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Physics Motivations

V1

V2

 Crucial test of the SM:

e.g. on the non-Abelian gauge symmetry
part of the SM

* Important backgrounds to Higgs
and new physics searches

« Sensitive to anomalous Triple
(Quartic) Gauge Couplings

Indirect probe on new physics
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V2
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V2
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- Overview of CMS results

i, < 144 or 1.57 < |y,] < 2.5

Process Int. Luminosity(fb-1)| Xsec Measurement aTGC/QGC
(I=e,u) @7TeV | @8TeV Phase space
Wy— vy 5.0 ; E.¥ >15/60/90GeV & AR(l, WWy
y)>0.7
Zy— lly 5.0 - E;¥ >15/60/90GeV & AR(l, 7Y, ZYY
y)>0.7 & M>50GeV
Zy— vy 5.0 - E;¥>145GeV & |nY[ <1.4 LY, ZYY
WW+WZ-lvjj| 5.0 - Full WWy, WWZ
WW-lvlv 4.9 3.5 Full WWy, WWZ
WZ- 3lv 4.9 19.6 71GeV<MI<111GeV WWZ
ZZ—-4l, 2121 4.9 19.6 60GeV<MZ, ,<120GeV 277,727y
WWy+WZy - 19.3 E;Y >15GeV & AR(l, v)>0.7 | WWYyy, WZyy
—vily
vy 5.0 - E¥12 >40,25GeV, AR(y,y)>0.7

Exclusive yy - W*W- not covered here, but will be shown in aQGC comparison




WY_) IVY (I =e, u) submitted to Phys. Rev. D

7TeV CMS-PAS-EWK-10-008, Phys. Lett. B 701 (2011) 535,
arXiv:1105.2758; CMS-PAS-EWK-11-009, arXiv:1308.6832,

Events selections:

(O Exactly one isolated lepton:
Single Lepton trigger & P;>35GeV &
(In®l<2.5 || [n*[<2.1)

® One isolated photon:

CMS. L= 5.Gﬂ:;f] . Vs =7 TeV
@ Veto 2"d same flavor Lepton 10°E IR E
r —.— v E
@ Large W transversemass:M;"W>70GeV = A . Combinea i
— 10g =
Wl CIVIIS, L|= 5| fbl_] T 1T 1] T '1_5 =| ? Tev ::;- ; ;
E 10* 3 ——Data (a) = T 1 :_ _:
LE C . FSM Wev)y ] g 2 . S . 3
10° 2 [ ]jets — v bkg | = B ; = -
; He — v bkg ; = =
- []Other bkg ] g ]
10° E = - s
10 = —

- =

_ o3
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Main Backgrounds from Data-Driven:
» W+Jets: Jet fake photon

— dominate systematics
» DY, VV. Electron fake photon

60 90
pq{ﬂ threshold (GeV)

S
Pr (CY) T MCFM NLO: 39.8+1.8pb

clpp = W) = B(W — fv) =370 08 (stat.) £ 4.0 (syst.) £ 0.8 (lum.) pb. 4




TeV

Zy— lly

CMS-PAS-EWK-10-008, Phys. Lett. B 701 (2011) 535,
arXiv:1105.2758; CMS-PAS-EWK-11-009, arXiv:1308.6832,
submitted to Phys. Rev. D

Events selections:

@® Two isolated lepton:
Double Lepton trigger & P{>20GeV &
(In®|<2.5 || In¥|<2.4)

® One isolated photon:
E.¥ >15GeV & |nY|<2.5 & AR(, y)>0.7

® M,>50GeV
s CMS,L=5 b 1s=7TeV
E 10‘ E T T T T T T 11 T T T
g 104 f_ (b) —— Data
i e [ |SMZuuy
- éz' .JL,I‘) — ¥ bkg
Y ()1er bkg

\\Eﬁﬁmﬁﬁss\l I:II;LLI,I | IIIILLl| I O T T B W T B B WA N1 R M MW AA 11|

Main Backgrounds from Data-Driven:
» Z+Jets: Jet fake photon

Lep ID/ISO Unc. —» dominate systematics

CMS, L_‘%(}ﬂ:}] s =7 TeV

I riCFM (b)

—e— Fies)y
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60 a0

p; (GeV)

p! threshold (GeV)
MCFM NLO: 5.451+0.27pb T

clpp —+ £7) = BlZ — f) =533 £ 0.08(stat.) £0.25 (syst.) £ 0.12 {lum.) pb. 5




7TeV CMS-PAS-SMP-12-020, arXiv:1309.1117
ZY— VWY

Events selections: Main Backgrounds from Data-Driven:

® One isolated photon: > Multi-Jets: Jet fake photon
Single y Trigger & E;¥ >145GeV & |nY| <1.4 > Beam-gas

@ MET>130GeV > W- ev with e fake photon

® Veto additional energetic track Source Estimate

Misidentified jets 11.24+2.8
Beam-gas processes | 11.1 £ 5.6
............... Misidentified electrons | 3.5+ 1.5

@ Veto additional energetic Jets near y

= bl\;'IS| Plrellinlﬂrllall‘yl L DATA ]
8 10 V77727 Total uncertainty on Bkg | “'T’]f' 3.3+1.0
P Ldt=5.0fb",N's =7TeV [ | Zy—wvy (NLO) vy 0.6 £ 0.3
— W—ev | . .
S 1 BN MisID-y (QCD) v+jet 0.5+0.2
|_|>J v+ets, Wy ? Total 30.2 = 6.5
Beam Halo T
107 — L aTGC h; = 0.0025 Ly = vy (NLO) 45.3 6.9

data 73

§

» S
» *ol
%
o
R,
2%
OO
L 111

—h
Q
\v]

S
_'I'I'I111T| ||||||I'I'| ||||||rl'| T TTT

I I

Ocnms (PP~ vvy) =21.3 £ 4.2 (stat.)
+ 4.3 (syst.) + 0.5 (lumi.) fb
Ono (PP~ vvy) =21.9 £ 1.1fb (from BAUR)
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TeV

WW+WZ RN IVJJ EPJC73 (2013) 2283, arXiv:1210.7544

Events selections: Large Branch Ratio

(O Exactly one isolated lepton: Large Background
Single Lepton trigger & Due to Jet resolution, can’t distinguish

(P#>25GeV & |nH|<2.1)

@ Exactly two PF AK5 Jets with b veto: . . .
P, >35GeV & |n|<2.4 Signal and background yields determined

@ MET>25 (30) GeV for u (€) channel with an unbinned likelihood fit to the dijet
@ Veto additional loose lepton: Mass spectrum
P >10 (20) GeV for u (e) channel

® M,W>30 (50) GeV for p (€) channel| Fcms (PP>WW+W1Z) =68.9 £ 8.7 (stat.)
+ 9.7 (syst.) = 1.5 (lumi.) pb

Ono (PP>WWHWI) = 65.6 £ 2.2pb (from MCFM)

CMS, /Ldt=50fb" {s=7TeV

I 1
WW/IWZ

= C

8 et @ | S

21500} == o . rocess B Shape Ci;:-nstlamt.on normalization

+ o Srets Diboson (WW+WZ) MC  Unconstrained

E Wets MC  31.3nb £ 5% (NLO) [30]

10001 ft MC 163 pb +7% (NLO) [31]
Single top MC  85pb +5%(NNLL) [32-34]
Drell-Yan+jets MC  3.05nb % 4.3% (NNLO) [35]
Multijet (QCD) data  E™** fit in data
50 160 T 150 WHjets: float factonzation/renorm & ME-PS matching

m; (GeV) scales to get good modeling of data



7 & 8TeV
qab, gg(3%) — WW-=lvlv

CMS-PAS-SMP-12-013, Phys. Lett. B 721 (2013) 190,
arXiv:1301.4698; CMS-PAS-SMP-12-005, arXiv:1306.1126,
submitted to EPJC; CMS-PAS-EWK-10-009, Phys. Lett. B
699 (2011) 25, arXiv:1102.5429; CMS-PAS-EWK-11-010

Ev nts selections: Channel iy
@ Two oppositely Charged isolated lepton:| ¥ it Sys.
Single/Double Lepton trigger & V'u:+jet5 60 £ 22 dominated
P{>20GeV & (|n®|<2.5 || |n¥[<2.4) WZ and ZZ 2743 by Jet veto
@ Veto any Jets with: Z/v*+ets 43412 eff
P >30GeV & |ni|<4.7 Wyl 1445 ~4.6%
® Projected MET>45 (20) GeV for OF (SF) Total background 275+ 35
channel Signal + background 959 60
Dat: 1111
@ Veto additional loose lepton: = 8TeV,L=35f"
P/ >10 GeV 3 T T T T
® Reject e_I consistent with a photon t‘;_; 150 L - ]
conversion 3 Wz ]
® ®(I1,J1)<165degree, with J1 as the hardest = ook e %
Jet with P{ >15GeV i o
@ Veto |M-M|<15GeV or M;<12GeV of 4 |
Veto top bkg with b-veto (arXiv:1211.4462) i @M L . ]
= %—— M 4
0 B L IR fg}“ﬁ*ﬁ‘
0 50 100 150 200
Main Backgrounds : [GeV]
> V+Jets: @ @@ Inclusive WW cross section:
> Top: @ 0., [PD] 0,0 [Pb] (MCFM) Contribut
) ontriputions
> Di-Boson: @® 7TeV [524+20 +45_  +12, ~ 47020 from Higgs
» Driven/Corrected | gTev |69.9+28, LE56, 131, 57 32 ~4%
by DATA 1 Not included 8




7 &8 TeV

WZ- 3lv

P
L

CMS-PAS-SMP-12-006

Events selections:
® Two SF & OC leptons:

Double Lepton trigger

P, >20 GeV & Py, >10 GeV & |M,-M,|<20GeV

In case of multi-Z, choose the one closestto M,

® A 3d|epton P;>20GeV
@ MET>30 GeV

Yields of selected events in data at 8 TeV

« Main Backgrounds from Data-Driven:

Z+Jets: fake or non-isolated lepton from Jets

ZZ — 4| with one lepton lost

sample oo eepl e i
Z+ijets 98+44 169+ 6.0 | 145+£54 | 13.8+45
top 1.44+04 27 +£03 6.2+07 9.1+1.0
27 24 +0.1 31+0.1 39401 5.8+0.1
Zry 24+09 04+04 38+12 0
WV 0.1 +0.1 0.1+0.1 0.2+0.1 2207
VVV 6.1+0.3 7.9+0.3 104+04 13.4+04
WZ 193.0+1.4 | 245.8+1.6 | 315919 | 428022
total MC | 216.0 4.7 | 277.0x 6.3 | 3549 +£6.0 | 4723 £5.2
data-driven | 14.8+14 | 27.1+£29 | 479+34 | 59.0+46
data 235 288 400 557

300

ZZ] Zy IVVV from MC

CMS Prelimimary

Vs =8 TeV, L =106 fo"

-~ 7T rrrTT T
| = data (1430) == ]
P ]
: [ data-driven (148 WV @) :
- ++ ]
I t 4 i
N + ¢ _
Y T
5 Hd:* ! he TV i
=L, TR
E} +++*++ ++ Hirtotns, m++++ +++++ Hﬂf
] Bn E T o '11”':'13;.;



7 &8 TeV

WZ- 3lv

CMS Preliminary fs=8TeV, L=196fiy"
T T T T | T T T T I T T T T | T T T T
-8 stat. — syst
e T (”W*E ) = 1.94+0.25 (stat.) +0.04 (syst.)
A W W
W+HZ
= 1.81+0.12 (stat.) £ 0.03 (syst.)
?ﬁf i‘ln..un?? iitl.gé-lna.uﬁ T ( wW-z ) 8 TeV
hpe 1112010 o The SM prediction for this ratio
— : +0.006
s 00 00 et at /s =7 TeVis 177615 o3,
combined 1.12 +0.08 - 1.724 4 0.003 at /s = 8 TeV
112+ 003+ 0052005
| 1 | | | | | | | | | | | | | | 1 |
0 0.3 1 1.4 2
exp theory 7] GeV<MZ<] ] ] Gev
Typez | Opez
Statistical Uncertainty dominates MCFM NLO
o (pp = WZ+X; /s =7TeV) = 20.76 £ 1.32 (stat.) & 1.13 (syst.) & 0.46 (lumi.) pb 17.8757 pb
o (pp = WZ +X; /s = 8TeV) = 24.61 £ 0.76 (stat.) & 1.13 (syst.) £ 1.08 (lumi.) pb 21917017 ob

10



7 &8 TeV CMS-PAS-SMP-13-005; CMS-PAS-SMP-12-014, Phys. Lett.

B 721 (2013) 190, arXiv:1301.4698; JHEP 01(2013)063,
arXiv:1211.4890; CMS-PAS-EWK-11-010
74, 2121

4] 2121

Double lepton or Triple-electron triggers

60GeV<MZ, ,<120GeV 60GeV<M,;<120GeV
M,>4GeV 20(30)GeV<M¥s1T<120GeV for 1.7, (all others)
P/1>20GeV, P;2>10GeV, P/1>20GeV, P;2>10GeV,
P+(T.. T,)>10GeV, P(1,,)>20GeV
FSR Photon Recovered with No FRS photon recovery
M,,<100GeV

Maln Backgrounds from Data_Drlven 20 CM?PFE"I‘I‘III{IHW\S BTEVL 19.6 b CMS Preliminary \/s =8 TeV, L = 19.6 fb"

> ZIWZ+Jets: % « DATA * DATA
Jet fake lor 1 w15 | []zz I [z o
» Ttbar and Zbb: 2 | ] Wz »je Wvzz e
Heavy Flavor Jets 20T I
Y Meeee MilTT
5F _ _
Main systematic uncertainty: “
tau reconstruction 0 B ' | L

200 400 B00 800 1000 200 600 800 ﬁ
Meeoe (GEV} m",m: Gev



7 &8 TeV

74, 21271

MCFM NLO qq + LO gg
7 TeV 6.24+086_ (stat.)*04L_j 55(sys.) £ 0.14(lumi.) 6.3 = 0.4 pb
8 TeV 7.7 = 0.5(stat.) £+ 0.6(syst.) £0.4(theo.) +=0.3(lumi.) 7.7 £ 0.6 pb

The ditferential distributions normalized to fiducial cross sections

CMS Prelimina fs=8TeV,L=19.6fb" —
. ——— Ir‘_:lrl S —— CMS Preliminary Vs =8TeV,L=10.6fb" CMS Preliminary 'E=BTEV.L=19.EI’D"
= 0.35 = 5‘* qF T T T ; T T T
3 —s— Unfolded Data 3 o T . ity -
= 03 — D) r —*— Unfolded Data 7 o - —* Unfolded Data |
A Total Error = i = B 1
= 0.25 = L Tc-tal Error — 0sF TGtaIError —
a DFGWHEG*“ E" C l:lF'OWHEGigg = H L I:lF'DWHEG+gg ]
o E C ]
kn 0z g . !*-5; D.E_
T 015 eSS S PTZZ 1 & o4f :
Q@ =] F 4 i . N
= 04F . - 1
S 0 = ; ] o C MZZ ]
...... = L = _
E}E 0.05 sl “E 02k b = 0zf
T poagw o EETT e C ] . ]
E il n PRI T I TR B : t STV S O U T T I o B == = =
E %D a0 100 D[]' 20 40 60 80 100 _120 140 Dﬂ 100 200 300 400 500 600 700 &C0
= Lead. lep. ZZp_(GeVY) m,, (GeV)
2 T T 8] 2 &) 2 ™= e
% 15 Jr— x % 15— 5 — % 5
= 4 ampetiahe aracog ™ P
g . gy ol e ey &
& DS e o] a . 0
a
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8 TeV

' WWY +WZY - |VJJ Y CMS-PAS-SMP-12-006

Events selections:

(D Exactly one isolated lepton:
Single Lepton trigger &
(P#>35GeV & |n®|<2.5) ||
(P{#>25GeV & |nH|<2.1)

. CMS preliminary _[ Ldt=19.3fb" Vs =8 TeV
® Two PF AK5 Jets with b veto: % F 4 menvew | [Edesormg ]
o - " I top =
. X R MC Uncertainty +Jets *
P, >30GeV & |ni|<2.4 = -]
® MET>35 GeV &

@ A@(METJ1)>0.4, R,>0.5, R,,>0.5
® M;V>30 GeV

® [M,e-M,|>10GeV

@ |An;l<1.4, 70GeV<M;<110GeV

Ratio Data/MC

IRERAE LRSS
Main Backgrounds from Data-Driven: %0 "% Muonp, (Ge¥)
> Wytlets: sideband G(WV y)< 241fb, 3.4 times SM (70.3fb
» Fake Photon: ratio method E.Y>15GeV 1




7 TeV

CMS-PAS-SMP-13-001

onnLo(27NNLO) = 16.2+13(scale) pb
Tgata = 16.8 £ 0.2 (stat.) £ 1.8 (syst.) + 0.4 (lumi) pb _
aota i ( ) (syst) ( JE oNLO(DIPHOX+GAMMA2MC) = 12.8118(scale) T § (pdf+as) pb
oNLO(RESBOS) = 14.9772(scale) &+ 0.6(pdf+as) pb

oLo(SHERPA) = 15.2F ] I(scale) pb

CMS Preliminary  (5=7 TeV CMS Preliminary  is=7 TeV CMS Preliminary is=7TeV CMS Preliminary i5=7TeV

g PUTOTTIOIT TG o Errrrrrrrrrrrrrrrrn#n'rm'm'm'm'r T T O T T Ty - FTTTTY . . T LARRRNE FroTTT . T RRREERERRNE|
> B ——datazoit,L=50m*] B —— data 2011, L=50m" 3 [ —f— data2011, L=50m" 4 [ —— dsta2011,L=50m" g
% o === SHERPA . ié_ :m ——— DIPHOR-CEAMMAIIAC i | = sHERPA I [ = DIPHOX-GAMMAIMG +ﬁ’

h.;: 4 prenne T .dF i ."._.++ HNHLO i | =— RESBOS . ZMHLD +f
o F*i* E A E d E 3 Al
] E e i = F P 3 o aaga™ 7 r ]
E r T . = - e . L : i L ]
i H& ] I T ] : = : ]
i = T i Vst T | —ﬁm—h | - 1
"E o E 3 & 3 3 it ;
C \ KENRERE C + - ] L S ]
- - - T’YY - - - -
.I:I-:I||||||||||||||||||||||||||||||||||||||| .I:l-:l||||||||||||||||||||||||||||||||||||||| 5 st by s brrna by by b

(%]

E:
?

data/SHERFA
(=]

%Té

-I%
data/DIFHOK

5

i
data/SHERPA
data/DIFHOX

(=]
T

T : . . . Ir m
2 f 1 2% 0 9
o IF _l_"|“+"|"+_+_ 1 = IF . o %
% E +‘+‘ _+_E l.l\'-: %I#ﬁ% Ll i w ;\:
T ! ;'“H' """""""""""""""""""" E TE ik t o r
=L 1 = F = =
e 0 L L L L= 3 -]
T ] 100 150 200 1 ] 100 1] 200 -

- 1
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Summary of the Xsec Measurement

CMS

July 2013
— = ; 0 = |
2 = W ? | © 7 TeV CMS measurement -
1 05 L —o—— 7 | $® 8 TeV CMS measurement -
© = ) E | —— 7 TeV Theory prediction =
- — \ —— L ]
© [ :21] ; O ! —— 8 TeV Theory prediction —
O S i '

= 10°E! . = | e CMS 95%CL limit —=
‘6 I =0 22] I I —

3 : : : i : i i i
$ 10°E: 2 o Wy - E
e = <> >3 Lo @ 2y : ; ; =
8 102 - 24; T ; —Oo—ww+wz WW : : i
G E! i 7 Tooetwz
- - i | o8- 77 s
O = | : : : : e =
2 10g: . | : =0 e
% E ! ETl .> 30 GeV ! E$>15GeV : : ! : E
3 1 I <24 | AR(y,) > 0.7 CWVy L

— = : : 19.3 fb™

- C E | sot’  agmt | X

I -1 [ = 1 -1 : : 1 1

10" ! 36, 19 pb | sofm 15007 S5 106t | '
JHEP 10 132 (2011) EWK-11-009 EPJC C13 2283 (2013) (WV) SMP-013-009
JHEP 01 010 (2012) SMP-12-006 (W2}, 12-005 {(WW?7), 13-005(ZZ8)
SMP-12-011 (W/Z 8 TeV) JHEP 1301 063 (2013) (ZZ7), PLB 721 190 (2013) (WW8)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP 15




Triple and Quartic Anomalous Gauge Couplings~5

ATGC and AQGC are less well measured in EWK
They are signature of New Physics
At hard tail of phase space, they increase Xsec significantly

Charged aTGCs WWy/WWZ
HISZ (LEP) parametrization
A=A, - A
AK = Ag4;- AK| .tan?@,,

NPB282 (1987) 253; PRD41 (1990) 2113

Neutral aTGCs

Zy channel: Zyy/ZZy
hsz,y’ h4Z,y
PRD47 (1993) 4889

ZZ channel: ZzZylZZZ
f4Z,y1 fSZ,V
NPB282 (1987) 253

aQGCs WWyy/WWzZy EPJC 13 (2000) 283

Now under Dim8 Framework, where operators
can be recombined to get the same Lorentz
structure Dim6 operators as in LEP

W AW
a0 , & ¢ as well as other pure Dim8 ones:
T vt OC W L v Wz
‘CHQCC = 4—8_2]"‘1«,:, + 4—Q2Vh~ +Zh’|; VV.; +£]’J|:| + :C}'Jl +£ 2.
o i

Without Form factor for aTGC
With and Without for aQGC
CLs and profile likelihood methods used to

set the upper limit 16



Triple and Quartic Anomalous Gauge Couplings

U

NI
S e
5 #
~ v
-
o o~/
8 9%

7

Process aTGC/QGC Parameters Limit Setting
(I=e,y) variable
Wy—- lvy WWy A, AK, E.Y
Zy- lly 77V, ZYY hy2Y, h,4Y E.Y
Zy- vvy 77y, Zyy hy2Y, h,4Y E.Y

WW+WZ-lvij | WWY, WWZ A, AK, P

WW-lvlv WWy, WWZ A, AK, AgZ Max P

7741, 2127 777,77y f, 2V, 2V M,

WWy+WZy WWyy, WZyy | apW, av. ,fo, KW, KW E,Y
~lvjjy

Yy - WW- WWyy ag", av, P,

17



Charged aTGCs

Feb 2013 Feb 2013
[ | | | | | | | | | | [ [ | | | | | | ‘\ ] | | | | | | | | | | | | | | | | | | | | | P | | | | |
T e
DO Limit e poLmit e
LEP Limit e LEP Limit HH1
- — WW -0.043-0.043 46
1 Rk - . 1
Ak, | W}' g;;g g:gg 46 At — Wy 0.043-0.033 5.0 fo”
| | Y 0.380- 0. 5-{”“1 o LEP Combination -0.074 - 0.051 0.7 fb”
_— WW -0.210-0.220 49fb A — WW -0.062-0.059 461"
— Wy 0.110-0.140 50" Z — Ww -0.048 - 0.048 491"
—_—— DO Combination  -0.158 - 0.255 8.6 fb” — WZ -0.046 - 0.047 4.6
e LEP Combination -0.099 - 0.066 0.7 fo” n WV 0.038-0.030 50 fb
— Wy 0.065-0.061 4615 o DO Combination  -0.036 - 0.044 8.6 b
Ay _ W 00500037 501 - LEP Combination _-0.059 - 0.017 0.7 fb’
¥ -0.050 - 0.037 5. ) A gz — WW -0.039-0.052 46"
— WWwW -0.048-0.048 491h 1 [ WW -0.095 - 0.095 4.9 fb—1
— Wy -0.038-0.030 5.0 — Wz -0.057 - 0.093 461"
HA DO Combination  -0.036 - 0.044 86" HoH DO Combination  -0.034 - 0.084 8.6 fb!
™ LEP Combination -0.059-0.017 0.7 fi” | |-'|-| |LEP Combinati|on -0.054 - 0.?21 07"
| | | | | | | ‘ | | | | | | | | | | | | | | | | | | | . . I I I I I I I : : : : : : : :
05 0 05 1 15 0.5 0 0.3 1 15
. P, 0
aTGC Limits @95% CL. aTGC Limits @95/0 C.L.

18



Neutral aTGCs

July 2013
Co S T S I,«'3\'II'LAé§LirlnitsI I II;|I
CMS Limits —

. _ 77 -0.015-0.015 4.6 fb™
f4 — 77 -0.004 - 0.004 19.6 fb™
. A— 77 -0.013-0.013 46 b
f4 — 77 -0.004 - 0.004 19.6 fb™
v A— 77 -0.016 - 0.015 4.6 fb
f5 — 77 -0.005 - 0.005 19.6 fb™
- — 77 -0.013-0.013 4.6 b
f5 — 77 -0.005 - 0.005 19.6 fb™

| |-0|.5| — (l) — 'O{SI — I1 — '1!5' le101

aTGC Limits @95% C.L.

19



Neutral aTGCs

Feb 2013
| | | | | | | | | | | | | | | | | | | | | | | | |
ATLAS Limits —
CMS Limits —
CDF Limit —
H — Zy -0.015-0.016 4.6 fb’
3 — Zy -0.003 - 0.003 5.0 fb™
| | Zy -0.022 - 0.020 5.1 fb™
HZ — Zy -0.013-0.014 4.6 fo™
3 — Zy -0.003 - 0.003 5.0 fb
| | Zy -0.020 - 0.021 5.1 fb™
v — Zy -0.009 - 0.009 4.6 fb™
h,x100 P
4 H Zy -0.001 - 0.001 5.0 fb
— Zy -0.009 - 0.009 4.6 fb™
hz)(1 00 A
4 H Zy -0.001 - 0.001 5.0 fb
| | | | | | | | | | | | | | | | | | | | | | | | | | |
-0.5 0 0.5 1 1.5  x10°

aTGC Limits @95% C.L.
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aQGCs

LEP L3 limits — CMS WWy limits —
July 2013 -
¥ DO limits CMS vy — WW limits mimi
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WWy  [- 15000, 15000] 0.43tb™ 0.20 TeV
yy— WW  [-430,430] 9.70fb" 1.96 TeV
. ww [-21,20] 19.30fb" 8.0 TeV
al'/A? Tev? !
[ IR BN BN N | YY - WW [' 4, 4] 5-051b-1 7-0 TeV
WWY+W2Zy —lvjjy
WWy  [-48000,26000] 0.43tb" 020Tev|| —25 < fro/ A < 24TeV™,
1 —12 < x}/A? < 10TeV~2, and
vy— WW [-1500,1500] 9.70fb” 1.96 TeV W .
—18 < x¢ SN < 17 TeV 2,
WWy [-34,32] 19.30fb7 8.0 Tev
allfA? Tev?
L AN BN BN BN NN NN | YY_) WW ['15,15] 5-05")1 7.0 TeV
T ww -25,24]  19.30fb" 8.0 Tev
fro/A" TeV ¥ [ ]

-10°-10*10°10%-10 -1 1 10 10% 10° 10* 10°
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Summary

e Various Multi (2 or 3) boson processes have been measured
by CMS with 2011 or 2012 dataset.

WZ/ZZ updated with 8TeV full dataset
YY 7TeV measurement public now
Xsec in agreement with NLO/NNLO theoretical results

First measurement on triple gauge boson productions: WVy

« Stringent limits set on charged and neutral aTGC

 First measurement on aQGC at the LHC from two channels

First ever limits on %, K", K W
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Backup
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Fake rate method (often used for fake leptons, jets misidentified as
leptons)

« Select data control sample dominated with background to measure
the probability (“fake rate"=FR) for a loose lepton object (fake lepton)
to pass the tight requirements used in the selection

+ Use the FR to extrapolate the yield from a loose lepton sample
(background enriched) to the fully selected leptons

Template fit method (often used for fake photons, jets misidentified
as photons)
« Perform a two component fit using the signal and background
templates in discriminating observable

Data/MC scale factor
« Using the data control sample dominated with background to rescale
the simulation

Measurement of efficiency

« Measurement of the selection efficiency and applying it to
hackground dominated data control sample

Senka burié LaThuile 2013

CMS bkg from data determination methods

Used for:
WW (Wjet bkg)

ZZ (Z+jet, WZ+jet, ft
bkg)

Vigamma (V+jet bkg)
WW+WZ-=212)
(W+jets bkg)

WW (Wy* bkg)

WW (it bkg)
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CMS-PAS-EWK-10-008, Phys. Lett. B 701 (2011) 535,

3 — arXiv:1105.2758; CMS-PAS-EWK-11-009, arXiv:1308.6832,
WY IVY (I _e, u) submitted to Phys. Rev. D

RAZ (Radiation-amplitude Zero) Measurement:

Veto Jets with P>30GeV,
M:(l y MET)>110GeV

CMS, L =5 b is=7 TeV . CMS,L=5fk! =7 TeV
*- ]...\DD -_|| T |I TTT |I TTT |I TTTT Il TTT Il TTT Il TTIT Il TTT I TTTT I TT |_|- 'Fr. tlﬁD _|| T |I TTT |I TTIT |I TTT |I TTTT Il TTT Il TTT Il TTIT I TTTT I TTT |_
= " —=Daa (a) { = [« Data (background subtracted) (b)
“ sk SM Wiev, uvry combined 4 = -;QD__ saais: . ) .
5 1000 Efiets — v bkg = S : i SM Wiev. vy combined .
M [ [lle — v bke ] @ s00f + .
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Figure 7: Charge-signed rapidity difference (Jy x Ay between the photon candidate and a lep-
ton for Wy candidates in data (filled circles) and expected SM signal and backgrounds (shaded
regions) normalized to (a) data, and (b) background-subtracted data. The hatched bands illus-
trate the full uncertainty in the MC prediction.
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g EPJC73 (2013) 2283, arXiv:1210.7544
WW+WZ-lvj
1e [1 At — A =
— —CMS./ L-dtT >0M, is = 7 TeV W+jets: float factorization/renorm & ME-PS matching
a 4k | scales to get good modeling of data
: (€)—
2 Tk i FW+jet5 = F‘.’h"+|’9t5(ﬁ%r GE] + |8 }-T.f"u"+jet5[:,”r2r G%]
C%lxl 1 % l [ l l [ 1] + H — & — |8) -F-T.*"n.-"+|'ets(.”%rqé) '
W l | \ ]
2 i :
i 1 validate the fit procedure by performing pseudo-experiments,
-4 ]
| 1 L 1 1 | 1 1 1 L
50 100 150
m; (GeV)

where Fy yets denotes the mj; shape from simulation. The parameters g {IH’ ) and qo () cor-
respond to the default (alternative) values of u and g, respectively. The parameters « and
b are free to vary during the fit and remain within the physical ranges (0 < «,p < 1 and
1—a—p >0). We take y' = 2pp or 0.5u0 (4" = 2qp or 0.590), depending on which alternative
sample provides a better fit to the data. Thus, the fit probes variations of a factor of two in
both y and g (with the corresponding shape tluctuations accounted for when setting exclusion
limits).
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Figure 2: Dimension 8 parameters fj;; are related to dimension 6 parameters a)’, a¥ via a

simple linear transformation.
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