)

CMS 35.9fb" (13 TeV)
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H— WW- 212 @ > S

EXPERIMENT

CMS 35.9 b (13 TeV)
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. @ chs, |
Conclusion

' ’ EXPERIMENT

® The analysis of 2015+2016 data has been finalized by both ATLAS and CMS.
® First results with 2017 dataset have been produced.

® Significantly better precision with respect to Run 1 cross section measurements.

So far, the Higgs cross section measurements show good agreement with the SM,
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H- ZZ- 4l: Event Selection/Systematics (ATLAS) ) e

Leptons and jets
Leptons: pr > 5GeV, |n| < 2.7
Jets: pr > 30GeV, |y| < 4.4
remove jets with: AR(jet, £) < 0.1
- Lepton selection and pairing
5‘ Lepton kinematics: prt > 20,15,10 GeV
c:‘_'o| Leading pair (m2): SFOS lepton pair with smallest [mz — mgg|
S Subleading pair (m34): remaining SFOS lepton pair with smallest |mz — mgz|
L Event selection (at most one quadruplet per event)
CZ) Mass requirements: 50 GeV< myz < 106 GeV and 12 GeV< m3q < 115 GeV
& Lepton separation: AR((;, t;) > 0.1
(<,E) J ¥ veto: m(¢i, £;) > 5 GeV for all SFOS lepton pairs
l:' Mass window: 115 GeV< myr < 130 GeV
< If extra leptons with pt > 12 GeV: Quadruplet with the largest ME
Experimental uncertainties [%] Theory uncertainties [%]
Measurement | Lum. e, i, Jets, flavour  Reducible z7* Signal
[-0.5ex] pile-up tagging backgr. backgr. PDF QCD scale Parton Shower Composition
Fiducial cross section
‘ 2.8 4.3 < 0.1 0.3 1.6 0.6 0.5 0.4 0.1
Per decay channel fiducial cross sections
4 2.8 3.9 < 0.1 0.3 1.6 0.6 0.4 0.6 0.2
de 2.8 9.0 < 0.1 1.0 1.6 0.6 0.8 0.5 0.1
2u2e 24 8.6 < 0.1 0.9 1.5 0.6 0.7 0.5 0.1
2e2pu 2.8 3.6 < 0.1 0.4 1.8 0.6 0.7 0.5 0.2
Stage-0 production bin cross sections
ool 2.9 3.9 1.3 0.7 3, 0.4 2.1 0.7 ]
VBF 1.7 1.5 10.5 0.5 2.3 2.3 9.5 5.1 -
VH 2.0 1.7 7.8 1.8 5.6 2.1 14.9 3.1 -
ttH 2.5 1.9 3.9 1.5 1.9 0.3 8.8 9.6 -
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H- 7Z7- 4l: Event Selection (CMS) @) >

Lepton kinematics and isolation

Leading lepton pr pr > 20 GeV T
Subleading lepton pr pr > 10 GeV B
Additional electrons (muons) pr pt > 7(5) GeV -
Pseudorapidity of electrons (muons) In| < 2.5(2.4) @
Sum pr of all stable particles within AR < 0.3 from lepton <0.35pT1 5

Event topology %

Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above

Invariant mass of the 7Z; candidate 40 < myz, < 120GeV
Invariant mass of the Zs candidate 12 < mg, < 120 GeV
Distance between selected four leptons AR(4;,£5) > 0.02 for any @ # j
Invariant mass of any opposite-sign lepton pair Mmy+p— > 4 GeV
Invariant mass of the selected four leptons 105 < myp < 140 GeV
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=5

Higgs mass measurement
o

m
=
el
m
E
<
m
z
—

rrr T T T T
ATLAS ~-Total [ |Stat. only %
Run 1: s = 7-8 TeV, 25 b, Run 2: s = 13 TeV, 36.1 fb Total  (Stat. only) é
Run 1 H—4/ | . = 124,51+ 0.52 ( £ 0.52) GeV §
Run 1H—yy : . \ 126.02 £ 0.51 ( +0.43) GeV S
N
Run 2 H—4] —— 124.79 + 0.37 ( + 0.36) GeV
Run 2 H—yy .I 124.93 + 0.40 ( +0.21) GeV
| Run 142 Ho4l S 124.71£ 030 (+0.30) GeV
Run 1+2 H—yy ——a—— 125.32 £ 0.35 (£ 0.19) GeV
| RuniCombined  #+— —— 12538 £ 0.41 (£037)GeV
Run 2 Combined —— 124.86 +0.27 ( £ 0.18) GeV
| Run1+2Combined — T 124.97 £ 0.24 (£0.16) GeV
| ATLAS+CMSRun1 -l.—- """""""""" 125.00£0.24 (£021)GeV
c o e b by ey by by
123 124 125 126 127 128
m,, [GeV.
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H-yy: Systematics (ATLAS) @ cis

Source Uncertainty (%)
Fit (stat.) 10
Fit (syst.) 8.3
Photon energy scale & resolution 4.0
Background modeling (spurious signal) 7.3
Correction factor 5.2
Photon isolation efficiency 4.6
Pileup 1.9
Photon ID efficiency 1.3
Trigger efficiency 0.7
Dalitz Decays 0.4
: . 0.3
Theoretical modeling J_FO‘ |
Diphoton vertex selection 0.1
Photon energy scale & resolution 0.1
Luminosity 2.0
Total 14
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H- yy: Coupling modifiers (CMS)

o ATLAS
CMS 35.9 fb" (13TeV) CMS 35.9 fb' (1 3TeV)10
m,, profiled _ m,, profiled ;;
g O
6
4
2
e ¥ P e B Y ¢ 04 06 08 1 12 14 16 18 2 ©
Ky Ky
arxiv:1804.02716 arxiv:1804.02716
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‘Compact Muon Scenoid

Simplified template XS: Stage 1 @ S

EXPERIMENT

ATLAS Simulation Preliminary ~ H—yy, Vs = 13 TeV, m,,=125.09 GeV

c
o bbH |1 1 1 1 1 100 ;@
% tWH 1 12 23 2 2 2 ‘;
o tHg 2 2 1 6 4 2 1 13 5 1 90 5
%) ttH 11 1 2 11 4 5 9 16 1|54 75 %
ﬁ gg—HIl 15 18| 1 1|18 —80 &
w qg—Hll 44 49| 6 4 |81 (@)
qg—Hiv 1 1 22 25|69 77 5 2 —{70 “;
Expected qg—Hqqg (p) =200 GeV) 12 |£ 3 E
-~ ag—Hqgq (rest) 4 810 2 7 1011 9 10 4 6 4 5 3 5 3 1 S_
compaosition qq—Hag (VH) 32 2 2 20 35| 3 1 —60 =
Of Slgnal qg—Hqq (VBF-like 3-jet) 2 4|5 18 o
qq—sHqq (VBF-like 3-jet veto) 1 BB —50 @
events per ggF (VBF-like, 3-jet) 1 4 3 18 30 3 1 o
XTGS ggF (VBF-like, 3-jet veto) 26 14 4 5 1 —{40
agF (= 2-jet, p*! > 200 GeV) 11 79 2 3 8 5 14 43 11 7 4 2
category(%) . ;
ggF (= 2-jet, 120 < p7 < 200 GeV) 10 71 2 1 11 4 25 30 10 3 8
ggF (2 2-jet, 60 < pH < 120 GeV) 8 56| 1 3 9 4269 3 6 3 1 —30
ggF (= 2-jet, p! < 60 GeV) 3 34 2 4 2 1 1
ggF (1-jet, pt =200 GeV) 69 3 4 — 20
ggF (1-jet, 120 <p¥ <200 GeV) 70| 1 10 1 2 4 3 3
ggF (1-jet, 60 <pH <120 GeV) 1 76| 2 24 6 1 10 8 8 2 4 1 —10
ggF (1-jet,p! <60 GeV) | 5 5|51 1 25 5 12 1 2
ggF (0-jet) 38 3 24 1 3 8 2 5 0
$2:8352:352 8585852 :pz8 020 cRQE
SES=z823=2z8 383282828 3r83x5 9900099
332222233 brbT O §88Z
N O@0o@o guw 2 8% TBRBREBEEE
(T T TH R R TH N T E TR TR THR T m at] DS == £ e e £ c===
22328328883, 5% TI>> ITTIILZIE
Iﬁfglﬁfg'_‘c“'c > > EEEEF ¥ ¥
=353 5213
S T>
L .
é Sy Reconstruction Category
>
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