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Introduction

« Standard model predicts couplings with 3
gauge bosons (TGC), fully constraint by
the electro-weak symmetry

« WWy and WWZ vertices are predicted,
ZZy and ZZZ are forbidden

» Sector of the theory not fully covered by
previous measurements

« Beyond standard model physics could q W q _
modify the cross sections and final state SM forbidden
kinematics

At LHC, TGCs may be studied by looking

at the production of di-boson final states ¢ w q
* Final states also produced in the t
channel at tree level

* Di-bosons are a background of other

searches
* Higgs

W+ q

Z/y Z/y*

?7?7?
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Di-boson production at ATLAS

Di-boson cross sections measured with

the ATLAS detector — e SAnane e S |
o Analyses presented here: 2 7:— ATLAS Online Luminosity \s=7TeV E
- WW, WZ, 2Z: 1.0 fb*, 2011 data z g e Delvered E
« Wy, Zy: 35 pb, 2010 data e : [_] ATLAS Recorded
» Predicted cross sections: O(10pb) § 55— Io:a: genve;ei;_ss_?s ffz 3
« Concentrate on leptonic (e and p) final 3 4 3
states: small branching fraction, but 5 N E
clean signal £ - * E
g 2 =
= - .
1;— _;
0: uuuuuuuuuuu Lo Lo n
o b) e/u BF 01/03 01/05 01/07 31/08 01/11
nio (PB) e/l Day in 2011
WW 46 4.7%
wZz 17.2 1.5%
7 6.5 0.5%
Wy 333 (*) 22%
* 0 (*) includes phase space cuts
2y 205 () e for definition of prompt photon
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Background estimation: data driven methods

One of the important category of
background: QCD generated background
Example: W+jets, Z+jets
A jet may produce a “fake” prompt lepton or
photon
* Real lepton from heavy flavor jet, reduced
with isolation cuts
* Pion mis-identified as electron or photon,
reduced with tight identification cuts
Decide not to trust Monte-Carlo to estimate
these backgrounds

Data driven method:

» Control region built by reversing isolation
cuts, or particle identification cuts

* Event yield extrapolated to signal region by
use of a fake factor

» Fake factor estimated from independent
control sample (di-jet sample, or sample
obtained from reversing another analysis cut)

A E.*0= YE (AR<AR)
¢

AR
e: sum of calo E..

W: sum of track p.
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L=1.0fb*! WW R |V|V ATLAS-CONF-2011-110

Signature: 2 leptons and E_ ™ Selection: |
Backgrounds are challenging: « 2 leptons, p,>20 Ge_V’ pT(_lead'ng e).>25 GeV,
e Drell-Yan ‘ In|<(2.4,2.47) (u,e), isolation cuts, tight lepton ID
» Top events em, >15GeV, m_ >10 GeV, |[m,-m_|>15 GeV
. W;Jetséi " « B pa™° > (45,40,25) GeV (uy,ee,ep)
» Other diboson events . Jet veto: p.>30 GeV, |n|<4.5
Definition to reduce impact of mis-measurements
E. ™ = E;™ sin A@(E,™%,nearest lepton or jet), Ap<90°
> 5;"I"'I"'I"'I"'I"'I"'I"'I"'I"g §2] ‘L B B B B ELALELEL LR IR R
G 'O E ATLAS Preliminary e, 5 &  goof ATLAS Preliminary A =
Ez - ; top 7 Lﬁ = . (] Drell-Yan -
* . J Ldt = 1.02fb™" \s=7TeV @ W-+jets/Dijet N 800F) Ldt=1.02fb" \'s=7TeV 3 top —
= 10" [ Diboson _ E = -W+]etS/Dijet -
E - CIWW-se*ve'v ] 700 E_ [ Diboson _E
10° = — 600 ' —
- After m cuts - 500 | Before jet veto 3
10° = E 400 = E
- . 300/ =
10 —- = =
= 3 200 =
i . + ] 100 = =
1§1 ||_|I-I+.|+.|§l ; ..... S e PP PPV | |=.E
S 15 §++?++ + - S b \
B et T4 T e f
L St St S - L] s S :
© 0t i i i i 3 b o] oF H ; ; 3
0 20 40 60 80 100 120 140 160 180 200 0 1 2 3 4 5 6 7 8 9 10
ETheGeV] Jet multiplicities
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Events /0.4

data/MC
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WW = [viv

Total selected events: 414
Background estimation: 169.8 + 27.8

» W+jets: data driven, using fake lepton factors
measured in a sample of di-jet events

 Top: semi-data driven, extrapolated from
N2 sample

= AL B L LA B BLRLELEL B >
C i —— Data 7l 0]
— ATLAS Preliminary O WWesvly . 0]
— - — 140
C [ Drell-Yan _ 8
T Ldt=1.02f6"7 \s=7TeV = ERtop . Ry
- [ Diboson ] @ 120
- Bl \W+jets/Dijet — %
__ D 0stem-s st __
- ¥ . Lﬁ 100
— 177777 —] 80
- +—»—| ", -
— I _+_ — 60
— + 4 — 40
- _______,_i_J.- n | [ ]
- — = 20
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E : : : ' 3 O <
£ e S —+ f ' 15
oyt s '8
E | i ———— —
E H : H o © 0.5
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- ATLAS Preliminary
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e
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[&)]
o

200

250
M (I'TET"%)[GeV]

Dominant systematics of background estimation:

jet veto (jet energy scale)
fake lepton factor measurement

* Drell-Yan: estimated with Monte-Carlo

Kinematic distributions are compatible with
expectation from SM
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WW = [viv

Define fiducial cross section to reduce systematic uncertainty:
phase space cuts mimic analysis acceptance, different for the ee, pu and ep channels

Channels

expeCtEd Gﬁd (fb) measured O-ﬁd(fb) A("&rar(fb) AQS‘}-‘H(fb) Ao-fumi(fb)

evev
JIATAY

eviLv

90.1 + 18.9 +11.3 +33
62.0 + 12.1 + 10.7 +23
252.0 + 24.6 + 294 +9.3

Total cross section extrapolated to complete phase space
assuming kinematic distributions predicted from SM:

Channels

Total cross-section (pb)  AGia(pb)  ACsy(pb)  AGmi(pb)

eveVv
UVILV
eviLV
Combined

62.1 + 13.5 +9.1 +23
44.7 + 8.7 + 7.7 + 1.7
47.3 +4.8 +6.2 + 1.8
48.2 +4.0 +6.4 + 1.8

SM prediction (NLO): 46 + 3 pb
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L=1.0fb*! WZ N IV” ATLAS-CONF-2011-099

10° LA L L L I AL B
ATLAS Preliminary

Signature: 3 leptons and E_™

3 lepton requirement reduces most of
background
Dominant background: W/Z+jets

[ Ldt = 1.02f6"  \s=7TeV

Events / 3 GeV

Selection:
« leptons, p.>15 GeV, |n[<(2.5,2.47) (u,e),

isolation cuts, lepton ID
e |m-m_|<10 GeV
* 3 leptons requirement
- lepton associated to W: p.>20 GeV,

tighter lepton ID
« E.M > 25 GeV

« M," > 20 GeV

data/MC

Before 3 leptons requirement
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WZ = I

S < L I L L B
& [ ATLAS Preliminary + Data E
< = 27 ]
S FfLdt=1.021b" \s=7TeV  £3Top ]
@ 250 COW/Z+X
g E Dﬁstansyst E
$ 20k E
LLI - :
15/ E

10 :

5:_ by, B

: & --].-- N :

C o o | e — L] ]

100 150 200 250 300

Total selected events: 71
Estimated total background: 10.5 *3°_

« W/Z+jets: data driven, using fake lepton factors
obtained from control sample with reversed E_™s cut

» ZZ di-boson production: estimated from Monte-Carlo

Events

- L L L L L L L I =
70F =

- ATLAS Preliminary 5332 -
60 L =77 =

| Lt = 1.02f6" \s=7TeV =3 Top -
soF- COW/Z+X E

C [:lcstat+syst ]
40E- =
300 } =
201 —
10— =
15 1 -05 0 05 1 1.5

W Charge

Dominant systematic: fake lepton factor
determination

Kinematic distributions are compatible with
expectation from SM
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WZ = I

Fiducial cross section:

ol e = 118418(stat) *o(syst) *3(lumi) fb

Fiducial phase space defined with cuts that
mimic analysis acceptance

Total cross section:

oo, = 21175 3(stat) *1-3(syst) o (lumi) pb

Extrapolated to complete phase space using
kinematic distributions predicted from SM

SM prediction (NLO): 17.2 ***  pb

Triple gauge coupling:

Accessible TGC terms in effective Lagrangian:
w

w (glz1K21)\):(11110)SM
Z
Arbitrary form factor with cut- a(§)= )
off scale A=3 TeV: (1+5/A%)

AK?

Ag;

ATLAS Preliminary

ATLAS,JLdt =101’

\Ns=7TeV, A=3TeV

_ CDF,J-Ldt =191’
\'s=1.96TeV, A=2TeV

Gz Do,_[Ldt =4.1 1"
\s=1.96TeV, A=2TeV |

W:Z - Ivll
95% C.L.

-1 -0.5 0 0.5 1

Frequentist confidence intervals are set on
anomalous TGC using the cross section
measurement.
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L=1.0fb*!

Signature: 4 leptons
Background with this signature is very
reduced: Z+jets, top

Selection:

* 2 lepton pairs (eeee), (eeyp), (UHUHUW):
p,>15 GeV, |n|<(2.5,2.47) (u,e),

Isolation cuts, lepton ID
- leading lepton p.>(20,25) GeV (u,e)

e« 66 < m, < 116 GeV

ZZ S

Leading lepton pair mass [GeV]

> ©® o ~» & o ® O

o o o (@] (@] o o o

_l_ T 1 | T T ‘ T T ‘ T T | T | T T | T T | 11 |_\

N
o

arXiv:1110.5016 [hep-eX]

ATLAS

-------------

e Data
/7

I Ldt=1.02
\s=7TeV

I\l\ll‘l\l‘l\I|III|III|III|II\|-L

\ Signal Region

N

0

60 80 100 120 140 160 180 200

Subleading

lepton pair mass [GeV]
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ZZ S

> 1 0 : 1T 17T ‘ T 17T ‘ LI T T T T ‘ 1T 17T T 17T I : > 7_ T T 1 ‘ T T 1 T T T T LI | T T T T T T T T l
o F ] o r :
G of ATHAS 77 ] S ATLAS 77 1
& st JLdt=1.02fb'1 A a f J-Ldt=1.02fb'1 ]
~ Tf| ° —+—Data . ~ r —*— Data ]
_g 71 \s=7TeV E _.g 5 \s=7TeV -
o - Expected Background: A o Expected Background: -
> 6ie +0.4 — = +0.4 -
Ll - 0.3+ 0.3 (stat) o (syst) w 4 0.3+ 0.3 (stat) Coa (syst)_
2 E N .
5 ?é : C i
4 :_ _: 3:— - —:
B ] - 7 N
3E I+ = 2" ?/;FaEF -
- . - 2 .
2 = B ]
: . 1 .
= —] C i
0 : 1111 Tt ‘ o — | ‘ L1 ‘ L1 1 1 | L1 1 1 I : B L L1 | | 11 01 I 111 1 1 . l—L T — | | | | T
0 50 100 150 200 250 300 350 foo 200 300 400 500 600 700
piz [GeV] M, [GeV]

Total selected events: 12 Kinematic distributions are compatible with

Estimated total background: 0.3+0.3"% expectation from SM

* lllj events, the jet faking a prompt lepton
 estimated from data driven technique
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Fiducial cross section:

ZZ S

|I\II|IIIII\\I\IIIlIIII|\II\|
. ATLAS, |Ldt=1.02fb"
oo vt = 1915(stat.) £ 1(syst.) & 1(lumi.) fb _ATLAS | .\'S—TTeV N B
Fiducial phase space defined with cuts that féo : %ATLAS'IW‘= 1.02 fo
mimic analysis acceptance § \s=7TeV, A=2TeV
. = LEP, det =700pb"
t 'tl'otal crois section: fﬁo : e 130206 Gav
oy = 857271 (stat.) T (syst ) £0.3 (lumi.) pb =: 0o ILdt i
Extrapolated to complete phase space using __ \s=1.96TeV, A= 1.2 TeV
kinematic distributions predicted from SM fgo i el
SM prediction (NLO): 6.5 **2 __ pb
zzZ
Triple gauge coupling: ¢ 95% C.I. s
Accessible TGC terms in effective Lagrangian: —!
Z |I\II|IIII|I\\I\III|IIII|\II\|
-1.5 -1 -0.5 0 0.5 1 1.5
Z,~ (f,zf,.£.%£9=(0,0,0,0),
Frequentist confidence intervals are set on
_ z _ anomalous TGC using the cross section
Optional form factor with cut- a(5)= X measurement
off scale A: (1+3/A%)
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Definition of signal: W/Z + a photon with:
« E.¥>15 GeV

* separation from closest lepton by AR>0.7
* isolation at parton level:
e" = ZE(AR<0.4)/E;Y<0.5

8% of signal comes from photons generated at

fragmentation

> N T L L L L LA LR B
Q _
O 120-ATLAS \'s = 7TeV, JLdt =35pb"
2 f Wy candidates, :
~ 100~ _T_ before isolation cut —
_8 N —e— data i
= gok CIW(v)+y 3
L N I W(lv)+jet 3
60— + W) -

B [ Jttbar N

40F- 4 I Z() =
201 —

5 0 5 10 15 20 25 30
vy isolation [GeV]

Events / 2.5 GeV

L =35 pb* Wy . |Vy and Zy . ”y JHEP09(2011)072

Selection:
« Z 1l or W= Iv candidate
« photon: E_ >15 GeV, |n|<2.37,

AR(closest lepton)>0.7
* photon isolation:
E *°=>E (AR<0.4) <5 GeV

L L B L L B L B B
\'s = 7TeV, J-Ldt=35pb'1
I Zy candidates,

before isolation cut
——data

C1Z(I)+y
I Z()+jets
[ ttbar

N
=
N
wn

G

——

IIIIIIIIIIII|IIII|IIII|IIII|III
b

Aot

E

wl
o

15 20 25

o
(&)
—
o

vy isolation [GeV]
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45""I""I""I""

Wy - lvy and Zy - lly

22T

= - > = -
Q — O — R .
O 40EATLAS \'s = 7TeV, JLdt - 35pb’’ O 20EATLAS \s = 7TeV, det =35pb"
° __F S 18f R
~ SF —e- data > 16E ! —e- data E
S LI Wv)+y 5 14m \ [z 3
@ 25F =m’v))”‘3t O 1ob EZSI)Hets E
- = tt E
20F [ ttbar 10F ar E
: 8F —
CE of- 2
10E- af- E
5 2E E
0 B0 100 150 200 250 300 0 50 100 150 200 250 300
my (Iv,y) [GeV] m,, [GeV]
Total selected events: 192 Wy and 48 Zy candidates _ S _ _
Background estimated with data driven technique Kinematic distributions are compatible with

when statistics sufficient:
» ~29% of Wy sample
» ~15% of Zy sample

expectation from SM

2011-11-15

Pierre-Francois Giraud, HCP 2011

15



Wy - lvy and Zy - lly

Experimental measurement | SM prediction e e B 1 LS e
(8] — 1V '
o™ [pb] o™ [pb] M ; ATLAS
op — ey 544 0.7+0.9+02 A7+03 Theory (NLO) | [ Lat=3s "
pp — plii/")/ 44:':06:|:07:|:02 49:':03 I Data 2010 N_=7TE.'V)
pp — eTe 2.240.6+0.5+0.1 1.5+0.1
ot 14+03+0.3+0.1 1.7+0.1 -
pp — [y H—k—H 4 Electron channel
a[pb] o[pb] ;
pp — eFvy 411+57+71+14 36.0 & 2.3 - _ v Muon channel
pp — pEvy 33.0+£4.6+55+1.1 36.0 &+ 2.3 :
pp — vy 36.0£3.6+62+1.2 36.0 + 2.3 S = Combined
pp — ete 9.9+27+2340.3 6.9+0.5
pp_>#+uify 5'6:|:1'4:|:1.2:|:0'2 6'9:|:0.5 O 1 1 1 2| 1 1 1 4|- 1 Bl 6' 1 1 1 8| 1 1 I1|0I 1 I1|2 1 1 I1|4I
pp — T~ 6.54+1.24+1.74+0.2 6.9+ 0.5 6. o
Wy =2y

Fiducial cross section calculated with phase

space cuts that mimic analysis acceptance Ratio of cross sections used to
| minimize correlated systematic errors
Total cross section extrapolated to complete

phase space using kinematic distributions
predicted from SM

Dominant systematic: photon
reconstruction/ID efficiency
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Conclusion

‘émf’:— .

3 E

©
10 =
10°
10°
10 =

ATLAS Preliminary

- _[ L dt =0.035-1.04 b

Thecé)ry

= Data 2010 (=35 pb’)
© Data20M

o?fb1

1!

= 1

T

w

 Di-boson final states have been observed and their cross-sections measured

oz Twy Doz oy Tt Tww Towz Tz

 First limits on anomalous triple gauge couplings are derived
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Backup
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WW

Final State g+€—E}}’1iSS ”+ﬂ_E¥1iSS

Ej:!J,:FEr}mSS

Combined

Observed Events 74 97

243

414

Background estimations

Top(data-driven) 954+0.343.6 12.3+044+4.7 36.8+1.3+14.0 58.6+2.1+22.3
Wets (data-driven) 534+04+1.7 1244+29+52  329+3.849.2  50.5+4.8+14.7
Drell-Yan (MC/data-driven) 18.7+£1.9+1.9 19.241.742.1  16.0+2.84+1.7  54.0+£3.7+ 4.5
Other dibosons (MC) 0.940.1+£0.1  2.440.240.3 3.440.34+0.4 6.8+0.4+0.8
Total Background 34442.0+4.4 463434473 89.1+49+16.8 169.84+6.4+27.1
Expected WW Signal 29.5+40.3+3.0 52.54£0.4+4.9 150.5+0.7+13.4 232.44+0.9+21.5
Significance (S/v/B) 5.0 7.7 15.9 17.8

Table 6: Summary of observed events and expected signal and background contributions in the three di-lepton and
combined channels. The first error is statistical, the second systematic. The central value and statistical uncertainty
for the Drell-Yan process estimation is MC based while the systematic uncertainties are derived from a data-driven

method.

2011-11-15 Pierre-Francois Giraud, HCP 2011
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WZ

Final State eee + E}%ﬁs‘“ eey + E}Fiss epu + E%ﬂss U+ E%ﬂss combined
Observed 11 9 22 29 71
27 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+0.5973 %
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+024  3.82+0.56  2.44+0.21  10.5+0.8"37
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
Details of the signal and background number of events
2011-11-15 Pierre-Francgois Giraud, HCP 2011 20



L7

Channel Observed BG(data-driven) Expected ZZ

ete ete™ 2 0.0179:93+0-05 1 53+0.03+0.10
wrp Tt 8 0.3+0.3+£0.3 3.0340.0440.06
ete T 2 <0.01720%  4.3740.04+0.14
et 12 0.3+0.3194 8.940.140.3

Details of the signal and background number of events

2011-11-15
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