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Introduction

Gluon Gluon Fusion (ggf)
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Search for in 0/1 jet channel

Vector Boson Fusion (VBF)
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Search for in 2 2 jet channel

Search in 4 channels

Different Flavour (DF): eu/ue + ETmiSS
Same Flavour (SF) : ee/uu + ETmiSS

Split by jet multiplicity: 0, |, 2 2jet
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Gluon Gluon Fusion (ggf)
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Search for in 0/1 jet channel

Vector Boson Fusion (VBF)
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Search for in 2 2 jet channel

Search in 4 channels

Different Flavour (DF): eu/ue + ETmiSS

Same Flavour (SF) : ee/uu + ETmiSS

Split by jet multiplicity: 0, |, 2 2jet
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Introduction

L 1 | Lol
LHC HIGGS XS WG 2013

300 400 1000
MH [GeV]

Large BR over wide
range of M,

Search in 4 channels
Different Flavour (DF): eu/ue + ETmiSS

Same Flavour (SF) : ee/up + E, ™5 Poor mass resolution

Lots of background
Split by jet multiplicity: 0, |, 2 2jet to dig through!
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» WHjets
Small but kinematic distributions are

similar to signal

Hard to model in MC so estimated
from data

misidentified as lepton
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Backgrounds: W+jet/ Wy, WZ, ZZ

» WHjets

Small but kinematic distributions are
similar to signal

Hard to model in MC so estimated
from data

» WY, WYy* WL, ZZ
Small and estimated from MC
Reduced with 2 lepton selection

» Background estimations checked
in same sign validation region
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» Background reduction depends on flavour channel and jet multiplicity

Reduce y*: m,, >10 (12) GeV for DF (SF)

Reduce Z: remove events around the Z mass peak

Reduce Z/y*: E.™55 variables > 20- 45 GeV. In Z/y* — 1T events, the leptons
emerge back to , back and E,™5S from neutrinos cancel

Reduce Z/y*:

8

pt¢ >30 for Ojet
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Backgrounds: What is left?

» After WHjets, Wy, WZ,ZZ and Z/y* + jets background is
reduced, what is left!?

» Z/y*+jets in SF is reduced with cuts on hadronic recoil, and the
less pileup sensitive p,*° )

» Must reduce top and SMWWV backgrounds ﬂ
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Backgrounds: Top

Single t (W) tt

d -

v
2"d ¢ from b decay or misidentified jet miss these jets

» Modelled by MC, corrected to data from a control region
which contain b tagged jets

» To reduce top background
Np.iee = 0in 2 | jet, pr (all objects) <45 GeVin 22 jet
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Backgrounds: WW

» Modelled by MC and corrected to data from CR for
0/1j, taken from MC (Sherpa+MC@NLO) for = 2j
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Backgrounds: WW

ESOOT"""'""""""' L
= [ ATLAS Preliminary g o= = 0onr= -
® 500F ys=8TeV, | Ldt=20.7 fb" Ol 0 snoeTop .
o f HoWW Sevivipvey + 0 jets T EHL: vl
P 4001~ o -
c | € A :
@ 300 =
= C ]
L - ]
200F -
100- E
2.5 3

A¢, [rad]
= SRR B L L ]
& 8005 ATLAS Preliminary gy o = 5=
» Modelled by MC and corrected to data from CR for o 7oof s-smevLa-207w' D Eemerr
0/1j, taken from MC (Sherpa+tMC@NLO) for 2 2j T goof Howw ewmviver + 0jes W nzscen
o _E ]
»  Opening angle between the two leptons (A ,,) is T %% E
small for signal since Higgs is spin 0 and there is spin 5 400 E
correlation between the two W bosons 300E- E
¥ 200 =
v M 100 a
ww 3

H_) WW VS 0 50 100 150 200 250
Y Transverse Plane P, GSR) € CR) m, [GeV]

12 Nikolina llic  2013-06-23



http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446

Signal .

ixtraction: ggF
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» After selections to reduce backgrounds, signal extracted

» Split SR to improve
sensitivity (different
Signal/Bkg ratio)
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Signal Extraction: ggF
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» After selections to reduce backgrounds, signal extracted

» Split SR to improve
sensitivity (different
Signal/Bkg ratio)
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Signal Extraction: VBF
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» VBF signal is WW+2 forward jets with a large rapidity gap

Events /0.2

pr (all objects) < 45 GeV to reduce dominant tt background

m; > 500 GeV, rapidity(AY

lead jet, sublead jet)

>12.8

No additional jets between the two forward ones to reduce tt and ggF
Require leptons to be between forward jets
Define signal region: m ,, < 60, |Ad ,,| <I.8 and fit m; in 4 bins
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Results

&:: AT LAS Run 214680, Event 271333760

A EXPERIMENT

17 Nov 2012 ©7:42:05 CET

e
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Results: 7TeV+8TeV Combined

» At m, =140 GeV

Observed significance of 4.10

» Study excess of events at m, = 125 GeV that was
observed by H—yy/ZZ

Expected Significance : 3.70
Observed Significance : 3.80

RS RRRAN RRRRE T BN RN B
ATLAS Preliminary /s =7 TeV:JLdt = 4.6 fi"
HWW vy s = 8 TeV:lLdt = 20.7 "
—— Obs. [ +1o
... Exp. m_ =125 GeV []+2c

N R B IR
120 130 140 150 160 170 180 190 200

m, [GeV]

95% CL Limiton p

R B e B S L S LR RN
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Results: 7TeV+8TeV Combined
» Study signal strength, i = =225 at m,, = 125 GeV

OSsMm

Mobs = 1.01 + 0.21 (stat.) £+ 0.19 (theapsyst.) £ 0.12 (exptfs'yst.) + 0. 04 (lumi.)

=1.01 + 0.31 Signal Yield (o - BR) B-tagging efficiency
WW bkg normalisation Jet energy scale/resolution

= R 2R T e e e e R BEERRE oL B LT R ]
= 7~ ATLAS Prellmlnary {s= 7Teijdt 46fb‘ E
'-g) - HoWW! ' Siviv \s = 8 TeV:|Ldt = 20.7 fb‘ .
c 6 — bestfit =
O | mm-2imw<1 =
45 OF — Exp.bestfit m =125 GeV =3
- H &

T 4L —2Imw< E
- \ =
o 3 E
2 =

1 =
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Results: VBF and Couplings

» At m, =125 GeV (ggF is background)

Expected Significance : 1.60
Observed Significance : 2.50
HObS,VBF = 1.66 i 0.79

0 W

ATLAS Preliminary
H-WW" Siviv VBF
{s=7TeV: |Ldt=46fb"
Vs =8 TeV: |Ldt = 20.7 b

—— Obs.
---- Exp.

[ By

95% CL limiton p

30 140

P T
180 190 200
m,, [GeV]
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Results: VBF and Couplings

» At m, =125 GeV (ggF is background)
Expected Significance : 1.60

Observed Significance : 2.50
HObS,VBF = 1.66 i 0.79

Consistent with SM value of |

= 9 | R L B I R = -
= {*) P - Vs =7 TeVLdt =46 fb’ : + Bestfi ]
= FHWW vy VB o C ys=8Tevildt=2071" i  — -2InA(ggfvbf) <23 ]
= Vs=7TeV: [Ldt= 4.6 " XL 4 TS =i -e- -2 InA(ggf.vbi) < 6.0
a3 Ys=8TeV: [Ldt=20.7 " > ’ ]
W ol ]
39 —— Obs. @ 9t .
Ty} ---- Exp. = N ]
(o) [ ES K 2:_ _:
1 .
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S EPRPEPIEN BT B PO s arararars ARl SR = =

120 130 140 150 160 170 180 190 200

m,, [GeV]

20 Nikolina llic  2013-06-23


http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=G5wnU-QAbXq0tM&tbnid=eitcOFbkHppvbM:&ved=0CAUQjRw&url=http://www.toonvectors.com/clip-art/cartoon-puppy-dog-bone/19312&ei=pdS3UbvcEMfiOoGegKAI&psig=AFQjCNGZ1mBNoFnFAqfRDm6cA1-or3t4bQ&ust=1371088410679696

Spin

Try to differentiate between Higgs g = log ZH0) _ o, Lle= 1’*‘2"5:1*%:‘)
with spin 0" and graviton-like spin 2* LH;) L(€ =0, fle=0, e=0)
particle

I I I I L) ) I | I 1 1 I ) I I
- ATLAS Preliminary  eData Spin 0]

FOCUS on leferent Flavour’ O let 20-_H—:-WWt‘j—>evuwpvev Signal hypothesis 1o ]

channel and 2012 data

H)/L(H))

[ {s=8TeV, |Ldt=20.7 b o, =0 [J2o]
Use a Boosted Decision Tree (BDT) = 152 of =2 ]
analysis, train 4 variables: m{,Ad ,,, < '} ;

M pe Pr'*

For spin 2* the fraction of gg vs qq
production is unknown so scan is
performed over 5 different fractions

(chi)
Data are compatible with spin 07

2" qq excluded at 99% CL, gg 0 55 B0 75 100
excluded at 95% CL

10
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Conclusions

» The HH>WW— £v£v channel is presented in the mass
range of |15 GeV - 200GeV with the full 25fb !

/TeV+8 TeV dataset in 4 flavour channels split by 3 jet
multiplicities
» The largest significance of 4.10 occurs at m, =140 GeV
» For m, = 125 GeV:
Wobs = 1.01+ 0.31, popsypr = 1.66 + 0.79

» Spin analysis favours spin 0 Higgs, and rejects spin 27
with > 95% CL
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Results: 7TeV+8TeV Combined

» Previous 7 TeV analysis improved with 2012 updates,
better WW Modelling (MC@NLO — Powheg), improved
lepton definition for W+jets reduction

» EventYields for 0.75 m, < m< my, (m: < 1.2 my for 22j)

7 TeV |Signal 8 TeV | Signal
improved | My = 125 my = 125
2445

0 jet 16111 154  Ojet 97420 739439 83|
| jet 7£2 47t6 62 | jet  40+13 261428 309
22 jet 14202 4.6£0.8 2 >2jet 10614 36x4 55

» Leading systematics are theoretical systematics on signal yields,
jet energy scale/resolution and b-tagging efficiency
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http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FXhNYaIvDcb28M&tbnid=4nKOd6dlFKHewM:&ved=0CAUQjRw&url=http://cms.pd.infn.it/software/PRSmu/HWW2mu/Results.html&ei=8IK3UcLJLIjaPJzogMAJ&bvm=bv.47534661,d.ZGU&psig=AFQjCNEVcWj6Up4nN-huUsMBXl29ZUwBbA&ust=1371067433405446
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=G5wnU-QAbXq0tM&tbnid=eitcOFbkHppvbM:&ved=0CAUQjRw&url=http://www.toonvectors.com/clip-art/cartoon-puppy-dog-bone/19312&ei=pdS3UbvcEMfiOoGegKAI&psig=AFQjCNGZ1mBNoFnFAqfRDm6cA1-or3t4bQ&ust=1371088410679696

W+tjets Estimation

» Estimated using data driven method since hard to model in
MC

» Control Region: select | good lepton and | lepton does not
satisfy strict selection requirements ( Denominator Lepton )

Calculated from dijet events.

Bkg L CR _ NGood Lepton — ~45% Uncertainty due to
NW+j o f X NW+j f= differences between di-jet and
wijets, pileup and real lepton

contamination from W/Z

Npenomiator

» Includes QCD background estimation, when both leptons
are misidentified as jets

» A validation region with same sign leptons containing mostly
W+jets is used to validate this method
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Z /y* Estimation

y ZIY* — 171

Background normalised to data using a different flavour CR
defined by m,, < 80GeV and |A¢p|>2.8

The 2 2 jet CR in addition to above requires N, = 0 and p;*
<45 GeV

y ZIYy* —bf
Small in different flavour, so taken from MC

In same flavour, Ny, <1, f ... is used to define CR. For N ;, 22
E™SS-m,,In the Z'peak is used to estimate DY since the
statistics are to low and there are too many jets to use f

method

quadrant opp. P, £
l pileup weight ‘
—_— A
> x5 e #’

i T
soft jets

frec::-il — e ¢

yLiaT,
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Top Estimation

» MC Top normalised to data yields in CR after subtracting
non-top backgrounds in |jand 2 j

(PBtag.Data)z
- . £\ est — prdata est est _ pmc veto
¢ Ol 'NtOP =N top + P 0j>° P =P 0j X BtagMC )
(P veto)
N, . B_tatg From
O prooing jets
= btagged
Btag
N CR
NgRr .
» 21j: N°R= NR g, a = NSR is from simulation
CR

CR region is defined using same selection but with N, =1 and

requirements on A¢ ,, and m,, removed
a = 1.04% .02(stat) for lj, a = 0.59 + .07(stat) for 2jet
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Spin
» Do 2 BDT trainings for 0" and 2* and perform 2D fit on
BDT,and BDT,

%0.4: LI I R I I B I I I

E 0.355 ATLAS Preliminary — backgrounds ]

= . E H—.l'"i'lrwlll—iE".'H'-'+_ll'-'E'\'+':|jE[ —HOTE) —HID= E

E 0.3F e

2005t 0F 2° 3

Variable | Spin analysis Rate analysis [5]] =0 :
common ey /e lepton selection E 0.2 Background -

E’%’}Z‘i > 20 GeV > 25 GeV < 0.15C =
N jets 0 jets 0,1,= 2 jet selections - .
pY > 20 GeV > 30 GeV 0.1 E
Mee < 80 GeV < 50 GeV 0.05c —
ﬂh.qii;{ < 2.8 < 1.8 U: ...|...|...|...|...|...|.;.L.:
-1 -08-06-04-02 0 0204 06 08 1

BDT,
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Systematics

Signal processes (%) Background processes (%)
Source Nig=0 Nguy=1 Nguz2 Ny=0 Ni=1 ~Ny=z2
Theoretical uncertainties
QCD scale for ggF signal for Nj, =0 13 - - - - -
QCD scale for ggF signal for Nj, = 1 10 27 - - - -
QCD scale for ggF signal for N, =2 - 15 4 - - -
QCD scale for ggF signal for Nj, = 3 - - 4 - - -
Parton shower and UE model (signal only) 3 10 5 - - -
PDF model 8 7 3 1 | 1
H — WW branching ratio 4 4 4 - - -
QCD scale (acceptance) 4 4 3 - - -
WW normalisation - - - 1 2 4
Experimental uncertainties
Jet energy scale and resolution 5 2 6 2 3 7
b-tagging efficiency - - - - 7 2
frecon efficiency I 1 - - 2 -
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Full Selection

Category Njg =0 Nig=1 Nig =2

Two isolated leptons ({ = e, i) with opposite charge
Leptons with pls* > 25 and p3Plead > |5

e+ pe: myp > 10

ee+pr mep = 12, |mygg —mgz| =15

Pre-selection

Missing & ey + pe: ETNS =25 ep + pe: EX* =25 ep + pet EX =20
issing transverse E . .
momentum and ee + E.'l'_“:;‘_f‘l =45 ee + L E.'}“rf] =45 ee + E.'l!‘.‘“ >45
hadmnic pacoil €€ + [ _::l_';“ri‘] =45 ee + p_T_“rfl =45 ee + E_'l!‘;j_w} 35
€€ + U frecoil <0.05 e+ frecon <0.2 =
- Nh—j:t =0 Nb—_in:['
General selection | Adbee ppe | = m/2 - pr <45
p.f =30 e+ pe: Zjy' = rrveto eu+pe: Z/y' — 1T veto
= = mij = 500
- - |Ayyi|>2.8
VBF topology - - No jets { pr = 20) in rapidity gap
- - Require both ¢ in rapidity gap
Mgy < 50 mye < 50 gy < 60
H—=WW" = vy |Adhyr | =< 1.8 | A | < 1.8 | Adpss| < 1.8
topology eu + pe: split myg, el + pe: split my, -
Fit m Fit m+ Fit mip
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Monte Carlo

Signal MC generator o-8(pb)  Background MC generator o -8 (pb)
ggF  PowneG [30]+PyTHia8 [31] 044 qq.9q9 —> WW POWHEG+PYTHIAG [32] 5.7
VBF  PowHEG+PYTHIAS 0.035 ¢gq.99— WW+2j  Sherpa [33] with no O(a;) terms 0.039
VH  PyTHIA8 0.13 gg— WW GG2WW 3.1.2 [34,35]+HEerwiG [36] 0.16
tf MC@NLO [37]+HerwiG 240
Single top: tW,tb ~ MC@NLO+HERWIG 28
Single top: tgb AcerMC [38]+PyTHIAO 88
Z/y*, inclusive ALPGEN+HERWIG 16000
ZW > el +2j Sherpa processes up to O(a;) .2
ZWZ™ > 4¢ POWHEG+PYTHIAS 0.73
WZ/Wy*,mz,->7 POWHEG+PYTHIAS 0.83
Wy*,m,. <7 MadGraph [39—41]+PyTHIA6G 11
Wy ALPGEN+HERWIG 370
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