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Overview

+* Test of the standard model
+*»* Irreducible back ground to new physics searches and Higgs
boson analyses
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» Wy, Zy production
» WW/WZ production
> 7Z production q—— vy e v,
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EWK-11-009

Zy->lly / Wy->lvy

77TeN

>lvy
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Signa

Signature Zy->llv

Single lepton + E™ +y

Event selection

two leptons +vy

Event select

on

> 20 GeV, |n'
p;¥ > 15 GeV, |nY |<2.5

> 35 GeV, |n'|<2.5(2,1), |=e(p)

Pr

4), 1=e(p)

|<2.5(2.

Pt

V, [nY |<2.5

Y>15 Ge
AR(l,y)>0.7,

Pr

M;V>70 GeV
only one lepton

Background

t

Jets mimicking photons is dominan

background. Using data-driven methods

to estimate most of them.

FSR

ISR

\s=7 TeV

AR(l,y)>0.7, m,> 50 GeV
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7TeN

WYy / Zy cross section EWK-11-009
CMS.L=5.0 ﬂ:la'] | \s=7TeV CMS, L =50 fb’ _ \s=TTeV
i B MCFM (a) ] - I McEM (b) 3
10° 3 — Weevy E __ —e— Z(ce)y ]
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77TeN

Signature:
Etmiss + V
Event selection:

o, > 145 GeV, |nY |<1.4

E,™ss> 130 GeV,

pe<40 GeV, p,rcks<20 GeV

v'Large instrumental and non-collision
backgrounds — estimated with data-driven

methods

Source Estimate
Misidentified jets 11.2 £ 2.8
Beam-gas processes 11.1 £5.6
Misidentified electrons | 3.5 & 1.5
Wry 3.3+ 1.0
0% 0.6 0.3
v+jet 0.5+ 0.2
Total 30.2 6.5
Z~ — vvy (NLO) 45.3 £6.9

data 73

Zy->vvy SMP-12-020
CMS,L=50fb" Vs =7 TeV
> 2 FT T | T T 1 | T T T T | T T 1 | T T T T | I T 1T 1797
8 10 E —e— Data 3
Z G422 Zy—> vy +bkg ]
g1 0 e TGCh%=0003 +bkg 3
5 jet—y ;
LE 1% | Beam-halo -
R y+jets, Wy =
101 EL Woe -
t :
Wl 2z 777777777777 SRR R 3

Ll b
E (GeV)

Measured cross section (p;Y>145GeV, |nY |<1.4):
21.3 £ 4.2 (stat.) £ 4.3 (syst.) £ 0.5 (lumi.) fb

Theoretical(BAUR) cross section:
219+1.1fb
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g TeV

Signature:
Four leptons I'I*I”1¥, |=e,y, I'= |=e,y,t
Include Z->tt for the second candidate

Event selection:

p; > 20(10) GeV, leading(other) lepton(s)

In'1<2.5(2.4), I=e(p)
60< m; < 120 GeV (each pair)
20/30 < m_<90 GeV (ep/other)

Background:
Jet is misidentified as lepton in WZ/Z+jets
and tt. Data driven estimate — control
region with relaxed isolation.

2Z->1I'Y

Decay
channel

TEXP
I\IZZ

Background

Total
expected

Observed

MM
LBeee
Hpee

77.32+0.29+10.08
55.28 £ 0.25+7.64
136.09 + 0.59 = 17.50

1.19 +£0.36 +0.48
216 £0.26 - 0.88
235+0.344+093

78.51+0.49 +10.09
5744 + 037 £7.69
13844 +0.70 £ 17.52

75
54
148

—_—
n
[

Eventis / 25 GeV
o
[
|

| Total (/11

22,65£0.05+£294

19.51 £2.15+£5.85

4216 £2.28 £ 6.87

47

SMP-13-005

CMS Preliminary Vs =8 TeV,L=19.6 b’
[ [ j

« DATA

ZZ ]
47 Wziz + jets

'

600 800 1000
m,.. (GeV)

400

200

Measured cross section pp->ZZ:
7.7 £ 0.5 (stat.) 9> ,(syst .)
+ 0.4 (theo.) £ 0.3 (lumi.) pb

Theoretical cross section :
7.7 £ 0.6 pb (MCFM, qq(NLO),gg(LO))
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g TeV 22->212v SMP-12-016

CMS Preliminary 2012, j L=19.6 fo”", ys=8 TeV

b-tag veto for jet with p;> 20 GeV
no jets with p;> 30 GeV, lepton veto 50
reduced — E,™'$ >65 GeV

Signature: | | § 300F ' [ 22 - 2ov e
Two opposite charge leptons + E,™* E ssob oo E
Event selection: S & [ ]2 2 (ate ]
p; > 20 GeV, I=e,p 200;_ [ top. W, Wejets (data) _;
(m“_91)< 7.5 GeV 150:_ _:
di-lepton p; > 45 GeV

100~ -

. . 0
A@(E,™=5,1)>0.2, Ap(E, ™S, jet)>0.5 3
Background: a 5 e
[7)] Lo P . R R P R A
WZ’ Z+jets’ WW’ tOp -8 0 50 100 200 300 400 1000
Reduced MET [GeV]
-> 77 -> 212v cross sections at 7 and 8 TeV .
] pF’ ) Measured pp->ZZ cross section:
Channel el 6.8 + 0.8 (stat) *8_, (syst)
7 2 7 i [] i
ee 2847101 (stat) 7% (syst) £ 10 (lumi) 22445 (stat) 72} (syst) +9 (lumi) 0.3 (lumi) pb
pp 1357 (stat) T3 (syst) =5 (lumi) 3057 (stat) TG (syst) £13(lami) | Theoretical cross section :

Combined  192'% (stat) '] (syst) =7 (lumi) 26172 (stat) 7L (syst) +11 (umi) | 7.7 £ 0.6 pb (MCFM, qq(NLO),gg(LO))

7
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g TeV

Signature:

Two opposite charge leptons + E s

Event selection:

WW->2|2v SMP-12-024

p; > 20 GeV, 3] veto >10 GeV

no jets with p;> 30 GeV

E,miss > 45/45/20 GeV (ee, pu,ep)

m,-m,> 15 GeV (ee, pp)

m,>12 GeV (ee, up)

di-lepton p;> 45 GeV
Background:

V+jets, Top, VV

Channel Pl
W W~ 684 + 50
tt and tW 132 + 23
Wjets 60 + 22
WZ and 272 27 +3
Z [y +Hets 43 +12
Wepls) 14 +£5
Total background 275+ 35
Signal + background 959 + 60
Data 1111

CMS \s=8TeV,L=3.5fb"
[ T T T T T T T T | T T T T [ I_
-~ DATA

WW
R
s B Z+jets -
150 B W + jets ]

Events /5 GeV
N
o
(@]
|

top

I iV stat @ syst ]
100 - @ -

OF ot _@ﬁw ;

B Hven ., I

0 L~ &, | ] W
0 50 100 150

P [GeV]

Measured cross section
69.9+2.8(stat)+5.6(syst)x3.1(lum) pb.

SM: o,,,,(NLO) = 57.3*23 | pb
(Higgs contribution @ mH125 GeV: +4%)
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7TeV g TeV WZ->3lv SMP-12-006

Signature:
. rd miss CMS Preliminary Ys=8TeV,L=19.61fb"
Two opposite charge leptons + 3™ |+ E, —_———
Event selection: | —#- data {1480) Wz 05 4
Z reconstruction: L R aliass) o .
) WZ (1184) WV (38)
pT' > 20 (10) GeV " [l data-criven (149) WV (3) iy
71<m;<111 GeV (and closest to m,) 200 I~ 7

W reconstruction:
pT' > 20 GeV,Etmiss > 30 GeV

Events / 10 GeV
|
+
_._
1

Background:
» Fake lepton - real Z plus a jet faking a
lepton — the dominant background- -
= Non Peaking - no Z boson (e.g. tt) ¥ 42 1
* Prompt Lepton - real Z and an isolated [ **m, 920 6o0e ]
lepton(-like) object (e.g. 7Z, 7).

100 ﬁ ++ —

Measured pp->WZ cross section:
20.8 + 1.3(stat.) £ 1.1 (syst.) £ 0.5(lumi.) pb @7TeV
24.6 = 0.8(stat.) £ 1.1 (syst.) £ 1.1(lumi.) pb@8TeV

; é""'""l"‘"**mﬂhﬁ J# + . +.J..tl

4 F

data / prediction - 1

0 100 200 300 400
p. [GeV]

» Consistent with NLO predictions: 17.8*%7 ;. and 21.9*12 .. pb
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AL WV->lvjj

Signature:
lepton + E,MS + jets
one W boson decays leptonically (I = e,m)
the other boson (W or Z) decays hadronically (jj)

Event selection:

p; > 35(25) GeV, I=e(p)

|n'|<2.5(2.1), I=e(p)

M;V>50(30) GeV, I=e(u)

E,Miss > 30(25) GeV, I=e(p)

p/t > 35 GeV, |n*t|<2.6, jet b-tag veto
Background:

W+jets(dominant), top, Z+jets,

jet -> | misidentification.

Measured cross section pp -> WW and pp-> WZ
68.9 * 8.7 (stat.) £ 9.7 (syst.) £ 1.5 (lum.) pb

SM (NLO): 65.6 + 2.2 pb

Events / GeV

100

50

1 1
100

SMP-12-015
- CMIS . ledt=]5.(l)fb'1l, /s =7 TeV
8 |mives (@)
- top

~~1500~mm QCcD -
i) i Z+jets

GC) e data

> L

L1000}

50 150
m; (GeV)
CMIS I/let=|5.qu'1l, Is =7 TeV |
- (b) e -
Uncertainty
|
1 r ot
50 100 _ 150
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g TeV VZ->Vbb

Signature:
Two b-jets+ EMss+ 0,1,2 leptons

Event selection:
2 b-jets (|n|<2.5), m;<250 GeV
0l(Z ->vv): E;™ss > 100 GeV
1(W =>Iv): E;Miss > 45 GeV
21(Z =>11): 75GeV < m,< 105 GeV
Fit of multivariate discriminant/ m,

Background:
V+j, top, VH

Measured cross section pp -» WZ

Entries / 15 GeV

SMP-13-011

L EL L AL B L L L A I

900— CMS —o— 3;:;5) CIw+b —

= _ _ - [ -

800 = Vs= 8TeY, L=18.9fb" 1 VWaudscg = :’%’wdscg E

— pp > VZ;Z —bb I VH (125 GeV) ) -

- [ ]Z+bb [ Single top .

700 CJZ+b —— VH(125GeV) 7

= [)Z+wdscg  — VZ(bb) =

600 [_IW+bb £%% MC uncert. (stat.) —

500 — —

400 — —

300— —]

200— —

100

19E aor=v4a [ sutumcertonTot MG |
12t
3 1

S0.8E ]

0.6 . . . . —

0 50 100 150 200 250

m, - [GeV]

30.7 £ 9.3(stat.) £ 7.1(syst.) £ 4.1(theo.) £ 1.0(lumi.) pb

Measured cross section pp =» ZZ

6.5 £ 1.7(stat.) £ 1.0(syst.) £ 0.9(theo.) £ 0.2(lumi.) pb

SM (NLO, 60 <m_< 120 GeV),
6,,= 7.7 £0.4 pb,
oy~ 22.3 1.1 pb

11
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Multi-boson Production cross section

Feb 2014 CMS Preliminary

— 7 TeV Theory prediction
— 8 TeV Theory prediction
£+ CMS 95%CL limit

¢ 7 TeV CMS measurement (L <5.0fb™)
¢ 8 TeV CMS measurement (L <19.6 b7
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Triple Gauge Couplings

+* Predicted by the Gauge structure of the Standard
Model 4 V!

70
TGC
s*Neutral TGC (ZZZ, ZZy, Zyy) are forbidden at tree level

by the SM q \&

*SM predictions: A =A,=0, g,*=K =K, =1

“+aTGC modeled using an effective Coupling

Lagrangian depending on few

parameters A AKV’ )\V L,
WW<Z Ag.%, Ak, A,  WW, WZ
vaTG.C modlfy total cross sections 77y h? h,2 Zy
and kinematics
Zyy h;¥ h,Y Zy
“+aTGC sensitivity to MYY’, p;Y, etc... 777 f,2 f.2 77

ZyZ AZA 74




Charged aTGC limits

v' Comparison with other measurements from LHC, LEP and Tevatron

Feb 2013

Feb 2013

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

14

| I | | I | | I | | | | L | | I | | | | | | | L, | | | |
g e e
DO Limit A DO Limit. o
LEP Limit = LEP Limit -
: -0.043-0.043 4.6 b
W 0.410-0.460 460" — WW
Ak, Wv o0 oan a0t Ax, - WV 20.043 - 0.033 5.0 fb"
! NS e LEP Combination -0.074 - 0.051 0.7 f”
I WW 0.210-0.220 49 b \ — WW -0.062 - 0.059 46"
—_ Wy -0.110-0.140 50 fp’! z — WW -0.048 - 0.048 49 b
e DO Combination  -0.158 - 0.255 8.6 fb” — Wz -0.046 - 0.047 46"
e LEP Combination -0.099 - 0.066 0.7 fb™ H Y -0.038 - 0.030 5.0fb"
A — Wy -0.065-0.061 4.6 " Re DO Combination  -0.036 - 0.044 8.6 b
Y — Wy -0.050 - 0.037 5.0 b ad ‘,I;VE»,_,\P; Combination gggg : 88; gg gl
|_| . _ -
-0.048 - 0.048 A : : :
- W 491 Ag? — WW 0.095-0.095 4.9 o
HH DO Combination -0.036-0.044 861b o DO Combination  -0.034 - 0.084 86 fb-"
H LEP Combination -0.059-0.017 0.7 fi! H LEP Combination -0.054 - 0.021 0.7 fb
| | L | | | L L | L | L L L L | L L | L L L | L L L L ‘ L L L L | L L L L | L | L L | L L L L
-0.5 0 0.5 1 1.5 -0.5 0 0.5 1 15
alGC Limits @95% C.L. aTGC Limits @95% C.L.
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Neutral aTGC limits

v' Comparison with other measurements from LHC and Tevatron

Feb 2013 Mov 2013
| | | | | | | | | | | 1 | | | | | | | .I . | | | | | | | | | | | L | | | | |
ATLAS Limits — ATLAS Limits —
CMS Limits — CMS Prel. Limits —
CDF Limit =
_ _ -1
g m amawww| g T 2 omeotmen
3 H z 10.003 - 0.003 5.0 fb" ' ' '
¥ . . o — ZZ (212v) -0.004 - 0.003 5.1, 19.6 fb'
P Zy -0.022 - 0.020 5.1 fb fZ 77 -0.013-0.013 46"
iz — Zy -0.013-0.014 4.6 b 4 — 7z -0.004 - 0.004 19.6 fb™
3 H Zy -0.003 - 0.003 5.0 b - ZZ (212v) -0.003 - 0.003 5.1, 19.6 fb"'
— Zy 20.020 - 0.021 5.1 fb" £ — 2z -0.016-0.015 4.6 fo”
-1
, Zy 0.009-0.009 46 5 — 7z -0.005 - 0.005 19.6 fb 1
h:x100 ] — ZZ(212v) -0.004 - 0.004 5.1,19.6 fb
4 Zy -0.001 - 0.001 5.0 b 0.013-0.013 3
— Zy -0.009 - 0.009 4.6 b fg — Z :0-005 0-005 :f be fio!
h2x100 ) 005 - 0.005 19.
H Zy -0.001-0.001 5.01b — ZZ (212v) -0.004 - 0.003 5.1, 19.6 fb”'
L L | L L L L | L L L L | | L L L | L L L L | L L L L L | L L L L ‘ L L L L | L L L L | L | L L | L L L L
0.5 0 0.5 1 15  x10° 0.5 0 0.5 1 1.5  x10°
aTGC Limits @95% C.L. aTGC Limits @95% C.L.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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4 13\1 vv->ww FSQ-12-010

CMS,Vs=7TeV, L=5.05fb’

8 I I I I
\/ pp% VV(e WW)p*p* With forward 7 ® Data - Drell-Yant*t
scattered protons escaping detection. ;l_mlusive ww !\Tﬁt ww

Protons stay intact, or dissociate

Elasticyy — 1t = Inelastic yy — '

Events/100 GeV
0)]

into an undetected low-mass system e E
v' Reconstruct a vertex with ar ) Wy we

WW-u*e or we*(opposite flavor) 3L >< K -
v’ lepton p;>20GeV, |n|<2.4, oF | E
v m,>20GeV, p,'>30GeV F w " "

v’ no extra tracks from the pe vertex.

i | Lo ]
0 200 400 600 800 1000
m(ep) [GeV]

Backgrounds:
Inclusive W*W-, Drell-Yan to tT,
Yy = Tt

CERN

26 DReDES 311 GEST

The SM expectation is 2.2 + 0.4 signal
and 0.84 * 0.15 background events.
Two signal events are observed

Measured cross section: 2.2*33, / fb SO0 TN
SM:3.8%0.9 AN NS

16
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g teV WVy -> lvjjy

Signature:
lepton + E,MSS + jets +y

One W boson decays leptonically (I = e,m)
The other boson (W or Z) decays hadronically (jj)

Event selection:
p;¥ > 30 GeV, [nY|<1.44
p; > 30(25) GeV, I=e(p)
|n'[<2.5(2.1), I=e(p)

MW>30 GeV, E;™*> 35 GeV, 70<m;<120 GeV
p/* >30 GeV, |n*t|<2.4, jet b-tag veto

Background:

Wy +jets(dominant), top, Zy +jets,

jet->y misidentification.

Limit on SM cross section at 95% CL
(p;¥ > 30 GeV, |n¥|<1.44): 311 fb

SM (NLO): 91.6 + 21.7 fb

CMS JLdt=1
T

SMP-13-009

9.3fb" V{s=8TeV

T
—&$— Muon data

KZZZ] MC uncertainty

SM + 2% / A% = 50 TeV?

Events /42 GeV
o o o
N w =S

-
o

L e LI A o o o
-jet5~>y

Zy+jets

- top quark

\HHH‘ IHHIJJJ HHHH‘ IHHLIJ_u

101
10° ;?" ' =
[ = =
g 1 —* + -
E ¢ ‘ R
100 200 300 400
Photon E; (GeV)
Process Muon channel Electron channel
number of events number of events
SM WW+y 6.6 £1.5 5.0+1.1
SM WZy 0.6+0.1 05+0.1
W +jets 13694105 101.6 &= 8.5
WV+jet, jet — 7y 33.1+438 21.3+3.3
MC tty 12543.0 91422
MC single top quark 28408 1.7+£06
MC Zy +jets 1.7+0.1 1.5+0.1
Multijets — 72451
Total prediction 19424+ 115 147.9+10.7
Data 183 139

17
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Anomalous Quartic Gauge Couplings

» Effective lagrangian parameterizes low energy effects of BSM physics

» Different realizations for quartic interactions
¢ nonlinear realization of SU(2) xU(1) - lowest order genuine quartic
interaction: dimension 6 (arXiv:hep-ph/0310141)
*s*linear realization - lowest order genuine quartic interaction:
dimension 8 (arXiv:hep-ph/0606118)
» Parameters conversion from the nonlinear realization to the linear
realization. The linear realization has parameters with no analog in the
nonlinear realization

Variety of parameters available that modify quartic couplings.

WWWW | WWZZ | ZZZ7 | WWAZ | WWAA | ZZ7ZA | ZZAA | ZAAA | AAAA
Cs0, Ls1 X X X 0 9) 0 0 0 0
Laro, Lar1,Lm6 La7 X X X X X X X @) O
Laro Lara, Lara Lys O X X X X X X O O
Lro ,L11 .Lra X X X X X X X X X
Lrs Lrg L7 0) X X X X X X X X
Lo ,LT9 O O X O O X X X X

http://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling

18
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AQGC limits

s The yy > WW analysis interprets the results in terms of LEP-like
“dimension-6” yyWW AQGC's.

—4.0x107% < a) /A? < 4.0 x10°°GeV 2 (af /A% = 0,no form factor),

_15x%x 1070 <

ay /A? < 1.5 x 107°GeV~2 (a) /A% = 0,no0 form factor).

** The WVYy results are Interpreted in terms of both dimension-6 and
dimension-8 (linear) anomalous WWyy and WWZ2y couplings

Observed limits

Observed limits (TeV ~%) Expected limits (TeV —4)

Expected limits

—21< aV/ A%< 20TeV~*
—34< '/ N2 < 32TeV 72

~25< fro/ A%< 24TV ™% —27< fro/ A%< 27TeV™*

—12< k{'/ A2 < 10Tev 2
~18< kY/ N2 < 17TV 2

—-77< fyo/ N < 81
—131< fy /A%< 123
-39< fya/ A%< 40
-66< fms/A*< 62

~89< fyo/ A%< 93
—143 < fy 1/ A%< 131
—44 < fyo/ N* < 46
—71< fus/ A%< 66

—24< aV/N?< 23TeV~*
—37< all/ N2 < 34TeV ~*

—12< k{'/ A2 < 12TeV ~?

W/ a2 -2 . imi
—19< ke /A° < 18TeV Translation of the limits on WWyy

First limits on CP-conserving
WWZ2y couplings kW, k,W

a0OW and aCW (dimension-6) to
limits on f,,, (dimension-8).
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AQGC - WWyy limits comparison

Orders of magnitude better than LEP and Tevatron limits on WWhyy.

LEP L3 limits — CMS WWy limits —
July 2013 L
Y DO limits CMS yy —> WW limits .
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L Vs
Wwy [- 15000, 15000] 0.43fb™ 0.20 TeV
vy — WW  [-430,430] 9.70fb" 1.96 TeV
] WWy [-21,20] 19.30fb7 8.0 TeV
2 2
ay/A” TeV
T vy — WW [- 4, 4] 5.05fb? 7.0 TeV
WWwy [- 48000, 26000] 0.43fb7 0.20 TeV
vy — WW [- 1500, 1500] 9.70fb™" 1.96 TeV
, , Wwy [-34,32] 19.30fb7 8.0 TeV
W -
ag/A” TeV
[ NI NN NN NE NN NN YY_> WW [' 15, 15] 5.05fb-1 7.0 TeV
WWy [-25,24] 19.30fb7 8.0 TeV

fro /A% Tev™?

-10°-10%*10%10%2-10 -1 1 10 102 10° 10* 10°




Summary

> Processes with multible bosons in final state has been
studied

v'Production cross section have been measured and
is found to be in agreement with the standard
model prediction

v'Contribution from anomalous triple and quartic
gauge coupling is not observed — limits are set
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