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T IN-N
Introduction N

> Diboson production results:
» Recent CMS measurements using 8 TeV data.

> Analyses in the ZZ, WZ and WW channels.
> Cross section measurements and limits on aTGCs.

> Vector Boson Scattering (VBS):
» Recent CMS measurement using data collected at 8 TeV
» Important process to be studied at LHC.
» Limits on aQGCs and on doubly-charged Higgs boson.
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. . ) |CMS
Diboson production INFN

- TGC

p

(e Important for testing the gauge sector of the Standard Model. A
e Constitute irreducible backgrounds for Higgs boson analyses and
searches.
_* Also good tests for new physics beyond the SM. )
~

[« Deviations interpreted in terms of anomalous Triple Gauge
Couplings (aTGCs).

e Couplings defined by operators in an effective Lagrangian.
e Typically evident in high tails of observable's distribution.

.
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ZZ~-III'l' at 8 TeV

CMS-PAS-SMP-13-005
Phys. Lett. B 740 (2015) 250
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Signature

* Two lepton pairs peaking at

M

Zc

C l=e,nlI'=e,p,t

~\

J

0=7.7+0.5(stat) >, (syst) =0.4(theo)+0.2 (lumi ) pb

Cross section in agreement with

MCFM NLO expectation.

CMS

\s=8TeV,L=19.6fb"

r

Selections

GeV.

e Two same-flavor and opposite-sign
isolated leptons from each Z.
« Lepton pair retained if 60<M, <120

At least one lepton with p.>20 GeV
L and one with p.>10 GeV.

(

Backgrounds
 Mostly rejected by isolation and

identification criteria.

| * The remnants are Z/WZ+jets.

R

® Data

7z E
I WZ/Z + jets
.............. f2=0.015

y
~ / |
D/ S I

200 400 606 800 1000 1200
My (GeV)

y, Anomalous couplings effects

Z7Z-2I12v: expected to be published within
next few weeks.

simulated with SHERPA and used to

set limits on ZZZ and ZZy couplings.
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http://arxiv.org/abs/1406.0113
http://dx.doi.org/10.1016/j.physletb.2014.11.059

WW—-212v at 8 TeV ., . | ... 5721 2013) 100211 C

g Signature

e Two oppositely charged electrons
or muons with p.>20 GeV plus

_ MET.

~\

J

[ )

Selections

e Jet veto and anti top-tagging to
suppress top background.

o E ™s>45 GeV in same flavor final

state to suppress DY.
o E ™>20 GeV in opposite flavor.

CMS-PAS-SMP-12-024 ) [CMS /1
INFN : e
CMS Vs=8TeV,L=23.5fb'
> [ T T T T T T T T T T T T T ]
8 200 |- -e DATA a) B
¥p] WWwW
E B vV
c B Z+jets
I_q>|j 150 - . W + jets ]
+ top
i i7 stat @ syst 1
100 |- :
, = |
50 | B 'ffé ]
i . _fﬁﬁé ’ B
F F Ly s u
O | “ | | ‘ | | | ‘ _\ _\#%
0 50 100 150
pT* [GeV]

e Extra lepton veto.

. J
g B Backgrounds A

e tt and tW

. VV

° Z/W + jets )

0=69.9+2.8(stat) +5.6(syst)=3.1(lumi) pb

Inclusive cross section slightly
higher than the SM NLO
expectation of 57.3*% pb.

ATLAS result
0=71.4+1.2(stat)*5.0 (syst)*=2.2(lumi) pb
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http://arxiv.org/abs/1301.4698
http://dx.doi.org/10.1016/j.physletb.2013.03.027

/ V+jets

. CMS-PAS-SMP-13-011 . Nf'] CMS
VZ-V+2 b-jets
EPJC 74 (2014) 2973 (- 0
@ _[
ol o
g Signature AR SR Sl = N Main
. \Iée_)r% Bsunllar to VH analysis with - ZZZ =he e I backgrounds
) . 500 @ - are tt and
e Two b-tagged jets from Z decay. ook E
_* V detected through leptonic decay. 200- E

200 —
4 . N\ 100 ’
S e le C tlons 1 9 ‘ xz,;dof = 0.1‘14 ‘ IMC uncert. (st‘at.‘) =
e Analysis divided into three lepton =12 . E
categories. SoeE | | | E
« Z—lIl : isolated and oppositely charged o el
leptons with 60<M, <120 GeV. cMs _1
« W-Iv : single isolated lepton + VTt (a)
E miss>45 Gev Combined Lt = 1.09 T(:).'::
T
o Z-vv : E ™>100 GeV.
|+ p;">100 GeV in each channel. ) v - oo4s 026

1-lepton

o(WZ)=30.7+9.3(stat)=7.1(syst )+4.1(theo )= 1.0(lumi)pb| ="

2-lepton

MCFM NLO cross section = 22.3 £ 1.1 pb smseer
In agreement also with WZ-3Iv channel 0 0.5

| ‘ | | | | ‘
1.5 2
Best fit u
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http://arxiv.org/abs/1403.3047
http://arxiv.org/abs/1403.3047

D
N

CMS

Diboson cross sections results (N
Apr 2014 CMS Preliminary
| | | | | | | | | | | | |
CMS measurements 7 TeV CMS measurement (exp+th) —
vs. NLO theory 8 TeV CMS measurement (exp+th) —
YY, (NNLOth)  —f — 1.04 +0.11+£0.09 5.0fb
Wy — —  1.16+0.13+0.06 5.0fb"
Zy ——0—— 0.98 +0.05+0.05 5.0fb’
WW+WZ — — 1.05+0.20 +0.03 4.9fb"
WW — — 1.11+£0.11£0.04 4.91b"
@ e 122+012+0.04 35fb"
W7 o 1.17 £0.10+£0.03 4.9fb"
@ (P 1.12 £ 0.08 + 0.05 19.6 fb”
ZZ — . — 0.99+0.15+0.06 4.9fb"
() SR S 1.00+0.10 +0.08 19.6fb
| | | | | | | | | | | | |
0.5 1 1.5 2
mereemenaopny - roduction Cross Section Ratio: o,/ 6,
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aTGCs results

)
INFN
(S

CMS,

Charged aTGCs described using
the LEP parameterization.

/ WWZ vertex parameters

/

\_

In SM all neutral TGCs are
zero at tree level.
Limits are set on ZZ7Z and ZZy
couplings using anomalous
parameters f,V and f£.".

\

J

Nov 2013

" ATLAS Limits!
CMS Prel. Limits

-0.015
-0.004

(2l2v)  -0.004

-0.015 46"
-0.004 196 b
-0.003 5.1, 19.6 fb!

-0.013
-0.004

(212v) -0.003

-0.013 46"
-0.004 196"
-0.003 5.1, 19.6 fb!

-0.016
-0.005
-0.004

NNIRNNRNRNRK

R
2

-0.015 4.6 b
-0.005 196"
-0.004 5.1,19.6 fb”

Jerfle ]| -

-0.013
-0.005
ZZ (212v)  -0.004

Z7
— Z7
'_'

-0.013 46"
-0.005 19.6 fb™
-0.003 5.1, 19.6 fb™

QOct 2014
T T T T T T T LT T T T
| ' | T T
P o
At — Ww -0.043 - 0.043 4.6 fb"
Z — WV -0.090 - 0.105 4.6 b
— WV -0.043-0.033 5.0 fb"
i LEP Combination -0.074 - 0.051 0.7 fb™
2 — WW -0.062 - 0.059 4.6 fb’
Z — Ww -0.048 - 0.048 4.9 fb"
— Wz -0.046 - 0.047 4.6 b
— WV -0.039 - 0.040 4.6 b
— WV -0.038 - 0.030 5.0 fb
o D0 Combination  -0.036 - 0.044 8.6 b
o LEP Combination -0.059 - 0.017 0.7 fb"
Agz — WW -0.039-0.052 4.6 fb"
1 — WW -0.095 - 0.095 4.9 fb’!
— Wz -0.057 - 0.093 4.6 fb"
— WV -0.055 - 0.071 4.6 b
o DO Combination  -0.034 - 0.084 8.6 fb
| & ‘LEP CombinatiPn -0.054-0.921 0.7 fb’

05 0 0.5 1 1.5
aTGC Limits @95% C.L.

05 0 05 |

l l | l l l 1
15  x10"

aTGC Limits @95% C.L.

No evidence of anomalous triple gauge couplings is observed

Compact Muon Solenoid
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http://arxiv.org/abs/hep-ph/9601233

) |CMS /!
Vector Boson Scattering (VBS) & N i
—
5 ?| o(VV — VV), no Higgs
r ) "'. .
e Important process to probe the Model w/o a Higgs boson
EWSB mechanism. 17
e The role of the Higgs boson in EWSB R I I R
is essential to preserve the unitarity \
of VBS cross section. _
. . 0.2 — 1.1'+U" — WTW-
e Same sign VBS provides the best S/B. |
0 1000 20‘00 3000
k ) Vs [GeV]
o(VV — VV) with m;, = 120 GeV
q ¢ q 7 q q AN . :
e \‘\% - - - Model with a Higgs boson
SN
: HY 0.1 \\\\\\\ ~-
=
W /_,{::’” W W T
q (1' q (1’ q (1' 0.01 — niﬂii: — WTWw- -
0.001 — ;ZZ—‘ZE B
0 _1,0‘0() 20‘00 3000
Vs [GeV]
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http://arxiv.org/abs/0806.4145

VBS in W=W#4jj CMS-PAS-SMP-13-015 INFN
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MadGraph+VBFNLO correction: 5.8 £ 1.2 fb

C
—
é . . ) g
Signature & selections . oMs  194BbI@TeY)
e Similar to HoWW analysis in VBF channel. | 2 < Data
« Two leptons with same charge. £ B Othor skgs. |
o Two forward jets with M_>500 GeV and o 10 Nonprompt |
1 - Wz
|An,|>2.5.
« M, >50 GeV to reduce W+jets and top SN :
backgrounds. 5 %\ \ \\x ]
o E mss > 40 GeV. - . |
C Z/top veto. [ : jk \\\\\\\\\ N
0 e $
500 1000 1500 2000
Backgrounds m, (GeV)
e Nonprompt leptons (75%).
e WZ-3Iv (15%). 4 Results )
° -Q] VVV 0]
\_ Wrong-sign, DPS and (10%). / | * Results in agreement with SM
with an observed (expected)
oy (WEWE jj)= 4.0 (stat ) (svst significance of the W=W=jj
fd( ]J> 2'0( ) 1'0( 4 >fb process of 2.00 (3.10). )
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http://arxiv.org/abs/1410.6315

[ ) -+ -+ [ X}
VBS in W=W3jj Lli N
( [ ] [ ] [ ] \
Limits on alternative models
* An excess of events could be also interpreted in terms of aQGCs or
models with doubly-charged Higgs boson.
L J
CMS 19.4fb™" (8 TeV) cms 1|9.|4|ﬂ:|>‘1 (8 TeV)
£10F ) | ! | | | |
i) @ Data = C VBF H — WSW* = Observed
T —— SMF,,/ A" = 0.0 Tev* b S e Median expected
c I T R aQGC Frol A% =-5.0 Tev*? ; L Expected + 1o
g ——aQGCF_ /A" = +5.0 TeV" L o00k Expected £ 26 |
- B ; ; = vev = 35 GeV
| . .................. T . = vev = 25 GeV
gL R — ﬂ — — vev =16 GeV

100 200 300 400 500
m, (GeV)

M, distribution most sensitive to aQGCs.

No evidence of aQGCs is observed

S T e L
' AN B .Tﬁ?‘.‘fﬁﬁ—T—T—.‘-%‘L.:::_{;h

200 300 400 500 600 700 800

m,,- (GeV)

Higgs cross section

Upper limit on doubly-charged

Compact Muon Solenoid
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) |CMS

Conclusions INFN
C

Candidate VBS event in
the di-muon channel
recorded by CMS

> CMS provided precise cross sections measurements for diboson
processes using 7 and 8 TeV data.

> Limits on charged and neutral aTGCs have been set and no
evidence of deviations from SM is found.

> ATLAS and CMS reported the first evidence of VBS at LHC.

> Run2 data taking is essential to achieve higher significance on
same sign VBS.
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) |CMS
Analyses references (NN
VECTOR BOSON
DIBOSON PROCESSES SCATTERING
77
PAS WW
WZ
77 19.4 fb! (8 TeV)
Luminosity and 3.5 fb (8 TeV) 19.4 fb (8 TeV)
nergy
WZ 18.9 fb! (8 TeV)
Results Cross section and aTGCs limits aQGCs and H** limits
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http://arxiv.org/abs/1406.0113
http://arxiv.org/abs/1410.6315
http://arxiv.org/abs/1301.4698
http://arxiv.org/abs/1403.3047

WZ-3lv

CMS-PAS-SMP-12-006

D
INFN
C

CMS,

g Signature & Selections

e Events with 3 leptons in the final state.
« Two oppositely charged e or u peaking at M,
from the Z boson decay.

e One isolated lepton plus MET from the W
decay.

. J
r

Backgrounds

« Non-peaking: tt.

o Z+fake lepton: fake laptons from jets or
photons.

o Z+prompt lepton: ZZ—-41 events with a non
detected lepton.

. J

0=24.61+0.76 (stat) +1.13(syst )+1.08 (lumi ) pb

MCFM cross section = 22.3 £ 1.1 pb

Events /1 GeV

data / prediction - 1

CMS Preliminary

Vs=8TeV, L =19.6fb"

= T 1 — T T T
| -e- data (1480) M Zz (5)
300 |— all (1395) M zZv (D) ]
| WZ (1184) VVV (38)
| I data-driven (149) WV (3)
200 |— ++ —
100 B + + —]
R +¢
: ¢¢¢* .4 i
0 Lasas t2ee%s —gﬁs :‘QM‘ .®,
b + | +T + H Hf
E $4eeto0en, oot o
O Pt T TR
-1 B -

70 80 90 100

110

m, [GeV]
CMS Preliminary {s=8TeV,L=196tb"
T T T T ‘ T T T T ‘ T T T T ‘ T T T T
-@- stat. — syst.
theory — Jumi.
eee 1.14 £ 0.11 H—e—HI
1.14+ 0.08 + 0.06 + 0.05
eeu 1.07 £0.10
1.07 + 0.07  0.05 + 0.05 He—#
upe 1.11+0.10
1.11+ 0.07 £ 0.06 + 0.05 ht-e—
ppp 1.17 +£0.10
1.17 1 0.06 L 0.06 L 0.05 e
combined 1.12 £ 0.08 Lot
1.12 £ 0.03 £ 0.05 £ 0.05
L L L L ‘ L L L L ‘ L L L L ‘ L L L L
0 0.5 1 1.5 2

exp theory
Owz | Owez

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

o
ZZ-4l yields & N
s
Decay Expected Background Total Observed CMS JS=8TeV. L= 19.6 fb"
Channel ZZ yleld eXpeCted > 140 [ L L L L D B B \'l T T \ T \_
fe 552840254764 216+£026+088 57.4440.37 +7.69 54 G [ ¢ Daa } ]
4 7732402941008 11940364048 78514049 +10.09 75 ~ 10 M7z E
2e2  136.094£0594+1750 235+034+093 13844+070+1752 148 £100 | w2z + jets f
eeT,T,  246+£0.03+032 346+034+104 592+036+1.15 10 S o E E
T T, 28040034034 38940374117 6.6940.39 +£1.30 10 o
eeTL Ty, 279+0.034+036 387+126+116  6.66+134+1.29 9 60 E
T, 28740034037 149+0674£060 43640714073 2 40 [ .
e, T, 327+£003+£042  147+£041+£044 47440434063 2 2o b ]
uit T, 38140034050 15540434046 5364046 +0.70 5 | |
O ||||| I TR S | L1l
eeTeT,  223+£0034£029  304+£1324150 5274140+ 161 4 0 10 a0 %0 100 10 120
HpTet,  241+£0034£032  074+£051+£037 3154054 051 5 m, (GeV)
Total Tt 226540054294 1951+215£585 4216+228+6.87 47 ‘

Decay channel

Total cross section, pb

de 7.2 70§ (stat) 702 (syst) & 0.4 (theo) + 0.2 (lumi)

4y 7.3 +0 8 S (stat) ©; +0 6 ° (syst) + 0.4 (theo) 4 0.2 (lumi)

2e2j 8.1 + 7 (stat) +“6 ® (syst) £ 0.4 (theo) 4 0.2 (lumi)

0lTT 7.7 +§é (stat) T + o (syst) & 0.4 (theo) 4 0.2 (lumi)
Combined 7.7 4 0.5 (stat) +g: (syst) £ 0.4 (theo) & 0.2 (lumi)

16/02/2015
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) [CMS
ZZ-41 aTGC limits é/,”

CMS \Vs=8TeV, L=19.6fb" CMS Vs =8TeV,L=19.6fb’

::-,..., q— _I T | T T | T T T T T T '_ ;-,..., L.[-J T T 1T 1 | T T T | 1T 1T 1 | 17T 17 7T 1111 1T 17T 17T T T
001 x ® Bestfit - 0.0 . ® Bestfit =
- 68% CL 1 - e 68% CL -
i / \— 95% CL | - / \— 95% CL ]
0 IS N Or \ T\ N
i \ ‘ ] i \\ | i
001 L —+1peswcL ] 001 :_ —+ 1D 95% cL _:
_I | | | | 1 1 | | | 1 1 | | I_ | | 1 | | | 1 1 1 | | | 1 | 1 | | | | 1 1 1 | | | | 1 1

-0.01 0 0.0 -0.01 0 0.0

z z
£ fz
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ZZ-4l differential cross sections

CMS

Compact Muon Solenoid

| B

CcMS Vs=8TeV,L=19.6 fb" CMS {s=8TeV,L=19.6fb" CcMSs Vs=8TeV,L=19.6fb"
’; - T T LA L L I LA B I ‘i ; i‘ o T L ‘j S‘ 1 T I
R - —e—Unfolded data R - —e—Unfolded data ] 8 i —e— Unfolded data |
= 0.3 a ] Total uncertainty = 0.4 [ Total uncertainty = - Total uncertainty -
=~ E 2z E = - 2z = — 08 22 7]
a - —— MCFM NLO ] a 03 5 —— MCFM NLO E EH i —— MCFM NLO ]
g oz2f ] S | SN E = A & -
= - E =R E e | j
s | I s o :
\E 01; \\\\\\ { = fr 7: E | ]
2 2 ! —+— & o
© B ] - B ~ B B
S 3 n E 2 ouET = = o2l N
QE %E e g O; | ! I * E 9 | \\ T Pe— o :
= 0 40 60 80 100 120 140 : Ty -
: 0 50 100 150 200 250 00 200 300 400 500 600 700 800
Leading lepton GeV
o 2 gep pl( ) Z,p, (GeV) m,, (GeV)
L S . . O O 2
T | e ghy |8 g T =
S | T R N I IS 1 . S
S 0 ! ! ! . ! ! N o % = s EES S h NN
(@) (] ol v v i
CMS Vs=8TeV,L=19.6fb" CMS /s=8TeV,L=19.6 fb" CMS s=8TeV,L=19.6fb"
S 12 T ST oy = L L L B L BRI B f [ T T T T T B
B E N N ] N B ]
8 - —e— Unfolded data - N 0.7 —e—unfolded data = N 1| - Unfolded data ]
= | o Total uncertainty —| N 0 65 ] Total uncertainty ] N - Total uncertainty 4
A'_ i zZ ] = ’ E 7 E e 0.8 B iz B
Q. o8 —— MCFM NLO — < 0.5 —— MCFMNLO = < "F —— MCFMNLO R
N i ] kS, - 8 5 i ]
N L a \_'9 - - ~ [ 1 7
IS 0.6l ] ¢ O4F s 0.6 RS ]
= | i = ] | i
bﬁ% - 1 -Dg 0.3F — < - i
< 04f - ) - . e 04 7
z i ] = 02F = = - ]
b B N n . ; ;
= 02 ] 7] 0.1? *; 0'2: SRR SSsS ]
0 20 40 60 80 100 120 140 0 0.5 1 1.5 2 2.5 3 0 1 2 3 4 5 6
Zp, (GeV) Ao(Z,Z) AR(Z,Z2)
3 3
Q 2 Q L @) B
TSRS s NN s o _
5 et g S ==t T E——— RSN
— T T N
5 f NSNS g | i B N D s
[m)] 0 L PR S S IR 0 0
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CMS

Compact Muon Solenoid

@
W*W--212v yields (NN
s
Channel vl
WHTW-— 684 + 50
tt and tW 132 +£23
Wjets 60 £ 22
WZ and Z2Z 27+ 3
Z/ v +jets 43 +£12
Wy () 1445
Total background 275435
Signal + background 959 + 60
Data 1111
CMS Ns=8TeV, L=35fb’ CMS \s=8TeV, L=35fb"
> = T T T T T T | T T T | T T T ‘ = > T T T T T T T | T T T T | T T T T
3 - - DATA c) - 3 i -+ DATA d) ]
w0 - WW o i Ww -
E s [ Y . E 150 |- [ Y n
P 200} B Zjets - S [ B 7:jets i
|.|>.l i W + jets |.|>_| i W + jets
B P2 top - top ]
- 3 ] 7] stat @ syst 100 B 7] stat @ syst
100f _?% 7 [
et of | ks —
I T I %&-‘ e o s ]
i — P Tscas, TN
! T, B Rt fﬁiﬁ@&%ﬂgi
O | | | ‘ | | | | | | | '_ o = O | | | | | | | | | | | | | | | | | | 'i
40 60 80 100 120 0 50 100 150 200
pl [GeV] m,, [GeV]
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) |CMS

I and B BDT discriminants g

1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1
v2ldof = 4.56 (b)

I for each event. i

VZ-V+2 b-jets MVA (NN
PR e EE")
. I e g Combined distribution :
S qorpMs E Data @ 1 for all channels in the :
S P EE-wmuin — 1 value of the logarithm of
£ 10E — V2D = 1 the ratio of signal to .
< 10 = L2220 MC uncert. (tot.) —§/I background (S/B) i
10° E° - I discriminants in data and ,
e 1in MC simulations, based ,
m% 1 on the outputs of the S

1% dof =1.34 | ' | ' " (©)

: {
t
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18ECMS 4 Bestiit (68% stat) -
- {s=8TeV,L=18.9fb’ =g§¥ gt -
16:_ pp —VZ; Z - bb MCFM NLO -
14 " Inclusive cross sections for 60 < m;, < 120 GeV ]
1ok b) -
10 ]
8- —
6 =
4r -
21 =
0 :I L 1 1 | I [ | I I | L1 1 1 [ I | [ I | L 1 I:
0 10 20 30 40 50 60
Owz [pb)]

16/02/2015
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aTGCs parameterization

D

IN
(s

N

CMS

> LEP parameterization: respects SU(2)xU(1) gauge invariance and
conserves the charge conjugation and and parity symmetries.

> Involves 5 parameters:

1)Ag12 = g1z -1

— _ L — HJU W gI ; TI’ —l: II’ - T Iv +p TI' —} ‘v 1% 1+ v TIH_ T Iv }_ ‘v 0z +
" y 1 JiL JiL 7 L

gy WIEW, (0MVY 4 VI — gl e (

Av
M2,

— 9, W)Y,

3 ) AkZ - kZ -1 .

T

4 ) }& W
Y
5)2,

> Because of gauge invariance only 3 parameters are independent:

1)Ak, = Ag,?- Ak tan?,,
2)A, =4,

16/02/2015 L Viliani — LLWI 2015
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5 . ) |CMS
aQGCs parameterization INFN

(d)
G (d)
G-+ Y Yol

dimension d

> Effective field theory approach: put new physics in higher
dimension terms.

> New physics appear as anomalous QGC.

> It is a model independent approach, complementary to direct
searches.

> Different parameterizations = dimension-6 or dimension-8
operators.

16/02/2015 L Viliani — LLWI 2015 23




) |[CMS
aTGCs summary é/ N

Limits on neutral aTGCs for Limits on charged aTGCs for
Z7Zy and Zyy WWy

Oct 2014 Oct 2014
o DT atAS tmisT T T T LU aTASUmits] T T ]
GMS Prel. Limits — CMS Prel. Limits —
CDF Limit — EEPLllTI’II’tIit :
h — Zy -0.015-0.016 4.6 i Ak, - Wy -0.410 - 0.460 4.6 fb"
3 = Zy -0.003 - 0.003 5.0 fb : | Wy -0.380 - 0.290 5.0 fo!
- Zy -0.004 - 0.004 195 fo! —_— ww -0.210-0.220 4.9 fo'!
- Zy -0.022 - 0.020 5.1 fo" —_— Y -0.210- 0.220 4.6 b
hZ — Zy -0.013-0.014 4.6 e ww o -0.110-0.140 5.0 fb”
3 - Zy -0.003 - 0.003 5.0 fb" ———— DO Combination  -0.158 - 0.255 8.6 fb!
- Zy -0.003 - 0.004 195 fb" —e— LEP Combination -0.099 - 0.066 0.7 fb':
S zy -0.020 - 0.021 5.1 b A — W 'g'ggg'g'gg; 4.6 ]‘:b_1
hxi00 Zy -0.009 - 0.009 4.6 fb” - W\YN e oo i-g fE_1
4 : Zy -0.001 - 0.001 5.0 fb” : : 10
— Zy :0.004 - 0.004 5.0 fo" - wv ©0.039-0.040 4.6 b
7 — Zy -0.009 - 0.009 4.6 fo - wv - -0.038-0.030 5.0fb
h;x100 p o DO Combination ~ -0.036 - 0.044 8.6 fb"!
4 H Zy -0.001 - 0.001 5.0 fo - LEP Gombination -0.059 - 0.017 0.7 fb”
| - zt ~-0003-0.003 195" T —+L-—-vomoinafon 98590017 071
— -05 0 0.5 1 15
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aTGC Limits @950/0 CL. aTGC Limits @95% C.L.
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Triple-boson processes

) |CMS
INFN
(S

> Diboson final states in scattering topologies and triboson final states
can be used to set limits on quartic gauge couplings (aQGCs).

Observed Lim

its

| Expected Limits

-21(TeV ~%) < ay / A4 < 20 (TeV )
. BATEY. <af LA° <32 Tey 22
25 (TeV =% < fro/ A% < 24 (Tev —9)
-12 (TeV ~ %) < k' / A% < 10 (TeV 72
-18 (TeV =2 < kW/ A2 < 17 (TeV ~2)

LEP L3 limits

24 (TeV %) < ay/ A%< 23 (TeV ~9)

L37(TeY 2L al LA’ <34 (JaY 22

27 (TeV ~%) < fro/ A%< 27 (Tev %),
12 (TeV ~2) < ky'/ A2 < 12 (TeV ~2)4

19 (TeV 7 2) < kW/ A2 < 18(TeV ~ ) !

—_— CMS WWy limits —

. . . - July 2013 imits imits areie
First experimental limits < ' Do imi CMS 17> WW s
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
r ~\ WWy  [-15000,15000] 0.43fb”" 0.20 TeV
® aOW; aCW: dlmenS]-On'6 vy— WW [-430,430] 9.70fb" 1.96 TeV
parameters associated with A/ A2 Tev? S E— wwy  [21,20] 19307 80 Tev
WWVV vertex,. 1 aade o WW  [-4,4] 5.05tb" 7.0 TeV
Y W . 1 1
¢ ko ’ k . dlmenSIOn_G WWy [ 48000, 26000] 0.43fb”" 0.20 TeV
parameters associated with y7— WW [-1500,1500] 9.70fb" 1.96 TeV
WWZV Ve]_"teX. A2 Ty ? —— Wwy [-34,32] 19.30fb" 8.0 TeV
- f.,: dimension-8 parameter OIS T : noWW 1818 508’ 70 Tev
. associated to both verices. ) e wwy L2520 foa0m’ a0 Tev
—165-164-163—162—16 1 1 110 162 163164165
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WWy and W2y

Phys. Rev. D 90, 032008 (2014) (-

CMS-PAS-SMP-13-009 / N/r? S

CMS J Ldt=193fb" ys=8TeV
T | T 1 17T | 1T 17T ‘ T 1T 1T ‘ T T 17T ‘ T 1T 17T | T 1T 17T | 1T 17T ‘ T T T
—— Muon data - jets -y

[RRR&] MC uncertainty
SM +a)' | A? = 50 TeV?

—
(@]
=y

Zy+jets

- top quark
- Wy+jets

WVy

—
o
N

Events / 42 GeV
2,

—
o

10"

10

-

Ee.. :

100 200 300 400
Photon E, (GeV)

aQGCs limits extracted
from photon E.

distribution.

w
|

Data/MC
N

g Signal signature

e Events with one photon and a pair of
vector bosons (WV).

e One W is required to decay to leptons and
the other boson (W or Z) decays

9 hadronically.

g Selections

e Similar to the previous analyses.

e Photon required to have ET>30 GeV.

e Events with photon candidates in the
endcaps are rejected.

- Results

e Only upper limit of 311 fb at 95% CL on
Wvg cross section (3.4 times larger than
SM prediction).

e No evidence for anomalous WWgg and

L WWZg QGCs is found.

16/02/2015
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http://arxiv.org/abs/1404.4619
http://dx.doi.org/10.1103/PhysRevD.90.032008

) [cMS
VBS in W=W<jj INFN

Signal and background yields in same sign WWjj

Nonprompt WZ VVV  Wrongsign WW DPS Total bkg. W*W=jj Data
Wwt  21+06 06+01 02+01 014+01 01+01 314+06 71401 10
WWw 2105 04+01 01=x0.1 — — 2605 1.8=x0.1 2

W=W= 4.2+ 0.8 1.0+01 03+01 01=x0.1 0.1+01 57+08 89+01 12

Upper and lower limits on on the nine dimension-8 parameters
affecting QGCs between weak gauge bosons.

Operator coefficient Exp. lower Exp. upper Obs. lower Obs. upper Unitarity limit

Fso/A* —42 43 —38 40 0.016
Fsp/A* ~129 131 —118 120 0.050
Faro/ A —35 35 -33 32 80

Faq /A —49 51 —44 47 205
Fare/ A —70 69 —65 63 160
Fai7/A* —76 73 —70 66 105
Fro/A* —4.6 49 —4.2 4.6 0.027
Frq/A* —2.1 24 ~19 2.2 0.022
Fro/A* —59 7.0 —5.2 6.4 0.08
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VBS in W=W<jj

D
INFN
C

CMS

Solenoid

( o (] ] N
Fiducial region
- Two same sign leptons with p'>10 GeV and |n|<2.5.
- Two jets with pJ>20 GeV and |n,|<5.0.
- M;>300 GeV
. |An,|>2.5
\ v,
CMS 19.4 fb' (8 TeV) 1
< L. B AL .e.f _ 1000CMS 19.4 fb™" (8 Tev)
> 151 e \[fvait\?\/iﬂ ] T i — — Expected 95% CL
g B Other Bkgs. ) g . gl\t;]served 95% CL
o Nonprompt ] 500~
N W Wz I
10 | i
0 _; i 500
O—i \\\\\\\\\\\\\ l 000k L L
0 100 200 300 400 500 -200 100 100 2?_9
I:)I_l_max (GeV) S,0
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