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Physics motivation

m Di-boson processes
* Important tests of the Electroweak (EW)
Sector of the Standard Model (SM) at high
energy regimes
* sensitivity to new heavy particles
* Irreducible background to Higgs

measurements ’ % ﬁ
= Anomalous Triple/Quartic Gauge Couplings +[j\\
T

(aTGC/aQGC)

* self-couplings fundamental predictions of
the SM

* probe for new physics through deviations
of measured cross sections from
predictions




Di-boson production at the LHC

m Measurement of di-boson processes
involving combinations of W, Zand y

final states

* Relatively low backgrounds

* Low branching ratios
e BR(W—¢v) = 0.108, BR(Z—) = 0.03366

* W/ZY, ZZ, WZ, WiW$, WiWi chaillron LI}IC jm
= Measured mainly through their leptonic uf

o (nb)

m Small cross sections O(1-100pb)

m Gluon contribution up to ~10%
depending on the channel

GpigasMyy = 500 GeV)

0.1 ]

events/see for =10 <m s



Signatures

m Leptons and photons
* High-pr isolated electrons/muons and photons



Signatures

m Z bosons
* |nvariant mass in windows around the Z pole



Signatures Example of ZZ—2e2p candidate
@ATLAS

EXPERIMENT
http://atlas.ch

example of high-pT
ISolated leptons

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST



Signatures

m W bosons

* Large missing E1 to account for the neutrino
e Calculated from jets, leptons and calorimetric clusters

* Transverse mass selection



A e

example of high-p T
Isolated leptons and
missing ET




Backgrounds

Estimated with data driven methods

m V + jets characteristics:
* High-pT leptons from boson decays
* Leptons from heavy flavor decays
* Jets misidentified as leptons/photons
* Particles outside the detector acceptance "'

m ttbar and single top characteristics: 1
* Prompt isolated leptons from W decays
* Large missing Er

=1

Estimated from MC
m Di-boson processes
+ Background to each other



How do we measure cross sections?

s “Cut and Count” analysis: observed events [Nops = IV, sig T -

am Background estimation -
m Measurement of fiducial cross section sig — &~ 0 '
* In a phase space defined by the detector’s
acceptance and our selection requirements > N, obs —-
id —
RETC) [ Ldt

m Extrapolate to total phase space

m Optionally provide differential cross

i - sections in fiducial volumes
N eLecte

A 1\]{ _(:; ,Teco + Distributions “unfolded” from detector effects
0
NMC’,gen
acceptance correction for kinematic correction for detector effects

and geometric selection criteria 10



Zy/WYy production

Phys. Rev. D 87, 112003 (2013)

m Measured final states
*Lrvy LT LTy, wy (Lep )

m Backgrounds
* W/y+jets for the xvy
* Z+jets for the ¢+ ¢+ y
* ZIy+jets, W—ev for the vvy

m Dominant systematic uncertainties

* Photon ID, jet/EM energy scale and

resolution and background normalization

S 10— —
() 5 ATLAS —e— Data 2011
o 1° [ ] W(lv)+y (ALPGEN x 1.5)

- + .
Z o8 JLdt=4.6 b, 1s=7 TeV W) !

V)+jets

(7)) i v
L 15 N 20, E'>15 GeV B iets
()
S 102 [ Other Backgrounds
LLl

10

—

10"
J0° I
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0| O B PY .
0 0.8 . . o . . T
L%- 20 30 40 100 200 300 1000

Y
Z =+ V'}l ET [GeV]

data driven
estimate

Event selection
= iSolated high-pr lepton, isolated high-pr

photon and Ermiss + Z-veto (VY

= isolated high-pt leptons with My > 40 GeV
and isolated high-pr photon =Y

@ isolated high-Er photon and Er™iss vy

* AR (¢, y) > 0.7 to suppress FSR

* jet-veto pt > 30 GeV for exclusive

measurements
8 10° ATLAS —e— Data 2011
— 10* j Ldt=4.61", ys=7 TeV .
v Z(I'T)+y (SHERPA x 1.0)
ﬂ 103 Njet >0, ET>15 GeV
§ Z(I'")+jets, tt
LU
L

- L n PR ST =
S14ET =
=21.2F —— =

0 F R SNy SRR + .
®| 008 E
() 806_ \ . A N | R R . L]
< 20 30 40 100 200 300 1000
LL] — Y
@i@+—y E;[GeV] 11



ZY/ WY prod uction Phys. Rev. D 87, 112003 (2013)

m Inclusive Wy measurement above NLO theoretical
prediction (MCFM) by 1-20
+ Worse discrepancy at high Er¥ and jet multiplicity 5 Fajr agreement for Zy

= — T T T T | . = T T T T T
10° E R T E Q = _— - 3
G S R Wy O ; R Zy :
e [ ATLAS AL RPN S VR _ 2 10 anas S E
7 10 E 'y ‘[l]' = —~ = PeCEFD| =
;- = ILdt:4.6fbv1 --O-'A"['l]'" 3 Ky B JLdt=4.6 o e O s i
= - -0 T 7 £ 1 ¢ u” 5
g_ % 1 g \s=7TeV = iy = \s=7TeV pp— Iy 3
o — [ Data 2011 (Inclusive) [ Data 2011 (Exclusive) E & © 101 E D Data 2011 (Inclusive) : Data 2011 (Exclusive)
.8 1 "_—e— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive) N \b’ ~ ' _ ®:
10 E —_—— ALPGEN x 1.5 (Inclusive) —&— ALPGEN X 1.5 (Exclusive) ----- [i]--i O 10_2 —_— SHERPA x 1.0 (InCIUSWe) —e— SHERPA x1.0 (EXCIUSWe) . iE--
E —+=— MCFM (Inclusive) —— MCFM (Exclusive) ""."L"' E—E— MCFM (Inclusive) —&— MCFM (Exclusive) I
1072 ' ' ' ' ' 10-3 I I l 1 I
> 2 - T | T T T - P | | l 1
Sl s - i i b b h ol = - ! -
©| © L N W . S Ao 7 =1 O - i I i -
D|-E 1 5_4} 4 U 4 (O30 = 8§ 1 :—"d)"m """" o-m------- o - .. e R 4)"4]—:
o C ] L | ! I - 0 — 1 . -
® - 2 I I I I I > 2 T T T T T
R s N - N SO Y
0 ! 1 — - + .
15 20 30 40 60 1 ol [ GLS?O °15 20 30 20 60 100 1000
T El [GeV]
Measurement [pb] Theory (MCFM) [pb]
Wy—evy 2.77+0.03(stat)+£0.33(syst)+0.14(lumi) 1.96+0.17
LYy 1.31+0.02(stat)+0.11(syst)+0.05(lumi) 1.18+0.05

LY VVY 0.133+0.013(stat)+0.020(syst)+0.005 (lumi) 0.156%0.012 12



ZY/ WY prod uction Phys. Rev. D 87, 112003 (2013)

m New NNLO QCD corrections have sizable effect;

provide better agreement with the measurement

+ Corrections for Wy: ~ 19% - 26% — o |
pp — tvyy — NNLO [
: _ : Vs =T7TeV |} 1 ATLAS|
+ Corrections for Zy: ~ 8% - 18% o | N0
5 | —5_
g .
earXiv: 15604.01330v1 [hep-ph] 5 1 Wy
earXiv: 1407.1618v1 [hep-ph] £ o |
e Phys. Lett. B731 (2014) 204 - T R
107 | |
> 1.8] | } |
: t
5 1.4} %
5 ol IR Y
20 50 100 200 500 1000
p; [GeV]

- LO [pb] NLO [pb] NNLO [pb] Measurement [pb]

0.8149+8:0% g 39 1.222%%2%. 539, 1.320%13%234  1.31+0.02(stat)£0.11(syst)+0.05(lumi)

O.8726+6'8%—8.1% 2.058+6.8%  2.453+4.1%  2.77%0.03(stat)+0.33(syst)*0.14(lumi)



ZZ production

JHEP03(2013)128, ATLAS-CONF-2013-020

m Measured final states
*QELHLELT (e, ) and LELFTVV (7 Tel only)

m Backgrounds
* W/Z+jets, Top, WW, WZ
* Estimated with data-driven methods

Event selection

= 4 (or 2) isolated high-pt leptons
= (4¢): enhanced muon acceptance Inl<2.7
and electron acceptance Inl < 3.16

@ (202v): axial-Etmiss” > 75 GeV to suppress

Z+jets background

*the projection of the ET™s along the direction opposite to the
Z—¢ candidate in the transverse plane

I T I 1 I I I I I I I I I I I 1 I I I I I 1 I I I I I I I I

> - =
o 200r o -
O 180:_ATLAS Preliminary e Data =
2 F [Ldt=201b" L2z -
o 1607 [ ] Background —
S 1400 8 TeV 7 Total Uncertainty
T - .
120 ZZ-l =
100F- =
80 3
60— 3
40F- | -
— b ]
20— =
20 40 60 80 100 120 140 160 180 200
Leading Lepton-Pair Mass [GeV]
>1 010 T T T T T T T [ T T T T I T T T T | T T T
5 10°EATLAS +Data CJIWW

8 _ -1 JZ+X B ZZMTT
f 10 EAESEE-0D Bw+X Ozzslvw
» 107 \s =7 TeV B Wy/Wy* B8 Total Uncertaint

& 10° — ZZITwv

2 10°
10
10°E
107
10

! L1 Lo PR S R TR N TR RO T
-50 0 50 100 150
Axial-E™® [GeV]
14



ZZ production

JHEPO3(2013)128, ATLAS-CONF-2013-020

I I I ] 1 I I l | I I I I I I l I I 1

- ATLAS Preliminary

027" [pb]
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LHC Data 2012 (1s=8 TeV)
O ATLAS ZZ- llll (66<m <116 GeV) L=20 fo!
vV CMS ZZ- il (60<m <120 GeV) L=5.3 fb™

I I I I

I I I l

NLO QCD (MCFM, CT10.0)
ZZ (pp) (66<m <116 GeV)
e 77 (PP) (66<m”<116 GeV) |

an=
-----
-e
----
"
wn®
"
-
-
-
-

IIllllll

1 - LHC Data 2011 (ys= 7TeV) ]
[ ® ATLAS ZZ- ll(l/vv) (66<m <116 GeV) L=4.6 fo!
B Y CMS ZZ- il (60<m <120 GeV) L=5.0 fb™ ]
B Tevatron (1s=1.96 TeV) n
B m DO ZZ- li(li/vv) (60<m <120 GeV) L= 8 6fb” 7
— A CDF ZZ- li(ll/vv) (on- sheII) L=6.0 fb™ -
| | l | | | I | | | I | | 1 I | | | I | | 1 I | | 1 I 1
\s [TeV]

m Statistical uncertainties dominate
m Systematic uncertainties

* Reconstruction efficiencies

+ Background estimate

* Luminosity

- Measurement [pb] Theory (MCFM) [pb]

6.710.7(stat)*9%-4.0.3(syst)*0.3(lumi)

7.1%0-5 5 4(stat)£0.3(syst)£0.2 (lumi)

5.89+0. 22

7-2+O'3—O.2
15



+ °
W_Z prOdUChon Eur,Phys. J. C. (2012), 72:2173, ATLAS-CONF-2013-021

m Measured final states Event Se[ection
LTy LT (Leyp ) = 3 isolated high-pt leptons and Eqmiss
m Backgrounds @ tight Z-mass window [Mg-Mppal < 10 GeV

* Z+jets (~15%), Top (~4%) (data driven) = tight isolation and identification criteria on
* ZZ (~5°/o) and W/Z +vy (~3°/o) (MC estimate) the W-|epton

> _l 1 I I 1 1 I I 1 I I 1 I 1 1 I 1 1 I 1 I I 1 I 1 1 1 | I I 1 I I 1 |_l > N 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 I I | 1 1 1 |__:
8 160 :_ + 4-data _: 8 180 = / -+4-data .
S {40[ Lwz = 0 160 + Uwz =
- 5 LU 0zz . Q - 0zz .
3 1o0f | WL] BWWZy = 140 BWZy 3
= n W W-+et . 0 - W et ]
0 - OZ+jet . S 1201~ r+l %— [)Z+jet =
w100 + @ Top B L|>J 100 - ;_+—_‘ OTop ]
801 T +$ ATLAS Preliminary = ¥ ATLAS Preliminary -

60 +—+— \s=8TeV,[ Ldt=131b" _F: 7 \s-8Tev[Ldt- 13" 3

40 } i i =

20f - = J_t

O 20 40 60 80 100 120 140 160 180 200 Ol 50 100 150 200 250
pZ [GeV] pY [GeV]
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+ °
W_Z prOdUChon Eur,Phys. J. C. (2012), 72:2173, ATLAS-CONF-2013-021

m Compatible with SM expectation from MCFM

m Systematic uncertainties dominate at 8 TeV measurement
* Data-driven background estimate

1 I 1 I | | | 1 1 I 1 I | | 1 1 I 1 I |

- RPN Q[ ATLASPreliminay e -
+ Reconstruction efficiencies S [ . -
i i SNl e
* Luminosity = .
c | . NLO QCD (MCFM, CT10)
10 . - WZ (pp)(66<m <116 GeV) —
— — WZ (pp)(66<m <116 GeV) T
§ LHC Data 2012 (Ys=8 TeV) |
O ATLAS WZ- Wi (66<m <116 GeV) L=13 fb”
1= LHC Data 2011 (1s=7 TeV) —
- ® ATLAS WZ- il (66<m <116 GeV) L=4.6 fb’ .
B Tevatron (1s=1.96 TeV) B
B m DO WZ- Ivll (60<m <120 GeV) L=8.6 fb” i
5 A CDF WZ—s Wil L=71 fb! |
| | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14

\s [TeV]

- easurement o] Theory (NGFW b
4, 19.0+1-4. 3(stat)*%9.9.0(syst)*%4.0.4(lumi) 1764111 0

13 20.3%08 g 7(stat)*!2.1.1(syst)*%"0.6(lumi) 20.3+0.8

17



+ L °
W_W+ prOdUChon Phys.Rev.D 87, 112001 (2013), ATLAS-CONF-2014-033

m Measured final states Event selection
*EEVETV (Leypt ) in O-fet bin = 2 isolated high-pr leptons and Eymiss

m Backgrounds @ hard jet-veto to reject ttbar and single top
* Top (~15%), Drell-Yan (~5%), events

W+jets (~5%) (data driven)

| | _ a Z-veto Imz -myl >15GeV to suppress Drell-
* various di-bosons (MC estimate)

Yan background in same flavor channels

4(2 K I I L I LI I L I L I L I L I IIIII l_ > —_ 1 ! I ! 1 | .I .| I I I | | I | I I I I I I T _—
512000 ATLAS Preliminary —4— Data _ 8 900; ATLAS Preliminary 4 Data [JWW (x1.21) 3
> B 1 - = Ve _ -4 [ Top [ Zjets ]
bt C \s=8TeV,|Ldt=203f" [ wwmc 1 © 800F \s=8TeV,]| Ldt=20.3fb on | g
- L [ TopMC _ — S hannel /- jets M (:tt:eéadlbotson =
10000_— e"v u'v channel B Zets MC ] _,2 700E e v uvcha %4 stat. unc.— stat. @ syst. unc. =
B ——— I Wiets MC ] o - <4 E
8000 B other diboson MC — Lﬁ 600 - ""’"‘m .
B 444242 stat. unc. ] 500 f_ —E
- —~ 2 -
o000 e _ - 400F E
4000/=— - 300k =
B i —- =
- - 200 —
20001 —— - ooF -
: i — e U —

0 r 2 3 4 5 6 7 40 60 80 100 120 140

Jet multiplicity p_ (leading lepton) [GeV] 18



+ o=
W W prOdUChon Phys.Rev.D 87, 112001 (2013), ATLAS-CONF-2014-033

IIIIIIIIIIIIIIII | LI LI L | | LI | LI I I I | | I | | | I I I 1 1 I I I | I I I I
ATLAS Prellmlnary ATLAS Preliminary
Measured ]
j Ldt =20.3fb" cross sections (SMD\F/!YXal error) J Ldt = 20.3 fb”
\s=8TeV ete \s=8TeV
WW - CT10 mE WW
et MSTW2008 Mg i
Data (+ stat. + tot.)
: NNPDF2.3 Wi
SM Prediction Combined — 71.4+1.2 %35 pp
qg/qg — WW: MCFM NLO CT10 ATLAS-GpWZ'l 2 . ¢ . —— Stat
g9 — WW: MCFM LO CT10
gg— H > WW: Nl\llLO MSTV|V2008 | | | | | | | | Stat+sy?t
10 20 30 40 50 60 70 80 90 100 50 60 70 80 90 100
otot [pb] G [Pb]

m  Measured cross section higher than SM prediction (CT10 NLO pdf) by ~2.10

m  NNLO corrections: Enhancement of cross section by ~10% (arXiv:1408:5243)

m NNLL resummation of large logs: Enhancement of cross section can partially
explain the excess (arXiv: 1407:4537, arXiv: 1407:4481)

- Measurement [pb] Theory (MCFM) [pb]
4. 51.9+2.0(stat)£3.9(syst)*2.0(lumi) 44 7+e.1
20.3 71.4+1.2(stat)*>0.4.4(syst)*?2.2.1(lumi) 58.730., -
19




W*W7/W=Z production in semileptonic final state

JHEPO1(2015)049

Event Selection m Measured final states
@ single lepton triggers *0Evjj (Lee,pt )

@ isolated high-pr lepton, S s ATAS T R
Etmiss and two jets 0 h dt7=T4'3 o’ —e— Data _
™ \s=7Te 1
o p1(e,p gets) > 25 GeV S 400001 =’:/<\)/;\JN<§|YJ\;Zrks g

> I multijet
o Ermiss > 30 GeV - Wz
z mt(W) > 40 GeV } to suppress multijet bkg : - W= v + 2 jets _
N | _]
@ A(Ermiss, 4) > 0.8 - -
o : . . B = -
@ An(s1,42) <1.5  to increase signal-to-bkg ratio o[- . 7
7 2 V<m;<?2 V [ T :
> ey < my <250 Ge T R R [ R oy
Background composition 1 [GeV]

m W/Z+jets (89%), multijet (~5%) - data driven estimate
m top (~4%) - MC estimate

| FElectron channel
Total Background ~126000 ~132500
127650 134846 20




W*W7/W=Z production in semileptonic final state

JHEPO1(2015)049
m fiducial cross section measurement and extrapolation to the total phase space

@ simultaneous maximum likelihood fit to m,;

dominant systematics

> 220005" lAlTlI.AISI T — %1000_| | N O B B B B I — I_ .
O 20000F [ - 461" = s | ATLAS 1 aW/Z+jets rate
- - —e— Data E o = _ . i .
@ 18000E 1s=7Tev T ] ~ 800l Jrat=46 1 & Jet energy resolution
§ 16000 B tor quarks 3 2 L \s=7TeV .
multij -
= 14000 -W/thf;ets _ % —*— Data
12000~ . — _*i_-') 600— —— WW/WZ (Best Fit) 7
. LI_ -
10000~ . W= lv+ 2jets 7 clu 4{ Systematic Uncertainty |
8000 'l = a | i
. O 400~ W— v+ 2jets —
6000 - L -
.
4000F- . i :
.4 ]
2000~ . 2001~ 7
05 o0 s0 200 250 * + +
= 0 7 '+7
© !
© - % i
- i Z
Pk _200 | | | | | | | | | | | | | | | | | | | | |
ob . , , , 50 100 150 200 250
” h 15[(;ije’[ Mggos [Ge\?]50 Dijet Mass [GeV]
dijet invariant mass after the background-subtracted data
likelihood fit

- Measurement [pb] Theory (MC@NLO) [pb] ISP NPT PP

68+7(stat)£19(syst) 61.1£2.2 3.40
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W*W=*+2jets production

PRL 113, 141803 (2014)

m Measured final states
* ElEy+4f (Lrep )

m Backgrounds

WZ+ 2 jets, Wy+ 2 jets - MC estimate
ttbar, single Z production through charge
misidentification - data driven estimate

%k
%k

Events

45
40
35
30
25
20
15
10

More details on talk by K. Bachas
First evidence of VV— VV scattering

ATLAS
20.3 b, \s=8 TeV
etet o

SMoindl =1.52 + 0.11 [fo]

NLO, POWHEG-BOX, CT10

b
':|_
D
()]

20.3 fb”, \s = 8 TeV
VBS SR, ee+eu+up

%

Data 2012

Syst. Uncertainty
W*W=jj Electroweak
WZ/y* ZZ tt+W/Z
Other non-prompt
OS prompt leptons

Y
W*WHjj Strong

I;llllI|IIII|IIII|IIII|IIII|IIII|I

2.0+ 1.5+ 0.5 [fb]

eyt
2.1+ 0.7 + 0.3 [fb]

wut . o P
2.2+ 0.9+ 0.2 [fb]

Combination l o
2.1+ 0.5 + 0.3 [fb]

35

05 1 15 2 25 3
G incl. [fp]
dominant systematics
jet = Jet energy scale

= WZ+jets normalization
22



Anomalous gauge boson couplings

Events / GeV

Self interactions of gauge bosons are predicted by the SM

(non-abelian nature of the EWK)
Anomalous couplings can manifest themselves with increased
cross sections and modification of kinematic distributions
Effective Lagrangians approach to parametrize the anomalous
couplings as deviations from SM (SM+higher order operators)

1.2

jLolt=4.64fb'1

\s= 7 TeV
ZZ — I'ITT

—— Data
T zz - I'rT
[__] Background (dd.)

0.4 s
0.2 » ]
L , i
_-g by L | R P IR N l—
0 50 100 150 200 250 300 350 400 450
P [GeV]

Events / 10 GeV

10

—

o_l YRR

| T T TTTI

I IIIIIII|

| I I I I I l | | I I I I I

ATLAS
-4+ A k,=0.1,A g/=-0.1
—— reweighted SM WW

==== SM WW

T-
I [ S |

1 | I ;.|

| IllllllI | L1111l

Illllll

Lo
200 250

300

Leading lepton P, [GeV]
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Summary of aTGC Limits

Oct 2014
I O?t2014| I I | I AJI'LAé Lirlnits| ';' I (I: | I I I I | I A+LA |r|mts| I }L{ I
CMS Prel. Limi — rel Limits Q
WWy . WWZ i s
— WW -0.043 - 0.043 4.6 fb
A . Wy -0.410 - 0.460 4.6 fb AKy — WV -0.090 - 0.105 4.6 fb
Ky Wy -0.380 - 0.290 5.0 fb" - WV 10.043 - 0.033 5.0 fb"
—_— WW -0.210 - 0.220 4.9 fb i LEP Combination -0.074 - 0.051 0.7 fb™
— WV -0.210 - 0.220 4.6 fb" A — WwW -0.062 - 0.059 4.6 fb”
. p — wz -0.046 - 0.047 4.6 fb
—o— DO Combination -0.158 - 0.255 8.6 fb - WV -0.039 - 0.040 4.6 fb™
—e— LEP Combination -0.099 - 0.066 0.7 fb! . WV -0.038 - 0.030 5.0 fb
2\ — Wy -0.065 - 0.061 4.6 fb™ o DO Combination  -0.036 - 0.044 8.6 fb™
v — Wy -0.050 - 0.037 5.0 fb™! re-d LEP Combination -0.059 - 0.017 0.7 fb
. WV 10,039 - 0.040 4.6 fb” 1 — WW -0.095 - 0.095 4.9 fb_1
§ — wz -0.057 - 0.093 4.6 fb
— Wy -0.038 -0.030 5.0 b — wv -0.055 - 0.071 4.6 fb"
o DO Combination  -0.036 - 0.044 8.6 fb o DO Combination  -0.034 - 0.084 8.6 fb™
HT ILEP Combinati|on -0.059 - 0.(|)17 0.7 fb' | HF |LEP Comblnatlon -0.054 - 0.?21 0.7 fb™
| | | | | | | | | | | | | | | | | | | 1 | | | | | | 1 | | | | l |
-0.5 0 -0.5 0 05 o 1.5
aTGC Limits ’@957 (f t f S M I aTGC Limits @95% C.L.
eviations rom
Nov 2013 I U ATLAS Limits! T T
LA B I B B B B B LA B B IR P M A S LI CMS Prel. Limits —
¥Z2,227 Set. ZyZ Zyy —
V4 7 _ _ -1
Y Y 0.015-0.016 4.6 fb
£ — zz -0.015-0.015 4.6 fb™ h Zy -0.003 - 0.003 5.0 b
4 — 7z -0.004 - 0.004 19.6 fb™ — Zy -0.004 - 0.004 19.5 fb
— ZZ (212v) -0.004 - 0.003 5.1, 19.6 fb™ — Zy -0.022 - 0.020 5.1 fb™!
¢z — 7z -0.013-0.013 4.6 fb” 7 — Zy -0.013-0.014 4.6 b
4 — Y4 -0.004 - 0.004 19.6 fb™ h3 — Zy -0.003 - 0.003 5.0 b
— ZZ (212v) -0.003 - 0.003 5.1, 19.6 fb™ — Zy -0.003 - 0.004 19.5 fb
-0.016 - 0.015 E ] ] 1
£ — 7z : 015 4.6 fb — Zy 0.020 - 0.021 5.1 fb
5 — zz -0.005 - 0.005 19.6 fb™ h'x100 — Zy -0.009 - 0.009 4.6 fb
— 77(212v) -0.004 - 0.004 5.1, 19.6 fb" 4X g Zy -0.001 - 0.001 5.0 b
7 — zz -0.013-0.013 4.6 fb™ o Zy -0.004 - 0.004 5.0 fb
f
5 — Y74 -0.005 - 0.005 19.6 fb’ hZx100 — Zy -0.009 - 0.009 4.6 fb
— ZZ(212v)  -0.004-0.003 5.1, 19.6 fb" aX ’ Zy -0.001 - 0.001 5.0 fo
1 1 | 1 1 1 ] | 1 | 1 1 1 1 | 1 1 1 1 [ 1 1 1 1 — ZY _0003 - 0003 19 5 fb'1
-N AR 0 5 1 1 -5 X1 0-1 | | ] ] | ] ] | 1 | | | ] | ] |
-0.5 0 0.5 X107

aTGC Limits @95% C.L.

aTGC Limits @95% C.L.
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First limits on aQGC

More details on talk by K. Bachas

m Measurement of VBS allows limit setting on anomalous quartic couplings

5Lf') _I IIIIIII | IIIIIIIIIIIIIIII I L | LI L | IIIIIIII
B ATLAS |
061 20.3fb",\s =8 TeV
040 pp — W* W¥jj
s K-matrix unitarization
0.2
op

-0.21 confidence intervals

0 4: B 68% CL
T [95% CL
-0.6—~ —expected 95% CL

X Standard Model
04 03 -0.2 01 0 0.1 02 03 0.4
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Conclusions

m Very good understanding of the physics processes with
high precisions
m Excellent performance of the ATLAS detector
* Di-boson measurements of fiducial, total and differential
cross sections with 7 and 8 TeV
* Exclusion limits on aTGC, no deviations from the SM,
expected sensitivity will increase at higher centre-of-
mass energies
* Evidence of the same sign WW+2 jets EW production
(3.60 significance)
* First limits on aQGC through VBS

m Looking forward for Run-2 and beyond for more
precise measurements and probes for new physics!
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back up
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MC simulation

Wy/Zy

* Ivy: Alpgen+Herwig(PS)+Jimmy(UE) = ssWW+2jets

+ Iy, vwy: Sherpa * Sherpa

* Z(I):Pythia, ttbar:Powheg, WW,Top:MC@NLO * WZ/y+jets, ZZ+jets: Sherpa
ZZ * ttbar+W/Z:Madgraph

* Powheg+Pythia and gg2ZZ * Wy:Alpgen

* Z/W+jets, Z/Wy: Alpgen

* ttbar: MC@NLO, single Top: AcerMC(MC @NLO)

* WZ (WW): Herwig(Powheg), Z/Wy Madgraph

WZ

* MC@NLO+Herwig+Jimmy(7TeV), Powheg(8TeV)

* Z/\W+jets, DY: Alpgen, WW: MC@NLO, ZZ: Powheg

* multijet: PythiaB, ttbar: MC@NLO, W/Z+y, ttbar+W/Z: Madgraph
WW

* MC@NLO+Herwig+Jimmy and gg2WW(7TeV), Powheg+Pythia(8TeV)
* Z/W/+jets, DY, Wy: Alpgen, WZ/ZZ: Herwig(7TeV), Powheg(8TeV)
* ttbar: MC@NLO, single Top: AcerMC

WYV semileptonic

* diboson:MC@NLO+Herwig+Jimmy

* W/Z+jets: Alpgen+Herwig+Jimmy

* ttbar:MC@NLO+Herwig+Jimmy, single Top:MC@NLO
* ZZ:Herwig, Wy: Madgraph
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W*W=*+2jets production PRL 113, 141803 (2014)

BEZE 0550157 01040116
029,024 0.180,0199

Theory [fb] signal
- Measurement [fb] (PowhegPythias)

|nC|US|Ve 2.1+0.5(stat)+0.3(syst) 1.96+0.17

EW-only 1.3+0.4(stat)+0.2(syst) 1.18+0.05 3.6
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alGC parameters

Vertex Parameters channel

WWy A WW, Wy
Az WW, WZ
YA h Zy
YY h Zy
ZyZ f4 77

fa /7



