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SM Higgs in fermion decays
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A very clean signature

Two high-pt(25/15 GeV), isolated,
opposite-sign muons

No E;“‘SS(SO GeV)
Acceptance x efficiency ~ 55%
Excellent resolution: 2-3 GeV

Backgrounds
Drell-Yan: 96%
tt: 3%
Smooth background shape
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H— u*tu~: Results

Statistical analysis setup

Analytical description of background

and signal shapes

Analysis divided in categories of

different S/vB

= VBF category with jets
m Categories with |n#| and pi*

Results

Observed (expected) 95% CLs

limit at 125.5GeV: 7.0 (7.2)

Uncertainty: mostly statistics

Main systematics: theory
~15% (QCD scales, PDF,
Branching ratio)

Experimental systematics:
subleading ~ 4%
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Analysis divided into 3 channels

TiepTiep (BR: 12%) TiepThad (BR: 46%)
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H— 7717 : Presentation
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: H — 77 : Discriminant variable
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Use of boosted decision trees
Trained in each channel and category
6 to 9 kinematic variables
Choice of variables
mMMC
H resonance: mM¢, AR(tT)
. .o .o Mass obtained by solving
VBF-specific: m(ji1,j2), |An(ji, o f
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H— t+17: Background estimation

control regions

Main Z — 17 background

tt,

Estimated from Z — uu events in data with T embedding

single top

Normalized using control region with tagged jets

Events with fake 7
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) H— t"717: Systematics
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: H— 7717 : Results
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A complex final state

ttH — bb: presentation

Selection single-lepton

2 channels:_semi-leptonic /
dileptonic tt decays

High jet multiplicity

High b-jets multiplicity

1 high-pt (25 GeV) isolated lepton
At least 4 jets pt > 25 GeV
At least 2 of them b-tagged (70% efficiency)

Selection dilepton

Main irreducible background
tt+bb is poorly known

Analysis categorized in number

of jets and b-tags
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L ttH — bb: Analysis method
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o1 ATLAS Preliminary Simulation
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Avbitrary units

10 kinematic variables per region
Trained in each region

Ht (scalar sums of pr) in control regions

Used in profile likelihood fit to constrain

backgrounds AN ovtput
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Main challenge: control of tt+jets
Large normalization uncertainties

6% on tt normalization
50% on tt+bb and tt+cc

High statistics control regions constrain
normalizations

Unc on tt+bb (tE+cc) reduced to 15% (29%)
Additional shape uncertainties from:

MC generators, parton showers, PDF
unfolded ATLAS tt measurements
(arXiv:1407.0371 [hep-ex])

Other systematics
Small impact from other backgrounds and signal
modelling, except tt+Z cross-section
Major influence of b-tagging systematics

Especially light jets mistag efficiency (large
uncertainty)

Significant role of Jet energy scale systematics
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A ttH — bb: Results

A
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A VH — bb: Presentation

A
HE y .Lr
UNVERTY - Analysis divided into 3 channels 2
0 lepton 1 lepton 2 leptons
. ; 2 opposite-sign high-pt
i miss 1 high-prt (25 GeV)
High ET'5(>120GeV) isolated lepton (25, 10 GeV) leptons
Anti-M] cuts: E.’r“‘ss and Anti-MJ cuts: m¥ and Anti-top cuts: Z mass
pmiss miss T window 8 GeV,
T £ EMiss < 60 GeV.
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L VH — bb: Categorization

UNVERSTY - Analysis divided into numerous categories
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p‘T’ categorization: improvement of S/B

Signal Regions (SR): myp used as discriminant variable
Control Regions (CR): total yields only

crannel | wopybns | B85 Jem Ben em  ewon
0-lepton 3 CR CR SR SR -
1-lepton 5 CR CR SR SR -
2-lepton 5 CR CR SR SR CR

e-u CR: 1 electron, 1 muon, my > 40 GeV
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0.5E L Il Il E| 50 100 150 200 250 <3
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N. Morange (U. of lowa) SM Higgs in fermion decays at ATLAS SUSY 2014, 22/07/14 15/19



L VH — bb: Background modelling

A
i
UNVERSTY /1 analysis: low S/B and diverse background sources s
H 10°
V+jets 2 “F " atiasPreliminary | 3 pataz012 3
@ Y05 m-stov] Lat-200n’ D Multiet 3
Correction of A®(jj) improves modelling for SO Tl s oteg Em E
Z+jets and W+jets o e E
E Wice E|
Systematics on most important variables: 20E 5;{’,"' E
A®, mp, flavour composition E 3
from MC generators and data studies S0 3
Q 1P =
— El )
tt 8 Z
. °% 50 100 150 200 250 300
Correction of top pt from unfolded P [GeV]
measurement
- . . 10°,
Large tt phase space probed in the analysis £ “OF TaTiasPreiminary | ~+- Data 2012
i i L. @ 4OE  EosTev| Lat-20310" [ Muttijet
Modelling systematics allow sufficient S60E- 1o, 2jets 01ag - ww 3
e E  withao Correction Cw+l 3
flexibility e = E
250 Wwiee
2005 I Wbl E
Multijet 150 Bz E
100F; E
Estimated with data-driven methods B E
. e . Q 15F E
Significant only in 1 lepton channel H
8 1
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VH — bb: Diboson

Check of the profile likelihood

Very good check of validity of modelling
and fit

WZ+ZZ as signal

Higgs at 125 GeV treated as background
Measure uyz = 0.9+ 0.1(stat)£0.2(syst)
Significance 4.80 (5.10 expected)

Main systematics on Higgs fit

tt modelling
b and c-tagging efficiencies
Signal modelling

Overall background uncertainty ~ 3%
after profiling

Weighted events after subtraction
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Peak
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0.4

0.2

[ TaTlAS Prelimwn;w
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r 3 Uncertainty
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VH — bb: Results

OFlowA combined results

95% C.L. limit on o/,

ATLAS Prelim. "'gg;as‘)) Total uncertainty
No excess observed my =125 GeV o(theo) tioconp
iy = 0.2+ 0.5(stat)+0.4(syst) VH(OE), 7TeV (s —|—
. . . T lalk02 i 1 i i
Cogngatlli)le WItQ rl:oth tsr:gnal VH,Olepton =27 2[s18 | m— ‘
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i VH, 1lepton 1= 2»5‘12 +1.6 ‘-—|‘—- | | i N
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. = 405
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" 07]<0.1 | | Vi
VH,Olepton  11=097ls08 | ‘ —
e rraimimany T ] VH, 1lepton  1=077:08 | ‘ —+=
12F VH(bb) Vs=8TeV | Ldt=2031" 4 — 035
E I st ) E VH,2leptons 1=-03""[s12 | ¢ —t—
10 Expected (CLs) /5=7TeV dex: 471 - Comb. VH(bB) fgi
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8 Ei n=02,0 <0.1 i I I L
o E VH,Olepton  n=057"1:08 | L
F i VH, Tiepton =070 1508 | s
4? E VH, 2 leptons 1 = 04:j +1.2 ; ;| -—L— n
o E — — b
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Lol L L L L L L L 1.
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m, [GeV]

Vs =8TeV [Ldt=20.3 1"

Signal strength [u]

Extrapolation of the analysis to high luminosities (ATL-PHYS-PUB-2014-011)

Evidence at 3.9 o expected from 1 and 2 lepton channels with 300fb™1, /s=14TeV
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L Conclusions
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OFlowa ysery rich results on Higgs fermion
decays in ATLAS Runl data

Evidence at4.1 o of H—» 171~
decay mode

Limits set in H— u*u~ mode (7.0
SM): no strong deviation in lepton
couplings

No signal observed in ttH and
VH — bb modes, but results
compatible with SM Higgs:
(=1.7+1.4and 0.2+0.7
respectively

Combined evidence for fermion
decays (ATLAS-CONF-2014-009)

H— "1~ and VH — bb combined
excess of 3.7 0

Result compatible with SM
expectation:

m 1=1.0903%

ATLAS Prelim. v°<(§;a;;gc Total uncertainty
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my, = 125. V +
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0.29 | 008 | H |
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He yy, 224, WW s .
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H=135702 0 ‘ ‘ in
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B e
H= 02 060 i | |
H - TT (8 Tev dataonly)| o5
L1498 o3 —_
=LAl e
Combined 0% ——
H--bb, Tt w0 |[22 e
u71'097032 "% H |
- o
Combined T
_ \+0.18 |- 0.11
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Updates of some analyses are expected: stay tuned for further results !
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: The ATLAS detector

A
T
L
umo‘ﬁ“os\lg Muon Spectrometer: (|n|<2.7) Trigger System: g
Air toroid with drift chambers, 3 levels
Provides u trigger and momentum measurement, L1: calo and muons, 75 kHz
Resolution < 10% up to p~1 TeV. dedicated electronics
L2: all detectors, 4kHz
fast reconstruction
EFattdetectors, 300 Hz
full reconhstruction
25m
\ Ar hadronic end-cap and
iard calorimeters
Pixel detector \
Toroid magnets LAr electromagnetic cglorimeters
Auon chambers Solenoid magnet | Transition radiation fracker
Semicgnductor fracker Hadronic Calori "
Inner Detector: (|n| <2.5, B=2T) adronic Calorimeter:
Si Pixels, SCT, TRT EM Calorimeter: (7] <3.2) Scint/Fe tl[es in barrel (|n| <1.7)
Precision tracking, Pb-LAr, accordion structure W/Cu-LAr in endcaps (|n| < 4.9)
Vertex reconstruction, Provides trigger on e/y, :g;ntdes jet trigger and energy measure-
e/m separation Identification and measurement '
4 100 o 0/E ~50%/VE® 3%
o/pT ~3.810" " pT®0.015 0/E ~10%/V/E®0.7% Hermetic coverage for MET
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' H— u*tu~: Categorization

UNIVERSITY
OF lowa

7 categories in the H — u*tu~ analysis

Central muons,
pt <15 Gev

Non-central muons
pi <15 Gev

Central muons,
15 < pt* <50 Gev

Non-central muons
15 < p{ <50 Gev

Central muons,
p#“ >50 GeV

Non-central muons
Pk > 50 Gev

VBF
>2jets
m;; > 500 GeV
Anj >3

nipxnp<0

)
ner-»
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VH — bb: High lumi analysis

orlowa Method

Truth studies based on current VH — bb
analysis

1 and 2 lepton channels
Smearing functions, pile-up dependent
Validation with 8 TeV analysis

Lumi: 4¥/s=14TeV, 300fb~!, <u>=60, and
3000fb~1, <y >=140

Scenarios

Systematics estimated for high pile-up
2 scenarios for JES (main syst 1 lepton)

Additional scenario for analysis
improvements

Results

300fb~?, <u>=60:

= With improvements: 4.10 (25%
precision on u)

3000fb~1, <u>=140:

= With improvements: 9.60 (13%
precision on u)

Events

Events / 20 GeV.

Events / 20 GeV

T T
ATLAS Preliminary
"=

0
m, [Gev]

T T
ATLAS Simulation
Preliminary
fE=8Tev, 203 =20
21, 2jets, 2 ags,

i
Eiboson
=1

250
My, [GeV]

90000

T T
ATLAS Simulation
Preliminary

5= 14Tev [Ldt= 3000 15" > = 140
Llep. 2jets, p! >200 GeV

50 100 150 200 250
my, [GeV]
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