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Introduction

Di-boson production is a O(1-10)pb process.

* Probes the electro-weak gauge
symmetry of the SM.

— Determination of Triple Gauge Boson
Couplings provide a model independent

test for “new” physics.

— Measure “fiducial” cross sections to
minimize the dependence on theoretical

predictions.
— Sensitivity increases with energy reach.
* Background to many searches.
— Higgs production
— SUSY
— Technicolor

cross section [pb]
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LHC & ATLAS 2011

* Integrated luminosity
reached 1.2 fb!!
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— AL/L=3.7% a - ATLAS Online Luminosity \s=7TeV -

* Di-bosons analysis no > °F MluHC Delivered E

longer a finger counting & 1.4 [] ATLAS Recorded —

EXErCISe... . E  1.2F  Total Delivered: 1.36 fi” =

* Challenges in 2011: o 4F TotalRecorded: 130 b g

— Higher pile-up. = - |

. 5 0.8 ]

— Decreasing of 2 = |

statistical errorneeds = 0.6~ =

better understanding & 0.4F E

. |_ - | —

of systematics = -

uncertainties. 0.2~ =

— Background studies [ A S S
cannot rely only on MC 02/03  30/03 27/04 25/05 22/06  20/07

anymore. Day in 2011
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Heavy Di-Boson Production at LHC

leptonic

e Use leptonic decays:

— Small Branching Ratios WW
— Low background aawy

* Tau decays contribute to oo

leptonic

e/u channels

— Accounted for in cross Wz
section extraction.

leptonic
5.2%

e Clean but small signal.
YA

%
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Backgrounds

Multi-lepton finals
states from top-quark
decays.

Use data driven
techniques.

Fake leptons from jets
associated with Z/W.
Use data driven
techniques.

24MET | | 3+M+MET | | 2M,
Bckgnd Ww Wz 22
top 35% 12% incl. DD
WH+jets 30% 0% incl. DD
| Z#jets 32% 52% incl. DD
vV 4% 28% incl. DD
Z+gamma incl. in VV 8% incl. DD
S/B 1.4 4 30
S/sqrt(B) 18 12 17

Di-Boson is signal and
background for other
VV channels.

22/7/11
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WW-> Ivlv

e Signature two leptons and MET.
v * Small contribution (3%) from gg:

t-channel

* Important background to H->WW
studies!

s-channel

v, 2°
W

(see “Search for Higgs to WW”,ID297)

q l
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WW-> Ivilv

Selection

— Exactly 2 leptons opposite signs, p; > 20GeV

— Leading electron p; > 25 GeV

— m;>15GeV, m,, >10GeV

— Zveto (|m-m,| <15GeV

— MET (rel) >(45,40,25) GeV, (uu,ee,ew)

Y — Jet veto (pT>30GeV, |eta|<4.5,anti-kt,DR=0.4)

t-channel

* MET:

. ; — Use MET relative to nearest lepton:
MET, =sin(A¢)*MET for ¢ < 90°

— Reduces DY contribution for miss-measured
w g jets/leptons and Z->tr.

ehanne v,z;: _  Backgrounds:
k ’ — Use DD backgrounds for W+jets and ttbar.

— Use MC for DY and Di-Boson.



Events / 10GeV

data/MC

WW-> |vilv

1=1.0 fbl Kinematic Distribution after all selection cuts

N(cand) =414, N(bckgnd) = 170+28
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WW-> |vilv

L=1.0 fb Total production cross section result

Oyo1a=48.2% 4.0(stat)+ 6.4(sys) * 1.8(lumi) pb

t-channel

Fiducial production cross section result

Channels | expected 6/ (fb) measured 67(fb) ACyx(fh) AGyy(fb) ACymi(fH)
evev 66.8 90.1 +189  +£113 £33

g l IAYTAY 63.8 62.0 +121  +£107  +23
eviLy 245.1 252.0 +246  +294  +93

_ _ Phase space mimics selection cuts, different for ee,eu,uu.

w* ’ * NLO SM expectation:
s-channel 9 Z‘I)/V_ 17 0t0t3|=46i3 pb
* Limited by systematic
7 z — Dominated by Data Driven background

estimation.
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WZ-> lllv

7 v * Signature:
Three leptons and MET.

o~

W+
t-channel 7 * Presence of Z allows effective
l suppression of ttbar backgrounds.

— Dominant background source Z
I l +jets.

ZO

7 i} e Cross section and anomalous
triple gauge couplings

| —" determined.

s-channel

q !
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WZ-> |llv

L=1.0 fb?
q v
W+ l_
t-channel q
l
ZO
q ]

S
—

s-channel @

Selection
— Z |m-m,| <10 GeV

— 3 leptons, p; > 15 GeV

— MET > 25GeV
— W MT > 20 GeV

— Trigger Match with p.(e,u) > (25,20) GeV
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WZ-> lllv

L=1.0 fb?
q v
wt l
t-channel q
l
ZO
q I
q v

o~

s-channel
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N(Data) = 71, N(bkg MC) = 10.5

— W MI > 20 GeV

——— — Trigger Match with p;(e,u) > (25,20) GeV

Events / 3 GeV
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WZ-> lllv

Total cross section:
L=1.0 fb?
. oot — 1 1+3'1(stat) +1.2(S st) +0'9(lumi) b
q v WZ 108 ~128Y5Y o8 pb
W l SM NLO expectation 17.2+1pb
t-channel q
- : Good agreement with the Standard Model.

Fiducial Cross section:
? v * p;(l) >15GeV, |n| < 2.5, pT(v)> 25 GeV
* M(Il)-M,< 10 GeV
* M(W)>20GeV

o~

W+
s-channel

W+ id :
2 s ovee = 118718(stat) *o(syst) *2(lumi) fb

q l
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1=1.0 fbt
WZ-> lllv ATLAS Preliminary s fia-raw

\s=7TeV, A=3TeV

i CDF,JLdt =1.91fb"

Extraction of anomalous triple gauge A \=1.96ToV. AcZTeV
boson couplings Good agreement [ 1
. . ; 22 DO, | Ldt = 4.1 fo
* Use total cross section to fit TGC. | with SM and i t _
. . . \s=1.96TeV, A=2TeV
* NLO MC with reweighting Tevatron results
technique. N

* Use cut-off of A=3TeV

* Profile likelihood ratio, including
systematics as nuisance parameters.

* Confidence Intervals obtained by AGE W*Z - Ivil
Neyman construction based on 1 95% C.L.
cross section.

-1 -0.5 0 0.5 1

q v
) Anomalous Coupling Limits of the 68% C.1. Limits of the 95% C.1.
w+ !
Agf [-0.17,-0.05],[0.13,0.26] [-0.21,0.30]
w+
z2° z Ak* [-0.8,-0.2],[0.5, 1.0] [-0.9,1.2]
22/7/11 A [-0.15,-0.06],[0.06,0.15] [-0.18,0.18]




Z7-> I

=~

t-channel

s-channel

22/7/11

ATLAS-CONF-2011-107

* Signature:
Four leptons.

* Presence of two Z make this channel
effectively background free.

— Enhanced acceptance by loosened

object definitions.

* Cross section and anomalous triple

gauge couplings determined.

See also poster

“Measurement of the ZZ production cross section with ATLAS”

by Andreas Petridis.

Alexander Oh, University of Manchester
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Z7-> I

Al

t-channel

q !

Leading Z Mass [GeV]

Background for H->ZZ
(see “Search for Higgs to ZZ”, 1D298)

Anomalous coupling vertex in s-channel
(forbidden in SM).

Selection:
— 4 leptons, pT>15GeV, [n|<2.5,

leading u(e) pT>20 (25) GeV

— 2 Z candidates with |M,-M, | < 25GeV.
Background estimate from Data driven methods.
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Z7-> I

I
t-channel

l
q !
q [

I

s-channel
l

22/7/11

e Found 12 candidate events.

Final State eeete wrp T ete T ARARAR A
Observed 2 8 2 12

. +0.03+0.05 +0.9 +0.03 +0.9+0.4

Bkg(data-driven) ~ 0.011003+005 0309403 <0010  03%09+04
Expected ZZ 1.57+£0.03+0.11 3.09+0.04+0.06 4.5+0.1+£0.2 9.1+0.1+0.3

% 10:\ T ‘ 1T ‘ 1T ‘ 1T ‘ 1T ‘ 1T ‘ 1T ‘ 1T 1T \: > 10_‘ T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T T T ‘_
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C : . c 7 7
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Z7-> I

t-channel

Al

s-channel

22/7/11

Events / 25 GeV

e Kinematic distributions pT(ZZ), M(ZZ2)
 Agreement with SM expectations.

77 1T N T 1T N T 1T N T 1T N T 1T N T 1T N T M
N ATLAS Preliminary ]
| Nz

5 fl_dt=1.02fb" B
L \s=7TeV ——Data 2011 1

5 - —]
C Predicted Background: 1

Al 0.315 (stat) = 0.4 (syst) |

3 ]

1 A
: Ly I 11 1 I 111 L AL_A Ll J_[ 1 :
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o

Events / 20 GeV
o]
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Z7-> I

t-channel

22/7/11

Total cross section:

oy = 8714 (stat) *o3 (syst) + 0.4 (lumi) pb

SM NLO expectation 6.5+£0.3pb

Good agreement with the Standard Model.

Fiducial Cross section:
* p4l)>15GeV, In| <25
¢ |M(I)-M,| < 25 GeV

O prppre = 50715 (stat) 702 (syst) = 0.2 (lumi) fb

Alexander Oh, University of Manchester 19



| ATLA|S Preli;ninary | l ATLAS, | - 102" |
ZZ-> Il [croms]| © e
f‘é l ___ ATLAS, f Ldt=1.02 fb"
Extraction of anomalous triple gauge : \s=7TeV, A=2TeV
boson couplings Good agreement m = LeP, [Lot=700 "
» Use total cross section to fit TGC. f, | with SM and faass sasel V= 130~209 GeV
* LO reweighting technique with NLO LEP/Tevatron — 00, fLot=1 1o
correction results Vo= 1.96 ToV, A= 1.27ToV
(Baur-Rainwater + Sherpa) 2 i
* Use cut-off of A=2TeV, oo ’
* Profile likelihood ratio, including V.44
systematics as nuisance parameters. {2 95% C.1. —j:i_
* 95% Confidence Intervals obtained T T
by AL=1.92 -1.5 -1 -0.5 0 0.5 1 1.5
Coupling 95% CI fi fi f7 f
A =2TeV [-0.15,0.15] [-0.12,0.12] [-0.15,0.15] [-0.13,0.13]
A =0 [-0.08,0.08] [-0.07,0.07] [-0.08,0.08] [-0.07,0.07]

22/7/11 Alexander Oh, University of Manchester 20



W+

W+
ZO

o~

o~

o~

Summary

e Observed and measured cross sections of
all heavy di-boson states WW, WZ, 77

* Set first limits on anomalous triple gauge

boson couplings.

* With rapidly increasing luminosity expect

tighter limits soon!

Cross Section [pb] WW Wz 22

Expected total 46 17.2 6.5
Measured total 48.2 21.1 8.4
Stat err 4 2.95 2.5
Syst err 6.4 1.2 0.55
Lumi err 1.8 0.85 0.3

Alexander Oh, University of Manchester
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W+

W+
ZO

o~

o~

10

Summary

ATLAS Preliminary
. fL dt =§o.035 - 1§.04 i

\@§=7TeV§

_ Theéry :
. m Datg 2010 (<35 pb)
' 0 Datg 2011 !

i 0.7 fb™

Alexander Oh, University of Manchester 22
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BACKUP

Alexander Oh, University of Manchester
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* Acceptance

WW

Cuts ee Channel up Channel e Channel
evev TVvlv uvuv 1tvlv  evuv TvlV
Total Events 5523 2114 5523 2114 11045 423.1
2 leptons (SS+0S) 116.6 11.8 2290 255 3327 355
2 leptons (OS) 1157 11.6 2290 255 3313 353
leading electron Pt > 25GeV 1144 114 - - 3055 302
trigger matching 1142 114 2319 258 3053 30.2
My > 15 GeV, M., > 10GeV 1135 113 229.7 256 3045 30.1
Z mass veto 88.2 84 1766 19.0 - -
E%ﬁ{d cut 38.6 29 697 52 1932 16.1
Jet veto (No. of Jet=0) 27.8 1.7 494 31 1396 109
W*W~ Acceptance 50 08% 89% 15% 12.6% 2.6%

Table 2: WTW~ MC event selection cut flow and overall acceptance. The MC W W~ signal expecta-
tions are normalized to 1.02 fb~! integrated luminosity, using the NLO SM cross sections. £ refers to e,
W and 7 in this table.

22/7/11

Alexander Oh, University of Manchester
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WW

* Total xsec by channel

Channels | Total cross-section (pb) AGsa:(pb) AGsys(Pb)  AGyumi(pb)
evev 62.1 + 13.5 + 9.1 +2.3
JIAYTAY 44.7 + 8.7 + 7.7 +1.7
evuv 47.3 + 4.8 + 6.2 +1.8
Combined 48.2 + 4.0 + 6.4 +1.8

Table 7: The measured total W™W ~ production cross sections in the three dilepton channels and in the
combined channel.

22/7/11 Alexander Oh, University of Manchester 25



WW

* Details on backgrounds

Final State ete  EMS Pt Emss e~ TEDSS Combined
Observed Events 74 97 243 414
Background estimations

Top(data-driven) 9.5+0.3£3.6 123 £0.4+4.7 36.8+1.3+14.0 58.6+2.1+£22.3
W+jets (data-driven) 53+04£1.7 124429452  329+£3.8+9.2  50.5+4.8+14.7
Drell-Yan (MC/data-driven) 18.7£1.9+1.9 19.2+1.7£2.1 16.0£2.8+1.7 54.0£3.7£ 4.5
Other dibosons (MC) 0.9+0.1£0.1  2.4+0.2+0.3 3.4+0.3+£0.4 6.8+:0.4+0.8
Total Background 34.4+2.0+4.4 46.3+3.4+7.3 89.1+£4.9+16.8 169.8+6.4+27.1
Expected WW Signal 29.5£0.3+3.0 52.54+0.4+4.9 150.5+£0.7+=13.4 232.4+0.9+21.5
Significance (S/v/B) 5.0 7.7 15.9 17.8

22/7/11 Alexander Oh, University of Manchester 26



WW

* Details on systematics

Sources ete  EMSS  ptpuTEMS o=y TEMSS
Luminosity 3.7% 3.7% 3.7%
Cross-section (theory) 5% 5% 5%
PDF 1.2% 1.4% 1.4%
Trigger 1.0% 1.0% 1.0%
Lepton pr smearing 0.2% 0.1% 0.1%
Reco eff. scale factors 1.4% 0.0% 0.7%
E7/pr scale correction 0.9% 0.0% 0.4%
Particle ID eff. scale factors 3.3% 1.4% 1.6%
Isolation 4.0% 2.0% 3.0%
E™S in-time contribution 3.5% 3.9% 1.4%
Ess out-of-time contribution 0.5% 0.5% 0.3%
Jet-veto 4.8% 4.8% 4.8%
Total experimental uncertainty 8.1% 6.7% 6.2%
Overall uncertainty

for WW signal estimation 10.3% 9.2% 8.9%

Table 3: Uncertainty sources and associated relative uncertainties for WW signal for the ee, eyt and pu
channels.



MET rel
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Figure 3: ’II‘I:iSRSel distributions for the selected ee, puu and ey samples after the Z mass veto cut.
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WZ

e Acceptance (incl taus)

22/7/11

Cut Sequence Acceptance [%]
Muon or electron trigger 78.9 (78.9)
Primary Vertex 78.7 (99.8)
lmy — mz| < 10 GeV 28.2 (35.8)
Three leptons 12.3 (43.7)
EMSS > 25 GeV 10.0 (81.2)
MY > 20 GeV 8.5 (84.9)
Trigger Match 8.4 (99.5)

Alexander Oh, University of Manchester
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WZ

* Details on backgrounds

Final State eee + E!}‘i“ eey + E%‘iss euu + Efr“i“ L+ E%‘i“ combined
Observed 11 9 22 29 71

ZZ 0.34+0.07 1.03+0.13  0.82+0.12  1.40+0.15 3.55+0.24+0.17
W/Z+jets 2.03+0.38 0.64+0.18  2.03+0.38  0.44+0.15 5.14:1:0.593:8;
Top 0.26+0.10 0.31+0.09 0.41+0.12 0.60+0.15 1.58+0.23+0.10
W/Z +y 0.49+0.28 - 0.56+0.39 - 1.05+0.48+0.08
Total Background 3.08+0.49 1.98+0.24 3.82+0.56 2.44+0.21 10.5i0.8i%:?
Expected Signal ~ 7.55+0.17 11.27+0.20 12.12+0.22 18.16+0.27 49.1+0.4+3.02
Expected S/B 2.5 5.7 3.2 7.4 4.3

22/7/11

Alexander Oh, University of Manchester

30



L/

* Acceptance (within fiducial volume)

Channels ete ete” wrpptum eTe utu AR AR
Cuts Nzz|Czz(%) Nzz/Czz(%) Nzz/Czz(%) Nzz/Czz(%)
Four leptons 1.84 /49 3.61/94 5.3/67 11/69
Trigger Match 1.83 /49 3.60/94 5.3/67 11/69
Two pairs 1.78 /1 47 3.60/94 5.1/66 11/ 68
Mass cut on leading Z 1.68 /45 3.33/87 4.8/61 9.8/64
Mass cut on subleading Z 1.57 /41 3.09/81 4.5/57 9.1/59

Table 1: Expected number of events Nzz and reconstruction efficiency Czz(%) after different se-
lection steps for ZZ —¢*¢~¢*¢~ normalized to £=1.02 fb~!. The lower signal expectation in the
e*e~e*e channel compared with the y*u~u™u~ channel reflects the lower electron identification effi-
ciency.
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Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC

WZ-)ev;/.etr!i,tty Cancidate
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LAS

RIMENT

Run Number: 183003,
Event Number: 121099951
Date: 2011-06-02, 10:08:24 CET
EtCut>0.3 GeV

PtCut>2.5 GeV

Cells: Tiles, EMC



