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» Precise test of non-Abelian SU(2), XU(1)y
-- higher energy compared to Tevatron, new couplings of charged currents W»WZ vs. LEP

» Topology : 22 isolated high pT(>15 GeV) lepton(l=e, 1)/, MET(>20 GeV) for W

» Background to hunting Higgs, top and SUSY

» Probe TGC (trilinear gauge couplings)
-- sensitive to “low” energy remnants of new physics @ high scale
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Measurements of W(Iv)y, Z(ll)y

» W(IW/Z(ll)+yproduction measurement:

ISR: t/u-channel gluon/quark fragmentation

')

s-channel TGC

» Searching anomalous triple gauge couplings (aTGC):

® W magnetic dipole and electric quadrupole moment ® ZZyZyy prohibited by SM
q Y ,‘_[\I\S
HW_2—(2+AK/+L) zZy
W w !
W
"WWy aTGC! Ak, Ay Zyy aTGC:. hY3,4 zzyatGC: h%y,
® Prior-LHC results + CDF, 5fb! Zy, PRL107(2011)051802
+ DO, 4.2fb! Wy, PRL107(2011)241803 + DO, 6.2fb! Zy, PRD85(2012)052001

2012/11/14 hanl@7th-TeV-Workshop



TRARZHRAKXES

University of Science & Technology of China (USTC)

Event Selection

» ATLAS 7TeV 11tb! (35pb!) data:

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

® Lepton :
+e/n pr>25GeV, detector fiducial |n| coverage; isolated in calorimeter;
+ Tight electron identification g 1 ' ' ' N g
3 09E- e . =
508 % ATLAS =
e W/Z events : MET>25GeV, MT(1V)>40GeV, ¢ 07;—._“‘ <06 o =
M(I1)>40GeV f E0 ggey o ente=TTeV 2
€ 0.4E- systematic uncertainty 3
® Photon : iO‘SEZ . =
+ p=>15GeV, in fiducial || 8 09E I S : =
. . £ 0.8F- —— =
+ Isolated in calorimeter c07E } =
+ Tight photon identification gg osE- Egﬂg:{f E
+ FSR suppression dR(l,)>0.7 g 04E E
+ Simulation corrected to Z -2y data 5 1 SRR ARARERAARERARARARARSRARAL AR
-3 0_92_ +_._+—I——.—
508 —*
® Jet : pT>30GeV, |T]|<4.4, dR(j,y/Iepton)>0.6 %ggz 1.52<n"|<1.81
- Inclusive (>=0jet) vs. g 05E Er’ <3 GeV
Exclusive (==0jet) B T T T
20 30 40 50 60 70 80 90 100
Er [GeV]
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> ISR/FSR vs. p(y) cut: > »
Ly MY
q Ty q
ISR: M(Ily) >M,  FSR: M(lly) <M,

}22:""|",'\|""I""""I"": S'SDD:"'W'I'/E\‘""l'f'lld_"_'l'd_":
8 20Ea7ias \E = TTeV, det=35pt:u" E & F E {3' SR .
o 18F i ._25[]_— .. 7
3 16 —-data - N EE ]
5 14F [ 1400+ 3 200F o 3
W qgE [ Z(ll)+jets 3 - © w0 pr(1)>15GeV 3
10E [ ttbar 3 150 - | e
8;— pr(1)>15GeV 100 F = NJs=TTeV, J.Ld'[ = 35[]!:[1 E
G — C ]
4F = soF- « Data E
2;— 3 C [ [MC Z{ly+y .
; .

150

200 250 300 VI T T T e T

100 150 200 250 300
m,,. [GeV]

High photon p; cut to suppress FSR as
Zy : p(y)>15, 60GeV; Wy : p(y)>15, 60, 100GeV
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W(v)+y control plot
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* Electroweak background derived from simulation
* Dominant background, \W+jet has to be estimated from data
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W/Z+jet background

> Data driven: 2D sideband jet> “»” background estimation:
— (Tsolated) (Non—isolated)
3
e Photon Identification: based on calorimeter =5 c D
=
shower-shape S —— S~
§
e Photon Isolation: 30 _ i |_ e £2
ISOEY® =| > E; |- E? il A B
d R< 0 . 3 EE (Signal Reglon) (Ceantred Reglon}
a- 5 6 Isolation Energy [GeV]
& VCEARAST T T T B
O Fys=7Tev ILdt = 1.02 fp ' T Wiv)ey 1 .
a W(v)+jels - N =N Wy N Wiet
c 10°F it . A=N"+N,
E ) ]
- 2 -T‘L( J+WWasingle 1op | 7
107 ™)+ WWsingle 1o - _ Wjet
- ""-..w E Ngc/o = Ngjcio
10 | B
= + =
5 ‘H'Mi . N Wiet
1 |J_|Li__‘§[ NWjet_NWjet C
-10 0 1 10 15 20 25 0 A - B ° W
i N W
Photon isolation [GeV] D
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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/.” isolation shape

~>10*E afrac’ T g
o F ATLAS [ Wievjey 5
O [ys=7Tev det:LOQ fo! W Wiev)+jets i
V0% B -jets =
c E g
3] B Z(ee) .
o r - §
102 ft =

= B W(tv)+WW-single top 3
= =
107

-0 -6 0 5 10 15 20 25 30 235 40

Electron isolation [GeV]

W(ev)y :MET vs. isolation 2-d sideband
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Signal event yield

» Photon E; spectrum:

107

W(I V)}/ 1nclus1ve Z(l I);/ 1nclus1ve
- | L > 10T ARARRR"
8 10 ATLAS EEV?EH 2 ATLAS “» Data E

J- Ldt=102m%" B Wikv)+ets j Ldt=102M" [ ]z~ N
< 10° B v+ists o |, N
iy Ne20 =776V 2l — 10 F=7TeV Ngz0 I Ztnpjets E
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zZ B Witv ) *WW-=single top wu Ew-+it B
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> & - 3
w L .
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@ % + ] ® 2 191 + |
©
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* Signal distribution normalized to the number of extracted data
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» Number of jet distribution:

|I I|III—

Z(lly+y

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

sig
ext—fid NW'Y(Z’Y)

Py () T Ay oy Oz - b

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

. AWy ( AZy): acceptances with geometrical and kinematic constraints of fiducial cross
section at particle level

* L: Integrated luminosity 1.024fb-1+ 3.8%

» Unfold detection efficiency:

- Systematic 8C~ 10 %, dominated by photon identification & jet energy scale

- Correction factor CWY(ZY) ~40 - 60% e

Gﬂd _ w.},(z.},)
pp—=ivy(lly) Cw rZy) 'Lw-rt,Z'}’,)
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/1
O_m'r fid T pp—lv ¥ily)
—ivy(ily)

» Unfold for detector acceptance :
Nriducial

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

N

Estimated from

® AW(Z)T —

+ Theoretical uncertainty on acceptance

Alpgen/Sherpa Orheo, ~ 1-3%
» Compare to SM prediction:
fid
&I _ O pp—tvy(ily)
® | Y pp—lvy(lly) Awyzy)

N

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)

E 1 02 B Eloctron chlannol (Inclusive) i E = — & Elektron channel (Inclusive) =
= = —MA— Muon channel (Inclusive) 3 — C Z i :‘jum:}_cn?r'{:mI(ln_uu?wel ]
£ B W —4— Combined (Inclusive) | ST oan2 —#— Combined (Inclusive N
= 10 y I M1 M (Inclusive) E 107 y / :;"'I‘f—-"tM Un'r:]'l's""elﬁ_': - 3
T f T —#— Flactron channal (Fxcl_usiva) f T - & M3-:nrr-]:r;wgl'll?gln(P‘E:-:IE';rl\:ZI;a} .
o -____E]E’____.__'_t_'j____ —— Muurl_::hunnel (IE%:_.'Iuswe} . o 10 L & Combined (Exclusive) _
o —a— Combined (Cxelusive) o E & - =
© 1= [ MCFM {Lxclusive) N 3 - 1 MCFM (Exclusive) ]
[ {3=TTeV 4
— a @ [n] & 3 1 -:—_————@-—.———-@-—.——-A.--t------ —=
Ldt=1.021fb = ATLAS -
(ol D T S ey | |
[ - =~ '\ -
E ATLAS *- ___f' 10 1 L Vs=7TeV | Ldt=1.02b @ w . i
_ by = ==t e
1 0_2 .10-2 1
1.8 : 15
©|= . i Y T 4 3 w|= L ]
— B m w— L C 1
T 5 1 LI L : b = ) b 'l’ EI] }
D E : _ D E 1:77777 - |
0.25 ' - 0.5
E E 1 8 j E E 15: T ]
R I S PEVER S 55 g N I
1
A= 7 L R = T ]
0.2 : 0.5 .
> 15 > 60 > 100 > 15 60
E:‘I’_ [GeV] E; [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 14 + LVyelectric dipole / magnetic quadrupole transition moment

+non-zero aTGC will result in increasing of W/Z+y cross section,
especially in high photon p, region

—

A
Z Ty

q L

2012/11/14

— |
8 [ —+— Electron channel (Exclusive)
102 _ —#— Muon channel (Exclusive) |
T = —4— Combined (Exclusive)
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&, - [ MCFM h!=0.05, A= (Exclusive)
5 |
1 = w L x —
- ATLAS E
N h,,=0.05 5
101 FHs=7TeV J Ldt=1.021b" .
S — TR R -
_2 i i
10 >15 I > 60
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» Extract ZVy aTGC:

b
+ Exclusive E{(»)>60GeV measurement O g; against aTGC hypotheses J;;[G

C
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+ Bayesian probability with nuisance parameters to set limits
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» Extract WWy aTGC:

obs
! Exclusive E(7)>100GeV measurement O
4 - ! . aTGC
om against aTGC GW;/ hypotheses
q -
. L T T T T T T T | T T T | T T T T I T T 1 T T T T
WWy aTGC. Alcy, A - ATLAS —
¥ i 95% CL intervals i
= 10°F | | ) = B — ATLAS(1.02fb", A=2TeV) |
ol E —+— Electron channel (Exclusive) E I ATLAS (1.02f™" A=eo) ]
§ - —#— Muon channel (Exclusive) . i _' i
£10°r —4— Combined (Exclusive) - LA DO (4.2f5" A=2TeV) i
) - [__] MCFM SM (Exciusive) . — —_— CMS (36pb ', A=) N
Q 1oL EEEEE MCFM Ax,=0.4, A= (Exclusive) - _ ep -
B E H i § _I | 11 1 | | L1 11 | | I 1 1 | | 1 | 11 | 1 I_
© B ATLAS 7] | 04 02 02 04 06 08 ]
1F \s=7TeV JLdt: 102" 3 —T:

107k A, =0.4 AR, L :
- ’*41 - B
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10 >15 > 60 | > 100 i T ]
E:rr [Gev] _2 | | L1 _|1 | | L1 0 L1 | 1 JI 11 L1 ; L1 1 1 ::Is L1 | | 4
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Measurements of WW

> Strategy: lepton decay channel (I=¢, )
« High pT and opposite charged

TGC vertex I I 7 + M ET

 \eto on jets and mZ-window in ee/up

> Background: SM EW estimated by MC, W+j and top decay derived from data

2012/11/14

TTT | TTT | TTT | LI L | T I TT T I T T
10° ATLAS —4— Data - ATLAS —4+— Data
10 [Lt=28m [ prel-van det 188 [ Drell-an
g 5=7TeV D tDﬂlJal‘k F=7TeV I:I top-quark
v tjets 10° Bl Viets
10° B nen-Ww dibcsen I non-Ww diboson
10 [ ww—sevey | WW —savuy
17
10°

10

111 11 I 111 I | . I 111 | 111 I 118 I L1 I 111
20 40 B0 80 100 120 14D 160 18D 200
M. [GeV]

| | Ll 1 | L1l 1 | L1l | L1l 'I Ll II 11 II 11 I L1l Il 11
20 40 €0 B30 100 120 140 160 180 20D
my, [GeY]
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> Distributions :

| ! 1 | L I 1 I T 1 LI | T 1 T T | T L L 1 | L] I T 1 I _I __I L LI I LI T T I LI T T I LI 1 T I T I 1 T I T I 1 T |__
2508 ATLAS 4 Data ] 450E ATLAS — Data =
u _ » C_IwwWoiviv ] 400E _ . 1 WWlviy =
200 Jua-ssm =1 Drell-Yan _ e fua-aen =1 Drell-Yan E
| =7 TeV [ topquark . 350 — V5=7 Tev [ top-quark =

- B W-iets - 200E- —+ B Weiets E
150 B non-YWW diboson - R non-WWY diboson 3
~ A(I)(ll) O ey ] 250 Otz =

- + - 200F =
100F- pPE : m(+MET) 3
B =i o il i 150 :— : —:
sob - 100F- =
. 50F- E

0 05 i 15 2 25 3 086~ 100 150 200 250 300 350
As(I) m{IET™) [GeV]

> Cross-section:

s(pp>W*W-@7TeV, 4.6fb") =51.9 + 2.0(stat) + 3.9(syst) £+ 2.0(lum) pb

+ SMNLO44.7 2 pb

« Systematic dominated by jet algorithm

2012/11/14 hanl@7th-TeV-Workshop



TRARZHRAKXES

| University of Science & Technology of China (USTC)

» Extract WWV (V=2,») aTGC:

AV
_: * U7V *U 7V AV Tk 1% * Hrrvp
L/gwwy = igy Wy, WEWY — W WHYY) + ik Wi, VI + A Wy WiV
E{]U?,_—I ATLAS II”IIIIIIIII—H’-ilﬂrrlhelﬂalrhllfﬁC@hiLéll_: | L L T T 1 T T 1 T T ] 11
e e S oo sy e 95% C.L ||m|ts fr:::m WW rc:du::tlnn
1%0025_— J Ldt=46" Full Uncertainty — - B -
¥ Ok ] - ATLAS (465" A6 TeV)
= - F-1-4 ATLAS (467 1 A==
f’ - Ak prommmmmim  — { CMS (36 pbi", A=)
) E z HH LEP (2.6 fir")
= pmmmm e — | CDF (3.6 fis", A=2 TeV)
3 DO (1 iz’ A=2 Tev)
o - — b=t LEP scenario
3 . A S
3 = bt
I T 60 20 100 120 140 " 250 |.____--i,-----_.|
Leading lepton pT o ) I - 1
i
. -4
|.._ : o .|
Ag1 k-4
e bomm oo |
1 1 | 1 1 1 | 1 1 1 | II 1 1 | 1 1 1 I 1 1 | | [ 1 1 | 1 1
06 04 02 0O 0.2 04 06
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Measurements of WZ

> Search channel : WZ 2> |v +l|
-- eee, eey, eup and pup combined, Br~1.5%

-- high pT isolated lepton + MET + o.s. di-lepton of invariant mass around Z

80E.

= I L ] T T T
o —+-Data 4 100 —+ Data
- - — _ — } +jets .
ED:_det=4.BﬂJ1 NE=TTeV gm77 3 gg__ILdterEfb' Vs =7 TeV Ezz' .
= op 3 - = Top
50 C + | S| Gsutﬂ-,rst . 60 N + Ostaresyst
4[];— _; B ]
30F 5 40 m(WZ) -
205 = i ]
— - 20— —
10E = B
= = == i il e = i e _._
0 20 40 60 380 100 120 140 160 180 200 0 100 200 300 400

500 600 700 800

> Background: EW ZZ estimated by MC, Z+j and top decay derived from data
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> Cross-section:

s(pp>WZ@7TeV, 4.6 =1 9. Ojé stat) 0.9yst )+ 0.4¢umi,) pb
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» Extract WWZ aTGC:

160 III|III|IIIIIIIII|III|III|II

1a0f ATLAS 4 Data E ATLAS —ATLAST.E=?TEU
F [ Ldt=48®! S=7TeV [C1SM Wz ] 467, A=
120 I Bkg - B —_— = B
F __L_ L ATLAS, y5 =7 TeV
100 —h =005 | s | 46f7, A=2TeV
- A%, =057 - < = _
B0t — ig‘z' 010 591 "l___| 1 ===CDF ¥y5=198 TeV
m¢-_ —4— E TA®', A=2TeV
40: ; B — D0 (5=196TeV |
N 41f7", A=2TeV
20k ==
] | e |
0 A, [ .
0 30 a0 a0 120 150 13D 2000 e W=F = I"vi'lr
D?r[GeV] 5% C L
Ax, gy B 4
P————————————*
AN T T T A N N A A A O O O IO B

06 -04 02 0 O
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Measurements of ZZ ()

> Search channel : ZZ2>4l, two pairs of di-lepton of invariant mass around Z

;‘ ZDDII |||| |||| I IIIIIIIII |||| T +|1|J| ||+1J||| 24_ I T T T I T TT I T T I T T I T T T T -
> - Expected Background in signal region: 0.7 77 (stat) ™~ (systh E ATLAS Prelimi ]
U 1BD—Tota|Expected Background: 123+33(;t.:|t]+35(..yst} — 22 reliminary o pata -
2 160 ATLAS Prellmlnary « Data E 20F J. Ldt=47f5 [ 77 simulation -
s o . _ 1 C IR Total Uncertainty
E C . Ziy™ Ziy™ Simulation _ 18 - '\IE: 7 TevV E— -
g 1401~ o o = 153_ Estimated Background: ]
B 120 e 3 0.7 7 tstat) 7 tsys)
) r . 14 .
E o R ! vs=7 TeV - - ]
= 100, - * - -pmp - | 12— —
%” 805_3'?'.'.'J . iii?%iui..-i L - 10 =
c L .' 1 ® - oo ® 0 o«og - - — o 7
g m® . .. ;,-'s.;.;.'..':.-.a' 7 8- —
60=g w: + - oo — - ]

q E:..L = ;. = "= 5 =5 . . . : E:— —:
40_" n o % . ] C ]

SR E it E
0~ 0y h e : — 20 * -

A P LT L BT i e NN N A e C 3

20 40 60 80 100 120 140 160 180 200 TR T T T T I T L R T R TR 1

Sub-leading di-lepton mass [GeV] Mass of ZZ [GeV]

+0§ (syst)tE O.3qumi.) pb

+
- SMNLO |6.5725| pb
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> Extract ZZV (V=Z,7) aTGC: L= ——[fV (9uVHP)Zo(0%Z5) + f2 (0 Vou) ZHF Zg]
I S B BN B ELIES IR
| ATLAS | s -tz | e Using the total number of observed events only
fgo — ATLAS,J.Ldl=1.02Ib" G(pp%ZZ@TI‘EV lfb-l) —
: vs=7TeV, A=2TeV
_ .‘ +2. +0.4 .
; i E\f_ﬂ,{,i:iib 8.5 23(stat) "o.3 (syst)E 0.3umi. pb
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Measurements of ZZ (ll)

> Search channel : ZZ 22| +2v, di-lepton around Z and significant MET
|
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Summary
® The 7TeV p-p collision di-boson measurements at ATLAS:

> W(IvyZ(I)y @ 1.0fb!
> W(IVW(lv) @ 4.6fb1 | ® No apparent deviation observed,
> W(IWZ(l) @ 4.6fb1 —  stringent limits on aTGC

> Z(Ihz(n @ 4.7fb! comparable to LEP/Tevatron

> Z(INZ(w) @ 4.7

S I I A N L L I
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. . . - |Lat=58mm" B ZZ—1n 3
® The 8TeV di-boson data analysis on-going: J e p 1oy ] Background(d.d )
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Summary

® The 7TeV p-p collision di-boson measurements at ATLAS:

® The 8TeV di-b

2012/11/14

> WAWAZ(y @ 1.0fb"
> WIWW(IY @ 4.6fb"

> W(IVZ(l) @ 4.6fb -

> Z(NZ() @ 4.7fb!
> Z(INZ(w) @ 4.7
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