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Overview

® latest updates from ATLAS and CMS Collaborations on H->WW->|vlv are presented
® data 2011 (Vs = 7 TeV, Lint ~4.9 fb!) + data 2012 (/s = 8 TeV, Lint ~20.6 fb!) analyzed
® O+l+2jet by ATLAS
® ATLAS-CONF-2013-030:

o https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-030/
® O+ljet by CMS (with spin)
® CMS-HIG-13-003-PAS:

[ https://twiki.cern.ch/twiki/bin/view/CMSPublic/Higl3003TWiki

associated WH production measured by CMS:
® CMS-HIG-13-009-PAS:

[ https://twiki.cern.ch/twiki/bin/view/CMSPublic/Higl 3009 TWiki

Spin measurement performed

® ATLAS-CONF-2013-31:

o https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-031/

last VH measurement by ATLAS (July 2012):

L https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-078/

last 2jet measurement by CMS (November 2012):

L https://twiki.cern.ch/twiki/bin/view/CMSPublic/Higl204 2TWiki
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ATLAS & CMS @ LHC

CLHc = 26.7 km
Jszon = 7 TeV
JS2012 = 8 TeV
collisions 50 ns
e o bunch intensity ~10!
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Solenoid magnet | Transition radiation fracker

Semiconductor fracker
‘[ *’ -“\\
"‘ ‘\\‘ —
' tie—
. N

!ll

> /

,, S
S|

oy




HO
W,Z

ggF 5 \qVBF

10°

\s= 8 TeV

LHC HIGGS XS WG 2012

Analysis Strategy

+ large BR over wide range of my

- poor mass resolution

Event Characteristics:

® two opposite sign leptons (e,u) + Er™Mss 500 300 400

4 lepton channels:

LHC HIGGS XS WG 2011

® ee, UM ... same flavour (SF)
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® eu, ue .. different flavour (DF)

Higgs BR + Total Uncert

binned in jet multiplicity:

® O+1j.. optimized for ggF
® 2j..optimized for VBF




Object definition

Cut/Definition

ATLAS

Lepton ID

cut-based

Multivariate Analysis (MVA)

Lepton pr

25/15 GeV

20/10 GeV

Jets

Anti-kt, AR = 0.4

Anti-kt, AR = 0.5

Jets Pt

Prjet > 25 GeV for Inl < 2.4

Prjet > 30 GeV for 2.4 < In| < 4.5

Prjet > 30 GeV for Inl < 4.7

pile up suppression

calibration+tracking

calibration+MVA (jet shapes...)

ETmiss

relative to jets and leptons
Es™ss based on tracking for SF

relative fo leptons
Es™ss based on tracking for all
channels
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= ATLAS Preliminary g oae = (oom0 =
s=8TeV,[Ldt=20.7fv" [J& [ SingeTop

) Bl Z+jets [] W+ets
H-=WW"'—evuv/uvev B H(125GeV]

Backgrounds

® W+jets: (lepton+ Er™s +fake lepton)

® isolation / lepton ID

® small, important at low pr, data-driven method, pru
cut

CMS preliminaryNs =8 TeV,L._ =19.5 fb"
* data
JH(125) — WW
W %S
Wy

B di-boson
top

M Z+jets
WW
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= ATLAS Preliminary g oae = (oom0 =
s=8TeV,[Ldt=20.7fv" [J& [ SingeTop

) Bl Z+jets [] W+ets
H-=WW"'—evuv/uvev B H(125GeV]

Backgrounds

® W+jets: (lepton+ Er™s +fake lepton)

® isolation / lepton ID

® small, important at low pr, data-driven method, pru
cut

io @ di-bosons (WZ, ZZ, WY):

N
® exactly 2 leptons

CMS preliminaryNs =8 TeV,L._ =19.5 fb"
* data
JH(125) — WW
W %S
Wy

B di-boson
top

M Z+jets
WW
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H—-WW" >evuv/uvev
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. -4- Data %% SM (sys @ stat)

| T
A
\s=8TeV,[Ldt=20.7fo" [J#& [ SingleTop
B Z+jets [[] WH+ets

B H 125 GeV]

10
N

CMS preliminaryNs =8 TeV,L._ =19.5 fb"

e data

CJH(125) — WW

i W+jets
] W+y?]‘)

B di-boson
top

M Z+jets
WW

L : ;
/5 Jet Ve t an b*l‘a ;T Cuts m// Cut

m 4
T Cutg ®// Cut

Backgrounds

® W+jets: (lepton+ Er™s +fake lepton)

isolation / lepton ID

small, important at low pr, data-driven method, pm
cut

@® di-bosons (WZ, ZZ, WY):

exactly 2 leptons

® Drell-Yan: (require large E1™s (fake))

large, reducible with cuts, modeled by MC,
correction to data from Control Regions (CRs)

Z-veto, E1™s cuts, pr
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. -4- Data %% SM (sys @ stat)
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A
Vs=8TeV,[Ldt=20.7f" [J& [ SingleTop

) Bl Z+jets [] W+ets
H-=WW"'—evuv/uvev BB H (125 GeV]

Backgrounds

®  Wijets: (lepton+ Et™ss +fake lepton)
® isolation / lepton ID

® small, important at low pr, data-driven method, pru
cut

@® di-bosons (WZ, ZZ, WY):
® exactly 2 leptons

® Drell-Yan: (require large E1™s (fake))
CMS preliminaryNs =8 TeV,L._ =19.5 fb"

e data ® large, reducible with cuts, modeled by MC,

JH(125) - WW correction to data from Control Regions (CRs)

i W+jets

-W+y?g ¢

B di-boson
top

M Z+jets ® large, reducible with cuts, modeled by MC,

Z-veto, E1™s cuts, pr

ttbar, single top:

WW correction to data from CRs

® for Oj data driven estimate by CMS
b-Jet veto

m 4
T Cutg ®// Cut
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I T
A
Vs=8TeV,[Ldt=20.7f" [J& [ SingleTop

) Bl Z+jets [] W+ets
H-=WW"'—evuv/uvev BB H (125 GeV]

Backgrounds

® W+jets: (lepton+ Er™s +fake lepton)

® isolation / lepton ID

® small, important at low pr, data-driven method, pru
cut

io @ di-bosons (WZ, ZZ, WY):

N
® exactly 2 leptons

® Drell-Yan: (require large E1™s (fake))
CMS preliminaryNs =8 TeV,L._ =19.5 fb"

e data ® large, reducible with cuts, modeled by MC,

JH(125) - WW correction to data from Control Regions (CRs)

-W+j§j)s

Wy

B di-boson
top

M Z+jets ® large, reducible with cuts, modeled by MC,

® Z-veto, E{™s cuts, pr

ttbar, single top:

WW correction to data from CRs

® for Oj data driven estimate by CMS
® b-Jet veto

® WW: (non resonant)

® dominant in Oj channel

Meu oy ® reducible by topological cuts




CMS preliminary,\ré =f TeV,L =195 fb!
* aata
WW Background S

-?I boson
_ op
non resonant WW and H->WW have very similar M Z+jets

signature

Kinematics of the final state leptons show
differences in angular correlation:

@® pp->H->WW->|Vlv ... small opening
angle between leptons

p”//e Z pr Jet any;
20/ "oy Blo T a5 Ve "M

ATLAS
® pp->WW -> [Vlv .. more uniform Category N=0

My < 50 my < 50
H—=WW"* =y | &S| < 1.8 Mel<l8

® topological cuts applied only for the cut-based opology cwepes st el
analysis @ CMS | '
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data — my=125 GeV CMS Preliminary ]
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\s=8TeV,[Ldt=20.7fo" [J&  [Z SingleTop

) B Z+jets [] W+jets
H—=WW''—evuv/uvev + 0 jets Bl H (125 GeV]
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ATLAS Preliminary & ' & wozowy
Vs=8TeV,[Ldt=20.7fo" [Jt [ SingleTop

. ) B Z+ets [[] W+ets
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Events / 5 GeV
Events /0.13 rad
events / 10 GeV/c?
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Signal Extraction - ATLAS

@® cut-based analysis

WW background is dominant and
crucial to understand (WW CR =
Signal Region (SR) for high mass
mu) - smaller my range results in
smaller extrapolation systematics

T T |
.. - Data %% SM (sys @ stat)
ATLAS Preliminary B B wzzzwy

(s=8TeV,[Ldt=20.7fb" [J#&  [O SingleTop

. B Z+jets [] W+ets
H—wWw' )%eww/pwev + 0 jets B H[125 GeV]

Events / 10 GeV

50 100 150 200 250

new WW CR ,1d WW CR m, [GeV]
my = 125 GeV focused

parton Powheg+Pythia
source: | scale PDF shower vs MCEM

old 2.5% 3.7% 4.5% 3.5%

new 0.9% 1.1% 0.8% 1.4%




Signal Extraction - ATLAS

@® cut-based analysis

WW background is dominant and
crucial to understand (WW CR = ® splitting the SR in 2 my bins

Signal Region (SR) for high mass improves the sensitivity (different

my) - smaller my range results in S/B ratios, background composition)
smaller extrapolation systematics

B ww [ WzZ/Zz/wy

(s=8TeV,[Ldt=20.7fb" [J#&  [O SingleTop
B Z+jets [] W+ets

L L L L L L L
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Events / 10 GeV
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Events / 10 GeV

50 100 150 200

new WW CR ,1d WW CR

my = 125 GeV focused

parton Powheg+Pythia

source: | scale PDF shower vs MCFM

old 2.5% 3.7% 4.5% 3.5%

new 0.9% 1.1% 0.8% 1.4%




Signal Extraction - ATLAS

WW background is dominant and ® cut-based analysis

crucial to understand (WW CR = ® splitting the SR in 2 my bins
Signal Region (SR) for high mass improves the sensitivity (different

my) - smaller my range results in S/B ratios, background composition)

smaller extrapolation systematics ® final fit performed on mr (5 bins)

B ww [ WzZ/zzwy
s=8TeV,[Ldt=20.7fo" [J& [ SingleTop

" B Z+jets [] W+ets
H—-WWw! )—>ev;w/pwev + 0 jets m|m

T Tt
— ATLAS Preliminary * o %Svas@statg

Events / 10 GeV

2 2
............................. 2 2 - 12 miss — miss
N ! ! ' ' NARDS mp = \/ my; + + E. - ( + E )
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new WW CR ,1d WW CR

Events/ 10 GeV

200

my = 125 GeV focused 150

parton Powheg+Pythia

shower vs MCFM 100

source: | scale PDOF

old 2.5% 3.7% 4.5% 3.5% 50

0

new 0.9% 1.1% 0.8% 1.4%




Signal Extraction - CMS

® Analysis uses cut-based approach as

well as a 2D shape analysis in my-ms
plane

® 2D analysis is base-line due to

better expected sensitivity
WW CR defined for m; > 100 Gev\‘
For cut-based, optimized cut values

on lepton pt, my, AP, and mt ranges
are applied for different ma:

£,max £,min
my | pt Py mee | Dy my

[GeV] | [GeV] [GeV] | [°] [GeV]
< < L]
120 40 115 [80,120]
125 43 100 [80,123]
130 45 90 [80,125]
160 50 60 [90,160]
200 90 100 | [120,200]
250 150 140 | [120,250]
300 200 175 | [120,300]
400 300 175 | [120,400]

M, = \/2pi_"’E$i“ cos(Ag,, —ET™

Data - Background
CMS preliminary L= 19.5 fo' (8TeV)

1.4 16.6
=140 +17.7

100 110 120
M, (GeV)

O jet Data-Background

M, = 125 GeV
CMS preliminary L= 19.5fb " (8TeV)

80 90 100

O jet Signal
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—4- Data %4 SM (sys @ stat)
A LAS Preliminary o " & wzzzws -
s

=8TeV,[Lat=20710" Ot [ SigeTop
B Z+jets [ W+ets
H—-ww" —>eva/pwev +22] g gyt 773 vh (x2000)

3 vbf (x2000)

VBF @ ATLAS

WW + 2 leading high mass jets well separated in rapidity

Events /0.2

background dominated by top (constrained by CR), WW
from theory (37% unc), DY from CR

® in optimizations, ggF signal considered as background

TLAS Prellmlnary e

8TeV, fLdt=207fo" [Ja& [ SingleTop
Bl Z+jets [ W+ets
ww' —>eve\//pw;w +22] gl ggt  [J vbf+vh (x50)

TLAS Prellmlnary e

=8TeV, fLdt=207f" [J#& [ SingleTop

Bl Z+ets [] W+ets
H—>WW —>evuv/uvev +=2] B oo ] vbf+vh (x50)

N2 2

Events /0.5

Two isolated leptons (£ = e, u) with opposite charge
Leptons with p* > 25 and p'** > 15 GeV

eu + pe: mys > 10 GeV

ee + pyi: mep > 12, |meg = mz | > 15 GeV

s Vs,

|

Events / 83 GeV

%
Z//II/;/I

s, ww

ep + pe: ET' > 20 GeV
ee + pu: EM > 45 GeV

. Jomiss . . . . . 0 100 200 300 400 500 600 700 800 900 1000
ee + pp: ET' Sy >35 GeV Ly, o GoV)

ATLAS Preliminary ;5;;: ﬁjv“;,‘z;ﬁ>

s = 8TeV, [Ldt=207fo" [J& [ SingleTop
Bl Z+jets [[] W+iets
H-ww" —>evuv/uvev +22] g gof vbi+vh

ATLAS Preliminary 2 o~ %@“ﬁgﬁ,ﬁ“""“

\s=8 TeV, [Lat=207fo" [Jt [ SingleTop

B Z+jets [[] W+ijets
H—-ww" —>evev/pwpw +22] gl gof vbf+vh

Nh-jct =0 30

pYt <45 GeV
eu +ue. Z[y* — 1t veto

m;; > 500 GeV

|Ay;;i| >2.8

No jets (pr > 20) in rapidity gap
Require both ¢ in rapidity gap

mgy < 60 GeV
|A¢(( | <1.8

Fit my
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CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CES
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815




ATLAS leading systematics in the signal region

Systematics

Source

Theoretical uncertainties
QCD scale for ggF signal for N, 20
QCD scale for ggF signal for N, 2 1
QCD scale for ggF signal for N, 22
QCD scale for ggF signal for N, 23

Parton shower and UE model (signal only)

PDF model

H — WW branching ratio
QCD scale (acceptance)
WW normalisation

Signal processes (%) Background processes (%)

‘\','.'l = U AN')L-: = 1 .'V'I,:: :_’ 2 1~’)t’. = 0 .‘V’:‘-l = l 4\',d 2 2

13
10

Experimental uncertainties
Jet energy scale and resolution
b-tagging efficiency
Jeecon efficiency
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> ATLAS Preliminary Vs =7 TeVfLdt= 4.6 fb"
10 E *) _ . _ 8
E H-WW" =yl Is = 8 TeVifLdt = 20.7 fo

a

E  CMS Preliminary m— Observed

- ﬁ=7 TeV,L=4.9 o™ , - - - Median Expected
L \s=8TeV,L=19.5fb"

| H—-WW—212v 0/1-jet [ =

Po and u
@ my = 125 GeV

III|,|_ll| L1

ected = 10

\:| Expected = 20

—— Injection mH=1 25GeV =10 _ |

I IIII|,|,|,l|

o
Q

ATLAS 0+1+2j, 7+8 TeV:
exp 3.70, obs 3.80
Mobs = 1.01 + 0.12 (stat) + 0.19
(theory) + 0.12 (experiment) +

120 130 140 150 160 170 180 190 200 ) A DR YOU VTN RN
m,, [GeV] 0.04 (lumi) = 1.01 + 0.31 300 400 500 600

m,, [GeV]

95% C.L. Limit on o/oy,,

—
Q

LS B A B
TLAS Prellmmary s=7TeVyLdt=4.61b" 3

H-WW" =ty (s =8 TeViLdt = 20.7 "

—— best fit

[]-2Innv(u) <1
— Exp. best fit m = 125 GeV

— =2 In\(un) <1

\}
T

CMS Preliminary .
\s=7TeV,L=49f" ]
\s=8TeV,L=19.5fb" -

—
9]
T T LI

CMS 0+1j, 7+8 TeV:
cut based: exp 2.70, obs 2.00
Mobs = 0.71 £ 0.37
shape based: exp 5.10, obs 4.00
Mobs = 0.76 £ 0.13 (stat) £ 0.16
(syst) = 0.76 + 0.21

best fit for u
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120 125 130
200 300 400 500600

m,, (GeV)

ATLAS *Bl'exp,8 v = 4.8 £ 0.6 (0') 0.2 (BI") + 0.7 Pb

0*Brops,zs 1ev = 6.0 £ 1.1 (stat) £ 0.8 (theo) + 0.7 (exp) 0.3 (lumi) = + 1.6 pb

20 good consistency with SM



Signal strength (u)

ATLAS Preliminary H=WW" =y
\s =7 TeV:[Ldt = 4.6 fo’
\'s =8 TeV:[Ldt =20.7 fb’

-2 Ink(u,mH) =23

-2 In)\(u,mH) =6.0
H—-WW" = Iv (2011+2012)
H—yy (2011+2012)

H—>2Z" -1l (2011+2012)

CMS Preliminary
l's=7TeV, L=4.9fb’

\s=8TeV, L=19.5fb’
eu 0+1 jet

R4
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0.5

04

11 1 | I I | 11 1 11 1 | I | 11 1 |||||| -1 2
15 120 125 130 135 140 145 150 155 110 120 130 140 150 160 170 180 190 200
m, [GeV] m,, (GeV)
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1

ATLAS 0+142j, 7+8 TeV: largest significance at my = 140 GeV, 4.10 observed
consistent with my = 125 GeV within 10
CMS 0+1j, 7+8 TeV: largest significance at my ~135 GeV
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ATLAS Preliminary

H—-WW" =vlv VBF

\s=7TeV: [Ldt=4.6fb"
Vs =8TeV: [Ldt=20.7 fb

(59
% VBF results @ ATLAS for
128 Gk

II|IIII|IIII_

Signal strength (u)

—— best fit

CJ-2In)(u) <1
— Exp. best fit m, = 125 GeV

— -2 InA\(n) <1

expected VBF signal significance is 1.60, observed 2.50

2D simultaneous ggF vs VBF fit
MggF = 0.82 + 0.24 (stat) + 0.28 (syst) = 0.82 +
1.66 + 0.67 (stat) + 0.42 (syst) = 1.66 +

:_|IIII

0.36
+ 0.79
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+ Best fit
— -2 InA(ggf,vbf) < 2.3
---- -2 InA(ggf,vbf) < 6.0
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ATLAS Preliminary
\s=7TeV: [Ldt=4.6-4.8fb"
\s=8TeV: [Ldt=13-20.7 fb”

m, = 125.5 GeV

—H 22" > 4
—H - WW" = viv
H— tt

0 0.5

1

1.5 2

u x B/Bg,

ggF

3 4

W

VBF+VH MggF+ttH

good consistency with SM



Spin @ ATLAS

OF 0j 2012, to distinguish J? = 0* vs J° = 2*, relax cuts on E;™ss,
pri, my and A®y to allow acceptance for 2*

Training for O*

o
EeN
'y

ATLAS Preliminary =~ — bacxgrounss

—H0 :'2.‘3]

O

© v ° w
w

o* 2*
Background

general assumption is 2* graviton-like tensor (JHU minimal
coupling model)

® 5 production modes: 0%-25%-50%-75%-100% qq
dedicated BDT MVA analysis:

® 2 separate BDT trainings on relaxed variables for O* and 2* 0.05§

’ ]
® results use a 2D it to BDT, and 8DT, 0 08060402 0 020406 08 1
ATLAS Prehmmary e bat;a | S[.Jin.O |

BDT,
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Arbitrary Normalisation
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exclusion for qq = 0% data compatible with 0*

expected 1.330 ' 2+ qq excluded at 99% CL, gg at 95%
observed not excluded : 23




Spin @ CMS

® focus on eu+ue O + 1j channels for 201142012 datasets
@ assumption of 2* graviton-like tensor in JHU minimal coupling model with 0% qq mode

® strategy:

CMS Preliminary ys=7TeV,L=4.91fb"; /s=8TeV, L=19.5 fb'

® implement 2* signal expectations in the
shape-based analysis

rRents
N

o

o

peri

N
o
o

® 2D fitinmg-my

== (CMS data

(@]
o
o

Gererated-ex

M, = 125 GeV 2mln (125 GeV)
CMS preliminary L= 195 ' (8TeV) CMS preliminary L =19.5 fb™! (8TeV)

W

-20 -10 10
70 80 9 100 110 120 00 10 120 2>< In L,/ 9
M, (GeV) M, (GeV)

expected likelihood discriminant: observed likelihood discriminant:

for the O* hypothesis is 1.50 away from the 2* hypothesis for the O* hypothesis is 1.50 away from the 2* hypothesis
for the 2* hypothesis is 1.80 away from the O* hypothesis for the 2* hypothesis is 1.80 away from the O* hypothesis

ire)
S

data slightly favor the SM Higgs hypothesis of J° = 0* over 2* and

minimal couplings to the W*W- pair
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WH->3l3v @ CMS

associated production

backgrounds: WZ->3lv, ZZ->4l, tribosons, Z +
Y, prompt leptons

analysis split info categories based on lepton
charge and flavour

® shape-based analysis, discriminant = AR/*

- T T T T | T T T T | T T T T | T T T T 7
[ T T T | :_._ ZZ imi :
[ data 77 OMS preliminary | -~ Slnatfl1 % B s V+.;2/IS preliminary 1
— my=125 [ top & V+jets H™ P J L=19.5fb" _

I L=195f0" 1 R\ ;
W wz Vs=8ToV g OSSF\s=8TeV

SM

CMS preliminary |

--= median expected VH — 3I13v (shape-based) 3
W expectedt 16 L=4.91b" (7 TeV) + 19.5 16" (8 TeV)
expected + 2¢

—
o
N
TToY

—
o
T ¥ Al

95% CL limit on o/c

0
0 1 2

top enriched CR

110 120 130 140 150 160 170 180 190 200
Higgs mass [GeV]

observed (expected) limit 3.3 (3.0) x osm for my = 125 GeV @ 95% CL
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Summary

H->WW->lVlv channel analyzed by both ATLAS and CMS on full ~25
fb~! LHC Runl dataset

®  ATLAS: O+l1j ggF and 2j VBF cut based for my = 125 GeV
® Mggr(0+1j+2j) = 1.01£0.31
® Mg = 0.82+0.36, uver = 1.66 + 0.79
CMS: 0+1j ggF for my = 125 GeV
® Mg = 0.71£0.37 cut based

®
WH->IvIVvlv by CMS for my = 125 GeV:
o

Mggr = 0.7610.21 shape-based
®

limit expected 3.0 and observed 3.3 x Osm

®  ATLAS ICHEP result: no signal observed for 110 GeV < my < 300
GeV with best limit @ my = 165 GeV - 2.7 (3.2) x Osw observed

(expected) limit
® Spin:

® ATLAS: BDT 4 variables: data are compatible with 0*, 2* excluded
with 99% qq and 95% gg

® CMS: 2D mr-my shape fit: data slightly prefer the O* hypothesis

@® ATLAS and CMS measurements are consistent with

each other and with SM expectations
26
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all CMS cuts

exactly 2 well isolated (MVA) opposite charge leptons

prii > 20 GeV, priz > 10 GeV, Inewl < 2.5 (2.4), priz > 15 GeV for SF 2011
particle flow

prim vertex - highest Zpr? over tracks

jets: anti-kt AR = 0.5, FastJet, PU correction (MVA)

@ discriminant: jet shapes, rel multilicity of charged and neutral components, fraction of pT carried by the
hardest component

® Er> 30 GeV, letal < 4.7
projected MET
@ projection of MET to the nearest lepton, if IphiMET - phiLepl| < pi/2, else MET directly
® MET (proj) > 20 GeV
top bkg:
® top tagging on soft muons and soft bJet Tagging (Er > 15 GeV)
pru > 30 (45) GeV for shape (cut-based) analysis
my > 12 GeV, 20 GeV for SF 2011
additional DY-suppressing cuts:
® |my-mz| > 30 GeV
o 2011:
® METproj > (37 + Nvtx/2) GeV

[ reject event if di-leptons and hardest jet are back to back

@® 2012: MVA based on MET, kinematic and fopological variables
28




all ATLAS cuts

exactly 2 well isolated (MVA) opposite charge leptons

prii > 25 GeV, priz > 15 GeV, Inew)l < 2.47 (2.5)

mll > 12 (SF) or 10 GeV (DF)

prim vertex - highest Xprt2 over tracks

jets: anti-kt AR = 0.4, FastJet
® PU suppression in the JES Calibration and dedicated application of Jet Vertex Fraction
® pr> 25 (30) GeV, letal < 2.4 (2.4 < letal < 4.5),

MET

@ projection of MET to the nearest lepton/jet, if in same hemisphere, else MET directly

® MET using fracking information
® METs > 20-45 GeV

v R S T S S A e R RS
| ATLAS Preliminary ~£- Zsjols
fs = 8 TeV, simulation —a— diboson, top and W+jets
Howw' ravevipvuy + 0 jets & H[125 GeV)

top bkag:
® tfop tagging on soft muons and bJet Tagging
ptu > 30 GeV

Entries normalised to 1

Z->TT veto

PTiot < 45 GeV (vectorial sum of all pr in the event)

PR .

7 08 09
f’e"c»'
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soft hadronic recoil to reduce DY




ATLAS 7 TeV eu+pue+ee+ M i

Nijet

Signal

Total Bkg

Data

25+5

6111

154

72

4716

62

4.6+0.8

2

ATLAS 8 TeV eu+ue+ee+ i

Njet

Signal

Total Bkg

Data

97+20

73939

831

4013

261128

309

10.6x1.4

36+4

55

restricted mr range (signal

sensitive):
O+1lj: 0.75%my < mT < My

22 m7 < 1.2*m|-|

Results

CMS 7 TeV eu+ue and ee+ui

Selection

Signal

Total Bkg

Data

0j ep

20.31+4.3

99.1+9.0

|15

0j ee + pp

10.1+2.2

64.116.7

66

lj ep

7.912.3

45.0%4.3

53

lj eetpp

3.0£0.9

28.2+4.5

31

CMS 8 TeV eu+ue and ee+upi

Selection

Signal

Total Bkg

Data

0j ep

90+19

429134

505

0j ee + pp

5612

360+38

421

lj ep

42+12

209+ 14

228

lj eetpp

18.0+5.2

111.3+8.6

140

after whole selection (no m
or mr cuts for 2D shape
analysis)




Spin @ ATLAS

Variable | Spin analysis |  Rate analysis [5]
common eu/ue lepton selection

focus on eu+ue Oj channel for 2012 dataset s 55 Gev

Only . 0 jets 0,1,> 2 jet sclections
> 20 GeV > 30 GeV

possibility to distinquish between O* and 2*

- - 80 GeV 50 GeV
strategy: relax cuts on Et™s, pry, my and AQ, i s

to allow acceptance for 2+

general assumpftion is 2* graviton-like tensor
(JHU minimal model)

Training for O+

® 5 production modes:
0%-25%-507%-75%-100% qq

® dedicated BDT MVA analysis:

ATLAS Preliminary — backgrounds

— H 07125
\ 'y
» WW » evuvsuvev + 0 et

or 2°
Background

Arbitrary Normalisation

® train MC on 4 variables: mt, A®y, my, pm

® 2 separate BDT trainings for O* and 2*

{ gl —
1 -08-06-04-02 0 0.2 0.4 0.6 0.8

@® results use a 2D fit to BDTo and BDT: BDT,




Spin @ ATLAS

@® general assumption is 2* graviton-like tensor (JHU minimal model)

@® 5 production modes: 0%-25%-507%-75%-100% qq

S0 N b Saes BEERE BERET RREEL BARLs ”1
B - ATLAS Preliminary fa=0%
g% Aoekelldcwabs  wr e test statistics

[ H— WW "= evuviuvey + 0 jats e ] *
£0.14 e —H2Z1125] o = log Z(Ho)
0.12} :

| ATLAS Preliminary fq=100%

0.28 \;—aTcV,_[Ldt-zz:.-"o HO' [125] —
F Hos WW ' evuviuvey + 0 jels —HZ [125] 1
' Data

- log L(e = l,ﬁe:l’§€=|)
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data compatible with 0,
2* qq excluded at 99% CL, gg
at 95%
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WH->3l3v @ CMS

associated production

backgrounds: WZ->3lv, ZZ->4|, tribosons,
Z + Y, prompt leptons

analysis split into categories based on
lepton charge and flavour

shape-based analysis, discriminant = AR*

SR cutflow

—_ 8 TeV SSSF channel

|- data zz CMS preliminary | stage

WH(—= 17) (125) | WH(—= WW) (125) | data |

all bkg.

Wz

fakes

| — m=125 [ top & V+jets L=195f" |

Bz 0.73 = 0.08
I \s=8TeV ]

0.41 = 0.06
0.41 = 0.06
0.29 = 0.05
0.21 = 0.04

3-lepton preselection
min-MET > 30 GeV
Z removal
top veto
AR[- ¢ & my;

1.65 = 0.21
122 +£018
122 +£ 018
1.02 £0.17
092 + 0.16

61
43
43
7
6

84.68 =3.03
60.93 = 2.57
60.93 £ 2.57
10.52 =0.99
6.95 + 0.85

792+ 030
518 +0.24
518+ 0.24
286+ 0.18
1.72 + 0.14

67.70 = 2.97
49.06 £+ 2.53
49.06 + 2.53
6.68 + 097
4.64 + 084

8 TeV OSSF channel

stage

WH(— 171) (125) | WH(—= WW) (125) | data |

all bkg.

| WZ

I

fakes

1.96 = 0.13
0.92 = 0.09
0.56 = 0.07
0.36 = 0.05
0.27 = 0.05

3-lepton preselection
min-MET > 40 GeV
Z removal
top veto
ARI 2 4 & mye

6.11 £ 041
349 £0.31
270 £027
195+ 0.23
197 £ 0.22

4332
1136
153
45
33

423292 = 20.68

1148.15 = 6.10
156.72 £ 3.48
48.00 =135
3345 £1.16

2053.43 = 4.85
904.73 =3.21
59.45 £ 0.82
35.05 = 0.63
24.12 £ 0.52

1368.06 = 13.20

152.07 + 4.92
81.02+329

9.77 £ 1.19
7.29 +1.03

A R(I')

top enriched CR

observed (expected) limit 3.3 (3.0) x osm for my = 125 GeV @ 95% CL
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