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WVy Production Cross Section
(expected @ NLO)

shape modeling cross section [pb]

MC (NLO) 0.0582 =+ 0.0138
MC (NLO) 0.0121 = 0.0029

Wy +Jets MC (data) 10.872 + 0.087

jet->vy data data

Zy+lets MC (LO) 0.632 + 0.126

tty MC (LO) 0615 + 0.123

Single Top + y (inclusive) MC (NLO) 0.310 =+ 0.011

p p collisions @ /s = 8 TeV;

Samples generated for PTy > 10 GeV, |n | < 2.5

2012 CMS Dataset with L =19.3 fb-1;

LO samples: Madgraph 5.1.3 and POWHEG; Pythia 6.426 (showering)
NLO samples: aMC@NLO (K-factor 2.1)




In|

<21 < 2.5, excluding 1.44 < |n| < 1.57

Missing transverse energy (MET) => 35 GeV > 35 GeV
A(MET jet) >0.4 >0.4
W transverse mass (My) > 30 GeV > 30 GeV

Variable Value

pt threshold >30 GeV
Photon |n| < 1.44

Photon Isolation from jets A R = 0.5

> 0.5

Photon Isolation from leptons A R



Physics Objects Reconstruction
Selection Criteria (cont.)

Variable Value

Anti-kt clustering distance parameter R 0,9
Jets from
at least 2 jets above pr threshold 30 GeV .
PF algorithm
Jet |n| <24
Jet Isolation from leptons AR >0.3
Variable Value
Additional selection di-jet invariant mass (M;) 70 < M; <100 GeV
requirements An (jet 1,jet 2) <1.4
invariant mass of electron-photon pair Mg~ Mg~ - Mz| > 10 GeV

Semileptonic decay mode cannot differentiate the two production processes
WWy and WZy due to the detector di-jet mass resolution ( = 10GeV) which is
close to the mass difference between W and Z bosons. Therefore both channels
were treated as a combined signal in this analysis. ~



Syste

Source

Uncertainty

Wy + Jets normalization

6.7%(mu), 7.9%el)

jet->y 12% (30 GeV - 50 GeV)
14% (50 GeV - 75 GeV)
23% (75 GeV - 90 GeV)
22% (90 GeV - 135 GeV)
39% (> 135 GeV)
multijets 50%
Trigger Efficiency 1%
Lepton Selection Efficiency 2%
Jet Energy Resolution 1%
Jet Energy Scale 4.3%
Photon Energy Scale 1%
Er 1%
Anti-b Tag ( tty) 11%
Anti-b Tag (single top + v) 5%
Pileup modeling 1%
renormalization/factorization scale 23.4%
PDF 3.6%
Luminosity 4.4%




SM WVYy Cross Section Results

Process muon channe electron channel
number of events number of events
Wy+ets | 1369235+ 92+00 [ 1016+ 29%80% 00
WW4et jet >y | 31213246200 | 213210231200
MC tty 125+ 08+ 29+ 05 | 91£07% 21204
MCsingletop | 28108+ 02201 | 1720610110
MCZy+jets | 1720101201 | 1501201101
multijets <022 00+01+00 | 72£36%36200
631 01+ 15+03 | 47401411402
06100+ 01+00 | 05£00%01200
Total predicted | 1939% 394 1082 1.0 | 14761 48+ 961 0.7
183 139

K

Cut & count approach
based on selection criteria

322 events observed in
CMS 2012 data against
3415 * 15.8 events
predicted.

low statistics to measure
the WVYy cross section

an upper limit of 0.24 pb
at 95%C.L. for WVy with
photon pT > 10 GeV at
8TeV with 19.3fb !
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Spontaneously symmetry

breaking without a Higgs

boson, custodial symmetry
protected p = 1 of the

EW sector

Non-decoupling: Valid
below a scale of 41rv
(—3TeV)

arXiv: hep-ph 29908254 ‘

&

SM EW sector with a Higgs
doublet field included

: Decoupling: The scale of
—— new physics is allowed to
be arbitrarily large

|
Dimension-6 operators H Dimension-8 operators

-

= arXiv: hep-ph 0606118
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aQGC'’s
CMS preliminary Simulated | L dt = 19.3 b’ \s =8 TeV
—— SM WVy MC

Setting Exclusion Limits for the

— a%/A% =20 Tev?
a?:"/A2 =31 TeV?
kYIA? =11 TeV?

—+ «x¥/A? =17 TeVv?

— 1, /A% =27 TeV™*

[en]

200 300 400 500 600 700

Photon E_ (GeV)

PT distribution was
used, after all selection

criteria, as the
observable to set limits
on the aQGC
parameters.

Segregated by lepton

flavor (independent
inputs to the Ilimit
setter)
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Exclusion Limits fo
Quartic Couplin
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21 (TeV ~%) < ay / A* < 20(TeV ~%) | -24(TeV =) < af / A% < 23 (TeV ~7)
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aCW parameters at 95%C.L., us
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Exclusion Limits
Anomalous Quart

Observed Limits

77 (TeV =% < fm o/ A% < 81 (TeV —7) -89 (TeV =% < fp o/ A% < 93 (TeV —%)
131 (TeV =Y < /AP < 123 (TeV ~%) | -143 (TeV =) < 1/ A* < 131 (TeV —9)
-39 (TeV =% < fpof A* < 40 (Tev —%) -44 (TeV =% < fyof AN < 46 (TeV —%)
-66 (TeV =% < fm 3/ A% < 62 (TeV —7) -71 (TeV =% < fm 3/ A% < 66 (TeV —1)

Expected Limits
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Overview c
WWYyy Quartic Co

LEP L3 limits — CMS WWy limits —
July 2013 il
y DU limits — CMS foY — WW limits mImi
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L s

WWy [- 15000, 15000] 0.43fb™ 0.20 TeV

vy — WW  [-430, 430] 9.70fb™7  1.96 TeV

Wwy [- 21, 20] 19.30fb” 8.0 TeV

all/A® Tev?
vy — WW [- 4, 4] 5.05fb" 7.0 TeVv

Wwy [- 48000, 26000] 0.43fb™"' 0.20 TeV

vy — WW [-1500,1500] 9.70tb™" 1.96 TeV

WWy [- 34, 32] 19.30fb" 8.0 TeV

a¥/A? Tev™?
[ AR RN BN EE NN NN YY— ww ['15,15] 5.05fb-1 7.0 TeV

-1
fro/A* Tev* WWy [-25,24] 19.30fb

-10°-10*-10°>10%2-10 -1 1 10 10% 10° 10* 10°
https://twiki. iew/CMSPublic/PhysicsResults




Summing up...

v The WWYy and W2Zy cross section measurement in pp collisions at Vs = 8
TeV is not accessible with the data collected in 2012 by the CMS
detector.

v It was only possible to set a one-sided upper limit on the cross section.
For the amount of data presented here, we set an upper limit of 0.24 pb
at 95% C.L. for WVy with photon pT > 10 GeV, which corresponds to
3.4 times the SM prediction.

v No evidence of anomalous WWyy and WWZy quartic gauge
couplings was found.

v 95% confidence level upper limits were obtained for several anomalous
couplings. These are the first ever limits on dim8 fT,0 and dim6 CP

conserving couplings kOW and kCW.
20
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