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Introduction & motivation

Motivation — electroweak measurements

@ important test of the electroweak (EW) sector of the SM at the TeV scale

— probe triple and quartic gauge boson self-interactions
as predicted by the EW theory w w w

Z,v W,Z,~v W, Z,~

— probe their unitarization by HV'V contribution in V'V scattering (V =W, Z)

@ probe QCD — NNLO calculations improve data-MC agreement

@ irreducible background to Higgs and beyond-SM searches
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Introduction & motivation

Electroweak measurements with the ATLAS detector

@ measurement of (multi)-boson production processes
@ involving combinations of W, Z and isolated ~y
@ common characteristics:

— small cross sections

— high pr isolated e or u and/or photons,
— ERiss from W or Z — vi decays

— (high pr jets)

@ extraction of (differential) fiducial and total cross sections

Nobs - kag o _ Nobs - kag
c.-L > " A.C-L-BR

Ofd =

C': efficiency correction factor in the fiducial phase space
A: kinematic and geometric acceptance from the total to the fiducial phase space
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Introduction & motivation

Look at physics beyond the SM

@ the SM may be considered as a low-energy effective theory of a more
complete but unknown theory

@ model independent approach, complementary to direct searches:

— low energy effects from beyond SM physics can be parametrized by an
effective Lagrangian (SM + higher-dimension operators):
o (d)
Lo =Lsu+ >, D 3=

dimension d 1

A: scale of new physics
— new physics in EW sector modify gauge boson self-interactions

— anomalous coupling approach: effective Lagrangian with anomalous triple or
quartic gauge couplings (aTGC, aQGC)

— unitarization scheme introduces model dependence
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Diboson production
(Vs=1T7& 8 TeV)
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Diboson production

Diboson measurements with the ATLAS detector

Diboson Cross Section Measurements Statu
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Diboson production

Diboson measurements with the ATLAS detector

Diboson Cross Section Measurements Status: March 2014 JLdt

il Reference
‘@ LO diagrams of EW diboson production:
| = ~ ~
q Vv q o Vv q |4
‘ TGC A A
|4
4 —T— AN —
q vV g vV g 1%
s-channel t-channel u-channel
. @ SM theory prediction for cross sections from MCFM (NLO, PDF set CT10)

—o"(WZ > evee) |- ), 3, e
o_total(zz) ) ’ ! 240.63
—oM(ZZ ~ 4) | R o

20.3
oz ) | —
- o'ﬁd(ZZ‘R - {lvy) 3o 1810 (cata), 46 JHEP 03, 128 (2013
i I
00 02 04 06 08 10 12 14 16 18 20
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Diboson production

Phys. Rev. D 87, 112003 (2013)
S: Phys. Lett. B 701 (2011) 535

555)

@ leptons and/or large EF'° (fvy & vv7y)
@ 1 high Er isolated v with AR(v,£) > 0.7 to suppress photons from final state radiation
@ fiducial cross sections in inclusive (Njet > 0) and exclusive (Nje; = 0) phase space
Wy — bvy: Zry — by
= - ‘ ‘ — ] = ‘ - ——
K] inclusive E 3 inclusive
2 ATLAS 3 2 ATLAS
= J-Ldt:ASib‘ E = Lat=46M"
g iy 15=7TeV ] iy Vs=7TeV pp— [Ty
Ky ° ([ Data 2011 (Inclusive) [ Data 2011 (Exclusive) 3 g © 10! E [ pata20i (inclusive) ~ [__] Data 2011 (Exclusive)
8 —6— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive) o i 3 L SHERPA x 1.0 (Inclusive) —8— SHERPA x 1.0 (Exclusive) 55
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102 ‘ ‘ ‘ ‘ 10° . ‘ . . .
> | > 2 T T T T T E|
g8 E g5 E ® ]
gé 1 gé 1 E7,,,,,,111 ,,,,, @ o I @ ¢ 4)
o g: * % g. 2 T T T \ T 4 . T +
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Diboson production

WZ and ZZ production (7 & 8 TeV)

WZ — twll Z7 — 0000 (& Clwv)

EPJC 72 (2012) 2173, ATLAS-CONF-2013-021 JHEPO3 (2013) 128, ATLAS-CONF-2013-

miss

@ 3 high pr, isolated leptons, ET ® 77 — 0000
@ 1 opposite-sign same-flavor lepton 2 opposite-sign same-flavor lepton

pair within 66 GeV < my < 116 GeV pairs within 66 GeV < my, < 116 GeV
@ residual lepton + ERS forming W @ ZZ — Uvv (7 TeV only):

1 opposite-sign same-flavor lepton pair
within 76 GeV < my, < 106 GeV

8 b ATlASPelminay e 4 — T T T T T T T
= e T [ AtAsrreiminay NLO QCD (MCFM, CT10.0) ]
B L e g [ ATeTEmmy 226 (s6<m <116 Gev) |
s ] — m <116 Gov)
<] NLO QCD (MCFM, CT10) sN T rz ]
10 == WZ (pP)(66<m <116 GeV) 4 .
— 6<m 108 e

[

i

Tevatron ({5=196 Tev)
= D02z I(l/vv) (60<m,<120 GeV) L=8.6 fb*
A CDF 2Z - I(liv) (on-shel) L=6.0

Tevatron (15=1.96 TeV)
= DOWZ-. Ml (0<m <120 Gev) L=8.6 1™
4 COFWZ- Wil L=711b

0 2 4 6 8 10 12 14 0 2 4 6 8 10
/s [TeV]

4
Vs [TeV]

Anja Vest, TU Dresden, ATLAS 10



Diboson production

Combined WW and W Z production i mre TN

WW/Z — tvjj single lepton final state
o' =172 £ 9(stat) & 15(syst) + 13(MCstat) pb

@ 1 lepton + ERiss from W

. > E
@ exactly 2 jets from W/Z decay & 1800 Lat=a7 10" R
gl © 16000}@:71'9\/ s ti+single-t
— larger statistics > FATLAS Preliminary g 7. e
. ) -g 14000; W/Z + jets
@ W/Z — jj resonance observed with 3.30 51200 st vz
C W1 (eu) v+ 2jets
background subtracted m;; 100001
of reconstructed W/Z — jj candidates 8000 d
(510007 60001 i
S pfracane W Ife, v + 2 jets 4000
800" ¢ X
Llu EATLAS Preliminary 20008
8 600~
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4001~
' 2 o by, 4
i < 041
? o IO PRI Y M‘”.ﬂh 1+|+ | ++1+‘
r 3 00 Beesteet N v e
S o4l ¢
£ 01
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B 00250
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Diboson production

raints on anomalous triple gauge couplings

: — : V=2~
@ effective parametrizations for anomalous couplings:

w w
o WWV vertex: Ag? ,Aky, Ak, Az, Ay
Vertex: 891,882, Sy Az A (4)TGC () TGC  (a)TGC
— constraints from WW, WZ, W+, Z/y W A
w Z

and EW Zjj measurements w
Z
@ ZZV vertex (not in SM): hY, nY, £V, f¥ aTGC (not in SM)
. Z
— constraints from ZZ and Z~ measurements g P
Feb 2013
i - 0 i ‘ TR
@ 1- and 2-dimensional 95% confidence N =
. — ww -0.043 - 0.043 4.6 fb
intervals for aTGC from 7 TeV data, e.g. | 2z — wv -0.043-0033 5.0 fb*
e LEP C 1_-0.074-0.051 0.7 fb*
A — ww -0.062 - 0.059 4.6 fb
X . z — ww -0.048 - 0.048 4.9 fb
— without and with form factors — wz 0,046 0.047 4.6 167
. . . . . = wv -0.038 - 0.030 5.0 fb*
to avoid unitarity violation ol DO Combination ~ -0.036 - 0.044 8.6 fb™
red LEP C 1_-0.059-0.017 0.7 fb™*
_ 1 — ww -0.039 - 0.052 4.6 fb*
]:(5) = /A2y n Agf — WW -0.095 - 0.095 4.9 fort
(1+5/ArF?)
— wz -0.057 - 0.093 4.6 fb!
. o DO Combination ~ -0.034 - 0.084 8.6 fb*
(Apg: form factor scale) ‘ o LEPC on_-0.054-0021 0.7 1
05 0 0.5 1 1.5

aTGC Limits @95% C.L.
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Electroweak Zjj production

Electroweak Z 37 production
(v/s = 8 TeV)

Anja Vest, TU Dresden, ATLAS 13



Electroweak Zjj production

JHEP 04 (2014) 031

Electroweak Zjj production

(CMS, 7 TeV: JHEP 10 (2013) 101)

@ clectroweak Zjj production: rare, ~ 1% of inclusive Zjj cross section

Z bremsstrahlung:

non-resonant £+ ¢~ jj:

— VBF: “tagging” jets well separated in y with large m;;
— colorless exchange region between the two quarks — low jet activity in rapidity interval

@ strong Zjj production dominates:
q
9

9
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Electroweak Zjj production

Z 33 production: event selection

@ 5 phase space regions with different sensitivity to the EW Zjj production:

Object baseline ‘ high-mass ‘ search control ‘ high-pt
Leptons [nf] < 2.47, p§ > 25 GeV
Dilepton pair 81 < myp < 101 GeV

P > 20 GeV ‘ —

Jets [y/| < 4.4, ARj; > 0.3
i > 55 GeV Pt > 85 GeV
P > 45 GeV P > 75 GeV
Dijet system — mj; > 1 TeV mj; > 250 GeV _
Interval jets — -]gp:p —0 ‘ _
Zjj system — phplence < 0.15 | phteneed <015 —

Z boson selection, baseline jet selection

search region for extraction of EW component

VN

control region for modelling of strong Zjj production

— probe impact of EW Zjj production at high m;, high pr
Anja Vest, TU Dresden, ATLAS 15
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Electroweak Zjj production

Inclusive Zj7 production

leading jet pr in baseline region

@ fiducial cross section measurements

E ? ATILAS baseline reg\oll E ";2‘: (22012)I
o 10°k jraz2st @ows for inclusive Zjj production
o E - Dvz
F10E =i (EW-+strong):
= = 10— g
\3 Qo E =
10 = E oot ATLAS 3
102 & F fLdt=20.3 10" 1
L o ]
R Is=8TeV
L]
10 g3 E
5 14 £ . 3
| 1.2 + E
5|8 L i
e e Data 2012
ol 0.8 10 - —
100 150 200 250 300 350 400 E 4 Powheg (Zjj) + Sherpa (VZ) ¢4 3
Leading jet P, [GeV] — L ' L ' s s J
oz 1l 7
@ strong and EW Zj; production: Cle g-g?
SHERPA, normalized with POWHEG e - -
baseline  high P, search control
@ W27 and Z 7 Suerea
Nops— NV
MC@NLO+HERWIG/ JIMMY Ofd = Ztobs™ “Thkg
. JLdt-C
@ multijets: data-driven

Anja Vest, TU Dresden, ATLAS 16


http://link.springer.com/article/10.1007/JHEP04(2014)031

Electroweak Zjj production

Inclusive Zj7 production: unfolded distributions

500 1000 1500 2000 2500
1Ay | m; [GeV]
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00

unfolded jet veto efficiency normalized differential cross section
as a function of |Ay| (baseline region) as a function of mj; (control region)
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> 0.8 - - Powheg Zjj (QCD)
- E . . =
3 = ] 10*F 3
- - E —— =
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http://link.springer.com/article/10.1007/JHEP04(2014)031

Electroweak Zjj production

Electroweak Zjj production extraction

EW Zjj component extracted by a fit to the m;; spectrum
strong Zjj production constrained from events with > 1 jet within tag jets

— idea: correct simulation in search region using data/MC ratio in control region
— improves the modelling by SHERPA and limits systematic uncertainties

%) 104 a—‘ A+LAS i .- A%LAS ]
© E fLdt=2031b7" O 10t Ldt=203" o
3 [ e (s=8Tev 1 3 E - \s=8Tev 3
S,,, 10° ; . control region 7; :,, 10° ; e search region 7;
8 E 3 2 E == 3
z E - 3 z L - ]
- - 1 102 - E
0 —— 3 F RS E
£ E 10 — =
¢ Data(2012) B E -4 Data(2012) *_’_# 3
105 1L —+ Background ++ ]
E — Background + EW Zjj 3 E — Background + EW Zjj —+ |3
\ ) \ \ \ \ , \ , , , ,

g0 [ ¢ ¢ ¢ b E 5 g
A= 1.5F — PP MR, ™ +|S E E
E .- Pt ] o8 E
£ ™ H
£ o 3
b Qs ]
E é‘g — constrained B
E . ) ) ) ) ) ] OF - unconstrained 3

500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
m. [GeV] m; [GeV]

] ]
— background-only hypothesis excluded with significance above 50 !
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Electroweak Zjj production

Electroweak Z7jj production cross sections

@ extracted cross sections in search fiducial regions:
mg; > 250 GeV:

OBW measured = 54.7 £ 4.6(stat) 795, (syst) £ 1.5(lumi) fb
Otheory = 46.1 4+ 0.2(stat) 703 (scale) + 0.8(PDF) = 0.5(model) fb

mj; > 1 TeV (most sensitive to EW Zjj component):

OEW,measured = 10.7 £ 0.9(stat) £ 1.9(syst) £ 0.3(lumi) fb
Otheory = 9.38 £ 0.05(stat) 7535 (scale) + 0.24(PDF) + 0.09(model) fb

@ theory prediction from POWHEGBOX

Anja Vest, TU Dresden, ATLAS 19
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Electroweak Zjj production

Constraints on aTGC from Zjj

@ two of the gauge bosons entering the WW Z
vertex have space-like four-momentum transfer

— electroweak Zjj production offers a
complementary test of aTGCs

@ 95% confidence intervals on aTGC parameters Ag? and Az
from counting the number of events in search region with m;; > 1 TeV

aTGC A =6TeV (obs) A=6TeV (exp) A =00 (obs) A= oo (exp)

Aglz [—0.65, 0.33] [—0.58, 0.27] [—0.50, 0.26] [—0.45, 0.22]
Az [—0.22, 0.19] [—0.19, 0.16] [—0.15, 0.13] [—0.14, 0.11]
A = App

— limits not as stringent as those from W Z production (e.g. ~ 3x smaller for A7)

Anja Vest, TU Dresden, ATLAS 20
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Electroweak Wi Wijj production

Electroweak W*W =355 production
(v/s = 8 TeV)

Anja Vest, TU Dresden, ATLAS 21



Electroweak Wi Wijj production

Vector boson scattering and EWSB

V=W2z

@ the mechanism responsible for EWSB must regulate (VL Vy, — VL VL) to
restore unitarity above ~ 1 — 2 TeV

— a light SM Higgs boson exactly cancels increase for large s (for HWW coupling)

—m¥

2
AWLWr — WL W) o< M {*S*t+ mz 13 }
W W W W W w w
v/Z Vo HO
Nz + + H0 . + --
w w w w W w w

@ unitarity preservation only visible in V'V scattering

= V'V scattering is a key process to probe the SM nature of EWSB!

@ at the LHC: measure V'Vjj final states — same-sign W*W*;;j most promising

Anja Vest, TU Dresden, ATLAS 22



Electroweak Wi Wijj production

Same-sign W*W =55 production at the LHC

@ electroweak W*W ¥ production:

WEW=jj-EW VBS: no s-channel diagrams non-VBS diagrams, e.g.
q q q q q q q q
W \\ﬁijﬂ w W W
| HO
W /Q\ w* Ww* w*
q q q q q q q q

— lowest order: WEW= + 2 jets, there is no SM inclusive WEW = production!
— VBS: “tagging” jets well separated in y with large m;; (similar to EW Zjj production)

q a

@ strong WEW=; production:

q ¢

— no LO gg or gg initial state — strong WEW=; contributions comparably small

Anja Vest, TU Dresden, ATLAS 23



Electroweak Wi Wijj production

W*W=*jj event selection

@ event topology:

e exactly 2 same-sign leptons, p% > 25 GeV (eiei, eTpt and ptpt final states)
o FIss > 40 GeV
o > 2 jets with pli* > 30 GeV

@ suppress backgrounds:
@ prompt background — 3 or more prompt leptons
WZ/v* and ZZ +jets (Suerra), tt + W/Z (MapGraru+PyrHia8), tZ] (SHERPA)
= veto events with any additional e(x) with pr > 7(6) GeV

— prompt photon conversion: W+ (ALPGEN+HERWIG/JIMMY, SHERPA)
— charge mis-ID due to bremsstrahlung with conversion (data driven):
Z/~*+jets, di-leptonic ¢ decays, WEWF

= Z-veto in ee channel: |mee — mz| > 10 GeV
@ other non-prompt background: (data driven)

— leptons from hadron decays in jets: W +jets, semi-leptonic tt decays, dijet events

@ veto events containing b-jets (reduces tt)

Anja Vest, TU Dresden, ATLAS 24
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Electroweak Wi A% + 7J production

W*W=j; production

for EW+strong measurement for EW measurement
(“inclusive signal region™) (“VBS signal region”)

— m;j > 500 GeV (jets with largest pr)  _; additional cut on |Ay;;| > 2.4

invariant mass of the 2 tagging jets |Ay;;| between the 2 tagging jets
> T T T T T T T T
> ATLAS o Data 2012 ] 0 e e
g £ 30~ 3
g 20.3fb™, {s =8 TeV B Syst. Uncertainty | § EATLAS * Data2012 1
Q2 ; W*WHjj Electroweak J m [ 203fb" (s=8Tev & Syst. Uncertainty ]
2 WHWHjj Strong 7 25 500 Gev W*Wjj Electroweak
) I Prompt _ F U W*WHjj Strong ]
: n L oo 3 2F i — E::?nrcg:sions E
L Oth - t ] E — 3
)‘;tx x ernon-prompt - 7 15: B Other non-prompt
10 * =
Bl B
2 [F77 7 7i e Data/Bkg T 0 1 2 3 4 5 6 8 9
o [ [ Bkg Uncertainty ]
2 o 7% (Sig+Bkg)/Bky._| J_— iy,
[} N ¥
g E W’L”J ! ] EW and strong WEW*j; f
3 PP b g JJ trom
8 A 3 .
8 07500 400 600 800 1000 1200 1400 1600 1800 2000 SHERPA, normalized with POWHEG

my[GeV]
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Electroweak Wi A% + 7J production

T+ : : ;
W=W= system in the VBS signal region
lepton centrality ¢ transverse mass of WE W system
@ . 3 gE T
= L | | -
¢ 257 ATLAS s Data 2012 = [ [ ATLAS *  Data 2012 ]
it} = ER Syst. Uncertainty - R 14 ER B Syst. Uncertainty
F 20.3fb% fs=8Tev WAWj Electroweak | % [ 20.3fb? (s=8TeV W W Electroweak ]
20~ VBS SR, eetep+yy W WZN*ZZG+W/Z S 12F VBSSR,eetep+pp BN WZyFZZUHWIZ -
F Bl Other non-prompt 4 b4 E Bl Other non-prompt 3
C OS prompt leptons w 10 W+ 4
15 W4y 7 E OS prompt leptons
F W*W*jj Strong E 8 W*W?*jj Strong 4
10 - 6C 3
L ] 4= -
S = & ]
C ] 2 -
| I L] =
- 2 4 50 100 150 200 250 300 350 400 450 500
4

lepton centrality:

me(lLET*%) [GeV]

¢ = min[min(ner, me2) — min(n;1, n52), max(n;1,1;2) — max(ne, ne2)]

— both leptons between tagging jets (in ): ¢ >

0

— one or both leptons with larger n than closest jet: ( < 0

Anja Vest, TU Dresden, ATLAS
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Electroweak Wi Wijj production

W*W=*jj candidate event

280 ET [GeV]

u*u*jj Candidate Event
mjj=2800 GeV | Ayil=6.3

EXPERIMENT

Run Number: 207490, Event Number: 33152138

%ATLAS

Date: 2012-07-26 04:16:35 UTC

jets: pjt =271 GeV, pl? =54 GeV, il = 2.9, pi2 = —3.4
muons: p%l = 180 GeV =38 GeV, nHl = 1.4, 2 =
Anja Vest, TU Dresden, ATLAS
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Electroweak Wi "Vijj production

W*W=3j production cross sections

@ cross sections in inclusive and VBS fiducial regions
(different sensitivities to EW and strong WEW=%3; production)

— extracted by fitting a likelihood function to the observed data

measurement theory prediction
PowHEGBOX+PYTHIAS

inclusive signal region (EW-strong WEwjj production)
cross section [fb] 2.1 4 0.5(stat) + 0.3(syst) 152 £ 0.11
significance 450 340
VBS signal region (EW WEwEjj production)

cross section [fb] 1.3 4 0.4(stat) + 0.2(syst) 0.95 £ 0.06
significance 360 280

—s interference between EW and strong W W ¥ production: ~ 7 + 4 %
(LO, evaluated with SHERPA), included in EW signal

o first evidence of a process containing VBS and a quartic gauge vertex!

Anja Vest, TU Dresden, ATLAS 28
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W*W=3j production cross sections

Electroweak Wi Wijj production

inclusive phase space

VBS phase space

ATLAS SM ol =1.52 + 0.11 [fb]
203 fbl @:8 TeV NLO, POWHEG-BOX, CT10
e*e*
2.0+ 15+ 0.5 [fb]
efu* —_
2.1+ 0.7 + 0.3 [fb]
utpi
2.2+ 0.9+ 0.2 [fb]
Combination N —
2.1+ 0.5 0.3 [fb]
L L L L Il

ATLAS
20.3 fb™,Vs=8 TeV
etet

SM 6¥ES=0.95 + 0.06 [fb]

NLO, POWHEG-BOX, CT10

0.4+ 1.0+4.0 [fb]
etui

1.3+ 0.6+0.25 [fb]
e
1.7+0.8%0.15 [fb]
Combination
1.3+ 0.4+ 0.2 [fb]

Il
0.5 1 15 2 25 3 35
ainet [fb]
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Electroweak Wi Wijj production

Anomalous quartic gauge couplings

@ modeling of aQGC with electroweak chiral Lagrangian approach

(non-linear representation of the gauge symmetry) E e
w

— effective aQGC parametrization: a4 and as

W+

@ with aQGC unitarity may be violated due to new physics

= unitarization with K-matrix method
@ scattering amplitude A(s) projected on Argand circle
— saturation of the amplitude

@ allows for probing the entire kinematic
phase space without being unphysical
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Electroweak Wi A% + 7J production

Constraints on aQGCs from W*W*j;

@ exclusion limits on 4 and a5 extracted from cross section in VBS phase space

o aQGC samples from WHIZARD+PYTHIA8 with K-matrix unitarization
o efficiency only weakly dependent on aQGC

o B A A A AR B
F ATLAS 4
0.6~ 203 Vs=8Tev 7| _ .
o PP — WEWEj ] 1D 95% confidence intervals
0.4 K-matrix unitarization
0 2: ] expected:
“F \ ] —0.10 < a4 < 0.12
0: 1 —0.18 < a5 < 0.20
'0-2} confidence intervals { observed:
04 Eg: o E —0.14 < ay < 0.16
r 0 ]
0.6/~ —expected 95% CL i —0.23 < a5 <0.24
[ x Standard Model ] (respective other a; = 0)
oS N S S DO I B s S

4 -03-02-01 0 01 02 03

ay

= scale of new physics: A > 500 — 650 GeV (rule of thumb: A = v/./a; arxiv:1307.8170)
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Inclusive pp — 44 production at

the Z resonance
(Vs =7 & 8 TeV)

Anja Vest, TU Dresden, ATLAS 32



Inclusive Z — 4¢£ production

|nc|usive Z — 4[) production Phys.‘Rev. Lett. 112, 231806 (2014)

TeV: JHEP 12 (2012) 034)

. E 40F~ ® Data 2011+ 2012 ATLAS
@ peak around Z mass observed in my, spectrum g EEstmmuen Y 570 g
£ 35 e Vs=7TeV [Ldt=461b"
near H — 4¢ decay g B egnssg 50TV fudi=2070"
{ W, Syst.Unc.

~4% at the Z resonance

(99 = Z™) Z(*) — 4¢ contributes with ~ 0.1%) T

- 2"'2" - e

“ N5=7TeV g

m(e'e’,u'w) > 4 GeV
POWHEG

@ measurement of inclusive 4/ production cross
section and Z — 4/ branching fraction
(combining all 4/ final states)

inclusive

do/dm, [fb/GeV]

— precision test of the Standard Model I
— complementary test of the detector response g s s |
. . 0 50 100 150 200 250
to the 4/ final state from Higgs decays m, [GeV]
Anja Vest, TU Dresden, ATLAS 33
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Inclusive Z — 4¢£ production

Inclusive Z — 4/ event selection

o . . before my, requirement
@ 2 opposite-sign, same-flavor dilepton pairs

. > R L B L BRI IR
with pr > 20, 15,10(8),7(4) GeV, e(u) B120CATLAS t Data
. . ™ s=7Tev, 451"
@ mi2 > 20 GeV for leading lepton pair 51000 o g Tev. 203 1 1
5 GeV f b-leading lepton pai S .0 T 10xBkg
msq > eV for sub- ing lepton pair 1% 80 [[Cstatssyst]
@ in 4e and 4u channels: my,— > 5 GeV sob {' _____ z-4 ]
for all same-flavor, opposite-sign lepton pairs oy L H
(reduces events with J /1 — €127 decays) 40; ]
@ 4/ invariant mass: 80 GeV < my, < 100 GeV SN § .
3 sfamas R T SOty 9550 & 90 95 100 105
& 35pATLAS ‘ tData 1 & 90PATLAS ) t Data ]
3 30 Vs=7TeV,45fb ] Dz 1 2 80| Vs=7TeV,4.5f DZ E m4| [GeV]
B CTVHSPEBK ] 70 SUSTV.2090 mBKg @ 21(151) Z — 44 candidate
c Dastahsys( € 60F Do-slahsyst*
S L 2o g % POV events at 7(8) TeV
15F l 1 40F l 1 @ signal modeled by
10F } }ﬂ (@ 1 ng ﬂh} (b) E POWHEG + PYTHIA6/8 and
5M+ H_‘_“k B na liw,hi E PHOTOS; GG2ZZ+HERWIG/JIMMY
95730 40 50 60 70 80 96 100 %510 15 20 25 30 35 40-45 50 @ background below 1%
m;, [GeV] my, [GeV]
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Inclusive Z — 4/ cross sections

Inclusive Z — 4¢£ production

@ inclusive 4/ cross sections in 4e, 4y, 2e2 and combined final states

in phase space

@ my+,— > 5 GeV for all same-flavor lepton pairs
o 80 GeV < mye < 100 GeV

NG 44 state

TZz40 [fb]

oiheory [fb] (POWHEG)

7 TeV  4e,4p 32£114+1.0+£0.6

2e2 44+14+£33£09

combined 76 +£18+4+14 90.0 £ 2.1
8 TeV  4e,4p 56 +6+£1.8+1.6

2e2p 52+ 7+£24+15

combined 107£9+£4+£3.0 104.8 = 2.5

Anja Vest, TU Dresden, ATLAS
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Inclusive Z — 4¢£ production

Z — 44 branching fractions

@ Z — 44 branching fraction determined by subtracting t-channel contributions (fur)
and normalizing with Z — pu events:
bk
| 7Y _ (FZ—>;“1,> <NZ?S - N4Zg) (1 - fnr) CQM : AQM

L'z L'z (Ng,bf - Ng,kf) Cae - Age

with Tz, ,,,, /T z = (3.366 £ 0.007) % (PDG)
— cancels uncertainties on luminosity
— partially cancels theoretical and p experimental systematic uncertainties

@ branching fractions (error weighted combination of 7 and 8 TeV results):

phase space Vs Tz 40/Tz
Mmyty— >5GeV  measured 7 TeV (2.67 4 0.62 (stat) & 0.14 (syst)) x 1076
8 TeV (3.33 £0.27 (stat) 4 0.13 (syst)) x 1076
combined  (3.20 £ 0.25 (stat) + 0.13 (syst)) x 10~6
expected (3.334+0.01) x 1076

syst. includes interference between s- and t-channel, calculated with CALCHEP (~ 0.2%)
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W W~ production

(Vs =17 & 8 TeV)

Anja Vest, TU Dresden, ATLAS 37



wtw— production

W W~ production

. gluon fusion processes,
leading order processes:

t- and s-channel g — WIW only considered in 8 TeV analysis,

gg — H — WW contributes with ~ 7%

9 w 9 w

S

g W W
(WW production via VBS and double parton interactions neglected)

@ important test of EW theory and of QCD

@ irreducible background to Higgs property measurements in H — WW

@ signature: (+ERSS ({ = e or p)

@ EW pair production of charginos may result in the same final state, but different
kinematics

Anja Vest, TU Dresden, ATLAS 38



wtw— production

Iv—&-‘I*— production (\/g - 7 TeV) Phys.Rev. D87, 112001 (2013)

(CMS: Eur.Phys.J. C73 (2013) 2610)

ATLAS | ‘ " Monte Garlo (MC@NLO)

(3 0.03 } Data 2011 (Vs=7 TeV) @® Data {

e E J-Ld e +  Stat. Uncertainty B

. . . ke — it = 4. ull Uncertain! —

@ tight event selection against %0'025; rtneerany 1

background: < 0.02 4% E

% E |

— 2 opposite-sign high pr isolated 0'015? E

leptons 0011~ E

— myge, BPS (against Z+4jets) 0.005 - I\I\i =

— jet veto (against tf) E R v T

Q 15F ® -

. . . S Eeee— ¢ " =

@ unfolded differential cross section E st = —
25 40 60 80 100 120 !

140 350
Leading lepton p_ [GeV]

@ total cross section:
e measurement: ¢'°* = 51.9 =4 2.0(stat) =+ 4.4(syst) pb

@ theory prediction: oot = 44.71%3, MCFM, PDF set CT10

Anja Vest, TU Dresden, ATLAS 39



| wtw— production

new:

r— pl’Od uction (\/Z =8 TeV) ATLAS-CONF-2014-033

(CMS: Phys. Lett. B 721 (2013) 190211)

@ select exactly 2 isolated, oppositely charged leptons with ple/2 > 25/20 GeV

@ veto events with any additional leptons with pp > 7 GeV

@ main background: top (en) and Z+jets (ee+[uft) (Arrcen-+inmiy or Pyriiac)

=
Q
3

ep channel ee + pp channel

> L I B B B B D Tl = B B R SR =
8 ATLAS Preliminary —4— Daa 3 8 ATLAS Preliminary —4— Daa 3
s Vs=8Tev,[Ldt=2031" [ wwwe 1 0 (s=8TeV, [ Ldt=203f" [Jwwwme -
a2 4l €*v u*v channel L] Topme 2 e'vev+ p'v v channels ] Topmc E
£ 10 I Ziets MC = 2 I Zziets MC =
o I Wiets MC [4 I Wiets MC 3
w I other diboson MC w I other diboson MC =

%44 stat. unc. %44 stat. unc. 3

=
Q
R

250 300 50 100 150 200 250 300
m, [GeV] m, [GeV]
Z/v" =TT Z/y* — ee, pp: |mee —mz| > 15 GeV

calorimeter and track-based ET'*° requirements

Anja Vest, TU Dresden, ATLAS 40



wtw— production

WTW = event selection

@ background from top (¢t and single top) events with leptonically decaying W's
(MC@NLO+HERWIG/JIMMY and ACERMC+PYTHIAG)

@ signature similar to WW signal, but additional jets
= veto events with any jets with pl. > 25 GeV

@ jet multiplicities before jet-veto

requirement:

6000

1500

et channel ee + g channel
§4] [T T T T T T §2) 3000 T T T T T T
$12000 ATLAS Preliminary —4— Dpata S ATLAS Preliminary —4— Data
@ [ Vs=8Tev,[Ldt=2031" % ww me b 2500 V5=8TeV, [ Ldt=20.3 b % ww e
Foe s Top MC . o Top MC
10000~ &'V H¥v channel B zesve e'vev+u’'v pv channels B zies me
r W Wiets MC 2000 W Wets vc
8000— other diboson MC Il other diboson MC
L %44 stat.unc %4% stat.unc.

4000

2000

0 1 2 3 4 5 6 7
Jet multiplicity

1000

500

0 1 2 3 4 5 6 7

Jet multiplicity

@ residual top background from data-driven method

(efficiency of the jet-veto requirement for top events corrected from data)
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wtw— production

new!

’~: further backgrounds

@ IV +jets: data-driven estimation
@ dibosons: , Z 7 (Pownec+Pyruias), and / (ALPGEN-+HERWIG/JIMMY and SHERPA)
@ check for normalization of backgrounds from diboson production

— validation region in ey channel where the leptons have same charge:

> g T o e e e L
8 E ATLAS Preliminary + Data Cwwwe o 8 L ATLAS Preliminary +- Data J ww me
S eor fs=8TevfLa=zo3m? QTN EEeenc S 60z fs=sTev fLa=203m? QTwie  EEeenc
~ F e*v u*v channel O wy MC o= wvc ~ E efv pfv channel O Wy MC = Wy' MC
g 50 W Wiets “%stat.unc. ] g 50— W Wiets % stat. unc.
[ C — stat. [ syst. unc. I [ I — stat. [ syst. unc.
> £ 3 > =
" a0 E R
30; 3 30?
20; 20
E - = =-=—=
0 120 0 20 40 60 80 100 120 140 160 180 200
ET** [GeV] m, [GeV]

— dominated by and W +jets
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wtw— production

WTW = total cross sections

@ 6636 WW candidate events observed after full selection (5067 eu, 594 ee, 975 pp)

@ kinematic distributions in ex channel (WW signal scaled by 21%):

8 700 ATL‘AS Prellr‘nmaw ‘ *Da\a‘ O ww (‘021) | 8 250 ATL‘AS Prellr‘nlnaw ‘ +Da‘a‘ EIWW(‘XJZ!) -
S eoof etV =030 QUL @Y ] g [ Fesrevfuasm QUL QUL ]
.\@ e*v pv channel # stat. unc.— stat. [ syst. unc. E E 200; e'vev+p'v uv channels % stat. unc.— stat. [ syst. unc. 7
S 500 — S C ]
b E g ]
400 - 150 1
300) E 10001 E
200 = E ]
4 504+ d
100 .| =
50 100 150 200 250 3})0 50 100 150 200 250 300
m, [GeV] m, [GeV]
@ measured total cross sections by fitting a likelihood function to the observed data:
Channel aital [pb]
T2 +7A8 21
ee 68.675 7 (stat) T4 (syst) 755 (lumi)
+3.1 +6.6 +2.1
e 68.675 (stat) T5g (syst) T5 (lumi)
+1.3 +5.0 +2 1
e 71.4775 (stat) T3 (syst) T35 (lumi)
. +1.2 +5.0 +2 2
Combined  71.477°5 (stat) T3, (syst) 757 (lumi)

Anja Vest, TU Dresden, ATLAS 43



wtw— production

WTW = total cross sections

ATLAS Preliminary ATLAS Prellmmary

i Measured g
Ldt = 20.3 fo™ cross sections (S:MD\FA{YXE‘ erron) Ldt=2031b"
Vs=8TeV i e'e’ Vs=8TeV
Ww CT10 ¢ ww

MSTW2008 v

—tht—i ey
Data (+ stat. + tot.)
* . NNPDF2.3 A
SM Prediction Combined — 714212 35pb
qalag ~ WW: MCEM NLO CT10 ATLAS-epWZ12 | ¢ —— Stat
g - WW: MCFM LO CT10
99 - H o WW:NNLO MSTW2008 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : Stal+sy‘st
10 20 30 40 50 60 70 80 90 100 50 60 70 80 90 100
O [Pb] o, [pb]

ATLAS-epWZ12 from HERAI data and ATLAS W /Z measurement
(Phys.Rev.Lett. 109 (2012) 012001)

PDF set differences larger than the error on them

@ measured total combined WW cross section:

oWty = 71.4 T13(stat) 179 (syst) 753 (lumi) pb

@ SM theory prediction: aipie™ = 58.739 pb

— q7 — WW and qg/q9 — WW (53.2 pb) at NLO from MCFM
— gg — WW (1.4 pb) at LO from MCFM, may have large corrections at higher orders
— gg — H — WW (4.1 pb) at NNLO from LHC Higgs XS working group arXiv:1307.1347

Anja Vest, TU Dresden, ATLAS a4


http://arxiv.org/abs/1307.1347

Summary and outlook

Summary

@ electroweak measurements with the ATLAS detector

e fiducial and total cross sections
e unfolded differential cross sections for all fully leptonic diboson results at 7 TeV
e gauge couplings consistent with the SM — limits on aTGC/aQGC

@ new 8 TeV results:

o electroweak Zjj production:
first observation of a process containing VBF at a hadron collider

o electroweak WEW*;; production:
first evidence ever for a process containing VBS and a quartic gauge vertex

e Z — 44 production: precise branching fractions

o WTW™ production

@ more results on full 8 TeV dataset to come

Anja Vest, TU Dresden, ATLAS 45



Summary and outlook

Standard Model Production Cross Section Measurements s

T T T T T T T T
L7 W | ; : N
total
L Y o 12) NLO#
ijEWK 1 b (6 PR
fiducial ¢ ATLAS Preliminary
z "
fiducial, njet=0) " Q Run1 +s=7,8TeV
fiducial, njet=0 ! ' I
tty b
fiducial - LHC pp 5=7TeV
zz o R theory
total ! 4 5 data
wz ! L
o ), MO o
\QII; ) LHC pp V5 =8 TeV
YY i theory
fiducial _| d
ww 4.4 pb cata), MOFM - sia‘raon/y
total
[ o L]
total a
- ALOMNLL e s
tt
total - A
z o At SO @
total ¢
w - ' erar SO 1
total A 1l A A A A A ?
10% 102 107! 1 10t 102 108 10*  10° 05 1 15
o [pb] data/theory
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[
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0.7

0.035

0.035

Reference

ATLAS-CONF-201
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Summary and outlook

Standard Model Production Cross Section Measurements siius wacn 2014 J£dt
T T T T T T T T T T "bil] eterence
L7 S 1 st 47
total
Techannel fmmmmmmmm e 4 <26.5 b 95% CL upper imit) cata), NLOSNNLL (heor 07
total
Zijew | cairos v |8 ATLAS Preliminary A 203

fiducial

Z o5 ia 46

process measured cross section theory prediction

WEWE55 EW o/ = 1.3 +0.4(stat) +0.2(syst) fb ol =0.95 40.06 tb

Zjj EW ol" = 54.7 4+ 4.6(stat) +10.5(syst) fb o ¢ =46.1 £1.2 b
Z — 40 (7 TeV) o' =76 =+ 18(stat) + 4(syst) fb o't =90.0 +2.1fb
Z =M o' =107 +9(stat) + 5(syst) fb ot =104.8 +£2.5 fb
Wrw- ot = 71.4 +£1.2(stat) +5.9(syst) pb % =58.773% pb

N; 1 b (data), FEWZ+HERA1 5 N th ¢ 0.035

total

0.035

total L L L L L L L i j i

0% 102 107! 1 10t 102 10®°  10* 10° 05 1 15
o [pb] data/theory

Anja Vest, TU Dresden, ATLAS
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~ event selection

cuts on B

ey channel: ee + pp channel:
T > 15 GeV T > 45 GeV

PSS > 20 GeV PSS > 45 GeV

Agﬁ(-E"III"liSS7 mlSS) < 0 6 A(b(Emle mlSS) < O 3

miss miss > .
— EYE) = B x sin|Adl:
projection of Ellf”l;bel on close-by (A¢ < 7/2) leptons or jets

mlSS

— p'°: track-based missing transverse momentum

Anja Vest, TU Dresden, ATLAS 49



WHW ™ event yields

@ summary of observed events and expected signal and background contributions:

Channel ete” T etuT
Observed Events 594 975 5067
Total expected events 536 £10+42 873+ 12463 4376 426 4 280
MC WHW ™ signal 346 £ 3+ 32 610 £5+56 3224 + 10 £ 248
Top(data-driven) 92 +£7+8 127+9+11 609 + 18 + 52
W-tjets(data-driven) 14+£54+9 3+£5+6 220 £ 15+ 112
Z+jets (data-driven) 55 £1+23 96 + 2 £+ 27 166 + 3 + 26
Other dibosons (MC) 30£2+5 39+1+5 157+ 4 +31
Total background 190+9+26 264+£114+30 11524244130

Anja Vest, TU Dresden, ATLAS
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new!

WTW = kinematic distributions

> gooE T T T
5 ATLAS Preliminary E Data [JWW (x121) 3 g £ ATLAS Preliminary +Daa [JWW (x121) o
_ _ 1 Top [ Ziets = 1400 _ _ 1 [ Top [ Ziets —
w800 G’ 8 Te:’ I L“j‘ =20307 e [ oterdboson ] w Eis= 8 Ter\‘/‘ J LT‘ =203f07 e W omerdboson
%) e*v p*v channel % ~—stat. 0 = [ e*v p*v channel % Yy |
g 700! N stat. unc.— stat. [ syst. unc. s % 1200 W %% stat. unc.— stat. [ syst. unc, 3
3 E¥ ]
2 600 J, 1 @ 1000F ‘T‘LF E
500 E 800 e e
E 600F =
E 4000 ﬁm h
= 200 E
140 20 30 40 50 60 70 80 90 100
P, (leading lepton) [GeV] P, (sub-leading lepton) [GeV]
> A S B B S A © I A B B B O
& 7005 ATLAS Preliminary +oaa [wWw(c12) ] o 700F ATLAS Preliminary +oaa OWW (x12)
C _ _ 5 OTop [ Zets J g E - - A OT [ Zets 3
f 600 Is= ?Tev’ I Ldt=20.3b [l Wiets [l other diboson  —| i) 600: Vs=8Tev, I Ldt=203 o™ [ ] v:f;s [} Ui::v diboson
%) ; e*v p*v channel %% stat. unc.— stat. 0 syst. unc. ; 5 £ e*v p*v channel % stat. unc.— stat. 0 syst. unc.
[= - 1 > E 3
g 500 E @ 500F E
400/ E 4007 ﬁ‘% 4
300 E 300 E
200 E E 2
£ E o
0 20 40 60 80 100 120 0 0.5 1 15

p,() [GeV]
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WHW-

kinematic distributions

> 800 N
8 E ATLAS Preliminary EDala Eww CEES I ]
700 _ o Top Ziets =
S E fs= 8TeV, [Ldt=20310" gy g er aboson E w
z 600 e*v pv channel #stal. une.~stat. 0 syst. une. | g
§ ] 5
@ 500 %LL E @
400 =
3000 =
200 -
1005 E
100 150 200 250 300
miss,
mT(II+ET ) [GeV]
P I R I >
8 E ATLAS Preliminary Ebala Eww 12y 3
C = - 1 Top Ziets 3
S eoof '5=8TeV.JLdt=2031" Lo gl doson =]
; E e pv channel % stat. unc.— stat. [ syst. unc. ;
£ 500 E £
i F 3 &
400 h}:tL B
300F E
200} E
: ‘*x .
100F *’Lﬂ%{a “
50 100 150 200 250 300
m, [GeV]

Anja Vest, TU Dresden, ATLAS
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new!

1200

1000

0 10 20 30 40 50 60 70
miss
p (IET"™) [GeV]
e S B o et SR
250 ATLAS Preliminary + Data  [JWW (x121)
s=8Tev,[Ldt=2031p" LT Ezes

200

150

100

50H

L LA o o O RO
4 Data [JWW (x1.21)
OTop W Zets

[ Wiets [l other diboson
% stat. unc.— stat. [ syst. unc.

£ ATLAS Preliminary
Vs=8TeV, [ Ldt=20.3 fb™
e*v p*v channel

—+

[ Wiets [l other diboson

e'vev+p'v uv channels %% stat. unc.— stat. 0 syst. unc,

100

150 200 250 300

m, [GeV]
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W*W ~: top background

@ background from top (¢t and single top) events with leptonically decaying W's
estimated from data-driven approach from 2 control regions:

@ CR1: same as signal region, but instead of jet-veto requirement:
scalar sum pp of leptons and jets, Hy > 130 GeV

DD _ data nonTop,MC data
Nigp = (NT** — N; ) X PCRI/€H,

ep,: efficiency of events with top quarks to pass the Hy requirement

@ CR2: sub-sample of CR1, with at least one b-jet
(with 85% efficiency and pr > 25 GeV)

@ probability for t£ and Wt event to pass the jet-veto requirement measured in CR2
and extrapolated to CR1:

data __ ( data)2 plélfgl
Pcr1 = \PCRr2 7@1\4@ )2
CR2

@ data-to-MC correction factor for the efficiency of the jet-veto requirement:

elata — M9 X fz, with fz = €52 /e¥C = 0.990 + 0.036 (syst)
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Inclusive Z — 4/ background

@ background estimation (overall below 1%):

@ diboson processes:
WZ and Zv, and Z™) Z*) — 4¢ decays involving 7 — e/p + 2v,
modeled by POWHEG+PYTHIAG6/8 and SHERPA

e tt and Z+jets: data-driven
(from £4j,5, background control samples with inverted lepton selection,
je: lepton-like jet)

E B ARIAsaaRsa e B ARRaasasssas e F T
E 4505 AT AS Youa 3 E [ ATLAS +Data ] g) SF ATLAS +Data
& 400F Vs=8TeV, 203 0" Dziets 1] E (s=8Tev, 203" Mztiets 3 I E /s=8Tev,2031b? Mzsjets
2 3505 i 3 2 i Bl s F -
g w0 O 3 2o T O
5 300E- El \.% E ] % e
250F- E 30F E £
E :| E ] 3
200E- = E + + E E
1505 = 20 = 2B
1008 = 105 = £
50;’_,_,_:——'—‘_‘_‘_’; £ 3 E
= Il I I L L L I L L £} L L | Il L L L I L L | L L L L
82 84 86 88 90 92 94 96 98 100 82 84 86 88 90 92 94 96 98 100 82 84 86 8 90 92 94 96 98 100
m, [GeV] m, [GeV] my [GeV]
2 e-like jets 1 e-like, 1 p-like jet 2 p-like jets

MC control samples: MC@QNLO and ALPGEN +HERWIG/JIMMY
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Fiducial Z — 4/ cross sections

@ fiducial cross sections in ee + ee, pp + pp, ee + pp and pp + ee final states:

NG 40 state  NSb NP NoKE ofid,, [fb]

7TV  ee+ee 1 18403 0124004 0973240144002
B+ pg 8 11.340.5 0.08+0.04 3.0752+0.07+0.05
ee + up 7 7.9+04 0184009 3.1711+0.16+0.05
i+ ee 5 33403 0074004 3.071540.30+0.06
combined 21 242+12 0444+0.14

8 TV  ece+ee 16 144+14 0144003 22738 +0.2040.06

+0.7

ppt 71 68.8+2.7  0.34+005 49757 +£0.13+0.14
ee + pp 48 432421 0.32+£005 42157 +£0.16+0.12
B+ ee 16 193+1.3 0.18£0.04 1.7735+0.10+0.04

combined 151 146 £ 7 1.0+ 0.11
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Z — 44 branching fractions

@ branching fractions with m,+,— > 4 GeV:

phase space Vs Tz 40/Tz

My4p— >4 GeV  measured combined  (4.31 4 0.34 (stat) £ 0.17 (syst)) x 1076
expected (4.50 £0.01) x 10~

@ CMS (JHEP 12 (2012) 034):

o measurement: (4.2709(stat.) + 0.2(syst.)) x 107°
o theory prediction 4.45 x 10~°
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Z 33 production: sample composition

process composition for each fiducial region for the combined i and e channels:

Composition (%)

Process baseline  high-pt  search  control  high-mass
Strong Zjj (PowHEGBOX+PYTHIAG) 95.8 94.0 94.7 96.0 85
Electroweak Zjj (PowneGBOX-+PyYTHIAG) 1.1 2.1 4.0 1.4 12
W Z and ZZ (Suerpa) 1.0 1.3 0.7 1.4 1
tt (MC@NLO-+HERWIG/JIMMY) 1.8 2.2 0.6 1.0 2
Single top (MC@NLO+HERWIG/JIMMY) 0.1 0.1 < 0.1 < 0.1 < 0.1
Multijet (data driven) 0.1 0.2 <0.1 0.2 < 0.1
WW, W4jets (SHerpa) < 0.1 <0.1 <0.1 <11 <0.1

|pT T2 ﬁT“-I-”’Z‘

‘Jl|+|p ‘+\p%l|+|“’2|

phalance definition: phi

balance __
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EW Zjj production: systematic uncertainties

Source ANgw ACgw
Electrons Muons Electrons Muons
Lepton systematics — — +3.2 % +2.5%
Control region statistics +89 % +11.2% — —
JES +5.6 % %
JER +0.4 % +0.8 %
Pileup jet modelling +0.3 % +0.3 %
JVF +1.1 % 04 %
Signal modelling +8.9 % 8%
Background modelling +7.5 % —
Signal/background interference +6.2 % —
PDF % +0.1 %
205
c ATLAS Differential cross section
8 JLat=203m" E=8Tev
N M 8 baseline region ~ _____I'"77777
@ at large Ay;; largest uncertainties from: g ’
@ jet energy scale ?; 0
@ theory modeling § TS ober
— similar to electroweak W*W¥; production ... Q.5 s e madsimaee ]
01 273 4 5 s

7
A
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http://link.springer.com/article/10.1007/JHEP04(2014)031

VBS (heavy vector bosons only) at the LHC

@ leading order cross sections (SHERPA) at /s = 8 TeV:

final state o(VVjj-EW) o(strong VVjj) o(EW)/o(strong)
WEW=*jj 19.5 fb 18.8 fb ~ 1:1
WEWTjj + ZZjj 93.7 fb 3192 fb ~ 1:35
WZjj 30.2 fb 687 fb ~ 1:20
Z7jj 1.5 fb 106 fb ~ 1:70%

* includes v*, would be also 1:20 — 1:30 with higher my; cut

(generator cuts: mg; > 4 GeV, phr > 5 GeV, pz‘f > 15 GeV)
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77 production

Systematic Uncertainties ee/ep /i (%) - VBS SR

Background Signal
Jet uncertainties 13/15/15 | Theory W=W=j-ewk 6.0
Theory WZ /v* 45/5.4/7.8 Jet uncertainties 5.1
MC statistics 8.9/6.4/8.4 Luminosity 2.8
Fake rate 4.0/7.2/6.8 MC statistics 45/2.7/3.7
OS lepton bkg/ 5.5/4.4/~ | [ reconstruction 11
Conversion rate
E75* reconstruction 2.9/3.2/1.4 | Lepton reconstruction 1.9/1.0/0.7
Theory W + v 3.1/2.6/- b-tagging efficiency 0.6
Luminosity 1.7/2.1/2.4 trigger efficiency 0.1/0.3/0.5
Theory WEW=*jj-strong  0.9/1.5/2.6
Lepton reconstruction 17/1.1/1.1
b-tagging efficiency 0.8/0.9/0.7
Trigger efficiency 0.1/0.2/0.4
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W*W=3j production —

trilepton control region: < 1 jet control region:
— prompt — conversions (ee), prompt (uu)
2 Eamaasanss R i Raaaananas - S T T T T T T
O gob ATLAS * Data2012 E & . . ATLAs *  Data2012
I E 2031b" (s=8Tev B Syst. Uncertainty 9 10 20.3 b, s = 8 Tev BER Syst. Uncertainty
Fil E  Tri-lepton CR W*W*jj ewk+strong & <1jetCR, ee W*Wjj ewk+strong
£ 50— . wzyr = € — OS prompt leptons
L%’ E 774 B E X = WZy*2Z
= 1 Efc\;})zrompt - \gt;\ér non-prompt
£ i . Wz
I
8  2F = Data/Expected + 8 Jy )| E
o L Syst. Uncertainty ] 2 £ 3
£ r ‘ | ] £ et #ﬁj#ﬂ H‘n ‘ \T T [ 1
5 s : . 3 Ele:# * Data/Expected ]
g L +$ff + T ] g OF +H TT+ + O syst. Un‘::enainty{
0 100 200 300 400 500 600 700 800 900 1000 77100 200 300 400 500 600 700
m; [GeV] m, [GeV]
Control Region Trilepton <1 jet b-tagged Low m ;4
eTeT exp. 36 + 6 278 + 28 40+ 6 76 + 9
data 40 288 46 78
eTuT  exp. | 110+ 18 288 +42 75 £ 13 127 + 16
data 104 328 82 120
pwEuE exp. 60 + 10 88 + 14 25 + 7 40+ 6
data 48 101 36 30
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W*W=34 production — control regions

tt/b-tag control region:

m;; < 500 GeV control region:

— other non-prompt (b-decays) — mix
S T ooz g ATLAS ‘ Data 2012 E
O , - . ta B
o ATLAS Data 2012 E 2 al
=] 307 20.3fb™, (s=8TeVv m Syst. Uncertainty m 203fb% (s=8Tev EX \?\ﬁ}v ﬁr:lvelgas:gtgng
L banCremau Sty Lo m, R, cevlt g it
L%’ 25;7 Other non-prompt — \?\IT\?( non-prompt
£ OS prompt leptons
20 Wz
15
10
5
o
2 [ < Data/Expected ] 8 2+ Data/Expected .
3 2 syst. Uncenalmy++ o g)_ L DS}’fL Uncertainty + e ]
3 F ] X s - | ]
u 1E 1+ 44 == ‘ e u I == =+ s
E T T ] ?; L ++ T ]
8 £ ] a C 1
%0 40 60 80 100 120 140 160 180 200 % 1 2 3 4
p() [GeV] Iy,
Control Region Trilepton <1 jet b-tagged Low m
eTeT exp. 36+ 6 278 + 28 40+ 6 76 + 9
data 40 288 46 78
eTpuT  exp. | 110+18 288+ 42 75+ 13 127 + 16
data 104 328 82 120
pwEuE exp. 60 + 10 88 + 14 25 + 7 40+ 6
data 48 101 36 30
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Electroweak W*W =55 production

@ expected numbers of events and measured data:

Inclusive Region VBS Region
ot ot otk uE R o P

Prompt 3.0+ 0.7 6.1 £1.3 2.6 £ 0.6 22+£05 42+ 1.0 1.9+ 05
Conversions 32+ 07 24 +£08 - 21+05 19+ 07 -
Other non-prompt 0.61 + 0.30 1.9+ 038 0.41 4+ 0.22 0.50 4+ 0.26 1.5+ 06 0.34 + 0.19
WEWE; Strong 089+ 015 25+04  142+023 | 0254006 0714014 038 4 0.08
WiWijj Electroweak 3.07 £+ 0.30 9.0 £ 0.8 49 + 05 2.55 + 0.25 73+ 0.6 4.0 £ 04
Total background 6.8 £ 1.2 10.3 + 2.0 3.0+ 0.6 5.0 £ 0.9 83+ 1.6 2.6 £05
Total predicted 107 = 1.4 21.7 £ 2.6 9.3 £ 1.0 7.6 £1.0 15.6 + 2.0 6.6 £ 0.8
Data 12 26 12 6 18 10
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Backup
Modeling of anomalous quartic gauge couplings

EFT description can be translated in EW chiral Lagrangian approach for
aTGC/aQGC and vice versa (switch of operator bases) arxiv:hep-ph/0606118

EW chiral Lagrangian approach (non-linear realization of the gauge symmetry)

@ aQGC operators (dimension 4):

L= (Tr[V,V,])? &= as(Ta[V,VH)?

@ V,=%(D,X), ¥ =e""V, w: goldstone scalar field triplett

@ aQGC parametrizations: a4 and as

EFT approach (linear realization of gauge symmetry)

@ operators (dimension 8):
oo = L21(D,)1D, 8] x (D) D¥a)
Lo = L2[(D,®) DR x [(D, )1 D)
fs.0 fs,1

@ parametrizations: e and Ad
Anja Vest, TU Dresden, ATLAS
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Experimental tests of the EW theory at LEP

@ SM confirmed at very high precision by the LEP
experiments

@ triple gauge boson couplings validated by
ete™ — WTW ™ cross section measurements

@ measured QGC processes at LEP:

@ eg. ete” wwvvyyand ete™ - WHW
@ significant observation with small/negligible
background

@ but: consistent with ISR/FSR processes, which can
be gauge-invariantly distinguished from QGC processes

OPAL: http://arxiv.org/abs/hep-ex/0402021v1
L3: http://arxiv.org/pdf/hep-ex/0111029v1
OPAL: http://arxiv.org/abs/hep-ex/0309013
DELPHI: http://arxiv.org/pdf/hep-ex/0311004v1

@ No “real” observation of any QGC process at LEP
(nor at Tevatron)
Anja Vest, TU Dresden, ATLAS
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