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Physics Motivations

Di-Boson production cross-sections are sensitive to the coupling
of the triple gauge-boson vertices (TGCs)

» Provide direct test of SM predictions

» WWy and WWZ vertices are predicted and have been measured
» L2V, ZyZ, Zyy and ZZZ vertices are forbidden

The presence of new physics could:

» Give anomalous Triple Gauge Couplings (aTGC)

» Modify cross-sections and/or kinematic distributions
Backgrounds to the searches of Higgs and new physics
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Motivation of Wy, Zy

> W(Iv)/Z(IH+yproduction measurement:

H 7
BN 17 W rZ
; (1)
q q lll’)

s-channel TGC ISR: t/u channel

gluon/quark fragmentation

» Searching anomalous triple gauge couplings (aTGC):

e \W magnetic dipole and electric quadrupole moment ® ZZyZyy prohibited by SM
q ? . i
iy = 37— (2+AKy+ 1) g
L w '
Wow ’ 0 (14+ Ak, — A1) Q"
W= _—2 TAKy =y
Mg, . A, :
q — . ‘
wwy aTGC: AK,, Ay zyyaTGe: NYy, zzyatec: gy,
® Prior-LHC results + CDF, 5fb! Zy, PRL107(2011)051802
+ DO, 4.2fb- Wy, PRL107(2011)241803 + DO, 6.2fb Zy, PRD85(2012)052001

2012/07/03 hanl@ICHEP2012 3



TEAAZRAKE

University of Science & Technology of China (USTC)

Background

Z/\W+jets: photon from the jet (mainly T0—yy)
— data driven method

Diboson backgrounds: ZZ, WW, WZ — MC
Top background — MC

y+jets: fake lepton from jet and mis-measured ETmiss
(Wy analysis only) — data driven method
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Event Selection

> ATLAS 7TeV 1fb! (35pb?) data:

v ATLAS 35pb? result as JHEP 1109,072
v ATLAS 1.02fb! result as arXiv:1205.2531

® | epton :

+e/u p+>25GeV, detector fiducial |n| coverage; |solated in calorimeter;

+ Tight electron identification

® W/Z events : MET>25GeV, MT(IV)>4OGeV
M(I1)>40GeV

® Photon :
+ p>15GeV,
+|n|<1.370r1.52<|n|<2.37
+ Isolated in calorimeter
+ Tight photon identification
+ FSR suppression dR(l,»)>0.7
+ Simulation corrected to Z-=2lly data

® Jet : p>30GeV, |n|<4.4, dR(j,y/lepton)>0.6
- Inclusive (>=0jet) vs.
Exclusive (==0jet)
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® SimulationNs =7 TeV

systematic uncertainty

;

0.6<m'|<1.37
Er° <3 GeV

;
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1.52<m|<1.81
E° <3 GeV
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W(lv)+y control plot
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* Electroweak background derived from simulation
- Dominant background, W+]et has to be estimated from data
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W/Z+jet background

» Data driven: 2D sideband jet> “#” background estimation:
— . (Isolated) (Non—isolated)
e Photon Identification: based on calorimeter o
shower-shape ] mCm b
5"1
e Photon Isolation: |SOE 30 |: Z E' :| §§ A B
dR< O 3 _gg (Signal Region) (Control Region)
I 3~ 5 6 Isolation Energy [GeV]
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- ] Wijet Wijet I\IC
) N =N T
I o N jet
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Jet+y background in Wy
» Date-driven jet> “e/u” estimation:

1) jet+y : real y; non-isolated letpon from heavy b/c decay;
2) Control region : MET<20GeV to extract faked “e/x” isolation shape
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Q - ys=7TeV ILdt = 1.02 b I Wiev)+jets N
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W(ev)y :MET vs. isolation 2-d sideband
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Signal event yield

» Photon E+ spectrum:
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* Signal distribution normalized to the number of extracted data
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» Number of jet distribution:

Z(ID)y: p+(y)>60GeV W(Iv);/ pT(y)>1OOGeV
"E IEmgl""l'"|""|""|""|""|""l'--'l""l_E _.E ﬁ[}E_I T W{Iv}-l-'}r T T |_E
o QF Z(Il+y - O g F + W(lv)+ets E
=> - - >

TR = — L - ! B tets =
= E 04 — P40 E
40 Z(I)+jet + EW + ft = = tt _ =
= - 30— B Wity )+WW-+single top —
3 ATLAS E b ATLAS E
= 15=TTeV JLdt:L[}Efb" E 1o fs=TTeV _l'—dt=1-“2ﬂ"_1 E
s § 14 T
Qo 3 Aﬁ 7 ol® 20 —
%g 2 — roka 1# ---------------------------------------------- -
alg fjlreacqeassnninnnnnnananannansnanannnn s ananannnananannannn - an.a— + N

K S e S R S R B S R 5 9
Number of jets Number DfJEtS

Inclusive (>=0jet) vs. Exclusive (==0jet)
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Cross section measurement

sig
ext—fid NW’}"(Z’}“)

TP T Ay 7y Cwn(zy - L

Cw, (Cz): Correction factor>reconstruction efficiency with fiducial
selection requirements (trigger, rec. PID, event selection)

A, (Az): acceptances with geometrical and kinematic constraints of
fiducial cross section at particle level

« L: Integrated luminosity: 1.024fb1£ 3.8%

« Unfold detection efficiency:

- Systematic 0~ 10 %, dominated by photon identification & jet energy scale
- Correction factor Cyy, 7,y ~ 40 - 60%

sig
fid __ wrey
PPV Gz - Liyyzy)
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U_ﬁd
G_m:rﬁd T pp—=lvy(lly)
Ivy(lly)
pp—lvy(lly) Awv(zy)

» Unfold for detector acceptance :
Nfiducial

o AW(Z)'Y —

N, extented_fidual

N

Estimated from

+ Extend detector fiducial to a uniform
lepton |n| coverage

+ Theoretical uncertainty on acceptance

Alpgen/Sherpa Orheo. ~ 1-3%

» Compare to SM prediction:

&1 fid
® | Y pp—lvy(ily)

N

fid
B O pp—iv y(ily)

h AW?(Z?J

Compared against

MCFM (ISR + FSR + QCD NLO)
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Differential cross sections
1) Photon p>15, 60 100GeV:; 2) Inclusive (>0jet) vs. Exclusive (=0jet)

a 102 = —@— Electron channel (Inclusive) = a = —@— Elettron channel (Inclusive)
& E —— Muon channel (Inclusive) E & B —+HH— Muon channel (Inclusive)
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[ W] — Y —l— Muon channel {Exclusive) 3 B = uon_c anne X_C usive
% [ = — & Combined (Exclusive) ] % 10 E —&— Combined (Exc_luswe)
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e M—— e 1L ey [ L= 100
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E! [GeV] Er [GeV]

e The Exclusive measurements are consistent with MCFM predictions (SM NLO)

e The Wy Inclusive are higher than MCFM, especially in high p+(y) region
-> high order effects (NNLO and beyond)
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Anomalous couplings

+aTGC hV3,4 : ZVyelectric dipole / magnetic quadrupole transition moment

+Nnon-zero aTGC will result in increasing of W/Z+y cross section,

n especially in high photon p+ region
ZyyaTGC: Yy, pecially in iGN p Pt €y
$< — E T =
7 .;S{ﬁ 8 E —4— Electron channel (Exclusive) .
102 _ —#— Muon channel (Exclusive) |
— £ —3%— Combined (Exclusive)
1 oL [ MCFMSM (Exclusive) N
g "t I VCFM hi=0.05, A== (Exclusive) :
S— ‘6’ L |
1 = v = x =
= ATLAS s
- hY,,=0.05 -
101 HAs=7TeV J.Ldt =1.02fb" .
R oMb
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» Extract ZVy aTGC:

: obs : aTGC
+ Exclusive E(»)>60GeV measurement O y against aTGC hypotheses 527
TTTT TTTT ‘ T T T 1 T 1T 1T | TTTT | T T 1T | T TTT | T TTT T TTT T T T | T T T | T T T | T T T
- ATLAS i ATLAS ]
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~h - ATLAS(1.02fb™" A=) 7 T K - ATLAS(1.02f67 A=) ]
3 , 4
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B ——— CDF(5.1fb™", A=1.5TeV) N L e — CDF(5.1fb™" A=1.5TeV) |
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[ Y + | — th | :
i —_— ] i — ]
||||||||‘\|||||||||||||||\\\||||||||||||||| I 1 | 1 1 L 1 1 L | I I I | | | 1 ‘ 1
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+ Bayesian probability with nuisance parameters to set limits
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» Extract WWy aTGC:

obs
! | Exclusive E;(3)>100GeY measurement Oy,
e : aTGC
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Summary

® The differential cross section W(Iv)#Z(Il)y measured @ 1fb! 7TeV ATLAS:
» Exclusive (=0jet) measurement is consistent with SM NLO
» High order effect (NNLO and beyond) is observed in

Wy inclusive (=0jet) data, especially in high photon
P(y)>60GeV region

® Limits on anomalous TGC couplings derived from high photon pT spectrum

> WWy aTGC results better than the existing Tevatron limits
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Table 52: The list of systematics uncertainties used in aTGC limits setting in Zy analysis. The uncertain-
ties due to QCD scale dependence is mentioned in Section 7.3.3. The addtional systematics due to the
potential loss in low dR(I™",1™) has been discussed in Section 7.3.2.

systematics \ fractional uncertainty(e channel) \ fractional uncertainty(u channel) ‘
Trigger efficiency 0.02% 1.0%
electron reco efficiency 1.0%
electron ID efficiency 2.2%
electron iso efficiency 1.0%
muon ID efficiency 1.4%
Momentum scale and resolution 0.3%
photon ID efficiency 4.3% 4.3%
photon isolation efficiency 2.0% 2.0%
EM scale and resolution 2.2% 1.5%
Jet scale 4.5% 3.8%
Jet resolution 1.0% 1.0%
luminosity 3.7% 3.7%
background 81.0% 76.0 %
Awy * Cwy within aTGC sample 15.0% 15.0%
uncertainty for hgoz due to accptance
loss in dR(I",17) < 0.3 phase space 16.0% 16.0%
uncertainty for hZOZ due to accptance
loss in dR(I",17) < 0.3 phase space 40.0% 40.0%
theoretical
QCD scale dependence in 8.0% 8.0%
aTGC grid for h1)
QCD scale dependence 4.0% 4.0%
in aTGC grid for h%z
PDF 3.4% 3.4%
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Table 56: The systematics used in W7y aTGC limits setting. The uncertainties due to QCD scale depen-

dence is mentioned in Section 8.3.

systematics | fractional uncertainty(e channel) | fractional uncertainty(u channel) |
Trigger efficiency 0.5% 1.0%
electron reco efficiency 0.7%
electron ID efficiency 1.5%
electron iso efficiency 1.0%
muon ID efficiency 0.7%
Momentum scale and resolution 1.0%
photon ID efficiency 4.3% 4.3%
photon isolation efficiency 2.5% 2.5%
EM scale and resolution 2.5% 1.5%
Jet scale 4.8% 6.8%
Jet resolution 1.0% 1.0%
luminosity 3.7% 3.7%
background 45.0% 17.0 %
MET scale/resolution uncertainty 3.2% 3.0%
Awy * Cyy within aTGC sample 11.0% 11.0%
theoretical
QCD scale dependence in 6.0% 6.0%
aTGC grid for A
QCD scale dependence 4.0% 4.0%
in aTGC grid for Ak
PDF 4.6% 4.6%
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Signal event yield

> W(lv)y:
pp — evy pp— jUY pp — eV pp —x JUy ® Dominate background as
Region E.} > 15 GeV Er} > 15 GeV W+jet(“y”), y+jet (“e”),
Jhlrl]'gtl E [} J.hlrjgt == l] Z(II)
NS 2640 3621 1666 2238
439 4+ 108

255+ 58
)5 £+ 53

67 £+ 16
519 £ 67

85+ 162 242468/ 473 £ 128

tt 8b+11 152+20 16=x04 81+x1.3
f".'rfjffgﬂr. 1465 =139 2198 == 183 1074 =91 1362 x 145
> Z(y:
.= F = F = =
_ £ Eeq | €€ [l ol ® Dominate background as
Region E{ > 15 GeV ETl > 15 GeV Z+jet
Jﬁlrjet, E [} i Tj{\-t — ']
N> 514 634 376 495
NEC @7 £ I0D 568 L 162 293 £ 110 Q3L 55
| TSIE 471 £ 28 57829 347 =22 456 + 27
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!

z
> ISR/FSR vs. p1(y) cut: ! »
¥
q Y q
ISR: M(Ily) >M,  FSR: M(lly) <M,
}22:----|--/-\|----|-----'--|----: 5'3[][]:""1"'/f\‘""l':"li_"_'l'i_":
8 20Earas w§=ﬂev,ij=35pb" E & F o {:- ASR - i
2 18F — - 280 Y —
+ 16E ——data - 3 n N I ]
5 1afE [JZ+y 3 200F- = =
0 q2E 1 Z(l+ets 3 . £ [0 = - pry)>15GeV 7
10F- [ ]ttbar E 150 - 3
2;: p+(y)>15GeV : 100 - xE:?Tev,J.Lm:SErpb" _
4— — o * Data E
26 3 [IMC Z(y+y ]
0 0 150 200 250 300 o T I LI

m, ., [GeV] m,, [GeV]

High photon p; cut to suppress FSR as
Zy . p+(y)>15, 60GeV; Wy : p+(y)>15, 60, 100GeV

2012/07/03 hanl@ICHEP2012 22




