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I\/l Otlvat|o N from Ruth Jacobs @ status report

What are angular coefficients?

do il 2 d ! The Drell-Yan differential cross-section can be
5 — 1+ cos” 0+ Ai(y, pt, m}Pj(cos 0,
1 v, dpdq  dprdydm \ iz:; iy i (b)/ split into 8 helicity dependent cross-sections.
) 1
G od in 2(1‘3°°520) The ratios of these helicity dependent cross-
W+ P‘(°°Sg"“_’) B T"?i”w sections over the unpolarized cross-section
G il el are denoted by Ai and are known as the
g v I’z jgzzzz; I i';{zww Drell-Yan Angular Coefficients.
g 9 |=
Ps(cosf,¢) | = sin?@sin2¢
Ps(cos,6) | = sin20sing Coefficients are coupled to polynomials Pi ,
Angular distributions: Pr(cos6,¢) | = sinfsin¢g which are related to spherical harmonics.
« enable precise measurements of DY Angular coefficients A
production dynamics » for 2—2 (LO): angular dependence fully
« spin-correlations between initial partons analytical!
and final state leptons (born-level) * higher orders: Ai encode hadronic
9 harmonic polynomials Pi(cos8,¢) | = T °°° W T
+langular coefficients Ai(pr,y,m)
+|unpolarized cross-section oY*-(pr,ym)| | = <o ---: W
NLO NNLO
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I\/l Otlvat|o N from Ruth Jacobs @ status report

Why measure A; in W events?

* also an important input to W mass measurement:

hysi delli
m,, (aras e7tev) = 80370 £6.8 (stat) £10.6 (exp. sys)£13.6 (mod. sys) MeV Dat Al 7TV A~ 0
« total uncertainty on ATLAS W mass measurement ~19MeYV still larger than 8MeV from Luminosity 45~ Improuved
. Nb. of candidates ~ 15 x 10°
electroweak fit Most sensitive dist. P
« Bottleneck: Physics modelling uncertainties Physics Mé’g;”mg Une. : 5
QCD (p¥) 6 <3
QCD (Al) 6-) data input s 3
PDFs 9 6
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Analysis goals

from Ruth Jacobs @ status report

2 :— —— W DYTURBO O(c?) *tﬁ’
- —— W'DYTURBO O(c9) ti;:*
1.5~ — W Powheg+Pythia ...::t"
I —— W* Powheg+Pythia e
=3
1:— ift
- g ¥
0.5F o
E 2
C ==
- T
of==*
L El g s POy po p o Py poagEa @
0 1 2 3 4 5
Iy"I
UZrvrTm LA B B B AL L B LB R %
- ATLAS Simulation ]
L \s=8TeV :
0.15 —
- —=— DYNNLO (NNLO) .
| —e— DYNNLO (NLO) ]
0.1 f .
0.05 yﬁﬂ%T '+_$€
L —o- 1
OF—--------=------ :-Q:-—o-ww'o—o-"'—o———o—-
: 1 l 111 1 A ¥ N - - lll 1 N

pZ [GeV]
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i) Ag

As: forward-backward asymmetry for W
direct measurement of W longitudinal
polarization

polarization: important source of uncertainty
for the W-mass extraction from lepton pr -
spectrum

ii) Lam-Tung relation (Ag-Az)

prediction Lam-Tung: Ao-A2=0 (because of gluon
spin-1
holds at O(as), can be violated at O(as?)

Z-boson-events: observe violation of Lam-Tung at
O(as?) (factor ~2 larger than predicted)
— also observed in W events?

q w q w

y

g

0.2
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0.1
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0.02

B Nw+ — Nw-
B Nw+ + Nw-

Aw
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LA RLAA (L2 R2RE RARA RARA ALY LAZNRAZN

oO

‘O.5IIH1HH1.5HH2HH2.5
Iy“I

iii) Charge Asymmetry

» measure as function of boson rapidity:
add more information than in measurement as
function of lepton pr

 AiFramework: extract cross-section in full
phase-space
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I\/l easurement St rategy from Ruth Jacobs @ status report

1.) Theoretical predictions (Reference Aj) < 1 (1 - 3cos26)) = 3 = g); (sin 26 cos 3) = 1 e (el i1 I
» Aienter MC prediction implicitly - %O 3 , 3 , 19

. _ 2. L Dy . 2 £ A
- orthogonality of polynomials Pi(cos8,$) Ssinficosgy =gt \0a)=god (SGUsInCg)= S

— average of P; relates to A (sin20 sin @) = %Aﬁ; (sin @ sin @) = 1A7

f P(cos 8, ¢p)do (cos 6, ¢)d cos 0d¢
[ do(cos 6, ¢)d cos 6d¢p

2.) Templates of angular distributions (P(cos 6, ¢)) =
« after selections on final state leptons,
angular distributions are sculpted

* can no longer describe by 9 polynomials! S wsfamasimema 0T 0 T 8 1.4 ATLAS Simuation Intermal " Tempiated . 1
“ ”» . = - — 8 g -2014- . -~ - Vs = —— T lated P n

«  “fold” P; to reco space using MC to model s T g 12 egrated  Templated P!
: § 10- B 3 1 p2 = 2225 ng v From Z Ai B

acceptance, efficiency B o FITTEERE aiassomzotto ’

S B i < 0.8 - =

o - [} - - - <l

ST 1 E o6f —— PR

3.) Template fit to angular distributions i 1 7 o4f e -
: : ] —— i ——

« fit folded Pi templates to data, extract oF ] Og—r— - e
' ~F 7] 0.2F - E

Ai in full phase space By vo o f oy ofife u o alia pucy gl N P oo s e pl

-1 -0.5 0 0.5 1 -1 08 -0.6 -0.4 02 O 02 04 06 08 1

COS Opq

* include background templates
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M easureme nt St rategy from Alexander Bachiu @ WAI report

dpl dyWdmWd cos0dyp 167 dp!}dy”d’rn”l

5
1 4 cos® 0)+ZA, (P}, y",m") P(cos b, p)}

1=()

Reference coefficients are created by taking the moment using truth MC.

_ Jdo(pr,y,0,¢) P; (6, ) dcos fdyp

1
sin @ cos = el
fda (pr,y,0,¢)dcosOdyp (s S ) 143

(P (0,9))

Templates of the polynomial distributions are created in the truth and reco phase.

&° 6

: truth
4
L= 3 P, (c0s 085, @B wevent (1, 1) I
87 = - 3
: . AT ruth Truth i ref o AT ruth ,Truth
eventeA; T {P8 ("0”9(?5 »PCs ) £33 Aij Pi ("0h 0cs"™" vcs )}

3.5 4 35 4
080 cosfgg

Truth phase space templates are folded into the reco phase space in likelihood fit.

N | N bkgds
L (A’I’ :ullN) = H Z Hj T Z TB + TF(I]\'FS
7=1 B

T
Tg_'/‘ + Z A,'./' X 71”

i=0

events
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The Colins-Soper Rest Frame

X
, w X
e 4
o . e W Docs
----------- N--------¢--- T Z __.-"‘ Cs
o <y s
P P a L "1 e O
- - = ez p p = - ~
Lab Frame CS Frame

Angular variables 0 and ¢ defined in Colins-Soper (CS) rest frame:
* boost into the W-boson rest frame

« rotation into special CS frame

« CS frame: incoming partons lie in plane spanned by x- and z-axis

» angles 6 and ¢ defined as angles between negative lepton (or neutrino)
and xz plane

« choice of rest frame is arbitrary, CS has been conventional choice

19.01.2022 Daniil Ponomarenko (Nikhef & MEPhI) 7




Neutrino Pz reconstruction from Ruth Jacobs @ status repor
Neutrino reconstruction: Hadronic recoil R . ‘ , R
. < .
« vectorial sum of all transverse momenta of < ATLAS Internal ~ —— Nominal
. > 0.5} Vs=13TeV, 335.2 pb”' —— VHStyle
ISR objects = Powheg+Pythia8, W'ev+— Rotation p,
« ATLAS: use PFlow objects (neutral & charged [ """ ‘ 8 04 ~+— my+100MeV =
[ =4
(+ complications e.g. to make insensitive to *F -
e,y channel)
5
miss e BV _ - > £
Solving for the Neutrino Pz: E;™ =pr = (uT +pr ) } 1 |
* W mass constraint: quadratic equation 10 102
—b++Vb%2 -4 v [Ge
(p* + qu)2 - m2W =  q,(1,2) = T‘-’C Py [GeV]
<N 0.4f : - 1.6 - ————rr _—
» two real solutions (mt< mw): ambiguity in cos@ c ATLA::? Iste:;;alz 5 o Not;unal = ‘a ATLAS Internal —e— Nominal
o ; 2 0.35)Vs=13TeV, 335.2 pb” —=— VHStyle > A4l {s=13 TeV, 335.2 pb"' —=— VHStyle
solve statistically — pick one at random! € o Powheg+Pythias, W* Rotation p, €l Powheg+Pythias, W'ev-— Rotation p,
» complex solution — set to default cos® - We optimized procedure when there is no solution! 3 ’ —+— m+100MeV 3 ’ ~=— m+100MeV
(can still exploit ¢ information!) 5 025 5 1
0.2 0.8
0.15 0.6
Which solution style gives us the best statistical gain? ol ok
+  Nominal: Only real solutions chosen randomly, when no solution given default cosB¢s value 0.05 02
and ¢cs calculated ‘ ; '
+ VHStyle: When A <0, take the real part, pz = -b/2a L =% i
4
*  Rotation pz : When A < 0, rotate the MET by the minimum amount needed for a solution* Mr Py [GeV] P} [GeV]

*+  +100MeV: When Myt > My ppg, replace My -> My +100MeV
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PtYMReweightingTool corrections

o Aim to use well-known DYTURBO prediction

o pTW corrections range is from 0 to 100 GeV
o QOverflow/Underflow pTW entry defines weight truth = 1
o pTW tail’s bins would be renormalized during final fit

o pTW analisys uses a bit different approach:
o use 1D reweighting, that best fit to reco-level data, this is designed to measure the pT spectrum with a small unfolding bias.

o Eventually, e.g for mW, best model will be a tune to pT measurement, and once have it group can 2D (or 1D, y-sliced) reweight to

that tune.
L Entriesrn Inu§82745 B
. Mean 52.21 )
1.25 pTW anaIVSIs Std Dev ” 28.86 | _ 12— WAI analy5|s
m
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1 E: it
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/
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ReCO| | CO rreCUO N from Ruth Jacobs @ V) studies

e

2—20000_— —e— relax all, slice calo
Improved recoil calculation: = - e re:ax au; snc:macn:
~ -22000[— —e— relax calo, slice calo
+ recoil calculated from all Pflow objects in event s _ —— rimxiack.wos
« cone of AR=0.2 around lepton excluded to prevent _24000;_
double-counting ~26000(—
* replace by random AR=0.2 cone in the event away _280005_
from leptons or jets -
-30000—
» thisis ok for isolated leptons... s
—32000_—
...BUT... -34000:....|....||...|....|.... L Tmg
* in MJ events leptons are mostly close to jets S R L
+ above method fails —ii] .
%) ATLAS Work in Progress q:)
. S, imegral: 130040300 o ¢ 10* &
Solution: o Cross-check: 51005 B2 ad2 eSS -
» instead of underlying-event-type cone, use isolation: o defir)e uy: projectipn of 10?
- S T—— recoil on lepton axis
U = w4+ u™°, where ) o , 1
- 20. 7 o if the recoil isolation
= DLEONEEw i correction works, average of

u,, is independent of iso slice

[N B
0O 5 10 15 20 25 30 1

Iep0 ptvarcone20 [GeV]
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Software organization

M MiniTreeMaker13TeV
Project ID: 28302

. EOS / DESY disk space
. Size: about 600 GB

* cos 6 & ¢ templates
- folding, fit

- for signal & bkg

* treatment of syst.

- extraction of A

. Final event selection
. Applies corrections, SF, Calibrations for low-mu H HistMaker &
. Calculates H.adronlc recoil Project ID: 87385
. Solves neutrino Pz

. Runs with HTCondor

. Corrections and normalization in place
. Tree with correct branch names

. EOS / DESY data storage

. Size: about 100 GB (+ systematics)

---->

MJ hist collections

d Uses microTrees Ntuples to process data (as ROOT files)
. ROOT:RDataFrame (32+ CPU threads / Spark)
. Data analysis is flexible on localhost

. Easy to use for any kind of data studies XTauReader
. Full support for Project ID: 20012
. + control plots

. + MJ estimation with iso slicing

Regions, systematics

Control plots
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Event Selection

Reco: Loose preselection
Loose LH Medium muons
pT > 20 GeV pT > 18 GeV
|eta|<2.47, w/o crack from 1.37-1.52 |eta| <2.4

TRUTH: Fiducial Region

No isolation No isolation
[ ] i *
| dOsignificance| < 5 | dOsignificance| < 3 no cuts applied”, keep all truth
. . events
DeltaZ*sinTheta < 0.5 DeltaZz*sinTheta < 0.5

 folding of templates before fit

_ _ _ , takes migrations into account
Reco: Final Selection Signal Region

« aim: measure A; in full phase

: : space
Tight LH Medium muons

pT > 25 GeV pT > 25 GeV

ptvarcone20/pt<0.1 ptvarcone20/pt < 0.1

topoetcone20/pt < 0.05 topoetcone20/pt < 0.05

No cuts on MET and mT !

19.01.2022
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link on slides

Sensitivity Studies: Event Selection

cuts: pr,Ermiss, M § ofp S10s s S
10: 15 = 13TeV, 339.8 pb"' E;":’E"BG 1
10 »/dol = 185 5675 ‘! :
o T T T T T T T Tl T ™ ’ J <° :' B ’ RIS x E T ETe 20
< N ] - - ATLAS Internal ) 1 1 opocicone
c g ?_TLAS Internal _1—0— 25,25,50 | : s 0.25 (513 TeV, 335.2 pb”" medium ID, w/o isd
'E 0.5 Vs=13TeV, 33.5.2 pb+ —=—20,20,40 — : £ - Powheg+Pythia8, W'ev i s : -,
o - Powheg+Pythia8, W ev+— 20,0,0 ] : §  0.2[-iso=topoetcone20/p! <0.05 it - !
5 o ——25,0,0 ke - N e X ;
g 04f g 5 g o
o : y .
) 3 /: P S S 0 L TR L IOBBORn rerensocns, . 0.15 e R R
0.3 - % 00 F ol
£ ] E7" [MeV] 0.1 TopoETcone20/pr1<0.05
C q 90% sig.eff.
0.2 — £ _FEATLAS Intemal o Dyai7Ooatt wn [ 53% bkg. rej.
. : 5 10* aﬂ{f I‘ntemal | g?w(; 174Data18, low . 0.05 0’2, 0 DKQ. rej
B - Vs = 13TeV, 339.8 pb v
0.1 v =00 ot 1 'l 0 L 1
3 ’ 10 107 0 0.4 06 08
K o
Ok N L ) Lol ' L H\ pT[GeV]
10 10°
pY [GeV]
g
£
o 1
e SR IO U SOt SO . | - | WH—e*+y,
[ 10 20 30 40 50 80 70 80 90 100
ET™ [MeV] -
! No. of Data No. of Signal No. of EW Bkg .
Cut Events Events Events No. of MJ Events| Signal/Data
« statistical uncertainty only (expected to be dominant) lepPt > 25 GeV 2452868 1314812 170669 967387 0.54
3 giE o . . . i lepPt > 25 GeV o
+ gained a lot of Aj sensitivity by relaxing cuts on MET and mrw in our signal region Hecon TEntiD: | o) (24435010 92} 1522 1B (0 91) | 2968281,(0.02) 1052 (x5
lepPt > 25 GeV
* butalso a lot of background... Electron Tight iD 1?3‘2‘57 1099013 (0.84)| 140191 (0.82) | 286273 (0.3) | 0.72 (+33%)
topoetcone20/lepPt < 0.05 i

New selection had required new SF: slides
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Validation

using Craig’s plots
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Events

Data/MC

Events

Data/MC
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ATLAS Internal
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o
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o Able to reproduce Craig’s plots using xTR.

> No pt reweighting applied
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Validation

using Craig’s
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o Able to reproduce Craig’s plots using xTR.

> No pt reweighting applied
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Control plots with PTRW 14/3 tasks from Damiel
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current issues
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o See uT problems in electrons and not muons:
o ruled out the possibility that the problem is caused by the signal modeling. Is it coming from MJ?
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Studies on MET and mT cuts + SF corrections from Alex

Wai SR & MET > 25 GeV SR & MET > 25 GeV & mT > 50 GeV
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Leading lepton eta distribution
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oTW analysis faces the same uT problem

o Main goals:
o Validate MJ estimation algorithm Wai analysis uses

g MJ shape Wminusenu, 13TeV : . MJ shape Wplusenu, 13TeV 4 I
i B I B o Rescl)lve ur tail issue which is common for both
§ s - {SidDev 26,69 g 3sE- . {SidDev_ 24.05 n |
i | Zhibo | i Zhibo 2022 year | analysis
£|— Tairan ' —Tairan | 2020 year . . . .
|- chen | " Chen | 2021 year  © Rerunning analysis using latest HistMaker

version for pTW analysis selection

T D e =T 1 o expect to reproduce Zhibo’s results

1— 1

M o 1, o [ o i o B . ° Rolling back to older HistMaker versions might
T rern o | ] help to find where impact comes from
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https://indico.cern.ch/event/1112242/contributions/4676272/attachments/2371654/4050524/MJshape_20220112_v2.pdf

oTW analysis selection

Electrons preselection:

xTauReader's selection on NTuples:

@ pr > 15 GeV (supporting note says 18 GeV)
SR:

@ Vertexing cut: |Azy| < 0.5 && |d:g| <5

® Crack cut: || <= 1.37 or |n| >=1.52 0
,reco
® Eta cut: || <= 2.47 @ my > 50 GeV (m_-treeOut — recoW .mT)

@ Medium ID: el.isMedium == ® ptvarcone20/pt < 0.1

EPss > 25 GeV (m_treeOut — met _tlv)

HistMaker's selection for NTuples: CR2:
ET'S > 25 GeV (m_treeOut — met _tlv
@ Charge: elcut_charge[0] < 0 T ( )
W, reco
@ One electron: elcut.n == ® m; > 50 GeV (m-treeOut — recoW .mT)
@ Electron trig matched: elcut_triggerMatched[0] == @ ptvarcone20/pt > 0.1
@ p5 > 25 GeV: elcut-tiv[0].Pt() > 25000
> L I N A A
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MJ estimate in low-mu WpT analysis ~ AT-compirs-2019.076
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https://cds.cern.ch/record/2657146/files/ATL-COM-PHYS-2019-076.pdf

MJ estimate in low-mu WpT analysis ~ AT-compirs-2019.076

MJ Normalization: Boot : o
* repeat MJ estimation for different z: o it s
anti-isolation slices (CRj) . ol R
 fit linear function m -
« extrapolate back to the SR Xh
MJ Template Shape: WZ: Lot bodonlnn b ol
« MJ distributions in CRi don’t match their SR counterparts e

* bin-by bin linear shape extrapolation
« assign 100% uncertainty

[CR1] [CR1] [CR2] [CR2] [CR3]
2 S VAGE VAWAN L ACVAN |
[SR]

/N =i;[(/\c“i/{“f) (= 0
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The ptcone20 recoil correction for W — e v

HistMaker's selection:
slope = -0.16

upar_lepton [GeV]

Applying ptcone correction :

k=1.179

By Zhibo (SR + CRujght):

— <upar_lepton>
= slope = 0.001 + 0.009

@ What selection is behind
SR + CRtight?

Daniil Ponomarenko (NRNU MEPhI, RU NL)

Entries

Iep0 ptcone20 [GeV]

slope = 4.46

e Ll
02 04 06 08
plconezo/pT

SR + CR2

(no isolation cut):
slope = 0.09

15 20 25 30
Iepﬂ ptcone20 [GeV]

slope = 11.89

Workip Progres
rSFg rdfax all S0,

04 06 08
plooneZO/pT
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Calculate MJ template shape: W — e~ v channel

In assumption, extrapolation is linear: @ Compared my MJ shape with both Data shapes from
H[O.A,O.B] (X] = [0 A 0.8] (X] - [O.A,O.B] (X] SR:
AH[X] = 4{(,_101015 Hgﬂ}soz) (H03025 HO- 2503) » My Data shape in SR
0.3,0.35 0.35,0.4 0.4,0.45 0. 45 0. 5 > Data shape provided by Fabrice:
+(Hyp - Hy, )+ (Hyy —Hy, )} . .
sie 0.1.0.15 ../v20210602_fballi_prod_pTWanalysis/
H [X] = HMJ, X +2- AH[X] pTWanalysis_-wminusenu_DATA_13TeV/
However, some iso-bins shows non-linear behaviour. Nominal/datal718_ WZ _lowMu_repro_13TeV.root
x10~
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Calculate MJ template shape in 3 slices: W — e~ v channel

Limit anti-isolation slices scan to 3 bins: Binning(3,0.1,0.4) @ Compared my MJ shape with both Data shapes from

0.A,0.8 0.A,0.B 0.A,0.8 SR:
H’[VU ][X] - Hgata ][X] B H'[V’C ][X] » My Data shape in SR
AHIX] = L{(H0:1.02 _ 02,03 02,03 _ 10.3,0.4 y pe .
X1 = 5{( vy HTT) + (Hyy 7 = Hyg o)) > Data shape provided by Fabrice:
H;’E[X] _ H,?/;}’OQ[X] + AH[X] ../v20210602_fballi_prod_pTWanalysis/

pTWanalysis_-wminusenu_DATA_13TeV/

However, some iso-bins shows non-linear behaviour. )
Nominal/datal718_-WZ_lowMu_repro_13TeV.root
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Reproducing pTWanalysis

-6
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10* 2t 1 o My results are close to Zhibo’s
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MJ estimate in WA

Isolation a

1) Selection of e 2 | :

» relaxed cuts on MET or mrw in our signal region ;’-\ '

« cut on track-based isolation (ptvarcone20/pt<0.1) y - |
& calo-based isolation (TopoETcone20/pt<0.05) 'ERRRERNN,. MY

* cannot use our signal region directly to derive - & S
templates (dominated by signal modelling) E,‘,::f Ve =i

* define CR to extract MJ shape: A o $

* relax only track isolation
 define anti-isolation slices based on track isolation

>

Kinematic cuts

19.01.2022 Daniil Ponomarenko (Nikhef & MEPhI)




MJ background in W-Ai analysis

@ Two steps to get MJ background:
» Calculate MJ normalization:

antl—ISOIated s“Ce Flt reglon * repeat MJ estimation for different

10° X10° anti-isolation slices
R T RN RRRRANARRRRARAR LRSS N A ARRARAAARAR AR * it linear function
82 mpmnrom  8E & o % extrapolate back to SR
o o
3 xT 3 305 » Calculate MJ template shape:
c [=] E -
L%’ >"§i *  MJ distributions in iso-slices don't

u E match SR shape
0.5 10 * apply bin-by-bin linear shape
_ nk I h _ nk extrapolation
%12!”””“””‘””@ 3,0 T % assign 100% uncertainty
o o -
st = oy o S .
S :::::::!l::::::””””I””I”H P tmtti et et @ Use 4 discriminative variables:
T [ T r 7 .
e T T T O] > pr, mr, EF* and |A¢(L — MET)|
45 20 25 30 35 40 45 .. . .
len, b, [GeV] lep, p, [GeV] @ Use 8 slicing bins in ptvarcone20/pt:

> Binning(8, 0.1, 0.5)

Note for W~ — e~ v @ In the fit use fixed EWK background

normalization.
@ The EWK comtamination in the 1° isolation slice is 6.2% . .
Isolation ptvarcone20/pt slices for

W™ — e v for all 4 variables are on
@ for muons we have almost the same Slides 21, 22, 23 and 24.

@ 5.2% comes from the signal
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Calculate MJ normalization in the signal region

T T T T
-5 MU ftwith m_lepmet_r
S i mser ot
= MJ ftwith
5 W3 i et

x10°

TLAS Work in Progress.
Rolaxed DummyCul-FR.

0.3]

[\

Evaluated MJ/0.05

0.2

L |
[ 0.1 0.2 0.3 0.4 0.5
plvarcone20/pT

W™ — e v Signal region

Ww- — M v
x10°
0 £ T 1
= [ areas workin Prwvess ﬂ»MJlehh mepmet
S oo Eamre SRR
3 0.18p Dummy swmmmb.ﬁm,am -
3 L ]
5 016 3
E] L =|
3 [ ]
@ 014 B
0.12 -
o1 E
008; L L L L L <
0 0.1 0.2 0.3 0.4 0.5
plvarconezo/pT
W™ - p v Signal region

Total Number of MJ bkg 213593
Luminosity and cross section 774 (0.36%)
Intersection point 37474 (17.54%)
Extrapolation target 1109 (0.52%)
Choice of hists 12492 (5.82%)
Isolation correction NaN
Correlated Uncertainty 39542 (18.5%)

Total Number of MJ bkg 118754
Luminosity and cross section 405 (0.34%)
Intersection point 11269 (9.49%)
Extrapolation target 15 (0.01%)
Choice of hists 3756 (3.16%)
Isolation correction NaN
Correlated Uncertainty 11275 (9.49%)

Daniil Ponomarenko (NRNU MEPhI, Radboud University

The error bars are multiplied by
v/x2/NDoF

Take final MJ yield as mean at
ptvarcone20/pt = 0.025

Less MJ background contribution
for muon channel (as expected)

Dominant MJ yield uncertainty
comes from intersection point

For now we don’t use ut slicing
as pTW analysis does:
> To improve yields precision
might also consider to use
set of ut cuts to take

control over jets activity:
[15, 20, 25, 30, 35, 40, None]
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Calculate MJ template shape

. L . . In assumption, extrapolation is linear:
@ Calculate shape correction using isolation slices for

[0.A,0.B] [y _ 14[0.A,0.8] [0.A,0.B]
final MJ templates H (X1 = Hpyea [XI = Hye (X1
0.1,0.15 0.15,0.2 0.2,0.25 0.25,0.3
@ Given the large statistical uncertainty and the linear AH[X] = %{(HMJ — Hyj )+ (HMJ — Huj )
approximation used, the shift AH[X] applied is +(Hl?/ﬁ’0'35 - H,(\)/'35‘0'4) + (H,?/;j’o'45 - H,(\)/',jS‘O'S)}
. o . . .
assigned a 100% relative uncertainty H/s\/',gj[x] _ H/(bj,o.w[x] 2. AHIX]

> D e e o e e IS e e
Brof i = N e ¥ Wo ey Signal region
3 105 et i) % O r ncontel ’G”EE;::észm-Mggg %g&,ﬁ:g-‘;g R Total Number of MJ bkg 213593
£10 i e I ARSI SRR O Data Stat. 1546 (0.72%)
2 10t 2 o0 R MC Stat. 2120 (1%)
w % T Bl Shape Correction 3236 (1.52%)
16° @ [ ] Uncorrelated Uncertainty 4166 (1.95%)
£ r ]
0.1— =
_ 10 E L 1
% 1.2 z [ | ] W™ - pu v Signal region
E r‘; T T Ty Total Number of MJ bkg 118754
s T 2 1.5- g Data Stat. 775 (0.63%)
8o & 1= ” ‘ ‘ E MC Stat. 924 (0.78%)
Tl M L \ 0.55 | A Shape Correction 1014 (0.85%)
0 50 100 150 & 50 100 150 Uncorrelated Uncertainty 1561 (1.31%)
Iep0 P, [GeV] Iep0 P, [GeV]

However, some bins shows non-linear behaviour.
Daniil Ponomarenko (NRNU MEPhI, Radboud University November 12, 2021 6/39



MJ background: control plots in the Signal Region for W= — e™v

< < S B B B w0 P AR RR R RN R a
e ] 8 F bl
2 S LT 2 BT EE S SmRe 5 Blesedicd
2 ey 2 W = 210 SRy e
2 2 H § 2 =
[ I = 510 g
I
10° 1
3 g ey 5 ®
<} 81 — B g 12— g
= 1 s - . 1 = . 1 s - 1
[ S S < L — S .
g pR—— g 7 = ] g ] g T -]
o o8 | o o8 | | [ S o8 | | | | | co8 | | | | I
T T T TN I
0 100 200 300 400 500 600 1 2 3 10 1 2 3 4 i 2 3 4 5 &6
u, (optimized boson pT bins) [Rotation] [GeV] 1YI [Rotation] cosHgS® [Rotation]
< < 9 9
2 € og- g e e g
8 8 7 et g ey o e 4
2 £0.08] 2 0.8 RO e 8
2 Bl £0. £ 0 P it Rt g
@03 E & & T ] Z
3 ol | E 302 3 0.6 E u‘é
g™ 1 foi1s 504 3 s
5 3 & £ ] £
2 ot E Z o1 S o2 j E 5
| ] z
i W) L L L L J 0.05t L L L | sl bl
T T T T T s T T T T T
2 156 215 RN ] E
5 5 5 d 4 5
T 1Pt | c 1 T i l 4= # .4 E
0.5 o. 05 R .
100 200 300 400 500 600 2 70 1 2 3 4 6

u, (optimized boson pT bins) [Rotation] [GeV] 1¥1 [Rotation] cos0Ee° [Rotation] 4% [Rotation]
Not good Data/Bkg agreement for ur and |Y| distributions. Problems with cosfcs in SR.
@ tail of ur seems has wrong correction or bad Top modelling? This also observed for muons (see slide 8).
@ high |Y| region: non linear iso-extrapolation effects in MJ?
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MJ background: control plots in the Signal Region for W~ — u v

c10E < R B B B I QAT F T g [T
@ ATLAS Work in Progress. @ ATLAS Wotk iy Progrss ] ATLAS Work in Progress. = [ [ ATLAS Workin rogross 4
~ s«rm‘f |GTeV ~ 'l' = 340pb", V5= 13 TeV' = S wvu'l’
2400 8 fon's 3 10° - Lows Runz =] 3 Lowes R
£ £ SN 2 W g 3
s & o de1 sa10 g 5. = 2
[P I g0 g H
£ 10*
10'g
1
107l 10° 10°
g g g g
g 1.2 Bl S 12— - g 12 Bl S 12— -
= 1 s - 1 = - 1 s - 1
g [ s = s [T = ] —
T - 1 T [ ] T ] T [ ]
o o8 | o o8 | | [ S o8 | | | | | co8 | | | | I
T T T TN I
0 100 200 300 400 500 600 1 2 3 10 1 2 3 4 i 2 3 4 5 &6
u, (optimized boson pT bins) [Rotation] [GeV] Y1 [Rotation] cos0E° [Rotation] 4% [Rotation]
E “‘r‘L“s‘v‘v‘HWHWHWHW;‘ N R A g P g 0SFTTTTT Ty
D 0.af- AT -Tﬁ?j’i‘%m 20250 o bR i e 3 RF
2 in control regiomieR; g | moomoireg e oo | % 0.8 3
E 1 £ I TGSt 1 &k m:wm 1 2
2 & 2 0.0l s ek cafd o o £ i e 10 o
[ El [ - ] 5 0.6] B 2
- 1 - 1 u = B 5
o ] 1 r 3 o 1 w
N g N F ] ] °
2 ] 50.15F 3 2 04 b 8
€ k| E T g bl s
S 3 s r ] & 3 E
] 01— - z ] S
.| Cow oo b Ly 1y ] L L |
T T T
° o 156 E ] i 2
5 5 5 5
-4 T —————__.___= 4 s
0. 0. L | | :*:\ 0. | | | 1 | |
%700 200 300 400 500 600 1 2 3 2 3 4 i 2 3 4 5 6
u, (optimized boson pT bins) [Rotation] [GeV] 1Y1 [Rotation] cosiss” [Rotation] e’ [Rotation]

Bearable Data/Bkg agreement except ut distribution:
@ Might be wrong ut correction for W decay or bad Top modelling.
@ Comparing to electrons: high rapidity region works better. No huge discrepancies for-cos 8¢gs and ¢cs.
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Towards MJ in 2D
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2D MJ estimation: general idea

@ Same approach as for 1D (bin-by-bin extrapolation), but working  Note
with 2D histograms: o ) ) ) Some bins for derived 2D templates
© Calculate 2D shape via isolation extrapolation method in SR are negative.
@ Scale derived MJ template by MJ yield from SR (see Slide 5) @ Set them to 0.

@ If possible, use one MJ template from SR along all |Y| and u7 bins. @ More on Slide 25

reco reco.

Example of 2D MJ shape calculations for cos 0% vs. ¢Fc°:

HE [X]

0.1 < ptvarcone20/py < 0.15 0.45 < ptvarcone20/py < 0.5

Progress

R2

reco :
‘bcs [Rotation]
reco i
¢CS [Rotation]
reco "
¢cs [Rotation]
3
Entries
reco "
¢cs [Rotation]

3 4
cosie” [Rotation]

1 2 3 4
cosOES° [Rotation]

cos6S” [Rotation]

cos6iS° [Rotation]

Daniil Ponomarenko (NRNU MEPhI, Radboud University November 12, 2021 10 /39



W-Ai analysis binning and MJ shape

Use MJ yield normalization from given bin in 1D
distribution

@ Use 2D MJ template (cos 055° vs. ¢EE°) derived
from SR for all ur and |Y] bins:

Signal region binning
@ ur: [0, 8, 17, 27., 40., 55., 75., 95., 120., 160.,
220., 600]
|Y]: [0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 3.6] > as a temporary solution to see if MJ shape
from SR would work for all bins.
> in short - it doesn't work for electrons
(slides 12 and 15).

@ Have to provide MJ estimation for 18 bins in total

€ [T T T T T < e N IR e B
QU0 Fapeventae SLMERERIT 0 guswenge  ShEELEEL S
L . [ Low<u>Run o 2o 0T ) Low <> Run2 =
51" 5 Rl g
@y os St fir s,
10 e §a
S
10*
10°
5 LS SRR B T
g 1.2 4 Bl
= C b = r J— b
= et ~ 1 =
9 . B —————————— S . 4
8 0.8— 8 0.8 _
b e e Tl o 1
0 100 200 300 400 500 600 0 =1 0 1 2 3 4
u, (optimized boson pT bins) [GeV] 1Y! [Rotation] costigg” [Rotation]
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MJ agreement: cos 05° as function of ut bins

Binning variable: 8o i - =
RS RARsRARa R R R R RA R Ea e T £ 2 =F
@107 ATASWokinPogess S Etmmmen gt o @
3 SRS IEEE . . "
2 10°k Shwze
5 1o ~ 1 10
&g 3 9 & T RN 9 8f B q
P - A : EH -
s F - g F = s R sac=— o
Soff 1 & H Soff T
-1 [ 1 2 3
3 a < a
&1 g {
S 21 2 £
e | | | 1
100 200 300 400 500 600 107]
u, (optimized boson pT bins) [GeV] LREN i 3 g
R e : E
FR s . = s
reco 8ogl 4 & g
@ Use cos05° MJ template Ty
from SR for all ut bins costs” [Roaton) costs [oaton]
@ MJ yield normalization is < e o
provided by MJ yield in given E, 5
ut bin 10
:
@ In the MJ populated ut bins i i i
(2,3 and 4) Data/Bkg F R + 3
B . . a 0 0.8 — 0 0.8
prediction discrepancy ~ 20% L 4
at the cos ere,;o tails costzE” [Rotation] costEE° [Rotation] costiEE” [Rotation]
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MJ agreement: ¢¢° as function of ur bins

. . 8 g10° 8 8
Binning variable: S
@10 ATLAS‘\IPkamvm ' 10t
3
2 100wz _ _ _1 =
Q 81 $ 14 $ g2
o H H H H .
0 5 5 — E 5

3

Events/0.785

Events/0.785

Events/0.785
Events/0.785

Data / Model

0 100 200 300 400 500 éOO

b ERE 3§ 1 g1
u, (optimized boson pT bins) [GeV] % o §n § §m .
Bk ] & Bof o] el T
reco 1 2 3 4 5 6 1T 2 3 4 5 8 1 2 3 4 5 6
] lSJ;ef¢CS|| MJ ::fm plate from e Pt 4= Roton] 42 Folator]
or all ur bins
& ol T ] §w=
. S B0t ey g g
@ MJ yield normalization is 5 [ 5, H
provided by MJ yield in given a1 d a
UT bln Emz 3 [ sz
. g2 —— g1 —— 4 312
@ In the MJ populated ut bins LA s :
(3 and 4) Data/Bkg Stk e T ] S0% Soof ]
. . . 0 1 2 3 E) 5 6 1 2 3 4 5 6 1 2 3 4 5 6
prediction discrepancy ~ 15% 4= (Rotaion] 4 Rotation) 4 Rotator]
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MJ agreement: ¢S as function of | Y| bins
Binning variable:

8 psssspan B B ‘ passannpanan I OV spapavansd snanaiatpesonnn pnanan S Bloy SSARARABAAN
- SIEmSE BRI S Ems EREEMET  COrmmwenrs EEERER DL SOy
£ L AL B 3 R oo Sy 3 oo Sy 5 oo Shmh 5 oo oo
@ ATASWoknprogess | SRy | - O i g e __Se O
= 340 b, 5= 13 TeV S R 8 [ H i H H
P By g & s i s g
2 S | & i i H
£
&
10*
- B _ AL et FOUPTR IO e -
812 H o g1 8 1. g2
= = = =
s I e I s s
g 3 g g
— o 08— 0 08— o 08— O 08— —
5 Lt L SOOI TN TNT Lt
'g 1.2 — 1 2 3 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
§ I — 1 4{52° [Rotation] 422 [Rotation] 4% [Rotation]
SR
8o 1 8 8 [ i wonnpon 8 10°F amabven o
S ot g B f ey RI0E gmamyomy
coecc b e Ly 2 e Lowae A2 e Low 9 Funz
5 S S [ EDET s S [EEETams
1Y! [Rotation] w w w
reco
@ Use ¢5° MJ template from s s s
S 3 EE 3
SR for all | Y| bins H S E —
1 H H H Ez 0.8 el g 0.8— el § 0.8 A
@ MJ yield normalization is b it b b ]
provided by MJ yield in given 42 [Rotaton] 4 [Rotaton] 42 [Rotation]

|Y] bin

Note

@ ¢S shows some MJ normalization problems

-
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MJ agreement: cos 0€° as function of | Y| bins
g cS
Binning variable:

o T T T T o T T T ] T T T T 2 408! T T
&, RN WA A RyeE BRSO AL & n L o end tms & 10 o
SICEMmS Ty SR Sirmamenw-  EEIERER o' mawawe  EEEMERT o Fameaw
g PR NSUR BN B 2 100 S R R P S ] ol ST eems DR | 2 1CERE e
@ , Work § E s . £ s — H=r &
2 o, fs=13TeV @10t L & 10'H = & 10° S ] 10t
£
g 10° 10° 10 10
u 10? 107 107 10
g el PR LWL, R
g 12— - -4 g2 4 g1z 4 g1z -
= ' = _ . = — = . -
s = s = El = El
8 o8- 8 o8- 8 o8- 4 8od ~
5 =TI = e T
'g -1 [ 1 2 3 -1 0 1 2 3 4 -1 ) 1 2 3 4 -1 ) 1 2 3
= r 1 costigg’ [Rotation] costigg” [Rotation) costiZ® [Rotation] costiFe® [Rotation]
| — 5 5 i =
s B I o ——— - a
s T b 8107 IS {1 g
Q 0.8 - R A s S 10°
PRSI A NI S B glf'ﬁiﬁ-ﬁiﬁimm gioﬁ gmﬁ
0 1 2 8. 2 0t 2
Y1 [Rotation] “‘ “‘ Hhot
10° 10°)
§ 100
107 1
reco 107
@ Use cos0%° MJ template T e s
. g 12 -4 g1z g 12
from SR for all |Y| bins H s S L s
1] e i -+ -_— 1]
. . . . Sod 1 Bod - 1 &of
@ MJ yield normalization is : | : I :
A . . . -1 ) 1 2 3 -1 0 1 2 3 -1
cost [Rotation] cost) Rotation] cost); Rotation|
rovided by MJ yield in given o o o

|Y] bin Note

@ cos0FE® MJ shape should be treated as function of |Y|

@ We have enough statistics to split | Y| in 3 regions and derive MJ
templates for each region individually
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MJ from 3 independent

Y| bins: cos 0% as function of | Y] bins

Split SR in 3 regions: W

)

S
Sy ot ot 2

ST o opt 1

Events/0.25
)

Events/0.25

ELy Eiiis
@ gt o

@ |Y| <038 9] ]
_10? _ 10 _

@ 08<|Y|<20 ] EN _
s s = s F

o |Y|>20 ook g Sod ‘ SO iy

-1 3 -1 [ 2 -1 [ 1 2 3

cos0 [Rotation]

cosifzZ® [Rotation]

cosOEZ? [Rotation]

Events/Bin

Data Mocel

i (Fotator]

Daniil Ponomarenko (NRNU MEPhI, Radboud University

costE® [Rotation] cost’ [Rotation]

0 9
gm‘ gm,

£210°) E]

s 5108

@ 10 )

10° 10

i o

3 3

FRE g2

S - e

s — - s

4 5

XS TR | | KX
A - T2 3

cosE® [Rotation]

cos 0FE° vs | Y| dependency effectively

@ Calculate MJ yield and shape individually for each |Y| region

November 12, 2021

o - @ Splitting in 3 | Y| bins shows positive effect, but not able to cope with
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MJ from 3 independent | Y| bins: cos §7%° and ¢EE° as function of | Y| bins

0 I R S I A 0 L I B B e e e e o o RN EAR A
R rw-oevy —SR 1Y [ woev —SR ]
o [ — Y central ]| = 1 —-Y cezgal -
> L — Y middle ] — Y middle -
_8 0.4¢ 1 —Yfoward | 'g r — Y forward
g | 1 Gos ]
5 0.3F 1 8 H 1
@ 3 1 N L 1
5 0 ] =os 1
o2 1 3 I ]
b4 [ ] 0.4j N
il §|—A— i 0.2} {
ol Ll 1l s PR == Nl I R I

0 1 2 3 4 5 6 -1 0 1 2 3 4
¢'Ce;° costig’

Note
@ cos O’ MJ template shape depends on | Y|

@ Same behaviour in the muon channel
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Impact of | Y| binning on sys. uncertainty for W~ — e"v

W— = e v Signal region Central |Y| < 0.8 Middle 0.8 < |Y| <20 Forward |Y| > 2.0
Total Number of MJ bkg 213593 66379 85483 68633
Luminosity and cross section 774 (0.36%) 234 (0.35%) 332 (0.39%) 172 (0.25%)
Intersection point 37474 (17.54%) 13077 (19.7%) 19137 (22.39%) 14634 (21.32%)
Extrapolation target 1109 (0.52%) 457 (0.69%) 798 (0.93%) 1260 (1.84%)
Choice of hists 12492 (5.85%) 4359 (6.57%) 6379 (7.46%) 4878 (7.11%)
Isolation correction N/A N/A N/A N/A
Correlated Uncertainty 39542 (18.5%) 13079 (19.7%) 20191 (23.6%) 15478 (22.5%)
Data Stat. 1546 (0.72%) 770 (1.16%) 984 (1.15%) 1071 (1.56%)
MC Stat. 2120 (1%) 1039 (1.57%) 1257 (1.47%) 1779 (2.59%)
Shape Correction 3236 (1.52%) 1017 (1.53%) 1785 (2.09%) 1031 (1.5%)
Uncorrelated Uncertainty 4166 (1.95%) 1645 (2.48%) 2394 (2.8%) 2318 (3.38%)

@ Preliminary MJ uncertainty estimation

> have to sync MJ unc. calculation with W precision analyses
» TODO: no sys. unc. for isolation correction included.

Daniil Ponomarenko (NRNU MEPhI, Radboud University
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Conclusions
@ Control 1D plots (ur and |Y|) shows Data/Bkg disagreement:
» For high ur due to problems with ut reweighing in electrons and muons
» For high |Y| bins underestimate MJ background yield in electrons channel only
@ For 2D MJ template some bins are negative. This happens for regions where MJ close to 0.
> set all negative bins to 0
@ MJ templates for cos 6¢<° depends on Y and ur:
» Same behaviour for electron and muon channels

» Calculating MJ cos 8%S° individually for 3 | Y| bins doesn't solve an issue for electrons, but
might be an option for muons

* Could be this is effect of Data/MC disagreement for electrons for ¢cs and cosfcs in SR
» Might consider building acceptance functions to calculate MJ templates for each ut and | Y|
bin using MJ 2D template from signal regions
@ Preliminary 2D templates are available on /eos for electron and muons channels (3 Y bins):

» Electrons /eos/home-d/dponomar/Storage/Science/Wai/results/v20210713ptrw_ruth/WS
» Muons /eos/home-d/dponomar/Storage/Science/Wai/results/v20210906ptrw_ruth/WS
» Summary for muon channel is in the backup slides
@ W™ — e v in the SR: 213593 + 18.5% (corr) & 1.95% (uncorr)
@ W™ — u~vin the SR: 118754 + 9.49% (corr) & 1.31% (uncorr)
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Thanks for attention!
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Why low-u data?

l:w600—¥ITI]TIYT]1TlTITIIT]TITIITYIIIIYIITITTJ— 30_1111]s1rtr|rvvr]rrrr[rrrrIlrrr_
; L . : N - ATLAS Simulation Prelimina .
,_-Q C ATLAS Online, 13 TeV JLdt=1 46.9 fb "’ ] " {s=13 TeV Z— i 44 =
9 500~ 2015: <> = 13.4 _ 23 P
o » 2016: <y> =251 - ATL-PHYS-PUB-2017-021 0000 5
3 4001 2017: <u>=37.8 _ - 50 S
= N 2018: <u>=36.1 | ~ o< ]
£ B Total: <u>=33.7 ] u .
3 300 =" 5 — —
° - - B ]
@ - . B |
o - — H -
o 200— = [ —
(&) - -
CCE - 4w o 2
10 82 § —=6— High-p Calorimeter settings n
1E —
] g —— Low-u Calorimeter settings 7]

1 O 20 —-_——_ ————— 50 60 70 80 0 ' 1 ' 1 5 1 1 1 L 10 L L L L 115 L L L L 210 L I L I 2[5 1 I 3_‘0
Mean Number of Interactions per Crossing <u>

 Aim: measure W-A; in 340pb-1of 13TeV data
* less statistics in low-u dataset, BUT:

» resolution of hadronic recoil factor O(5) lower in low-u data than in full high-p
dataset

19.01.2022 Daniil Ponomarenko (Nikhef & MEPhI)



Data and MC samples for low <mu> analysis

Channel

Samples

Wmu
We
Wtau

Zee
Zmm
/tt

DiBoson

Top

mc16_13TeV.361101.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Wplusmunu
mcl6_13TeV.361104.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Wminusmunu

mcl6_13TeV.361100.PowhegPythia8EvtGen_AZNLOCTEQ6L1 Wplusenu
mcl16_13TeV.361103.PowhegPythia8EvtGen_AZNLOCTEQ6L1 Wminusenu

mc16_13TeV.361102.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Wplustaunu
mcl6_13TeV.361105.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Wminustaunu

mcl6_13TeV.361106.PowhegPythia8EvtGen_AZNLOCTEQ6L1 Zee

mc16_13TeV.361107.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Zmumu

mcl6_13TeV.361108.PowhegPythia8EvtGen_ AZNLOCTEQ6L1 Ztautau

mcl6_13TeV.363356.Sherpa_221_NNPDF30NNLO_ZqqZzIl
mcl6_13TeV.363358.Sherpa_221_NNPDF30NNLO_WqqZIl
mcl6_13TeV.363359.Sherpa_221_NNPDF30NNLO_WpggWmlv
mcl6_13TeV.363360.Sherpa_221_NNPDF30NNLO_WplvWmqqg
mcl6_13TeV.363489.Sherpa_221_NNPDF30NNLO_WIvZqq
mcl6_13TeV.364250.Sherpa_222_NNPDF30NNLO_IIII
mcl16_13TeV.364253.Sherpa_222_NNPDF30NNLO_lllv
mcl6_13TeV.364254.Sherpa_222_NNPDF30NNLO_llvv
mcl6_13TeV.364255.Sherpa_222_NNPDF30NNLO_Ivwv

mcl6_13TeV.410013.PowhegPythiaEvtGen_P2012_ Wt _inclusive_top
mcl6_13TeV.410014.PowhegPythiaEvtGen_P2012_ Wt _inclusive_antitop
mcl6_13TeV.410642.PhPy8EG_A14 tchan_lept_top
mcl6_13TeV.410643.PhPy8EG_A14 tchan_lept_antitop
mcl6_13TeV.410644.PowhegPythia8EvtGen_Al14 singletop _schan_lept_top
mcl6_13TeV.410645.PowhegPythia8EvtGen_A1l4_singletop schan_lept_antitop
mcl6_13TeV.410470.PhPy8EG_A14 ttbar_hdamp258p75_ nonallhad
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The Colins-Soper Rest Frame

Angular variables 0 and ¢ defined in Colins-Soper (CS) rest frame:
* boost into the W-boson rest frame

« rotation into special CS frame

« CS frame: incoming partons lie in plane spanned by x- and z-axis

* angles 6 and ¢ defined as angles between negative lepton (or neutrino)
and xz plane

» choice of rest frame is arbitrary, CS has been conventional choice
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from Ruth Jacobs @ status report

Improving our sensitivity

Analysis goal: Measure W angular coefficients in 340pb-1 of 13TeV ATLAS low-u data! C

Measurement in pT and Y bins (1D) Analysis goal: Measure W angular coefficients in 340pb-1 of 13TeV ATLAS low-p data! From here

Full 2D measurement in pT and Y bins
+ Low-p data: Low statistics, but better recoil resolution, less bkg.

Low-u data: Low statistics, but better recoil resolution, less bkg.

Improve neutrino pz
reconstruction
* get P; from W mass constraint

Gain in statistics Gain in statistic: Event selection

improve sensitivity on_recovering

* looser kinematic selection neutrino pT z

d Etmi t: : S 4 " . * Lower lepton pT threshold from 25 to
(drop Ermiss, mt cuts) « impose additional kinematic constraints

20 GeV

* background rejection: tighter lepton ID
and isolation cuts

19.01.2022

or from physics

use P; reconstruction similar to:
https://arxiv. /1 .3196.pdf

« Lower ETmiss cut (https://
730549/1002372/
Mw_topical_230215.pdf)

* New Isolation better rejection

Daniil Ponomarenko (Nikhef & MEPhI)

- alternative NN or MVA analysis to
pick the right solution (Alex talk)

- imposing additional kinematic or
physics symmetries (eg +y = -y)

Y Ak 0w ATLAS, W 5 (7 TeV) | B
T i W- —o— ATLAS, W v (8 TeV) * The angular distributions can be understood in terms of the spin of the particles —_
2 —o— CMS, W uv (8TeV) | 3 T T e oo ] The sign of the (1 + cos @ ) distribution depends on the helicity of the lepton and the helicity of the
(g 12 —a— CMS, W —ov (8 TeV) 1 e M e 0 ATLAS:W S (8TeV) incoming parton with highest-x, (anti-)quarks
) [ ] /( + - //{' z —e— CMS,Woopv BToV)
e i JE———— 8} 1] —e— CMS, W —ev (8TeV) —| * The angular distributions can be understood in terms of the spin of the particles
. 1='a_H ('] : 9l..»z 3 ] et g o ' - =
§ [ ] iy s — e < [u,] e
o L E | / ° | .M-. W /‘(‘ .ML_‘ W- ,\//(' M, W //('
08 1 Ve k] Sy ) ‘re B R Tt )
F - ] ; : 3 z 4 . .
06F Tl | i r al Ve Ve [M_[* = g,miy (1 +cos8)?
7 i i F i i M. ? = gfymi, $sin® 6
0'4, ; | H " ' I H 04 ] M * = gfmi, U —cos8)?
- - -1 -1 -1 cos@ +1 I 1 I L i : i
0 50 100 150 200 250 | y 1 3 0 50 100 150 200 250 2 ok i 2 ol 11 1 ol 3
P 3(1+cos@)” 7(1—cos@)- P 1 2 {2 1 2
: i i : el 3(1+cos6)* Jsin? 6 {1 -cos0)?
ATLAS “MET, mT cut” selection costs ~40% of signal at high pT (!) 5 ATLAS “MET, mT cut” selection costs ~40% of signal at high pT (!) Z



https://indico.cern.ch/event/980567/contributions/4130597/attachments/2154498/3633700/201202_WAiupdate_WZmeet_final.pdf
https://indico.cern.ch/event/367442/contributions/868167/attachments/730549/1002372/Mw_topical_230215.pdf
https://arxiv.org/pdf/1005.3196.pdf
https://indico.cern.ch/event/900815/

Talk by Chen Wang

MJ Introduction

o Algorithm is same as in ATL-COM-PHYS-2019-076 Isolation axis

o MJ Background Estimation consists of 2 parts: -
> The shape of MJ background Vars: d, and pr (mr)

Exactly 1 lepton with: p>20,
° The total number of MJ background tiyght,Dp o Medun

EF¥ss>25
m>50
ptvarcone20/pt < 0.1

v

o A data-driven method sh

o Reverse two independent cuts and 3 control region (CR)

BKG
Ncrz _ Ngg

Ncri Ncr2
o Here we can do the calculation bin-by-bin and get both
the shape and the total number of MJ background

o We can take other BKG into the consideration, so we

[MET, mT] axis

have v
Data EW BKG M] BKG
T = Ncr3 —NcRr3 _ Ngp
- Data EW BKG ~— aData EW BKG
NCR1 _NCRl NCRz _NCRz
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https://cds.cern.ch/record/2657146/files/ATL-COM-PHYS-2019-076.pdf
https://indico.cern.ch/event/969042/contributions/4078529/attachments/2130362/3587563/WasymmetryUpdate.pdf

Talk by Chen Wang

MJ: low <mu> analysis strategy

Isolation axis .
P NESONEEPKO NP
NERT—NE, PO = R NEIL PR .
Vars: dy and pr (my)
o Strategy _ Exactly 1 lepton with: p;>20,
o For FR and CR1, both My and EF"S* cuts are removed tight'};’;n‘f;s"\’gd‘“m
o Great point from Daniel, why not orthogonal?! rTnT>;0

o Additional u7 cut for CR1 and FR to suppress jet activity ptvarcone20/pt < 0.1

° ur <[15,20,30,10000]

> Choose 8 different slices of CR, with different isolation
region
> [0.1,0.15,0.2,0.25, 0.3,0.35,0.5]

o A scaling parameter is used instead of the direct
calculation to get the parameter T

o Fl?Rata - « nggv BKG 4 T (NgRalta ) Ngg{ BKG) v
° o is also a parameter in the fitting, but it should be close
to 1 within the uncertainty

o Extrapolate NSM] BKG — 1 (ND&a — NEW BKG) by a linear
relationship 30

[MET, mT] axis
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https://indico.cern.ch/event/969042/contributions/4078529/attachments/2130362/3587563/WasymmetryUpdate.pdf

MJ strategy: example

«10° shape g’ «10°
% 0 2;/‘1TL‘AS‘W L ‘P ess | 5‘“‘““‘2 - - ) r ATLAS‘W ‘k‘ ‘P ross | | “"“" % - /‘ITL‘ASLN L ‘P ross |
. . e OrK In Frogress — - [ / OrK In Frogress oo [ / OrK In Frogress
o Choose 6 different slices of Q| sl = 1 QS 1| QS ]
CR, with different isolation #0151 = 4 3 M 1l 3 ¢ .
re |On o E . & C —temp* s 1T .’. CR2 ]
& @ 01 ERL: (CR2) 1 | © © . EWKcomposition |
° [0.1,0.15,0.2,0.25, 0.3,0.35,0.4] E 3 r A 0.5 ° 7
0.05( S C ] T ]
o Make 32 iso slice scans: _ s RO S woessmnsvesmmeil YA smssotasonsosnes
o 4 MJ discriminant variables: g 12 vt S h- ||||H ‘ 1| &M ]
e00e00 +%¢
o pT , mT, MET, d(p E —eeeesteses S A anl kA AL ] ; 1T ##L###HI I I | | | | | | T“ A 7
o Additional ur cut for CR1and FR | 8 o8- ‘ ‘ ‘ . O 0.8 ‘ ‘ ‘ l H S 0.8 ‘ ‘ | —
to suppress jet activity 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
° ur <[15,20,30,10000] lep, p. [GeV] lep_ p_ [GeV] lep, p.. [GeV]
10° 10° 10°
>025§ T T T ‘ T T T ‘ T — >0.25é T T T ‘ T T T > ;< T T T ‘ T T T ‘ T T ‘_ T T ‘Y—: ><103
o F ATLAS Work in Progress 1 @ [ ATLAS Work in Progress o [ ATLAS Work in Progress éﬁ%&:‘?{%}é&” o 83 (. T T T T T T T T T ]
(O] [ 034’ fs=13Tev ] (O) E 034’ fs=13Tev O] DOF-osen’ fs=1aTev St Uniert S 18- S;’;;‘:j‘:vn:tk:gcz’°§’es’; TR E:Mj ;:m::a I’g'f"’f;m;‘ﬁ“‘ —
S 0'2§§5L3§Z§2"23&M,‘w»506 v 7: S 02;%%2:?;? 2M,1w>>so Gev T S E E;:EE gﬂi‘:’n:‘,‘/:’:i”pﬁu-‘S E 3 r o ﬂm 2: m:a mEEsf_fg‘ta_et 1
‘20.15:— ®one = 20.15F Ba . 2 15 B % 16—  W->nuMu+ ]
g% FR(CR3) & | 2™ N CR1 ; T LT<30 Gev Z
L - = w - w 10— - @ r 1
- Before ] : - ] & s =
5 normalization - 5 5 E na R
_ : ‘ o | & ; & | : _ E _ {'\: FRE — ‘ | & ; | ; & | & : : :
a) Te | T T T T T q) m T T T T T T |- -
312~ , ﬂ = | 512 B 1.2 H = 101~ E
= r B = = r b P ]
~ 1... ,,,,,, ...M“.Q”.Q.Q*ﬁ ,,,,,,,, + ,,,,,,,,, ~ ~ 1“_ :###%%l” o 46— N I
s # + S s I | | | | 0 0.1 0.2 03 0.4
8 0.8 ‘ ‘ ++‘ 8 0.8 ‘ ‘ | 8 0.8— ‘ | ‘ _ Iep0 ptvarconeZO/pT
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
lep, p, [GeV] lep, p, [GeV] lep, p, [GeV]
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Constrained p variables [SR]

| — — T | T T T T ] T T 11 T T T [ T T T T T 1 T 1
ATLAS Work in Progress =e= Data (1249607.00 : [100.00%)]) ATLAS Work in Progress =e= Data (1249607.00 : [100.00%])
? 0 Woev (854490.43 ; [68.38%) > 0 Woev (854490.43 : [68.38%]
340 pb 1 {s=13 TeV E Z—::-:(ev(;6519.27 : [6.12°)/o]) ) 340 pb T {s=13 TeV E Z—?e(ev(§6519.27 1 [6.12%)) )
Top (32087.39 : [2.57%] Top (32087.39 : [2.57%])
Low <u> Run2 T W-szv (25600.23 - [2.05%]) Low <u> Run2 ) Wo>ev (25600.23 - [2.05%])
SR, W—e'v B 757 (6520.86 : [0.52%]) SR, W—e'v B 7577 (6520.86 : [0.52%])

8 Diboson (2099.29 : [0.17%])
Bl W-uv (123.53 : [0.01%])
[ Zouy (24.22 : [0.00%])
Stat. Uncert.

I Diboson (2099.29 : [0.17%])

B W pv (123.53 : [0.01%])

[0 Zoup (24.22 : [0.00%])
Stat. Uncert.

Events/ 1GeV

S o & o o
N w SN (@] »
Events/ 1GeV

— — — — —
o o Q o o
N w & (&) [e)]

] IIII|I_I.| ] IIIIIII| ] IIIIIII| L1

T IIIII|T| T IIIII|T| T IIIIIII| T IIIIIII| TT
T IIIII|T| T IIIII|T| T IIIIIII| T IIIIIII| TT
| IIII|I_I_| | IIII|I_I_| | IIIIIII| | IIIIIII| L1

Data / Model
— N
[T
L
i F
I A
=
e
._=—o—
: —_—
=
é

Data / Model
— N
[T
L
i E 3
.
=
=
._=—o—
: —t |
P———_

| | |
0 50 100 150 0 50 100
Iepo P, [GeV] IepO P, [Rotation] [GeV]
o No difference

o Same for muons: see backup
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N
(e}

Events/0.1

Data / Model

Constrained Ag variables [SR]

107
10°
10°

10*

1.2~

0.8

ATLAS Work in Progress —— Data (1254042.00 : [100.00%])
0 Worev (856544.16 : [68.30%)

340 pb™, Vs=13 TeV = z—;zv(;ssm 51 :[6.[12%]) )
Low <> Run2 B Top (33310.08 : [2.66%])

E- SR, W—e'v

] W—rrv (25632.58 : [2.04%)])

B 777 (6528.07 : [0.52%])

I Diboson (2171.74 : [0.17%)])

B Wouv (125.34 : [0.01%)])

[0 Zopup (24.46 : [0.00%)
Stat. Uncert.

FrTTT T TTTTTTTTTTTTTT e=TTTT

0 05 1 15 2 25 3
A ¢ (lep -MET)

19.01.2022
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o
2
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o
)

—
o
o

Events/0.197
Q

Data / Model

1.2~

0.8—

i =—e— Data (1254042.00 : [100.00%,
éq 47(-)L:bs 1 WVLS) r'_( !‘ns Fjl'rg\g/ ress ] Wa—fe(v (856544.16 [ [68.30%%;

[ Z—ee (76801.51 : [6.12%))
Low <p> Run2 B Top (33310.08 : [2.66%))
E- SR, W—e'v

] Worv (25632.58 : [2.04%])

B 7577 (6528.07 : [0.52%)])

I Diboson (2171.74 : [0.17%)])

B Wo>uv (125.34 : [0.01%])

[0 Zopp (24.46 : [0.00%)
Stat. Uncert.

FrT T T 7T T T T T T T T T T T TTTT]TTTTT T e=TTTT

o o5 1 15 2 25 3
Ad (IepO-MET) cor

o Almost no difference
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Low <pu> Run2

B Top (33310.08 : [2.66%])
SR, W—e'v

] W—rv (25632.58 : [2.04%)])

B 7577 (6528.07 : [0.52%])

I Diboson (2171.74 : [0.17%)])

Bl W-uv (125.34 :[0.01%)])

[0 Zopp (24.46 : [0.00%,
Stat. Uncert.
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Constrained ETSS variables [SR]
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o Seems to be legit
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Constrained m+ variables [SR]
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o |s it expected?

o Should we limit MJ fit region to [0, 82]?
o For this presentation keep [0, 120]
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Isolation ptvarcone20/pt slices for W~ — e~ v: leading lepton pr
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Isolation ptvarcone20/pt slices for W~ — e"v: |A¢p(f — MET))|
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Isolation ptvarcone20/pt slices for W~ — e v: E?"SS
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Isolation ptvarcone20/pt slices for W~ — e v: m?‘/
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2D MJ estimation: extrapolation and projections on Y axis

,
. o :
5 g . et et
= = g8 E: E e ] 4 g . ]
5] c s =S 3 P % E R E
kst ! . P e
s w ] o P S L
= i Fotaion]
= 10°? i .
£, = £ f
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ERE S t iz 2
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1¥1 [Rotation] 1¥1 [Rotation]
107

§
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imized boson pT bins) [Rotation] [GeV]

Normalized Entries /Bin
<+

Ratio

1¥I [Rotation] Y1 [Rotation] ¥l [Rotation]

@ Some of the bins are negative.
@ Set them to 0 with assumption it should not affect overall normalization too much.
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W-Ai analysis binning and MJ shape

Signal region binning

@ ur: [0, 8, 17, 27., 40., 55., 75., 95., 120., 160.,

220., 600]

[Y]: [0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 3.6]
@ Have to provide MJ estimation for 18 bins in total

Events/Bin
) i

3,

10*

o
b

Data / Model

4
i

ATLAS‘ W'grk in ngress

e

0.8—

—— i
— ]

0

100500300 400506600
u, (optimized boson pT bins) [GeV]
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Events/Bin

Data / Model

@ Use MJ yield normalization from given bin in 1D

distribution

Use 2D MJ template (cos 055° vs. ¢F€°) derived
from SR for all ur and |Y| blns.
> as a temporary solution to see if MJ shape

from SR would work for all bins.
> could work for muons(Slide 28).

ATLAS V’glk in ngless

1 Wevey (22036 ¢
200 (1166 :0.00%)
Stat Unoot

1Yl [Rotation]
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MJ agreement: cos

Binning variable:

c T
@ 10 ATLAS‘V:gkm Progress
] Low s

c SR, wﬂ,v
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m‘& s

Data / Model

@ Use cos05° MJ template

0 100 200 300 400 500 éOO
u, (optimized boson pT bins) [GeV]

from SR for all ut bins

@ MJ yield normalization is
provided by MJ yield in given

ur bin

@ In the MJ populated ut bins

(3, 4 and 5) Data/Bkg

prediction discrepancy ~ 12%.

reco

cs
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MJ agreement: ¢¢° as function of ur bins

. . . i 810 8, 810 8
Binning variable: e o
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MJ agreement: ¢S as function of | Y| bins
Binning variable:
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@ Use ¢ MJ template from s s s
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. 3 g 1.2 FRES
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E K] s
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o MJ yleld normalization is I N N | T PO B N g Lol
/ X N . TR T s e T s e
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Note

@ For muons ¢¢° overall good agreement

L= = = =
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MJ agreement: cos07E° as function of | Y| bins
Binning variable:

o
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reco 100 102
@ Use cos0%° MJ template 5 5 5
. g 12 3 g 12
from SR for all |Y| bins S E S e s
E] - - E] h E
: : . H Sog- 4 Sog- 4 Sog- e
@ MJ yield normalization is : | : I : T
A . . . -1 ) 1 2 3 -1 [ 1 2 3 -1 [ 1 2 3
provided by MJ yield in given costEE [Rotation] costiEE [Rotation] costE® [Rotation]

Y1 bin Note

@ cos0Fs® MJ shape should be treated as function of | Y|

@ We can split |Y] in 3 regions and derive MJ templates for each of

them individually .

Daniil Ponomarenko (NRNU MEPhI, Radboud University November 12, 2021 31/39




MJ from 3 independent | Y| bins: cos 67 as function of | Y| bins

Split SR in 3 regions:
o |Y| <038
@ 08<|Y|<20
o |Y|>20

Events/0.25

Data / Model

cosfiEg’ [Rotation]

i [Fotator]

cost{zz® [Rotation]

CosifZE® [Rotation]

coso{zz® [Rotation]

@ Calculate MJ normalization and shape

region

individually for aech |Y/|

e Splitting in 3 |Y| bins shows positive effect, but not able to cope

with cos 075¢° vs | Y| dependency effectively
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MJ from 3 independent | Y| bins: cos §7%° and ¢EE° as function of | Y| bins

Yo} [rerrrrrrrprrrrpr T T T T [Te) 71T T rTTrTTT T T
R wouy —SsR 18 [fweuy —SR ]
o r — Y central g 1 — Y central —|
% 04 ) —Ymdde ] @ —Y middle |
Q [ ———— —Yforward | = [ —Y forward |
E i 1 Gosp :
o 03° 1 3 & ]
(0] L | N r q
S 1 5 o8- 4
L 4 E r 1
£ 0.2- 1 5 [ 1
S | 1 Zo4- .
) Elm__ i |
0’ i T I W J Gﬂﬁ_‘m P I RN
0 1 2 3 4 5 & -1 0 1 2 3 4
reco
bcs cosOgs’
Note
reco
@ cos s MJ template shape depands on | Y|
@ Same observation in the electron channel
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Impact of | Y| binning on sys. uncertainty for W~ — pu~v

W- = u v Signal region Central |Y| < 0.8 Middle 0.8 < |Y| <20 Forward |Y| > 2.0
Total Number of MJ bkg 118754 43200 42069 33938
Luminosity and cross section 406 (0.34%) 126 (0.29%) 175 (0.42%) 103 (0.3%)
Intersection point 11269 (9.49%) 3581 (8.29%) 6078 (14.45%) 1744 (5.14%)

Extrapolation target 15 (0.01%) 66 (0.15%) 82 (0.2%) 42 (0.12%)
Choice of hists 3756 (3.16%) 1194 (2.76%) 2026 (4.82%) 582 (1.71%)
Isolation correction N/A N/A N/A N/A

Correlated Uncertainty

Data Stat.
MC Stat.

Shape Correction
Uncorrelated Uncertainty

11275 (9.49%)
775 (0.63%)
924 (0.78%)
1014 (0.85%)
1561 (1.31%)

3777 (8.74%)
438 (1.01%)
599 (1.39%)
759 (1.76%)
1061 (2.46%)

@ Preliminary MJ uncertainty estimation

6081 (14.46%)
436 (1.04%)
479 (1.14%)
419 (1.0%)
771 (1.83%)

> have to sync MJ unc. calculation with W precision analyses

» TODO: no sys. unc. for isolation correction included.
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1748 (5.15%)
424 (1.25%)
563 (1.66%)
67 (0.2%)
708 (2.09%)
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Isolation ptvarcone20/pt slices for W~ — p~v: leading lepton pr
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Isolation ptvarcone20/pt slices for W~ — u~v: |A¢(¢ — MET))|

0.1 —0.15 0.2 —+0.25 . 0.3 — 0.35 0.4 — 0.45

x1
ErT T T T T T T

1 1 1
@ 680 2 @ A g E e
2 ATLAS otk nProgress = 2 ATLAS Vior nProgress 2 ATLAS Viot inProgress = 2 ATLAS Vot nProgess =
s So ! st ! S
2 2 2 20
g 2 2 2
o o o o
o g, 2 E 2o
w ] fir ] fir - E|
3 0. -~ o
4 e e |
o 1 o oo E
| PN S I N S BT N b
5 5 5 : L s s
S S 1.2 S B ERES B
s r ] s r ] s r s r
s 1 j g L j g L i g 1 j
= = 7 ]
SO ] SO ] © 08 Ll b L o OB ]
0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
IA ¢ (lep-MET)! A ¢ (lep-MET)! A ¢ (lep-MET)! 1A ¢ (lep-MET)!
o o o o
o 08510 o 08510 © 08510 © 08510
8 ™ et vt hogon 8 ™ et v g 8 et g 8 g
S anseo S S i S
2 2 2 2
2 £ 2 2
8 & s &
2 2 2 2
w w w w
_ ol _ _ _ ol
R AR AR AR AR RARR RN g, [T e ] © [T e
S 1.2 - S 1.2 - S S 12 -
R I S R S e
g 1 j s T b j s g L j
@ © © ©
O o8- - O o8- - O o8- - O o8- —
Lo o oo TR TR FETR PYRA TR R SPRT R TR TTEE FETRL FYRA TR SPR R TR TTARTEL FURR TR SPR R
05 1 15 2 25 3 05 1 15 2 25 3 05 1 15 2 25 3 0 05 1 15 2 25 3
IA ¢ (lep-MET)! 1A ¢ (lep-MET)! 1A ¢ (lep-MET)! 1A ¢ (lep-MET)!

Daniil Ponomarenko (NRNU MEPhI, Radboud University November 12, 2021 36/39



Isolation ptvarcone20/pt slices for W~ — p~v: EMss
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Isolation ptvarcone20/pt slices for W~ — pu~v: m¥
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2D MJ estimation: extrapolation and projections on

Y axis for W= — p~v
|
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@ Some of the bins are negative.

@ Set them to 0 with assumption it should not affect overall normalization too much.
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MJ summary table

[Cur Cut T Slice No. T Fsopip | Isomax | NEE® NEY N NE | N ] T I o [ NDoF | Vx2/NDoF | NZZZ [ -
01 | 02 | 211334 I 1454 | 1202160 I 364 | 205157 + 515 | 3774 + 21 | 261363 + 515 | 3301 £ 0006 | T021 £ 0018 | 273447 | 20 Ti60 T208 & 11T | 2961 4 16 | 047 + 113 | 32034 4522
- 1 02 | 03 | 2113364 + 1454 | 1202160 + 364 | 150818 + 388 | 636+ 9 | 150182 +388 | 6036+ 0.0L1 | 1004 %0026 | 230096 | 20 1073 6506 -+ 81 0748 | 5999+ 81 | 36210 + 5201
- 2 03 | 04 | 2113364 + 1454 | 1202160 + 364 | 80303+ 283 | 23345 | B0070 + 283 | 1L757 +0.021 | 0.975 + 0015 | 240067 | 20 10.96 3871+ 62 | 18545 | 3686+ 62 | 43340 + 8070

Table: Numbers for the electron ur fits on 13 TeV for 3 anti-isolation slices. Numbers in FR are not
affected by Slice No. The uncertainty of the numbers of events are statistical only except N which is

multiplied by \/x?/NDoF and the uncertainty of the parameters are from the statistical uncertainty of

the fitting.

ur Cut | Stice No. | oy | Tsomar D" NEY A WE, WY T = ~ NooF | V37 NDoF | WO 34 [ W
- 0 01 2082663 = 1443 1177864 £ 358 149341 + 386 2830 + 18 146511 & 387 6.013 £ 0.011 1.023 £ 0.017 142576.13 20 84.43 7278 £ 85 2220 £ 15 5058 + 87 30416 + 44240

1 0.15 0.2 2082663 + 1443 1177864 + 358 115214 + 339 893 & 10 114321 £ 340 7.772 £ 0.014 1.018 £ 0.019 134165.04 20 81.90 5074 £ 71 714 £ 9 4360 £ 72 33887 + 45948

- 2 0.2 0.25 2082663 + 1443 1177864 + 358 86638 + 294 308 £ 7 86240 + 294 10.424 + 0.019 1.009 + 0.025 134660.18 20 82.05 3608 + 60 323+6 3285 + 60 34245 + 51886

- 3 0.25 03 2082663 + 1443 1177864 + 358 63872 + 253 222+5 63650 + 253 14.335 + 0.026 0.998 + 0.019 130496.30 20 80.78 2872 + 54 177 £ 5 2695 + 54 38635 + 62523

- 4 03 0.35 2082663 + 1443 1177864 + 358 46548 + 216 133 + 4 46415 + 216 19.968 + 0.035 0.985 + 0.015 130182.41 20 80.68 2138 + 46 107 + 3 2031 + 46 40560 + 74903

- 5 035 04 2082663 + 1443 1177864 + 358 33553 + 183 93 + 4 33460 + 183 28.564 + 0.050 0.961 + 0.016 132431.96 20 81.37 1717 + 41 7443 1643 + 42 46923 + 96810

- 6 04 0.45 2082663 + 1443 1177864 + 358 24168 + 155 58 + 2 24110 + 155 39.982 + 0.070 0.952 + 0.016 135352.85 20 8227 1289 &+ 36 48 + 2 1241 + 36 49602 + 118539

- 7 0.45 05 2082663 + 1443 1177864 + 358 17306 + 132 45+ 3 17261 + 132 56.772 + 0.099 0.940 £ 0.016 129257.61 20 80.39 944 + 31 36 +2 908 + 31 51573 + 140835

Table: Numbers for the electron ur fits on 13 TeV for 8 anti-isolation

the fitting.
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slices. Numbers in FR are not
affected by Slice No. The uncertainty of the numbers of events are statistical only except N which is
multiplied by \/x?/NDoF and the uncertainty of the parameters are from the statistical uncertainty of
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Details on MJ: ut

SR with MJSR2

shape

o mF > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape

@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

\_

Events/5GeV

Data / Model

Events/5GeV

Data / Model

o-slice #0 (0.1 < ptvarcone20/pr < 0.15)
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Details on MJ: ut iso-slice #1 (0.15 < ptvarcone20/pr < 0.2)
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Details on MJ: ut iso-slice #2 (0.2 < ptvarcone20/pr < 0.25)
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Details on MJ: ut

SR with MJSR2

shape
@ mfF® > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape
@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt
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CR2

m'F%® > 50GeV
Eissireco 5 25GeV

0.25 < ptvarcone20/pr < 0.3

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.25 < ptvarcone20/pr < 0.3

No cut topoetcone/pt
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Details on MJ: ut iso-slice #4 (0.3 < ptvarcone20/pr < 0.35)

SR with MJSR?

shape

o mF > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJGR?

shape
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@ No cut topoetcone/pt

Events/5GeV

Data / Model

Events/5GeV

Data / Model

4x10°
4

£ R R
E arasworinprogess 8 3 800 e progess | e,
[ ossntfemre E g P amaimene ™ SEERn.

03r = R B E
: £ e B Lo & 1
C b ] =4 r 1

0.2 ER ]

0.1 - 200 E
n L J (S | ]
[ R T A e e o e 5 e e e

e 1 B | ]
J TP SR, = 1“11111
1 S P TRl ] |
[ 1 g 7 1

08 | | | | 0 e | | | il

100 4 60 80 100
u; [GeV] u, [GeV]
x10° x
K0 s s EI
Eanastonn e Bipemme | G 10pAgtenpeoses SRR
E € E
3 & E
3 g s
3 w E|
T ] B
[ 1 3.,

12 BT - 120 | l¥
J - e = 4 il
fro-ee e s vv”””F
[ 1 g 1

08 | | | | e 08 | | | | il

100 100
u; [GeV] u; [GeV]

Daniil Ponomarenko (NRNU MEPhI, RU NL)

CR2

m'F%® > 50GeV
Eissireco 5 25GeV

0.3 < ptvarcone20/p < 0.35

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.3 < ptvarcone20/pt < 0.35

No cut topoetcone/pt

January 26, 2022 12/18



Details on MJ: ut iso-slice #5 (0.35 < ptvarcone20/pr < 0.4)
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Details on MJ: ut

SR with MJSR2

shape
@ mfF® > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape

@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

iso-slice #6 (0.4 < ptvarcone20/pr < 0.45)
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CR2

m'F%® > 50GeV
Eissireco 5 25GeV

0.4 < ptvarcone20/p < 0.45

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.4 < ptvarcone20/pt < 0.45

No cut topoetcone/pt
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Details on MJ: ut

SR with MJSR2

shape

o mF > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape

@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt
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CR2

m'F%® > 50GeV
Eissireco 5 25GeV

0.45 < ptvarcone20/pt < 0.5

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.45 < ptvarcone20/pr < 0.5

No cut topoetcone/pt
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Details on MJ: ut

SR with MJSR2

shape

o mF > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape

@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt
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<0.2)

CR2

m'F%® > 50GeV
Eissireco 5 25GeV

0.1 < ptvarcone20/pr < 0.2

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.1 < ptvarcone20/pt < 0.2

No cut topoetcone/pt
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Details on MJ: ut

SR with MJSR2

shape
@ mfF® > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape
@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt
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CR2

(0.2 < ptvarcone20/pr < 0.3)

m'F%® > 50GeV
Eissireco 5 25GeV

0.2 < ptvarcone20/p < 0.3

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.2 < ptvarcone20/p < 0.3

No cut topoetcone/pt
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Details on MJ: ut

SR with MJSR2

shape
@ mfF® > 50GeV
@ EMEre 5 o5Gev

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt

FR with MJSR!

shape

@ mFC > 0GeV
o E;r_wiss,reco > 0GeV

@ ptvarcone20/pr < 0.1

@ No cut topoetcone/pt
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o-slice #2 (0.3 < ptvarcone20/pr < 0.4)
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CR2

m'F%® > 50GeV
Eissireco 5 25GeV

0.3 < ptvarcone20/p < 0.4

No cut topoetcone/pt

mFe > 0GeV
E_r;u'ss,reca > 0GeV

0.3 < ptvarcone20/pr < 0.4

No cut topoetcone/pt
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