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Overview of Higgs search
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* Higgs produced via gluon-gluon fusion (ggF) and vector-boson fusion
(VBF):

ggF VBF

* Search for Higgs via H->WW->lvlv, | = e,u

e Separate search into 0, 1 and 2 jet bins

* Select events with two well-identified leptons

* Further separate into ee, uu and eu channels

* Apply preselection then further cuts, tailored to the jet channel

Obtained first LHC Higgs search result
(ATLAS-CONF-2011-005)
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Preselection requirements
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Entries/ 10 GeV

* Require M;;>15 GeV and |M;,—M,| >10 GeV in ee and pp channels
e Additionally require missing E; (MET) > 30 GeV
* Then separate into 0, 1 and 2 jet channels

MET distribution after requiring 2 leptons Number of jets after MET cut
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/ background estimation
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Use Z dominated control
regions to estimate Z
background in signal
regions

* Correct for mis-modelling
of MET tails using events in
Z peak region
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Calculate ratios A/D & B/E as a function of MET cut
Fit with an exponential & evaluate at MET cut used in analysis (30 GeV)

Good agreement between MC and data-driven estimate:
— Estimate/MC = 1.02 for ee channel and 0.98 for pu channel
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Top background estimation
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 Use WW sample with >=1 b-jet as a ttbar control region

* This is completely dominated by top, with contamination from
other backgrounds much less than 1 event after preselection
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O jet channel
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1 jet channel

* Require P;*°* <30 GeV
* \Veto events with b-jets

Entries / 10 GeV

* Use collinear approx. to calculate M_,
* Remove events with |M_.—M,| <25 GeV

* Cut on same topological variables as 0 jet
channel

Plots are after all previous cuts have been applied

T | T T T ‘ T T T T T T | T T T | T T T | T T T ‘ T T T —
B2l ATLAS Preliminary I
O = —4— Data — HSWW(m =170GeV)F o
© - Ns=7TeV CQW+jets  [Jtop . =
-~ - 1 B ww 3 Z/y+ets f Ll
8 10 JLdt=35pb @ WZ/ZZ/Wy -
N R
w B i
15 E
107
1025

0O 20 40 60 80 100 120 140 1e0 180 200
m, [GeV]

EI T |AI7.LIAIS| ll:’rlellllrrl]lr\-llallyl ‘ L ‘ LU | LI IE
16— —— Data — H-WW (m =170 GeV) ]
- [ W+jets Ctop 3
14 EEwWW [ Zr+ets 3
R W WZ/ZZ/\Wy E
- \s=7TeV ]
10— —— 4 —
- —I_ I Ldt=35pb 7
I B ,:
0 10 20 30 40 50 60 70 80 90 100
PY [GeV]
TT H]I-LIAJlle;rIeIIIrIrI}r]\a\ryl T | LU | LI | 1T IE
102 —— Data — H=WW (mH:17O GeV) |
CW+jets  Jtop E
ERww @Ryt .
10 E WZ/ZZWy —
\s=7TeV 3
1 J.Ld’r—35pb'1 * E
10" .
1072 E
10° =
0 5 10 15 20 25 30 35 40 45 50

SV0 b-tagging weight



2 jet channel
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* Apply cuts to select VBF events: 3 102 T
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Results
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Systematics

The uncertainty on
the extrapolation
from CRs to SRs is
taken into account

Additional
systematics also
accounted for

QWW  Qiop  XWajers  Prop YZ+ jers
H + 0 analysis

Total Uncertainty 7% 69% 52/46% 47/22%
H + 1 analysis

Total Uncertainty 19%  42% 52/46%  20% 30/21%
H + 2 analysis

Total Uncertainty 44% - 18% 42/29%

Source of Uncertainty

Treatment in analysis

Jet Energy Resolution (JER)
Jet Energy Scale (JES)
Electron Selection Efhiciency
Electron Energy Scale
Electron Energy Resolution
Muon Selection Efficiency
Muon Momentum Scale
Muon Momentum Resolution
b-tagging Efficiency
b-tagging Mis-tag Rate
Missing Transverse Energy
Luminosity

~ 14%,
< 10% for pt > 15 GeV and || < 4.3,
6 — 16% as a function of py
G forlnl < 1.4, 3% for 1.4 < |y < 2.5
Sampling term 20%, a small constant term has a large variation with
1.2% for pr < 20 GeV and 0.4% for py > 20 GeV
17 dependent scale offset in pr, up to ~ 3.5%
pr and i dependent resolution smearing functions, < 10%
pr dependent scale factor uncertainties, 10-12%,
up to 26%
Add/subtract object uncertainties into the E'{J"“. up to 20%

1 1%
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Outlook

 Have performed first Higgs search at ATLAS using the H->WW decay
mode

* Even with only 35 pb™ of data, able to exclude a Higgs boson with a
production rate of 1.2 times the SM at 160 GeV at 95% C.L.

 With 2011 data, will be able to completely exclude the SM Higgs
down to at least 130 GeV

— This will largely be due to the sensitivity offered by the H->WW
channel

* Could also observe a 3 excess if the Higgs mass lies between
139 < M,, < 180 GeV

* Note: these are only the baseline expectations

* Much work is in progress to improve the analyses

— Should be able to achieve even better exclusion/observation
sensitivity in practice
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Backup slides
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Number of events
observed

 This table shows the
expected and observed
no. of events:

— At each hypthosized
Higgs mass

— For each jet bin
 Agreement between

data and background
only MC is good

4th-7th April 2011

mg [GeV] Jetbin Signal Total Bkg. Observed
H+0; 015 0.87 1
120 H+1; 005 1.05 1
H+2; 0.01 0.00 0
H+0; 034 0.97 2
130 H+1; 0.13 1.07 1
H+2; 003 0.01 0
H+0; 0.56 1.07 2
140 H+1; 022 1.02 0
H+2; 003 0.03 0
H+0; 078 1.12 1
150 H+1; 032 1.03 0
H+2; 004 0.03 0
H+0; 1.11 1.09 1
160 H+1; 050 0.93 0
H+2; 006 0.03 0
H+0; 1.13 1.03 2
165 H+1; 050 0.93 0
H+2; 006 0.02 0
H+0; 1.26 1.70 3
170 H+1j 0.6 1.26 1
H+2j 006 0.02 0
H+0; 085 1.33 3
180 H+1j 042 1.25 1
H+2; 005 0.01 0
H+0; 045 0.97 3
190 H+1; 024 1.12 1
H+2; 003 0.01 0
H+0; 029 0.72 3
200 H+1; 0.15 0.85 1
H+2; 002 0.01 0




Number of events observed at
M, =170 GeV

* This table shows the expected no. of events in data and MC at M, = 170 GeV
* |t can be seen clearly that WW and top are the dominant backgrounds

Channel Signal top WW  WZ/ZZ/Wy Z+jets Wjets Total Bkg. Observed

H+0j

et 0.62+0.01 £0.18 0.09 0.71 0.02 0.00 0.01 0.83+£0.07+0.13 I

ee 0.20+0.01 £0.07 0.03 0.20 0.00 0.00 0.02 0.25+0.08 £ 0.04 I

LU 044+ 0.01+0.12 0.08 0.53 0.01 0.00 0.00 0.62 +0.05+0.10 I
H+1j

et 031 £0.01 £0.09 0.26 0.18 0.01 0.00 0.02 0.47 £0.08 £0.16 0

ee 0.08 001 +£0.03 0.10 0.05 0.00 0.05 0.03 0.23 £ 0.04 £ 0.06 0

Jut 021001 £0.06 0.15 0.16 0.00 0.25 0.00 0.56 £0.09 £ 0.14 |
H+2j

et 0.03+0.01+0.01 0.01 0.00 0.00 0.00 0.00 0.01 £0.01 £0.01 0

ee 0.01 £0.01 £0.01 0.00 0.00 0.00 0.00 0.00 0.00 0

Jot 0.02+0.01 £0.01 0.00 0.01 0.00 0.00 0.00 0.01 £0.01 +£0.01 0
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CMS H->WW limits

arXiv:1102.5429
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Figure 6: 95% mean expected and observed C.L. upper limits on the cross section ey - BR(H
— WTW~™ — 2/2v) for masses in the range 120-600 GeV/c? using (a) cut-based and (b) mul-
tivariate BDT event selections. Results are obtained using a Bayesian approach. The expected
cross sections for the SM and for the SM with a fourth-fermion family cases (SM4) are also
presented. The dash line indicates the mean of the expected results.



95% CL Limit/SM
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Tevatron Higgs limits

arXiv:1103.3233
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