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Motivation

* Prediction of the non-abelian SM gauge structure:
Couplings between gauge bosons

* Measuring the coupling between the gauge
bosons tests a central part of the SM

» Deviations could hint to new physics
« Complementary to direct search for new physics

Manifestation of gauge boson couplings at the LHC:
production of final states with boson pairs (W,Z,y)
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Gauge boson couplings

Vl
V3

V2
Triple gauge couplings (W,Z,Y)
— Charged couplings WWZ and WWy
Allowed in the SM

— Neutral couplings ZZZ, ZZy
Forbidden in the SM
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Diboson production at the LHC

. q V1
Production Processes at the LHC 0
— Leading order Feynman diagrams: _ 2
— Only s-channel has three boson vertex ;
— Anomalous couplings tend to manifest in: q Vi
» Cross section enhancement B
- Enhancement at high p; of V2. q
* Production angle.
q V2
We present here: q .
Study of discovery potential for g
WZ and ZZ production ) vi
q
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WZ and ZZ production at the LHC

| s channel t channel -
i Z [
q wt. f————pnmans
>W+';’f <V!’ < I_
B “"h“ + - Z'D I+
q’ z% = j_ g s <
-
|WZ | ZZ
 s-channel dominates * Only t-channel at tree
« Sensitive to TGC level
« s-channel suppressed by
0(104)
no ZZZ TGC

Constitute backgrounds (partly irreducible) for some new physics searches
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ZZ signal definition

Need to consider y* contribution
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NLO cross section from MCFM:
G (pp — ZZ — 4e)=13.7 b

Extract overall k-factor

 Define on-shell Z as:
70 GeV <M, < 110 GeV

* Distinguish 3 states:
ZZ (72%), Zy* (26%), Y*v* (2%)

 We consider only ZZ events

Cut on 4 lepton p, values:
p, > 30, 20, 15, 10 GeV/c
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Z/v* Z/yF — 4e lepton spectra

> osk % 5 .
N § osf with *
£ 04| i e - d hi
: 04 highest p, e = il 2" highest p; e . *
g i g without y
;_llg 03 glg 0‘3:_
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£ o1 £ o4
< - 2 el Y
% | | | | | I E : | | | | | + L p1t > 30 GeV/C
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% 06 % Eh 4
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Z f 2 f
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WZ signal definition

oy SO ECRL T I EE O LR Nk L EEE LT TR L SEE L ML T R EC I SO SIS S
03— —]

1 4 lepton invariant mass for

o025 — = all —]

: o e 1 process pp — WZ — eeuv,
o 3 (MCFM NLO)

045 |-

o

differential ¢ mas section fbv GaWie®

v* contribution included

Mypeet GaVWic®

 Restrict to on-shell Z boson: | M(I*I) - MFPG | < 20 GeV
 Implicitly forces W on shell

NLO cross section from MCFM Apply

Ono (PP — WZ -3l I=e,u,1) = 0.63 pb | — overall k-factor
OnLo (PP — W*Z =3I, I=e,u,7) = 1.03 pb to Pythia
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Studied final states

1. pp —»>ZZ — 4e

Effort on
Signal efficiency

2. pp—->WZ - 3l (I=e,u)

4 different event categories:

1. “3e”: W —ev, Z — ee Effort on
2. “2e1u™ W -ouv,Z—ee Background rejection
3. “2ule”: W —ev, Z -uu
4. “3u”: W — uv, Z -y
Backgrounds

Events with 3 or more (true or fake) leptons and/or real Z:
ttbar, Z+jets (especially Zbb),...
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Signal and Background samples

Cross sections times BR (NLO)
Signals

ZZ(4e) 18.7 fb
WZ(3l,1=e,u,rt) 1.6 pb
Main backgrounds
tt(2l) 62.3 pb
Z(ee)bb 60.3 pb
Z(upu)bb 60.3 pb
tt(4e) 194 fb
ZZ(2e2)) 32.3 fb

k-factor

1.37
1.92

1.6
2.4
2.4
1.6
1.35 (bg. For WZ)

tt(2l) generated with TopReX, Zbb with CompHEP, all others with Pythia
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Full detector simulation and
reconstruction

WZ event: W — ev, Z —uu o

Signal and backgrounds
passed through full detector
simulation

Used reconstructed objects:
— Tracks
— ECAL clusters
— Electrons
« ECAL clusters + tracks
— Muons
« Muon system + tracker
— Jets
* For jet veto (WZ)
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Lepton selection:

electrons *

Electron candidate selection

« Match ECAL “Supercluster” + track

— “Supercluster”: group of nearby ECAL
clusters in narrow n window
(Bremsstrahlung recovery)

track

* Isolation requirements in HCAL +
tracker:
— No hadronic activityEHCAL [ EECAL < 0.08

— less than 3 tracks with p, > 2 GeV/c in
AR = 0.15 cone around candidate

— Sum(Pt) of all tracks with p,>2 GeV/c in
AR = 0.2 cone around canciidate must
be < (1+0.34)ESuperc!
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Lepton selection: muons

: : & 1

Muon candidate selection g
E 0.8_— —
0.6i |

 Match muon track with track in :
the central tracker °'4: g
0 mi<2.5 ]
. . . . o IR AT RTRUTTEY UYL FRTTY NNUTY FYRTY ST SUVIL PO
* Require isolation in tracker and 0102030 4050 80 70 Lo
calorimeter N e R R
— Sum(Pt) of all tracks in AR = 0.25 5 o8 :
cone around muon candidate < 2 ol i

GeV :
0.4 a

— Energy in calorimeters in AR = 0.3 [
cone around muon candidate < 2 3 pr>10 GeV/c :
GeV N R
n

V. Brigljevic Dibosons with CMS LHC Days in Split, October 2006 14



ZZ Event selection

- Find 4 electron candidates ___ 2 entries per event

— Ordered by P,, must satisfy: i“§1ooo‘_ S
P, > 30, 20, 15, 10 GeV/c 8 | j
— In|<2.5 S 800f .
é 600|- .
« Form Z candidate: i | Contribution
— Combine e*e" pair oo .
— 50 GeV < M(e*e’) < 120 GeV 200k :
— Order Z's according to nearness to MZ _ ]
* Z1and 22 % 60 70 80 90 100 110 12
M(e'e’), GeV/c®
* Form ZZ candidate « 71 biased towards true Z mass
— Combine two non-overlapping Z's and higher p, lepton

« Consider Z1 and Z2 on equal
footing
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ZZ best candidate selection

 Best Z association:

— possible ambiguity in lepton assignment ZIG 70

— Choose ZZ pairing with masses closest to 2

PDG Z mass 2N 7N
€; €-> €3 €y

Correct pairing for ~100% of all on shell ZZ
events \></

« Best ZZ candidate

— Due to fake electrons more than one ZZ
candidate can be formed (2.5 % events)

— Retain pair with highest p, non common
lepton

Correct choice for 98.3 % of events
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WZ Event Sele

ction

Selection / Background rejection Strateqy

 Find 3 isolated electrons or muons with no lifetime

p>10 GeV/c and |n|<2.5

SUOO_I_.lllllllllllllIIII|IIII|IIII

— WZ 3l
u |mpact parame1 e e B e
] T T m4000'_ ............ eebb
. Forchandldata , i F | 0l mumubb
lat n tracker : ;
— Combine sameﬁfl He-charge gl & sooof-
— | N/1+1-Y Z N PDG | <. / i u [
L L i S b i - ' oz @ T S
6wl wz 758 “F
o W 0 ST
'E 'E e84
0 1n® j- 0 o
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10 |-

1_..I o By s 0 Ve s ey o by,
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° INO Jel willl I:t'“"
— Do not consider jet
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ZZ—4e expected
signal & background

M(e*e) after all cuts
(2 entries per event)

% 505 cMs B ggng’ | Expected signal and background yields 1for 1 and 10 fb;1
o Tt =Y E Efficiency, % Neyents/1Tb™ Nevents/10fb™
— __ oL —]
F Bzbb [] oy 45 0.16 1.60
5 = N 1 7% 0.07 0.08 0.84

ot 1 & 0.06 0.12 1.22

; |  Total background — 0.36 3.66
10F T 1 S5t — 4.8 13.1
550 70 80 90 i00 110 12

M(e'e), GeVic: Nearly background free!
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WZ — 3] expected
s:gnal & background

18 CMS -zz_4e .
faf =zzzeemu 1 M(I*]7) after all cuts

N — -1 [ leebb ] .
op L=117H mmne [ 4 channels combined

) (3e,2e1u,2u1e,3u)

Entries / 0.9 GeV/c?

8
o Presence of peaking backgrounds:
4r
A */bb
: | L ki «ZZ (irreducible)
% 75 80 85 90 9 100105110111
M(I* I), GeV/c® Expected signal and background yields for 1 fb-1
eTete™ pufeTe™ efutpu~ puTutpu~ Total Efficiency, %
WEZ0 = ket 148 26.9 28.1 270 968 6.1
7070 0.63 1.54 1.50 151 519 47
! PRy tt 0.93 1.55 - 031 279 0.02
H_Igh SIQ_mﬁcance utu=bb = = 6.54 4.9 11.4  0.005
in the first fb-1! ete 1.21 1.82 - = 303 0.005
Total background 2.8 4.9 8.0 6.7 225 -
S 53 73 6.5 6.6 _
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Systematic uncertainties

z]

Systematic uncertainties on cross section

Source of systematic uncertainty [ Ldt = 1fb~1 [ Ldt =10 b+

Syste:mat.ic source Cross section  Significance Luminosity 100 50
LLlIIlll]OSl'[y 10.0 — Trigger efficiency 1.0 1.0
Trigger efficiency 1.0 1.0 Background subtraction 0.6 0.6
0 * i
Electron identification 2.6 5.2 2" sublraction 1.2 1.2
i ) ] Electron identification 4x%2.0 4x1.5
Muon identification 3.4 6.8 Total 2.9 79
Jet energy scale o 2.0
Z°bb subtraction 12.0 12.0
0 70 : . L T
4" 7" — 4l subtraction 4.0 4.0 Systematic uncertainties on significance
inlunceﬂa‘my — 23658 Source JLdt—1fb ' [Ldi—10M !
of : : Trigger efficiency 1.0 1.0
Background subtraction 0.6 0.6
Z%~* subtraction 1.2 1.2
Electron identification 4 x 2.0 Ao 1
PDF and QCD scale factor 6.4 6.4
Total 18.4 14.9
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WZ and ZZ Discovery Potential

ZZ—4e signal

sign

ificance

WZ -3l s

ignal sig

nificance

G e
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Ideal simulation -
--------- miscalibration =
........................... SyStematIC eﬁ:ects _:

S =+2InQ, Q=(

1+ —=
NB

Ns+Ng
N j

Ideal simulation —
--------- miscalibration

........................... Systematic effects___
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|_
0 010203040506 070809 1

Ldt, fb”

5 o discovery at:
«ZZ :~1 fb
*WZ : ~150 pb-1
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Summary

 We have investigated the discovery potential for the SM
reactions pp — ZZ — 4e and pp — WZ — 3l (I=e,u)

« Signal and background samples were processed through
the full simulation, reconstruction analysis chain of the
CMS detector

« For 1 fb! we expect:
— 7.1 signal and 0.4 background events for ZZ — 4e
— 97 signal and 23 background events for WZ —3l|
Expect to establish those signals already in the first run

Possibility to Probe anomalous gauge couplings already
with a few fb-
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Reference

Study of Di-Boson Production
with the CMS Detector at LHC,
CERN-CMS Note 2006/108
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WZ event
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Emax = 22.3 GeV
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k-factor

e il T e S o G R Tl I e P o o o R il SR S il 50

150 200 250
P+(Z°) (GeV/c)

k-Factor

i I BRI EFRErE I
20 40 60 80 100 120 140 160 180 200
2-lepton pr (GeV)
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WZ yields by category

Events / 0.9 GeVic®
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MET: why not use it?
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WZ Event Selection

* Find 3 isolated electrons or muons
p>10 GeV/c and |n|<2.5

 Form Z candidate
— Combine same flavour opposite charge pair
— | M(I*F") - M_PPG | < 20 GeV/c?
— Veto event if more than one Z candidate

s s AN AN AR

i ety :

 Find third lepton (from W) o S mumubb .
- P,>20GeV/c 3000 E

— If more than one candidate, select the one : S— :
2000[- ey 5 .

» No jet with E/av > 25 GeV tooo}- . .
— Do not consider jets close to the 3 leptons ot Lo b :

6
Number of jets
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u isolation in tracker
Sum(Pt) in cone around p

. — u impact parameter significance
'_i; A 25 E.“E 1 S S TH T S T 1]
0 10 WZ =g W '
T : 3
E 1a*

10
1

_;,:I 1 I ] ] ¥ ] 1 L] 1 4 £ .‘“_-"
E 1° - = E E
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Alex Oh's presentation
"Physics at LHC *
Vienna 2004

charged TGC ©)

« Strategy Wy

w 10 3
g — Binned log likelihood fit to p+(y)
5 107 distribution.
S . — Use parametrised p; spectrum (Ax, A)
= from BHO NLO generator.
1 L - s T Luminosity | CMS Predictions | TeV2000 Predictions
Pty GeV (fb—1) Ar A Ak A
208 E 1 + 034 [ £0.0034 | £ 04 +0.12
B0o ¢ 10 +0.17 | £0.0019 [ £0.2 + 0.06
o 0-% . 100 + 0.10 | £ 0.0009 - -
02 F
83 : Age=2TeV e [ A=2 TeV
-0.8 — . . . 0.004 F 95% CL
- 500 1000 1500 2000 K
Pty GeV 0.002 I (\
L EP2 combined: o &
Parameter 68% C.L. 95% C.L. Limits with .0.002 |-
- : ) L=100fb-" improve [
g% 0.99170922 | [0.949, 1.034] DT, . ok
Koy 0.984709%2 | [0.895, 1.069] magnitude for A -
Ay —0.0161 31035 | [—0.059, 0.026] 'O'OOG-Ojs 04  -02 0 0.2 0.4 0.6
AK

CMS NOTE 20017056



Alex Oh's presentation
"Physics at LHC *
Vienna 2004

charged TGC S)

* A dependence

=, ) -, = T
:'g \ PE— Wy +X § N e
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1 i 3 4 5 & 7 ] O 10 10 1 2 3 4 5 E T 8 9 10
CMS NOTE 2000/017 Aee [TeV] Age [TeV]

32



Alex Oh's presentation
"Physics at LHC *
Vienna 2004

neutral TGC

= . 0 — |2?0| | .4?0. . .6?0. | .8?0. | |1?0:? —~ ° Z;Y Channel
@ 3 -~m- (doM°/dpl)/(dc rdp! = : leali :
o f = oTipdo TR | 2 — binned log likelihood fit to p(y)
e 1 s distribution.
— 1 i = .
- N e Pty — NLO taken into account
g\ C
s 12 x10 "%
10 E b os [CMS (Vs =14 TeV) pp — Zy +X
z St
_2: — do™/dp; -1 06 |
[ — do"Crap! 0.4
[ pp = Zy+X = I'Ty +X 0o
10 N - BAUR MC / Standard Modell / Vs = 14TeV |
3 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 I_ D Ng 0
0 200 400 600 800 1000 = -
CMS NOTE 2000/017  p; [GeV] 02 | e
C it
L EP2 combined: 04 |
1z [—0.20, + 0.07] 06 e
hi [—0.05, + 0.12] os L i e 68% CL
' C * SM
I I-IO.OO‘ZI I-IO.C)OI'I III 0 — [IZI.OO'II - tIZI.OOZI -

hgo CMS NOTE 2000/017

Limits with L=100fb-! improve by
3(5) orders of magnitude for h,(h,). —-6.5-107% < hSZO < 6.4-1074
-18-107% < hf, < 1.7-1076




Alex Oh's presentation
"Physics at LHC *
Vienna 2004

neutral TGC

* Arr dependence

LM% NOTE E{I{I{If{ll? ‘pp—>Zv+X

-
o

3 CMS NOTE 20000017 pp = Zy+X.
3 o Zj> 1

'
b

sensitivity

o sensitivity

CMS (Vs = 1;4 Te\jr)
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