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CMS

Motivation

** The physics with diboson (WW, WZ, Wy, Zy, ZZ) in the final
state 1s an important test of Standard Model at high energy

4 Signature for new physics
» Higgs, SUSY, extra-dimensions, Technicolor, ......
4 Background for the new physics

+* The measurement of triple gauge couplings (TGCs) provides the
search for new physics

4+ Anomalous VVV (V= W/Z/y) TGCs would lead different cross
section and kinematic in diboson productions

(ZZy, 2~y are forbidden in SM)
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- Wy and Zy Signatures

o Use leptonic W and Z boson decays: evy, uvy, eey, puy, and vvy

) . .
%* Three production mechanisms

4 Initial state radiation (ISR), final state radiation (FSR), and
triple gauge coupling (TGC)

| FSR I 200 ‘ TGC(ZZy, ZWY/ are forbidden in SM)
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Event Selection

** Measurements of cross section and aTGC for Wy and Zy with charged
lepton decay channel are based on 36 pb! (Phys. Lett. B 701, 535 (2011))

3 Search of new physics in final state containing y+*MET (related to
Zy—vvy) is based on 5 fb! (arXiv:1204.0821v1)

4

‘0:0 Wyeg\/y

One good lepton with
Pr>20 GeV

no 2nd lepton
MET > 25 GeV

One good photon with
Etr> 10 GeV and
AR(¢, v) > 0.7

>

| |95 Zy—ay

Two good leptons with
Pr>20 GeV

Dilepton mass > 50 GeV} |

One good photon with
Etr> 10 GeV and
AR(¢, v) > 0.7

4

o v+MET (Zy—vvy)

One good photon
with Et > 145 GeV

MET > 130 GeV
No other objects

(jet, lepton, etc)

+¢* Standard selection criteria for leptons and photons
(centrally supported in CMS)
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Backgrounds (1)

|
o2 The major backgrounds are from processes with jets misidentified as

photons

+3* Two methods to estimate backgrounds from data directly

4 Ratio method: use QCD enriched sample to determine the ratio of
1solated fake photon to non-isolated fake photon

"\Ti“olated

Nv o _soarecy N, :

N V+jets — < N X I\ V +non-isolated ~
QCD

non-isolated ~

4 Shape method: choose the shape of lateral energy deposition as a
discriminant and then perform two-component fit
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Backgrounds (2)

0.* The major backgrounds are from processes with jets misidentified as
photons

-~

+3* Two methods to estimate backgrounds from data directly

4 Ratio method: use QCD enriched sample to determine the ratio of
1solated fake photon to non-isolated fake photon

Nisolated

~

NV+jets - ( X NV+non-isola.ted v
QCD

N non-isolated
4 Shape method: choose the shaﬁe of lateral energy deposition as a

discriminant and then perform two-component fit

s 2z LR LA BLAL L BLBLELE BLEL L BLALELE BUBLELE BLELELE NL LA
I~ -1 = -1 ’
o CMS, 36 pb 5 CMS, 36 pb
i W”Y s=7TeV L Z’Y Vs=7TeV
107 | - 10 R | E
Z%~ Ratio method : 2% Ratio method :
—e— Shape method —— Shape method
~ MC prediction |k © MC prediction
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~ Backgrounds (3)

o Other prompt backgrounds for y+MET:
4+ W—ev in which electron is mis-identified as photon
» Estimated from data
4 v + jet that jet is mis-measured yielding MET
4+ Wy—davy with charged lepton 1s not reconstructed
» Above two backgrounds are estimated from MC
** Non-collision backgrounds for y+MET:

| 1. Beam Halo Muon Induced Showers |
Mostly removed. Residual estimated.

\

4+ Beam halo, cosmics, neutron-induced stgnals /
i T T T eep—_ " R
» Estimated from data \
\‘A‘ )I(
ECAL 2\ S

2. Cosmic Muon Induced | V 3. Neutron Induced Spurious |
Showers Signals ("Spikes")
' Identified and removed J Identified and removed
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— Results: W(ev)y and Z(&)y

** Measured cross section agrees with NLO prediction:
4+ NLO prediction is from Baur NLO generator and MCFM

+ Wy—dvy (=e/p) with E1Y > 10 GeV and AR(¢,y) > 0.7:
56.3 £ 5.0 (stat.) £ 5.0 (syst.) = 2.3 (lumi.) pb 49.4 + 3.8 pb (NLO)

4+ Zy—dy (¢=e¢/p) with ET¥ > 10 GeV, AR(¢,y) > 0.7, and M, > 50 GeV:
9.4 £1.0 (stat.) £ 0.6 (syst.) £ 0.4 (lumi.) pb 9.6 £ 0.4 pb (NLO)
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aTGC Results

** CMS uses form-factorless normalization: no energy-dependent
assumption 1s made

** Use Sherpa/Madgraph to simulate aTGC signal

*% Use E1 as a sensitive observable to extract limits on aTGC
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" Different Interpretation

”‘ Normalization of the couplings in the Lagrangian 1s arb1trary

) 4 1) 17 ; ReVARE P ; A
Ly~ = —ie[(W),WFA” — WIWHA,) + kW W, F* + 7z Wi WEF
. ,
%* Redefine couplings:
* 87 \ 87
M} A% b
4 Anp is characteristic energy scale of new physu:s
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Events /GeV

Results: Zy—vvy

** Good agreement between data and SM prediction

Source Estimate
jet — vy 11.2+2.8
beam halo 11.1 £5.6
e —Y 3.5£1.5
Wyand yHet| 4.1+1.0
Z(vv)y 45.3 + 6.8
Total 75.1 £ 9.4
Data 73

1 | l 1 ] 1 I ] ] 1 I 1 I’ IIIIIIIIIIIIII
CMS,\Ns =7 TeV e DATA
10 50 fb" Total uncertainty on Bkg
) Zy— vy
J— SEEE Wo ev
 JZ5777) F— - MisID-y (QCD)
. v+jets, Wy
"""""""""" = [ Beam Halo
1075 e — SM+ADD(M =1 TeV, n=3) :
107 £ E
107 X
10* SRR 3;5;33353;E;E;’:‘:‘:‘:’:‘:E;3;333;E;E;E;E;Esi:;?;?;i;?;{-:g
: - - | .:.:;:.:.:l.:.:.:..:.:.;.:.11:.:.:;:. """" .‘.‘.‘l: o ‘.’.:l :.:.;.:.:.l:.:
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¢ .. . .
%°* The results are finalizing 1n terms of Z(vv)y cross section and
aTGC measurement
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CMS

Summary

** The results of Wy and Zy with charged lepton decay channels are
performed using 36 pb-! data.

4 Measured cross section is consistent with SM prediction and there
1s no evidence for aTGC.

s First results of y*MET with 5 fb-! data are being finalized in
terms of Z(vv)y cross section and aTGC measurement.

*% Combined Vv results with 5 fb-! data are being finalized.
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‘Background Estimation - Ratio Metho

¥,

(!

** Use QCD enriched sample to measure the ratio of isolated to
non-isolated fake photons

+3* Estimated background =

N
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N V+jets — < ~ X I\ V 4+non-isolated ~
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>, Background Estimation - Shape Method “!!@

** Choose the shape of lateral energy deposition as a discriminant

** Signal templates are obtained from MC simulation
4 Use Zee data to extract correction

** Background templates are completely obtained from data-driven
4 Inverting isolation (sideband)

*3* The fit is performed using a binned extended maximum likelihood

CMS Preliminary 2010 \Vs=7TeV CMS 2010 Vs =7 TeV
F T T T | T T T T | T T T T |— _lIIII|IIII|IIII|IIII|IIII|IIII_|_
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‘Summary of Uncertainties

® . . . .
%* Three main categories of systematic uncertainty

4+ Acceptance, efficiency, and background estimation

Wy —evy | Wy — uvy || Ly —eey | Zy — up?y
Source Effecton A - epmc
Lepton energy scale 2.3% 1.0% 2.8% 1.5%
Lepton energy resolution 0.3% 0.2% 0.5% 0.4%
Photon energy scale 4.5% 4.2 % 3.7% 3.0%
Photon energy resolution 0.4% 0.7% 1.7% 1.4%
Pile-up 2.7% 2.3% 2.3% 1.8%
PDFs 2.0% 2.0% 2.0% 2.0%
Total uncertainty on A - EMC 6.1% 5.2% 5.8% 4.3%

Effect on €data /GMC

Trigger 0.1% 0.5% < 0.1% < 0.1%
Lepton identification and isolation 0.8% 0.3% 1.1% 1.0%
E%‘iss selection 0.7% 1.0% N/A N/A
Photon identification and isolation 1.2% 1.5% 1.0% 1.0%
Total uncertainty on edata/eMC 1.6% 1.9% 1.6% 1.5%
Background 6.3% 6.4% 9.3% 11.4%
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Radiation Amplitude Zero: Wy

** The tree-level Wy production
process interferes with each other,
resulting 1n a radiation amplitude

Z€10 (RAZ) in the angular Require MTWV > 90 GeV to suppress FSR process
distribution of the photon QOE=TTT T T

B CMS, 36 pb" -
50— —
C - Data

4(): | -SM

o2 Use charge-signed rapidity (QixAn)
to observe RAZ

3¢ In the SM, the location of dip o ’
minimum is located at O for pp L 7z, ]
collisions 0= g

Events / 0.8

** Anomalous Wy production can 05| = . 77
result 1n a flat distribution

() I T | B B 1 [ | iAxl
4 3 2 - 0 | 2 3 4

background-subtracted Q xAn

*%* The agreement between background-
subtracted data and MC prediction 1s
reasonable, with Kolmogorov-

Smirnov test result of 57 %
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— aTGC limits on WWy

% The direct comparison between LHC and Tevatron 1s difficult
because we are using different normalization of couplings

ATLAS CMS CDF DO
A= A= A=15TeV A=2TeV
I fb! 36 pb-! 200 pb-! 4.2 fo"
(arXiv:1205.2531) (Phys. Lett. B 701, 535) | (Phys. Rev. D76, 111103) | (1Y ;elvé(%e)“' 107,
A, | [-0.33,0.37] 1,11, 1.04 0.4, 0.4)
A | [-0.060, 0.060] 20.18, 0.17 -0.08, 0.07]
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" aTGC limits on ZZy/Zyy®

% The direct comparison between LHC and Tevatron 1s difficult
because we are using different normalization of couplings

ATLAS
A =0
1 bl
(arXiv:1205.2531)

CMS
A=
1 fb!
(Phys. Lett. B 701, 535)

CDF
A=1.5TeV

5.1 fb!
(Phys. Rev. Lett.107:051802)

DO
A=15TeV

6.2 tb!
(Phys. Rev. D 85, 052001)

h3Z [-0.022, 0.026] [-0.05, 0.06] [-0.020, 0.021] [-0.026, 0.026]
h4Z [-0.00022, 0.00021] [-0.0005, 0.0005] [-0.0009, 0.0009] [0.0013, 0.0013]
hsY [-0.028, 0.027] [-0.07, 0.07) [-0.022, 0.020] [-0.027, 0.027]
hgY [-0.00021, 0.00021] [-0.0005, 0.0006] [-0.0008, 0.0008] [-0.0014, 0.0014]
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