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Plan of the talk

@) ATLAS Note y

: : ATLAS ANA-STDM-2020-07-INT1 S
> Motivation PRI 3rd February 2023

Draft version 0.4

o Brief analysis overview

° Updates on MJ estimation Measurement of angular coefficients in W — ¢{v

. events in low-u pp collisions at vs = 13 TeV with the
ATLAS detector

Link to CDS: https.//cds.cern.ch/record/2824052 (last modified 2022-09-30).
Latest version of supporting note is in attachments to the agenda.
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W mass measurement

M, = 80369.5 + €/5.8 (stat) + 10.\6 (exp.syst.) £ 13.6 (model.syst.) MeV|

. / Experimental: modelling of lepton Theoretical: understanding of
Limited by data .
momentum measurement and vector boson production and
hadronic recoil decay
>
x~/dof

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.

of Comb.

mr-p, W, e | 803695 |[68] [66 64 29 45| [83 55 92 ]185| 29727

o Larger source of modelling uncertainty from PDFs

o Total uncertainty on ATLAS W mass measurement ~19MeV still larger than
8MeV from electroweak fit
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Why measure Ai in W events?

physics modelling
Data sample 7TeV, u~9
Luminosity 4.5 fb~1 Improuved
Nb. of candidates ~ 15 x 106
Most sensitive dist. P
Physics Modelling Unc.
EW 5 2
QCD (p¥) 6 <3
QCD (4;) 6 datainput < 3
PDFs 9 6

o W-Ai analysis (+ x-section):
o A;: Stringent test of QCD & physics modelling!

o X-section measurement as function of the Y.
o All previous measurements at the LHC are done with lepton 7.

o Charge asymmetry measurement: Input for PDF fits

o Full set of A; have never been measured before for the W boson!
o Only A, and A; were measured by CDF (Phys. Rev. D 73, 052002)

10.03.2023 Daniil Ponomarenko 5




Vector boson production and decay

oDrell Yan pp — V — Il cross section can be factorised into an
unpolarised cross-section and 8 angular coefficients (4;).

do da(m) da(y da(pT,y) da(y)) 1‘
dpldp2 dedy

;J

[(1 + cos?0) + Z A(pr,y)P(cos0, c/))ﬂ

i=0
Breit W|9ner Parton shower Fixed order pQCD
o The angular coefficients: In CoIIins-Soperframe-
° A,, A1, 4, sensitive to vector boson polarisation
o Ay, — A, = 0 but violated due to higher order QCD effects (e.g. multi-gluon emission..)
.y . . ¢CS
° A, A, sensitive to vector and axial couplings of the boson 3

o A, directly related to Agp, probes electroweak mixing
o Ac, Ag, A, non-zero only at O(a?)

o QCD production dynamics fully contained in A; coefficients, while
decay kinematics fully contained in coupled angular polynomlals JHEP08(2016)159
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W Ai analysis overview
o Supporting note: ANA-STDIM-2020-0/-INT1

o Dataset:
o ATLAS 13 TeV low pileup datasets 335.18 pb~*

o Statistically limited by small datasets but provides hadronic recoil resolution needed

o Able to measure 1D in py¥ and separately in y"

o We focus on the larger coefficients A, A,, A3, A4

o Other coefficients are also get measured, but the analysis is far from having sensitivity to
A5, A6r A7

o Channels:
W™ s e v, Wt osety, W™ s u v, W - utvy

o Looking forward for EB request
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Event selection

> \We use signal region selection based

Electron Muon on pTW analysis with optimizations
Tight ID Medium D for better A; sensitivity
o Use same physics objects calibrations
p; > 25 GeV o + estimate and apply corrections specific
Nl <24 for Wai analysis
1.37 < |n| < 1.52 o Relaxed kinematic cuts:

o No ETUSS > 25 GeV cut

ptvarcone20/p. < 0.1
i o Nom! > 50 GeV cut

topoetcone20/p, < 0.05

o Use TightLH working point for
electrons

|d, sig| <5 |d, sig| <3

Azosine <0.5

o Tighter isolation selection:

o ptvarconeZO&pkO.l &&
topoetcone20/pt<0.05

10.03.2023
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Analysis

: : . . < L Famac " LI
Angula.r definitions require fully constructed neutrino (will cover in < 1-:575239;;3%;;;”_, = g
neXt SI'deS) :é; '1E_Powheg+Pyth|aB,Wev —— +Bjorken Conditioé
o Using Hadronic recoil solve for Neutrino p, with mass constrain. = 085_ E
> Once the mass constraint is chosen @ is solved while the 2 solutions O.SN\E
corresponds to a sign ambiguity in cosf,s. 04; ¢
> Discovered that adding sign ambiguity only in y", not in cos@.s drives our A, k. :
sensitivity. oE' o o ]
10 10
MJ shape estimation follows procedure used by pTW analysis Pr [5eV]
(slides in backup):
o Calculate MJ normalization by linear extrapolation fit for different anti-isolation
slices
o Calculate MJ template shape by applying bin-by-bin linear shape extrapolation . Woew qr__ Wopw

T

- T T T -
ATLAS Internal -8 MJ fit with mj_lepmet_mt J

[ D

=
©w
a

Evaluated MJ/0.05
9,
W
T
1
Evaluated MJ/0.05

ATLAS Internal -5 MJ fit with m_lepmet_mt
I Relaxed DummyCut-FR S MJ it with m|_met_reco_et
ummyCut MJ fit with mi_lep_0_pt
0.2 -5~ MJ fit with mj_lepmet_dphi ]

o To get MJ shape as a function of |Y| and p%v MC samples used: bb + c¢ for
W-=uv channels, JF17 for W->ev channels

o Calorimetric isolation used for e+ and track isolation used for put channels:
o Slicing ptvarcone20/pt for W->pv: 8 slicing bins from 0.1 to 0.5

=
N
a

o
n
T T

(=]
o
T

o Slicing in topoetcone20/pt for W->ev: 8 slicing bins from 0.05 to 0.45

I " | Y n 1 ; 5 1 1
0.1 0.2 03 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
topoetc:oneZO/pT ptva rcone20/pT

10.03.2023 Daniil Ponomarenko 10




Data / Model Events/1GeV
g s 595 85 5

Events/Bin

Data / Model

Control plots in the Signal Region for W~

\J
Q
2

T T T l T T

ATLAS Internal
335pb”, s = 13 TeV
Low <u> Run2

SR, Woe'v

Z/dof = 241.42/74

T l T T T l T T T

=~ Data (1240889.00 : 100:
B W-sov (853894 42 : (68,61 ?
[0 MuiJot (23147155 - (18.65%))

[ 200 (81293.97 : (6.

= zau(ma [0.55%])

B Diboson (1942.42 © [0.16%))

= w—mv[u 19 : [0.01%])

0 Zspu (25.68 : [0.00%])
Stat. Uncert.

/s Stat & Syst

T T T l T T T l T T T l T T T
- it Wt
o S e st S S tatrnty DAY
L 1 1 | I 1 L 1 l 1 1 I 1 1 L N
20 40 60 80 100
lep p. [GeV]
0:%:T
1071lIITIITTIIIII’IIIIIITYIIITI1
ATLAS Internal B e (1259757:00; 10000%D
= 335pb”, (5= 13 TeV % gur.;.@@| % &’b h 3
Low <u> Run2 T Woees,
1 06 SR, W-oe'v = fwum . :!zzv.n
#2/dof = 578.13/9 ee (ﬁgmﬁ,;;:‘,%

—§ mu(ze'aa [0.00%])
Stat. Unoert.
“/7 Stat & Syst

e R s IR O IR R e
12— .
15..’-'...::. A5 999
O e o Do Dieel 5
0O 100 200 300 400 500 600

p;’ (opti-bins) [Rotation] [GeV]

10.03.2023

[
- ATLAS Internal -
£ M

> 6
@10,
3 |14
£

3104

T T T | T T T | T T T T T T | T T T
Data (1255060.00 : (1 nmq)
Wosey 08132185 |

ot (23147155 : [1544 )

335 pb™, /s = 13 TeV
Low <u> Run2
SR, W—e'v
¥%/dof = 615.59/9

/7 Stat @ Syst

o)
©
[®]
=
e 1)
]
-
©
o
1 L
0 20 40 60 80 100
mISS [GeV]
= 107 = T T T T I T T T T l T T T T I T T
m ATLAS Internal e e
B 5 E35 pb’, § =213 TeV § gmum (23!4:!3‘5 [unmq;
§2] ow <u> Run: el .
c 10°E sr whev = Yt [.;s:;’"’
g Zldof = 226.07/6 = Zl::n(n (znow |oms|)
w10°
10*E
10°
o) | |
314 -
o 4
=12 -
B ] -
(4] YT Y TR YR vy i ST -
T 7
Qo8 .
1 L 1 1 l 1 L 1 | l 1 L 1 | l 1 L
0 1 2 3

|Y| [Rotation]

Events/0.25 Data / Model Events/2GeV

Data / Model

b - I | (XD A l ! DY ] | . P | I L l | B I |
108 - ATLAS Intemnal
335pb”, Vs = 13 TeV
Low <u> Run2
5| SR, W-ev
107 £ y2/dof - 856.54/59
10*
10§
10°
TR B | I | R T | l | B ! l L I T 1 T l | B B |
1.4 —
1.2+ —
0.8+
11l I | EH =N | I | | I L1l I I | l Ll 1
0 20 40 60 80 100 120
m¥ [GeV]
107 _T | P30 2 | ] | ERS) o A ‘ 7 RS [ R I T 1T 17T I : R B -
ATLAS Internal ;a,*('m”‘g,“""w E
335 pb”, {s = 13 TeV 01 Multiot (231471.55 [u:msll; .
1 06 Low <u> Run2 —f ey -53;‘,“, |
SR, W-e'v W Top (16561.90 : [1.32%]) E
?/dof = 375.34/9 — Zn .;:u(ﬂemn mm; Dy
5 == wwv(een'. 71
1 O W Z-pp (2661 : —
. Uncert. E
7 sm.s,- =
4 4
10 E
10° -
Y o T M B O 8 [
1 _1 | B B ] Ireis kL l | IS G I I OSE W I L T—
1.2 -
1
0.8 —
Ll 1 1 l Ll Ll I Ll Ll I Ll Ll I Ll L 1

-1 0 1 2 3 4
cosB s’ [Rotation]

Daniil Ponomarenko

llikllllllllll|llllllll

ATLAS Internal === Data (1256751.00 : [100.00%
335 pb”, s = 13 TeV
= Low <p> Run2

SR, W—e'v

¥?/dof = 2148.91/17

Events/Bin
=Y

10*
of
10 g
H
E T T I | 0 A I L L I 3 N T I | T L T l | 9N |
- 1.4 &
o L
= 1.2 —
P - -
S 1;.‘,.,.,,”.“”9-»m-;,n»ﬂnw;n-,~,~,~«~,-im~'g,';..::::';?_I:?;é
g1 -
0.8’L_'1 l 11 1 J I 11 JJ ) I l I l IT
-2 -1 0 1 2
n (lep,)
8107 111111111[rrw1]1111[m;rr.wl|l|]1
ATLAS Internal -~ (125975100 - [100.00% =
L 335 pb”, {5 = 13 TeV Ay
O _ 6 Low <> Run2 B .
a 10 SR, W—oe'v W Top (16581.90  [1.32%))
— x%/dof = 264.93/7 -7 e (633417 055%)
= Diboson (2170.16 - 0.17%])
8 10° =ik
> 10
L
10*
10°
6 Pl 5% B § | P 7 135 | [ LU TT 11 | J§ (8 1 | Tl I T
o 1.4 —
(o] - 2
= 1.2 —
~ = -
© 1= 7 T et et
-~
S L .
0-8’_1‘111llllllllll]lllllllltilllll—l

0 1 2 3 4 5
'°% [Rotation]




Control plots in the Sighal Regionfor W™ = u™v
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Fitting method

Reference coefficients created by taking moments of

the polynomials using truth MC

[ do (pr,m,y,0,9) P; (8, ) dcos 0dy

B0, ) =
kel [ do (pr,m,y,0, ) dcosOdy

Truth phase space is folded into the reco phase
space through polynomial templates.

Extraction of coefficients through likelihood fit of MC
templates in p,'" and y"* bins.

Polynomial templates differ to ZAi analysis by

extending cosb_4 range to save information for
events with no real solution.

10.03.2023

P; (cos 082%°, pBeF°) Wevent (13 t)
7

y (e OTTuth  Truth ref o (e oTTuth | Truth
eventeA; T {P?* ((Ob 0c5™" s ) s b B Aij P, ((“b 0cs™" ves )}

T.\_.]‘ 1 Z A,‘}' X ’T,_}
i=0

events

N ~\‘,l: »']'-' 2 bkgds
} 54 ["1,, /[l}|:\r) = H L + Z TB : TF(:L‘( s
J=1 B
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Systematics

% Have largest expected systematics included (MJ, cross-section variation, hadronic recoil, and MC stat)

and understood.
%  Adding remaining systematics (PDF!" and lepton)

0

% Large constraint on MJ systematics from very conservative estimation!?!,

W ev, Background NPs, y" Integrated

alpha_MJ_ACC

alpha_MJ_YIELD

a_BKGD_XSEC_TOP

BKGD_XSEC_BOSON
alpha_MJ_SHAPE

a_BKGD_XSEC_DIBOSON

alpha_f
alph:
alph:

10.03.2023
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Systematic uncertainties ( pT )
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o Expect uncertainty to be stat dominated for all bins for both p" and y" differential measurements
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Systematic uncertainties (y“V)
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o Expect uncertainty to be stat dominated for all bins for both p" and y" differential measurements

10.03.2023 Daniil Ponomarenko

19




Current status

o Goal of the measurement
o measure A; in W events
o important input to W mass measurement and PDF fits
° main targets: A, (forward-backward asymm.), Ag — A, (Lam-Tung), charge asymmetry

o Measurement status:
o Use W events in low-u data (less statistics, but better hadronic recoil resolution)
o Solve for neutrino p, via W mass constraint
o Study of sensitivity of this analysis to A,
o MJ background estimate is in place. Other backgrounds added and understood.
° Inclusion of hadronic recoil systematics and background systematics.
o Electron and muon channel combined fit also working.

o ToDo:
o Refine MJ systematics correlation uncertainty model (MJ NPs heavily constrained, still being understood)
o Fit doesn’t work with real data
o Add remaining systematics
o Prepare for EB request
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MJ estimation updates




Events/0.5GeV

Data / Model

MJ background in WAI analysis (1): inclusive SR

o : : : o MJ bkgd estimate has 2 “steps”:
anti-isolated slice Fit region 5 e P
. . o Calculate MJ normalization
X X
=T 0 T { I R O | | | L O | I | . I O > T NN P | I el 1 A I I | LI | | X | T T ° . . . -_- . .
10:_ATLA‘S(_Ime;naI soag . 8 g aTLAS W > g Repeat MJ estimation for different anti-isolation slices
- oor 01 Cosname, a5 w o 80 rmica ™ o o Fit linear function
[ oummyct o C 6-»«3«;.2.51 —
. XT & 60 ‘ = o Extrapolate back to SR
= C
e o Calculate MJ template shape:

o MJ distributions in anti-iso slices don’t match SR shape

o Apply bin-by-bin linear shape extrapolation

| T ' I | GO O L T b T _T_T_ L l | GO B O | T 7T | ;"mr Vh T | | S O B
1.2 § o Assign 100% uncertainty
r =
1 e 1 * . . . . .
el 8 il - | o Use 4 discriminative variables:
= =) = =
’ e il e bl g pa | pg g flg g g ’ g el pae el ey g g e b g g l miss miss
20 30 40 50 80 70 20 30 40 50 e0 70f ° pr.mp, Er 7, |A@(lET)]
Iep0 P, [GeV] Iepo P, [GeV]

° In the fit use fixed EWT background

. . . , , normalization.
o Calorimetric isolation used for ex and track isolation used

for pt channels: > To get MJ shape as a function of |Y| and p&
o Slicing ptvarcone20/pt for W->uv: 8 slicing bins from 0.1 to 0.5 following samples used:
o Slicing in topoetcone20/pt for W—>ev: 8 slicing bins from 0.05 to 0.45 o bb + c¢ for W->pv channels

o JF17 for W—>ev channels

10.03.2023
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MJ background in WAI analysis (2): inclusive SR
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MJ Systematics Summary (inclusive signal region)

Using topoetcone20/pr Using ptvarcone20/pr
Channel W — e v W — etv W — pu v W — utv
Total Number of MJ bkg 231472 232268 127056 132995
Luminosity and cross section +7199 (3.11%) +9098 (3.92%) +547 (0.43%) +698 (0.52%)
Intersection point +22928 (9.91%)  £24910 (10.72%) +13313 (10.48%) +12276 (9.23%)
Extrapolation target +1246 (0.54%) +1172 (0.50%) +1575 (1.24%) +1433 (1.08%)
Choice of hists +7643 (3.30%) +8303 (3.57%) +4438 (3.49%) +4092 (3.08%)
Isolation correction N/A N/A N/A N/A
Correlated Uncertainty +24032 (10.38%)  +26519 (11.42%) +13324 (10.49%) 12296 (9.25%)
Data Stat. +490 (0.21%) +463 (0.20%) +795 (0.63%) +809 (0.61%)
MC Stat. +262 (0.11%) +229 (0.10%) +990 (0.78%) +880 (0.66%)
Shape Correction +2961 (1.28%) +2769 (1.19%) 4927 (0.73%) +915 (0.69%)
Uncorrelated Uncertainty +3012 (1.30%) +2816 (1.21%) +1572 (1.24%) +1505 (1.13%)
o > X o 0 e o X
= I W ) £ M e, S [ e e, | S [ A e SR e -
3 s = e S oz i el S ol Sinmds.,
% % 0.3:— - E é -
E g 0.25:» A I $ - g 0.15k E
B N 0.15
P
0.2:— . 5 \H+J\\‘:' % ] - 4
: kg 4 ; :
T oz o o4 o5 R N R X
topoetcone20/p_ topoetcone20/p_ ) ptvarcone20/p_ pivarcone20/p.
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MJ templates for cosf-¢ vs. @< : inclusive SR
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o The 2D templates are derived in the same way as described for 1D histograms
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MJ shape as function of |Y| and p%vz task definition

1D control plots in SR (only stat unc. + MJ systematics are shown.):
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W-AIi analysis uses more complicated approach:

@ Building 2D histograms cosfcs vs. ¢c¢s as function of n or pg-’"

p%” : [0,8,17,27,40,55, 75,110, 150, 210, 600];
Y| :[0,0.4,0.8,1.2,1.6,2.0,2.4,3.6]

@ Above 100 GeV the data/MC agreement in the pg.’" degradate due to missing truth p7"y reweighting correction
above this range.
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Closure test by DD method: coarse bins
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] RY; _ 77 10,17,55,600];
MJ shape as function of |Y| and p;": studies Y1 : [0,0.8,2.0, 3.6]

Data-driven MJ derived for 3

> There are strong dependence of the cosHCS MJ template shape as function individual regions in [Y]:

of |Yl“| and @.s as a function ofp
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Acc. corr. function: closure tes
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MJ shape as function of |Y| and p%”

Closure test for Data-driven MJ and Acc.Corr MJ derived for 3 individual regions in ps."’ e

W~ — e v W™ - u v
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ey 2 K * MJ by sce. corr, (SR) for 55.0 < p!” {opti-bine) [Rotation] < 6000 | = 0,8_ o Wbymcon(sa)bv550<p (opt-bin) [Rokaton] <600.0 ]
ot gk 1 £ :
L 0.6 —] w Bl
. . ’ ] 0.6 B
@ Acceptance correction functions 3 .. 1 8 F 2
were build using QCD MC samples [l 3 2% -
to correct MJ data-driven template S o2F 1 So2f =
derived in the SR to the given |Y/| g [ s a E | :
L,v ;s = 'li”i""""niiii””ii H?' = S R B S = aa e
or p slice: 2 2.§ T o i B - z.g | ] ] ]
i _ SR pbin s T = - S
MJ QCDMC g % 0'8 | """ = | | %ﬁ?, 0'8 | | |
= 414 05 0 05 1 15 2= 4 05 0 05 1 15

Problem: cosZe° [Rotation] cos6°° [Rotation]
@ Comparing to MJ template given by AccCocc in the last pT" bin for e~ with the DD MJ, last one predicts higher
MJ contribution to the no solution bin + overall shape differs a lot.
@ DD MJ template derived from SR might be "too far” from DD MJ template derived for pﬁr,l’ > 55 GeV bin.
@ We might not see this effect in muons due to the fact this channel is " cleaner”.
@ Integrated distributions for Y coarse bins looks good due to small MJ fraction for the last coarse pf}"’ bin.

lution: )
Solutio , CoarseBin, d hcoarseB’"k p{}’ : [0, 17,55, 600];
an - Y| : [0,0.8,2.0,3.6]

@ Instead of using SR use the coarse bins: 7,

1 74 f\\l?:'
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Some W-Ai control plots and e/u compatibility

< 27 GeV
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Compare 2 p% bins: 17 < p%” < 27 GeV and 150 < p2” < 210 GeV
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Note: discrepancy in the no solution bins in pTW>100 GeV is from absence of the PTRW
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Test with 1D cosfcs integrated over ¢¢s in some pgr’” bins

hCoarseBink and hCoarseBmk.

Instead of using SR use the coarse bins: OCDMC
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Note: discrepancy in the no solution bins in pTW>100 GeV is from absence of the PTRW
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Test with 3D W-AI control plots
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MJ templates for W-Ai analysis in [Y| binnning W= — e7v
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MJ templates tor W-Ai analysis in p%v binnning W~ —=puv
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MJ templates for W-Ai analysis in |Y| binnning W= — p7v
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MJ systematics naming convention

Ludovica proposed a new naming convention.
Since xTR produces output for each p.,W and YW bin, | dropping channel and bins numbering from the naming in the
WS. Still, this naming convention should be easy to restore later in AiDY.

Name # NP in AIDY Comments
mj_yield_cor 1 MJ yield extrapolation (bin-by-bin correlated, two-sided).
MJ shape of the given cosfcs :: ¢cs distribution in the coarse bin
(bin-by bin uncorrelated, two-sided)
Apply difference between DD template and MC corrected template as
mj_acc_cor_closure 3 for p7V-V / 3 for yw acc corr sys uncertainty. This syst. is correlated within p¥v and YW
coarse bin. (bin-by-bin uncorrelated, Q: two-sided?)
Basically stat power of the QCD MC sample in the coarse and slicing
mj_acc_cor_stat 10 for p¥v /7 for YW bin used to fold MJ DD from coarse bin to the subregion. (bin-by-bin
uncorrelated, two-sided)

) Apply systematic as 100% on the acceptance correction it-slef.
w w pply sy 0 P
fh)-acc-corsys 10 for p7 / 7 for ¥ (bin-by-bin uncorrelated, Q: two-sided?)

mj_shape 3 for p¥¥ / 3 for YW

Note: The "mj_yield_uncor” systematic is the MJ shape unc. in the SR for p¥¥ (or YW) distribution. It affects yield
normalisation in the given slice bin and it should be associated with 10 for p¥/ / 7 for YW NP. Impact of this syst. is
huge, especially in the hard p7V-V region. We had agreed in July 2022 not to use "mj_yield_uncor’ systematic in the fit.

Coarse bins: p”: 0 — 17 GeV, 17 — 55 GeV, 55 — 600 GeV; |Y|: 0 — 0.8, 0.8 — 2.0, 2.0 — 3.6.
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Figure 237: Multi-jet background shape systematics breakdown for cos ¢ as slices of ¢cs for 0 < p?"’ < 8 GeV
bin for W~ — e~ v channel.
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Figure 242: Multi-jet background shape systematics breakdown for cos O¢g as slices of ¢ for 55 < pi"'

bin for W~ — e~ v channel.
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Figure 246: Multi-jet background shape systematics breakdown for cos f¢ as slices of ¢ for 210 < pi’" < 600 GeV
bin for W~ — e~ v channel.

10.03.2023 Daniil Ponomarenko




Ongoing tasks / problems

o Fit doesn’t work with real data (=2 Alex)
o Works fine with Asmov and pseudo-data. For real data could not find minimum.

o Perform cross-check using reco level only (Daniil)
o Fit stability
o MJ systematics constrains

> New NTuple production (= Daniil)
o Apply new PTRW for pTW>100 GeV
o Apply additional ID and iso SF systematics
o Simplify systematics production

o PDF studies (= Grigorii)
o Theoretical predictions for multiple PDF sets and compare PDF uncertainties
> CT10NLO, CT18NNLO, NNPDF4.0NNLO, MMHT20
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Thanks for attention!
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Control Plots in the Signal Region for Wt — e™v
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Collins Soper Frame

¥ 3 y 14
X W X
e 4
9__...--"'7e' W <>(Pcs
___________ PpEg - 72 ~"Ucs
—23 4 > 4
P P GL aon® 7\- e ga
,.&=2"" p p—
Lab Frame CS Frame

o Special W boson rest frame where angles are defined by lepton and proton kinematics.
o Define using “negative” lepton, so for W+ case this is the neutrino
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Polynomial Information

A; P; Y{“ (0, p) Coupling Non-Zero
Ao | 1/2 (1 = 3cos?6) % O (o)
Aq sin 26 cos ¢ Yz_l = Y21 (V? F a?) (chl + af]) o (a/é)
Ay | 1/2sin*fcos2¢ | (Y, 2 +Y; O (ag)
A3 sin 6 cos ¢ Yl‘1 ~ Yll) VeAeVq Qg 0 (aé)
Ay cos 6 i g O (Qg)
As | sin*0sin2¢ | (L2 -X) | (vp+ap) (vgag) | O (ag)
Ag sin 26 sin ¢ v, '+Y) Y% (0{%)
A7 sin @ sin ¢ Yl_1 + Yll) (veae) (chl o aé) 0 (aﬁ)
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Physics Modelling

PDI
QCD
m* 7~ /___ ['1
! § !
V\r

\QQJ-'\NV " WS¢
T e |
—_— ( ; T
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Angular Coefficients

_______________________________________________

do 3 da= e
dpY dm"W dyW d cos 9d¢ 167 dpyY dedy

_____________________

Non-zero at LO
Non-zeroat NLO | 4 ., e “““T---------;
Non-zero at NNLO AR AR

____________________________________

________________________________________

________________________________________

o Full angular cross-section parameterization

> QCD production dynamics fully contained in Ai coefficients, while decay
kinematics fully contained in coupled angular polynomials
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Neutrino reconstruction

o Angular definitions require fully constructed neutrino

o Hadronic recoil:
o Vectorial sum of all transverse momenta of ISR objects
o ATLAS: uses PFlow objects (neutral+charged)

o Solving for Neutrino p,:
o Take mass constraint resulting in quadratic equation p recemereet
u
o (@t @) (@ + q)= miy >
o My < My, gives 2 solutions
o one chosen at random but can statistically resolve correct distributions

° No real solution when my >my, still can use events for ¢¢s R
information Err[‘niss

= gt == (i +pr’)

> Once the mass constraint is chosen ¢ is solved while
the 2 solutions corresponds to a sign ambiguity in
cosOs

10.03.2023
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cosB.-¢ ambiguity (1)

More info

> How can we statistically resolve cosO.¢?
e -+
+ _ p— .
cos 0 = 280t~ 171 <ign(yee)
mt’f\’mgg +—p)%‘

[* = E + p,for the lepton/neutrino

=t
| = E + p,for the antilepton/antineutrino

> Only choose correct p, 50% of the time,
incorrect p, can still be used

— Any Solution
— Right Pz
— Wrong Pz

25000

200001
15000
10000

5000

L/ N L D
True Y[W]
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o Can solve itin 2 cases:
o 1) Solutions where ylll and ylzl have opposite signs

o sign flips in

and blue cancel

o 2) One of the solutions violates Bjorken condition x< 1

° neutrino has more p, than beam energy - unphysical

10*
10°

10°

lIIII|T|'| |Il||l|T| IIIIIIIII IIIII|T|I lIIII|'|T| T

W-—= ev
all soluti

— Ambiguity Y+Cos6
—— Ambiguity in Y

— Bijorken case

lllllllllllIllllllllllllllllllll

lll

-3

-2

-1

0

1

2

3 4
Truth Y(W)
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https://indico.cern.ch/event/1080105/contributions/4543204/attachments/2316154/3942882/210810_A4TruthStudies_WaiMEET.pdf

cosf ¢ ambiguity (2)

30000

Any Solution

- Right Pz, right Cosf
—— Right Pz, wrong Cost
Wrong Pz, right Cos
Wrong Pz, wrong Cosf

W- —>ev

25000;
o Red are events where we picked right p, to get right sign of cosf,s gooooé_

o Green are events where we picked wrong p, but y;; flipped sowe ~ 150%F

get correct cosf.g, these are the events where we get our 10000f
sensitivity. 5000

L Lol 4 ST T [ | TR ree)
%9 3 =2 =1 0 T 2 3 4

4

T =]
—— C0s0,y" Ambigui

4

T
0.5: ATLAS Internal : o COSQCS,YW Ambiguity
[ Vs=13 TeV, 335.2 pb°

0.4/~ Powheg+Pythia8, Wev

[ .
1.4—ATLAS Internal

[ Vs=13 TeV, 335.2pb™
I Powheg+Pythia8, Wev

1) Both cosfO.s and y;; have sign ambiguity so right 50%,
no A, sensitivity

-,

1.2 —=— +yW Ambiguity | —=— +yW Ambiguity

Uncertainty in A
Uncertainty in A

—— +Bjorken Conditioﬁ —— +Bjorken Condition|

2) Adding to 1): only ¥y has ambiguity which cancels with OISN; "t .
cosO.s — right 100% (where we gain our sensitivity) 0-65/—‘/ 02 -

3] Adding to 2): One solution doesn’t satisfy Bjorken o2 ; 0_1? ;
condition (x < 1) = right 100% but pretty rare T Cos T is 2z 25 8
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Top Background (1)

4

T T T T ({o) :l|llwl‘llllwlll!xlllllillw

< s EERE : ' ] o 407
- - - ATLAS Internal g ] +— 107 g~ ATLAS Work in Progress T W {77 06 (7000
When first adding background, S 148 faraTev, s352 pb" r;v u:: ol %.106: a A _%,,:E@
. . . c B g - —-— + A 12} i B Dorr rete: oot ]
the increase in uncertainty was g  1.2f-Powheg+PFythiag, Wev 3 - 8 S
5 . —— EW+top+MJ bkgd ] 9 105
larger than expected especially £ = =
- ] 10
i l,v = k:
at high p.". : : "
E E -§1'2'_VII‘I|l|||\l|\1l|l|l\l—l
2 = = i il
Due to larger top background - ] S A T
; ; 5 e s - - i
ContrIbUtlonS' A i B | L ' P A L W 1 | L 1 -: 00.8—‘||‘§| y il II\ILII[!IIJII—I
0 e e 0 05 1 15 2 25 3
Preliminaril e P} [GeV] A ¢ (lep-MET)|
relmlnarl wetou ta > c B T L e L L L © EEEas B Es RE A s EERES e SR REAS S B
y 9 IA0] @ 10° 335 b s - 13 Tev & e me) = | anasyn e =g e, |
/4 cut should help reduce the E 10 Fwoa S e e S v i
¥2/dof = 578. B s (17001 17 :
top background but doesn’t as & 100] il B
. o
shown on the next slide. 10°§
3
B 10° I
T 44 1 T | | | i I
o - &
2128 — . :
% 1_,‘~.~t ....................................................... ...: :
00'8_1111111111 LlLllillllliLlT -,,.,l,,,.l,..,[!‘..I.,..l,..,l
0 100 200 300 400 500 600 00 0.5 1 15 2 25 13
p'T" (opti-bins) [Rotation] [GeV] A ¢ (lep -MET)|
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Top Background (2)

Signal high p_ Bkgd high p..

80

cosfg

o

o
cosfi.q
«

o ks

70

||l|||l||
r
Q'i

Both signal and background at
high p. lose all cos6 .4 shape
information and causing large
uncertainty.

Illllllllllllllllllll

|II|I||II|I|II|||

Yy

%

gl punp gt ) 3
25 3
1Ag(lep -MET)|

Addition of MET cut reduces
background but also signal too
much.

25
|Ao(!ep°-MET)|

T T T - o T

7 LR L L SR | ¥ T T L) ¥

0.9 ATLAS Internal —e— p>25GeV, no bkgd
F Vs=13 TeV, 335.2 pb'1 —=— pl>25 GeV, EW-+top bkgd
Powheg+Pythia8, W ev—+— p/ MET>25 GeV, EW-top bkgd
—*— |A¢|>m/4, EW+top bkgd

Fr LN D R | T T T T T
4 ATLAS Internal —e— pl>25GeV, no bkgd
- Vs=13 TeV, 335.2 pb™'—=— p!>25 GeV, EW.+top bkgd
5 __ Powheg+Pythia8, W ev—+— p| MET>25 GeV, EW+top bkgd
—*— |A¢|>n/4, EW+top bkgd

0.8
0.7

Uncertainty in A

From our studies the top
background seems irreducible. 2

Rel. uncertainty in A

111 |Ill||||ll||lll|l|ll|||l IIIIIIIII|IlII|lII

I|I[IIIIIT‘[TII‘IT1TITTT1]'1III|I
1IIIITTI]TITIITI7‘]\ITT]IIITI1II|III

py [GeV] py [GeV]
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Event selection: Sensitivity Comparison

0

Uncertainty in A

0

Uncertainty in A
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Ay
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C ATLAS Internal —e— 25,2550 ]
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10 10?
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T ATLAS Internal ) o
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Daniil Ponomarenko

4

Uncertainty in A
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Uncertainty in A

Ay
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1.4
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0.2
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Il N S S T
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0.8 ATLAS Internal

C Vs=13 TeV, 335.2 pb™

0.7 - Powheg+Pythia8, W'ev
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L N | T T ™
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Systematics

Iv
T

W'ev Hadronic Recoil Systematics p

SAS 13seA eyde
SAS ISNOdSIHeA Byde

6UIG LLVLS ISNOJSIH=A eude
8UId LLVLS ISNOJSIY=A eyde
U9 LLVLS ISNOJSTHEA eude
9UIG LLVLS ISNOJS3HEA eyde
SUIG LLVLS ISNOJS3HEA eude
PUIG LLVLS ISNOJSIHEA eyde
EUId LLVLS ISNOJS3HEA eyde
ZUd LLVLS ISNOJS3HeA eyde
SLUIG LLVLS ISNOJSTHIEA Byde
PLUGT LLVLS ISNOJSIHIEA Byde
ELUIG LLVLS ISNOJSTHIEA Bydie
ZIUG LLVLS ISNOJSTHIEA Bydie
LIUGT LLVLS 3SNOJSIHeA
0LUIG” LLVLS ISNOJSTHIEA Byde
LG 1LY IS ISNOJSTHEA eude
6UIG OLV.LS ISNOJSTHRA eude
8UId OLVLS ISNOJSIY®=A eyde
ZUG 0LVLS ISNOJSTHRA eude
9UIG OLVLS ISNOJSIHEA eyde
SUIG 0LVLS ISNOJSTHEA eude
$UIG 0LVLS ISNOJSTH A eyde
EUId 0LVLS ISNOJSIH=A eyde
ZUI9 0LV.LS ISNOJSTHEA eude
GLUIG 0LVLS ISNOJSIHeA eyde
¥LUIG 0LVLS ISNOJSIH/eA Byde
ELUIG 0LVLS ISNOJSTHIEA Byde
ZIUIG 0LVLS ISNOJSTHIEA Bydie
LIV 0LVLS 3SNOJSIHEA

0LUIG 0LVLS ISNOJSTHIEA Bydie
LG 0LV 1S ISNOJSIHEA eude
SAS L)@ ISNOJSIHEA eyde
BUIG” LLVLS NOILMIOS3Y/eA eydie
8UI LLYLS NOLLMIOS34 e eydie
ZUq” LLVLS NOILMOS3y/eA eydie
9UIG” LLVLS NOILMIOSIH/en eydie
SUIG” LLYLS NOILMIOS34/eA eydie
$UIGT LLYLS NOLLMOS34 eA eydie
EUIG” LLVLS NOILMIOS34/eA eydie
ZUq” LLYLS NOILMOS34/eA eydie
PIUG LLVLS NOLLNTOSIHeA
EIUIG LLVLS NOLLNTOSTHeA
ZIUG 1 LVLS NOILLNTOS3HeA Byde
LU 1LV LST NOILNIOS3Y RA eyde
0LUIG LIVLS NOILLNTOSTHeA
g LLYLS NOILMOSIy/eA eyde
6U9 0LY.LS NOILMOS3YeA eyde
8UIG OLVLS NOILMIOSTH/eA eydie
LUGT0LYLS NOLLMIOS3Y e eydie
9UIG 0LVLS NOLLMOS3YeA eyde
SUIG OLVLS NOILMIOS3HeA eydie
$UIG 0LVLS NOILMIOS3H/eA eydie
€U 0LVLS NOLLMOS3Y eA eydie
ZUg0LVLS NOLLMIOS34 eA eydie
¥IUIG 01VLS NOILNTOSIHeA eyde
€HUG 0LV.LS NOLLNTOSTHeA

0
0.5

-2 I e L N | ) R S R R ) I N S L D B ) ) ) [ N D 1 R O ) R G L (AR 1 R (R VS O P 1 R G D (5 I ) Y ) A

2
1.5
1

1
1.5

0.5

ZIUIG 0LV.LS NOLLNTOSTueA |
LIUIGT0LVLS NOLLNIOS34 A eude
0LUG 0LV.LS NOILLNTOSTHeA
G 0LVLS NOILMIOSIH/eA eyde
SASLX3 NOLLMIOSIHeA eydie

o Have tested 2 largest expected systematics (Hadronic Recoil and Background) independently

o MJ NPs heavily constrained, still being understood.
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MJ templates derived for pure DD and predicted by QCD MC
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Debugging: MJ templates d
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Figure 161: Multi-jet background template acceptance correction functions for cosfcs as slices of ¢cs for
0< p‘;"’ < 8 GeV bin for W~ — e~ v channel. Distributions are normalized over ¢cs slices. Error bands represents
statistical uncertainties.

10.03.2023 Daniil Ponomarenko




Acc Correction for 3D templates

x1073 x1073 x1073
301II|I1II|I\II|I\II|I\I 40II\|III\|III\|III\|III)— —Ill\llll\llll\llll\llll\‘
ATLAS Internal — DD MJ, coarse bin 55.0 <p!" 6000 | - ATLAS Internal —— DD MJ, coarse bin 5.0 <p!"  600.0
MJ acc. orr. by QCD MC - ab He. somegon >0 2Pr <600 L MJace. cor. by QCD MC—- Q2B 1 oo 802 <6000
55.0<p’ <75.0 - folded DD MJ | 55.0<p” <75.0 ~+ folded DD MJ
Slice: 0.79 < 40 <1.57 60 Slice: 1.57 < 950 <236

S

&

C L | L | L | L | L
|- ATLAS Internal 4~ DD MJ, coarse bin 55.0 <p?’ £600.0 |

0. I MJ acc. corr. by QCD MC+ acme Sooragion <p; <6000 ]

I 550<p’<75.0 = folded DB MJ

I Slice: 2.36 < ¢::°;° <3.14

[ ATLAS Internal — DD MJ, coarse bin 55.0 <p!"  600.0
E_MJ ace. corr. by QCD MG~ Goh Mg, Sireein 50 <Pr <6000
25__ 55.0<p’ <75.0 —+- folded DD MJ

[ Slice:0.00 < ¢ <0.79

30

20 0.15

IR

15 20 B

o I T B

‘|||f"u||l\|||||

Normalized Entries/0.25
Normalized Entries/0.25
Normalized Entries/0.25
Narmalized Entries/0.25

b b bevra bvva bea s
LN L L DL L L

0.1
& | ]
10 L -
10 + 0.05F 4 |
5 o C I, r
3 a’ﬁbﬂ d"\\ &‘Aﬁ a @‘& N & ~_ &
& & K. [ —
n | l—&—. 1l S 1l ~ 1|l L1 1l n 1l gl 10 n S I L 111 °?¢ L 11 n 111 == 1 | L - 1
S 4 T | L | T 1T | L | 1T 1T 5 5 17T LI LI | LI L S T 1T I T 1T I T 1T l T 1T 1T 1T 5 1 17T | L | 1T 17T | T 17T | 1T 17T
— E 3 — 3 — —
8 & © 8 2 8 8
s JE ! ! | | 3 g | | ! | ; 0. | | | | ; ! | | |
[&] G | N - 11l 11l I - N [&] 0 L1y | L1l 11l L1111 [&] | - | L1l | - L1 | [&] 0 1111 111 111 11l 111
& 21 05 0 05 1 15 § 21  -05 g %1 05 0 05 1 15 § %1  -05
reco reco reco reco
cosBz cosOe cosoge cosOSS
x107° x107° x10°
LD 0 2 LI | LI | LI | LI | lI T 174 g 80 1 T 1 | L | L | L | lI T T \_ g T 1T | T 1T | T 1T | T 1T | kl LI 8 L | L | L | L | ‘ L
C\! 2 —+~ DD MJ, coarse bin 55.0 <p.’ £600.0 ] N " —— DD MJ, coarse bin 55.0 <p." £ 600.0 d o —~ DD MJ, coarse bin 55.0 <p’ £600.0  — d [ ~~ DD MJ, coarse bin 55.0 <p"" £600.0 __|
o r ﬁj"a'gcs L“Jﬁf"é‘y' QCD MC ;- 355 MG, coarse bin 55,0 py' <6000 o a?-agf Icrgﬁr.nﬁl QCD MC - 83 MG coarse bin 5.0 Ip; <600.0 () - Gfﬁ,ﬂf 'c"éﬁf"t?y' QCD MC - 338 M&: oarse bin 56.0 % <aono | o 20 GJTLEQCS L"Jﬁf".?y' QCD MC - 950 Ma: Soarse bin 55.0 25 <6000
~ I 550<p” = folded DBMS 0 ] ~ B v o e Db s " 7 ~ 60 v Pl i ~ - v 3 foed BB 0" B
» F 35.0<p; < 7’.53'09 . P L 5.5AOA< p. < 7§M0o a » | 5'5.0.< p. < 7?9'3 a » r 5'5A0A< p. < 75’1000 ]
3 | Slice:3.14 < ¢ <3.93 i 3 o Slice: 3.93 < ¢ <471 N 3 Slice: 4.71 < 9°° <5.50 3 [ Slice: 5.50 < 9o <6.28 ]
£0.15F 1 = ] E £ 15 =
c E i C 1 c B 1 c s .
w [ ] 1 W 40 - ]
© E = o . e B © + —
o = - O 40 = 4 (0] (0] — —
SOT S 1 8 1 810 ]
g F 3 g F 1 g 2 - A
50.05~ 5 20 S s 5S¢ 7
=2 - z L o 15 J =z § = F Y e
N L "Qﬁ’ i 4 C & & il
- L L) &
n 11 11 | I 1d1 | a2} 11 | B 11l | n! |H . | L1 2 lol | lol | I | lo L 1 I | I lol —
5 2 T 1T | T T 1T | T T 1T | T T 1T | T T 1T 5 LI l T 1T l T 1T | T 1T T 1T E 5 4:_] 1T l L l L l T 1T I T 1T \_: 5 2 g 1T | L | L | L LI
— -g — 3:_ = = 35 3 - '2
= £ ofF 4 £ SE 3 £15
5 15 x § 2 eIy
. 0.5 . 5 o 4 .05
(&) 0 111 | I | L1y | L1 I L1 [&] 0 I | | Loy I L1l | | I L1114 (&) G: L1l I I I L1l I I | I I ——— (&) 0 L1l I L1l I L1l | L1l l L1l
g = -0.5 0 0.5 1 15 § =1 -0.5 0 0.5 1 15 § =1 -0.5 0.5 1 15 § =1 -0.5 0 0.5 1 15
reco reco reco reco
€0sBg cosg cosg cosfg

Figure 166: Multi-jet background template acceptance correction functions for cosfcs as slices of ¢cs for
55 < p?’v < 75 GeV bin for W~ — e~ v channel. Distributions are normalized over ¢cgs slices. Error bands

represents statistical uncertainties.
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Figure 170: Multi-jet background template acceptance correction functions for cosfcs as slices of ¢cs for
210 < p?’" < 600 GeV bin for W~ — e~ v channel. Distributions are normalized over ¢¢ys slices. Error bands
represents statistical uncertainties.
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