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Motivation

Diboson physics - one of the last frontiers -«
of the Standard Model before discovery

searches.

WY production — one of the highest

cross sections of all dibosons.

Study with early data feasible. e Uses 36 pb' data
New physics leads to modified * Both electron and muon
WWY coupling — decay modes of W-boson:

- reflected in distribution of photon p,

v e
Measure the cross section of Wy [ %%
§

production and compare with !

Standard Model value:
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Event selection

CMS Preliminary 2010 Ns=7TeV

E 800_ T T T T T T T |

: —

L C -1

LE 700__—}—1 IL dt=36.1 pb
-» Data .W'Y
. fake photons. ti+jets
Ddibﬂsons

Photon p_

10°
E! (GeV)
CMS Preliminary 2010 Ns=7TeV
> T TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TT
(9] ] ]
O + IL dt=36.1 pb i
Vol ]

i

2 7
5 -o-Data .W'Y _
o 4
= .tf+jcts . fake photons |
Ddibosons B
E miss
T ]

30

40 50 60 70 80 90 100

pfMet (GeV)

=

1. Trigger: select events
based on single electron or
muon trigger.
2.Reconstruct W-boson

= Reconstruct lepton

« E™ >25GeV

applied.

¢ 3.Reconstruct photon

= Good quality photon
= Photon separated from
lepton:

AR(L)y) > 0.7
= p.Y>10 GeVlc.

= Choose leading p..
photon.
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Large background from
jets faking as photons
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Backgrounds
= Jets from W+jets: jets fragmeting to 1 /N, with 11/n, - vy

Use data-driven

methods
A Template method Ratio method
Shape of photon shower Ratio of isolated fake photons to
different from jet (fake Real photons vs non-isolated fake photons equal in
photon) shower in fake photons W+jets and jet-triggered events.
calorimeter. N
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Wy cross section

Estimated cross section with p.¥ > 10 GeV/c and AR(/,y) > 0.7

o(pp - WYX) X BR(W - [V)=55.4+77.2 (stat.) £ 5.0 (syst.) £ 2.2 (lumi.) pb
Standard Model prediction: 49.44 + 3.8 pb.

Standard Model prediction in good agreement with measured cross section.
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o (,.:MS 2010, 36 pb . > Background estimation:

L Ns=T7TeV o Dum _ ,

= Wy use ratio method

= 02 i W Hjets ] > 6.3% (electron)

s 2 . 0 Other backgrounds >

2 g aTGC Ak, =0,1,=0.5 ] > 6.4% (muon)

=

3 10 3 > Photon energy scale:

PR > 4.2% (electron)

fiail

=

0 e > 4.5% (muon)
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> Luminosity: 4%
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Events / 0.8

The Radiation amplitude zero (RAZ)

Unique feature of W-boson coupling to

W
massless photon. *
6
0(q,q', -~ WYy) vanishes at certain angles of W-boson with cos/‘"

the quark. (cos®" = =1/3). q > <€

May vanish for non-Standard WWY couplings.
First study at LHC energy.
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> Kolmogorov-Smirnov test
outcome is 57%

Data consistent with SM RAZ within errors. v
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Conclusion

~

xpenme R at LHC, CERN
ata recorded: Tie Sep 28 08:19:31 2010 CEST

e 1. First observation of Wy events
at the LHC with W-boson
Y - HVY

decaying into electrons and
muons.

2. WYy cross section measured 18
in agreement with Standard
Model predictions within
measurement uncertainties.

EV—124SGeV

CMSE p eriment at LHC, CERN
orded: Thu Oct 28 10:01:04 2010 CEST

3. First attempt at observing the
e Radiation amplititude zero
Wy - evy . A\I -

feature of WYy process.
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Anomalous WWy couplings
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DO limits (0.7 / fb)

= 049<k<15b1

= —0.12<A<0.13

= With form factor A = 2 TeV

CMS limits (36 / pb)
= -1.09<kK <1.03
= —-0.18< A <0.17
= No form factor



Signal (Wy->/vyX) process

Born level diagrams

qd v
W

ISR 1

<

Triple gauge
Boson vertex

-

Measure inclusive WY cross section with W=/ v:
pp>Wy = [vyX

= X = mostly hadrons from underlying events and
sometimes hard jets.

LO cross section using PYTHIA = 23.2 pb
with p. ¥ > 10 GeV/c

PYTHIA does not have the FSR diagram.

NLO cross-section =49.44 + 3.8 pb
with p_¥> 10 GeV/c and AR(l,y) > 0.7

¢ AR,y = /(1 — 1) + (6 — 6,)?

NLO cross section calculated using Madgraph LLO
cross section scaled by mean k-factor of 1.29.

= FSR photons k-factor from MCFM
= WWyand ISR k-factor (p_ -dependent ) from Baur.

= Cross section error from k-factor (7%) and PDFd9
(2% )CTEQ61 PDF set used.



Measurement of Wy cross-section

= Anomalous WWY couplings increases the tail of p_¥ spectrum

= QCD corrections (NLO effects) also enhances the p_¥'s

q, s

Two competing effects:
Cross-section measurement 1% step v
towards aTGC measurement _
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U. Baur, T.Han, J. Ohnemus, Phys. Rev. D, Vol. 48,11 (1993):
QCD Corrections to hadronic Wy production with nonstandard WWY couplings.



Events

Template method:

Choose variable with distinct shape for signal and background.
Make templates for signal (real prompt photons)
Make templates for fakes (from independent data sample)

Fit simultaneously candidate events

We make templates using a variable called 0, (sigma I-eta I-eta)

55 . . 5
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e 5X5 Real photon
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Fitting templates to data

E-7Tev = Make distribution of O, for signal

CMS Preliminary 2010
- T I I | I I

Lo i I A
é 601~ .[L d=36.1pb" < 14442 E and background in different E Y
1: 50 20 GeV <E1 <40 GV E ranges : 10-20 GeV, 20-40 GeV,
% - Jf —*=— Daia 85.0 events . 40-60 GeV, 60-200 GeV.
40+ Fitted 85.0 events — . .
s F S I 462+ odevems = Signal shapes are generated using Wy
; 301 N BKG 368+ 86evens Madgraph Monte Carlo.
o Ur .
S N -
2 201 E = Background shapes are from data:
100 E = Use jet-triggerred events:
o— 507 e ——— 0 = Apply track 1solation criteria:
G - 2GeV < (Track Iso - 0.001 EY)
= Fitthe g, distribution from data with the < 5 GeV (barrel photons)
signal and background templates using a - 2GeV < (Track Iso — 0.001 E)

binned extended maximum likelihood fit. <3 GeV (endcap photons)
= This gives the number of signals (N,)
and background (N_) in data.
L = —InL = (Ng + Ng) — » N;In(NsS; + NgB;)

i—=1
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Estimating backgrounds from fake
photons using Ratio Method

= Exploit the fact that the ratio of fake to real photons are same in
W+jets and QCD multijet processes

Define two selection for photon objects

Selection 1. Tight selection (photon selection for Wy events)

Selection 2. Flipped isolation: (Track Iso — 0.001 E Y) > 3 GeV

No. of events passing Selection 1

Ratio 7 =

No. of events passing Selection 2

Measure ratio r in jet-triggered QCD multijet sample in data.

. N — 7".NW+jetS

fake y Flipped isolation

The ratio r 1s determined by fitting a function:

© 7 =Pyt pexp(p,E), E'= Efe

14



Ratio (iso/non-iso) / 10 GeV

Getting ratio parameters
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Ratio r modelled as f=r,., + r . since in data the QCD samples also contain

real prompt photon.

Iterative fit of ratio distribution in data with function f to obtain ratio parameters

corresponding to 7.,

Use r, .. and NW#es to estimate number of fake photons in selected WYy
QCD flipped isolation

candidate events. 15
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Key:

Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron {e.g. Neutron)
""" Photon

| : ; i
20/03 12105 25106 08/08 21/09 04/11
Silicon Date

Tracker

LAY Electromagnetic
I ]|1]l] Calorimeter

This analysis:
uses 36.1pb?*
Integrated luminosity

Hadran Superconducting
Calorimeter Solenoid

Iran return yoke intersparsed
Transverse slice with Muon chambers
through CM5

——=
= = T =
: — :

T Barniy, CERN, Felwacmay 2003

CMS: general purpose detector

Approximate scale:

66M pixel channels, 10M tracker channels,

76k ECAL crystals, 150k silicon preshower channels,

15k HCAL channels,

250 DT chambers (170k wires), 470 CSC chambers (200k wires), 900 RPCs
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Highest p. muon in event should be matched to HLT muon

[dO(PV)| < 2 mm

Muon should be reconstructed both in the tracker and muon chamber.

Global track X*/ndf > 10
Muon kinematics: p_* > 20 GeV/c and InH < 2.1
Muon ID:

Pixel hits > 0 and Tracker hits > 10
Muon chamber hits > 0 and Matched muon segments > 1

Muon Isolation: (energy deposit in tracker+ ECAL+ HCAL in a cone of
AR < 0.3 around the muon's direction) less than 15% of p_*

17



Good electron selection

p,° > 20 GeV in ECAL fiducial volume

Relative 1solation

Conversion suppression

Track-ECAL cupercluster matching

Separate electron ID for barrel and endcap

WPas WDP80
Barrel | Endcap | Barrel | Endcap

g /ET 0.15 0.08 0.09 0.04
Igcar /ET 2.0 0.06 0.07 0.05
Igcar/ ET 0.12 0.05 0.10 0.025
Missing hits < 1 1 0 0

Dcot — — 0.02 0.02
Dist — — 0.02 0.02
Cinin 0.01 0.03 0.01 0.03
Ay 0.8 0.7 0.06 0.03
Atfin 0.007 | 001 | 0.004 | 0.007
H/E 0.15 0.07 0.04 0.025

18



Photon reconstruction

= CMS ECAL coverage: |[n| <3 Energy deposits in
= For measurement: ECAL crystals
* Barrel (EB): |n| < 1.4442 Encap(EE): 1.566 < |n| < 2.5 (RecHits)
= 76K PBWO, crystals, 26X long #
= Preshower detector in front of endcap , made of Pb absorbers Group to form
and Si strip detectors for better y-Tt separation basic clusters

v
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< 0 —— ?fozfgl 08 copvonew 14 +Make photons
: 0.6]- RN | cCalculate
0y o - o4l ] 4-moment.
E Stat. + syst. uncertainty E ' :_ t __T_____—_'L__——-!—_: .ASSIQn VerteX
L 0 NLOpQCD JETPHOX 1.1 B B
10* §_ iT:l:l:’:l::iBEEGII FFs _§ 02:— CMS ECAL ]
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*Remove ”spikes”: energy deposited
by heavily ionizing particles in the
avalanche photodiode. 19
e Energy in 0 < 95% of energies in (1+2+3+4)




Photon ID: H/E < 0.05 for the photon supercluster.
No hits in the pixel detector: removes electron background.

Photon Isolation:
(Track Iso - 2.2) < 0.001*E Y

Annulus 0.04 < AR < 0.4 excluding AnNxA@= 0.015%0.4
(ECAL Iso - 4.2) < 0.006*E.

Annulus 0.06 < AR < 0.4 excluding AnxA@= 0.04x0.4
(HCAL Iso - 2.2) < 0.0025* E Y

Annulus 0.15<AR < 0.4

0, <0.013 for barrel and 0, . < 0.03 for endcap photons where

Wil — )2 s sum over
Oiin = 2 Z(nw- d , 17 = ZZWW. wi = max(0,4.7 + log(E;/E)) 5x5 crystal
‘ ‘ array

Photon kinematics: E Y > 10 GeV and InY < 2.5
Photons in barrel-endcap gap (1.4442 < InYl < 1.566) are removed 20
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