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Diboson production:

ZZ->4| at 8TeV, CMS-PAS-SMP-13-005 => Phys. Lett. B 740 (2015)
ZZ->212v at 7+8TeV, CMS-PAS-SMP-12-016

WZ->3| at 7+8TeV, CMS-PAS-SMP-12-006

VZ->212b at 8TeV, CMS-PAS-SMP-13-011 => Eur. Phys. J. C 74 (2014) 2973
vy production, CMS-PAS-SMP-13-001 => Eur. Phys. J. C 74 (2014) 3129

Z(->Il)y at 8TeV, CMS-PAS-SMP-13-014

Selected electroweak results:

o

Selection of the latest CMS results

e

+ Anomalous couplings:

77->41, 7Z->212v, Z(->Il)y

VBS: EWK WW with 2 jets, WZ with 2 jets, CMS-PAS-SMP-13-015 => Phys. Rev. Lett. 114 (2015) 051801

VBF: EWK Z with forward and backward jets, CMS-PAS-FSQ-12-035 => Eur. Phys. J. C 75 (2015) 66
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CMS

‘Gompact Muon Solenoid

Diboson productio

Cross-section measurement is a fundamental test of the Standard Model (SM)

* Vector boson self-interaction result from the non-Abelian nature of SU(2)xU(1)
* Irreducible background for Higgs boson studies and many beyond SM searches
 Anomalous Triple and Quartic Gauge Couplings is a probe for the new physics

 CMS Collaboration has performed extensive studies of the diboson production
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ZZ->4| cross se

CMS \Us=8TeV,L=19.6 fb"
* Inclusive and differential ZZ->lII'l’ cross sections (I=¢e, w;I'=¢e, K, T) = . ‘ ‘ ‘
880 - e Data T
1 | ]zz
. . ~60 . —
* Mutually exclusive sets of 4e, 4y, 2e2p and lItt, with 60 < m,<120 2 [ W2Z/Z + jets
2
40 - s
* Backgrounds: WZ+jets, Z+jets and ttbar, control data samples used i |
0 é.J-_ 6 1;; ® P
* Simultaneous fit to include all final states in cross section calculation 200 400 600 800 1000
m“llllll (GeV)
CMS {s=8TeV,L=19.6 fb"
) ) ) ) < A EEERE R RERES
 Differential cross section measured, 4e, 4, 2e2p decays combined & i —— Unfolded data |
= L Y] Total uncertainty |
: 0.Sj [z —
EH i —— MCFM NLO
. . o} N ]
¢ The measured cross-sections show good agreement with the SM P
S o4l ]
Decay channel Total cross section, pb Theoretical value of \og i
de 7.2789 (stat.) T3¢ (syst.) = 0.4 (th.) £ 0.2 (lum.) 7.7 £ 0.6 pb T N p
4 7.3708 (stat.) T3¢ (syst.) £ 0.4 (th.) £ 0.2(1 ]
5 g 8. 1+07(s 2 )+ 5 (5ys )i04( h ) ioz(lum) calculated with MCFM 6.0 fo0 200 300 400 500 600 700 800
ep zg(Stat) 2 (syst) (th.) (um.) 5 NLO qg->2Z & LO gg->77 m,, (GeV)
ltt 7. 7+1 9 (stat. ) 12 (syst ) £ 0.4 (th.) £ 0.2 (lum.) with MSTW2008 PDF and (E) 2
Combined 7.7 +0.5(stat.) ] 05 4 (Gyst) 204 (th.) £02(lum.)  scalessetto = =m; 8
[m)]
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‘Gompact Muon Solenoid

ZZ->212v cross section

. . 1 1 CMS Preliminary 2012, jL=19.6fb", Ys=8TeV
* Inclusive cross-section measurement, 7TeV (4.9fb*) and 8TeV (19.6fb™) ¢ 7 T T
o = ata
u>J 104% bkg (data)
* BRis 6x larger than ZZ->4l, large background yields (DY, WW and top) b
10° i— Instr. bkg
. . . N . . 5 data
* MET reconstruction is crucial, distinctive hallmark w.r.p. to DY process o
* ata
1
* Reduced MET variable applied, previously used at DO & OPAL searches o
Variable Value ) —
. . . Dilepton invariant mass  |m(€€) — 91| < 7.5 GeV/c? g 15 f
reduced-ETmlss = _qlr — R? / Dilepton pr gr > 45 GeV/c T afesetese 9%5;#*{*‘ ‘
c/u b-tag veto based on vertex info. (for jet with pr > 20 GeV/c) § o — s O RS O .00 -
Jet veto no jets with pr > 30 GeV/c 0 200 R d400 d E miss
miss Reduced Eiss > 65 GeV educed E
B = ET™/qr Emiss balance 04<B<18
AP(ERiS jet) > 0.5 rad
A¢(E¥‘iss,lept.) > 0.2 rad
CMS Preliminary 2012, [L=19.6 1", ¥5=8TeV Lepton veto no additional leptons (e/p) with pr > 10/3 GeV/c
@ 300 T T — N . : . :
2 [z 20 1 * The DY background is estimated from data using y+jets control sample
LICJ 250:_ -WZ—>3IV _:
r [ ]z- 2(data) ] )
200~ I wwwescas | * Non-resonant (WW and top) estimated from ep events and Z mass SB
1503— é
ook 1 ¢ Cross section extracted with a profile likelihood fit to the reduced MET
sof- E TTeV: o(data) = 5.0, ,*1 (stat) , o*13 (syst) £ 0.2 (lumi) pb
E ] : — 0.13
o : o(NLO) =6.83 ,,,"" pb
°
) . _ , 1. i
g8 o — - 8TeV: o(data) = 6.8 ; ;08 (stat)_, ,*1® (syst) £ 0.3 (lumi) pb
Q 50 100 200 300 400 1000 . = +0.15
° Reduced MET [GeV] o(NLO) =8.38 4 ,, pb
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CMS

WZ->3lv cross section (1/2)

Inclusive cross-section measurement in 3 leptons (e or p) plus MET, 7TeV (4.9fb1) and 8TeV (19.6fb™?)

Background contribution from events with 3 (real or fake) leptons, can be grouped into three classes:

* non-peaking background: tt, QCD multijet and W+jets (the latter two are found to be negligible)

» Z+fake lepton background: most important, include fake or non-iso leptons from jets or photons

» Z+prompt lepton background: mainly from ZZ->4l, irreducible but small (reduced ZZ cross section)

Prompt leptons: real, from heavy boson decay

CMS Preliminary
— T

Vs=8TeV,L=19.6fb"
—
W 2z (15)

CMS Preliminary
——T

Vs=8TeV,L=19.6fb"

| - data (1480) : : - data (2394) W 2z (69) :
300 | all (1395) Wz — 300 |- all (2178) 0 zv (50) _|
- WZ (1184) VVV (38) B | WZ (1617) VVV (45) i
. . . | [ data-driven (149) WV (3) i B M data-driven (391) WV (6) ]
* Fake leptons: leptons in jets or misID hadrons I ] I ]
> B N > u N
& 200 |- ++ - 8200 | ++ 7
* Z+jets and top from data, dedicated fake rate z | ; | 2 - 1t ]
& * 1 & ]
sample eee eey Upe UUu i ' ¢ ] iy
Z+jets 98+44 | 169+60 | 145+54 | 13.8+45 r N ]
top 14404 | 27403 | 62407 | 91+10 I ¢ | |

77 24+01 | 31+01 | 39+01 | 58+0.1 - K N - -

Zy 24409 | 04+04 | 38+12 0 o Lanaeyonante®t oo 04 0urueoe | "

WV 01401 | 01401 | 02401 | 22407 0 | | . |

VVV 61403 | 79403 | 104404 | 134404 5 f } T + + H 5 1F + 1

\y4 1939+14 | 2458416 | 3159+19 | 4280422 $ ok L R Hastosas, ensitt? ++ Wl 3. ?"""""“"’¢¢*3++++++ ++ H g + |

total MC | 2160 £ 4.7 | 2770 £ 6.3 | 3549 £ 60 | 4723 £52 SN R bon St 1 1

data-driven | 14.84+14 | 271429 | 479434 | 59.0+46 g L - - - 3 L - —= - 4

data 235 288 400 557 m, [GeV] £ (Gev]
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‘Gompact Muon Solenoid

. . . . T T T T I T T T T | T T T T | T T T T T T T T | T T T T | T T T T I T T T T
 Cross section estimated using expression: o —om —om —
theory — Jumi. theory — [umi.
. eee 1.29 £0.19 eee 1.14 £0.11
NSlg 1.29 +0.17 + 0.08 + 0.03 t . f 1.14 + 0.08 + 0.06 + 0.05 H—o—H
v= A L 1.07 £0.10
. . een 1.11+0.18 eep 1.07 £0.
€ 1114 0.15 £ 0.08 + 0.02 H—e—H 1,07 £0.07 +0.05 £ 0.05 e
. . ppe 1.11+£0.17 ppe 1.11+0.10
d Klnematlcal range: 71 < m(Z) < 111 GeV 1114 0.15 £0.09 + 0.02 H—® 1114007 +0.06 +0.05 ke
ppp 1.18 £0.16 ppp 1.17 £0.10
118 £ 0.13 £ 0.08 £ 0.03 f——t 1.17 £ 0.06 + 0.06 + 0.05 H-e+
HYH H . combined 1.17 +0.10 combined 1.12 + 0.08
* Individual channels combined with BLUE | 7760 oss o H-o-H o
L | 1 L L L L | 1 1 | L L 1 1 | L
0 0.5 1 1.5 0 0.5 1 15 2
°

CMS Preliminary

WZ->3lv cross section (2

Vs=7TeV,L=49fb"

u
1 .776‘0 006

0.003

—e—i

Vs=7TeV,L=491b"

1.94 £ 0.25 (stat.) = 0.04 (syst.)

u
1.724 +0.003 £ 0.003

Ys=8TeV,L=19.61fb"

CMS Preliminary

CMS Preliminary

Ys=8TeV,L=19.61b"

The measured values for the WZ production cross section at 7 and 8 TeV in this kinematical range are:

7TeV:

8TeV:

o(data) =20.76 + 1.32 (stat.) + 1.13 (syst.) + 0.46 (lumi.) pb

o(NLO) = 17.8.4,.*%7 pb

o(data) =24.61 + 0.76 (stat.) £ 1.13 (syst.) + 1.08 (lumi.) pb

o(NLO) = 21.91  4,*117 pb

* The ratios of W*Z to W'Z production cross sections at 7 and 8 TeV are:

o omom 290 || 7TeV: 0(W*Z)/0(W*Z) = 1.94 + 0.25 (stat.) £ 0.04 (syst.), SM: 1.776 g 0,000
R T /' ~T 255 | 8TeV: 6(W*Z)/o(W*Z) = 1.81 + 0.12 (stat.)  0.03 (syst.), SM: 1.724 + 0.003
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‘Gompact Muon Solenoid

Entries / 0.25

Leptonic decays: W -> ev, uv; Z -> e*e’, W'y, w
Analysis of final states with the 0, 1 or 2 leptons

Two methods: first using fit to the output of MVA
discriminant, second takes fit of the two jet mass

MVA (BDT): events classified into different regions %, ;
of W/Z pT, then sorted by the expected S/B ratio o 50 M0 Moo 250

VZ->212b cross secti

Important test of SM, background for the VH(bb)

> T T T T T T T T T T T b 0 s L L B B BB B B

8 900— CMS —o— Data_ CJw+b @ r CMS —¢— Data ]

o F Vs= 8Tev,L=189 " B2 VZ00) I VW+udscg O [ Vs= sTev,L=1891b" b ]

2 800 pp - vz- = [ VV+udscg — p i Wio9L ’ - 7] vZ(bb) _]
Y £ pp = VZ;Z — bb [ VH (125 GeV) . - p —VZ;Z — bb

P E [C—JZ+bb [ Single top ~ C ! [ ]VV+udscg ]

8 700E Cz+b — VH (125 GeV) a r ]

b= E [ Z+udscg —— VZ(bb) £100F [ VH (125 GeV) ,

w 600 [ W + bb 22 MC uncert. (stat.) ch r —— Tot. MC uncert. ]

80 } %22 Uncert. on VZ + VH {

g ()

60~ 7

40F 1

20 .

L o - |

20 -

C 1 1 N S — 1 1 1 1 1| 1 N S 17
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Two-jet mass analysis: a more restrictive selection

£ cms

+T Data Y Y (a)

6

10° £ 5= grev, L =189 [ vzvh)

105 ;r pp - VZ;Z —bb [ Background
E —— VZz(bb)

e Total cross sections determined from simultaneous fit to all final states
¢ MVA analysis: 6.3 0 (5.9 o expected); m,, analysis: 4.1 o (4.6 o expected)

¢ Measured cross sections (60 < M, < 120 GeV) consistent with SM@NLO:

o A ‘ﬁ o(pp = WZ) = 30.7 & 9.3 (stat.) & 7.1 (syst.) £ 4.1 (th.) & 1.0 (lum.) pb
os= ~  |o(pp —» WZ) = 223+ 1.1pb (MCFM NLO)

oc(pp = ZZ) = 6.5+ 1.7 (stat.) == 1.0 (syst.) £ 0.9 (th.) = 0.2 (lum.) pb
o(pp — ZZ) = 7.7 £ 04pb (MCFM NLO)

M. Dordevic (CERN)
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Zy->lly cross section

* Measurement of the Zy production cross section in electron and muon channels, with 19.5 fb'! at 8 TeV

* 0. :separation between two background photons have larger o

inin*

inin

Kinematic range: p; > 20 GeV, M, > 50 GeV, E;¥ > 15 GeV, AR(l,y) > 0.7, lept. and photon in fiducial area
The dominant background is DY+jets: non-prompt photons from 1® or n decays or misidentified hadrons

Two template observables were used to measure the cross sections independently and then combined:

values than for single photons

* Iy nfpt Py sum of all photon-like PF objects in AR < 0.4 around photon, no “footprint” of the photon

eey channel, 19.4 b (8 TeV)
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‘Gompact Muon Solenoid

Zy->lly cross section (_

The overall inclusive cross section, from the combination of two template methods, is measured to be:

o(incl) = 2063 + 19 (stat.) £ 98 (syst.) £ 54 (lumi.) fb

o(NLO) =2100+ 120 fb (MCFM)
o(NNLO) = 2241 + 22 fb (M. Grazzini et al.
arXiv:1309.7000.)

e Theinclusive cross secion . ©MS inclusive  19.5 b (8 TeV)
> -
shows better agreement S 1y —
0 E ==
at high p;¥ with NNLO and o f =
: g 10¢ =
SHERPA than with MCFM - —
b_ - -
© 1 *t
. . E e Datacombined: upy, eey ==
* The exclusive cross section - I MCFM (NLO)
1ot L EINNLO
|S measured WIthOUt any E [ SHERPA (LO) up to 2 partons, stat. unc. only
. . . L L | L L | L L L
accompanying jet with 20 30 4050 10 2% Gev)
pr>30GeVand |n| <24 ,CMS inclusive 19.5 " (8 TeV)
Tg.'_ E * Data combined: uuy, eey
< 1.8
. . g E [ InNLo
e The difference at high p; 2% 16 MlvorMLO)
between MCFM (NLO) and ) 1.4:_ -SHERPA (LO) up to 2 partons, stat. unc. only
SHERPA smaller than incl. o 1ob + +
T, F |
D.E 1 — i
* No exc. NNLO calc. available = 08}
0.6F |
 Adding the exc. CS in all bins 20 %0 4050 1 2045 Gey)

CMS exclusive 19.5fb™ (8 TeV)
% i
¢ 100 —
~ E
e F e
= -
o 10¢ e
<3 E ==
7 .,
8 1 E +.¢.
- Datacombined: py, eey ==
10~ - Il mcFm (NLO)
£ [ ] SHERPA (LO) up to 2 partons, stat. unc. only
10—2 L L L L | L L L
20 30 4050 102 2x10?
Pl (GeV)
,CMS exclusive 49 55" (8 Tev)
- E
% :_ * Data combined: uuy, eey
= 1.8
Es s I vcEM (NLO)
Eoé | SHERPA (LO) up to 2 partons, stat. unc. only
k=)
~
-
Q.
E_'
8
o)
A
L

2
10 2><102pYT (GeV)

20 30 4050

o(excl) = 1770 + 18 (stat.) + 115 (syst.) + 46 (lumi.) fb, o(NLO) = 1800 + 120 fb (MCFM)
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CMS

Fraction

Diphoton cross section (1/2)

CMS Ys=7TeV L=5.0fb"’ EB-EE, 90 GeV<m <95GeV
S soof T TTTITTITTIITITIIITIT = pTTrT T T
* Measurement of diphoton production at 7 TeV, 5fb! ¢ | —— o 18l = o E
:j/ 400-— = = — Prompt - Prompt — % = = = Prompt - Prompt
‘u:: I Prompt - Non-prompt "g’ 1000 Prompt - Non-prompt —_
* Major background for the H->yy and BSM searches ~ * | oo ] aob |- e oot ]
- i
L 600 -
* Main background from jets misidentified as photons  *7
4001~ —
100-
. . . [ 200" ]
* Probed a phase space with asymmetric p; selection : ;
0 Doyl e g | O 0 b Lol 1oy 4 ol
to enhance sensitivity to the higher order diagrams: ' Is0, (Gev) * Iso, (@eV)

(two isolated photons, p;,, > 40 GeV, p;,, > 25 GeV, |n, | <1.44 or 1.57 < |n | < 2.5, AR(yy, V,) > 0.45)

cms (s=7TeV L=5.01b"
1
S —e— Prompt - Prompt
0.9 = Prompt - Non-prompt
0.8 —¥— Non-prompt - Non-prompt
075
0.6
05 v v
- —v— '
04 T
E W
03 Vv
E Yo,
0.2 :*v_'V'o\."—o—o—_._ #
Fo— ©
0.1
0 E 11 1 l 111 | l ) - l ) l 11 1 | l ) - l 111 | l 11 1 |
0 100 200 300 400 500 600 700 800

m (GeV)
Yy

Photon component of PF isolation is used as a discriminator
* Template shapes for signal and background built from data
* Binned maximum likelihood fit to statistically separate signal

* Total cross section measured in data for phase-space above:

o(data) =16.8 + 0.2 (stat.) £ 1.8 (syst.) £ 0.4 (lumi.) pb
o(2yNNLO) = 16.2_, ;*1 (scale) pb

M. Dordevic (CERN)
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* NNLO from 2yNNLO prediction show an improved agreement with data for kinematical distributions

_cms

(s=7TeV L=5.0fb "
T T RS

% + Data

10"‘;7 X SHERPA -
%/ RESBOS E

s

Data/RESBOS  Data/SHERPA

10

* Reasonable agreement from SHERPA at LO, since it includes up to 3 extra-jets at matrix-element level

« Still there is an excess in data at low A

% m (Gev)

vy

Diphoton cross sec

* The production cross section was measured differentially as a function of m ,, p;¥, Ad,, and cos0”

Data/2y NNLO  Data/DIPHOX

L X\ DIPHOX+GAMMA2MC

cms (s=7TeV L=5.0fb "
FrrrrT T L T T3

g + Data

H_
E\\\ O %\\\\“—\K@

10 10°

m (GeV)
vy

particularly sensitive to the missing higher order QCD effects

M. Dordevic (CERN)
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/7->4| aT

 Eff. Lagrangian for ZZZ and ZZy ATGCs, parameters f,Y and f. (V=Z/y) zero in the SM, no form factors

CMS {s=8TeV,L=19.6 fb"
< L L L B L B
E e Data * The ATGC signal samples are produced with SHERPA generator
£ [Jzz E
C_, P WZ/Z + jets 1
& :;=g'°15 «  Would be manifested as an increased yield of events at high m,,
£+ - fy= T
IR * The expected signal obtained from a grid of ATGC in (f,5)%, fy5))
_______ * Cross section has quadratic dependence on coupling parameters
P | |
200 400 600 800 1000 1200 CMS Vs =8TeV,L=19.6 fb"
My, (GeV) ~ook " e Bestfit -
_ . e 68% CL 1
* The 1D limits and 2D contours are derived ]
—95% CL S
—0.004 < f7 < 0.004, —0.005 < fZ < 0.005 oL .
—0.004 < f; < 0.004, —0.005 < fJ < 0.005 .
_0.01:_ —+ 1D 95% CL _:
* Improved previous limits by a factor of 3-4 R T R B
-0.01 0 0.01
.|:Z

4
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ZZ->212v aT

The ZZ production used to probe the existence of ZZZ and ZZy ATGCs

 Eff. Lagrangian approach, anomalous coupling parameters f,Y and f."

* No form-factor scaling, following the CMS Collaboration prescription

* The limits were derived using 4.9 fb at 7 TeV and 19.6 fb! at 8 TeV

* Dilepton p; distribution is a good observable, sensitive to the ATGCs

CMS preliminary, Ys=7 TeV, | L=
10

5.1fb " Ys=8 TeV, [ L=19.6 fb "

[ — Observed limit
[e=es Expected limit
| [ Expected + 1o
L [ Expected+2c i~

10"

95% CL limit on 6/6gy,,.1c

T

Ll

-0.02-0.015-0.01-0.005 0 0.005 0.01 0.015 0.02

r

CMS Preliminary 2012, [L=19.6 fb™, ys=8TeV

10"

102

T : ——
> E [Jzz-o2wv [ ]2 - 2 (data)

[0} C .

o ek [ top, WW, W+iets (data) [l WZ — 3iv

~ E ——ZZ-22vf=0002 —— ZZ - 2I2v f2=0.005
$ FE —— 2z - 212v 2=0.01 27 — 212v 1=0.02
s 10 E ® data

C E

Ll £

IIIIII| IIIIIIII| IIIIIIII| IIIIIIIII L L

obs/pred

i
50 100

300300 400 1000
Dilepton P, [GeV/c]

The DY and non-resonant background estimated in data-driven way

Modified frequentist construction CL¢ used, binned profile likelihood

One- dimensional limits on each of the 4 parameters, fixing other 3

Dataset | fZ fy fZ fe
7 TeV -0.0088; 0.0085]  [-0.0098; 0.011] [-0.0096; 0.0096 [-0.011; 0.010]
8§ TeV -0.0038; 0.0040]  [-0.0049; 0.0039] [-0.0041; 0.0038] [-0.0049; 0.0046]
Combined | [10.0030; 0.0034] [-0.0039; 0.0031] [-0.0036; 0.0032] [-0.0038; 0.0038]

Super-seeding the previous limits, 212v better by 25% than 4l results

M. Dordevic (CERN)
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‘Gompact Muon Solenoid

Zy->lly aTGC search

upy channel, 19.5 fb™ (8 TeV)

CMS
* The ZZy and Zyy ATGCs using EFT dim 6 and dim 8 operators E
s 102§
* There are eight couplings: h)Y, i=1..4 and V = Z/y for ZZy/Zyy ‘% ok
> E
L E
» Eff. Lagrangian assume A well above, no form factors applied 1~
* The existence of aTGC would enhance the high E;¥ spectrum  10'F

SMp-value: 0.37 g Standard Model

—e— Data

W h§ =0, h. =0.001
Bl =003, =0

Z Z
h = 0.06, h = 0.0016
- |

100 150 200 250 300 350 400 450 500

P} (GeV)

* Unbinned profile likelihood ratio is used to find the best fitting aTGC model and corresponding 95% CL

Ne 0.1
K=
0.08
0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08

|
o
a

uuy and eey channels, 19.5 fb™ (8 TeV)

%1073
E Y
C Data best fit CMS
[ —— DataCL =95%
~ ----- Expected CL = 68% _
- Expected CL = 95% ==
— — - ExpectedCL=99% _~
e 7 /
F N—+
R R R SRR
-0.01  -0.005 0 0.005  0.01
hZ
3

L

Only the CP-even parameters, h,Y and h,Y, are considered

The data are in good agreement with the SM expectations

Limits on the strength of ZZy and Zyy ATGCs are extracted

Improvement up to a factor of 3
w.r.p. to previous 7 TeV results

—38-107° < h¥ <3.7-1073
—31-10° < hf <3.0-107°
—46-107° <h] <46-107°
—-3.6-107° < h] <35-107°
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CMS

* Higgs discovery suggests which mechanism could unitarize the VBS i B wz
* Many BSM scenarios predict enhancement in the VBS production
* Events with two SS leptons, two separated jets and moderate MET

* Signal receives contributions from EWK, QCD and interference (15%)

A key process to probe the nature of the EWK symmetry breaking

19.4 fo™" (8 TeV)
T T LI l_

Events / bin

15

S

[
-+ Data
W=Wj

[l Other Bkgs. 1

Nonprompt

B wz

VBS : W* W* and WZ production (1/2)

CMS 19.4 b~ (8 TeV)
T 1 1 T I 1 T T T I 1 T T 1
-# Data

WAWS
[l Other Bkgs. ]
10 Nonprompt ]

Events / bin

p
NN

A\

ATy ]
INNNNNANN ANNNNNN
[ ] 9
i I

O 1
500 1000 1500 2000
m; (GeV)

Backgrounds from the non-prompt leptons (75%) and WZ->3lv (15%)
Statistical analysis of event yields in 8 bins, 4 m; times 2 charge bins

The cross section is extracted for a fiducial dilepton SS signal region

py >10 GeV, |n;| < 2.5, pJ**> 20 GeV, |n,,| <5.0, m; >300 GeV, |An;| >2.5

o(W* WHjj) = 4.0, ,*>4 (stat) ; ;11 (syst) fb, expectation: 5.8+ 1.2 fb

l\ 1Ay h s

o(WZjj) =10.8 + 4.0 (stat) £ 1.3 (syst) fb, expectation: 14.4+4.0fb

" 300 400
p[rmax (GeV) [

The observed (expected) significance for VBS process is 2.0 0 (3.1 o)

M. Dordevic (CERN)
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* Nine independent C and P conserving EFT dim 8 operators modify the quartic gauge boson couplings

VBS :

* There are various extensions of the SM that can alter the couplings of the vector bosons to each other

W* W+ 3

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

Fso/ A*

—42

43 —38 40 0.016

FS,l/A4 —129 131 —118 120 0.050 * DOUble Charged HiggS bOSOﬂS: VBF H++ -> Wi Wi-
Fampo/A* -35 35 -33 32 80
Fama/A* —49 51 —44 47 205
Fame/ A* -70 69 —65 63 160
Famz/A* -76 73 -70 66 105 ) o )
Fro/A* —46 49 -42 46 0.027 * The exclusion limits in Georgi-Machacek model
Fri1/A* -21 24 -1.9 22 0.022
Fro/A* -59 7.0 —52 6.4 0.08
CMS 19.4 fb™ (8 TeV) 19.4 fo™' (8 TeV)
.-%10— .Dt IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ata i
L — W*W* — Observed
E - SM F'l'.o! A*=00Tevt | o p T Median expected b
QCJ I [ L aQGCF_ / A*=-5.0Tev* [0 Expected = 1o i
Lﬁ — - aQGC FToI A% =450 Tev? Expected = 20 a
B e vev = 35 GeV i
-------------- =v=u= yev =25 GeV
- ® " — — vev =16 GeV i
+
- L
- 100
X
L ® o)

100 200 300 400 500

m, (GeV)

200 300 400 500 600 700 800

m,... (GeV)
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VBF : EW

* Zjj production is a mixture of EW and strong (ref: DY Zjj) ¢ 7 o :

* EWKZjj signal characterized by a large An;; and large M, WS g W ql VW_ -
Z/y

* Part of more general studies of VBS and VBF processes e o . W 1+

* Two types of jets: “jet-plus-track” and “particle-flow” e g ¢ g

* Multivariate analyses used to provide separation of EW Zjj and DY Zjj from the inclusive lljj spectrum:

ar'1a Iy§is' A' R 19,'7 fb"‘ (B'TeV)
.%104 T T T oms| T 7]
Ii 4".".‘. Zss’;gglagg‘bn. ee events
. .. . . . o - e D
A. pp & ee (PF jets), dijet and Z kinematics as input to the MVA 10°F | - t oy 1
- B EWZj
- DY Zjj
10°F L B Top E
mw

B. pu (JPT jets), BDT: full kinematics of tagging jets and Z boson

C. up & ee (PFjets), only dijet-related variables as input to MVA

4_.Data -
|§2——sz,j T
0

B 02 0 02 0.4 06
BDT output

* Measured signal cross section is in a good agreement with the SM prediction at leading order (LO):

o(EW £4jj) = 174 + 15 (stat) + 40 (syst) fb = 174 + 42 (total) fb  o10(EW £4jj) = 208 + 18 fb

M. Dordevic (CERN) 5 March 2015, La Thuile 18



CMS, !
Summary

CMS Collaboration has performed measurements of various diboson cross-sections

 Full 2011 (7 TeV) and 2012 (8 TeV) LHC Run | datasets were used in many searches

* Overall there is a good agreement of the measurements with the NLO expectation

 The importance of NNLO predictions is demonstrated in the modeling of Zy and yy

* Extensive searches for the anomalous gauge boson coupling have been performed

— No signal was observed, the limits were extracted, many are the world-leading

* The EWK VBS and VBF processes were studied, an agreement with SM is observed

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

M. Dordevic (CERN) 5 March 2015, La Thuile 19



Backup slides



* The self-interaction of the electroweak gauge bosons
present an important and sensitive probe of the SM

* Any deviation would be an indication of new physics

q

* Limits on the charged aTGC: WWy and WWZ vertices

* The results from CMS approaching sensitivity of LEP

Phys. Rev. D 89 (2014) 092005

. CMS, L =5 fb! s=7TeV
- ' ' ' ! L ! ! "
5 10°F ~+-Data (@) 3
R : []SM W(ev)y ]
10°E [ Jjets — vy bkg
: [Je - ybke
F [ Other bkg
102 E E
10 E i E
1g NN
t | | L ] ' f
20 30 40 10> 2x10°
p¥ (GeV)

"R 0.15¢

0.05

0.1

Oct 2014

Anomalous (Charged)_

T ' Tl T aTASLimis] T T
CMS Prel. Limits A
DO Limit —o—
LEP Limit —e—
Wy -0.410 - 0.460 4.6 fb™!
Ak, Wy -0.380 - 0.290 5.0 fb!
—_— WW -0.210 - 0.220 4.9 fb™
_ WV -0.210 - 0.220 4.6 fb™
— WV -0.110 - 0.140 5.0 fb™
—— DO Combination  -0.158 - 0.255 8.6 fb™
i LEP Combination -0.099 - 0.066 0.7 fb™'
A — Wy -0.065 - 0.061 4.6 fb™
Y — Wy -0.050 - 0.037 5.0 fb™!
— ww -0.048 - 0.048 4.9 fb
— WV -0.039 - 0.040 4.6 fb™
— WV -0.038 - 0.030 5.0 fb™!
ot DO Combination  -0.036 - 0.044 8.6 fb™!
‘ ml LEP CombinatiFn -0.059 - 0.917 0.7 fb!
-0.5 0 1 1.5
aTGC Limits @95% C.L.
Oct 2014
T T ' [T A'i'LA Limits| | T
B .Jf.l =
C;'S‘VE;RSef‘;'_]D 89 (2014) 092?505 T Tev Ak, " WW -0.043-0.043 4.6 b
AL LA — WV -0.090 - 0.105 4.6 fb™!
[T — Observed W(ev, uv)y combined ] — wv -0.043 - 0.033 5.0 fb™!
...... Expected ] et LEP Combination -0.074 - 0.051 0.7 fb™'
£1SD 1 A — WW -0.062 - 0.059 4.6 b
- mm=2SD . Z — WW -0.048 - 0.048 4.9 fb™!
] — Wz -0.046 - 0.047 4.6 fb™
— Y -0.039 - 0.040 4.6 fb™
- = — Y -0.038 - 0.030 5.0 fb™
ot DO Combination  -0.036 - 0.044 8.6 fb'!
r ] Fei LEP Combination -0.059 - 0.017 0.7 fb™'
- . Agz — wWw 0.039 - 0.052 4.6 fb"
1 — WwW 0.095 - 0.095 4.9 fb!
— wz 0.057 - 0.093 4.6 fb!
L - — Y, 0.055 - 0.071 4.6 b
ot DO Combination  -0.034 - 0.084 8.6 fb™
] . e . ILEPComblnatlon 9.05‘4:0.921 077f‘b4.
06 04 02 0 02 04 06 05 0 05

Ax'

1.5
aTGC Limits @95% C.L.
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0.01

-0.01

Limits on the neutral aTGC: the ZZy and Zyy vertices

In the SM neutral aTGC are equal to zero at tree level

The limits are set for aTGC parameters: h;,h, and f,,f.

Anomalous (N

Oct 2014

Several limits are at the world-best in the sensitivity

CMs

arXiv:1406.0113v1
Vs =8TeV,L=19.6fb"

L | ]
® Bestfit -
----- 68% CL 1
—95%CL ]

~+1peswcL ]

| T S TR SR T SN TR S S |

0.01
z
f4

0.3

0.2

T T ‘ T T T T T T | T AJI'LAé Lir‘nitsl T T ';‘ T
CMS Prel. Limits —
CDF Limit —
H! E— Zy -0.015-0.016 4.6 fb"
3 — Zy -0.003 - 0.003 5.0 fb™!
— Zy -0.004 - 0.004 19.5 fo!
— Zy -0.022 - 0.020 5.1 fb™*
2 — Zy -0.013-0.014 4.6 b
3 - Zy -0.003 - 0.003 5.0 fb™!
— Zy -0.003 - 0.004 19.5 fo!
— Zy -0.020 - 0.021 5.1 fb™!
Y — Zy -0.009 - 0.009 4.6 fb'!
h,x100 H Zy -0.001 - 0.001 5.0 fb'*
— Zy -0.004 - 0.004 5.0 fb™*
7 — Zy -0.009 - 0.009 4.6 fb'!
hy;x100 ; zy -0.001 - 0.001 5.0 fb*
‘ T Fy | -o.oos-o.?os 19.5 fb'!
-0.5 0 1 1.5 x10™
aTGC Limits @95% C.L.
Nov 2013
Phys. Rev. D 89 (2014) 092005 U L L DT T T ATLAS Limits! I
4 1 CMS Prel. Limits —
X107 CMSL=5f  {s=7TcV
- — Observed Z(ee, up)y combined — Y — 7z -0.015-0.015 4.6 fb™"
..... fxlp;;ted @ f, - 77 -0.004 - 0.004 19.6 fb"'
C  2sp ] — 77 (212v) -0.004 - 0.003 5.1, 19.6 fb™'
: ] 2 — 7z 0.013-0.013 4.6 fo!
4 — 77 -0.004 - 0.004 19.6 fb™
— ZZ (212v) -0.003 - 0.003 5.1, 19.6 fb™'
fv — 7z -0.016-0.015 4.6 fb™
5 — 7z -0.005 - 0.005 19.6 fb™
— ZZ(212v) -0.004 - 0.004 5.1,19.6 fb™'
2 — 7z -0.013-0.013 4.6 fb”'
5 — 7z -0.005 - 0.005 19.6 fb™
— 77 (212v) -0.004 - 0.003 5.1, 19.6 fb"
PR U A T TN TN S N T TN AT M T T S T T WO TN AT ST T
-0.5 0 0.5 1 1.5  x107

aTGC Limits @95% C.L.
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CMS

‘Gompact Muon Solenoid

Anomalous Quartic Gauge

» Two photon production of a pair of W bosons is s 00 e ke — CMSWW limis —
.. N . mits ——  CMSyy—WWlimits ==
SenSItlve to anomalous quartlc ga Uge Coupllngs Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
‘y W+ ‘y w+ 'y W+ Wwy [- 15000, 15000] 0.43fb"  0.20 TeV
e "—\.L‘Y e \\ L Yy —>WW [-430,430] 9.70fb" 1.96 TeV
s | :\\<// aV/A? Tev? [ Wwy [-21,20] 19.30fb" 8.0 TeV
N 'JJ‘IJI\\ /f(',’/ N WoWW [-4,4] 5.05fb" 7.0 TeV
Y W~ Y W~ )4 W- WWy  [-48000, 26000] 0.43fb” 0.20 TeV
* Limits set by CMS are approximately two orders Y- WW [-1500, 1500] 970 1.9 TeV
of magnitude more stringent than the LEP limits a¥/A? TeV? — T W bsas es0T 80 Tev
. [ - yy—=>WW  [-15,15] 5.05fb" 7.0 TeV
and about 20 times better than Tevatron results
fro/A" Tev* wwy [-2524] 19.30fb" 8.0 TeV
* Search for aQGC through WVy production, where 555707965 10 -1 1 10 162 10° 10% 16°
W boson decays to leptons and V(W or Z) to jets SMIP-13.009
o CMS Simu SMP'l?’['LO 3219_3 ' (s=8Tev | Observed Limits | Expected Limits |
8 F __ —Esmwwme 21 (TeV ") < a /A? < 20 (TeV ~?) | -24(TeV ~?) < a) / A? < 23 (TeV ~?)
3 E —+— ag/A\* =20 TeV
20 al/A? =31 TV 34 (TeV %) < al /A2 < 32(TeV~2) | -37(TeV ~2) < af / A? < 34 (TeV ~?)
2L S A 25 (TeV =) < fro/ A*< 24 (TeV %) | -27 (TeV ~4) < fro/ A* < 27 (TeV ~%)
- — fr/A* =27 Tev* -12(TeV ~2) < k§'/ A2 < 10(TeV ~2) | -12(TeV ~2) < k§'/ A2 < 12 (TeV ~2?)
E -18(TeV 2) < k¥W/A2< 17(TeV =2) | -19(TeV %) < kY/ A2 < 18 (TeV ~2)
q W 10" E::E#
3 - | SMP-13-009
W Z ) oe:— | Observed Limits | Expected Limits |
77 (TeV =%) < fymo/ A%< 81 (TeV ~%) -89 (TeV =% < fyo/ A%< 93 (TeV ~%
7 Y AP ST -131 (TeV =4 < fu1/ A%< 123 (TeV ~4) | -143 (TeV %) < fu 1/ A% < 131 (TeV ~%)

o
Photon E_ (GeV)

* First ever limits on anomalous WWZy couplings

-39 (TeV ~%) < fma2/ A% < 40 (TeV ~%)
66 (TeV ~%) < fy3/ A%< 62 (TeV %)

-44 (TeV ~%) < fma/ A% < 46 (TeV ~%)
71 (TeV =% < fm3/ A% < 66 (TeV ~%)
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Results
at 7/TeV

1D limits
at 8TeV
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upy channel, 19.5 b (8 TeV)
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Analysis B
19.7 b (8 TeV)
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