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* Precision measurements

* Probe beyond the Standard Model physics

|, Measurements of differential cross-sections in four-lepton events in 13 TeV proton-proton collisions with the

ATLAS detector arxiv:2103.01918 [submitted to JHEP]

Il. Measurements of W*W-+ > 1 jet production cross-sections in pp collisions at \/E = 13 TeV with the ATLAS

detector arxiv:2103.10319 [submitted to JHEP]

Ill. " Observation of photon-induced W*W- production in pp collisions at \/E = 13 TeV using the ATLAS detector

Phys. Lett. B 816 (2021) 136190

IV. Differential cross-section measurements for the electroweak production of dijets in association with a Z

boson in a proton-proton collisions at ATLAS arXiv:2006.15458
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Motivation:
*  Contribution from several interesting physics processes, fully reconstructed final state with clean
detector signature & low background
+ Excellent opportunity for precision SM measurements!

* Possible contribution from different BSM Processes Signal incl‘udes leptons from ttV + VVV processes for maximum reinterpretability
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Analysis Strategy:
*  Background from non-prompt leptons estimated
using data driven fake factor estimation
*  lterative Bayesian unfolding (2-3 iterations) to
correct for the remaining detector effects
*  Novel technique of using per lepton pre-
unfolding correction to minimize the SM lepton

kKinematics dependent inefficiencies

Integrated fiducial Cross-sections:

1 ,  Region
Full " Z—-4 4, H-—-4C Oft-shell ZZ On-shell ZZ
Measured 88.9 : 22.1 1 4.76 12.4 49.3

fiducial +1.1 (stat. )y +0.7 (stat.) : +0.29 (stat.)  +0.5 (stat.) +0.8 (stat.)
cross-section +2.3 (syst. )" +1.1 (syst.) n £0.18 (syst.) 0.6 (syst.)  +0.8 (syst.)
[fb] +1.5 (lumi.): +0.4 (lumi.) : +0.08 (lumi.) #0.2 (Jlumi.) +0.8 (lumi.)
+3.0 (total )» +1.3 (total ) , £0.35 (total )  +0.8 (total ) ~ +1.3 (total )

SHERPA 86+5 : 23.6x1.5 1 4.57+0.21 11.5+0.7 46.0+£2.9

POwWHEG + PYTHIAS 83+5 , 21.2+1.3 : 4.38+0.20 10.7+0.7 46.4+3.0

Branching Fraction of Z—>4/

Most precise measurement to date!
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Particle Level Differential Measurements:

Single/double differential measurements

of 13 dlfferent klnematlc observables
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All results inHepData

Predicted (PowhegQ):
B, ;= (450£0.01)*107°

In agreement with SM!
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B-L [Baryon-minus-lepton-number] Gauge Model
*  BSM model where B-L local gauge symmetry is
spontaneously broken
Model predicts Z and exotic Higgs bosons ho
*  Possible decayto ZZor 2/

* Mixing with SM Higgs with mixing angle a

EFT Interpretation:

Loyprr = Lgy + Z
V.

l
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*

Constrain on 22 Wilson coefficients of dim6
operators

*

Limits on both linear only and full model
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7 W= q w- 9 W=
\\\I\/\[\M 1 \’\|\N\I\‘
7| g | ¢ Each W* decays to etv[ut V]
Z/y*
M L
Main Challenge:
o *  Final state dominated by
Motivation:

. L . background processes
*  First measurement of jet inclusive topology

* Test of perturbative QCD and SM EWk sector

*  Sensitive to electroweak boson self interactions & to BSM

signal ~30%

anomalous triple gauge couplings (aTGC)

* Jet inclusive topology increases sensitivity to aTGC
ttbar + Wt ~61%

by allowing different helicity configurations

Other VV + VVV/~3

vt

DY Z+iets ~3% arxiv:2103.10319
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ttbar estimation: > CTATLAS | - 32
. . _ _ _ _ 5 180 Vs=13TeV, 139 fb” o e
*  Data-driven estimation based on 2 control regions [1b-jet/2b-jets] P 160E- 10P enriched CIww =E
; i o® % = = Fakes =
YieldinSR - - o 140F o 12
g e=s e=x - WZ,ZZ\Ny 4%
t C (N [ + 2N. It )2 R U ttbar VA =Dren-YanY E]
Ntt N bj 15 2b ." Nl‘t ' ." Ntl‘ ' 100F- Stat.esyst.*—;§
0b 4 NI Wb T 2b) s
2b Mg’ 60F- =
y ! 40— 3
Correction factor ~1 Yield in 1 Yield in 2 20 -
e Only component from MC b-jet CR b-jets CR Q== c—— . -
e Correlation effects between \ , s 120 | E
selecting 1 and 2 b-jets % 1-}? — ,+|*|+, + | + R
Data % 0o T L S N R 1 m— | E
. . . a ok -
*  Based on observed yield from data resulting in smaller 08, . . . .| . =
30 40 60 80 10° 3x10?

experimental & theoretical uncertainties
*  Total Uncertainty of on bkg yield 2.8%

Non-prompt Lepton: All estimated backgrounds are validated

*  Estimated by data driven approach in a CR [similarly to

in separate validation regions
Inclusive 4l]

W+t , DY Z+jets & other VV + VVV: estimated from MC
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Fiducial Cross-section: No deviation from SM prediction! 7 L
ATLAS — Data

N N \s=13TeV, 139 fb” [ stat. Unc.

obs _ bkg PP — *VUV | [ ]Tot. Unc.

Otid = = 258 + 4(stat) £ 25(syst) b & mine  Pain
fid CX T (stat) (Ly ) s

!

Correction factor [detector effects]

[0.747+0.061] Sherpa 2.2.2 (0-1j@NLO, 2-3j@LO)*
277 + 3 (PDF) + 44 (scale) fb

N MATRIX 2.0 nNNLO
Jet Calibration ~6.3% | 279+ 2 (PDF) + 18 (scale) tb

Top Modeling ~4.5% | |\ +0x 5.0 nNNLO ® NLO EW
Fake Bkg ~4.3% 278 + 2 (PDF) + 18 (scale) fb

MG5_aMC + Pythia8 FxFx (0-1j@NLO)*

Differential Measurement: 263 +3 (PDF) £ 16 (scale) fb
Sor T B s
: : : : : : + +
*  Particle level differential measurement using lterative Bayesian £ 3 (PDR) = 21 (scale)
* + Sherpa & OpenLoops gg—>\|NW | |
unfolding S | arLas " 4 Dataand Stat. Unceraimy | % 100 150 200 250 300
8 10k \[§=13+Tey, 139 fo! ; ;ﬁ‘;'pﬁ";;(?i"‘y i T Integrated fiducial cross-section [fb]
E% E pp — e*vutv | }  MG5_aMC+Pythia8 FxFx * ]
§ WQM. | ! o o NLO EW ] Differential Measurements:
L _%N"% — * plus Sherpa+OL gg - WW | ° Lepton Observables: pTIeadIepa pTSUbIeadIep, St
1‘ %_gﬁ.v;. _5102 e Di-lepton Observables: Mey, M1ey, PTey, Adey, Yeu
Bt o Jet Observables: Prieager, Niets ;HT
haepls ] e Polarisation Observable: cosf’e,
10 E Lgracy w9 10
g 1%,}- %. ; All results in HepData
=z IR Ll . . . &
g 1 --IW—EY- jf-%kr—%,p{,—%m—»-{wx----%—4—}1»——————{——44-i--—_
8 08 ’
L / . . I ] Linear limit improved compared to W*W- [jet vetoed] 36 fb-
2x10? 3x10? >4x10° measurement
Me, [GEVI
. Jet pr Linear only 68% CIobs. 95% Clobs. 68% Clexp. 95% CI exp.
EFT Interpretation:
> 30GeV yes [-1.64,2.86] [-3.85,4.97] [-2.30,2.27] [-4.53,4.41]
: L A > 30GeV no [-0.20, 0.20] [-0.33,0.33] [-0.28,0.27] [-0.39, 0.38]
* Wilson coetficient Cw [Dlm 6alGC operator QW] > 200 GeV yes [-0.29, 1.84] [-1.37,2.81] [-1.12,1.09] [-2.24,2.10]
> 200 GeV no [-0.43,0.46] [-0.60,0.58] [-0.38,0.33] [-0.53,0.48]

constrained

arxiv:2103.10319

Prajita Bhattarai (Brandeis University) Multi-boson Production in ATLAS



http://dx.doi.org/10.1016/j.physletb.2021.136190
http://dx.doi.org/10.1016/j.physletb.2021.136190
https://arxiv.org/pdf/2103.10319.pdf
https://arxiv.org/pdf/2103.10319.pdf
https://www.hepdata.net/record/100511
https://www.hepdata.net/record/100511

DTC 0 D0 2rodc 5 00 0 ATLAS

EXPERIMENT

Each W* decays to etv[ut V] '

* p (%)
p p( ) p

Motivation:
*  Rare and interesting measurement to probe SU(2) > U(1) gauge structure of SM
*  Electroweak boson self interactions sensitive to anomalous quartic electroweak boson coupling
Measurement Topology:
* |nitial state protons could stay intact or fragment outside detector acceptance
+ Uniqgue signature: completely isolated di-lepton vertex with no additional tracks
Background:

*  QCD-induced WW (main), Drell Yan , yy—>/I, non prompt leptons

Main Challenge:

*  Physics modeling of events with low charged particle activity around hard scatter

Phys. Lett. B 816 (2021) 136190
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% Number of tracks (nwk) within Tmm of di-lepton vertex and used

-.9 1 :l T T T T | T T T T | T T T T | T T T T —
in classifying CRs and SR events S ~ Pileup Correction ~ ATLAS -
, _ o - {s=13TeV, 139 fb -
+ Accurate modeling of nuk crucial 5 - Random z,, ]
c l —4¢— Data
2 o e MC (nO corr.) 7
§ ; L_ Vertex density =9 ==----: MC (oasivlvidth corr.)
. . . e w 10 —— Dilepton vertex, —
* 3 sets of data driven corrections applied to MC prediction =L o IWWMC (fullcorr) 3
4+ pj Qi i : - N
Pileup: signal efficiency, biggest challenge - L-. Vertex density + hadronic activity
*  Corrects for mis-modeling in pileup tracks based on - i—'!‘-:ﬂ__ 8
Zo sampling technique 1072 = |
. .y 1
4+ Underlying Event: background prediction © =
S 11
: o -
*  Reweight WW [yy + QCD] & DYz to correct track ~ - _
= F I | -
multiplicity 09 dmvgmd— |
Iy . L P B — U R i
4+ Signal: 0 5 10 15 20

* Account for any additional re-scatterings after initial

- -y
- -

>
*, MC only accounts for

elastic collision & dissociative components [MC p " P™ Jorotons that stay intact

elastic only] \(‘
f\/ ----- W+

Phys. Lett. B 816 (2021) 136190
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SR R3 Non prompt leptons Bkg

[W+jets] production

pTeU > 30 Gev & Nirk = O pTeU < 30 Gev & 1 4 ntl’k < 4 p'l'eLJ P 30 Gev & 1 < Ntrk < 4 p‘l’eLJ < 30 Gev & Nirk = O estimated from data in
Expected purity ~ 57% ~{ D > T ~70% QCD WW Constrain additional bkg different CR [same sign ey
QCD WW ~ 33% DY normalisation WW normalisation with no tracks [10% sig] 1= =4

I arias 13 [ arias 120 o
3 1 8 - -1 € - Data ATLAS
o 2000 {s=13TeV, 139 fb" 1 % 150 {s=13 TeV, 139 fb" — 2 i AL {s=13 TeV, 139 fb"
-~ L _ -~ — —-TT ’
® B CR1 1<n, <4 4 @ Ny = _ 1000 — . zzﬁww pj“ > 30 GeV /.
S - —eé— Data 1§ Data _| — [ Other qq initiated
3 1500 1 yy—=WW - 3 TY—>WW _ 800 — N Non-prompt
YY—TT _| 100 YY—>1m — — [ Drell-Yan e
I Drell-Yan — 4 Drell-Yan _| [~ %24 Total uncertainty :
! . q-WW 7 q9->WW ~ —
1000 ! I Non-prompt ] Non-prompt | 600 — <===n , A
i I Other qq initiated _ Other qq initiated h _ ! ——————
E CR2 =454<<  Total uncertainty 7 50 Total uncertainty ] 400 _—SR :
500 : — _ )
i | 200 —
. . i RZZ V.
IS B lg?H/ 7 - T T e
& o a 1.2 e — i
g S o 1w ¥ -
© © . - - A [ e, A (. BOEs M © 0.8 I . ]
a a T / 4 o Yor ]
— L ] L s L L L L L L L . L l — L 06 . — l R TR R L ." | ) L L . | A 1 06 T | L | | |
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 1 2 3 4
p:“ [GeV] p:” [GeV] Number of reconstructed tracks, n_

% Simultaneous fit of SR & 3 CR to reject background only hypothesis by 8.4 to

i + Experimental [ dominant non prompt
extract the signal strength 1.33 / kg stat] | |
% Measured fiducial cross section (3.13 + 0.31 [stat] + 0.28 [syst]) fb ' mggz:'i:g][ dominant W\ & signal

In agreement with SM prediction!

Phys. Lett. B 816 (2021) 136190
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Dominant Background
&
Boosted Z
Large my and &y, Motivation:

Biggest challenge = modeling strong Zjj
*  Sensitive to VBF

+  Test of the SU(2) X U(1) gauge structure of SM and

Jet

Jet . . .
= sensitive to anomalous weak-boson self-interactions
Dijet System *  Could provide crucial input for theoretical predictions for
N&P 4 future VBF/VBS sensitive multi-boson measurements
Jets Strong Zjj Strong Zjj
S 1 enhanced enhancte;d Background:
2> CRa CR .
*  ZV(V—>jj), ttbar, other VV
9780 events 3286 events CRs used to constraint
strong Zjj modeling . i
EW 2 Strong Zj Analysis Strategy:
enhanced | enhanced *  Profile likelihood fit of 3 CRs and EWK Zjj enhanced SR t
rofile likelihood fit o S an enhance 0
=0 SR CRc I
7937 events | 1992 events extract the signal events
05 1 O 6Z arXiv:2006.15458
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Fiducial Cross-section: Dominant: jet energy scale and

energy resolution
opwie = (37.4 £ 3.5[stat] £ 5.5[syst]) fb
In agreement with SM!

Particle Level Differential Measurements:

*  Particle level differential measurements in inclusive and EWk Zjj region [my;, pr., Ag;;, | Ay;;| ] All results in HepData

Useful input for future modeling of strong Zjj
T T T T T T T T T ] T T T T I T T T

Ly 2T r v r Tt [ T Tt 11 [T — r — T T T T T .
= 10 ;ATLA“S ) - Vs=13TeV, 139 fb™ é ;IA"'I_ASl ' \173=13Te\/|,139fb'1li
& [EWZj- 1 Njets =0, 67 <0.5 (EW SR) < 402 Zj — llj Njge =0, £, <05 (EW SR) |
< i « ¢ Data, stat. unc. i < e ¢ Data, stat. unc. ﬁ
A A Lal Tolalune. t ° ;:Q’# Totalunc. e | o]
_8 10F E o = T
r A A ] © L DDDr:-Q_—, :'tﬁ - —
i (= Cot™ ] ] 10_ : H ;
- . T i ol |
. _-+-_ * . - S ,@ GGGGGG 1 1
1t R ———— 2 E
VP12 sempn22.1 m ~ ] " [G] Strong Zjj (SHERPA) + X ]
- [G] Herwie7+VBFNLO . . | [ [&] Strong Zjj (MG5_NLO+PY8) + X 1
" [©] PowrEG+PY8 4| == X =EW Zjj (HERWIG7+VBFNLO) + ZV/(V—jj) (SHERPA)
Sz-l' =|='-}-H-Ir'-ll-'--l--'-@l- o 10 A
S 158 - ks
e 1 m | = fe | _tm [ S L IS
8 0'5'| . .A . .AI . y ! &, | B A 2 . | O
(U _ _ — -
o 3 2 1 0 1 2 3 ©
Ag;
EFT |nterpretation; Sensitive to SM & CP-odd EFT _y, Direct test of CP invariance in
interference amplitudes weak-boson self-interactions
* ) ) . Wilson Includes 95% confidence interval [TeV=?] p-value (SM)
Dim-6 Wilson coefficients coefficient | Mge|? Expected Observed
_ _ cw /A2 no  [-0.30, 0.30] [=0.19, 0.41] 45.9%
Cw, Cw, C , C constrained using fits yes [-0.31, 0.29]  [-0.19, 0.41] 43.2%
W>=W> “HWb> “HWb Cw [N2 no  [-0.12, 0.12] [-0.11, 0.14] 82.0%
to EWk Zjj differential cross-section as a yes 17012, 0.12] [Z0.11, 0.14]  B8L8%
I cnws/AZ no  [-2.45, 2.45] [=3.78, 1.13] 29.0%
. yes  [-3.11,2.10] [-6.31, 1.01] 25.0%
function of A¢]j caws/AY no  [=1.06, 1.06]  [0.23, 2.34] 7%
yes  [-1.06, 1.06]  [0.23, 2.35] 1.6%
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*  Presented 3 recent and exciting multi boson measurements with ATLAS
*  Precision measurements of the integrated and differential cross-sections along with
*  Development of novel pre-unfolding technigques in Differential 4l
*  Excellent precision achieved for background estimation with data driven approach in W*W- +
jets
* Interesting analysis technique for yy —> W*W- technique to distinguish signal events using track
counting

*  Differential measurement of inclusive [QCD +EWK] Zjj —> input for future Zjj modeling

*  Constraints on new physics with particle level measurements

*  Important ground-work in measurements for Run 3 and beyond

Phys. Lett. B 816 (2021) 136190

Prajita Bhattarai (Brandeis University) Multi-boson Production in ATLAS


http://dx.doi.org/10.1016/j.physletb.2021.136190
http://dx.doi.org/10.1016/j.physletb.2021.136190

BACK UP

Prajita Bhattarai (Brandeis University)



Nifferential 47: Ana ategy & Re ATLAS

EXPERIMENT

Background Estimation:

*  Non prompt leptons not from hard scatter

*  Data driven fake factor background estimation

f how likely a fake lepton is to
tructed ' |
e Measured from data in fake F be reconstructed as signa
enriched Z—>II control region - § 10arLas ’ e M =
. . '2 E fou13 TaV, 190 - Unfolded BSM (no pre-UF) _:.
e Ratio of fake leptons passing — 2k I —+— Unfolded BSM (pre-UF)
p N . E Ms=300 GeV, o,.=35 Ge
vs failing signal requirement = ’ -.J 621 3
[TTVA +isolation] To estimate final background yield apply F to m E | -
each baseline-not-signal leptons 10— -
10“; L i
Unfolding: el L .
51.02? : - N5
*  Unfold (Data - Background) R ,
R
*  |terative Bayesian unfolding (2-3 iterations) to correct N — -
for the remaining detector effects W =
*  single/double differential measurements of 13 different 1 k. n!
gle/ [1_ elphn]

kinematic observables

*  Novel technique of using per lepton pre-unfolding correction to minimize the SM lepton kinematics

dependent inefficiencies
mdl (inc., pT4l, y4l, flavour), Aypairs, A@pairs, APu, Mz1, Mz2, D121, P22, POL. variables
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D aY o= -1 W4 a - ‘ =. 4 ATLAS

EXPERIMENT

MC stat + lum Dominant [bootstrap]

Previous precision: _ t |
\O — | | | [ I | | L —
_ = (A TLAS Total +Data Stat. -* Background ]
BR(Z - 4l) _ 87 % g | Vs=13 TeV, 139 fo! tGenerator -e-Lep. Eff. -®-Lep. Res. & Scale
Current Precision: 2.5 gain in statistical precision 2 100k = | |
C L ]
S — .
BR(Z - 41) =6.9% - Theory -
” — 1
E====== : 10 ' —
1 = & ¥ =
Ful ' Z—4(, E — * —
Measured 889 1 221 ! i gl .

fiducial +1.1 (stat.) , +0.7 (stat. ): - u - | =

cross-section +2.3 (syst.) ' +1.1 (syst.) e ﬂ ol E
[fb] +1.5 (lumi.) = +0.4 (lumi.) - -
+3.0 (total ) : +1.3 (total )’ F -
SHERPA 86+5 " 23.6+1.5 [ - ]

! I I | I | | | | I | l

POWHEG + PYTHIAS 83+5 l 21.2+1.3 : 0.1 30 40 5060 100 500 300 400 1000 200
/ Fraction of single Z produc;on rather than t channel ZZ my, [GeV]
O'meas —_— 0'pred X f X f Fraction of leptons
non_qq — 4f Z non-rt > Not originating from taus
Bz _ar =

/O-Z X Aﬁd N Factor to extend phase space

80 <mdl <100, mll > 4, no kin. req on leptons
Total cross-section of single Z production

Phys. Lett. B 759 (2016) 601 . meas
Uncertainty on 0., & o,

B, ., =(4.41=x0.13 [star] £0.23 [sys/t]vi 0.09 [theory] £ 0.12 [lumi] ) * 1076
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. a a /|
g
ATLAS full model
'1 I
\(g=1 3 TeV, 139 tb Expected 95% CL Observed 95% CL
Coeff. Observable Draw Scale Obs. 95% interval
Better with H—>4] ———> C,c My, l = I x4 [-0.20,-0.0331 U [-0.011,0.0131]
Tighter than H—>4/ =9 E..  m,, — x5 | [-0.033,0.0331  Higgs Coupling
T
Cp M, . [-0.62,0.29]
.................................... T Pt At .
Significantly tighter than H—>4/ Cywg ~ May —_ [-0.29,0.131
o N m— % 0.05 | [-26,841 """ TTTT TN TGN TR, ]
Ch AP, ——— % 0.05 | [-13.0,-6.91 L [-1.5,4.4]
Tighter limit with LEP + LHC data Gy A® g l: [-0.70,0.201
LEP+LHC Ciy A, | [-0.19,0.55] Z—>1l Vertex
& Ao, —— [-0.47,0.121
Chy  Ma - x 0.5 | [-1.6,0.45]
@ I
e a8 | — ISRl S T
Coy Mo, - [-0.51,0.421]
c, m,, . x 0.01| [-33.0,41.01
Cou My T [-0.14,0.221
cy My ; [-0.41,0.371
c, ms, 4 x0.02 | [-21.0,26.01 4 fermion interaction
c, ms, " x 0.02 | [-20.0,25.01
(N |
c:" AD,,. — [-0.18,0.491
cl » —_— x 2 | [-0.086,0.171
¢y M i p— x 4 | [-0.064,0.0801
C, My s — x2 | [-0.16,0.201
Coe My — x2 | [-0.11,0.141
| ! |
-1 0.5 0 0.5 1

Negligible contribution from quadratic term: cyp, caws, Cre, €V , €3 gy, ¢y and ¢y

Small positive contribution from quadratic terms: c(Dyg, ¢()yq
Tighter limits with linear only terms: cug, Cau
All other have tighter limit with full EFT

ATLAS

EXPERIMENT

ATLAS only linear term

E=1 3T eV, 139 fb-1 Expected 95% CL wess - Observed 95% CL
Coeff. Observable Draw Scale ~ Obs. 95% interval

Cua  Ma I ': ™ x 10| [-0.0090,0.0141

Cp M o i [-0.63,0.281
Cow M — [-0.29,0.131

S P,.| = ’ """" x0.01] 1-30,1801 """

o Ad, ; X017 11, 6.21

Cop AD e : [-0.76,0.211

chy AD,,. : e [-0.19,0.571

& Awd, i [-0.51, 0.121

Chy  Ma — : x0.5| [-1.1,0.461

Cha AP, . [-0.15,0.541

Cy My 1 . x0.25|[-0.98 23]

¢ mu T T T T e T TX0.005 | T27.6,100.07 T T 777777

c, m, { _— [-0.36,0.641

Cy Mi i _x0.25 | [-1.4,3.0]

c, my x0.005 | [-18.0,130.01

c, my " x0.01| [-17.0,71.0]

" Ad,,,. f _— [-0.17,0.51]

¢y m, —_— x 0.1 [-4.1,0.55]

¢y my H x 4 | [-0.051,0.0981

C. My 1 X 0.5 | [-0.77,1.41

Cw My E . x05|[-067,12]

| ‘1 |
-1 -0.5 0 0.5 1
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180F- Vs = 13 TeV, 139 fb” 33 3 1 —-Data i & - z
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» 100 mwvz 4 3 ! EWsiets 7
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2NOoto ) =Yo 2roo 0 Adaditional 1ets ATLAS

EXPERIMENT

% Pileup Correction: Additional pile up tracks around di-lepton vertex affects the signal selection efficiency
* MC/Data reweighing to match average number of pp collisions per bunch
*  Correction to account for different beam-spot width during different runs in data
*  Track density around random z location in Z—>1[ events in data/MC
% Underlying Event Correction: Modeling inaccurate could affect the accepted background events
*  Correct factor obtained using particle level nen distribution measured in Z—> I
*  Bayesian unfolding with 4 iterations to unfold the data, after subtracting yy —>II events and pile-up tracks

*  Reweight simulation using the measured data/MC ratio of particle-level nch as function of Prinal state

107

5 T T T T rrrrrrrrrrrrH 2 T T T ] O
5 - ATLAS ] 5 - ATLAS o
> — Vs=13TeV, 139 fb" . o ~ {s=13TeV, 139 b N
4 B ] — 70GeV<m<105GeV
Z R I oo =
— Great closure data/MC i |

102 after reweighing

10° =

- Data - Background
------- DY Sherpa (w/o correction)
——— DY Sherpa

s-#-< Data (Total uncertainty)

- . DY Sherpa = - === DY Powheg+Pythia8 (w/o correction)
---- DY Powheg+Pythia8 ——— DY Powheg+Pythia8 |
——— DY Powheg+Herwig7 7 Total uncertainty
=1 1 | 1 | | 1 | 1 1 | 1 | | 1 | 1 1 | 1 |
m : r :- - : S 1 _4 T T L T I T T T T lL.l_ . T T T T T T T T T ]
g i S :
) “ L ] - e |__l__I T -
// SIS L . /— o :- - g Rl . -
g /,/,/ / FlS S TINLLS 7 L ,. /_ ,/_/ 7777TTr7 E 1 : t= =====Eﬁ= ____ _ - =-=I' -=- ---=- } e “-:
TS 0.8F -
A ' 17 06 o | | L 1]
0 5 10 15 20 0 S 10 15 20
Phys. Lelt. B816 (2021) 136190 Number of reconstructed tracks, n

Number of charged particles, n,
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1
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Measured EW Zjj
Strong Zjj Yield —> CR
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1 1 1 E 1 1 1 iE|
CRb | SR 7 CRb | E
10° = 10° =
102 : 102 -
10E 10
18 4 1
_c-:E:::::::: UE.
o g : .92 :
a ! y 1t 9F ! oy
~  Ee=e= /_.zﬁjr&ﬂ;/*; = IS e —e—e—die ety
8 05¢ ' i, 8 05t '
] 0: 1 1 1 :' © 03 1 | | | |
0o 12 3 45 12345 123 45 1°2.3.4-5 0O 123 45123 4 5
m; bin

Prajita Bhattarai (Brandeis University)

Strong scale factors 0.93 for low mjjrising to 2.2 at high mj;
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Differentiz 5 crpretatio ATLAS

EXPERIMENT

* Dim-6 Wilson coefficients
Cws Cw»> Cgwps Cwg constrained using
fits to EWk Zjj differential cross-section

as a function of A(/bjj

* Limits weaker than obtained from 36-1fb
* W+W- production at ATLAS

* W2 production at CMS Wilson  Includes 95% confidence interval [TeV=2] p-value (SM)
. coefficient | Mgg|? Expected Observed
* EWKk 2Zjj with CMS cw |\ no [-0.30, 0.30] [-0.19, 0.41] 45.9%
yes [-0.31, 0.29] [-0.19, 0.41] 43.2%
% However these measurement only TR 0 [C0.02. 0.2 [C011L 0.14] % 0%
includes linear term and more sensitive yes  [-0.12,0.12]  [-0.11, 0.14] 81.8%
cuwp /A2 no [-2.45, 2.45] [-3.78, 1.13] 29.0%
to impact of missing higher-dimensional yes [-3.11, 2.10] [-6.31, 1.01] 25.0%
cawg /N no [-1.06, 1.06]  [0.23, 2.34] 1.7%
operators yes  [-1.06, 1.06]  [0.23, 2.35] 1.6%

% Also the limits are on A ;; more

sensitive observable to CP violation
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