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Does the Higgs(-like) state at 125 GeV couple to
fermion pairs proportionally to their mass as
predicted in the SM?

Production and decay can both be either due to the
fermonic or gauge boson couplings:
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Observation of gg production relies on Htt coupling,
but we would like to directly observe H — ff decays
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First evidence for H— bb came from Tevatron, 2 Jul 2012
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e Result: excess with more
than 30 significance at
135 GeV

e Two days later: 50 from
each LHC experiment at
125 GeV...(yy, ZZ, WW)

Tevatron evidence
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Final combined Tevatron result with all channels:
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Final result, March 2013: 3o at 125 GeV
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At hadron colliders, gg fusion mode very challenging;
rely on associated production and VBF modes
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dijet mass reconstruction
crucial to separate signal
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H — bb at the LHC
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CMS result: 2.10 excess at 125 GeV e :
Can split into ZH, VH, and final states | #= 1.020.5 ]
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CMS result: 2.10 excess at 125 GeV
Can split into ZH, VH, and final states
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Perform simultaneous fits to myp distributions in

signal and control regions to constrain nuisance parameters

ATLAS-CONF-2013-079
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LHC challenges
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events/ 10 GeV

Three channels: eT UT TT
Two categories: VBF Boosted

Train BDT using mass and kinematics
Strategy: fit (initially blinded) BDT output for signal

(T =tau had. decay)

Most sensitive channels: { + T
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ATLAS results
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ATLAS results
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CMS: many categories
covering gg and VBF
high p(t;)  high p+(T;)

production pr(t,) > 45 GeV
\ & baseline low pr(ty) low pr(T)

Also: VH production T ) [

O-et | 1-jet i 2-jet

pr™ > 100 GeV
m; > 500 GeV m; > 700 GeV
|An| > 3.5 |Any| > 4.0

P>
100 GeV

1 " Th baseline low pr(ty) low pr(y)
in the final states . i
ou orll) > 35 GeV high pr(u) high p(u)
Z H - é Z T T baseline low p-(u) low p+(u)

_’ H
Z é é T oo, 11 0 55 Gev high p+() high p+{)

low p+() low p+())

WH — [i zi T baseline

— Z T T ThTh boost
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CMS results

P> P o> pr™ > 100 GeV
100 GeV 170 GeV m; > 500 GeV
|An;| > 3.5



Most sensitive channel: pt

In this and all other channels CMS studies multiple
kKinematic distributions to reveal systematic
uncertainties and modeling issues; leave m(tT) blind

CMS Preliminary, 19.7 fb™ at 8 TeV CMS Preliminary, 19.7 fb™ at 8 TeV
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CMS Preliminary, 19.7 fb™ at 8 TeV
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Most sensitive channel: pt

Unblinded, post-fit mass plots show excellent control of
backgrounds and reveal hint of signal:
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CMS, 4.9 fb™ at 7TeV, 19.7 fb” at 8TeV CMS H—11,4.9fb™ at 7 TeV, 19.7 fb" at 8 TeV
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Final result combining CMS, 4.9 b” at 7 TeV, 19.7 fby" at 8 TeV
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Final result Comblnlng o CMS, up to 4.9 fb" at 7 TeV, 19.7 fb™ at 8 TeV
T
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CMS results



CMS, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV
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CMS, 4.9 fb'at 7 TeV, 19.7 fb" at 8 TeV
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CMS Preliminary S/(S+B) Weighted CMS Preliminary Combination
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What about ttH? CMS multichannel search yields

— One to watch for in Run 2!
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LHC H—bb, Tt summary
ATLAS CMS ATLAS CMS

SIg 218 y H
bb i 210 10277 1.0£0.5
T 420 | 3.20 || 492 0.8+0.3
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Summary

» Strong evidence at the 3.80 and 4.20 levels for
H—Dbb,tt in CMS and ATLAS, respectively
(expected 3.70 and 3.20 for 125 GeV SM Higgs)

« Confirms the Tevatron results, but bb at LHC still at
the 20 level in each experiment

*No evidence for H—=puu, ee
= H decays to leptons not universal

At 14 TeV we can begin precision measurements!

Outlook
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Uncertainty Affected samples Change in acceptance
Tau energy scale signal & sim. backgrounds shape
Tau ID & trigger signal & sim. backgrounds 8-19%
e misidentified as 1), Z — ee 20-74%
p misidentified as 7, Z < up 30%
Jet misidentified as 1, Z boson plus jets 20-80%
Electron ID & trigger signal & sim. backgrounds 2-6%
Muon ID & trigger signal & sim. backgrounds 2-4%
Electron energy scale signal & sim. backgrounds shape
Jet energy scale signal & sim. backgrounds 0-20%
ETis scale signal & sim. backgrounds 1-12%
Eb-tag D jets signal & sim. backgrounds 0-8%
Ep-tag light-flavoured jets signal & sim. backgrounds 1-3%
Norm. Z production - z 3%

Z — 1T category Z—=TT 2-14%
Norm. Wjets Wjets 10-100%
Norm. tt tt 8-35%
Norm. diboson diboson 15-45%
Norm. QCD multijet QCD multijet 6-70%
Shape QCD multijet QCD multijet shape
Luminosity 7 TeV (8 TeV) signal & sim. backgrounds 2.2% (2.6%)

CMS - systematics



ATLAS Uncertainties on [t

Source of Uncertainty Uncertainty on u
Signal region statistics (data) 0.30
Z — ¢€ normalization (TiepThad boOsted) 0.13
ggF do/dp? 0.12
JES n calibration 0.12
Top normalization (TjepThag VBF) 0.12
Top normalization (7iepThad boOsted) 0.12
Z — ¢f normalization (7iepThad VBF) 0.12
QCD scale 0.07
di-Thaq trigger efficiency 0.07
Fake backgrounds (7iepTiep) 0.07
Thad 1dentification efficiency 0.06
Z — 71~ normalization (TiepThad) 0.06
Thad €nergy scale 0.06

ATLAS results



CMS H—tt, 4.9 fb' at 7 TeV, 19.7 fb™' at 8 TeV
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