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Outline

ATLAS Higgs to WW
— Summer 2012 analysis

— Discovery results

Property measurements

— Couplings

Compare to other Higgs decay channels
Future plans
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e ATLAS continues to collect data with high
efficiency and good data quality

* |CHEP results combine 4.7 fb1 of 2011 7TeV and 5.8
fb! of 2012 8 TeV data

Now have double the dataset to analyze!



Higgs Production on the LHC

Main production is gluon-gluon fusion (ggF)
— Sensitive to new physics in loop

Vector boson fusion (VBF) and associated

production

— Sensitive to direct vector boson couplings

Sensitivity to spin and couplings to W/Z and t

— Can measure direct WW to Higgs coupling in
the qq’—>qgqg’H (VBF) channel
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Why Look for H>WW?

Violates Unitarity: Without the

Higgs, the WW cross-section é 'F g
increases with s é, -
Large branching ratio %;, .
— Best measurement of cross- 2 10 E

section and signal strength (u)

Clean simple signature
— 2 leptons 10

— Missing transverse energy ; I
(MET)) i

First channel on the TeVatron 4¢3 100 ot
to make SM Higgs exclusion
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Analysis Hinges on Spin

 Most cuts are motivated by the spin O of the
Higgs
— Weak (V-A) decays cause the leptons to be collinear
— One lepton (e,u) is opposite W momentum

e+
e+ ﬁ
\ g Y Spin pushes the

e leptonstobein
the same

@ () @  direction

Spin .
(Momentum) Spin Momentum



eu Event Display

lissing Transverse Energy

A EXPERIMENT

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST




Many Backgrounds With Which to

e Z->tt (has real MET)

Contend

Ordered list of most important il - " ATLAS Preliminary

backgrounds for O jet Higgs with m =126 & =*" .  lewEerw

GeV/c? in the opposite flavor channel L T omonesm
WW > Iviv - lr( o
W+Jet - Iv jet (jet fakes lepton) : e
Wy (photon conversion) e R x A T N
WZ (lose lepton) ok T N s o e
tthar - blv blv (lose b’s) : T e
Wt = Iv blv (lose b) W T T T T Twe Towe Tz
ZZ (irreducible, small) WW is 70% of the 0 jet
Z+Jet (Drell Yan) = Il (lose jet, fake MET) background

- Has identical final state




Many Backgrounds With Which to

Ordered list of most important
backgrounds for O jet Higgs with m =126
GeV/c? in the opposite flavor channel

— WW = |vlv

— WH+let = v jet (jet fakes lepton)

— Wy (photon conversion)
— WZ (lose lepton)

— ttbar = blv blv (lose b’s)
— Wt - Iv blv (lose b)

— ZZ (irreducible, small)
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— Z+Jet (Drell Yan) = |l (lose jet, fake MET)

* Z->tt (has real MET)

W+lets is extremely
important for low Higgs
mass searches

- Large uncertainty

- Soft lepton

- Similar kinematics to
signal



Many Backgrounds With Which to

Contend

e Ordered list of most important T.ol. ATLAS Prelmimany
backgrounds for O jet Higgs withm =126 ¢ + . [Lazos:tosr'
GeV/c? in the opposite flavor channel I
- WW = Ivlv % - S;f:gmo (;sspb")
— WH+Jet = Iv jet (jet fakes lepton) e o
— WYy (photon conversion) E T ; AN ol
— WZ (lose lepton) ” T § ——
— ttbar = blv blv (lose b’s) o Ty
— Wt > Iv blv (lose b) W Tz Tw Ta T T e Tz
— ZZ (irreducible, small) Wy
— Z+Jet (Drell Yan) = |l (lose jet, fake MET) - Large uncertainties

e Z->tt (has real MET I
( ) - Dependent on material

modeling



Event Selection

 |In 2011, same and opposite
flavor channels were used

* In 2012, increase R A
interactions per proton 2 7ob e e 4 E
bunch crossing adversely 2 o N
affected the missing £ s E
transverse energy (MET) g o F E
resolution § o 3

* Only opposite flavor 10F- E
channel is used %5 10 15 20 25 30 35 40

Mean Number of Interactions per Crossing

* The following slides show

the event selection for 2012
8 TeV data eu channel



Binned Liklihood M- Fit

* Final produce: Fit M,

° hd ° > L L s
dIStrIbUUOn S gof- ATLAS Preliminary & 0ue — sobess -
. 2 - (s=sTev[lat=ssi’  Clu Dlsmerw
— Provides shape 3 OF v e s O 5 e
2
. . >
information .

* One background model
for Higgs mass from

110-200
— Avoids look elsewhere
eﬁeCtS mr = \/(Eé{ + E-IFISS )2 . Ipfl:( + E!PISSIQ

* How do get to this final
distribution?



Object Selections

Dileptons pairs (muons and electrons)

— Lead P;> 25 GeV

— Subleading P;> 15 GeV

— Muons |n|<2.5

— Electron|n|<2.47, excluding barrel-endcap gap

— Track and calorimeter isolation and impact parameter cuts

Missing tranverse energy (MET)
Jets

— P;>25GeV

— In|<4.5

Analysis is binned in the number of jets



Missing Transverse Energy (MET) Cut

* Cuton the relative
missing transverse
energy (MET)

Removes backgrounds
without hard neutrinos

e QCD
 Drell Yan

Effective at removing
events with poorly
measured objects

Events / 5 GeV
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Reduce the Top Background

* Most of the ggF signal
has O additional jets

— Top increased ~15%
more than the Higgs in
moving from 7-8 TeV

— Most sensitivity in O jet
bin
* BinanalysisinO, 1,
and =2 jets

e VVeto events withab
jet

[ I T T T I T T I T T T I T T T I T T T I _]
C S - Dat %4 BG (sys@stat) ]
60001 ATLAS Preliminary e e = wazwy
- {s=8TeV,[Ldt=58fo" [J&  [OSngeTop

- . B Z+jets [] W+ets -
5000 H-WwW'" >evuviuvev CJH125Gev] 1

Events

4000F- 2 -

3000 7%




Reduce Drell Yan Background

* Spin 0 Higgs has means MET
the Iepton’S Transverse )
momentum should be plane to

beam line

in the same direction

* Gives a transverse
momentum to the
lepton system

e Remove more Drell
Yan, which tend to
have back to back
leptons

- T | T
- ATLAS Preliminary ;&avt; %5&,‘225;“” ]

C (s=8TeV[Lat=58f" i [ Smeto

- ) - [ Z4ets  [T] WHiets .
600 H=WW ‘—evuv/uvev + 0 jets CJHM25Gev] —

Events / 10 GeV
\‘
o
o

P} [GeV]



Reduce WW Background

> [ ]
e Off shell Win & 250; ATLAS Prellmlnary ;5’;}5 vy
H>oWW?* and the T gppf ST8TOWSLai=sem’ D Blerere
Spln glve a much % g H—-WW" '—evuv/uvev + 0 jets [ H125 Gev] g
smaller invariant i 150 g
mass of the leptons : o :
. Signal'~™“ L _ ~
Provides a natural  gegion | Region :
control region for g
WW :
50 10 15 200 250
m, [GeV]
Il
N A Finally, in the signal region
plane to I

Require |A¢,|<1.8

beam line



Modeling for Important Backgrounds

* Discuss background estimations in more detail
for:
— W+Jets
- WW
— Top



W+Jet Modeling

WW -, ew€Vv_Candidate SUATLAS
Run 166927 Evént 23152220 JA EXPERIMENT
Timé2010-10-17 03:02:49 EDT

Multi—Je Event Electron Candidates

 W+let-lv jet (jet fakes lepton)

e Gluon and quark showering (jets) can mimic the signature
of an isolated electron or muon

* Does not happen very often, but we have a lot of jets!



W+Jet Modeling (continued)

Prompt

N — EE”“’ f ( lepton [, | Jet-enriched )
W.|.J ets i Jet \. definition
f.iis the “transfer factor” from jet enriched

leptons to our isolation definitions.

* Important background
— Kinematics are very similar to low mass Higgs
— Not modeled well by simulation (MC)

e Data driven method

— Model jets imitating prompt leptons using a “transfer
factor”

— Predict all kinematic distributions
— Make the same event selections to these events



W+Jet Modeling (continued)

.. Measure in a multi-jet sample
* ~45% uncertainties in

(Isolated leptons)
“transfer factor” fjet=
— Differences in jet P; B @
spectru m (“jet-enriched” leptons)
. . Same S| n Valldatlon
— Differences in jet flavor g
.y 50_ ATLAS Prellmlnary ;\?th 55;;;;@”&
CompOSItlon : Is = 8TerLdt 5.8 b =l [ SingleTop -

40— B Z+ets [] WH+ets

B H-ww" —>evuv/uvev + 0 jets [ H1125 Gev) ]

Events / 10 GeV

Modeling is validated
with same sign lepton
pairs




WW Modeling

WW control region using
m,>80 GeV events and
removing A¢, cut

WW is 70% of O jet and
45% of 1 jet background in
the signal region

Obtain a normalization
factor of data/mc in the
control region

— 1.06 +/- 0.06 (stat) in O jet
— 0.99 +/- 0.15 (stat) in 1 jet
Theoretical and statistical

shape uncertainties on
WW is 13%

Consiste
with 1

J

Events / 10 GeV

Events /10 GeV
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100}

[ wz/zzwy
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e
ATLAS Prellmlnary :Swfv 2 BG (sys@stat) |
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ets [ ] WHets
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3! L ety |
L »
e 1 -m--h— ________ 1]

100 150 200 250 300 350 400 450
my [GeV]



* JSVF Probability is small but

Top Estimate

O jet top estimate is
simulation corrected using
jet veto survival probability
(JVSF)

* b jet control region is
very pure in data

 Measure jet survival
probability in data and
simulation

has large uncertainty (17%)

Ratio to simulation is
1.11+/-0.19

T i T T [ T T T | T T T | T T T | T T T [
s00or. ATLAS Preliminary 2 bee — Boes

F {s=8TeV,[Ldt=58f" [t [ SngeTop -
5000_— ) Bl Ztjets [] W+ets B

- A WW—evpviuvey CJHM25Gev]

Events

4000F Z =

3000 e

4
4 6 8 10
Njets

0

0 2

In the b tag control region,
No additional jets

Pb-t3¢ = Prob(no additional jets) =
1 or more b tags

For the O jet top estimate,

. b—tag, Data | 9
Top estimate = N ;o * (W)



Top Estimate (continued)

> T
§ 100: ATLAS Prellmlnary ;{ff‘vj = wameer
. — — Vs e b ]+ ] Single Top —
1 and 2 jet analyses use b L ey e S
tagged jet events as a control ¢ % # E
region 60| 7 o ]
* Reverse m,and A¢, cuts a0 ++#F+ }L;% -
. . : 7 1
* Kinematics are well modeled 2o 4 Wqﬁ -
* Very pure top Sample %(_) 100 150 200 250 I 300
* Top background is mr [GeV]
normalized to the control > g
. G 800 ATLAS Preliminary 2 owe = oo =
reglon g 700F- Vs=8TeV, JLdt=581fb" E§+,t %?vii?eltesmp 3
° 1.11 .|./_ 0.05 (Stat) in1 Jet % 600 H—-WW" —evuviuvev + = 2 jets [ HI125 GeVv] é
e 1.01+/-0.26 (stat)in 2 jet T 500 =
» Ratio of ttbar and single top o E
is fixed by the simulation 200 L
100 *l'f*—-.té
50 100 150 200 250 300

[
o)
S

my



Uncertainties on Signal and

Dominant
systematics are
signal theoretical
uncertainties

Largest detector
systematic is WW
normalization and
W+Jets
uncertainty

Background

Source (0-jet) Signal (%) Bkg. (%)
Inclusive ggF signal ren./fact. scale 13

1-jet incl. ggF signal ren./fact. scale 10 -
Parton distribution functions 8 2
Jet energy scale 7 4
WW normalisation - 7
WW modelling and shape 5
W+jets fake factor - 5
QCD scale acceptance 4 2
Source (1-jet) Signal (%) Bkg. (%)
1-jet incl. ggF signal ren./fact. scale 28 -
WW normalisation 0 25
2-jet incl. ggF signal ren./fact. scale 16 -
b-tagging efficiency - 10
Parton distribution functions 7 1
W+jets fake factor 0 5




— g nldd miss 2 €t miss|2
mr = \/(ET +ET ) _lpT +ET] |

2012 Binned Liklihood M- Fit

Split jet bins (0j, 1j, 2j)
Split lead lepton flavors

— Lead electron — subleading

Muon

— Lead muon-subleading
electron

— Different backgrounds

Bottom Right: m;
subtracting away the
standard model
backgrounds

Events / 10 GeV

Events / 10 GeV
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o ATLAS Prellmlnary ; f,’w‘v = Wzgfﬁj‘“’
T Vs=8TeV,[Ldt=58fb" [J#  [O SingleTop
B Z+jets [] W+ets

9] i
H—-WW" '—evuv + 0 jets CJ H25Gev]

60

50F

10

%: =

0 100 150 200 250 300
m: [GeV]

40F
30F
20F

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
F ATLAS Preliminary + Bkg. subtracted Data |
F (s=8TeV,[Ldt=581 " [ | Hi2sGeY)
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2012 Results

e Limited mass resolution

* Expected assumes a
standard model Higgs for
each m,

* Expected exclusionis 129

* (Observed tests the
probability of background

only hypothesis

* Bestpyis3.20,,atmy= 1o Q‘ )
120 GEV/CZ 110 120 130 140 150 160 1700 180 190

m, [GeV]
* Reject the no Higgs
hypothesis at 3.1 o, at
m, =125 GeV/c?

ATLAS Preliminary  H—-WW'" = evuv/uvev
—— Obs.

Local p

{s=8TeV: [Ldt=5..8fb




2012 Results

* Define signal strength
parameter(w) o

I
" ATLAS Prelminary  H—-WW"'—evivev

* 1forthe SMHiggs & " " = ccomfiassan
* 0 for no Higgs g
w

 Measure the signal
strength as a function of

Higgs mass

115 120 125 130 135 140 145 150
m, [GeV]

* Signal strength at m, =
126 GeV/c?is 1.9 +/- 0.7



Combined 2011 and 2012 Results

ATLAS Prellmmary + Bkg. subtracted Data |
100~ ]
T Vs=7TeV,[Ldt=471f" [ | HN25Gey) ]
80F Vs=8TeV,[Ldt=58fb -

C H-WW S iiv + 0/1 jets

Top Right: m; o :
subtracting away the sof- 1

Events / 10 GeV

20F =
standard model I bt
Ans + + T
baCkgroundS -20_6|0 80 100 120 140 1$180 200 220 24|10_
. my [GeV]
— Large diboson excess T R TTTT
= 10° ATLAS Preliminary H—=WW" '—lvlv .
observed § wr T3 Ay il

== 0o
1o
20

30

* Bottom Right:
Observed: Best p, is 2.8
Oy at my, =125 GeV/c?

40

50

110 120 130 140 150 160 170 180 190
m, [GeV]




s this the Standard Model Higgs?

Top Right: Add m = 125 standard model
Higgs into the to the background model

(expected)

* Excess is consistent with m = 125
* Broad excess, so mass resolution is

poor

Bottom Right: Measure the signal
strength as a function of Higgs mass

Define signal strength parameter (u)

e 1 for the SM Higgs

0O forno Higgs
Signal strength is:

e 1.3+/-0.5

e Consistent with a 125 Higgs!

o LA L B L B B T

xxxxxxx 1 E B B

T T
S o'k ATLAS Preliminary H-WW =iy
8 103 —— Obs. ;
- E = Bxp. m, =125GeV  (5-7TeV: fLdt=4.71b" 3
1o =8TeV: [Ldt=5.8fb" 3
10 Clene (s=8TeV: [Ldt=5.81fb ]
1 = 0o
107 1o
10-2 20
10 E 30
10 4
10-5 O
10°
10-7 I ‘ - ‘ I ‘ I ‘ - ‘ I ‘ I ‘ L1 E 50
110 120 130 140 150 160 170 180 190
m,, [GeV]
L 1 T 7T ‘ 1 T 7T ‘ T. T -T T ‘ L ‘ L ‘ T (I*)T T ‘ L
- ATLAS Preliminary H-=WW"''—=lv

6 —— Best fit

' g-2inaw<
— Exp. m, = 125 GeV

— 2Innw <1

Signal strength (w)
(¢}

Vs=7TeV: fLdt=471b" ]

Vs=8TeV: [Ldt=5.8fb"_]




Signal Strength Across Analyses

Combine 2011 and 2012 data
e H->WW
— Does not have mass resolution

— Has the best estimate of signal
strength because of the large
branching fraction

* All analyses are consistent

with a standard model Higgs

Signal strength (u)

6;“.‘ ATLAS Preliminary H-WW"—hiv 7
% {s=7TeV: fLdt= 4.7 fb" 1
o ls=8TeV:[Ldt=581fb" 1
4‘_ — 2InAum)=23 ]
C -2In2(u,m,) =6.0 ]
3:_ —0— H-WW i (2011+zu12);

—¥— H—yy (201142012

1F -
‘915 120 125 130 135 140 145 150
m, [GeV]
\ \ \ \ \ [ \
ATLAS 2011 - 2012 - m, = 126.0 GoV
W,ZH — bb -
Vs =7TeV: [Ldt=4.7 fo” :
H— Tt 73
\s=7TeV: fLdt=46-4.7 0" :
H—> V\fIW( 'S i §
Vs=7TeV: =471 H
Ay e
H— y}{ .
Vs=7TeV: [Ldt=4.81b i e—
Vs=8TeV: fLdt=5.9" :
H—zz" = 4 ;
Vs= : = ! H
AT Tt e e
Combined
(5 =7TeV: JLt ' uw=14+03 i —e—
Vs =8TeV: [Ldt 1 :
| | | | | f |
4 0 1

Signal strength ()

InA(wm,)



Events / 10 GeV

qq’—~>qq’H (VBF) Specific Analysis

FTr T T 1T T 17 1T T1T I T 1T I 1T 1T I T 1T I T 1T I T 1T I T 1T
5 —4- Data %% SM (sys@stat) —_|
ATLAS Preliminary & w mwzzzw,

: Vs = 7Tevf|_dt 47f" O+ [ SingleTop 7
4 Bl Z+jets [] W+ets —
- H—>WW —>|v|v +=2jets [JH[125GeV] ]

50 1oo 150 200 250 300 350 400 450
my [GeV]

Separates W/Z coupling from the
top/W/etc loop production in ggF
(no loops)

Distinct kinematics reduce major
backgrounds like top

 Two forward jets
e MET

2 prompt leptons
2011 ATLAS analysis:
0.6 VBF

1.0 background

Has expected sensitivity ~3.5 O,
with 10 fb? (~20,, with 30 fb- 1)

Lots of room for optimization



W WH Higgs Strahlung Analy5|s

e Sensitive to direct Higgs
to W coupling (no loops)

* WH-IvII

Search for 3 isolated
leptons

e 4.7 fbl of 7TeV data

* Split analysis into WZ
dominated region and Z
+Jet dominated region

. Current limit is ~7 O, at
=125 (~3 o, with 30
fb 1)

T T T
+ Data %‘ SM (sys @ tt)
m wzy) Il ww
[]zz B Z+ets
[JTop [ Signal[125 GeV,x20] |

100 120 140 160 180 200
mIepO,Iep1 [GeV]

> 100F
8 ATLAS Prellmlnary
o | Vs=7TeV,[Ldt=47 1"
T 80 WH—IIl (Zenriched)
i) I Z+jets Control Region
o .
>
w 60
40l
201 I
0 20 40 60 80
023 I T | I
L 10®*k —— Observed
© E
S C e Expected
= - =10
3 [ ]+20
4 100
(©)
I
o
»

ATLAS Preliminary —

jldh47fbl(e7mv

WH—-WWW-—lviviv —

120 140 160 180

200 220 240 260 280 300
m,, [GeV]



Compare ggF to VBF

=
o | h o : ATLAS Prellmlnary 2011 +2012 Data
Current y’ WE dveé more D 8l (5=7Tev: flt=47 1" H—>wWw" — Iviv =
z - Vs=8TeV: [Ldt=58-5.9 5" .
sensitivity to the gluon- e : Smimitons
< — 68% CL
i 95°/:CL ]

gluon fusion (ggF)

— ggF IS sensitive to new . @
physics

e VBF limit is dominated | o BBou

< S I L L L I I R I
. . . = b ATLAS Prellmlnary 2011 +2012 Data
by the 2 jet limit 30 vt t7as
7 s= 8TVdet 5.8-5.9 1"
6i —H-—=yya and H = WwW" = Iviv
proton o —H—=yy
E —H->ww" - i
9 Z/IW 5
_______ HO 4; N T R A
Z/W 3;
q 2;
antiproton 1§ ,,,,,,,,,,,,,,,,,,,,,,
VBF

3 -2 -1 0 1 12 |3||||4||||5||| 6

MyBFavH / M ogFtH



Summary

We see a large 2.8 o, excess in WW

The cross-section and signal strength are
consistent with the standard model Higgs

Too early to compare ggF and VBF production
modes

Watch for more studies

— ggF versus VBF

— Spin

— Couplings

— Fermiophobic
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Spin?

* Signal strength and
signal selection
depend on spin-0

e Effort to place limits
on the spin-2
graviton



/+Jet Modeling

e Used in same flavor
channels

e Signal Region (A) =
B*(C/D)

8 .. -4 Data % SM (sys @ stat)
10°ATLAS Preliminary g v m wzzzw,
107EVs=7TeV, [Ldt=4.7 fo'lJ & [ Single Top

B Z+jets[ ] W+ets

[JH[125 GeV]

Events / 4 GeV
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