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OUTLINE

°|[ntroduction to the measurement

* Analysis overview (Event selection, Background
estimate, ZZ candidate distributions)

 Measurements:
- pp--> ZZ cross section results @ Vs = 7 TeV

- Unfolded differential distributions

- Limits on N TGC

e Conclusions
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Introduction 1/2

 pp-->ZZ™-->4| production is a rare process but with clear signature
and low background

* Gluon-gloun fusion contribution is ~6 % of the cross section

q Z q 4

—Predicted SM 22z total cross section at vs=7 TeV value
is 5.89°2 phb.

-0.18
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Introduction 2/2
Why study z2z27¢

60~ e Data ATLAS Preliminary
C [l Background zz" Ho77"_a
50— [l Background Z+jets, tf

C |_’ Signal (mH=125 GeV)

40~ %% Syst.Unc.

Events/5 GeV

e Irriducibile background to the sof 1S =7Tev:JLat = 4.6 10"
H-->ZZ-->4| channel

T Vs=8TeV:|Ldt = 20.7 fb"'

100

* Stringent SM test of the structure of the electroweak sector

150 200

250
m,, [GeV]

—Enhancement of cross section

could imply new physics

such as
nTal
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Luminosity of the Sample

7 ATLAS Online Luminosity Ns=7Tev
- [ LHC Delivered
© [__] ATLAS Recorded

- More than 5 fb™' of total integrated
Luminosity delivered by LHC in 2011

Total Delivered: 5.61 fb”!
Total Recorded: 5.25 fb!

- ATLAS data taking efficiency of ~94%

Total Integrated Luminosity [fb |
=

ATLAS 2011 Z Counting Analysis
ATL-PHYS-INT-2012-049

(o]
IIII|IIII|IIII|IIII|IIII|I

01/03 01/05 01/07

31/08 01/11

Day in 2011

and luminosity uncertainty

Uncertainty Source 0L /<L %]

Data Your 010 2011 - An uncertainty estimation of 3.9%
Bunch Population Product 3.1 0.5 (prellmlnary) used in this anaIyS|S
Other vdM

Calibration Uncertainties 1.3 1.4
Afterglow Correction 0.2
BCM Stability 0.2 .
Long-Term Consistency 0.5 0.7 /' Further.StUd|eS Ied tO d |Ower
pt Dependence 0.5 0.5 uncertainty value on 2011 sample
Total 34 C18)
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The ATLAS Detector

General purpose experiment

- Inner Detector tracker

- EM calorimeter

25m

4\ - f. i T I A8 > N - Hadronic calorimeter

Tile calorimeters

’ \ LAr hadronic end-cap and - M uon d ete Cto r

forward calorimeters

Pixel detector %
LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

All main ATLAS subsystems are used to perform the measurement
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Lepton Selection

- Events with only charged leptons in the final state are used

Muons Electrons
- Combine Muon Spectrometer - Combine electromagnetic clusters
tracks with Inner Detector tracks with Inner Detector tracks
- Kinematic cuts: |n| < 2.7, - Kinematic cuts: |n| < 3.16,
p,.> 7 GeV p,>7 GeV

Apply requirements to leptons on ID track isolation, calorimeter isolation

and longitudinal and transverse impact parameters to reject particle not
coming from IP and fake leptons

Triggered lepton must have p_> 25 (20) GeV for electrons (muons)
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Event Selection

Events with exactly four

leptons passing previous
selection

Same-flavour opposite-sign pairs.
Minimizing [m_-m_|+|m_-m_|

22 selection
Both pairs required to be
on-shell: 66 < m, < 116 GeV

22°* selection

primary Z mass : 89.18 GeV = + i : : Z reqU|red tO be On‘She”
priw) = 61.60 GeV 8= 1
prliz) = 25.68 GeV :
illsia sl | N R 0 Number: 183602, Event Number: 282919 66 < mz1 <116 GeV
(1) = 38.60 GeV e Date: 2011-06-18, 06:36:40 CET .
= = while Z
m, > 20 GeV

Display of a selected ZZ->u*y "y~ yevent
with m* =239.7 GeV and p_* = 22.0 GeV
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Background Estimate

Main backgrounds are Z->I'I" with additional jets or photons, t- tbar, single-top
and other diboson processes (WW, WZ). All involve one or more fake leptons

We can measure the number of selected

: The estimated background is:
leptons (L) and number of lepton-like

jets that fail one or two of the lepton N =(Npprg — Nif )X FF — Nppjp < FF?
ID cuts (J)
Fake Factors FF, the ratio of “selected”
FE . FF(pr) < FF) leptons to “leptonlike”
(pT, 77) — FE jets in data, are measured using Z tag
< FF(pr.n) > method

Z2Z-->1"I1T"I ZZ selection ZZ* selection
Good agreement between Data
Expected D.D. bkg 09+11%0.7 91+23+13 Driven and MC background
Predicted MC bkg 1.5+ 0.4 8.3+1.3 estimation
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Observed Events

- 66 ZZ candidates:

16 eeee 23 PP 27 eepp

— Predicted background:
0.9 £1.1 (stat) £ 0.7 (syst)

— Predicted signal (MC):
53.4 £ 0.3 (stat) + 3.2 (syst)

- 84 ZZ* candidates:

21 eeee 30 pppp 33 eepp

— Predicted background:
9.1 £2.3 (stat) £ 1.3 (syst)

— Predicted signal (MC):
64.4 0.4 (stat) + 4.0 (syst)

N
N

Zz*ﬂ}| Yo% ---I-';.,:.-I-r-:l | | | |

— 220

eV

_I|III|IIII!II|_III|I_IF|IIIIIII ]
” Expected BG in%ZZ signal regioh: 0.92 + 1.10 {stat) + 0.71 Esyst)_

D 200 " Expected BG inyZZ* signal regicin: 9.07 + 2.32 (stat) = 1.29 (sysi]]

SS

[ Total ExpectedBackground: 18.72 + 3.46 (stat) + 2.51 (syst) ]
| ] n -

@ 180FATLAS Internal

® Data

c i
= 160 :— ' ZIy* ZIy* Simulation —:
S F . ]
\w:— E j Ldt- 464" .
— o : e o — ]
& 120F : . I ——
()] [ .
_% 100 ; —
[ge] b L 5.. * . ]
3 8 r’;' . [ * .
I D o N ]
60 .

.

o

TS 1 Tl 2
[ ..:

K
I|III|III|

20 40 60 80 100 120 140 160 180 200 220
Subleading lepton pair mass [GeV]

Leading Z candidate: highest pT Z candidate

Signal prediction using PowhegBox (NLO)
MC generator with CT10 PDF set.
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Candidate Distributions

> _I LI I LI I LI I LI I LI I LI I LI I LI I LI I LI I_ % :I L I T I LI I LA I LA I LA I L I LI I LA I T I:
Q 6O — - ATLAS Internal s
g C ATLAS Internal I Data . (g col- —4— Data ]
- ) 4 = - -1 ]
Z 50-_JLdt=4.6fb1 Clzz—rmr 1 - F _[Ldt:4.6fb Czz—rmr .
m — — e —
= - 4 e = Back d (dd —
E [ 5=7Tev [_] Background (dd) 1 & O 5. 7 Tev ackgroun (‘ )
o aof 7] Total Uncertainty ke - tp2:| Total Uncertainty ]
- . ] 30 - —
u = I ] - F— [T -
sof- 27" — 11T E C - ]
n . 20— —
20— — C ]
10 - 0= ~
| ol | ] I~ by s L L1l e I T e

0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
m?' [GeV] mZ [GeV]

e Invariant mass distribution of the leading and subleading Z without the window
mass cut

e Red line regions correspond to the mass window cut for the ZZ selection
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Candidate

Distributions

e Invariant mass (top) and transverse momentum (bottom) of the four lepton system
e Good agreement between data and Monte-Carlo

% :I I T T T T I T T T T I T T T T | T T T T I T T T T T T T |: % 30_ I T T T T | T T T T I T T T T I T T T T | T T T T I T T T ]
g 25l ATLAS Internal Data b g E ATLAS Internal Data E
A j Ldt=46fb" [ zz - rier . N I Ldt=46fb" [ zz - rrrer =
[7,) - - [%2] r 7
= 20 5= 7 TeV |:| Background (dd) — = »oF- (5= 7 TeV |:| Background (dd) E
T C Total Uncertainty o C Total Uncertainty
o ZZ 1117 E 15[ 77" I =
s F : : 5
S B . C 3
= - . - ]
Q E + i T =
Q) :.I. PR I LN ) S +|'+'.—: - -—:
100 200 300 400 500 600 700 700
) mZZ [GeV] mZZ [GeV]
N % GO__I T 1T I LI | I T T 17T I LI B I T T 1T I LI | I LI I__ E LI LB I TTrToriT | TrTT I LB I LI I LI L] I LI LI IE
g - ATLAS Internal Data ] :“:,D 20 ATLAS Internal }— Data =
N I B j Ldt=46fb" 3 zz - e = = J Ldt=4.61fb" I N 3
& - ] 2 _ =
S F Vs=7 TeV [] Background (dd) ; = {52 7 TeV [] Backaround (dd) -
o 40— Total Uncertainty =~ — 5 50 Total Uncertainty —J
ok ZZ ST E a0F 27 I —
20 3 3
10 - =
:- PRy il L L |_f_| PR T T T T T A T S T I: E
0 50 100 150 200 250 300 350 TS e
27 [
P2 [GeV] pZt [GeV]
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Fiducial & Total Cross Section Definition

Case ZZ (both on shell)

e AR>0.2 between
any 2 leptons

First we measure cross secti
experimental selectig

d Nubs_kag Q
ZZ—4l— 1-C o (Z/V)NZ|y*) > €6, €=e,u; o

27 )

e 66 <mpa(Z/y*) < 116 GeV; %

l o 66 < my(Z/y*) <116 GeV; N

¢ ) A7)

ot _ Nab.e_ kag o pr >7GeV; g
“ L-BR(ZZ—41)-A,-C,, . In<3.16 Q
=

Q

S

3

w

e As above except: M3s>20 GeV

Thenwe extrapolate to the total cross-section by correcting for the acceptance
(AZZ) of the fiducial cuts estimated using the MCFM NLO generator and the

Z->|l branching ratios
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Acceptances Definition

Reconstruction Acceptance Factor Czz
NMC Pass All Cuts SE
*  Extrapolates the number of reconstructed events to (v, _ _'Reconstructed 22

: . Zz — MC Fiducial Vol
the true number of events in the fiducial phase space NGenerated 22

Total Acceptance Factor Azz

NMC Fiducial Volume
*  Correction applied to extrapolate from the fiducial — 4,, — —Generated 27

MC All
volume to the full phase space Generated ZZ

— 0 =+ . / .

("7 channel Az Gz Syst. unc. from measurement ---> Czz
Z7* Selection 0.757 & 0.001 4 0.0197 0.542 £ 0.002 4 0.022

Z 7 Selection 0.804 £ 0.001 0,010 0.552 4 0.002 H0.021 Syst. unc. from theory ---> Azz

20/03/13 Alberto Mengarelli 14



Systematic Uncertainties

Source % eeee [LfEfLph eefifL 1

Reconstruction Uncertainties ZZ | ZZ* | ZZ | ZZ* | ZZ | ZZ* | ZZ | 227

£ energy resolution <01]<0.1 - - <01[<01]<01|<0.1 Dominant uncertainties from

e energy scale 0.5 0.6 - - 0.1 0.1 0.1 0.2 electron and muon
Reconstruction, Identification

e identification efficiency 5.5 6.0 - - 2.7 2.8 2.4 2.5 and Isolation

e reconstruction 3.9 4.0 - - 1.9 20 L7 L.7

e isolation/z0/d0Sig 3.3 3.6 - - 1.6 L7 1.4 L5

(4 momentum resolution - - <01 <01|{<01[<01]<01]<0.1

£ momentumn scale - - <01|<01]<01|<01]<01]<0.1

1 reconstruction efficiency - - 1.2 1.2 0.6 0.6 0.7 0.7 Evaluated using Shel’pa MC

1 isolation/z0/d0Sig - - 2.2 24 1.1 1.2 1.3 1.3

[P Resolution <01]<01| 04 0.4 0.3 0.3 0.3 0.3

Trigger <01]<01| 03 0.4 0.1 0.2 0.2 0.2

Total Reconstruction Uncertainty (Czz) | 7.5 8.1 2.6 2.7 3.9 4.1 3.5 3.7 .

: — . Evaluated using CT10 pdf
Th:::of-etlcal UH?OPMIDUCYS ?Z ZZr / error set changing factorization
I;I;F(’;‘f“]“"( f‘ﬁ‘;m“ (Czz) ;2 ; and renormalization scale by a

c Scale (Azz K6 2.5
MC Generator Difference (Azz) 1.1 0.2 faCtor 2
Total (Azz) 1.3 25_'
Total (Czz) 7 8.3 3.0 3.1 4.2 4.3 4.0
Luminosity 3.9
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Cross Section Results

Fiducial cross sections

o i = 254733 (stat.) 2 (syst.) £ 1.0(lumi.)(fb)

O oy piopr = 29.8738(stat. )jL (syst.) + 1.2(lumi.)(fb)

With 1.8%

Total cross section |Ur8i unc.

6** [pb]

N

oot = 7.0709(stat.) o3 (syst.) + 0.3(lumi.) (pb) 10

Observed total cross section is
consistent with the Standard Model
cross section, calculated with MCFM
and PDF set CT10, of 5.89*%%*  pb.

-0.18

NLO QCD (MCFM, CT10.0)
------ 2Z (pP)

-
------
-r
-
an
-
-
am®
wer
et
.*
-
e

.
-
.

-*
-*
.
*
.
-

LHC Data 2012 (Vs=8 TeV)
® ZZ- Illl (66<m <116 GeV) L=5.8 o
LHC Data 2011 ({s=7 TeV)
O ATLAS ZZ- I(Il/vv) (66<m <116 GeV) L=4.6 fb™
®  CMS ZZ- llll (60<m <120 GeV) L=5.0 fb™
Tevatron (Vs=1.96 TeV)
® CDF ZZ- II(I/vv) (on-shell) L=6.0 fb™
® D0 ZZ-; li(ll/vv) (60<m <120 GeV) L=8.6 fb!

o
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Unfolded Differential Distributions

» Goal: Plot p_%, m*, Ag(l,)

» Use MC truth (x) & MC reconstructed
(y) to find the response matrix A used for
unfolding

* Use A to unfold the distribution found in
data

)

00-600

Truth

0-200

Pr(2) [GeV] (

0-60 60-100 100-200 200-600

P;(Z) [GeV] (Reco.)

Background  Fiducial
Substraction Comrections

A A Unfolding Matrix

l‘ Reco

Data
INRREREN
Backaground

||

Signal
INEREEEN

Truth l

HEREREN

Unfolded Efficiency
Corrections

I

Efficiency Corrected
Result

Bayesian iterative unfolding
method used
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MC Closure Tests

Closure tests are performed to check the unfolding framework using MC
distribution as pseudo-data

Using same MC (PowhegBox)

The unfolded and truth disributions are

found to match exactly

%E - ATLAS Internal ¥ Monte Carlo (PowhegBox) ’
- = ® PowhegBox MC -
><g 1 | MC Closure-Test Stat. Uncertainty ]
E‘_ : + Full. Uncertainty :
08— —
06— -
- o ]
0.4 -
N & ]
0.2— - —
L - _
g 1.1 =

CRR s e ——— ¢
S 09E 3

0-60 60-100 100-200 200-600
pZ [GeV]
20/03/13

Nb-:a

AGZZ X 1/

Data/MC

0.8

0.6

0.4

Alberto Mengarelli

Additional systematics evaluated
using the difference in using
Response Matrix from Sherpa MC

ATLAS Internal

MC Closure-Test
Response matrix from Sherpa MC

¥ Monte Carlo (PowhegBox)
@® Sherpa (1ip) MC

Stat. Uncertainty
+ Full. Uncertainty

n o ]

B @ ]

N ¥ ]

_ @ =

S . s T T
0-60 60-100 100-200 200-600

P’ [GeV]
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Unfolded Distributions: P_*

The distributions are normalised to the ZZ fiducial cross-section
previously defined

rrrrrprrrrpr T T T
— POWHEG BOX

eV e Data

p + Stat. Uncertainty

t=4.61fb —= Total Uncertainty

ZZ — I'TT'T

h-
=]
N
"

fid
/GZZ
o
e
T ||||||||||||| ||| |||||||||||||||||||||||||

wn
Il
—

'—’LI
—
o -

Unfolded data
distributions in
agreement with
SM prediction

+

550

o
0)
o
—h
o
o
—h
Ot
o
N
o
o
0)
o
o

0

Data/MC
Il*l_k
<+ |
— 4
Sg..l....|...l.. NTARERA KRR K1 RER1 RARAAARA ANTA AT AU AR

O

N
G
®
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Unfolded Distributions: m?%, be(l,l)

5 Earlas’ T T T POWHEGBOX | 2 o 09F ATLAS T L ROWHEG BOX | 3
@ 0.009E" (5=7 Tev e Data E E  ygE \s=7TeV ® Data -
= 0.008 - p + Stat. Uncertainty 3 XS, = p + Stat. Uncertainty 3
N = det =4.61b — Total Uncertainty 3 =N o7E det =4.6fb —= Total Uncertainty 3
§ 0.007E ZZ — I E S B ZZ - T E
2N0.006E = oN 0'65_ 3
T 0.0055 3 £ o0sE =
©'0.004F- = 0.4F E
" 0.003F- = 0.3E —’— E
0.002— = 0.2 =
0.001E- = 0.1E ' E
(©)] 15§:I o e e e e _f O 155: I III g I I :;
= 3 : = : E
S 1 + — . _________ _ S 1 - - - = =
£ os5f | I | | N g os5E | | | | =

o 0 100 200 300 400 500 600 700 800 S 0 0.5 1 15 2 2.5 3
mZZ [GeV] Ao(l',1)

* The uncertainty on the unfolded distributions is dominated by the
statistical uncertainty
« Consistency with the SM predicted distributions
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Anomalous Triple Gauge Couplings

Lagrangian with general ZZV
couplings parametrised using two
CP-violating (f',) and two CP-

conserving (fVS) parameters

3 el S =113
L= 1[2 [fi (O VI Z,(0%Zs) + f5 (97Vo,) 217 Z 4]
Vv enNn=3
% (b) _ i0 - \__is the scale for new physics
(1 —+ b/A F)” - \__=2 TeV preserves unitarity, less
_ | general
Benchmark reference: Baur&Rainwater, - No Form Factor violates unitarity at

PRD62 113011 (2000 . ;
(2000) high energy, no model assumptions

20/03/13 Alberto Mengarelli 21



Anomalous Triple Gauge Couplings

L _[Ldt=47fb" — aroco 2 B B L
- - ) - 8 i— ATLAS Internal —e— Data 1
L s s ~ - [ 2z Simulation ]
A TR 5‘;:" B JLdI: 4.64 10" [ Background (dd.) i
1077 "R LAl Ll g e gl Uk @ g " EZ) Total Uncertainty —
s p A Y e i B R S o 0 :
x ST e I-ﬁ',,.'L," I.,-|J|.|I e - == fi=f =01 .
; 0 — - :
._ 08 e 1 s 120, B
1072 E_ R PR 77 — I'I'T :
/ 0.4 eewemennd L ihcoocssooaSooEoSooosooooooos o]
SM 2Z B Z
, 02f A .
1 0 E_ : ; lliﬂlﬁiﬁlh\ﬂﬁliﬂIﬁlﬁ"ﬁ'ﬁlmlﬁlml Iﬁlﬁ"ﬂlﬁlf
0 50 400 450 200 250 300 350 400 I D T T U VI
. 0 50 100 150 200 250 300 350 400
P7 PT' [GeV]
e Shape difference between SM and TGC distributions
e Enhanced yields at high pTZ predicted if any nTGC, not
observed in data
20/03/13 Alberto Mengarelli 22



Anomalous Triple Gauge Couplings

&
Differential cross section has quadratic dependence on nTGC's ‘o&
&
'O
&
e Yield coefficients in each p_bins are derived 0¢\°
Q.
e Sherpa MC generator sample with f4V = 0.0; f5V =-0.1; f4Z = 0.0;
f.“=0.0 used
(A) _ Lprof ()C) Limits are set using a maximum
X) = profile likelihood ratio

max|[L, .(x')]

if 95% of pseudo experiments have larger profile likelihood ratio than
actual experiment did, the nTGC value is rejected at 95% CL
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Anomalous Triple Gauge Couplings

No deviation from the
SM is observed.

LHC limits on the ZZ
anomalous triple gauge
couplings derived are
the most stringent.

v
Couplings 4

observed [-0.020,0.020]

T T |
fs semsesssmetezmesenes
11 e oty | mE=mssass T
5 _CMS,EZYTGV I I S S S
5.0 fb_1, A=c0
| e ATLAS, (s = 7TeV |
46f" A=c :
e ATLAS, |5 = 7TeV +
fZ 46 A=3TeV =  essssssssssss=s=
4 - mm LEP,E=13O-20969V I S IS B B . 1
07" A=e
—  mmw DO, |5 = 1.96TeV —
1.0fb" A=12TeV -
"Y -
f4 I S S .
b v v v v by v by v by oy by
-1 08 -06 04 -02 0 02 04
fv f - fZ
5 4 5

[-0.017,0.017] [-0.020,0.020] [-0.017,0.017]

20/03/13
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Conclusions

- pp-->ZZ total cross section measurement at Vs= 7 TeV
is consistent with SM prediction

- Measured unfolded differential distributions of PTZ ,m* and A"

are consistent with SM

- Limits on nTGC set using P_* distribution measured with 4.64 fb™

statistics show no deviation from SM prediction and are the most
stringent so far

CERN-PH-EP-2012-318
Submitted to: JHEP

Y

http://arxiv.org/abs/1211.6096

All the results will be published
soon in JHEP

Measurement of Z Z production in pp collisions at /s = 7 TeV
and limits on anomalous Z ZZ and Z Z-~ couplings with the
ATLAS detector

[hep-ex] 26 Nov 201
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Cross section results

The profile likelihood function for the cross section is the product of a
Poisson probability distribution (P ) and Gaussian distribution function for each of
the nuisance parameters (C__, A__, N°, L) affected by a systematic uncertainty.

The Poisson function for the number of observed events N°® is

e—(S(J;sz)-Fkag) ; (5(0‘, CZZ) -+ kag)Nﬂhs

NUE:S l

P(0, Czz, N%5; N*") =

where the number of signal events is a function of the cross section, the background
N°* and other quantities such as the integrated luminosity and correction factors.

For the total cross section

(G‘?&, Ozz) = JZZ X OZZ X AZZ X BRCUmb(ZZ — ™ f)—}_f fH_) L

BR__=4x0.033662? = 4.5*10>

20/03/13 Alberto Mengarelli 27



Anomalous Triple Gauge Couplings

Differential cross section has quadratic dependence on nTGC's

. F_ : SM contribution dosviirae = Fo+ fiFn+ ffFOQ + fi Fos + f5ZF04

. . + (I Fu+ [ R+ [ R+ 112 R
. Fij: coefficients consisting ; p
of contributions from T (f4) F22+f4 f5F23'|'f4 f5 Fa
anomalous couplings Z
(expected signal yield in T (f5) Fys 4 3 5 B
each bin as a function of the i (f5z) Fu

nTGC parameter)

e Yield coefficients in each pT bins are derived

e Sherpa MC generator sample with f,* = 0.0, f.* = - 0.1 f4Z =0.0
f5Z = 0.0 used to calculate the rewelghted coefﬁments above
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Anomalous Triple Gauge Couplings

Likelihood function: Poisson probability with Gaussian terms
for nuisance parameters and NSig expressed as functions of

NnTGC coefficients

1 % el i
L) = ]_[P(Ndata,u(x By x e HECT),

W@ ) = NS +B1) + Niy (1 + Biam).

Nsig = (Ysm + Yf,-v -fiV + Yfivfiv (flv)z) - L -Cyy.

20/03/13 Alberto Mengarelli
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Anomalous Triple Gauge Couplings

e Pseudo experiments are performed fluctuating the data
around the oserved N

events

e Limits are calculated by setting deltaLog likelihood to 1.92

+a
=
=

nts
£
=
L=

1 bin 1 bim

4
7 — ‘";f,], 4 bins of ZpT

4
71 — 4Iffz 4 bins of ZpT

(L)
@
=

4 bins of M4l

4 bins of M4l

[
(=]
=

()
=
=

number of pseudoexperiments
number of pseudoexperime

&

=

Y IIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIIII
.—I. IIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIIII

150
100
50
L1 Ll Ll L L L L1 1 Ll 1 I
-8 5 0.1 -0.05 0 0.05 0.1 0.15 8 5 -0.1 -0.05 0 0.05 0.1 0.15
dLog 1.92 limits dLog 1.92 limits
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Anomalous Triple Gauge Couplings

Couplings
expected
No FF observed
expected
AFF= 2 TeV observed

20/03/13

Y Y Z Z
f, f f, f
[-0.017,0.017]£0.0005 [-0.015,0.015]+0.0004 [-0.017,0.017]%0.0005 [-0.015,0.015]+0.0004

[-0.020,0.020]  [-0.017,0.017]  [-0.020,0.020]  [-0.017,0.017]
[-0.038,0.038]+0.0010 [-0.031,0.032]+0.0008 [-0.039,0.038]+0.0010 [-0.032,0.032]+0.0008

[-0.044,0.044]  [-0.037,0.037]  [-0.045,0.045]  [-0.037,0.038]
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