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Diboson and Multiboson physics at the LHC
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4+ Precision test of the standard model (SM) at the TeV

scale. 1 v

A

4+ Understanding these processes is important for
background estimations needed for many measurements.

+ Allows constraints to be set on many exotic models
through the study of cross-sections, triple and quartic
gauge boson couplings (TGC and QGC) vertices.
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Multiboson measurement strategy

4+ Measure cross sections within fiducial region :

o _ Ndata _ Nbg
fid ECVV

+ Extrapolate to the total cross section :

1
Otot — Ofid X
Avv B

Cvv - ratio of #
measured events to
# events in fiducial

region

Avv - ratio of events
in fiducial region to
total region

BB - Branching ratio

L - integrated
luminosity

+ Study unfolded differential distributions and probe high momentum events for anomalous

TGC’s and QGC’s (aTGC’s and aQGC'’s).

Charged couplings : YWW, ZWW, WWZZ, WWZy, WWyy - allowed within the SM.
Neutral couplings : ZZy, yyZ, ZZZ, ZZyy, Zyyy - Not allowed within the SM.

sarah.barnes@cern.ch
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Intro to aTGC/aQGCs and Parameterisation

+ Effective Lagrangians can be used to probe for new physics at energy scale A in a model
independent way.

+ Assume A lies above energy range of experiments.

(1)

a;

Z 1 Z "
ﬁeff - ey Oé,gn) Ogn) O§ ) operators of dimension
- A ; mass*+n

4+ Expanding up to dim.6 and including only CP conserving couplings - couplings for WWV vertex.

- coupling coefficients

|%

A
L= —igwwylgr (Wi, W" = WHW, VY + k" WIW, VI 4 = W] WV
W

SM:g}[:lﬁlvzl;)\VIO

+ Additional couplings for QGC’s and neutral couplings from dim.8 operators.

sarah.barnes@cern.ch Diboson and Multiboson results with ATLAS - 15/06/16



ty
er

The Universi
of Manchest

MANCHESTER
1824

Standard Model Production Cross Section Measurements Status: June 2016
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4+ Preceding talks - Di-boson production at the LHC (Lara Iglesias)
- Multi-boson production, vector boson fusion & scattering processes at the LHC (Emily Nurse)

4+ Succeeding talks - Diboson and multiboson results with CMS (Nate Woods)
- Vector boson scattering and fusion results from ATLAS and CMS (Qiang Li)
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W+W—l*vl'v measurements at 8 TeV

+ WW-—l+vlv (W decay to e* or uy* + v), jet veto applied to suppress top quark background.

4+ Measurements of On4q, Otot, differential distributions and limits set on aTGC’s.

4+ Background ~20-30% dominated by top quark backgrounds (ttbar and single top)

4+ Prediction generally undershoots data but the shapes show agreement up to the level of £15%.

;' 16 L L L L L L L L L
5 - ATLAS o= Data, ot uncortainy
> OO .—_ I I | I I I I I I I I I | I I I I I I I I I I I I I |__ % 1 4 __' S — 8 Tev, 20-3 fb'1 _ Powr’]eg y __.
8 7 - ATLAS -¢- Data [ ] ww . =, - e Powheg+Resumm =
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~ 0600 ~ S B Drell-Yan [l otherdiboson — — 3 — _+_ -
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http://arxiv.org/abs/1603.01702 p, (leading lepton) [GeV]
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W+W—l*vl'v measurements at 8 TeV

+ Systematically dominated measurement.

4+ Dominated by uncertainties due to jet energy scale (~4%) and knowledge of W+jets

background (~3%)

W :
ooy W =71.14+1.1(stat.) 27 (syst.) = 1.4(lumi.)pb.
T | T ! I | I I I | I I 1 | 1 I | 1 ! | | | T 11 I T T 1 | T 11 | T T | 1T 11 | T T 11 I T 11 I T 11 | T T 11 | T 11
ATLAS ATLAS Total cross section pp— WW
\s =8 TeV, 20.3 fiy’ b WW — etv ufv /s =8 TeV, 20.3 i’
_ 374 + 7(stat.) 27 (tot.)fb. B
—— Normalized Data At etv utv
— stat
stat+syst ® : = e'vev
approx. NNLO+NNLL ﬂ V\:LN — ex;ev - ’ Wvpv
[arX|V1410 4745] 73.4f4j1(stat )+ (tOt )fb
v Combined
approx. NNLO
[arXiv:1408.5243] SM prediction (MsTw 2008 PDF)
NNLO P, -Resum WW — ptv pv GTheory=63.2i1 :2 (scale)x1.2 Ppor) pb NNLO
[arX|v 1407 4481] - 80.2f§'§(stat.)fgﬁ(tot.)fb [arXiv:1408.5243], [arXiv:1307.1347]
1 I 1 ] ] ] | 1 I ] | 1 1 1 I 1 I | L 111 | 1111 | L1l | 1111 | I | I I | L1 11 | L1111 | I
0.4 1 1.2 1.4 45 50 55 60 65 70 75 80 85 90 95
Ratio of predictions to measurement oV [pb]
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W=Z—-*vI*|* measurements at 8 TeV
+ W=Z-*vI** (decay to e* or u*) - on shell Z boson, additional lepton and high m7W (>30 GeV).
4+ Measurements of Oad, Otot, 0(W*Z)/0(W-2), differential distributions and limits set on aTGC’s.
+ (") Search for VBS WZ and aQGC’s limits set in VBS phase space.
+ Background ~20% dominated by misidentified leptons and ZZ.
; — — . 1E 2
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.092004 (*) Details shown on slide 30, also see talk by Qiang Li.
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2 +7 3|ty |E|F
= WEZ-oFvIFI* measurements at 8 TeV
=5
4+ Ond, Otot - Statistical and systematic uncertainties ~ equal. o(W+Z)/0(W-Z) - stats dominated.
+ Systematics dominated by electron Id. efficiency, muon reco. efficiency and knowledge of mis.
|d background.
4+ Dominant theory uncertainty due to QCD scale uncertainty.
owt, = 24.3 + 0.6(stat.) + 0.6(syst.) + 0.4(th.) + 0.5(lumi.)pb.
IIIIIIIIIIIIIIII|III|III|III|III IIII| Illli | IIII|IIII
eee 1.27 +0.10 +—e—+ ATLAS eee | 1.46 +0.19 |—0—~| ATLAS
s=8TeV, 20.3 b (s=8TeV, 20.31b"
uee 1.21 £ 0.08 +o— + uee ( 1,92 +0.22 @
W+Z :
e 1.19 + 0.08 +——+ ® Data euy | 1.26 +0.14 +H—o— ; ® Data
- Powheg === Powheg, CT10
... Powheg, ATLAS-epWZ12
HHU 1.11 £ 0.06 +o—+ UK | 1.47 +0.14 —e—i:
combined | 1.17 £ 0.05 O+ combined | 1.51  0.08 |—o—|
vl b v v b v v b v b v by oo 1 | ,,,|§ T T
04 06 08 1 12 14 16 1.8 2 1 1.5 2 25 3
. th fid. fid.
Owiz! Owz @ Owiz/ Ow'z
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4+ aTGC limits on charged couplings shown for WZ and WW 8 TeV analysis.
4+ All limits consistent with the SM.

+ ATLAS limits similar to or improving on LEP limits.

| | | | | I | | | | | | | | | | | | | | | | | |
WZ 8 TeV limits
= —
A V4 — ——— ATLAS WZ Vs =8 TeV
91 20.3fb", A = oo
L - == ATLASWZ Vs =8 TeV
[t 20.3fb™", A=2TeV
e ATLAS WZ Vs =7 TeV
— 46fb", A= —
- = = ATLASWZ ys =7 TeV
" — 46", A=2TeV
— e CMS WW Vs = 8 TeV
A 19.4 b7, A = o
Z - - == CMSWV Vs =7TeV
- 5.0fb", A= e
L ATLAS WW Vs =8 TeV
203" A=
_ ATLAS WV Vs =7 TeV ]
> 50fb", A=
) I === - - i = D0 combination Vs =1.96 TeV
AK o m e mm...---—-——-- - 8.6fb", A=2Tev
Z = = = LEP combination
— 0.7fb" A=
R |
I | | | | l | | | | I | | | | I | | | | | | | |
-0.5 0 0.5 1 1.5

aTGC Limits at 95% CL

**) Full list of references for these results available on slide 32

sarah.barnes@cern.ch Diboson and Multiboson results with ATLAS - 15/06/16

10



MANCHESTER
1824

ity

The Universit
of Manchester

/Yy and Zyy measurements at 8 TeV

4+ Leptonic decay modes of the Z (to e*e, u*u,, vv) with associated y + X or yy + X.

+ Events selected with high Ety. Inclusive and exclusive selection made on ‘X’.

+ Measurements of orq made in fiducial regions, limits set on aTGC’s (Zy) and aQGC’s (Zyy).

+ Backgrounds dominated by photon misidentification.

4 T T T T T T 1 n T
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2 0 W2z 10 @ Wy =
10 3 W _
L ) Z(tt)y E (I (ev? m
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10 = B Z(tt)y -
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1 Z(ee)v E? = ”
107 = a
(] = —
102 ﬁ i
C10_3 c
S I E o 14F E
ol® 2F L. E ols 12 E
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0|8 o8F ¢ ¢ < AOlgos ° 3
o 0.6 e . = S 0.6E -
20 30 40 102 2x10? 10° 130 200 350 1000
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https://arxiv.org/abs/1604.05232v 1
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4+ Generally syst. (stat.) dominated measurement in Zy (Zyy).

The Universit
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4+ Dominant systematics vary between channels - generally photon Id. , EM energy scale and
lepton isolation and impact parameter selection efficiency.

Channel ) I*lI'y (excl) I*lI'yy (excl.) 'A'A AAA";
orig deviation from : < 410 (-10) : ~+1.70 (+0.90) : <-10 : ~+1.20
SM prediction : (NNLO) . (NLO) : (NNLO) : (NLO)

; T T T T T T T T T E ;‘ E T T T T T T T T T E ;. 10 T T T §
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=l 10g e N\UNNLO(MMHT20147 T TOF o NN\ NNLO (MMHT2014)F & - ——%—— > NNLO (MMHT2014)
ol E e 3 al¥ E NP 3 4 - .
a — == - 8 1 —— T 101 = hoaaasasaroy et —
3 e —e— 3 E —.— 3 8|° E 3
- —— = —= 1 8 N ]
10’ ATLAS —.— 10" ATLAS ol [ ATLAS | i
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i 102 - 7

102 = i
= - 8- — —
= N0 I'l'y channel 109L Negs=0 [Ty channel 10 = N 20 vVy channel ] =
10-3 ] - L .
9 lly Inclusive ] lly Exclusive b, vvylnclusive;

i ———

-4
'Z 2| w 1.5E =
BEZ _Clc) 8 1E *
, i FI7 osE 3
0.6 - - ' ' - ' - : — E 2 . . . -
0.6 : — : : . : :
15 20 30 40 50 60 80 100 150 Y200 1000 15 20 30 40 50 60 80 100 150 200 1000 130 150 200 350 , 1000
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") Full list of fiducial measurements available on slide 38
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/vy and Zyy measurements at 8 TeV

+aTGC (Zyy and ZZy couplings) and aQGC limits (ZZyy and Zyyy couplings) set.

+ Limits set on CP conserving coefficients for dim.8 expansions of effective Lagrangian.

ATLAS, Ity and vvy, Vs=8 TeV, 20.3 fb
CMS, vvy, Vs=8 TeV, 19.6 fb™

CMS, lly and vvy, Vs=7 TeV, 5.0 fb™
CMS, lty, Vs=8 TeV, 19.5 fb™

ATLAS, Iy and vvy, Vs=7 TeV, 4.6 fb’

ATLAS 95% C.L., Agp = o0

lI|Illllllll|llll|IIIl|lllllIllIIIll

-15 -10 -5 O 5 10 15
x 10 Coupling strength

ATLAS, lly and vvy, \s=8 TeV, 20.3 fb™
CMS, vvy, (s=8 TeV, 19.6 fb™

CMS, Ity and vvy, Vs=7 TeV, 5.0 fb
CMS, lly, Vs=8 TeV, 19.5fb™

ATLAS, Ity and vvy, (s=7 TeV, 4.6 fb™

| T T T T | T T T T | T T T T I T T T T I

ATLAS 95% C.L., Agp = o0

0.1 -0.05 0 0.05 0.1

x 10 Coupling strength

YY—>WW CMS, Vs=7 TeV, 5.05 fb
WVy CMS, Vs=8 TeV, 19.3 fb”
Wyy ATLAS, Vs=8 TeV, 20.3 fo
Zyy ATLAS, Vs=8 TeV, 20.3 fb”

|IIIIIIIIIIIIIIIIIII.[IIIIII[I|IIII[I]I]|
i

ATLAS 95% C.L.
A =
a,/A?
a/A® —
|IIIIIIIIIIlIIIIlIII:[IIIIII[I|IIIIII]I]|
-400 200 0 200 400

Coupling strength [TeV?]
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//—4| Production at 13 TeV

4+ Z7—4l (decay to e* or p* pairs) with 2 on-shell Z bosons (66 GeV<mz<116 GeV).
4+ Measurements of Oqd, Otot .

+ Small background ~1% - largest contributions from ttZ and misidentified leptons.

4+ Total of 63 events observed.

N.Events: 15 : 30 : 18

& 180 | : 18_I | I | I I | | | I | I | | I | | | | | I I | I I I _
E x R | ATLAS - ATLAS :
= 160 Lo i \s=13TeV, 3.21b" 16 =13 TeV 32" 1
B S + . . e Data - » ]
é 140 Lo 1ZZ— 4l 14 3t * Data E
o u B L iExpected background: 0.62" ° % 19 N B qg—>ZZ- 4l _
® 120 S ¢t [ ]ogg—2Z— 4l ]
2 S R R I S o 10 XY Prediction uncertainty —
= 100 i ;ﬁ“ P ~ F Expected background: 0.62"" % J
3] NEEEEEEE o - o L n 8 0.1 —
N (0] e 1 TR o S L -
E‘ :;--'--;--'-.'.--'..'...'--'.-'.'..'...'--'.-.‘:I...l?.-.'--'...'..'.---..-.. ............................ LI>J 6—_ __
Q 60 . . ooh oo n .
;o I “
= 40 o E e n -
g 2k E
3 20_11 1 I l'l'l'l'lE'l'l'I'l'q'll 1 1 li'l'l'l 1 ll 1 1 Ill 1 0: , , . :
20 40 60 80 100 120 140 160 180 200 300 400 500 600 700
Subleading-pT | Z candidate mass [GeV] Mass of four-lepton system m,, [GeV]

http://journals.aps.org/prl/abstract/10.1103/PhysRevl ett. 116.101801
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+ Systematics are dominated by uncertainties on scale factors used to correct lepton reco.
and Id. efficiencies, and the difference between the MC generators used to model the

02 (syst.) 32 (lumi.)pb.
— 24 B
-8_ 20 - ATLAS MCFM, c;;“(p%o
— C  LHC Data 2015 ({s=13 TeV) —_—
BN 20 F ©ATLAS ZZ— Iill (m_ 66-116 GeV) 3.2 fb" (PP)
Q 18F LHC Data 2012 (is=8 Tev)
E  OCMS ZZ— llll (m_66-116 GeV) 19.6 b
1 6 [ LHC Data 2011 (fu-7 TeV)
E @ ATLAS ZZ~ (Il (m, 66-116 GeV) 4.6 16"
14 e CMS ZZ— Iill (m 60- 120 GeV) 5.0 fb”
12 Tevatron Data (4— -1 .96 TeV)
& CDF ZZ— li(Il/vv) (on-shell) 9.7 b
10FE- D0 ZZ~ IAv) (m, 60-120 GeV) 8.6 fo”
8-
6
4 ;— “‘
o= o OMCFM(CT14 NLO PDF)= 15.5704pb.
O B | F"I‘ | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14

2%
. ZZ—4l Production at 13 TeV
=5
+ Currently a statistically limited measurement.
signal processes.
= 16.7122(stat.
Otot Sta
[ | | Izzl | I4II | | | | I [ | | I [ | | [ | | [ | | [ | |
pp — -
Fiducial I ATLAS
4e | ° s =13TeV,3.2b"
I o Measurement
2e2u : ° ——— Tot. uncertainty
Stat. uncertainty
— a2 prediction
u o
+ 20
Combined = ° Theory: PLB 750 (2015) 407
| | I |  CT1I0NNLO |
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
Odata/ Gtheory

\'s [TeV]
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W=Z—[*vI** Production at 13 TeV

+ Similar selection to the 8 TeV analysis.

4+ Measurements of Oqd, Otot, 0(W*Z)/0(W-Z) and differential distributions.

+ Background ~20% dominated by misidentified leptons and ZZ.

§' 102 F
- - | = [ ATLAS
[)) 120 — ATLAS @ Data - 2 B
O - s=13TeV,321fb" CIwZx1.18 - 2 ek, Jalatakl ls=13TeV, 3.2 b
— . » Misid. leptons o ﬂ
o 100 + b - EEESERE
= - tt+V 5
GCJ B I Others ] 10 =
Lﬁ 80 __ === Tot. unc. __ E
[ oy - - ® Data
[ ) _  —— Powheg+Pythia
60 - (¢,¢=eorwm— L Sherpa
40 — "B
- ] 3 W Z - O'vee
20 - -
S A A 1 g
1.5 ' | 0l ] <
= + + I
o 1 B | 4 i o
© 1 @)
o HH + ++ +T+ l ] o
05F . . T s
100 _ F | ——— | |
m, [GeV 0 1 2 3 >4
. N

https://arxiv.org/abs/1606.04017
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*/—*vI*I* Producti 13 TeV
W Y, roduction at e
o o |||||||||||||||||||||||||||||||
4+ Currently a statistically limited measurement. cee | 085+017 ——ot—t ATLAS
. . Ja _ -1
4+ Dominant systematic from knowledge of lepton 's=13TeV, 3.2
: uee | 1.03+0.13 +—to—+ .
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MU 1.19 £ 0.12 —e— Powheg+Pythia
CT10
3 : T T | T T T I T T T T T T I T T T T T T I T T T : ___________________
= u ATLAS combined |  1.18+0.08 +o—+ NLO Prediction
8 50— WM Ll | el L]
-I—'b : ° ATLAS E=13Tev(mz‘>"66_116 GeV), 3.2 fb-1 a I0 4-I | |O 6I ] IO 8| 1 | 1 I | I.1 2| | |1 4.I | I.1 6| | I.1 8| | |2
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so_ ¢ CPF Vs=1.96 TeV (corr. to m___ 60-120 GeV), 7.1 fb’" ] e 1 L N B B B B B
- ] eee | 1.25+0.36 | ® = ATLAS
20— —] 's=13TeV,3.21b"
- — MATRIX NNLO, pp—~>WZ (m, 66116 GeV) ]
— NNPDF3.0, j1_=1_=(m, +m;)/2 ] Hee | 141£032
10— . — MCFM NLO, pp—>WZ (m, 66-116 GeV) __
- Le*" CTi4nlo, u_=y =m,,/2 —
[ Fo-" = =MCFM NLO, pp—>WZ (m,  60-120 GeV)  _ e | 1.49 +0.30 : >
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I I | 1 1 I 1 1 1 l 1 1 I
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2‘ TE J( - MUU | 1.35+0.25 —e— === Powheg+Pythia
o 125 - ‘= 4 et
o g=--1-==-=--- - _—
= T I R R I R R combined | 1.39+0.15 —o— NLO Prediction
m 2 4 6 8 10 12 14 | | | | | | | | | | | | | | ] | | | | ] | | | | |
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fid. fid.
Owiz | Owz
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Many new interesting measurements have been made since last year!

- Many analysis stand to gain from the increased statistics in 2016

4+ Cross section measurements at both 8 and 13 TeV.

Standard Model Production Cross Section Measurements status: June 2016 J£dt

-1 Reference
I ' 1 . 1 ! 1 ' I ' I ' | T 1 1 [fb ]
BC 3.2 arXiv:1606.02699 [hep-ex]
tt o S 203  EPJC74: 3109 (2014)
' 0 46 EPJC 74: 3109 (2014)
= = 3.2 ATLAS-CONF-2016-003
ttW ot
| 203  JHEP 11, 172 (2015)
+ Differential distributions €Z S— 32 ATLAS CONR 2016 003
' — 203  JHEP 11,172 (2015)
tty i ] 0 46 PRD 91, 072007 (2015)
. = 32  ATLAS-CONF-2015-079
studied at 8 TeV and 13 R A ATLAS  Preliminary 203 ATLASCONF-2014-007
0 46 PRD 90, 112006 (2014)
. . ts—chan fot A R 203  PLB 756, 228-246 (2016)
un 1,2 =7,8,13 TeV
TeV W|th new theOI’etIC8| Wt o . ’ ‘/- e 203  JHEP 01, 064 (2016)
' D 2.0 PLB 716, 142-159 (2012)
W L] 0.081 arXiv:1603.09222 [hep-ex]
I1S] | o [ o | 0.035  PRD 85, 072004 (2012)
p recision: Z Bl Theory 0.081  arXiv:1603.09222 [hep-ex]
* 0 0.035  PRD 85, 072004 (2012)
ww e LHCpp Vs=7 TeV 20.3 arXiv:1603.01702 [hep-ex]
> tot. - b 46 PRD 87, 112001 (2013)
ata :
u _ stat 3.2 arXiv:1606.04017 [hep-ex]
—_—) WZ o A stat ® syst 203  PRD 93, 092004 (2016)
o imaTw | 3 Femenen
1 1 u 3.2 ,
+New aTGC and aQGC limits 77 . | - B Egtf 203  ATLAS-CONF-2013-020
. e stat ® syst 46  JHEP 03,128 (2013)
YY i 0 4.9 JHEP 01, 086 (2013)
LHC Vs =13 TeV
set at 8TeV. Wy 1 == PP ¥ co  ERE AR,
A Em O ms Al
— Zy . =4 stat 6 AN a7 {1 5003 158,
- : stat @ syst : arXiv:1407.1618 [hep-ph]
ZjjEWK fig. : A 203  JHEP 04, 031 (2014)
—_— Zyy iid njet=0 ' A 203  PRD 93, 112002 (2016)
VY fid. njet=0 | A 203  PRL 115, 031802 (2015)
W=W=jjewk o, : A 20.3 PRL 113, 141803 (2014)
1 " 1 M X 1 X i " i " ] M 1 M | 1 1

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
data/theory
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Intro to aTGC/aQGCs and Parameterisation

4+ The SM is a general theory where all operators are restricted to be of mass dimension 4 or
less.

4+ It is possible to extend this theory by adding operators of higher dimension - this is an Effective
Field Theory (EFT)

C; - coefficients to

N - scale of new C;
physics L: - £SM -+ E F OZ —+ ...  parameterise the strength

to which new physics

O; - dimension 6 i .
operators couples to SM particles.
CP conserving dim.6 operators Conversion to cogfﬁcients frgm effective
Lagrangian formulation.
2
— VPN M m
Owww = Tr[W, WHWp] of =1+cwo s
_ T/ v m?
Ow = (D,@)!W* (D,2) oy = 1+ (ow + ca) T
Op = (D,®)'B"(D,®) 2
_ W
kz =1+ (cw — cp tan? Ow ) —" A2
Similarly with dim.8 operators give rise to aTQGC vertices. 3g m%V
Ay = Az =cwww — 55
https://arxiv.org/pdf/1205.4231v1.pdf
20
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WW Production at 8 TeV

Pre Selection :

4+ Single electron/muon trigger (iso 24 GeV or 60 GeV/ 24 GeV loose or 36 GeV), el-y, di-el, di-p.
4+ Inl < 2.47 excluding crack (e), Inl < 2.4 ().

+ Very tight electrons.

4+ Combined muons.

4+ Electron removed within AR < 0.1 of selected muon.

4+ Muons removed if within AR < 0.3 of selected jet.

+ Jets: pt>25 GeV, Inl < 4.5, removed if within AR < 0.3 of selected electron.
+ Jets with pT < 50 GeV and Inl < 2.4 ; JVF > 0.5.

WW Selection :

+ 2 oppositely charged leptons; pread > 25 GeV pr.sublead > 20 GeV.

+ reject events with more leptons pt > 7 GeV

+m; > 10 GeV (15 GeV) for ey (ee/up)

4+ ee/yu - reject events with invariant mass within 15 GeV of m;

4 Etmissrel > 15 GeV (45 GeV) for ey (ee/up)

4 Prmiss > 20 GeV (45 GeV) for ey (ee/pp) o EMS  sin(Ady) if Ady < /2
+ A(p(ETmiss, PTmiss) < 0.6 (03) for EM (ee/uu) ET, Rel ={ E,Ifliss if Agp > /2,
4+ Events must contain no selected jets

sarah.barnes@cern.ch Diboson and Multiboson results with ATLAS - 15/06/16 21
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Fiducial region :

ey

ee[pp

p% (leading/sub-leading)

> 25/20 GeV

i 7| < 2.4 and |n°| < 2.47,
excluding 1.37 < [p¢| < 1.52

Meg > 10 GeV > 15 GeV

imz — meg| — > 15 GeV

Number of jets with

pt > 25 GeV, [n| < 4.5 0 0

Zp| if Age > 7/2
Zp| x sin (Agy) if Adg < 7/2

(E 'III{islgel)

> 15 GeV > 45 GeV

Transverse magnitude of the vectorial sum of all neutrinos, Ipr;i

(piss)

> 20 GeV > 45 GeV

sarah.barnes@cern.ch Diboson and Multiboson results with ATLAS - 15/06/16
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WW Production at 8 TeV

Backgrounds :

+ Main background from ttbar and single top - estimated with data driven approach using control
regions, Shape from MC normalisation using data.

4+ Drell-Yan - Shape from MC normalised using data.

+ W+jets - Data drive approach, estimating the number of fakes leptons form jets.

4+ Diboson background has a small contribution - estimated with MC.

In ey channel W+jets and Drell-Yan have similar contributions, in ee/pu Drell-yan is much larger.

Final state ey ee U
Observed events 5067 594 975

Total expected events 4420 + 30 + 320 507 £ 9 = 39 820 + 10 + 65

(Signal + background)

WW signal (MC) 3240 + 10 = 280 346 + 3 = 33 613 =+ 5 = 60
Top quark (data-driven) 609 = 18 = 52 92 + 7 =+ 8 127 =+ 9 = 11
W+jets (data-driven) 250 = 20 = 140 14 + 5 = 14 6 + 5 = 12
Drell-Yan (data-driven) 175 = 3 + 18 28 + 0 = 13 33 £+ 0 = 17
Other dibosons (MC) 150 + 4 = 30 27 £+ 1 = 5 38 + 1 = 5
Total background 1180 = 30 = 150 161 + 9 = 21 205 = 11 = 24
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WW Production at 8 TeV

Syste matics : Sources of uncertainty eu ee Uy Combined

Experimental uncertainties in fiducial and total cross sections [ %]

e [ntegrated luminosity +2.0 +2.0 +2.0 +2.0
Pile-up +1.35 +2.00 +2.03 +1.48
Trigger +0.43 +2.8 +3.0 +0.75
Electron energy scale +0.42 +1.45 — +0.43
Electron energy resolution +0.04 +0.23 — +0.05
Electron identification and reconstruction +0.99 +2.19 — +0.91
Electron isolation +0.22 +0.47 — +0.21
Muon momentum scale +0.10 — +0.39 +0.14
Muon momentum resolution (ID) +0.56 — +1.67 +0.67
Muon momentum resolution (MS) +0.09 o +0.21 +0.11
Muon identification and reconstruction +0.41 o +0.82 +0.43
Muon isolation +0.59 — +1.20 +0.62

el J€L VETtEX fraction (JVF) +0.22 +0.26 +0.24 +0.23
Jet energy scale +4.1 +3.9 +4.4 +4.1
Jet energy resolution +1.35 +1.30 +1.47 +1.35
EXss scale soft terms +1.12 +2.07 +1.85 +1.28
ET" resolultion soft terms +0.31 +0.38 +0.53 +0.35
pT" scale soft terms +0.23 +0.38 +0.35 +0.25
pT " resolution soft terms +0.13 +0.19 +0.14 +0.13
Background uncertainties in fiducial and total cross sections [% ]
Top-quark background +1.35 +1.82 +1.42 +1.39

el W/ +jets & multijet background +3.6 +3.1 +2.0 +2.8
Drell-Yan background +0.46 +3.00 +2.26 +0.86
MC statistics (top-quark, W+jets, Drell-Yan) +0.61 +2.03 +1.39 +0.53
Other diboson cross sections +0.70 +1.01 +0.55 +0.69
MC statistics (other diboson) +0.10 +0.32 +0.18 +0.09
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W+W—l*vl'v measurements at 8 TeV

4+ Limits set on aTGC’s in multiple scenarios :

Scenario Parameter Expected Observed

A=
Agf [—0.498, 0.524] [-0.215, 0.267]

Expected Observed
A=7TeV
[-0.519,0.563] [-0.226, 0.279]

_ AKZ [-0.053,0.059] [-0.027,0.042] [-0.057,0.064] [-0.028, 0.045]

No constraints 7
, p| [-0.039, 0.038] [-0.024, 0.024] [-0.043,0.042] [-0.026, 0.025]
SCeNArio AKY [-0.109, 0.124] [-0.054,0.092] [-0.118,0.136] [-0.057, 0.099]
A [-0.081, 0.082] [-0.051,0.052] [-0.088,0.089] [-0.055, 0.055]
Ag? [-0.033,0.037] [-0.016, 0.027] [-0.035,0.041] [-0.017, 0.029]
LEP AK? [-0.037, 0.035] [-0.025,0.020] [-0.041,0.038] [-0.027, 0.021]
A [-0.031,0.031] [-0.019,0.019] [-0.033,0.033] [-0.020, 0.020]
HIS7 L [-0.026, 0.030] [-0.012,0.022] [-0.028,0.033] [-0.013,0.024]
Az [-0.031,0.031] [-0.019,0.019] [-0.033,0.034] [-0.020, 0.020]
Equal Couplings AIZ [-0.041, 0.048] [-0.020, 0.035] [-0.045,0.052] [-0.021, 0.037]

A [-0.030, 0.030] [-0.019,0.019] [-0.034,0.033] [-0.020, 0.020]

Scenario Parameter Expected [TeV™?] Observed [TeV ]
Cwww/A*  [-7.62,7.38] [—4.61, 4.60]
EFT Cp/A? [-35.8, 38.4] [-20.9, 26.3]
Cw/A? [-12.58, 14.32] [—5.87, 10.54]
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WZ Production at 8 TeV

Pre Selection :

4+ Electron and Muon triggers (iso 24 GeV) or (60 GeV (e) and 36 GeV (u)).
4+ Require primary vertex with at least 3 tracks with pr > 0.4 GeV

+Pr> 15 GeV leptons
+Inl < 2.5 (2.47 excl. crack) muons (electrons).

+ ZosinB < 0.5mm, do significance < 30 (60) muons (electrons)

4+ All objects isolated

4 Electron removed within AR < 0.1 of selected muon.

4+ Jets with pT < 50 GeV and Inl < 2.4 ; JVF > 0.5.

4+ Removed if within AR < 0.3 of selected electron or muon.

WZ Selection :

+ Reject events with > 3 leptons with Pt > 7 GeV

4+ One lepton matched t triggered object with Pt >
25 GeV.

4+ one SFOS pair of leptons with Imji; - mzppcl <10
GeV, closest pair to mzppc chosen.

+ W lep : Pt > 20 GeV, tighter identification and
isolation

+mTtw > 30 GeV

VBS Selection : (WZ Selection + )

+ 2 jets pt >30 GeV, Inl < 4.5.
+mjj > 500 GeV

4+ Removed if within AR < 0.3 of selected electron

or muon.

sarah.barnes@cern.ch Diboson and Multiboson results with ATLAS - 15/06/16
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WZ Production at 8 TeV

Backgrounds :

4+ Reducible (non prompt leptons) and irreducible backgrounds (misidentified prompt leptons)

4+ Reducible : Z+jets, Zy ttbar and WW. Background estimated using data driven approach (global
matrix method.) - corresponds to about 50% of total background

+Irreducible : ZZ tt+V, VVV, tZ(j). Estimated with MC. Dominant contribution from ZZ which is
~70% of irreducible. ZZ validated using control regions in data.

+VBS : WZjj-QCD (~70%) and tZ]

Channel eee
Data 406
Total expected 336.7 £2.2

wWZ 255.7 £ 1.1
Misid. leptons  43.7+1.9
77 259+0.2
tt+V 55+0.2
tZ 4.2 +0.1
DPS 1.2 £0.1
|44 0.5+0.0

sarah.barnes@cern.ch

1824.8 +7.0
1455.7 + 5.5
1789 +4.2
128.2 + 0.6
28.5+0.5
23.3+0.3
7.2+0.3
3.0+0.1

608.2 + 3.5
4959 +2.3
52.8 £2.6
305+0.3
91+0.3
7.77+0.2
23+0.2
09+0.0

410.8 +24 469.1 £2.1
337.2+1.0 367.0+1.1
50.2 +£1.7
36.1 £ 0.3
72 +£0.3
6.0+0.2
1.8 £0.1
0.8 +0.0

322 +2.1
26.7 £ 0.3
6.7+0.2
55+0.2
1.9+0.1
0.7+0.0
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WZ Production at 8 TeV

Fiducial Selection:

Variable Total Fiducial and aTGC VBS aQGC
Lepton |7| — <25 <2.5 <25

pr of £z, pr of {w [GeV] — > 15, > 20 > 15,> 20 > 15, > 20
mz range [GeV] 66 — 116 |mz —m;’°| <10  |mz —m;°°| <10 |mz —m; %| < 10
my [GeV] o > 30 > 30 > 30
AR(L,, 1), AR({z, tw) - >0.2,>0.3 >0.2,>0.3 >0.2,>03
pt two leading jets [GeV] — - > 30 > 30

In ;| two leading jets o — <45 <45

Jet multiplicity — — >2 >2

m;; [GeV] - — > 500 > 500
AR(j, ) - — > 0.3 > 0.3
|Ap(W, Z)| — — — >2

> 15| [GeV] — — — > 250
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WZ Production at 8 TeV

Systematics :

eee uee euu pup combined

Source Relative uncertainties [%]

e energy scale 08 04 04 0.0 0.3
e id. efficiency 29 18 10 0.0 1.0
4 momentum scale 00 01 0.1 0.1 0.1
u id. efficiency 00 07 13 20 1.4
ET and jets 03 02 02 0.1 0.3
Trigger 01 01 02 03 0.2
Pileup 03 02 02 0.1 0.2
Misid. leptons background 2.9 09 3.1 0.9 1.3
ZZ background 06 05 06 05 0.5
Other backgrounds 0.7 0.7 07 0.7 0.7
Uncorrelated 07 06 05 05 0.3
Total systematics 45 26 37 25 2.4
Luminosity 22 22 22 22 2.2
Statistics 6.2 54 53 4.7 2.7
Total 80 63 68 5.7 4.2
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WZ Production at 8 TeV

VBS and aQGC :

1 IIIIIIIII l IIIIIIIIIIIIIIIIII I IIIIIIIII

— o
95% CL upper limit on 0'39; ZiEW—t vee [fb] ) - ATLAS E;a?&e:ﬁnza?ﬁ ;ﬁ(‘)‘n -
VBS only VBS +tZj - pp — W*Zjj 7
VBS phase space 0.5 _ _
Observed 0.63 0.67 i |
Expected 0.45 0.49 I i
+1o0 Expected [0.28;0.62] [0.33;0.67] 0

+20 Expected [0.08;0.80] [0.19;0.84] i ]
aQGC phase space I i
Observed 0.25 0.25 -0.5 — obs. 95% CL, Wz —
Expected 0.13 0.13 [ e opeed ]
+10 Expected  [0.08;0.20]  [0.080.20] - o S G W )

+20 Expected [0.04;0.28] [0.06;0.28] S | S S S A S L
-1 -0.5 0 0.5 1

Probe new phase space not available from

. N
Expectation : 0.13 £ 0.01 fb from VBFNLDO. WWij analysis

fsoay s 10
d 45) X
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WZ measurements at 8 TeV
TABLE VIII. Expected and observed one-dimensional
95% C.L. intervals on the anomalous coupling parameters.
Ao Coupling Expected Observed
"2 10°E ATLAS ! ! " Data20i2 Ag# [—0.023; 0.055] [—0.029; 0.050]
© 5 o 8 ToV. 203 " —wz 3 2 TeV Ax? [-0.22; 0.36] [—0.23; 0.46]
o f P -z R 2Z [—0.026; 0.026]  [—~0.028; 0.028]
? (¢',¢=eorp) :%?el:ic § Ags [—0.016; 0.033] [—0.019; 0.029]
J . A =04, AKz=0_'25, oo T 15 TeV Ak? [-0.17; 0.25] [—0.19; 0.30]
10°F AGH-0,AKP=019,170 3 2z [-0.016; 0.016]  [—0.017; 0.017]
. T I aaasaaass N ] Ag? [-0.016; 0.032]  [—=0.019; 0.029]
10°E E 00 Ax? [—0.17; 0.25] [—0.19; 0.30]
i . Y [—0.016; 0.016] [-0.016; 0.016]
e 99— — _é
1 P S T
0 200 400 600 oo : 5 P
m¥VZ [GeV: EFT coupling Expected [TeV™"] Observed [TeV -]
cw /A2 [-3.7 ;7.6] [-4.3 ; 6.8]
cwww /A [-3.9; 3.8] [-3.9 ; 4.0]

Table 69: Observed 1D 95% C.I. and expected 95% C.I. on the EFT parameters
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Charged coupling references

ATLAS WZ 8 TeV
http://arxiv.org/abs/1603.02151

ATLAS WZ 7 TeV
http://arxiv.org/abs/1208.1390

ATLAS WW 8 TeV
http://arxiv.org/abs/1603.01702

ATLAS WV 7 TeV
http:/link.springer.com/article/10.1007/JHEP01(2015)049

CMS WW 8 TeV
http://arxiv.org/abs/1507.03268

CMS WV 7 TeV
http:/link.springer.com/article/10.1140%2Fepjc%2Fs10052-013-2283-3

DO combination

http:/journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112005

LEP combination
http://arxiv.org/pdf/1302.3415v4.pdf
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/vy and Zyy measurements at 8 TeV

Selection :

PT,miss - vector of
4+ Require primary vertex with at least 3 tracks with pt > 0.4 GeV momentum
+1nl<2.47 (e), InI<2.37 (y) and Inl<2.5 (u) - crack region excluded inbalance in the
4+ Both converted and unconverted y used in analysis. transverse plane

4+ ZosinB < 0.5mm, do significance < 30 (60) muons (electrons)

4+ muon pt> 25 GeV
4+ All objects isolated (for specific definitions see note)

ion’  FyaX © FlyyeX.:
+Jet pT > 30 GeV and Inl < 4.5 .?flfft.'.?f.s ....... Y+W+WY+XWW+X

+ Jets with pT < 50 GeV and Inl < 2.4 ; JVF > 0.5. Ery © 45 1 45 ! 130 oo
+ Jets removed if within AR > 0.4 of lepton/y (GeV) : : : :

Lepton channels
Neutrino channels

4+ One SFOS pair wy VWYY
+m > 40 GeV
+ mi
4+ Overlap removal for e within AR > 0.1 of +E1miss >100 GeV *Zi(;sy; 1>1(()) A(riev
selected muon. + AD(PTmiss, Y) > TI/2 :
S + miss,
4+ v removed if within AR > 0.7(0.4) of selected Ad(pr, Y) > S11/6
lepton for Ily (llyy). both

+ AR(yy) > 0.4 for llyy
4+ Reject events with leptons
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/vy and Zyy measurements at 8 TeV

Backgrounds :

+lly/llyy - Dominated by events with hadronic jets containing y from 1% and n decays being
misidentified as prompt vy (Z+jets/Zy+jets) - estimated with data driven sideband approach.

- Other backgrounds tty, WZ, tty/ttyy (<1.5%)

+vvy/vvyy - Many sources ; events with prompt y and mis-measured jet momenta misidentified
causing missing transverse momentum (dominant in inclusive measurement), no signal EWK
processes with partial detection (eg W(lv)y), events with Etmiss and misidentified photons (Zvv

or W(ev) ). - estimated mainly with data driven approaches

- Other backgrounds tty/ttyy (<1.5%)

34
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/vy and Zyy measurements at 8 TeV

Event yields Z(ll)y + X :

eteTy Wy ete’y LTy
A’jets >0 ]Vjets =0
N 13807 17054 10268 12738
N, 1840 £90 +480 2120+ 90+560 1260 + 80 +330 1510 + 80 + 400
Nt BRG 143 +3 +28 146+2+29  308+1.6+67 269+15+5.38

N;if (Suerpa) 12040 +£40+820 15070+40+960 9160+30+750 11570+40+910

Event yields Z(ll)yy + X :

eteyy urpTyy eteyy wrpyy
A’jets >0 A’jets =0
Np>, 43 37 29 22
Ngyv 58+1.0+1.4 109 +1.1+2.8 3.08 +0.73 +0.75 6.4+09+1.8
N%%"r BKG 042 +0.08+0.18 0.194 +0.047 +0.097 0.24 +0.05+0.11 0.105 + 0.028 + 0.055
N;i;v‘y (Suerra) 25.7+05+1.6 295+0.6+ 1.7 189+05+1.5 21.8+05+1.7
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/vy and Zyy measurements at 8 TeV

Extended fiducial regions :

Cuts AR " yy %% % 1%%%%
Lepton p,‘; > 25 GeV pg > 25 GeV - -
7| < 2.47 | < 2.47 i i
Boson  mg+p- >40GeV  mgrp- >40GeV  pr’ >100GeV  pr’ > 110 GeV
Photon ~ EZ > 15 GeV E7 > 15 GeV E7>130GeV  EI >22GeV
77| < 2.37
AR(,y)>0.7  AR(£,y)> 0.4 : :
- AR(y,y) > 0.4 - AR(y,y) > 0.4
e, <0.5
Jet Py > 30 GeV, i < 4.5

AR(et,€/y) > 0.3 AR(et,€/y) > 0.3 AR(et,y) > 0.3 AR(et,y) > 0.3
Inclusive : Njer > 0, Exclusive : Njee = 0
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/vy and Zyy measurements at 8 TeV

NS ]\%8825 ’ lee t53:9 ’
Event yields Z(v)y + X Ngjets 950 +30+300  9.2+3.5+0.7
N, 900 +50 +300 272+ 14 +92
Ny 258 + 38 + 18 147 +21 £ 10
A 229+05+61  11.1+0.4+3.4
A 46209 +32 10.23 £0.43 +0.72
N, 2180 +70+420 450 +25 + 93
N,% (SHERPA) 1221 %2+ 65 742 + 2 + 44
Event yields Z(vv)yy + X : Nigts > 0 Niets = 0
Ny 46 19
Ny 122+6.7+1.8 29+4.0+0.4
N%&’VW 3.6+0.1+3.6 1.0£0.1+1.0
Nzy%v)y 10.4 +0.5 +2.1 3.47 +0.28 + 0.69
N e 0.71+071+090  0.71+0.71 £0.75
A 0.381 +0.055 £ 0.027 0.141 + 0.036 + 0.010
N,® 272+ 6.8 +4.6 83+4.1+1.5
Ny¢ (Suerpa)  7.54=0.07+0.34  4.80+0.06+0.29
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/Yy and Zyy measurements at 8 TeV
Cross sections : Channel Measurement [fb] MCFM Prediction [fb] | NNLO Prediction [fb]

Njets 2 0

ete™y 1510 +15(stat.)*2} (syst.)*53 (lumi.)

By 1507 +13(stat.)*78(syst.) 53 (lumi.) 1345*%9 1483+

AR A 1507 :i:10(stat.)j;§(syst.)j%§(lumi.)

vy 68 +4(stat.)*3>(syst.) = 1(lumi.) 68.2+2.2 81.47%7
Njets =0

ete”y 1205 +14(stat.)*8%(syst.) + 23(lumi.)

pruy 1188 +12(stat.)*S3(syst.) "5 (lumi.) 119113 1230*19

ey 1189 +9(stat.)*S)(syst.)* 2> (lumi.)

vy 43 +2(stat.) + 10(syst.) + 1(lumi.) 51.0*%1 49.21+0%1
Njets 2 0

ete yy 6.2 ’_’{:%(stat.) + 0.4(syst.) = 0.1(lumi.)

prpryy | 3.83 095 (stat.) 048 (syst.) + 0.07(lumi.) 3.70+921

€ eyy | 5.07 1) B (stat.) "5 55(syst.) + 0.10(lumi.)

Viryy 2.5 *19(stat.) £ 1.1(syst.) = 0.1(lumi.) 0.737+3:9%
Njets =0

ete yy 4.6 *9(stat.)*03(syst.) + 0.1(lumi.)

prryy | 2.38 #0717 (stat.)* 033 (syst.) 093 (lumi.) 291705

¢ yy | 348 ig:gé(stat.)ig:%g(syst.) + 0.07(lumi.)

Viyy 1.18 *0-22(stat.)*0-48 (syst.) + 0.02(lumi.) 0.395*0:0%
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/vy and Zyy measurements at 8 TeV

W*W* CMS, (s=8 TeV, 19.4 fb’
———— Wyy ATLAS, \s=8 TeV, 20.3 b

aQGC Limits : Zyy ATLAS, Vs=8 TeV, 20.3 fb
WVy CMS, \s=8 TeV, 19.3 fb’’
T 17T I T 17T I T 17T ! T 17T I T T T I T 17
ATLAS 95% C.L.
aTGC Limits : . FF
fro/ A
Process pp — €€y and pp — vvy
AFF 00
Observed 95% C.L. Expected 95% C.L. 4| |
fre/ A
h) [-9.5,99]x10*  [-1.8,1.8]x 107
% [-7.8,8.6]x107*  [-1.5,1.5]1%x 1073 -l |
h) [-3.2,32]x107®  [-6.0,5.9]x 107° TS
Z _ _6 _ _6 | | | | L1 1 | : L1 1 | I 111 | I L1 1 1
1(14 [-3.0,2.9] x 10 4TV[ 5.5,5.4] % 10 T T 0 50 30
FF €

Observed 95% C.L. Expected 95% C.L. Coupling strength [TeV™]

hY [-1.6,1.7] x 1073 [-3.0,3.1] x 1073

A4 [-1.3,1.4] x 1073 [-2.5,2.6] x 1073 n | App [TeV] | Limits 95% C.L. | Observed [TeV™4] | Expected [TeV~*]
[-1.2,1.1] x 107> [-2.2,2.1]x 107> fu2/ A [-1.6,1.6] x 10 [-1.2,1.2] x 10*
[-1.0,1.0] x 10—5 [-1.9,1.9] x 10—5 fuz/ A [-2.9,2.7] x 10* [-2.2,2.2] x 10*

’ ’ 0 00 fro/A* [-0.86,1.03] x 10% | [-0.65,0.82] x 10?
frs/A* [-0.69,0.68] x 10° | [-0.52,0.52] x 10?
fro/A* [-0.74,0.74] x 10* | [-0.58,0.59] x 10*
5.5 farr ) A* [-1.8,1.9] x 10* [-1.4,1.5] x 10*
5.0 fuz /A [-3.4,3.3] x 10* [-2.6,2.6] x 10*
2 0.7 fro/A* [-2.3,2.1] x 103 [-1.9,1.6] x 103
0.6 frs/A* [-2.3,2.2] x 10* [-1.8,1.8] x 10*
0.4 fro/A* [-0.89,0.86] x 10° | [-0.71,0.68] x 10°
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//—4| Production at 13 TeV

Fiducial Selection :

+ Prompt leptons used, dressed with prompt photons within AR < 0.1
4+ Leptons must be well separated AR > 0.2

+ Lepton pr > 20 GeV, Inl <2.7
+ Exactly 4 leptons in event, with 2 SFOS pairs, allows 4 channels : 4e, 4u, 2e2).
4+ In 4e and 4y, pairing that minimises Imia - mzl + Imyp - mzl chosen

Candidate Events - Same as above with small changes :

4+ ZosinB < 0.5mm, do significance < 30 (50) muons (electrons)
+ Events pass single muon or dielectron trigger

+ Electrons - Inl < 2.47

4+ Muons - one muon with Inl < 2.4 (for triggering), rest Inl < 2.7
4+ Ignore event if >1 muon is calo-tagged or standalone.
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//—4| Production at 13 TeV
18 ! T T T -
16 ATLAS E
ls=13TeV,32fb" -
Background Contributions (small) : 1‘; + i;)qafzz_>4| :
[ ]gg—ZZ— 4l ]

Prediction uncertainty —

Expected background: 0.62%"

4+ 77 with one Z—1t - 0.07 £ 0.02

Events / 20 GeV
S —

III|III|III|III|III|III|III|III|III

4+ Non-hadronic triboson processes - 0.17 = 0.05 ° :
+ttZ- 0.3 + 0.09 ; E
+Z, WW, WZ, ttbar, ZZ, qgbar where jet/y fakes ) + + E
lepton (Data driven - CR) - 0.09 +(-) 1.08(-0.04) 0 — + | + e
+ Total : 0.62 +(-) 1.08(-0.04) 200 300 400 - 500 - 600 700

Mass of four-lepton system m,, [GeV]

Dominant Systematics :

4+ Uncertainties on SF’ to correct for lepton identification and reconstruction efficiencies in MC.
4+ Choice of MC generator.

Source 4e 2e2u 4u
Statistical (signal samples) 0.7 0.5 0.5
Theoretical (generator, PDFs) 2.5 2.5 2.5
Experimental efficiencies 2.3 2.2 2.0
Momentum scales and resolutions 0.4 0.2 0.1
Total 3.5 3.3 3.2
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£ L A B B L B
3 - ATLAS Preliminary _+__+_:
';; 5000 pata 2015 (1s = 13 Tev, f L dt = 6.4 pb™) ]
3 - Iyl <2.37 (1.37 < 'l = 1.52 excluded) .
< 4000 gie 15 gev, E™ (R=0.4) <4 GeV, AR, > 0.4 =
C —4— :
4+ Isolated diphoton pairs, 3000 -
C —— ]
4+ Inclusive myy, pT,yy and Adyy spectra measured 2000~ -
: - —— _
with first 6.4 pb™' of data. - . i
1000 ::._—.——0——.——0——.—_.__._—‘— 7
— background not subtracted N
B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | l l 1 1 | 1 1 1 1 | 1 1 1 1 | 1 ]
% 05 1 15 2 25 3

Aq)YY [rad]
1:_—I 103:|]| T —TT ||||||||||||||||||I T 7T |||E ‘I_|_| _III L L Illllllllllllllllllllllll]l_
> - ATLAS Preliminary . > ., ATLAS Preliminary :
(D B B (D 102 _: - - -1 —
= - Data 2015 (Vs = 13 TeV,fL dt=6.4pb") = S L Data 2015 (Vs = 13 TeV,fL dt=64pbY) 3
. L - T+ - -
g - In'l <2.37 (1.37 < 'l =1.52 excluded) .8- B - In'l < 2.37 (1.37 < In'l < 1.52 excluded) N
~ 21 - Y . — S — Y ; —
% 10 = - ". E;“>15GeV, E}° (R=0.4) <4 GeV, AR, > 0.4 % - E/*>15GeV, E}° (R=0.4) <4 GeV, AR, > 0.4
C e ] 10 =
B —o— — - - — -
— - ]
| e | i —— |
101 — E 1E E
- = = — 3
C — ] = ]
1 background not subtracted _ 10 = background not subtracted E
- 11 1 | 11 1 | 11 1 | 1 1 | 11 1 | 11 1 I 11 1 | 11 1 | 11 1 | 1 1 1 = : L1 1 I L1 1 | L1 1 | L1 1 | 1 1 | 1 L1 | 1 L1 | | - | L1 1 | L1 1 :

0O 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200
m,, [GeV] P’ [GeV]
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