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Diboson production

T ® Production dominated by qq annihilation and small
contribution from gluon-gluon interaction.
] ® Diboson measurements are an important test of
9 tchannel the Standard Model and perturbative QCD at TeV
scale
q 4
® Confirm irreducible background for Higgs analysis
! (WW, Z2Z, Zy)
9 u-channel _
’ ® Diboson processes are the backgrounds for New
K : Physics
4Gt enex @ Measurement of anomalous triple and quartic
gauge boson couplings (aTGC and aQGC) is an
4 o channel V) Indirect search for New Physics ,




Cross Section Measurement

The cross-section is calculated using essentially

o= N /L but:

@ With corrections for background contamination

@ Event selection efficiency

We measure events within an analysis-

specific fiducial region

- A is the efficiency for events to fall in
the fiducial region relative to the full

phEﬂ.SE space N 2en, fiducial
A = 2Me
~ argen, total
Yvc
- C is the reconstruction efficiency
relative to the fiducial region

AJTECO. Edata

(' = 'MC
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ATLAS event display

Event display for the ZZ-> ee+ pu candidate event

electrons




CMS event display

Run 251244 Event 204117665

\ Vs = 13 TeV .

pr= 63.3 GeV
™ i‘\\\ n-= 1.2
pr=58.7 GeV ~_
n=18 )
pp — Z7Z — 2e2p
m,,= 91.1 GeV
m,, = 88.2 GeV -
Ho -
pr=36.1 GeV

B > pr=25.5 GeV
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ZZ at 13 TeV (ATLAS)

© ZZ - 4leptons (eeee,eeupy,pupp) channel

©® Small BR but very clean signal
© Event selection:

> p; > 20 GeV, 4 leptons, opposite charge — same
flavour pair

> On-shell Z mass selection
66 GeV < mll <116 GeV

©® Background with < 4 leptons from Data
® Observed 63 events - Expected bckg 0.62 events

@ Systematic uncertainty dominated by statistics in the
control samples

Fiducial xs calculated in a phase space close to
experimental acceptance

Prediction [O(as2)] 15. 6+0‘il pb

16.7 +22(stat) +0 ?(syst.) fg}:g(lumi.) pb

> 1 8 T T I T T T T | T I _]
o ATLAS ]
(D 16 | -1 3
o \s=13TeV,3.2fb" 1
N ]
~ 14 e Data —
2., M oG—2Z— 4 E
Q [Jgg—2Z— 4l ]
W1o N Prediction uncertainty —

Expected background: 0.62""% J

8 11__
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O + + | .
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Mass of four-lepton system m,, [GeV]
IZZ|4.I’|II
pp — -
Fiducial I ATLAS
de ' . Vs=13TeV, 3.2 fb"
I ®  Measurement
2e2n - . Tot. uncertainty
Stat. uncertainty
of prediction
an - i
+20
Combined ———— Theory: PLB 750 (2015) 407
I CT10 NNLO
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ZZ at 13 TeV (CMS)

Same final state but using less luminosity : 2.6 fb

©® Event selection

T | T T T T T T ‘ T T T |
® CMS 4l channel
I 20— m  CMS 2i2v channel -
4 high p; leptons [ v channe
A ATLAS 4l channel

V. ATLAS 4l+212v

Gpp A (pb)

At least 1 lepton pT> 20 GeV, oo
Smaller mass window is | e

other 3 leptons pT> 10 GeV estimated to give

©® On-shell Z mass selection 1.6% diff in measured xs 1
60 GeV < mll < 120 GeV oL .
® Observed 39 events — expected background 0.89 ey '\'('T1'</;
s(le
® Main background: Z and WZ + jets I esae et TN TRER e
Z+I'" - misidentification probability ; | Eg;&gi}(ﬁf
@ Statistics are the dominant uncertainty % 20;_ .
© Prediction [NNLOJ:
+0.7 i
16.5707 pb
o(pp — ZZ) = 14.6113 (stat) 13 (syst) £ 0.2 (theo) 0.4 (lum)pb
%0 70 IBD a0 100 110 120

m, [GeV]



WZ at 13 TeV (CMS)

WZ -, Iv Il channel (eee,eep,ppe,upp)

W selection ., e 2317 (13 Tey)
g - cms ]

_ o _ Preliminary ¢ Data 3

@ Lepton > 20, MET > 30 GeV & O W2 E

5 % =\Z/\Z/v E

Z selection @ s0f -z E
40F Non-Prompt

©® OS SF 2 leptons > 20, 10 GeV 05 -
201 —

© 60 GeV <mll <120 GeV 10 E

_ 05
oM, >100 GeV S bt b i
) : £ 05 50 100 150 200 250 300 350 400 450 500
© Background: processes with prompt leptons are ° m,
estimated from MC. The processes with atleast 3 ot S ARans
one misidentified jet are estimated from data - g [ ™™™ o Data :

- £ 80 —
tight-to-loose method: 5 =
. 60 =ﬁ’1‘ ]

MNon-Prompt

Estimating the probability fake rate (in dijet
events) and applying this probability to control
regions with loose candidates (1,2 or 3) to
estimate the contribution to the signal region

©® Main background lepton miss-ID Z+jets, ttbar

E e e e
I

0 100 200 300 400 500 600

I.Iﬁh-l'\.'lET (GEV)

Data/MC



WZ at 13 TeV (CMS)

Decay Nf;g Background Background Total Observed
channel Non-prompt Prompt expected
cee 35.88 £ 0.631158 | 10.64+1.731077  6.08+059107 | 52.60+1.937370 49
eejt 50.23+£0.771241 | 148343561388 75710477100 | 7263136753 78
upe 56.02+ 080133 | 2156 £3211390 843 +0557](] | 86.01+3.3513% 83
Hpp 83.96 +0.991335 | 20.16 £4.91+%%  11.13 + 0497147 | 11525 +5.0317:39 108
Total | 226.09 + 161753 | 67.19 +£7.081117  33.21+1.051332 | 326.50 + 7.3311868 318
Prediction (NLO) 274*11 fb
! p! +20
0ha(pp — WZ — vl'l") = 265 4 22 (stat) "5, (syst) = 9 (lum) fb,

Main systematic coming from misidentification probability (5-6% in final xs)

Prediction (NLO) 42.67>6 pb

o(pp — WZ) = 40.9 £ 3.4 (stat) 33 (syst) & 0.4 (theo) % 1.3 (lum) pb.




WZ at 8 TeV (ATLAS)

s paaE T mL] 2 opposite charge same flavor leptons in m_region
=S e =1 g Additional lepton p_> 20 GeV , E_.™** > 30 GeV
~ 250F = ' !
=: —wwe 1 @ Background sources: events where at least one of
& cec_..i the candidate leptons is not a prompt lepton
150 ’ " (reducible background) and events where all
100} E candidates are prompt leptons or are produced in the
501 4 (@) 3 decay of a 1 (irreducible background).
o g
= F ; lﬁ Jlj Main reducible background: Z+jets, Zy
s F 4 T WT ] Main irreducible background: ZZ
b SRR UINE
0 700 200 300 400

zcev) @ Reducible background: data-driven method based

on the inversion of a global matrix containing the
-- efficiencies and the misidentification probabilities for
prompt and fake leptons
Observed 2091 ® Main systematics are fake lepton and electron 1D

SVEN's efficiency Prediction (NLO) 21.0 = 1.6 pb.
owiy = 243 +0.6(stat.) £ 0.6(sys.) + 0.4 (th.) £ 0.5 (lumi.) pb



WZ at 8 TeV (ATLAS)

> F )
(\5 - ATLAS .
0 : -1 —
=, - . Is=8TeV, 20.3 fb E 10 8
'\‘21_ _§ ----- W+Z%f,fo: I|III|III|IIIIII|III|III|III|IIIIIII
3 1o _ : eee 1.39 + 0.16 +—e—+ ATLAS
% = —4$
> = —~— _ 's=8TeV,20.3fb"
i —4— : pee | 1.2 +0.11 —o—+ ]
| e Data2012 ; — 1 wZzZ
— Powheg ]
----- MC@NLO I — _ eup 1.41 +0.13 +—e—+ ® Data
o Sherpa ——i _ = Powheg
0% E | | | L |
o 2 MHW [ 1.2140.10 +—o—t
2
= e e
O
DC') 1.5 combined | 1.25 +0.07 +o+
g I|IIIIIII|IIIIII|IIIIIII|III|III[III
b= 04 06 0.8 1 1.2 14 16 18 2 2.2
o fid. theory
Swz! Owz

Comparison with NLO
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WZ at 13 TeV (ATLAS)

® The Z+jets and Zy background : scaling the observed number of events in a
Z control sample by a fake factor.

ott, Wt and WW + jets (“top-like”) : exploiting the different-flavour decay
channels of these processes

® | ATLAS T e ome ] Comparison with NLO
O 1{}3 L .5 ‘ISTE\.I' 32“} I:I'::'ISZI)(]"E | | | | | LI | LI | LI I L I | L | || L
@ - eee | 095:017 —+——@+—+ ATLAS
% 102; —; (s=13TeV,321b"
o F 5 pee |  1.03+0.13 e .
10 B - W'z
K eup | 1.41+0.16 .
1
E @ Data
I HELEL 119+ 0.12 —— Powheg+Pythia
2 of CT10
= 2 0 sl e
ég 13 combined 1.18 £ 0.08 +——
E | I 11 1 | 1 | | 1 1 | | S| I L1 | I 1 1 1 | 11 | | 11|
O 04 06 0.8 1 12 14 16 1.8 2
fid. theory
m¥Z [GeV] Oy / Oy
Lot. : . _ .
Tyiy = 90.6 £ 2.6 (stat.) £2.0(sys.) £ 0.9 (th.) £ [.2(lumi.)pb

Prediction (NNLO) 48.271'! pb



WW at 8 TeV (CMS)

Event Selection (19.4 fb-1):

50 100 150 200 250 300

N _CMS preiminary 19.4 o™ (8 TeV)
@ 2 opposite sign high p; leptons 3 o - Data WZIZZNWY
post i mHiggs mDY
. _ = a0k W+jets
o High Epe g
_ . . 3 300F e'elu‘ule et
® Oorljethin E
. 200
@ Additional lepton veto, top veto, Z veto... '
100 ¥
@ Higgs portion is not considered as signal W -
0 i L. !—.j_‘l—\‘_.\\i.‘,_.)\%_\%‘:“i"fl
Main backgrounds estimated in data: g 1_5% T ++*++++H :
@ Top quark production (mainly ttbar and twW) S s IRRARAAAAAARARAARARA ST SIS B
d

@ Instrumental backgrounds arising from misidentifie
leptons in W+jets production - tight-to-loose

e Mismeasurement of ~E_™* in Z/y +jets events Prediction (NNLO):
ow+w- = 60.1+ 09 (stat.) + 3.2 (exp.) £ 3.1 (th.) £ 1.6 (lum.)pb  59.8¥]7 pb

xs in fiducial regions defined by zero jets at particle level varying jet p_threshold:

,Ft threshold (GeV) pjer measured (pb) 0pjet predicted (pb)
20 36.2 + 0.6 (stat.) £ 2.1 (exp.) = 1.1 (th.) = 0.9 (lum.) 36.7 £ 0.1 (stat.) 13
25 40.8 £ 0.7 (stat.) & 2.3 (exp.) = 1.3 (th.) £ 1.1 (lum.) 40.9 + 0.1 (stat.)

30 440+ 0.7 (stat) = 2.5(exp.) £ 1.4(th) £ 1.1(lum.)  43.9 +0.1 (stat.)




WW at 8 TeV (CMS)

g CMS Proameay 19.4 ™' (8 Tew) CMS Fresiminary 19.4 o (8 TeV)
§ 1 . o ! L | | E_ T T T T T T T T
,E . ‘W Madgraph e t-éjh :—.—-_h :_ E'I:t:graph
o o MCEMNLO :x:—o- = 10°F e i@ MC@NLO
+ =~ Powheg I . "i - = Fﬂhlhﬂg -
Lo o 1 o
g - + i
5 = §
- = 107
° —o—m “‘Igb -
ﬂ+ . .
e Ojet, phi(ll) - O] et, leading lepton
B B 1[]'4 =
15 = n .
E : .: g 1.5 :— ------------- —
E 1 ﬁf {ﬁ:" ﬁ?”?’iﬁ?fx’,ﬁ?ﬁ T %/ ; "s“ i ?’47 /W//Z’P/’/’/KW // // //// /////////
T a5 [= Madoraphs Pythia normalized 19,00 = £ -
= ~ s |- Madgraph+Pythia nomalized oo, _'
g e _: . 15 — ' ' ' ' —
= . g E - :
E 1 Wﬁ """ G fﬁ%ﬁ/ R C R ,// ///E///‘
T s [ MC@NLO+Herwig nermalized toa,, 2 . 9
s I; . - + o5 f— MC@EMNLO+Herwig normalized tos, _;
5 = E -
a [ PR ]
I i aeeances e e e ?; - o . Ak
£ 0.5 - Powheg+Pythia normalized 10 o, g ! ;{i_j i /./:!”/W///;//////Z/////////////////%;
0 05 1 15 2 25 3 L e =
q}ﬁ (GeV) 20 40 60 80 100 120 140 1'5!';] 180 200
P e (CEV)
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WW at 13

TeV (CMS)

® Luminosity: 2.3 fb?

CMS Freliminary L=23M ) 1S FPreliminary L=23m" (13 TeV)
wm WIF T T T 1 T ] mn =L B
% ~ WW Top-quark ] % 220 WW Top-guark —
> 100 I Higgs VZNY 7 = 200 - I Higgs VZNY =
i - .V B Non-prompt 1 W C .V I Non-prompt =
. DY —— Data - 180E B Oy —4— Data =
B0 =3 Systematics 1 - = Systematics 3
- - 160 = —
2005 = 140 E
- : 120 =
150 3 100F- =
- + . ] 80E- =
100 SRR = 60E- E
hﬁh\f&ﬁ - e EUE_ i - _E
% 50 100 0, 200 05 50 100 150 200
p " [GeV] ET™ [GeV]
Combination of the 0-jet and 1-jet categories:
115.3 4+ 10.3 (stat. + syst.) & 3.6 (lumi.) pb
15

oNNLO (pp — WHW—) = 120.3 £ 3.6 pb



WW at 8 TeV (ATLAS)

Event Selection:

® 2 opposite sign high pT leptons

e High Missing E_

® Additional lepton veto, top veto, jet veto, Z veto, etc

e DY contribution extracted from a fit (A(¢ (missing p_, missing E ))

® Systematic dominant from modeling of signal efficiency (Jets)

> —_ T | T T T T T | T T T I T T T | T T l_— (o T T T T I T T T T | T T T T I T T T T | T T T T I T T T T =

8 9005 ATLAS -4 Data ] ww = ‘C‘) 700~ ATLAS -4~ Data ] ww —

e ; [] Top Quark [l W+jets = = C Ve . [ ] Top Quark [l W+jets .

f 800: 18 = 8_TeV, 203 fb’ I Drell-Yan [l othtjar diboson - (2 600 \s = EETeV, 20.3 fo” [ Drell-Yan [l oth(Jardiboson =

2 700 - e'v p'v channel “stat. unc. = stat. ® syst. unc. _ CIC.) - e*v u*v channel %% stat. unc. ——stat. ® syst. unc. ]

e r . S - -

q) — - — —

@i 600E 5 % %00 4+

2005 < 400> ji&«w -

4001 E 300 +1 L#L -

300F- = - ol _sz;
200" E 2001 e =

00F" N . - 5

- ‘ . b 100t =

100 _i Lo o = - i i

Teer® o e = -
40 60 80 100 120 140 0 0.5 1 1.5 2 2.5 3
P, (leading lepton) [GeV] Aq)"



WW at 8 TeV (ATLAS)

ATLAS
\s =8 TeV, 20.3 fo'

Total cross section pp— WW

At : etv ptv

g + ! e'vev

i : uwvpv
¥ Combined

SM prediction (MsTw 2008 PDF)

] | L]
ATLAS
Vs=8 TeV, 20.3 fiy’

—— MNormalized Data

— stat
stat+syst

[arXiv:1410.4745]

approx. NNLO
[arXiv:1408.5243]

approx. NNLO+NNLL

WW — e*vev

GTheory=63'2i: i (scale) 1.2 (PDF) pb NNLO p -Resum WW — jJ.+V IJ._\-'
[arXiv:1408.5243], [arXiv:1307.1347] - [amw 1 4[,7 4431]
L1 1 1 I 1111 | 1L 11 1 | 11 1 | 1111 | 1111 | 1111 I 1111 I 1111 | 1111 1 1 1 1 I - I 1 1 I 1 1 [l I 1
45 50 55 60 65 70 75 80 85 90 95 0 4 1 1.2 1.4
Gyt [Pb] Ratio of predictions to measurement

Consistent within 1.4 standard deviations wrt NNLO 63. 2+ (Scale)+1 2(PDF) pb.

71.1+1.1(stat) *2/(syst) £1.4(lumi) pb.
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Z(ll)y at 8 TeV

Two good leptons with pT > 20 GeV (CMS) and 25 GeV (ATLAS)

@ Dilepton mass > 50 GeV (CMS) and 40 GeV (ATLAS)
@ One good photon with ET > 15 GeV and AR(/, y) > 0.7

CMS 19.5 o' (8 TeV)

)

Y
T

* Data combined: puuy, eey

- [ NN
— I McFM (NLO)
:_ - SHERPA (LO) up to 2 partons, stat. unc. only

e

) / (doN-O/dp
> > ™

s
EaN

Y
T

—_
A

—_—

_ !

dc)-incl./ dp

(

o
o)

1 1 1 L 1 1 1 l | 1
20 30 4050 10° 2x10?
Pl (GeV)

J. High Energy Phys. 04 (2015) 164

pp — Zy N ls=0

e‘ey

Hpy

"Iy

VY

IIIIII|III|I1I|III

ATLAS Preliminary
\s=8TeV, 20.3fb"

* Measurement
— Tot. uncertainty
Stat. uncertainty
— NNLO

-iks

+ 20

III|III[III|III|IIII
02 04 06 08 {1

Phys. Rev. D 93,

IIIIII|lII|IJI|III
12 14 16 18 2

Gdat a/ Gtheory

112002 (2016) *°



Summary Tables: ATLAS & CMS

Status: June 2016

Diboson Cross Section Measurements

_ fid T . 1 T v T v T

for 2000 i CMS Preliminary g“dgw;)/[ﬁ?vyy; o4 o ATLAS Preliminary
| 1 1 1 1 1 1 1 1 1 1 1 1 _ . _ -
CMS measurements 7 TeV CMS measurement (stat,stat+sys) —+—o—+— f'd [jer = 0] Run1,2 \s=7,8,13TeV
vs. NLO (o) theory 8 TeV CMS measurement (stat stat+sys) —+—e—+— o2y = ty) o
13 TeV CMS measurement (stat stat+sys)——e—— = [Njer = 0] .
YY, (NNLO th) o 1.06 £0.01+0.12 50fb" | c™(PP>WV-ivqq) I .
Wy ot —t 116 +0.03+0.13 50" | o (pp>WW) 5 o
Zy ot 0.98 £+0.01+0.05 5.0 fb" — " (WW—sept) [ =0] i
Zy Fe— 0.98+0.01£0.05 19.5M"| _ ssdqwworep) [nec0] LD
WW+WZ 1.05+0.13+0.15 49f" | B3 \NLO QGD
WW — e 1112004 £0.10 49 |7 oo % e -
WW, (NNLO th)) e 1.01£0.02 £0.08 194" | _smawz - over K2 I—C— NLO GCD
o ( ) LRI M-
WZ, (NNLO th.) 1.08 £0.07 £0.06 4.9 fb" - : LHC pp ff”ev
WZ, (NNLO th) e 1.04 £0.03 +0.07 19.6 fb"' | e**(pp=22) . ] -5 géf‘@ »
WZ, (NNLOth) e 0.82+0.07 £0.07 2.3 fb” a0 177040 ” LHC pp 38 TeV
ZZ, (NNLOth) 0.97 £0.13£0.07 49" | 7 P = —_—
ZZ, (NNLOth) e 0.97 +0.06 £0.08 19.6fb"| _quzz - ar) A ew f mv
¥ -1 S I N s=1ste
ZZ,|(NNLC?th-) | | | | | | | | 08|8 - 0|11 - |OO4 | 26 Tb _a-ﬁd(zz - ”VV) S— N— — sDtitta
- - = _ o_fid(zzx - 4¢) o stat ® syst
0.6 08 1.0 1.2 14 1.6

ratio to best theory

ATLAS: https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/CombinedSummaryPlots/SM/

CMS: https:/itwiki.cern.chltwiki/bin/lview/CMSPublic/PhysicsResultsCombined
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/

Anomalous Gauge Couplings

© Anomalous couplings result in an increase of diboson cross section at
high energies:

> Observables proportional to the invariant mass of the diboson system
and the boson p, are particularly sensitive (mVV, mV, p;V ...)

© Couplings are measured (or limits are set) by performing binned fit in single
sensitive observable :

> Sensitivity mostly in highest bins

@ Limiting factors: observed statistics In the tail (primary) and systematic and
statistical uncertainty on the signal model (secondary)

® Sensitivity depends on absolute size of anomalous coupling signal, absolute
size of expected background and uncertainties

@ Binning is optimized to reach highest expected sensitivity
® Fitis usually performed simultaneously on electron and muon channel

® 95% CL limits are set 20



ATGC Iimit at WW channel

ATLAS: arXiv:1603.01702, submitted to JHEP, CMS: arXiv: arXiv:1507.03268 submitted to EPJC

CMS 19.4 fb' (8 TeV)
T T T 1T 1 T T 1T 17T T T T1T°T 1T T T 17T T°T1 T T T
-E IIIIIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIIIE ::"bl 104 | -.-Da_ta Tﬂpquark _E
5 ATLAS —e— Data = g S WW mDY s
2 [ 5=8Tev.203m" v Backgroun N o BWZ/ZZNW | Wajets -
2 4 o = o — oA 20 TeV®
10° —— =02 - 0 — = — — Cyn/A% = 20 TeV™
Ax' =02 3 'E — 5 - i
— i'=02 . o) _ — —-—--Cg/A"=55TeV i

= R
10° = W 10° = C T I— =
; : — _—;—_|:l-—7—§
10 = B .. =t
— Tlaal
..... . 10 S A

100 200 300 400 500 600 700 800 900 1000

1..I....I....I....I....I....I..

p_ (leading lepton) [GeV] 100 200 300 400 500 600

EFT Scenario (C. Degrandeet al., Effective Field Theory: A Modern Approach to Anomalous Couplings,  Mez (GeV)
Annals Phys. 335 (2013) 21-32, arXiv:1205.4231 [hep-ph]).

CIA2 [-20.9, 26.3] [-29.2, 23.9]




Limits ZZy/Zyy couplings ( CMS)

- Zy - vvy channel - Zy - lly channel

Best fit of the combined muon and electron

) ¥ x107 19.6 fb™ (8 TeV -
¢0.02X1.03. 198 BTeV) ;*0'02_ o I IR uuy and eey channels, 19.5 fb' (8 TeV)
<t e 1 I —  Expected 95°% CLL. ] e 01 ><1g: 1
r ected 535 C.L. 7 — — Expected 99% C.L.
i ngmga . . Ef.‘l:ﬁ:ﬂ ’; CCII-_ ] | Preliminary —_ Obps:rved 95% C.L. 1 < 0.08 Data nesifn CMS 0.9 E
0.01 —— Data CL = 95% =
0.01 i— i =N ] 0.06 Expected CL = 68% ,.a-““‘\? 0.8 o
3 S S 8 Expected CL = 95% [=]
i //../ T\\ 1 i ////:// \) \}/] ] 0.04 ——ExpedaﬂtL:gm}/ /i 0.7 5
- - // ~ \ - %
N Y of 7 / / . 0.02 08 5
[N == ] - N = /// ] -0.02 04 8
-0.01 S -0.01- ) ] -0.04 03"
i 77 ] i 7 ] -0.06 —_ 0.2
i 1 - Yo -0.08 0.1
%004 0002 0 0002 0004 -0.Q2Llo ol ] _0.1E I .
h, -0.004 -0.002 0 0.002 0.004 -0.01 -0.005 0 0.005 0.01
&
3 (o]
—— : : 1967 (8 TeV) or and eey channels, 19.5 fb™ (8 TeV)
] E +je! v E *
8 baws,, — =Rpmiwenr 011% FEm >
=10 == QcD 3 0.08E Data best fit ng=
2 —— e 3 MOE __ patacL=95% 23
°, = 000F  Eremae 08 5
ata = = - [=)
Do gneseany 3 0.04 | — - ExpeceaCL=00% ] 078
10_1 s BEST FIT _; 0.02 :_ 06 E
] ] oF 053
1078 T —0.02F 049
| S oo 03
103k | | | = —-0.06E = 0.2
L S - } E —0.08F- 0.1
g o0s ‘ ‘ . . . . ‘ ] -0 1: L | S S W B S S S W | W S S S |
V=00 —300 400 500 600 700 00 000 1000 001 -0.005 0 0.005 0.01
El [GeV] h§

aTGC is consistent with 0



Limits ZZy/Zyy couplings (ATLAS

5] = T T T T ]

% i ° S(a ta) h'=0.0001, A, ATLAS .

= Z(VV =0. s App=oo —

5 10°E =5 2 s " \s=8TeV,203f" I

C I v+ets ]

[ = Y |

10° s =3 Weev) 5

E I Zvv)jets 3

- B Z0tyy . 7

1 03 = stat.® syst. . =

10? =

10 =

1

IR E

% *(-'G; || 5555 55555 ooz s ZZ

Q| @ E ]

2oL A =

130 200 350 1000
E! [GeV]
_3
= 06510 [I l l ] x10° | T |
vor [Ty and \a% - C o . ]
PP vandpp vy ATLAS jol PP = ITyandpp > VoY ATLAS ]
0.04f 'S8 TeV, 20310 e - C \s=8TeV,203f0" e : .
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ATGC overview
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Neutral aTGC overview

https:/ltwiki.cern.chltwiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Summary

® Very good performance of the LHC has provided good data for both
Run | and Run Il

¢ Several full analysis results from Run | at 8 TeV haven been
published

© Some diboson cross sections have already been measured in Run Il

Differences when comparing with NLO predictions but good
agreement with NNLO predictions.

© Anomalous couplings search shows no deviation from the SM
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Thanks for your attention!
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ZZ at 13 TeV (CMS)

- Systematic uncertainties

Uncertainty Z—4l | ZZ—-4¢

ID efficiency 2—6% 0.4-0.9%

Isolation efficiency | 1-6% | 0.3-1.1%
Trigger efficiency 2—4% 2%
MC statistics 1-2% 1%

Background 0.7-1.4% | 0.7-2%
Pileup 0.4—0.80/0 0.2%
PDF 1% 1%
SCH]E 1% 1%
Luminosity 2.7% 2.7%
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ZZ at 13 TeV (CMS)

- Fiducial xs:

° Cross section measurement

Fiducial cuts

Common requirements

p‘;' > 20 GeV, PFF > 10 GeV, p?’* > 5 GeV,

. 7| <25 GeV, mypss- > 4 GeV (any (¢ pair)
Z > (007 mz, > 40GeV
80 < mypprpr < 100 GeV
ZZ — (007

60 < Mz, Mz, < 120 GeV

Oaa(pp — Z — £00'1") = 305732 (stat)"] 5 (syst) + 0.8 (lum) b,
Cra(pp — ZZ — 000'0") = 34.8715 (stat) T) 5 (syst) 0.9 (lum) fb.
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WZ at 8 TeV (ATLAS)

Source

gee

wee eup  ppp  Combined

Relative uncertainties [%]

¢ energy scale 0.8 04 04 00 0.3
e 1d. efficiency 29 1.8 1.0 00 1.0
i momentum scale 00 01 01 0.1 0.1
p id. efficiency 00 07 13 20 1.4
E?IE““" and je[g.; 0.3 02 02 0.1 0.3
Trigger 0.1 0.1 02 03 0.2
Pileup 0.3 02 02 0.1 0.2
Misid. leptons background 29 09 31 09 1.3
ZZ background D6 05 06 05 0.5
Other backgrounds 0.7 07 07 0.7 0.7
Uncorrelated 0.7 06 05 05 0.3
Total systematics 45 26 37 25 24
Luminosity 22 22 22 122 2.2
Statistics 6.2 54 53 47 2.7
Total 8.0 63 68 5.7 42
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WZ at 8 TeV (ATLAS)
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WZ at 13 TeV (ATLAS)

Comparison of WxZ cross section measurements at various centre-of-mass energies with

Standard Model expectations.
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WZ at 13 TeV (ATLAS)
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Ratio to Powheg

10°

10

= ATLAS
; (5=13TeV. 3.2 b’
- @ Data
B — Powheg+Pythia
e E;q{:-rp,_q
- W'Z s £vEr
| ] |
E_ e

34



13 TeV WZ at CMS

Decay Nﬁg Background Background Total Observed
channel Non-prompt Prompt expected

eee 3588 £ 0.63715% | 1064173731  6.08+£059707 | 526041937330 49
eejl 5023 +0.77733% | 1483+356755 7574047709 | 72.63+3.6771%) 78
e 56.02+0.80753 | 21.56+3217300  843+05571) | 86.01+3.3577%0 83
Hpp 83.96 +0.99733 | 2016 £4.9175%  11.134+0497}3] | 115.25+£5.0377:0 108
Total | 226.09+1.61707% | 67.19£7.087111> 3321+ 1.05735 | 32650+ 7.3371556 318
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Zy at 8 TeV CMS

Zy - vvy selection:

@ Ilcentral (|n|<1.44) high pT(>145 GeV) photon
® ETmiss>140 GeV

@ Large W(€vy) BKG from MC but checked in CR.

® Measurements in good agreement with NNLO predictions ( 50.0 + 2.4 — 2.2 fb.):
52.7 + 2.1(stat.) &+ 6.4(syst.) +1.4(lumi.) fb

19.6 fo' (8 TeV) 19.6 b (8 TeV)
% r 1. T r1rr°+T 7 :é; L L L L
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8 TeV WW CMS

p O-jet category 1-jet category
rocess Different-flavor Same-flavor Different-flavor Same-flavor
Total bkg. 1179 + 123 643 + 73 1954 + 168 749 + 133

WT™W~ + Total bkg. 4857 + 302 2124 4+ 134 3128 4+ 217 1162 + 142
Data 4847 2233 3114 1198
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