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Overview

+* Test of the standard model - cross section measurements

» Wy, Zy production > exclusive yy -> WW

» WW/WZ production » WVy production (limits)
» 77 production

+*»* Irreducible background to new physics searches and Higgs
boson analyses

** Probe boson self-interactions, search for anomalous couplings

» Triple gauge couplings d v
v" Di-boson production oo
v" EW production of single vector boson (not v '
covered by this talk) g 2
»Quartic gauge couplings d v
v" Tri-boson production QGC vertex

vV,

v' EW di-boson production v




Summary of Run | results from CMS

\
D

Channel(final state) 7 TeV 8 TeV RGCG’T;;V;\\
Wy (lvy) XS,AC tes/
Zy (lly) XS,AC XS,AC
Zy (vvy) XS,AC
WW(Ivlv) XS,AC XS,dX,AC
WZ(3lv) XS XS
72(41) XS,AC XS,dX,AC
77(212v) XS,AC XS,AC
WV(Ivjj) XS,AC
VZ(Vbb) XS
yv->WW(II) XS,AC
WVy(lvjjy) XS,AC

XS: cross section ; AC: limits on aTGC or aQGC; dX differential cross section




Typical signature — multi bosons

Signature for combination of y,W,Z:

\/

** Leptons/photon

» High p,, isolated muons/electrons and/or photons
s Z bosons

» Reconstructed invariant mass — window cut
s* W bosons

\/

% Large Missing E;from undetected neutrino

\/

** Transverse mass selection cut (typically)

Vg

Di-boson Tri-boson VBS




Typical backgrounds

oV + jets
» High p;leptons
» Jets misidentification as
lepton/photon
» Lepton/jet outside of the
acceptance leads to missing E;

¢ TTbar and single top
** Prompt isolated lepton from W
bosons
** Large missing E;

¢ Other multi-boson processes
¢ Appear as background to each other

V+jets

ttbar




g TeV Zy->lly SMP-13-014

Signature Zy->llv: Differential cross section
' CMS 19.5 fo" (8 TeV)
tWO |eptons * v * Data combined: ppy, eey
Event selection: - I o | Inclusive
pT' > 20 GeV, |I’]I | <2.5(2.4), |=E(|J.) 6| I MCFM (NLO)
E.-¥Y>15 GeV |I’]V |<2 5 - [l SHERPA (LO) up to 2 partons, stat. unc. only
T ’ .
AR(l,y)>0.7, m;;> 50 GeV
Background:

)

) / (dohN-O/dp!
> o n

—
i
T

Oinci /dp:—
oW
| |
-
H-—

Dominated by DY + non-prompt photons ~ 08
0.6
Two template observables (shower shape, 20 30 4050  10*  210° ol (GeV)
isholation) buseo(; to measure the yield independently, _,oMs 19.5 o (8 TeV)
then combined. o . b combined: :
T gf * Datacombined: uuy, ey Exclusive
Uncertainties dominated by template statistics and £ 1 8: I viCFM (NLO)
FSR contamination ?836 1-6:_|:|SHEFIPA (LO) up to 2 partons, stat. unc. only
— 14-
Total inclusive cross section: <} 125
. g
o = 2063 £ 19(stat) £ 98(syst) + 54(lumi) fb S o4
SM: o,, (NLO) = 2100 £ 120 fb - 0'6?_

SM: o, (NNLO) = 2241 + 22 fb

20 30 4050 107 2x10°
IDT



http://cds.cern.ch/record/1993234?ln=en

77TeV Zy->lly / Wy->lvy  Phys Rev. D 89, 092005

Signature Zy->lly: Signature Wy->lvy :
two leptons +vy Single lepton + E;™ss +y

Event selection: Event selection:
p; >20 GeV, |n'|<2.5(2.4), |=e(u) p; > 35 GeV, |n'[<2.5(2,1), I=e(p)
p;¥ > 15 GeV, [nY |<2.5 p;’ > 15 GeV, |nY |<2.5
AR(l,y)>0.7, m;> 50 GeV AR(l,y)>0.7, M;V>70 GeV

only one lepton

CMS. L=5.0 fb' _ s=T7TeV_ CMS, L =5.0 fb' Vs =7 TeV

B McEM : 8 B McFEM i
Background: ok —e— Zeon ®] 107 e W @ |
. F —m— Z(ppyy E E —=— W(uv)y
Jets mimicking _/é- S —a&— Combined E i\é‘ :_._._L —h— Combi:ed .
= L | = 1og E
photons is the Z S -
dominant L - - | . . :
So'E E & |
background. 5 I S = i
Using data-driven 102 i v E
methods to : : '
estimate most of 2 2
th dzl.S* — NEI'S_ —
em. S5 1 | ST
[ ()
= 0.5 - = 0.5 ]
0 0

15 60 90 15 60 90
p¥ threshold (GeV) p¥ threshold (GeV)



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.092005

77TeN Zy->VVY U High Energy Phys. 10 (2013) 164

Signature:
ETmiss +y
Event selection:
p;’ > 145 GeV, |nY |<1.4
E,Miss> 130 GeV,
p/°¥<40 GeV, p;acks<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
Yy 0.6 0.3
v+jet 0.5+ 0.2
Total 30.2+£6.5

Z~y — vvy (NLO) 45.3 +6.9

data 73

CMS,L=501b" {s=7TeV
> 2 FT T | T T T T | T T T T | T T T T | T T T T | T T T3
8 10 E —e— Data IE
Z Ot S22 Zy—> vy +bkg ]
g 1w 0 e TGCh%=0003 +bkg 5
5 77 jet—y E
LE 15%%5 | Beam-halo -

+jets, Wy 3

e ! :

10_1 k - | W—ev -

# :

Wl 7777777777 SR R R R R R 3

10 E
107

E} (GeV)

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

SM: o, (NLO,BAUR) 21.9 + 1.1 fb



dx.doi.org/10.1007/JHEP10(2013)164

g TeV cecentund®®  \MWN->2|2v SMP-14-016

Signature: oM
. miss N Preliminary 19.4 fb” (8 TeV)
Two op.p05|te charge leptons + E/ = 1000]- - yp——
Event selection: 0] i WwW Top
| rd 0 I mHiggs DY
p; > 20 GeV, 3™ | veto >10 GeV < 800 N\ Wijets
Less than 2 jets with p;> 30 GeV, b-tag veto % h & O-jet
Projected E;™**> 20 GeV L 6001 0 e'e /e et
|m,-m, [>15 GeV (ee, pp) - %Y
di-lepton p; > 45(30) GeV for 400~ ®y
pton p;>45(30) GeV for ee, up(ep) I ¥
Background: b R
Top, V+jets, VV 2007 '\\\N
o, | Cm— \\ i, !
= .I...IHHI.HI—_.——IT'_—l"‘-‘OIM
Multiple control regions to estimate the yields S s +T —
Systematics dominated by jet veto and lepton 3§ 1;-¢+-;+nu++¢+++++ 4 “Hw 1 T+*
efficiency uncertainties 2040 60 80 100 120 7140 160 180 200

p.  (GeV)

T,max

Total measured cross section at 8 TeV:
60.1 + 0.9(stat) £ 3.2(exp) £ 3.1(th) £ 1.6(lum) pb.

SM: o,,,,(NNLO) = 59.813_ pb



http://cdsweb.cern.ch/record/1507410
http://cms-physics.web.cern.ch/cms-physics/public/SMP-14-016-pas.pdf

g TeV ecent update WW->212v SMP-14-016

o CN!S preiinary | | 1|9.4 o' (8 ITeV)

S =

» W*W- unfolded (normalized) N  panes

differential cross section % ol _:

measured as a function of I

kinematic variables (p;,, my, il 1
Pry» A@y) and compared with E—

theory predictions O ]

v’ Comparison with S SR E

Madgraph, s “E E

MC@NLO and T i i

Powheg | | :

» Some shape trends both P22 U

atlow and high p; e —

ol (GeV)

10



http://cdsweb.cern.ch/record/1507410
http://cms-physics.web.cern.ch/cms-physics/public/SMP-14-016-pas.pdf

77N gTeV 2Z2->11°) Phys. Lett. B 740 (2015) 250

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

] cms \s=8TeV,L=19.6fb"
Signature: S T T T
O —
Four leptons I'I*I”I¥, I=e,y, I'= |=e,,T G sk E‘T’:t:'ﬂii::;‘;‘nty E
Include Z->tt for the second candidate = 3 | [z E
D.i_ E % —— MCFM NLO E
& ok =3 E
o (¢h] L

Event selection: 5 :
. — - .

p; >20(10) GeV, leading(other) lepton(s) =1
e 0.1F -

g

©

HQ'-.:

E S
%0 a0 60 '8'(_)' =00 120 140
Leading lepton P, (GeV)

2

oo

)

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

PR, B R S
0 PR S TR [ T TN TN NN SR SR SR AT SN SN N SR S S NN S

Data/MC

Differential fiducial cross section

, o Leading lepton p;
Measured cross section pp->ZZ (60 < M, < 120 GeV) : o Zp
6.24 £ 086 _ (stat.) "4 . (syst.) £ 0.14 (lumi.) pb @ 7 TeV o 77 ;T
7.7 £ 0.5 (stat.) 9> ,(syst.) £ 0.4 (theo.) £ 0.3 (lumi.) pb @ 8 TeV o m
77

o Angular distributions
SM: 0,,(MCFM,qq(NLO),gg(LO)) =6.3 £ 0.4 pb @ 7 TeV All decay modes

SM: o,,(MCFM,qq(NLO),gg(LO)) =7.7 £+ 0.6 pb @ 8 TeV combined.

11



dx.doi.org/10.1016/j.physletb.2014.11.059

77N gTeV 22->212v

Signature:

Two opposite charge leptons + E s 3 300

Event selection: 5 250
p; > 20 GeV, I=e,p 200
(m,-91)< 7.5 GeV

di-lepton p;> 45 GeV
b-tag veto for jet with p;> 20 GeV 100
no jets with p;> 30 GeV, lepton veto

arXiv.1503.05467
Submitted to EPJC

CMS Preliminary 2012, j L=19.6fb", Ys=8TeV

—_
4]
o
FTTTT [T T T T[T TTT [T TITTT]TTT T[T TTI
| | | | | |

[ ]2z 20y
B vz - e
|:| Z - 21 (data)

|:| top, WW, W+jets (data)

® data

............... OO0 NS PO OOUOUUOY SUOTUOOT SOOTOUOON SOOTPOUS: SUOOE NUUOOL TN P

. 50
reduced — E;™*5>65 GeV
A(E,,1)>0.2, Ap(E, ™', jet)>0.5 I p—
QO
Background: g 1+
WZ, Z+jets, WW, top. Data-driven g =3

estimates with y-jet and m, side bands.

Measured pp->ZZ cross section:

100

200 300 400 1000
Reduced MET [GeV]

5.2+*13  (stat.) £ *14, (syst.) 0.2 (lumi.) pb @ 7 TeV
6.9 + 0.8 (stat.) +*1-8_  (syst.) 0.3 (lumi.) pb @ 8 TeV

SM: 6,,(MCFM,qq(NLO),gg(LO)) =6.3 £ 0.4 pb @ 7 TeV
SM: 6,,(MCFM,qq(NLO),gg(LO)) = 7.7 £ 0.6 pb @ 8 TeV

12



http://arxiv.org/abs/1503.05467

7 TeN g TeV

Signature:

Two opposite charge leptons + 3" lepton+ E;™Miss
Event selection:

Z reconstruction:

p; > 20 (10) GeV

71<m;<111 GeV (and closest to m,)

W reconstruction:

p; > 20 GeV,E;™ss> 30 GeV
Background:

» Fake lepton - real Z plus a jet faking a

lepton — the dominant background

= Non Peaking - no Z boson (e.g. tt)

= Prompt Lepton - real Z and an isolated

lepton(-like) object (e.g. 2Z, 7).

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

SM: o,,,(MCFM, NLO) = 17.8 %7 . pb @ 7 TeV
SM: o,,,(MCFM, NLO) = 21.91 *117 .. pb @ 8 TeV

W2Z->3lv

Events / 10 GeV

data / prediction - 1

SMP-12-006
CMS Preliminary Vs=8TeV,L=19.6 "
- —&— data {‘ldISDJ [ ] ZIZ (15) I
B all {(1395) B zy (7
WZ (1184) MWW (38)
B Bl cata-driven (149} WV (3)
200 |— —
100 —+ ++ —
- +
: i ‘
+44 1
- - ]
o -¥=¢=‘“‘g‘o‘-%‘! - oo
1 | +
o }'.'0-"“ SRS JOT + + +
'y Fos +# .+. -
-1 l

o] 100 200

CMS Preliminary

400
p! [Gev]

u
1,776 r

—e—

Vs=7TeV,L=491fb"

1.94 + 0.25 (stat.) = 0.04 (syst.)

u
1.724 £0.003 = 0.003

—e—
1.81+0.12 (stat.) +0.03 (syst.)

Vs=8TeV,L=1961fb"

® CMS
o MCFM

| | |
1 1.5 2

Sz ! Owz

[ R
25 3

13



http://cds.cern.ch/record/1564318?ln=en

7TV WV->lvijj

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

Event selection:

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

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

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

E,Miss > 30(25) GeV, |=e(u)

p/t > 35 GeV, |n*t|<2.4, 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: o,,,*+0,,,(MCFM, NLO) = 65.6 + 2.2 pb

Events / GeV

CMS [Ldt=5.0fb" {s=7TeV
I T T T T ] T T T T
%J WW/WZ 1
0] - Il W+ijets (a)

- I top 1
~~1500~mm QCcD -
_.g i Z+jets 1
P [ * data
> L
1000

100

50

Eur.Phys.J. C73 (2013) 2283

1 1 1 1 1 1
50 100

150
m; (GeV)
CMIS - I/let=|5.qu'1l, Is =7 TeV '
- (b) e -
- Uncertainty
|
i
1 [t !
50 100 150



http://dx.doi.org/10.1140/epjc/s10052-013-2283-3

g TeV VZ->Vbb EPIC 74 (2014) 2973

C_IW+b

—@— Data

. & 900 CM _e_Data_ = —
: C Ys= 8TeV,L=18.9fb" udse W-+udscg 3
ignature: . 2 B0 pp -VZiZ bb i wiimeeen WEE
Two b-jets+ E;™**+ 0,1,2 leptons 2 0oF. e R amew o
V _ W Z "E' = [ Z+udscg —— VZ(bb) 3
- ) (] 600 :_ C_1W+bb ££25 MC uncert. (stat.)_:
Event selection: 500 E
' g - s
2 b-jets (|n |<2.5), m;<250 GeV 400 =
Ol(Z >vv): E{™ss > 100 GeV 300F- =
1(W -=>1lv): E;Miss > 45 GeV 200FE- E
21(Z =>11): 75GeV < m,< 105 GeV 100
Fit of multivariate discriminant/ m, e E——
o 1.2 ; x% dof = 0.44 [ZZ] stat. uncert. on Tot. MC E
s 1 :

Background: SBosf
. 0.6 , , ‘ ‘ =
V+jets, top, VH 0 50 100 150 200 250

Measured cross section pp = WZ (60 <m,< 120 GeV)
30.7 £ 9.3(stat.) £ 7.1(syst.) £ 4.1(theo.) £ 1.0(lumi.) pb
SM: o,,,(MCFM, NLO) = 22.3 +1.1 pb

Measured cross section pp =» ZZ (60 <m,< 120 GeV)

6.5 £ 1.7(stat.) £ 1.0(syst.) £ 0.9(theo.) £ 0.2(lumi.) pb
SM: o,,(MCFM, NLO) = 7.7 +0.4 pb

15



http://link.springer.com/article/10.1140/epjc/s10052-014-2973-5

Summary — cross sections measurements

Mar. 2015

CMS Preliminary
[ [ [

0.5

| | | | | | |
CMS measurements 7 TeV CMS mea5uremen|t (stat,stat+sys)
vs. NLO (nnwo) theory 8 TeV CMS measurement (stat,stat+sys) -~
YY, (NNLO th,) 1.06 £0.01+0.12 5.0fb"
Wy 1.16 £0.03+0.13 5.0fb"
Zy 0.98+£0.01£0.05 5.0fb"
Zy 0.98 +£0.01+£0.05 19.5fb"
WW+WZ 1.05+0.13+0.15 4.9fb
Ww 1.11+£0.04 £0.10 4.9fb
WW, (NNLO th.) Y 1.01+0.02+0.08 19.4fb"
Wz 1.17 £0.07 £0.07 4.9 fb"
Wz ———— 1.12+0.03+0.07 19.6fb
Y4 0.99+0.14 +0.07 4.9fb"
ZZ 1.00 £ 0.06 +0.08 19.6 b
All results at: , 15 . . 2
http/icern.ch/go/oNi7 Production Cross Section Ratio: o,/ 6,

16




Triple Gauge Couplings

** Predicted by the gauge structure of the SM

q \'%&
¢ Neutral TGC (ZZZ, ZZy, Zyy) are forbidden at tree level QA TGC
by the SM -

* SM predictions: A =A,=0, g,*=K =k, =1 q V2

+* aTGC modeled using an effective
Lagrangian depending on few

¢ aTGC modify total cross sections LAY AKV’ )\V b, By
and kinematics WWzZ  Ag/? Ak, A, WW, WZ
X itivi W p.Y
alGC sen5|t|V|ty toM ” ,’, pT , etc 77y h3z' h4z Zy
P Zyy hs¥ h,Y Zy
'_ sandrd e 277 f,2 £ 7z
YAVVA f ¥ fcY YA




Charged aTGC limits

v' Comparison with other measurements from LHC, LEP and Tevatron
» Sensitivity reaching LEP sensitivity

Oct 2014 Oct 2014
S T s sl ) T T T T T T T T s el T
CMS Prel. Limits — MS Prel. Limits i
CEF [ e L g
W _1 — ww -0.043 - 0.043 4.6
Ak, T S0 oo ot Az . WV 0.090-0.105 451"
, ‘ Y -0.380 - 0.290 5.0 fb — Wy -0.043-0.033 5.0 b
—_ Ww 0.210-0.220 49" e LEP Combination -0.074 - 0.051 0.7 o
—t wv -0.210-0.220 4.6 fb" A\ — ww -0.062 - 0.059 4.6
S Wy 0110 - 0.140 5.0 fo" Z — Ww 0.048-0.048 491"
~~ DOCombinaion -0.158-0.255 8.6 ft" — e ey jg;gl
o 4 — -U.059 - UL .
—e— |\;VEP Combination -0.099 - 0.066 0.7 fb1 e Wy -0.038 - 0.030 5.0 fb1
A — ! {0.065-0.061 4.61b DO Combination  -0.036 - 0.044 8,6 fo”
i — Wy -0.050 - 0.037 5.0 fb! o LEP Combination -0.059 - 0.017 0.7 o
— Ww -0.048 - 0.048 4.9fb" Agz - ww -0.039-0.052 4.6 b’
— Wy 0,039 - 0.040 4.6 fb" 1 — ww 0.095-0.095 4.9 "
8 Y 0038 0.030 5.0 " — Wz -0.057 - 0.093 4.6fbj
o DO Combination ~ -0.036 - 0.044 8.6 fb! - o 0005 0,07 460
’ ation - -0.030-0.L4% o. o DO Combination ~ -0.034 - 0.084 8.6 b
| m‘ ‘LEP Combmah‘on -0-059-0-?17 0.7 fo" | - |LEP Combinalilon -0.054-o.|021 0.7 fb"
05 0 05 115 05 0 0.5 1 15
aTGC Limits @95% C.L. alGC Limits @95% C.L.

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

Neutral aTGC limits

v' Comparison with other measurements from LHC and Tevatron

Feb 2015

Mar 2015

" ATLAS Limits|

" ATLAS Limits |

I
CMS Prel. Limits : CMS Prel. Limits :
CDF Limit —
o — Zy 0015-0016 461" | | § — g 0015-0015 461"
3 . Zy -0.003-0.003 5.0 fb" 4 - - 0.005-0.005 196 o’
— Zy -0.005 - 0.005 19.5 fb" B ) 0.00%-0.005 24.710
. y H ZZ (comb) -0.003 - 0.003 24.7 fb
— Y -0.022 - 0.020 5.1 fb P — ZZ -0.013-0.013 461"
Z S Zy -0.013-0.014 4.6 fp" 4 — 7z -0.004 - 0.004 19.6 b
3 — Zy -0.003 - 0.003 5.0 fb" — 77 (212v) -0.003 - 0.003 24.7 f!
— Zy -0.004 - 0.004 19.5 fb! a ZZ (comb) -0.002 - 0.003 24.7 fb”
A Zy -0.020 - 0.021 5.1 i’ f — 77 -0.016 - 0.015 4.6
h,x100 ! 7 Pose A — ZZ(212v) -0.003 - 0.004 24.7 o
» ZZ gggl gggl ?éoébfb.1 = ZZ(comb) -0.003 - 0.003 24.7 fb!
, o 7 00090009 46 Z — 7z -0.013-0.013 4.6 fo”
hex100 . - DO 5 - 7z -0.004 - 0.004 19.6 fb"
H Y -0.001-0.001 5.0 fb — ZZ (212v) -0.003 - 0.003 24.7 fb”
| ‘ | | | T | | ‘Z’Y\ | | -(\)00\3 -\ 0?06: 1\9 s\fb-1 | | ‘ | 1 T | | | |ZZ|(CO\mb\) | ‘ | -(\)092 -I 0002 2\4 T\fb-1
0.5 0 05 x10’’ -0.5 0 05 x10’’
aTGC Limits @95% C.L. aTGC Limits @95% C.L.

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

7N yvy->WW

JHEP 1307 (2013) 116

CMS,Vs=7TeV, L=5.05fb’

8
v pp-> yy(=> WW)p*p* with forward E 7__
scattered protons escaping detection. § 6‘_
Protons stay intact, or dissociate 3 f
into an undetected low-mass system E‘ S

v’ Reconstruct a vertex with
WW->ute or pwe*(opposite flavor)
v’ lepton p;>20GeV, |n|<2.4,
v ' m;>20GeV, p;'>30GeV
v’ no extra tracks from the pe vertex.

® [Data

- Drell-Yan t™t

- Inclusive W*W- - Diffractive W*W"

M

— Waijets

Elasticyy — 1t = Inelastic yy — '

—yy — WW (SM)

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

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
SM:3.8+0.9fb

200

. | .
400 600 800

1500
m(ep) [GeV]

20



http://link.springer.com/article/10.1007/JHEP07(2013)116

g teN WVy -> lejV Phys. Rev. D 90, 032008 (2014)

The other boson V (W or Z) decays hadronically (jj)

-
o

. cMS JLdt= 19.3fb" Vs=8TeV
Signature: - 310 E S e gl
lepton + E/™ + jets +y N [RERR] MC uncertainty Zy+jets ]
. ¥ 10° SM +alf / A2 = 50 TeV? -
One W boson decays leptonically (I = e,m) 2 B cop quark 2
8 10 E
L 7

Event selection: 1§
pTv > 30 GEV, | nv | <1.44 10—1 %_
p, >30(25) GeV, I=e(p) 02k

In'|<2.5(2.1), I=e(p) g 3 5
. E = |
M;V> 30 GeV, E;™ss > 35 GeV, 70<m;<120 GeV & 444 ;
jets jet i - ) ‘ 200 300 400
; ka >d30 GeV, |n'et|<2.4, jet b-tag veto 100 2 oton £ Bev)
ackground:
Wy +jet5(dominant)’ top, Zy +jets, Process Muon channel Electron channel
. .. .r- . number of events number of events
jet->y misidentification. MWW ARG ESE!
SM WZy 0.640.1 0.5+0.1
W + jets 136.9 £ 10.5 101.6 £ 85
Limit on SM cross section at 95% CL WV +jet, jet — 331+48 21.3+33
MC fty 125+ 3.0 91422
(pTV > 30 GeV, | nY | <144) 311 fb MC single top quark 28408 1.7+£0.6
MC Zy +jets 1.7+0.1 1.5+0.1
Multijets — 72451
SM (NLO): 91.6 £ 21.7 fb Total prediction 1942115 1479 £10.7
Data 183 139
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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)
**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 | ZZ7Z7 | WWAZ | WWAA | Z7Z7A | 77ZAA | ZAAA | AAAA
Cs0, Ls1 X X X 0 9 0 0 0 0
Lo, Lar1,Lm6 Lr7 X X X X X X X (@) O
Laro Lara, Lara Las O X X X X X X O O
Lto . L1171 .LT9 X X X X X X X X X
Crs Lrg L1 0) X X X X X X X X
Lo L1 9 O 0] X O O X X X X

http://feynrules.irmp.ucl.ac.be/wiki/AnomalousGaugeCoupling
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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 x 10°°GeV 2 (af /A% = 0,no0 form factor),

—15x%x107° <

ay /A? < 1.5 x 107> GeV~2 (a) /A% = 0,no form factor).

** The WVy 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< fuo/ AN < 81
—131< fy /A%< 123
-39< fyo/ A%< 40
-66< fus/A*< 62

—89< fyuo/ A< 93
—143 < fy 1/ A%< 131
—44 < fyo/ N < 46
—71< fms/ A< 66

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

—12< k{'/ A2 < 12TeV ~?

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

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

a," and a." (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 multiple bosons in final state has been
studied with Runl data at 7 and 8 TeV

v Production cross section have been measured and
is found to be in agreement with the SM prediction
(NLO).

v'Contribution from anomalous triple and quartic
gauge coupling is not observed
— limits are set , many of them are world leading

» Many opportunities and challenges ahead as the
start of LHC Run Il is approaching
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