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Summary of EWK Measurements at ATLAS

Diboson Cross Section Measurements

Status: May 2020
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Inclusive m4l Measurement
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* New result with full 139 fb! dataset

* Inclusive measurement of 41 production from 20 GeV < m4l < 2 TeV
* Optimized for inclusivity and model independence

* More details can be seen in the post session
https://indico.cern.ch/event/868940/contributions/3816387/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-042/
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Inclusive m4l Measurement

» Selectisolated, high quality, muons pT > 5 GeV and electrons pT > 7 GeV
« Select events with atleast 2 ete- and/or u*y pairs.
* If more than 2, select the two with mass closest to the Z mass

Category

Requirement

Event Preselection

Fire at least one lepton trigger
>1 vertex with 2 or more tracks

Four-lepton signature
Lepton kinematics

At least 4 leptons (e, u)
pt > 20/10 GeV for leading two leptons

Lepton separation AR;; > 0.05 for any two leptons Suppresses ]/
J/y-Veto mi; > 5 GeVfor all SFOS pairs and photon
Trigger matching Baseline leptons matched to at least one lepton trigger conversions

Quadruplet formation

At least one quadruplet with 2 Same-Flavour, Opposite-Sign (SFOS) pairs

Quadruplet categorisation

4 signal, 0 non-signal: signal region
< 3 signal, > 1 non-signal: background control region

7/17/2020
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Inclusive m4l Signal Region
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Non-Prompt Lepton Bkg Estimation

Estimate using Z+jet events where the hadronic jet is mis-identified as a lepton

Events with Isolated Lepton

Fake Factor =
Events of Non—Isolated Lepton

Apply the factor to signal-like region but with non-isolated leptons to estimate
background rate in the signal region

Validated in signal-like regions but with lepton-pairs that have the same charge



Differential Cross-Section in m4l
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Differential

Cross Sections

Differential cross sections are also

measured with respect to

1.
2.
3.

|A(Ppairs | ’ |AYpairs|

4. |Aq’)lec’ldin:q leptonsl

5.

Different differential cross section
distributions is sensitive to different

for each lepton pairs

BSM physics
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B - L Symmetry Interpretation

* Baryon Number - Lepton Number is a conserved
quantity in SM

* Introduce additional Ug (1) gauge symmetry
that is broken with another Higgs

SU(3). x SU2), x U(l)y x U(1)p_1

» 7’7’ production contribute to the 41 cross-section.

m;, ~ mass of the second Higgs particle

2
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Zy Production Cross-Section Measurement

» Differential cross section measurement with 139 fb-! of data
e Published March 2020 at JHEP 03 (2020) 054

Photons Electrons Muons
Kinematics: Er > 30 GeV pr > 30,25 GeV pr > 30,25 GeV
n| < 2.37 n| < 2.47 In| < 2.5
excl. 1.37 < |n| < 1.52  excl. 1.37 < |n| < 1.52
Identification: Tight [59] Medium [59] Medium [60]
[solation: FixedCutLoose [59] FCLoose [59] FCLoose_FixedRad [60]
AR(l,v) > 04 AR(p,e) > 0.2

Event selection:

m(00) > 40 GeV, | m(ll) + m(lly) > 182 GeV|

7/17/2020

Reject events where photon is a part of the Z decay

Siyuan Sun, ICHEP 2020
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https://link.springer.com/article/10.1007/JHEP03(2020)054

Zy Signal Region Rejects FSR photons

m(ll) + m(lly) > 182 GeV Cut

Reject Z bosons

that also emits a
final state radiation
photon

7/17/2020

m(up) [GeV]

140
130
120
110
100

90
0
70
60
50 F-
40

II|IIII|IIII|IIII',|.'IIII|IIII|IIII:|

L0780 90 100 110 120 130 140 150 160 170

ATLAS
Ys=13TeV, 139 b

m(upy) [GeV]

Siyuan Sun, ICHEP 2020

Accept Zy events
where the photon is
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state radiation
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Data
Prediction

Events/GeV

Zy Signal Region Distribution
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e Major background also include Z+jets where jets are mis-reconstructed as photons
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Measurement of Fiducial Cross-Section

Fiducial cross-section is defined as the cross-section

L. . . . IIIIII|III||||I\|\III|IIIIIII
within the fiducial phase space under the area with ATLAS
detector coverage. Z(=llyy Vs =13 TeV, 139 fb”
\ \ Data 2015-2018  (stat) [ (total)
__ +VYobs T 4{Vbkg 533.7+ 2.1(stat)+ 15.4(syst+lumi) fo
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(" X 'C: MATRIX NLO (i i
(incl EW Zyijj)
. . . . . +16.8 " ® ”
Where L is the integrated luminosity and C is the 4442153 (scale) + 9.8(stat+C, _+PDF) fo
correction factor that accounts for detector resolution MATRIX NNLO (incl EW Zyj) H—eid
_ . 518.9",5(scale) + 12.1(stat+C___+PDF) fo
and reconstruction efficiency ”
. : : MATRIX NNLO x NLO EW (incl EW Zyjj)
C is estimated using Zy MC 513.5"174 (scale) = 11.3(stat+C, _ +PDF) fb i |
MATRIX NNLO + NLO EW (incl EW Zyjj) |
s ‘ ¢ ) . +16.4 H_.—'
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Measurements agrees Matrix NNLO and Sherpa NLO 250 300 350 400 450 500 550

predicted cross-sections to within errors Integrated fiducial cross-section [fb]



Zy Differential Cross Section

ATLAS

e Data

i[

been computed.

Differential cross sections with respect % = =
14 ly Uy O = =13 TeV, 139 fb"

to E7, ||, m(lly), py”,py" /m(lly) and & 10 =t Zooly
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OE S MAIRNL  e E

Both NI.,O EW and NNLO QQD 1026 7 MATRIX NNLO + EW =
correction for Zy cross-section has ,E ~ MATRIXNNLO .- EW | =
107 == =

o -
. 1 S N
However no complete computation of 8 g " P S
how to combine the two corrections C; 5 - | 7z
§ fdtiti00 0 0 o o | & § + -
The EJ. distribution agrees better with E 08 e
the combining the two additively s 100 200 500 1200
instead of multiplicatively Ey [GeV]

7/17/2020 Siyuan Sun, ICHEP 2020 15



WW Differential Cross Section Measurement

» Measured using 36 fb-! of data
* Published October 2019 at Eur. Phys. J. C 79 (2019) 884

>3000_ T | LI | LI | L | LI | 1T 171 | LI ]
8 - ATLAS ¢ Data [ Drell-Yan .
Selection requirement Selection value B 4+ [Isignal (ww) [l Di- and triboson |
Q2500F Vs=13TeV,36.1 10" =7, Topion
pi > 27 GeV * - . [ Wijets [ Pred. stat. @ syst. E
7t 7¢] < 2.47 (excluding 1.37 < || < 1.52), §2°°°:‘ * g
Ml <25 w - : ]
] 15001 Major background g
Lepton identification TightLH (electron), Medium (muon) - tf W .
Lepton isolation Gradient working point 1000 / -
Number of additional leptons (pr > 10 GeV) 0 - .
Number of jets (pr >35 GeV, || <4.5) 0 500:_; E
Number of b-tagged jets ( pt > 20 GeV, || <2.5) 0 _ - :
Emiss,track > 20 GeV '8 1.4 —
7 & 1.2k
P > 30 GeV - 1
T 08
Mey > 55 GeV 8 06 . . . . . 1 _
100 200 300 400 500 600 700
me, [GeV]

Suppress top
background
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WW Results

* Measured integrated fiducial cross section agrees well with NNLO predictions

0rd = (379.1 £ 5.0 (stat) = 25.4 (syst) = 8.0 (Ilumi)) fb

Prediction Reference  Normalization Tfiducial [fD]
MATRIX NNLO ¢g§ —» WW and gg —» WW @ LO [101-103] - 357 +20
MATRIX NNLO g7 - WW and gg —» WW @ NLO [104] — 368 + 21
(MATRIX NNLO ¢¢g and gg @ NLO) x NLO EW [105] — 347 +20
SHERPA 2.1.1 + OPENLoOOPS gg — WW [36] NLO [104] 190+ 1.9

PowHEG-Box + PyTHiA 8 g — WW (+ SH.+0OL ¢gg — WW) [30-34, 38] NNLO [101-103] 350 =+ 7
PowHEG-Box + HErRwiIG++ ¢g — WW (+ Su.+OL gg — WW) [30-34,41] NNLO [101-103] 357 =+11
SHErPA 2.2.2 gg — WW (+ SH.+OL gg — WW) [54] NNLO [101-103] 341 =20




Theory / Data

WW Differential Cross-Sections
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* MC under predicts cross-section at low lead lepton pT and Ag,,,
* Global y2/DoF difference is still small. Max 18.5/14 for Sherpa+0OpenLoop in p¢4¢*
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WW Measurement:

* 5 dimension six operators can be added
to the SM lagrangian to parameterize the
effects of BSM physics in an model
independent way

£:£5M+Z%Oi+"'

* Limits can be placed on the
dimensionless coefficients c;

OWWW = TI'[WMUWV'OW;L]
Ow = (D,®)'W"(D,®)
Op = (D,®)'B"™(D,®)
Owww = Tr[W,W*PWH
Oy = (D, @)W (D,®)
7/17/2020

Limit on aTGC

Siyuan Sun, ICHEP 2020

Parameter Observed 95% CL [TeV 2] Expected
95%
CL [TeV~2]
cwww /A2 [—3.4, 3.3] [—3.0, 3.0]
CW/AQ [—7.4, 4.1] [—6.4,5.1]
cp/A? [—21, 18] [—18, 17]
CWWW/A2 [—1.6, 1.6] [—1.5, 1.5]
(?W/Az [—76, 76] [—91, 91]
D, =0, + LW+ LgB
p=0ut 597 M 59 It
2 1 I 1 J K
Where Wi = 597— (0.W, — 81/W‘u + gerax W, W,
L
Bu = 59/(0,B, - 0,B,)



Conclusion

* Lots of results and measurements coming from ATLAS

 Many I could not cover here today:
Z7 production in the llvv final state
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-03/
WZ production cross section and gauge boson polarization
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-03/

 Stay tuned for more updates in the coming months

Please check the ATLAS SM public results twiki
https://twiki.cern.ch /twiki/bin /view /AtlasPublic/StandardModelPublicResults
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M4] Analysis: Electrons and Muons

Category Requirement
Kinematics Muons : pt > 5 GeV
If CaloTag: >15 GeV
* Looser quality “Baseline” In| < 2.7
leptons are used in Electrons: P
background estimation In| < 2.47
Vertex association Both : |zosin@| <0.5 mm
Identification: Muons: Loose ID
Electrons: LooseLLH ID
Overlap removal: Lepton-favoured
* Tighter quality "signal” Input objects Baseline electrons and muons that are part of the quadruplet
leptons with additional Isolation FixedCutPflowLoose working point
requirements on top of Contribution from all other baseline leptons is subtracted
baseline requirements are Cosmic muon veto Muons: |dy| <1 mm
used in for signal region Impact Parameter Muons: dy/og, <3
measurement Electrons: dy/oq, <5
Stricter Electron ID Electrons: LooseBLayerLH ID
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Zy Analysis: Z+jet Estimation

https://arxiv.org/pdf/1810.05087.pdf

* Analogous to the non-prompt
electron/muon estimation in the
m41 analysis except now it’s
photons

* Measure the number of photons
which fail quality/isolation

* The number of estimated Z+jets
background events in the A is
predicted by

#bkg in C

#bkgin A = #bkgin B *

AMC  ArDMC
kag kag

BMC »,CMC”’
kag kag

Ry =

7/17/2020

#bkg in D *R

S1_gSi
f side — 5 ;E3 “‘“

1

Ej
EREEEEN S T
B o, HE
NN — 1T
mmmEm ‘0 S,  mEm
1T
EEE

Hm _ o

gl

1 Hadronic
Second layer S»

Strips S|

C) Same as SR but
photons fail quality

w o EE:'T?,-Z . ):E,'Th' 2
m — YE; YE;

width in a 3x5 (An X A¢)
region of cells in S>

YE;(i—imax)?

Ws = E;

wy3 uses 3x2 strips (1) X ¢) ]

Wyt 18 defined similarly
.||I|| |I|.. but uses 20x2 strips

|

S S
AE = Emlax,2 B Emlin ]

S S1

Eooo — Emax,l_Emax,2
ratio — _§ S
El |+E,]

A m max,2

v

A) Signal Region
requirements

D) Fail both quality

+ isolation

B) Same as SR but photons fail
isolation
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Events/GeV

Prediction

Data

Zy Analysis: TTy estimation

40— 7 7 > R o e R L A L A L A L L R -
ATLAS e Data 8 - ATLAS e Data -
120 RN Vs=13TeV, 139 fo" WM Fakey — @ 30 Vs=13TeVv, 139fo" W Fakey —
euy events Al = o - eny events tty -
100 WWy, WZy, 1ty 7] > ol . ) WWy, WZy, Tty
. N\ Total uncertainty - - - N W\ Total uncertainty
[E N ] — \ N NN ]
e En e . _.
E AN _ ~ B N N _
60— N\ — 15— N —
1 & - - N N -
0f N - L RN =
: ) 5 S z
20— SN = S |
oy glirgesgany A g sk ity RV e \\.\\.'.\\,\\‘ o . . . Covo v v b v v b v oo by v v by v w by v by oo v s ey g
1 20 lllllll g 11210 1
0.9 alks 8'3
08520 70 100 200 300 800 & 08530 150 170 190 220 250 300 500 1600
El [GeV] m(euy) [GeV]

e Simulated using MC.
* Cross-checked in a region kinematically similar to the signal region but with e+mu flavors
instead of same flavor ee or mumu leptons.
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Pile-Up Photon Estimation

On average 33 pp collisions occur in the same bunch
crossing

Photons that originate far from the pp interaction that
produced the Z mainly come from other “pile up” pp
collisions

Select photons which convert to a pair of electrons on
the inner most layer of the silicon tracker.

Reconstruct the original direction of the photon based
on the converted electrons

Find the difference in the longitudinal coordinate (Z) of
the photon and the Z boson production vertex

Az = 2y — Zytx

Normalised events/mm

: T | T T T T T T I T | T T T T | T T T T | T T T T :

10 | ATLAS ®  pixel conversions N
= Vs=13TeV,139fb"' e DataSR
Ceey + upy s+ Data Z-lly N
107 & E
— [ 5

- Y i
-3 . ¢ a
hl: ctt o Te
B ] ¢ _
1074 ? . ¢ } 4 t i + ‘ é
-t by e
10_5 =T R T R R R R PR S T A N N I
-150 -100 -50 0 50 100 15

Az [mm]

|Az| > 50 mm Dominated by pileup
photons

0



Zy Analysis: Z+jet Estimation

* Analogous to the non-prompt
electron/muon estimation in
the m4l analysis except now
it’s photons

Find

7/17/2020

‘ Hadm.'m
Second layer 5>

Smps S

_[ZEm? _ [ ZEmi 2
Wiy = YE, YE,

width in a 3x5 (A1 X A¢)
region of cells in S

Wy = 72E1<f;max>2

wy3 uses 3x2 strips (1 X ¢) ]

Wiiot 18 defined similarly
but uses 202 strips

Figure 2: Schematic representation of the photon identification discriminating variables, from Ref. [23]. E(S:N
identify the electromagnetic energy collected in the N-th longitudinal layer of the electromagnetic calorimeter in a
cluster of properties C, identifying the number and/or properties of selected cells. E; is the energy in the i-th cell,
n; the pseudorapidity centre of that cell.

EF° > 0.065 * (EX + 2 GeV) Instead of Z ,, < 0.065

Siyuan Sun, ICHEP 2020
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Zy Analysis: Z+jet Estimation

* The number of estimated Z+jet background events in

the A is predicted by C) Same as SR but

photons fail
#bkg in C quality
*

#bkg in D

A) Signal Region

requirements

#bkg in A = #bkg in B *

e Where R is the correlation between isolation and

photon quality estimated using MC :
D) Fail both B) Same as SR but photons

fail isolation

quality +
isolation

* Also have to subtract expected Zy signal events from

each region B,C and D when estimating background.

A,data AMC A;DMC
Roye - NB data fB MC A, data) f signal ) Roie = bkg bkg
g s1gna1 ( ND.data _ fD MC pjA- datla) Nl‘fkgm N&E{C
signa
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Zy NLO EWK + QCD Combination

o0 = 0" (1 + dqep) (1 + duw.qg) + OEW.qy + (04)]

— oNLOQED (1 4 g )y AO_%LOEW + (Ac.y) (2.4)

where the relative QCD, EW, and photon-induced corrections are defined by

SNLOQCD _ LO A O.(%LO EW
0Qep = -LO ; OBW g7 = 0
NLO EW
Sev o — | 5o — Aoy (2.5)
EW.gv — O'LO 3 Y O'LO ? )

https://link.springer.com/content/pdf/10.1007 /JHEP02(2016)057.pdf
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WW top Background Estimation

* Largest background is ttbar and tW

> L ' T -
® ~ ATLAS ¢ Data B Other -
. : . 0] il -
Top bac.kground is ssalected for by removing b - 3000E (S = 13 TeV. 36.1 fo” ww 55 Pred. stat. -
jet and jet veto requirements g 2500 Top CR [ Pred. stat. @ syst. —
* An H;y > 200 GeV requirement is added to 3 = [ single-top =
limit the amount of WW 2000 22 =
— N J\;._‘JI 3
op New 1500 ! =
Nep = — X €er. - . .
SR EHT jet-veto 1000 N lﬁ =
* The estimated amount of top in the signal 500 ’ =
region is the number of tops observed in the - =
control region scaled by the efficiency of the g 15F E
jet veto and HT cuts & 1; e 9. 0 9. 90 3080 0. ¢ .9 9 L ] ® ;
% 0.5E . =

Q 30 40 50 10° 2x10°

 Efficiencies are mainly derived from MC but
with a correction factor using data
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Recorded Luminosity [pb 0.1]
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j Ldt=146.9 fo !
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Standard Model Production Cross Section Measurements & [Lat

|fb“ Reference
Ll DL K b don (201d)
o B30 BAL 117 192000 (2016)
pp inelastic 5‘,302(112”? PLB 761 .‘zmszzws:a
X1
o
Jets R=0.4 dl 2 52
Dijets R=0.4 o B 3t
pre125GV [ . .2
¥ pr=25GeV A 20.2
pr>100GeV nljg1
- 20,2
w ofigs
- 2
z § 4.6 JHEP 02
o Theory 0Qe3 S
tt cg 21762
2 04
tachan & LHC pp Vs =13 TeV 6 bhbap 1izoen w0t
o D 36.1 EP.C 78, B84 (2019}
ww A ata 203  PLB763, 114 (2016)
a0y Gav o ‘a stat 4B peom e o)
7Y £{':~55‘(2sz$ o o stat & syst 49
Wt 203
LHC =8 TeV !
. PP Vs 2
wz & - Data 24
= s st 81
stat @ syst 4.6
te—chan el 20,3
Wy o © LHC pp V5 =7 TeV 28
Zy g 20.3
_ Data 4.6
hhg % o stat 02
‘_zdv a a stat & syst 1390
tt! ' 20.3
(74 o~ J LHC pp Vs =5 TeV ol
- o 36.1
it A Data 20,2
r o] _ tat 4.8
. sta 20.2
Wij EWK 3 stat 4.7
Zijew s © 2
vy A 20.2
Woy 27 A I 203
7 wwy — ATLAS Preliminary 23
ZyjiEWK - 20.3
WEWEjj Ewk a 36.1 01 [201¢
b o™ Run 1,2 /s =5,7,8,13 TeV Bp Lose b pory
J_| EWK 20.3 PRD 93, C 4 (2016)
ZZjj EWK ) | K 139.0  arXiv:2004.10612

1074 103 1072 100 1 10' 10®> 10® 10* 10° 10° 10" 051.01.52.025
o [pb] data/theory
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Standard Model Production Cross

pp
Jets R=0.4
Dijets R=0.4

Y

tichan  (fof)
tchan  (fol)

Ww  (tot)
wz  for)

zz (tat.)

b2

Wy

Zy

wv

ttw (tot)
ttz (tot.)
ﬁy

Wij EWK

WEWEjj EWK
WZjj EWK
ZZji EWK

Section Measu rements Status:

May 2020
T T T

ATLAS Preliminary
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Data
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Diboson Cross Section Measurements Status: May 2020
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Zy Pile-Up Photon Estimation
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Zy Measurement of Fiducial Cross-Section

Cross-section [fb]

ete 530.4 £ 9.0 (uncorr) =+ 11.7 (corr) & 9.0 (lumi)

whp 535.0 +£ 6.1 (uncorr) =+ 11.5 (corr) &£ 9.1 (lumi)

(T 533.7 £ 5.1 (uncorr) =+ 11.6 (corr) & 9.1 (lumi)

SHERPA LO 438.9 4+ 0.6 (stat)

SHERPA NLO 514.2 £ 5.7 (stat)

MapGRraPH NLO 503.4 £ 1.8 (stat)

MAaTRIX NLO 444.2 =+ 0.1 (stat) + 4.3 (Ciheory) £ 8.8 (PDF) £187 (scale)
MATRIX NNLO 518.9 £ 2.0 (stat) + 5.1 (Ciheory) £ 10.8 (PDF) T162 (scale)
MATRIX NNLO x NLO EW  513.5 =+ 2.0 (stat) + 2.7 (Ciheory) + 10.8 (PDF) T163 (scale)
MaTrIX NNLO + NLO EW 5183 + 2.0 (stat) + 2.7 (Ciheory) £ 10.8 (PDF) T1%3 (scale)

Fiducial cross-section is defined as the cross-section within the fiducial phase space under the area with
detector coverage.
*Nobs - *kag

C'x L

Ofd —

Where L is the integrated luminosity and C is the correction factor that accounts for detector acceptance and
reconstruction efficiency
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WW analysis ttbar Control Region

- — ; —_—
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