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Study of Diboson Production at CMS
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» Mechanism to produce diboson events at LHC
» Measurement of cross sections for WW, WZ, ZZ, Wy, and Zy
» Limits on anomalous triple gauge couplings

DPF 2011 at Brown University, August 12, 2011

an g




@(’J

Diboson production at LHC at Leading Order in as
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Some quick Observations
4In SM, the s- and t-channel WW diagrams are divergent but when

combined these divergencies cancel out miraculously.
4 Because of qq initial state the production rate at LHC only ~3x Tevatron.

4 Allow test of the triple-gauge coupling (TGC) of the SM. Deviation from
SM values can give clues about EWK symmetry breaking mechanism.

It gets even more interesting at NLO —
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Diboson production mechanism at NLO
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Building blocks for diboson analysis: jet & Er

4 Jet and Missing ET reconstruction uses
Particle Flow (PF) technique:
-All tracks/energy deposits sorted into
charged/neutral hadron, electron,
photon, or muon candidates
-Resulting set of corrected particles input
to jet clustering, MET determination, Hr,
M, etc.
-Significant improvement over traditional
“CaloJets” for ~low-medium pr jets with
tracker coverage

4 Anti-kT clustering with R=0.5
-Jet Energy Scale known to 1-3%
-MET resolution in dijet events ~10 GeV

Kalanand Mishra, Fermilab

CMS, L =36 pb"’

CMS

ity %

N

. MPF uncertain

o

= PF JET
= JES

—

é— uncertainty—Proton fragmemaf

arXiv: 1107.42773

Ne=7TeV
—MPF method = ]
— Quark/gluon mix
—ISR+FSR .
~-Out-of-cone + UE 3
~--QCD background

— Pile-up

lllllllllllllllll

(=]

U e N WA WD
LI LB

3 Anti-k; R=0.5 PF
. JME-10-011

o

E\

T |

Events /( 1 GeV)

PF MET res.

HT>200 GeV [ 1vertex

s

:'1]-[1 ]]T ‘1',111[]]]', 9.05 pb™ E

- .
"
n

.

1000
P, (GeV)

17 verticee
fit
CMS Nz =T7TeV

y JME-10-009]
(arXiv: 1106.4048




number of events / 2.5 GeV

number of events / 1 GeV

Leptons & ME
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: W and Z reconstruction

CMS

arXiv:1107.4789, CMS-EWK-10-005
JHEP Vol. 2011, Number 1, 1-40

4 Fully reco’ble, high purity

4MET well understood

4 Lepton energy scale and

resolution well measured

4 Tiny experimental errors
-luminosity, theory
dominate uncertainty

280000 W’s in 36 pb™1
cross section x BR =10.31 +
0.02 (stat) £ 0.09 (syst) +
0.10 (th.) £ 0.41 (lumi) nb

20000 Z’s in 36 pb™1
cross section x BR = 0.975 +
0.007 (stat) £ 0.007 (syst) =
0.018 (th.) £ 0.039 (lumi) nb
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CMS

WW—2I2v analysis

http://cdsweb.cern.ch/record/1370067?In=en
—
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Fww [l wzzz L=t | & 60F ww [ wzz t=uw' 4 Phys. Lett. B 699: 25-47 (2011)
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_ CMS
WW - 2|2v cross section measurement (1.1 fb~1) Z

Number of events

Sample Yield
g9 - W"W~ 3497 + 30.3
gg > WHW~- 172+ 1.6
W +jets 106.9 + 38.9
tt+tW 63.8 + 159
Z/y* - U+ WZ+ZZ 122 +£ 53
Z/y* = 1T 1.6 +04
WZ/ZZnotinZ/y* — ££ | 85+09
W+ 8717
signal + background 568.6 + 52.2
Data 626 '

Main systematic uncertainties

source uncertainty
background estimation ~ 20%
W + jet 36%
top 25%
signal efficiency ~ 8%
lepton efficiencies 1.5 — 2.5%
EJ'** resolution 2.0%
jet counting 5.5%

Background components:
* Major Backgrounds
o QCD / W+jet
o Top
o ZJWzZ/zz
* Smaller backgrounds
» Wry
» Z—>TT
» non resonant WZ/ZZ

Data Driven

MC Simulation

Efficiencies
+» Tag & Probe for lepton efficiencies
+» Jet veto: simulation + correction with a Z+jet control sample
+» Selection Missing ET
Total Efficiency(e) =6.7+ 05 %
Acceptance =725+ 0.4 %

Cross section
Nanﬁdm‘Nbxkgmd
Acceptance - Efficiency - L
ow+w- = 55.3 3.3 (stat) = 6.9 (syst) £ 3.3 (lumi
NLO: 43.0+2.1(gq — W*W") + 1.46 pb (gg — WW)

o-Br=

—
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Events / 2 GeV

WZ—-3lv cross

CMS Preliminary 2011  \[s =7 TeV
— T T

CMS
section measurement (1.1 fb=1) Z

http: web.cern.ch/record/137 7?In=en

35

Tiny background.
Estimate TTbar and Z

———
Ldt=109fb' J

3 CMS-PAS-EWK-11-010

3 =~ m; 3 4Two isolated leptons with pr 20/10 GeV for
250 + Mzdes EW2= 3 electrons or pr > 15 GeV for muons.
43 isolated lepton pt > 20 GeV, MET>30 GeV

460 < m < 120 GeV. Ambiguities resolved by
taking the Z candidate closest to Mz. Veto 2nd Z.

Channel Akin A-€
eee 0.482 1+ 0.003 | 0.193 £ 0.003(stat)
eey | 0.488+0.003 | 0.234 + 0.003(stat)
upe | 0.43240.003 | 0.190 + 0.003(stat)
upp | 0.454+0.003 | 0.249 + 0.003(stat)

+jets from data using
matrix method. Take Zy

and ZZ from MC.

channel |/Nopserped\ cross section (pb) x BR
OWZ—seeev | 22 | 0.086 % 0.022(stat) £ 0.007 (syst) = 0.005(1umi)

OW Z—seeuv 20 0.060 £ 0.017(stat) & 0.005(syst ) = 0.004(/umi)
OWZ—s upev 13 0.053 £ 0.018(stat) & 0.004(syst ) = 0.003(/umi)

stat) £ 0.004(syst ) &= 0.004(Iumi)

P~

Main systematics: bkg
estimation, efficiency,
acceptance/theory.

c(pp - WZ + X) = 17.0 = 2.4 (stat.) = 1.1 (syst.) = 1.0 (lumi.) pb.
NLO prediction = 19.8 £ 0.1 pb
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Events/50 GaVic?

Events/50 GeVic?
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Acceptance:
0.56-0.59 for the 4u,4e and 2e2u

0.18-0.21 for the 2127

Efficiency: Similar to previous slide
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http: web.cern.ch/record/137
CMS-PAS-EWK-11-010

4 First Z: Two isolated leptons of
same flavor with pt 20/10 GeV,
opposite sign, 60 < m; < 120 GeV.

4 Second Z:

-for ZZ—4e, 4, 2e2y final states:
same as first Z except pr>7 (5) GeV for
e(u) for both leptons.

-for ZZ—21271 (=€, p) final state:

eTau (pr>15 GeV) — lepton (pr>10
GeV) / hadron (pt>20 GeV)

*30 < visible mr; < 80 GeV

Final state @ ND3E

NZZ
estimate expected
4u 2 0.004 £0004 3704
4e 0 0,14 +006 25402
2e2pu 6 0.15+£006 63206
2121 1 0.8+01 14101

o(pp — ZZ +X) = 3.8*}3(stat.) £ 0.2(sys.) £ 0.2(lumi.) pb
NLO prediction = 6.4 £ 0.6 pb

Kalanand Mishra, Fermilab

9/13




CMS
W(—Iv)y and Z(—Il)y cross section (36 pb™1) Z

rXiv:11
Phys. Lett. B 701, 535 (2011)
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CMS, 36 pb™'
s=7Tev v Dat
i 1 -
= SEEZ+jets
de —— aTGC hi = 0.12
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s
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*\N: isolated lepton pt>20 GeV, MET>25 GeV
o/Z: two isolated leptons pt>20 GeV, mi>50 GeV
oyv: ET>20 GeV, AR(l,y) > 0.7, No additional lepton

Main background from W/Z+jets. Fit shower shape
distribution in data to estimate. All other bkg from MC.

process Nito Niko
Wjet 20+16+14 | 261 +£19+ 16
other backgrounds T 7TE05 164 = 1.0 Wy
all data (A-I)ZZE
Z+jet 205+ 1.7+£1.9[273+£22+23
other backgrounds neglected ZY
all data <ﬁl 90

Wy -~ evy)=56.7 £ 6.9 (stat.) £ 5.1 (syst.) £ 6.2 (lumi.) pb

Wy - pvy)=55.0 £ 7.2 (stat.) £ 5.0 (syst.) £ 6.1 (lumi.) pb

Wy — lvy) =55.9 £ 5.0 (stat.) £ 5.0 (syst.) £ 6.1 (lumi.) pb
.lvy) =49.4 = 3.0 pb (NLO)

.eey) =9.4 114 (stat.) £ 0.7 (syst.) £ 1.0 (lumi.) pb
cppy) =9.2 % 1.4 (stat.) £ 0.6 (syst.) £ 1.0 (lumi.) pb
=9.3 1.0 (stat.) £ 0.6 (syst.) £ 1.0 (lumi.) pb

systematics dominated by background uncertainty
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Limit set using pr of the y or leading
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Similar sensitivity to Tevatron

results presented in :
+ Phys. Rev. Lett. 104 (2010) 201801
+ Phys. Rev. Lett. 103 (2009) 191801
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Outlook for 2011 data collection and beyond

Outlook is bright
Target:

CMS

mBreaking news: LHC sets new world
record luminosity: 2.09 nb-1s-1(i.e., 2E33)

To get 5-10 fb-! at Vs = 7 TeV by year esetting new world record ~every day
end. Aim for 5E33 instantaneous lumi.

N
o

LHC 2011 RUN (3.5 TeV/beam)

®mOn April 22" LHC set a new world

—A— CMS 1.764 fb~! .
o LHCboses - | LUMI

-
wn

PRELIMINARY

By the end of the
- year we may have §

5X more data thang#
shown in today’s &
os | talk! 3

Delivered integrated luminosity (fb™")
-
o

0.0

—o— ATLAS 19837 | Dalivered

H—o— ALICE 2.175 pb™' Run 2011 E_:

record for beam intensity at a hadron
collider when it collided beams with a
luminosity of 467 pyb-1s-1
this exceeded the previous world
record of 420 yb-1s-1 by the Tevatron

/A
— -

®Moving to continuous physics running
eshort technical stop in December, then
physics run until end of 2012
ealready delivered ~2 fb-1 per expt

" May June
Month in 2011

(generate d 2011-08-06 01:15 including fill 2005)

March

July
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CMS
Summary

A Diboson processes WW, WZ, ZZ, Wy, and Zy measured
in CMS

[ All results show good agreement withthe SM predictions
and with most of the state of the art MC predictions

[ CMS measurements of anomalous triple gauge boson
couplings competitive to Tevatron and LEP

[ More golden opportunities and new exciting results with
Increasing integrated luminosity
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CMS

Understanding CMS detector

SILICON TRACKER
Pixels (100 x 150 um?)
e e C o r ~im?  ~66M channels
Microstrips (80-180um)
Pixels ~200m? ~9.6M channels
Tracker , “TER (F
~76k scintillating PoWO, crystals

HCAL
Solenoid

Silicon strips

. ‘ ) Ies Gl
MuonS \ ‘ 16m? ~137k channels

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil N
carrying ~18000 A : & ) FORWARD
) & CALORIMETER

Steel + quartz fibres

. HADRON CALORIMETER (HCAL) SAS G
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
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Measurement of well-known SM processes

CMS preliminary 36 pb’' at Vs =7 TeV
! lumi. uncertainty: +4% !
oxB(W) A 0.988 +0.009,,+0.050,,
oxB(W") v 0.982+0.017_,,+ 0. 047
oxB(W) 0.993 + 0.019ex + 0. 054
oxB(Z) '_,:[': 1.003 +0.010,, + 0. 047
oxB(Z—11) b le 4 1.029 +0.097_, + 0. 043II
oxB(Wy) H . " 112120177, p+0077
oxB(Zy) " o Y 0.969 + 0. 121ex +0.042,
oxB(WW) , o | 0.956 + 0. 381ex + 0. 007
oXB(tt) I+jets T . T 7055+ 0.236,,, T
oxB(tt) 1+jets+b-tag o L 0.915+0.117_,,+ 0. 079
GxB(ti) dilepton - & i 1.014 £ 0. 138ex + 0. 079
oxB(tt) w . ' 0.963+0.115_,,+ 0. 079
oxB(t) | o 1.342+ 0478, +0. 039
Ryo e 0981+00183x i0015
Rw- el 0994+0013ex i0035
Zig Ul O | . ;1.208 + 0.2803x + 0. 021
Z,—> eeq | d | 0.992+0.199_,, + 0. 020
W, —uv o . 0.833 + 0.088ex + 0. 017
W,m—> eva — e 0.894 +0.097 _,, + 0. 017
sing,, —el 0.989+0.037,,+ 0. 001
M,./World Average Pl P 1.014 +£0.038,,, £ 0. 006
Zy syl Z ey — 1.000 +0.272_,, + 0. 185
Zy s el I , o - 1.059 + 0.281,3,‘p +0.167 .
0.5 1 1.5 2

J. Berryhill, FNAL Wine&Cheese seminar Ratio (CMS/Theory)

March 25, 2011

Kalanand Mishra, Fermilab

CMS

http://theory.fnal.qov/jetp/
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