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Diboson Physics

¢ Diboson production cross-section measurements

* Test of SM electroweak theory and perturbative QCD at TeV scale

» Irreducible SM background to Higgs (WW, ZZ, Zy)

* Sensitivity to new particles decaying to dibosons
(Technicolor, Little Higgs, SUSY, etc...)

« Small cross sections O(1-100 pb)

¢ Anomalous Triple Gauge Couplings (aTGC)

» aTGC modify total cross sections and kinematics
* neutral TGC not allowed in the SM (222, ZZy)
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W(lv)y, Z(Il)y Cross Sections

Selection highlights *

o at least one isolated photon E.¥> 15 GeV

o AR(l, y) > 0.7 to suppress FSR photons
o E;™ss > 35 GeV (Wy channel)

* ATLAS cuts shown (CMS cuts are similar)

ATLAS 7TeV 4.6fb" arXiv:1302.1283 (submitted to PRD)

AT g Data 2011 1 cMs 7TeV s5.0fb" CMS PAS EWK-11-009
del =46m", (=7 TeV .
Ny =0, E;>15 GeV
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« Backgrounds: W/Z + jets (dominant) R P,
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W(Iv)y, Z(ll)y Cross Sections

« Unfolding the E;¥ spectrum

CMS 7TeV s5.0fb?' CMSPAS EWK-11-009

CMS Preliminary, L=5fb" \s=7TeV CMS Preliminary, L=5fb" \s=7TeV
[ MCFM (Inclusive) [ MCFM (Inclusive)
o— Z(ee)y (Inclusive) —e— Wi(ev)y (Inclusive)
—a— Z(upy (Inclusive) a— W(uv)y (Inclusive)
—4— Combined (Inclusive) —a— Combined (Inclusive)

» Zy: good agreement with MCFM predictions
« Wy: fair agreement with MCFM (at the one sigma level)
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W(lv)y, Z(ll)y Cross Sections

« Unfolding the E.¥ spectrum

ATLAS 7TeV 4.6 fb" arXiv: 1302.1283 (submitted to PRD)
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ATLAS
f Ldt=4.61b"
{s=7TeV pp— I'ly

|:| Data 2011 (Inclusive) :I Data 2011 (Exclusive)
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s det=4.5fb"
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i . MCFM (Inclusi
—&— MCFM (Inclusive) —&— MCFM (Exclusive) | —B— (Inclusive)
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Data
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Data
Data
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« Wy: the shape is well reproduced by ALPGEN/SHERPA
« Wy: MCEM NLO shows discrepancies in the high-E.¥spectrum
«Zy: good agreement with SHERPA and MCFM NLO predictions
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Z(vv)y Cross Section

Selection highlights *

CMS 7TeV 5.0 fb" CMS SMP-12-020

L DATA

V777772 Total uncertainty on Bkg
Zy— vvy (NLO)

o one isolated photon E.¥> 100 GeV
o E;Miss > 90 GeV
o well separated Aq)(ETm‘SS, jet) & Aq)(ETm‘SS, Y)

— Mile-\:; Qcp
© high-pT lepton veto v

y+jets, Wy

Events /GeV

Beam Halo

* ATLAS cuts shown (CMS E.¥> 145 GeV)

///.//////////////////t/,///////////////////

ATLAS 7TeV 4.6 fb" arXiv:1302.1283

ATLAS —e— Data 2011
[ Z(v¥)+ (SHERPA x 1.0)

fL dt=4.6fb", 5=7 TeV B 1 +iets
o 20, E. >100 GeV Z(v¥)+jets, multi-jet
W(ev)
B Wy Zttoy Af

600 ‘. .‘”7‘00
B [GeV]

Events / GeV

» Backgrounds: Wy, W(ev), y+jets,
multi-jets

Fair agreement with
theoretical predictions
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WZ-23lv Cross Section
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Selection highlights *

o exactly 3 isolated high-p; leptons
o E;Miss > 25 GeV

o tight Z mass window cut (10 GeV)
o lepton from W: tighter ID/isolation

* ATLAS cuts

ATLAS 7TeV 4.6fb™ EPJC(2012) 72:2173

ATLAS
--Data

[Ldt=46f" Ns=7Tev Owz

o ; i
80— | Ldt=4.6f" Vs=7TeV DZsjets

Events / 5 GeV

[0 Ostatssyst

Events / 20 GeV
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- Backgrounds: Z + jets, ZZ, Zy, top—quark
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Data/MC

ATLAS — Monte Carlo (MC@NLO)
® Data
Data 2011 (Vs = 7 TeV) Total Uncertainty

— JLdl:deb'

2500
myz [GeV]

Monte Carlo (MC@NLO)
® Data
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JLdt:AG(b'
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ATLAS 8TeV 13 fb' ATLAS-CONF-2013-021
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WZ Cross Section

ATLAS: WZ=>3lv analysis @ 8 TeV with 13 fb"
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o' [pb]

NLO QCD (MCFM, CT10)
-+ WZ (pp)(66<m <116 GeV) —|
—— WZ (pp)(66<m <116 GeV)

LHC Data 2012 (Vs=8 TeV)
ATLAS WZ— Ivll (66<m <116 GeV) L=13 fb
LHC Data 2011 ({s=7 TeV)

® ATLAS WZ— Wil (66<m <116 GeV) L=4.6 fb”'
Tevatron (Vs=1.96 TeV)

® DO WZ— Ivll (60<m <120 GeV) L=8.6 b

L 1 1 l 1 1 1 l 1 Il 1 l 1

6 8 10

ATLAS 7TeV 4.6  19.0%)%(stat) + 0.9(syst) + 0.4(lumi)
CMS  7TeV 17.0 =2 4(stat) = 1.1(syst) £ 1.0(lumi)
ATLAS 8TeV 20.3%05 (stat) "\ (syst) o (lumi)

1.1

13

* MCFM NLO + CT10 prediction: 20.3 £0.8 pb (excellent agreement)
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(WZ+WW)=2jjlv Cross Section

Selection highlights * (electron)

o exactly one lepton with p;> 25 (35) GeV)
o exactly two jets with p; >35 GeV
o E;M$$> 25 (30) GeV

* CMS cuts shown (ATLAS cuts are quite similar)

CMS 7TeV s5.0fb" Eur. Phys.JC73(2013) 2283
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* Backgrounds: W/Z+jets (dominant)
- Signal: from binned ML fit to m; (ATLAS/CMS)

4.7 12 = 9(stat) = 15(syst) + 13(MC stat)

50 | 68.9 +8.7(stat) =9.7(syst) =1.5(lumi)
634 +2.6

(Data - MC)/MC
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/724l Cross Section
s——" «. 2 :
Selection highlights : l::: . 13&2

o 4 isolated high-p; leptons

O require both Z bosons on shell 1 Z/& Neutral TGC vertices
9 don’t exist in SM

y4
ATLAS update: ZZ-> 4l analysis @ 8 TeV with 20 fb"

gluon fusion 6%

ATLAS 8TeV 20 fb" ATLAS-CONF-2013-020 CMS 8TeV 5.3fb" arXiv: 1301.4698

submitted to PLB
2 240
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* Backgrounds: very clean signature
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ZZ-22l27, 2l12v Cross Sections

ATLAS analysis @ 7 TeV includes ZZ =2l 2v CMS analysis @ 8 TeV includes ZZ =2l 2t

Selection highlights Selection highlights

o 2 isolated high-p; leptons (same flavor/opp. sign) O 4 channels: ThTh, ThTe, ThTy, TeTy

o axial-E.Mss > 75 GeV to reduce Z+jets O visible inv. mass 30 < m,; < 90 GeV
O jet veto to suppress top-quark background

8 TeV 5.3fb" arXiv: 1301.4698
. submitted to PLB
ATLAS 7TeV 4.6fb" arXiv:1211.6096 (submitted to JHEP)

Vs=8TeV,L=531b"
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Events / 25 GeV

1
E
4%
-
-
E

100
Axial-ET"*® [GeV]

120 140 160 200

180
p# [GeV]

Il

400 500 600

vis

« axial-E;™s: projection of the E.™* along the direction Wz 149

opposite to Z->ll in the transverse plane
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ZZ Cross Section

ATLAS 7TeV . 6.7 = 0.7(stat)"ys (syst) = 0.3(lumi)

CMS  7TeV : 6.2" 0 (stat) o5 (syst) = 0.1(lumi)
ATLAS 8TeV 7.15° (stat) = 0.3(syst) = 0.2(lumi)
CMS  8TeV . 8.4 x£1.0(stat) =0.7(syst) = 0.4(lumi) @ 8 TeV: 72-&8:; pb

MCFM NLO + CT10 prediction

NLO QCD (MCFM, CT10.0)
ZZ (pp) (66<m <116 GeV)

w— ZZ (pp) (66<m <116 GeV)

ATLAS Preliminary

0i%¥ [pb]

* Good agreement ATLAS/CMS

* Comparison with MCFM NLO + CT10
shows a good agreement

LHC Data 2012 ({s=8 TeV)

ATLAS ZZ - llll (66<m <116 GeV) L=20 fb™

LHC Data 201 (=7 ToY) - Still limited by statistics

@ ATLAS ZZ-> li(ll/vv) (66<m <116 GeV) L=4.6 fb”

Tevatron (Vs=1.96 TeV)
m DO ZZ-> li(l/vv) (60<m <120 GeV) L=8.6 fb'

« Main syst: lepton reco/lID/isolation

CMS 7 TeV ZZ: JHEP 1301 (2013) 063
ATLAS 7 TeV ZZ: arXiv: 1211.6096 (differential cross sections are also available in the 41 channel)

Vincenzo Lombardo LAPP/CNRS 12



WW=2Ilvlv Cross Section

Selection highlights * opig, = { B xsin(89) if A4 <n/2

if Ag > /2

o two isolated high-p; leptons (opposite sign) q Z/r W q W
o Z veto to suppress Drell-Yan |m-m,| > 15 GeV (ee,uu) q MN g ‘Xr: N

O g™ > 45 GeV (ee, uu) and > 25 GeV (ep)

O jet veto to suppress the top background

SM LO diagrams

* ATLAS cuts shown (CMS cuts are similar)

ATLAS 7TeV 4.6 fb" arXiv: 1210.2979 (submitted to PRD)

N
250 ATLAS
Data 2011 ({5=7 TeV)

ATLAS —+— Data
1 CJ WW—lviv
Ldt=46fb
J [ Drell-Yan
s=7Tev [ top-quark
B W+jets

ATLAS —+— Data
fLat=as6b" (] Drell-Yan
& =7TeV [ top-quark
B W+ets

0.03

Widp_ [GeV)

0.025 det =46f"

Events / 5GeV
Events / 5GeV

" fic
o da,,

3 non-WW diboson 3§ [ non-WW diboson

o .l T an = — 0.5 Il
40 60 80 100 120 140 160 180 200 140 160 100 120L 1d.§o| 1 & \?]50
¢ eading lepton p_[Ge
ETre [GeV] p_(leading lepton) [GeV]

* Higgs to WW increases the WW production by 3%

Vincenzo Lombardo LAPP/CNRS 13



WW=2Ilvlv Cross Section

7TeV 4.9 fb' CMS PAS SMP-12-005

wn

CMS 8TeV 3.5fbl arXiv: 1301.4698 (submitted to PLB)

CMS Preliminary Vs =7 TeV, L = 4.92 fb

\Vs=8TeV,L=3.5fb"
T T
o DATA a)

Vs=8TeV,L=3.5fb"
N E S LS L
o DATA C) -
ww
| W
B Z+jets
W + jets
top

events/bin

n
o
o

Events /5 GeV
o
o

Events /5 GeV

7] stat @ syst

20 40 60 80 100 120 140 160 180 200

max
M, (GeV) Pr [GeV]

* jeto veto efficiency is the main source of systematics (for both CMS and ATLAS)

ATLAS 7TeV 4.6  51.9 =2.0(star) = 3.9(syst) £ 2.0(lumi) 4477,
CMS 7TeV 4.9 |52.4 2 0(stat) = 4.5(syst) +1.2(lumi) | -
CMS 8TeV 3.5 699 +28(stat) = 5.6(syst) = 3.1(lumi)

CMS 7 TeV WW: CMS PAS SMP-12-005 ATLAS 7 TeV WW: arXiv: 1211.6096 PR DR E R0
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SRR N

s-channel TGC vertex

¢ aTGC modelled using an effective Lagrangian depending on few parameters

In SM all parameters =0

coupling parameters channel

WW+~ Ay, DKy WW, W~y
WWZ Az, Akz,Agf

Lz hg, hg

Zyy hy, hy

ZyZ fios fo

— f;=o.ooo1

— 4=0.006
4=0.03
£3=0.06

Mﬁmﬁr\wﬁ

400 600 800 1000 1200 1400
M4I

CMS 7 TeV ZZ: JHEP 1301 (2013) 063
ATLAS 7 TeV ZZ: arXiv: 1211.6096

» aTGC sensitivity to MVY, p.Y, etc...

« likelihood test incorporating:
- excpected signal as function of the aTGCs
- backgrounds, sytematics as nuisance parameters

ZZV (V =Z, y) via ZZ production

ATLAS/CMS 7TeV 4.6-5.0fb"

-0.6 -04 -0.2

L No deviations from SM observed |

Vincenzo Lombardo LAPP/CNRS 15




al GC -WWYV

WWV. (V. =Z, v) via WW, WZ, Wy production

cCMS 7TeV 4.9fb" CMS PAS SMP-12-005

ATLAS/CMS 7 TeV

— Feb 2013
CMS Preliminary Vs =7 TeV, L = 4.92 fb" . — 1
CMS Preliminary Vs =7 TeV, L=4.92 fb’

i Wy -0.410-0.460 4.6 b
Wy -0.380 - 0.290 5.0 fb"'
wWw -0.210-0.220 4.9
WV -0.110-0.140 50"
DO Combination  -0.158 - 0.255 8.6 fb™'
LEP Combination -0.099 - 0.066 0.7 fb™'
Wy -0.065 - 0.061 4.6 fb”'
Wy -0.050 - 0.037 5.0 fb
WW -0.048 - 0.048 4.9 1"
oy -0.038-0.030 5.0fb"
DO Combination  -0.036 - 0.044 8.6 fb™'
LEP Combination -0.059-0.017 0.7 fb"

0.5 1 15
aTGC Limits @95% C.L.

—e— Data
—— Best fit

.- aTGC (1,=0.20)

40 60 80 100 120 140 160 180 20C -
Prnax (GEV)

CMS results on aTGC in WW @ 7 TeV

wWw -0.043-0.043 46"

» using the leading lepton p; distribution ‘ w o Cawaloom sow
. oo ) — ww -0.062 - 0.059 4.6 b
* aTGC also measured in WW/WZ=2jjlv ~ B 00480048 491"

74 -0 -0.047 46"
wv -0.030 50"
DO Combination  -0.036 - 0.044 8.6 b

i TG X - ., E—— LEP Combination -0.059 - 0.017 0.7 fb”'
| . o {1 ww -0.039 - 0.052 4.6 fb”!

/ -0.095 - 0.095 fb!
' No deviations from SM observed | W oo loomien
EL ) N 0, _ BRI DO Combination ~ -0.034 - 0.084 8.6 fb™'

LEP Combination -0.054 - 0.021 0.7 fb"

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

ATLAS 7 TeV Wy: arXiv:1302.1283, ATLAS 7 TeV WZ: EPJ C72 (2012) 2173
CMS 7 TeV Wy : CMS EWK-11-009, CMS 7 TeV WW: CMS SMP-12-005, CMS 7 TeV VW (V=W,Z jj): EPJ C73 (2013) 2283
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alGC - ZVy

ZVy (V = Z, y) via Zy production

CMS 7TeV s5.0fb" CMS SMP-12-020

CMS Preliminary ® DATA
77} Total uncertainty on Bkg
Zy— vvy (NLO)
T W ev
I MisID-y (QCD)
y+jets, Wy
Beam Halo
- aTGC h} = 0.0025

ATLAS 7TeV 4.6 fb' arXiv:1302.1283

ATLAS ‘ ver ATLAS, V5 =7 TeV ATLAS wer ATLAS, Vs =7 TeV

46fo", A=c /
pp— Iy, pp =¥y ATLAS, V5 =7 TeV pp— Ty, pp =¥y ,

95% CL 460", A=6TeV 461", A=6TeV

~ =+ CDF, 15=1.96 TeV & ==+ CDF, 5= 1.96 TeV

510", A=15TeV - 511", A=15TeV

== DO, V5 = 1.96 TeV == DO, V5 = 1.96 TeV

7.2f0", A=15TeV 7.210", A=15TeV

600 700
p; [GeV]

CMS Preliminary 95% CLs Limit on h§ and h:;
—— Observed .
------ Expected fL dt=5.0fb ,Ns=7TeV

+lo

01 02 03-0004 0002 0 0002 0004 0.006

Coupling Strength Coupling Strength

Z(ee,uu,vv)y Combined

+20

aTGC measured in Zy (eey, uuy & vvy)
- vvy dominates the sensitivity in CMS

' No deviations from S

L
L

observe

d|

aTGC values outside contour excluded

I
-0.006-0.004-0.002 0 0.002 0.004 0.006
hy

M

——

ATLAS 7 TeV Zy: arXiv:1302.1283 CMS 7 TeV Zy : CMS EWK-11-009 [ CMS SMP-12-020

Vincenzo Lombardo LAPP/CNRS
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Conclusions

* Excellent performance of the LHC
-~5 b’ @ 7 TeV, ~ 20 b @ 8 TeV (per experiment)
* Diboson Cross-section measurements match NLO SM predictions

Nov 2012

- ATLAS Preliminary

[pb]

5 7 TeV CMS measurement (stat®syst)]

® 8TeV CMS measurement (statsyst) LHC pp Vs =7 TeV

Theory
o Data(L=0.035-4.61b"

—— 7 TeV Theory prediction
~— 8 TeV Theory prediction

LHC pp Vs =8 TeV
mm Theory
Zy e Data(L=58-201b")
- —— WWAWZ. \WW
>4 o * e P WZ
EM 530 Gev | E'>15Gev »- 13 bt
In® <24 AR(y,) > 0.7 O = : 4:1b’—h ;

e 77

20 fbo'!

S
©
=
o
=
3]
(O]

w
)
%)
(o]
L

&)
c

kel
=
3]
=1

T
O
—

o

v : 21 LE =
50" 4.9’ : 4.6fb"

36, 19 pb’! 5.0 o’ 351" 110"

* aTGC measurements show no apparent deviation from SM
- limitations due to statistics, still to be analysed the full 8 TeV dataset
- sensitivity is expected to increase with centre-of-mass energy
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Cross Section Measurements

* Count observed events after selection requirements

 Background estimation using data-driven and MC-based methods

» Measure the fiducial cross-section (within detector acceptance)

» Measure the total cross-section (extrapolated to full/extended phase space)

'Fiducial x-section Total x-section
N, -N o | : .
A S = Ai | * C adjusted to data/MC differences
C-L | -leptonreco/ID
= events passing selection - energy scale/resolution
_ - trigger efficiency
= estimated backgrounds AR

= efficiency correction

= acceptance correction | * A based on MC tools

- ME, parton shower, PDFs, etc..

= integrated luminosity
= branching ratio of sub-decay

« Measure differential cross sections as function of MY, p,Y, etc...

- using bin-by-bin correction factors or advanced unfolding techniques

Vincenzo Lombardo LAPP/CNRS 20



Wy, Ly

Systematic uncertainties on efficiency: Gy

Source PP —> EUY PP — UUY PP —> € € Y Pp — [ By pp —> viry

Relative systematic uncertainties on the signal correction factor Cv~ (%]
6.0 (6.0) 6.0 (6.0) 5.3 (5.3)
14 (1.4) 14(1.4) 2.8 (2.8)
- (2.2) -(24) 0.6 (2.0)
- 1) -(1.8) 0.1 (0.5)
- (=) 0.3 (0.2)
® 0 (0. e
EM scale and resolution 2.3 (3.0) 1.3 (1. (2.8) 5 (1.5 2.6 (2.7)
Lepton identification efficiency 1.5 (1.6) 0.4 (0.4) 9 (2. - ()
Lepton isolation efficiency 0.8 (0.8) 0.3 (0.2) (1. .5 (0. - ()
(0
(7

~ identification efficiency 6.0 (6.0) 0 (6.
« isolation efficiency 1.9 (1.8) 1.9(1.
Jet energy scale 0.4 (2.9) 0.4 (3.

Jet energy resolution 0.4 (1.5) 6 (1.

0)
7
2)
7)
unassociated energy cluster in BT 1.5 (1.6) 0.5 (1.0)
4) -
6)

4 momentum scale and resolution - (=) 0.5 (0.

Trigger efficiency 0.8 (0.1) 2.2 (2.1) 1.0 (1.0)
Total 7.1 (8.0) 6.8 (7.8) 6.6 (7.0)

Systematic uncertainties on acceptance: Ay

® PDF: ~0.8% estimated using the CT10 error
eigenvectors at their 90% CL limits rescaled to
68% CL with variation of ain0.116 — 0.120

® Scale pur,ur: ~0.5% obtained by varying x2
around their nominal value
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ATLAS

fL dt=4.61" \s=7 TeV
N =0, E}>1oo GeV

et

o —_
o a4 N

Data
Expectation

—&— Data 2011
[ 1 Z(vV)+y (SHERPA x 1.0)
B v +ets
Z(vV)+jets, multi-jet
W(ev)
] Wy, Z->t'Ty it

>2
Jet multiplicity

vy vy

Njet Z 0

Njet ={
Ng? 1094 662
W(ev) 171+2 11 Jo2+2 113

Z(vi)Hets, multijet 70£13+14 294543
Wy 238412437 104942

T jets 168420442 26+7411
Zrtr )y 1LTH07409 65+06406

i 11£12+10 09406+0.1

N}lg 420142160 360x29+30
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Measured Expected
Processes pp — bvy
A 00 00
AK- (—0.41,0.46) (—0.38,0.43)
Ay (—0.065,0.061) (—0.060,0.056)
A 6 TeV 6 TeV
AK~ (—0.41,0.47) (—0.38,0.43)
Ay (—0.068,0.063) (—0.063,0.059)
processes pp —>vvyand pp — £ 6y
A 00 00
ha (—0.015,0.016) (—0.017,0.018)
he (—0.013,0.014) (—0.015,0.016)
hy (—0.000094, 0.000092) (—0.00010,0.00010)

hZ  (—0.000087,0.000087) (—0.000097,0.000097)
A 3 TeV 3 TeV

h] (—0.023,0.024) (—0.027,0.028)
h (—0.018,0.020) (—0.022,0.024)

h] (—0.00037,0.00036)  (—0.00043,0.00042)
hZ  (—0.00031,0.00031) (—0.00037,0.00036)

Ldt=461", {s=7TeV
pp — Iy, pp — v
95% CL

A=

<0.02 -0.015-0.01-0.005 0 0.005 0.01 0.015 0.02
g
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Parameter

det=4.6 fo! \s=7TeV

—$— Data
CIsmww
----- Ax,=0.1

- -Agf=0.2
[] Background
D Gslahsysl

100 120 140 16 180 200
Leading lepton P, [GeV]

Expected Observed
(A =00) (A =00)
[-0.077, 0.086] [-0.078, 0.092]
[-0.071, 0.069] [-0.074, 0.073]
[-0.144, 0.135]  [-0.152, 0.146]
[—0.449, 0.546] [-0.373, 0.562]
[-0.128, 0.176] [-0.135, 0.190]

ATLAS (4.6 b, A=6 TeV)
ATLAS (4.6 b, A=)
i CMS (36 pb™', A=)
LEP (2.6 fb™)
CDF (3.6 fb A=2 TeV

. I U (o ) 10, A=Z ev
F————— DO (1 fb",A=2 TeV)

Vincenzo Lombardo LAPP/CNRS
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VATAAY

e Equal Couplings scenario assumes WWZ and WW+ are equal.
(AR Al e Noiptie= 1)
e LEP scenario assumes Ak~ = (cos?0y /sin®0yw)(Agf — Arz) and

R
e HISZ scenario assumes Ag{ = Akz/(cos?Ow — sin®Ow),
Ak, = 2Akzcos?0yy [(cos’Oy — sinBy) and Az = A,

Vincenzo Lombardo LAPP/CNRS
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WZ

ATLAS: WZ-2>3lv analysis @ 8 TeV with 13 fb

Channel Cross Section [pb]
L 19. 1+1 4(stat) 4 (syst.) “_“8:6(1umi.)

ey 21. 4+1 9(stat) + (syst.) tg:;(lumi.)

eeu 21. 9+1 8(stat) +1 (syst.) ig:g(lumi.)

eee 18.67%-(stat.) *1-0(syst.) T0-8(lumi.)
Combined 20. 3*0 8(stat) +1. 1(syst) +) (lumi.)

Systematics: reco efficiencies, pT scale/resolution, isolation and impact
parameter efficiencies, backgrounds (mainly Z+jets), luminosity(2.8%)
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W/Z

ATLAS: WZ->3lv analysis @ 7 TeV

160

raoF. ATLAS —

s -1 e e

,[ Ldt=4.6fb N8 =7 ToV LIsmwz — ATLAS, V5= 7TeV
461", A=co
ATLAS, Vs =7 TeV
46", A=2TeV

==+ CDF, Vs =1.96 TeV
71107, A=2TeV

= DO, Vs = 1.96 TeV
411", A=2TeV

Events / bin

120 [(C1Bkg

Dcstausyst
. )uz = 0.05
-= Ak, = 0.57

Ag?=0.10

W'Z - Ivrrr

90 120 150 180
Z

pZ [GeV]

Observed

Observed Expected

A=2TeV

[—0.074, 0.133]
[—-0.42,0.69]
[—0.064, 0.066]

no form factor

[—0.057, 0.093]
[-0.37,0.57]
[—0.046, 0.047]

no form factor

[—0.046, 0.080]
[—0.33,0.47]
[—0.041, 0.040]
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LL

ATLAS: ZZ-> 4l analysis @ 7TeV

—— Data ATLAS
T zzrve

[ Background J‘ . 2
Total Uncertainty Ldt=461

Z_¢Z
o (s=7TeV

0.1 ZZ - M

ATLAS —+— Data

1 2 zz - rirr
I Ldt=4.64fb ] Background (dd.)
(52 7 TeV ;I;o:fagl:ér}certamty
ZZ - 1Tl imvuifluf a0

Events / GeV

f
f§=0.1 : e 20,1
s f1=2-0.1 :

T T T Y R R T TR 50 100 150 200 250 300 350 400 450
p? [GeV] p%[GeV]

fio % fs0 4
(—0.022,0.023] [—0.019,0.019] [—0.023,0.023] [—0.020,0.019]
[—0.015,0.015]  [—0.013,0.013] [—0.016,0.015] [—0.013,0.013]
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Li

ATLAS: ZZ-2 4] analysis @ 8 TeV

‘Sourcc ete~ete” | ptutptyT | eteutyt | EHEOTET
‘ Reconstruction Uncertainties

Lepton identification and reconstruction 6.2% 1.2% 3.1% 2.8%

.

Lepton energy/momentum 0.4% <0.1% 0.2% 0.1%
—+— Data

Lepton isolation and impact parameter 1.8% 2.6% 1.5% 1.6%
Trigger efficiency <0.1% 0.2% 0.1% 0.1%
ZZ -l

‘ Total Reconstruction Uncertainty (Czz)

‘ Theoretical Uncertainties

I Ldt=201fb"
PDF & Scale (Czz)

\[§= 8 Tev MC Generator Difference (Cz)
PDF & Scale (A7)

MC Generator Difference (A7)

‘ Total for Czz 6.6% 3.0% 3.9%

’ Luminosity

Subleading Lepton-Pair Mass [GeV]
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L

Events /5 GeV

Events / 20 GeV

Events / 20 GeV

ATLAS: ZZ- 4l analysis (@ 8 TeV

ATLAS Preliminary =4 Data

) ) B zz
I;E dt '_20 fo [ Background
s =8 TeV 5 Total Uncertainty
ZZ—evee

&0 100 120 140 160 180 200
Leading Lepton-Pair Mass [GaV]
(a)

35E ATLAS Preliminary

350 400

—+4— Data
= zz
[ Background
Total Uncertainty
ZZ—eeee

250 300
Four-Lepton Trar rse Momentum [GeV]

(e)

ATLAS Preliminary
fLat=201"
fs=8TeV

— - d
100 120 140 160 180 200
Subleading Lepton-Pair Mass [GeV]

ZZ-eeee

150 250 300 350 0
Lepton-Pair Transverse Momentum [GeV'

(d)

ATLAS Preliminary
[Ldt=201"
fs=8TeV

500 600 00 800 900
Four-Lepton Mass [GeV]

n
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LL

Events /5 GeV

>
o
o}
f=]
N
w
E
[
>
i

Events / 20 GeV

ATLAS: ZZ-2 4] analysis @ 8 TeV

ATLAS Preliminary == Data

4 B2z
J;Edl -.20 fo [ Background
s=8TeV ‘otal Uncertainty
ZZ—eeup

ot L)
100 120 140 160 200
Leading Lepton-Pair Mass [GeV)]

(a)

ATLAS Preliminary =4 Data

' 22z
IL e [ Background
Uncertainty

150 200 250 350 400 450

335

Leading Lepton-Pair Transverse Momentum [GeV]

(c)

50 100 150 250 350
Four-Lepton Transverse Momentum [GeV]

Events /5 GeV

90E-ATLAS Preliminary

aof-[Lat =20 "
70f- 1€ = 8 TeV

al Uncertainty
ZZ—esup

T
100 120 140 160 180 200
Subleading Lepton-Pair Mass [GeV]

70 ATLAS Preliminary
fLat=20m"
fs=8TeV

100
Subleading Lepton-P.

ATLAS Preliminary
[Ldt=20m"

fs=8TeV

(b)

250 300 350 400 450
ransverse Momentum [GeV)

Uncertainty
ZZ—esup

50 700 800 900
Four-Lepton Mass [GeV]
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ik

Events / 5 GeV

>
[}
6]
(=]
~N
0
E
2
i

Events / 20 GeV

ATLAS: ZZ-> 4l analysis @ 8 TeV

ATLAS Preliminary

_f[l__dt -_20 fo [ Background
s5=8TeV Total Uncerta
ZZ-upup

- = 4

100 120 140 160 ) 200
Leading Lepton-Pair Mass [GeV]
(a)

ATLAS Preliminary
fLat=20"
fs=8TeV

YT -
S50 100 150 200 350 400 450
Leading Lepton-Pair Transverse Momentum [GeV]

()

ATLAS Preliminary —+— Data

1 = zz
-[L G e () Background
Total Uncert

100 150 200 250 3 350
Four-Lepton Transverse Momentumn [GeV]

(e)

120 140 1 180 200

Subleading Lepton-Pair Mass [GeV]

(b)

ATLAS Prelim
[Lat=201"
fs=8TeV

T
100
Subleading Lepton-Pair

(d)

ATLAS Preliminary
[Lat=20m"

—4+— Data
=z
(] Backgreund
2l Uncertainty

S0 300 350 400 450

sverse Momentum [GeV)

700 800 900
Four-Lepton Mass [GeV]
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