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Measurement of the ZZ production cross section and 
limits on anomalous neutral triple gauge couplings in 

proton-proton collisions at
�s = 7 TeV with the ATLAS detector

We present a measurement of the ZZ production cross section in proton-proton collisions at �s  = 7 TeV, using 1.02 fb-1 of data collected by the ATLAS 
experiment at the LHC.  Events are selected that contain two candidate Z bosons in their decays to electrons or muons.  In addition, first limits are set on 
anomalous neutral triple gauge couplings in proton-proton collisions at �s  = 7 TeV [1]. 
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Event Selection
Leptons
�s���3�E�L�E�C�T���L�E�P�T�O�N�S���S�A�T�I�S�F�Y�I�N�G���I�D�E�N�T�I�F�I�C�A�T�I�O�N���C�R�I�T�E�R�I�A����see 
below) with pT> 15 GeV,  |�d| < 2.5
�s���,�O�N�G�I�T�U�D�I�N�A�L���I�M�P�A�C�T���P�A�R�A�M�E�T�E�R�S���\z0|< 10mm from 
primary vertex.
�s���4�R�A�N�S�V�E�R�S�E���I�M�P�A�C�T���P�A�R�A�M�E�T�E�R���\d0 / �m��do)| < 10
�s���)�S�O�L�A�T�I�O�N�������3�C�A�L�A�R���S�U�M���O�F��pT of tracks inside a cone of   
�6R������0.2 [�6R=�3���6�d���
�6�q���	����around lepton track must 
be less than 15% of lepton pT.

Electron Identification
�s���-�A�T�C�H���C�L�U�S�T�E�R���I�N���%�-���#�A�L�O�R�I�M�E�T�E�R���T�O���T�R�A�C�K���I�N���)�N�N�E�R��
Detector. 
�s���2�E�J�E�C�T���E�L�E�C�T�R�O�N���I�F���T�H�E�R�E���I�S���A���M�U�O�N���O�R���H�I�G�H�E�R��pT 
electron within cone size of �6�2������0.1.
�s���!�P�P�L�Y���{�M�E�D�I�U�M�������I�D�E�N�T�I�F�I�C�A�T�I�O�N���R�E�Q�U�I�R�E�M�E�N�T�S���B�A�S�E�D��
on shower shape in calorimeter and inner detector 
�T�R�A�C�K���Q�U�A�L�I�T�Y���T�O���R�E�J�E�C�T���F�A�K�E�S��

Muon Identifcation
�s���-�U�O�N���3�P�E�C�T�R�O�M�E�T�E�R���T�R�A�C�K���O�R���T�R�A�C�K���S�E�G�M�E�N�T���M�A�T�C�H�E�D��
to Inner Detector track.
�s���#�O�M�B�I�N�E���I�N�F�O�R�M�A�T�I�O�N���F�R�O�M���T�H�E���T�W�O���S�U�B�S�Y�T�E�M�S����
correcting for energy lost in the calorimeters.

Event Selection
�s��Events triggered using high pT single electron or 
muon triggers.
�s���2�E�Q�U�I�R�E���P�R�I�M�A�R�Y���V�E�R�T�E�X���H�A�S���A�T���L�E�A�S�T�������T�R�A�C�K�S���T�O���R�E�J�E�C�T��
cosmic background.
�s�����2�E�Q�U�I�R�E���T�W�O���O�P�P�O�S�I�T�E�
�S�I�G�N�����/�3�	�����S�A�M�E�
�F�L�A�V�O�U�R�����3�&�	��
lepton pairs.
���s���!�T���L�E�A�S�T���O�N�E���L�E�P�T�O�N���M�A�T�C�H�E�D���T�O���T�R�I�G�G�E�R���O�B�J�E�C�T���W�I�T�H����
pT�������������'�E�6�����E�L�E�C�T�R�O�N�	���O�R��pT�������������'�E�6�����M�U�O�N�	��

�s���#�H�O�O�S�E���T�H�E���L�E�P�T�O�N���P�A�I�R�I�N�G���W�H�I�C�H���M�I�N�I�S�E�S��

�� �� ���� ����� ������ �� ���� ����� �

�s���2�E�Q�U�I�R�E���B�O�T�H���P�A�I�R�S���O�N���S�H�E�L�L��
���������� �� ����������

�s���/�V�E�R�A�L�L���E�F�F�I�C�I�E�N�C�I�E�S���O�F���T�H�E���R�E�C�O�N�S�T�R�U�C�T�I�O�N���A�N�D��
selection criteria for events generated within the 
�F�I�D�U�C�I�A�L���V�O�L�U�M�E���A�R�E�����������±�����	�����������������±�����	�������A�N�D�����������±�����	����
for  the 
� 
 �
 � 
 ���� � � �� � � �� and    
� 
 �� � � ���channels 
respectively. 
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Subleading lepton pair mass [GeV]
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Selected Event Kinematics

Cross Section Measurement
�s���-�A�X�I�M�U�M���L�I�K�E�L�I�H�O�O�D���F�I�T���U�S�E�D���T�O���C�O�M�B�I�N�E���R�E�S�U�L�T�S��
from the three channels, with systematic uncertainties 
introduced as nuisance parameters.
�s���&�I�D�U�C�I�A�L���C�R�O�S�S���S�E�C�T�I�O�N���E�X�T�R�A�P�O�L�A�T�E�D���T�O���T�O�T�A�L���C�R�O�S�S���S�E�C-
tion using known Z->ll branching ratios and accept-
ance of the fiducial cuts estimated from simulation.

 

TABLEI: Summaryof observed events, total
background contributions and expected signal in the
individual four-lepton and combined channels. The

quoted uncertainties represent 68.3%con�dence
intervals; the �rst is statisticalwhile the second is

systematic.The uncertainties on the luminosity (3.7%)
and the theoretical ZZ crosssection (+4 .7%

� 3.1%) are not
included.

Channel Observed Bkg(data-driven) Expected ZZ

e+ e� e+ e� 2 0.01+0 .03+0 .05
� 0.01� 0.01 1.53± 0.03± 0.10

µ+ µ� µ+ µ� 8 0.3 ± 0.3 ± 0.3 3.03± 0.04± 0.06
e+ e� µ+ µ� 2 < 0.01+0 .03

� 0.01 4.37± 0.04± 0.14
+ � + � 12 0.3 ± 0.3+0 .4

� 0.3 8.9± 0.1± 0.3
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ZZ l �
l l �
l

fid           = 19 5
�
6(stat.) ± 1(syst.) ± 1(lumi.) fb

ZZ
tot  = 8.5 2.3

�
2.7(stat.) ± 0.3
�
0.4(syst.) ± 0.3(lumi.) pb

Fiducial cross section

Total cross section

Anomalous  Triple Gauge Couplings
�s���-�A�N�Y���M�O�D�E�L�S���O�F�����N�E�W���P�H�Y�S�I�C�S���P�R�E�D�I�C�T���N�E�U�T�R�A�L���T�R�I�P�L�E��
�G�A�U�G�E���C�O�U�P�L�I�N�G�S�����N�4�'�#�S�	��
�s��Non-zero nTGCs would show up as an increase of the 
ZZ cross section at high ZZ invariant mass and high 
transverse momentum of the Z bosons.
�s���'�E�N�E�R�A�L���:�:�6�����6���:�����a�	��couplings paramertised by two 
�#�0�
�V�I�O�L�A�T�I�N�G�������F��

V���	���A�N�D���T�W�O���#�0�
�C�O�N�S�E�R�V�I�N�G�����F5
V) 

�P�A�R�A�M�E�T�E�R�S���;���=����
�s���/�N�E���D�I�M�E�N�S�I�O�N�A�L�����������C�O�N�F�I�D�E�N�C�E���I�N�T�E�R�V�A�L�S���O�N���T�H�E��
anomalous nTGCs are determined using a maximum 
profile likelihood fit to the observed number of events 
only.
�s��Derived limits are comparable with, or are more 
stringent than, those derived from measurements at 
LEP and at the Tevatron��
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Introduction
�s���3�T�A�N�D�A�R�D���M�O�D�E�L���:�:���P�R�O�D�U�C�T�I�O�N���I�S���A�N���I�R�R�E�D�U�C�I�B�L�E��
background to the  important Higgs decay channel   
H �A���:�:���
�	�A���L��
�s���!���T�E�S�T���O�F���T�H�E���G�A�U�G�E���S�T�R�U�C�T�U�R�E���O�F���T�H�E���3�T�A�N�D�A�R�D���-�O�D�E�L��
electro-weak sector through probing anomolous 
�T�R�I�P�L�E���G�A�U�G�E���C�O�U�P�L�I�N�G�S�����N�4�'�#�S�	�������W�H�I�C�H���A�P�P�E�A�R���A�S��
enhanced cross sections at high pT

ZZ and mZZ
. �;���=��

�s���$�I�R�E�C�T���P�R�O�B�E���O�F���N�E�W���P�H�Y�S�I�C�S���T�H�R�O�U�G�H���H�E�A�V�Y��
resonances decaying to ZZ.  A search for new physics 
in four lepton events is presented in [5].
�s���-�E�A�S�U�R�E���T�H�E���:�:���C�R�O�S�S���S�E�C�T�I�O�N���I�N���A���F�I�D�U�C�I�A�L���V�O�L�U�M�E��
close to the experimental selection cuts using ZZ 
decays to electrons and muons.
�s���4�H�E���M�E�A�S�U�R�E�D���C�R�O�S�S���S�E�C�T�I�O�N���I�S���T�H�E�N���U�S�E�D���T�O���S�E�T���L�I�M�I�T�S��
on the nTGCs. 
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Fiducial volume definition
1. pT

l �� 15 GeV

2. | l |  < 2.5

3. 66 GeV < mll ��  116 GeV

Run Numer: 183003,
EventNumber: 121099951
Date: 2011-06-02, 10:08:24 CET
EtCut > 0.3 GeV
PtCut > 2.5 GeV
Cells: Tiles,EMC

Display of a selected  ZZ� � +� -� +� event 
with the highest four-lepton mass 
amongst the 12 observed events. 

�S�I�N�G�L�E���L�E�P�T�O�N���T�R�I�G�G�E�R�S�����U�S�I�N�G���C�U�T�S���T�O���R�E�J�E�C�T���7���:���E�V�E�N�T�S��
�s��Uncertainty on  �  is larger of statistical error and differ-
�E�N�C�E���F�R�O�M���V�A�L�U�E���M�E�A�S�U�R�E�D���I�N���-�#
�s���4�H�E���C�O�N�T�R�O�L���S�A�M�P�L�E���W�I�T�H���O�N�E�����T�W�O�	���L�E�P�T�O�N�
�L�I�K�E�
�J�E�T�S���I�S��
scaled by ��������� ) to obtain the background contribution.
�s��To avoid double counting in the background estimate, 
and to take into account the expected Z contribution in 
the control region,  ™†��ˆ,  the total predicted back-
�G�R�O�U�N�D���I�S���C�A�L�C�U�L�A�T�E�D���U�S�I�N�G��

™†š�ˆ�›�™†���œˆ�ž���Ÿ�™†��œœˆ�ž��� �Ÿ�™†��ˆ

�s���-�A�J�O�R���B�A�C�K�G�R�O�U�N�D�S���C�O�M�E���F�R�O�M�����7���:���E�V�E�N�T�S���W�I�T�H���A�D�D�I-
�T�I�O�N�A�L���J�E�T�S���O�R���P�H�O�T�O�N�S���A�N�D��������������������
�s���!�L�L���T�H�E�S�E���C�O�N�T�A�I�N�����h�B�A�C�K�G�R�O�U�N�D�v�����L�E�P�T�O�N�S�������F�R�O�M��
 �s��Decay of heavy flavour hadrons.
 �s��In flight decays of pions / kaons to muons.
    �s��Jets or photons misidentified as electrons.
�s���-�A�J�O�R�I�T�Y���O�F���T�H�E�S�E���B�A�C�K�G�R�O�U�N�D�S���A�R�E���R�E�J�E�C�T�E�D���B�Y���T�H�E���I�S�O-
�L�A�T�I�O�N���C�U�T�S�����B�U�T���S�I�N�C�E���-�#���S�T�A�T�I�S�T�I�C�S���A�R�E���L�I�M�I�T�E�D���A�N�D���M�A�Y��
�N�O�T���M�O�D�E�L���I�S�O�L�A�T�I�O�N���I�N���J�E�T�S���W�E�L�L�����A���D�A�T�A���D�R�I�V�E�N���B�A�C�K-
ground estimate is used.
�s���)�D�E�N�T�I�F�Y��control samples with events passing full selec-
�T�I�O�N�����B�U�T���W�I�T�H���O�N�E���O�R���T�W�O���L�E�P�T�O�N�
�L�I�K�E�
�J�E�T�S����œ), which fail 
�I�S�O�L�A�T�I�O�N�������)�$���R�E�Q�U�I�R�E�M�E�N�T�S�����I�N���P�L�A�C�E���O�F���R�E�A�L���L�E�P�T�O�N�S�����). 
These are dominated by Z+X.
�s���-�E�A�S�U�R�E���T�H�E���R�A�T�I�O���O�F���T�H�E���P�R�O�B�A�B�I�L�I�T�Y���O�F���A���J�E�T���P�A�S�S�I�N�G���T�H�E��
�F�U�L�L���L�E�P�T�O�N���C�R�I�T�E�R�I�A���T�O���T�H�E���P�R�O�B�A�B�I�L�I�T�Y���O�F���A���J�E�T���P�A�S�S�I�N�G���T�H�E��
�L�E�P�T�O�N�
�L�I�K�E�
�J�E�T���C�R�I�T�E�R�I�A�����) in a data sample selected with 

Background Estimation
Selected Lepton-like
Leptons jets

Muons Trackiso < 0.15 Trackiso > 0.15
Electrons Trackiso < 0.15 Trackiso > 0.15

and or ! ������������
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