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Introduction

* Overview of the V+jets samples and modelling approaches
commonly used by ATLAS analyses

* V+jets is an important background in many ATLAS
analysis and good modelling is crucial

* For example:in the VH(—bb) and VH(—cc) analyses
* Brief reminder of VH(—bb) and VH(—cc) strategy:

* Targeting H—bb and H—cc decays in the VH production mode ° H
°

* Categorisation into channels based on vector boson decay (Z—vv,
W—olv, Z—-ll)

* l|dentification of b- and c-jets with the use of jet flavour tagging
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» Categorisation of events by pr of of vector boson and jet S
multiplicity A‘(\’?.

* Fit to di-jet invariant mass (in VH(cc)), or BDT distribution (in

VH(bb)) to extract signal strengths or cross-sections in the STXS

scheme

v/l
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://arxiv.org/pdf/2201.11428.pdf

v+j ets i n VH (_) b b) Breakdown of uncertainties for VH(bb) signal

Tu
VH | WH ZH

Source of uncertainty

* WHjets and Z+jets backgrounds are a major background in the VH(bb) analysis, mainly Total 0.177:1 0.260 0.240
Statistical 0.115 | 0.182 0.171
WIZ+bb Systematic 0.134 | 0.186 0.168

—> contribution larger than 50% for most analysis regions statistical uncextainties
Data statistical 0.108 | 0.171 0.157
* V+jets modelling uncertainties have a sizeable contribution to the total uncertainty 17 e control region 0.014 | 0.003 0.026
Floating normalisations 0.034 | 0.061 0.045

—> especially W+jets is important for the WH measurement, and both W and Z+jets are
important in the low pt¥ bins of the STXS measurement

Experimental uncertainties

Jets 0.043 | 0.050 0.057
E.'r"i'“ 0.015 | 0.045 0.013
Leptons 0.004 | 0.015 0.005
O-lepton |-lepton 2-lepton b-jets 0.045 | 0.025 0.064
b-tagging c-jets 0.035 | 0.068 0.010
Yo} R N L L L L L B DL B . .
N ATLAS Preliminary - Data o o B B A A RS AR RARE AR AR 0 0P T T T g light-flavour jets  0.009 | 0.004 0.014
o  bb (1=1.00) _| | i —e— Data _ N i —e— Data E .
g UEp e BRI S T mWcsem | S DU W weam Pl 0003 | 0.002 0.007
- lepton, 2 jets, 2 b-tags z 4 2 E i iboson = 2 - X Dib o . .
._%) - 250pGeV< ;I::<4oo GZV -:w chan 7 § E 1lepton,2ievts,2b-tags i ] § 2 leptons, 2]|'/els,2b-tags =Z:-j:tss°n ] Luminosity 0.016 | 0.016 0.016
L Wt i ] C 250GeV<pT<4OOGeV 0 t, s+t chan ] ] 2506eV<pT<400GeV [ Top
. B Wejets - - we . 102 (X Uncertainty = Theoretical and modelling uncertainties
—oy I s I Profbockground
102 g:\:::t:?ctxgmnd E - _ [ Uncertainty | ' ] Signal 0.072 I 0.060 0.107
we=VH,H —bb x2 : : «==« Pre-fit background |
‘ , 7 ===VH,H > bb x2 m
. ] 10 E Z + jets 0.032 | 0.013 0.059
_____ + W + jets 0.040 | 0.079 0.009
10 .. L S 1 0.021 | 0.046 0.029
_ Single top quark 0.019 | 0.048 0.015
B2k RN ~‘| E T T Diboson 0.033 | 0.033 0.039
s SE I e N B12F o12¢
808 ¢ U | E € 1k s 1F Multi-jet 0.005 | 0.017 0.005
S B bbb s b b LS 30.8:_AIAIAIAIlIlllIAIAIAIAIAIAIAIAIAIAIAIAIA: %0.8;\|\I||l|lIIIAIIIIIIII_ITI\IAIIIIIIIIIIZ
-1 08-06-04-02 0 02 04 B%$ O(ﬁt u: 2 4 08-06-04-02 0 02 04 06 08 1 © 4 08-06-04-02 0 02 04 06 08 1 o
v OUIP BDT,,, output BDT,,, output MC statistical 0.031 | 0.055 0.038
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Breakdown of uncertainties for VH(cc) signal

V+jets in VH(—cc)

Source of uncertainty MV H(cE)

Total 15.3

Statistical 10.0

e Similar to VH(bb),V+jets also a major background in VH(cc), with a more diverse flavour Systematic 11.5
composition = mainly enriched in W/Z+cc and W/Z+cl Statistical uncertainties

* Z+jets modelling uncertainties are the leading systematic uncertainty,and W+jets Signal normalisation 7.8

uncertainties are also sizeable Other normalisations >

Theoretical and modelling uncertainties

* Additionally, due to low c-tagging efficiency, simulation statistics have a large impact and

are mitigated through truth-tagging (details in backup) VH(> c0) 2.1
Z +jets 7.0
—> As the main background, small statistical uncertainties in simulation are important for V+jets  Top quark 3.9
W+ jets 3.0
Diboson 1.0
VH(— bb) 0.8
O-lepton [-lepton 2-lepton Multi-jet 1.0
R A S RS 5 450 T 5 e PG ARAS Simulation samples size 4.2
9] 4001ATLAS —— Signal + Background 9] F ATLAS — Signal + Background 9 ATLAS —— Signal + Background ]| . ..
= F Vs=13TeV, 139 fb" B VZ(—> ¢3) (u=1.16) E © 400F \s=13TeV, 139" B VZ(> cF) (u=1.16) — © s =13 TeV, 1390 B VZ(—> ¢B) (1=1.16) = Experlmental uncertainties
> 350 ulep!on 2 jets, 2 c-tags [ VW( cq) (u=0.83) - F 1 Iep!on 2 jets, 2 c-tags - Yow((;h‘;‘:; (1=0.83) 3 P 2 lepton, 2 jets, 2 c-tags - w,(a_l)( ca) (u=0.83) 3
c F sl R, p) > 150 GeV :’o\:,(?:ﬁer) E € 350F gp, pY = 150 Gev .o,':(b) = c SR, p! > 150 GeV . Zehf e i 2
g 300 top(b) - g E multi-jet + other ] g o Z+mf 3 Jets .8
w E . Wehf 3 W 300 . W = w Z4if 3]
o50E- . Wam E S e ] 4 ttrs = Leptons 0.5
E -;v:’:; E E I VH(> bb) E [ Uncertainty E [Emiss 0.2
- W Z+mf _: = Uncertainty _I = SM VH(- cC) x 300 B :I‘ X . *
- 3  SMWHE SR x0T E Pile-up and luminosity 0.3
[CJ Uncertainty = —; E -
— SM VH(>> ¢8) x 300 —f 3 3 C-JetS 1.6
- = E Flavour taggin b-jets L1
______ o, - E -~ E gging light-jets 0.4
8 T o ‘ E ° 15T rrrTT E s 15FT R U N L ‘r-jets 0.3
g S S TS +-‘+—_\+_\\_T_+J: g 1=o—~.—_,_+~o—_.__._+~¢«+ ++ f g 1:r+v—+'++\\ | s
£ 05E. [ P I B B B 05l el 8 o05E ..m._+._|.‘.|..‘|—: . AR correction 3.3
e 60 80 100 120 140 160 180 200 e 60 80 100 120 140 160 180 200 e 60 80 100 120 140 160 180 Truth-flavour tagging Residual | 1.7
me, [GeV] m,, [GeV] M, [GeV] esidual non-closure .
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Example of V+jets control region in VH(cc)

V+jets modellingépproach

> L L L L T T T T T
> L —eo— Data
G 1400~ ATLAS —— signal + Background
K L Vs=13TeV, 139" I VZ(~> cE) (1=1.16)
~, 1200/ 2lepton, 2 jets, 1 c-tag = ;X‘If,(? ca) (1=0.83)
o o T L ARCR, p" > 150 GeV  Z+mf
* Start from nominal simulated samples 2 oo ’ 2
+ others
I VH(— bb)

Uncertainty
= SM VH(- ct) x 300

* Nominally simulated with Sherpa 2.2.1 5F MEPS@NLO (NLO- 800

accurate ME for up to 2 jets, LO-accurate ME for up to four jets) -

» Samples produced in slices of max(H+, pt¥) to control phase space
sampling

400

200

* Filters are applied to select events with heavy flavour jets

3 1.2E.|::]w....l.,‘.l....;ﬁllg
* More details on generator setup here < e g -
8 09& =
 Constrain normalisations (and m_. shapes) of V+jets in S 08 ™ s a0 20 300
m,. [GeV]

dedicated control regions, e.g. through selecting events with high

AR between jets
l Example of floating normalisation scheme in VH(bb)

* Float normalisations based on di-jet flavour:

A . ted
* VH(bb): Float V+hf (bb,bc,bl,cc) separately and take remaining SHL  resalved ssisction I Doosied
components as predicted by simulation + uncertainty .
' - LP
*  VH(cc): Float separately V+hf (bb,cc),V+mf (bc,bl,cl) and V+I 3 ‘ :
—> In both cases, with uncertainties applied on flavour composition 2j ‘ H : HP
* Determine floating normalisations with as much granularity as data ! ! >
75 150 250 400 V pr[GeV]

allows (in different bins of jet multiplicity, pt of vector boson)
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https://arxiv.org/pdf/2112.09588.pdf

Example of floating normalisation scheme in VH(bb)

v+j ets m O d e I I i n g ; a,p p ro a,c h 2 p7¥ and jet multiplicity acceptance uncertainties

are highlighted
. o o . o 4 Zihf  resolved selection boosted
* Derive uncertainties by considering different variations selection
* MadGraph+Pythia8 5F MEPS@LO (up to 4 partons) = 3j ‘ - LP
dominant uncertainty l """ v l N
2j ‘ T HP
* Renormalisation/factorisation scale (U, [f) variations , >
75 150 250 400 V pr[GeV]
* CKKW and matching scale variation in Sherpa 2.2.1 sample -
studied in VH(bb), small effect with limited statistics Extrapolation uncertainties calculated
* Calculate shape and normalisation effects of each alternative from yields n| and n; from regions | and 2 (e.g.
generator SR and CR)
* Group normalisation effects together, to calculate: (nl) 2
n .
* Overall normalisation uncertainties on smaller V+jets Acc.ratio = Z - 27 —1
components ] (n—l)
\ 27 nominal
* Extrapolation uncertainties between different analysis , ,
. " Different sources added in quadrature
regions and on the flavour composition of backgrounds
Maria Mironova 28/11/2022 6




lllustration of shape systematics for mass-based fit

>

V+jets modelling approach

Nominal Sherpa
. e . L Alternative MadGraph
* Shape uncertainties: Consider also variations on the

shapes of kinematic distributions based on the alternative
samples, and include shape uncertainties in the analysis

Normalised events

* Different approaches possible, depending on fit
discriminant and available statistics:

Ratio
\
3

a

. . . . lllustrati h temati BDT-based fit
* VH(cc): Fit uses Higgs candidate invariant mass as ustration of shape systematics for ased f

variable, so directly parametrise the ratio of nominal and B O v Wt srorasot ooy ]
alternative generators g oo artmen T Semean: o
0.15E Default Weighted —

. . . . E X 345 - o ]

* WhHjets in VH(bb): Use BD TR technique > parametrise T CER
shape effect on multiple kinematic variables using BDT b E

« Z+jets in VH(bb): Instead of using MadGraph as R e e T
. o o o © “F of,.‘;;&aphﬁmm ®* MadGraph 5+Pythia 8/Sherpa 2.2.1 7
alternative samples, use data-driven estimation of T2l B, - Semezziemzed,,, -
shape systematic from sideband data e .

F 'I"-'-—g——o—_._r—o——-—‘:—_:_ E

0.9 . = =

-1 -08 -06 -04 -02 O 02 04 06 08 1
BDT,,,
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pp — uvy, dressed level

= E ] [ \ | | N | \ 3
Recent developments
p § 107 & Vs=13TeV -
f—l & CMS Data [Phys. Rev. D 96 (2017) 07200] —— -
1= Sherpa 2.2.11 [NLO QCD] —— —
° g Sherpa 2.2.11 [NLO QCD+EWyjry] —+— -
S.40 Sherpa 221 ——
C . £ 107 MG5_aMC@NLO+Pythia8 E
. . . omparison o - ]
Several recent developments in V+jets event generation differenf Sherpa and 102 .
in ATLAS (details here) MadGraph setups in ol e
. o \ \ | | \ | \ E
. . comparisons to g :
° . ® 1.5 =
Sherpa 2.2.1 1 setup with several improvements: W-ijets data E — :
(&) = =
* Corrected heavy flavour hadron production fractions =080 o
0 100 200 300 400. 500 600 700 800 900
* Inclusion of higher-order QCD and EWV corrections, P (leading jet, > 1 jet) [GeV]
updated EWV input scheme, and additional specialised
treatments Mean CPU time per event for Sherpa 2.2.] and 2.2.1 ]
e Additional computationa| improvements reduce CPU Phase-space strategy Mean [s/event] Mean [HS06 s/event] Fraction of events [%]
resources needed per event SHERES:Z Al configuradon
Viy 2
(25522 analytic enhancement  17.9+0.2 375+ 4 100
« MadGraph5_aMC@NLO+Pythia8 w/ up to 3 T ——
additional partons at NLO, using FxFx ME and PS 0 < max(Hy, p¥) < 70 GV 47405 99 + 11 31
. .. is al bl | . 70 < max(Hp, pY¥) < 140 GeV 34.6+2.3 725 + 48 27
merging prescription, is also available as an alternative 149 < muxa. V) < 280 Gev 6.8+ 12 — 19
280 < max(Hr, py) < 500 GeV 53.7+22 1126 + 46 11
generator 500 < max(Hy, p¥.) < 1000 GeV 67.6 + 3.0 1418 + 63 9
max(Hr, pY) > 1000GeV ~ 108.4£5.7 2273 + 120 3
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https://arxiv.org/pdf/2112.09588.pdf

Summary

* Accurate prediction of V+jets background is crucial for many ATLAS analysis, e.g. VH(—bb) and VH(—cc)
—> discussed the V+jets treatment in these analyses in detail

* Nominal V+jets samples are generated using Sherpa 2.2.1 5F MEPS@NLO

* Normalisation of main V+jets background components derived in control regions from data

* Modelling uncertainties assessed as two-point systematics using different alternative generators, e.g.
MadGraph+Pythia8 5F MEPS@LO (dominant uncertainty), renormalisation/factorisation scale etc

* Normalisation and acceptance effects are considered separately from shape uncertainties and derived
between analysis categories and flavour composition

* Shape uncertainties are derived for each source of uncertainty using different techniques (generator
comparison in fitted distribution, BDTr, data-driven)

* V+jets simulated statistics can have a sizeable impact on analyses

* Recent work in ATLAS provides new options for V+jets generation: Sherpa 2.2.11 and
MadGraph5_aMC@NLO+Pythia8 with theoretically motivated and computational improvements

Maria Mironova 28/11/2022 9




Thank you!

Any questions?

ATLAS

EXPERIMENT
Run: 303892
Event: 4866214607
2016-07-16 06:20:19 CEST



MC samples

* V+jets: (Details)
* Nominally simulated with Sherpa 2.2.1

NLO-accurate matrix elements for up to 2 jets, LO-accurate ME for up to four jets in five-flavour
scheme are calculated with Comix

b- and c-quarks are treated as massless

QCD corrections for ME @ NLO by OpenLoops

NNPDF3.0NNLO PDF

Max(H+, p7") slides with boundaries [0, 70, 140, 280, 500, 1000, 6500] GeV

* Alternative samples simulated with MadGraph5_aMC@NLO 2.6.5

Maria Mironova

Showering and hadronisation with Pythia 8.240 with A14 tune and NNPDF2.3LO PDF set

Full 5-flavour scheme with massless quarks in ME calculation

28/11/2022 11


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PMGR-2021-01/

Summary of Sherpa configurations

https://arxiv.orglpdfi2 | 12.09588.pdf

Table 1: Summary of the SHErRPA 2.2.1 and 2.2.11 configurations.

Configuration SHERPA 2.2.1 SHERPA 2.2.11
Generator version SHERPA 2.2.1 SHERPA 2.2.11

PDF set NNPDF3.0nNLO NNPDF3.0NNLO

EW input scheme Effective sin” 0.4

QCD accuracy 0-2j@NLO+3,4j@LO 0-2j@NLO+3,4,5j@LO
NLO EW,,, corrections No Yes

Subtraction scheme Default Modified Catani—Seymour
Special treatment for unordered histories | No Yes

Scale for H-events STRICT_METS H}

Gluon colour/spin exact matching Yes No

Core process for K-factor 24 252

Phase-space strategy Sliced in max(Hr, p¥ ) Analytic enhancement

Maria Mironova 28/11/2022 12



https://arxiv.org/pdf/2112.09588.pdf

Phase space sampling

LA I B B S BN S S S I S R B S R S

T T [ T T T T l T T T T l T T T T l T T T T :
10'2} ATLAS Generator Level —— Cross-section

2 'S )
< 102 510'2} ATLAS Generator Level —— Cross-section | 10'? 3
2 L \s=13 TeV, pp — ee +jets [ [0,70) GeV S 310"F (s=13TeV, pp — ee + jets iz +1paton {1072
210"} Sherpa22.1 [N [70140)GeV 1450 2 F Sherpa2.2.1 Il Z + 2 partons g
= | Sliced set-up [140,280) GeV | = = [ Sliced set-up Bl Z+3parons | =
3 100 [280,500) GeV | o & 8 10°F EEz+4patons 107 2
g i (500,1000) GeV | = g -
c 0 [1,13) TeV : €
& 10° 10° 12§
9@
10 10t |Ee
(o)}
Ke)
10? 102 '°
1 1
2.5 3 3.5 . 25 3 3.5
log, (max(Hy,pY)) [log, (GeV)] log, (max(Hy,pY)) [log, (GeV)]
(a) Boundary Breakdown (b) Jet Multiplicity Breakdown

Figure 10: Distribution of unweighted pp — e*e™ + jets MC sampled events and differential cross-section for the
sliced enhancement as a function of the slicing observable, log,,(max(Hr, p¥ )). Events are sliced according to the
max (Hr, p¥ ) variable. The unweighted distribution is split either (a) according to the phase-space sampling slices,
or (b) according to the final-state jet multiplicity. In (b) the Z+1 parton contribution is small and only visible in the
top left of the distribution.

Maria Mironova

Generated raw events

https://arxiv.orglpdfi2 | 12.09588.pdf

L DL LA L B =
10°} ATLAS Generator Level — Cross-section {107 5
L (s =13 TeV, pp — ee +jets Z + 1 parton e
107} Sherpa 2.2.11 Bl Z+2partons 1457 o
| Analytic enhancement BN Z +3partons | =
10°+ I Z + 4 partons 10° 2
I Z + 5 partons e
L >crl—
103 103 f
ol s
10 10 © E_
&
107" 10" I
107 107
25 3 35

log, (max(Hr,pY)) [log, (GeV)]
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https://arxiv.org/pdf/2112.09588.pdf

MC samples

Process ME generator ME PDF PS and- . Tune Cross-section
hadronisation order
PowHEG-Box v2
—VH NNL CD
19 H o ee/bp) *+O0SAM NNPDF3.ONLO  Pyrmia 8212  AZNLO +NL8((§W) )
( cc + MINLO
gg = ZH o wHEG-Boxv2  NNPDF3.ONLO Pytaia 8212 AZNLO  NLO+NLL
(H — cc/bb)
tt PowHEG-Box v2 NNPDF3.0NLO PyTHiA 8.230 Al4 NNLO
+NNLL
t/s-channel PowreG-Box v2 ~ NNPDF3.0NLO  Pyrtaia 8230  Al4 NLO
single top
Wt-channel PowHEG-Box v2 NNPDF3.0NLO PyTHia 8.230 Al4 Approx.
single top NNLO
V +jets SHERPA 2.2.1 NNPDF3.ONNLO  SHerra 2.2.1 Default NNLO
qq - VV SHERPA 2.2.1 NNPDF3.O0NNLO  SHEerra 2.2.1 Default NLO
gg - VV SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 Default NLO

Maria Mironova
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Event selection /
modelling
uncertainities

Maria Mironova

Common Selections

Central jets
Signal jet pr
c-jets

b-jets

Jets

p¥ regions

AR(jet 1, jet 2)

>2

> 1 signal jet with pr > 45 GeV

1 or 2 c-tagged signal jets

No b-tagged non-signal jets

2,3 (0- and 1-lepton), 2, > 3 (2-lepton)

75-150 GeV (2-lepton)
> 150 GeV

75 < pY <150 GeV: AR < 2.3
150 < pY <250 GeV: AR < 1.6
py >250GeV: AR < 1.2

VH (> bb)

0 Lepton
Trigger E%‘iss
Leptons 0 loose leptons
ERSs > 150 GeV
pr > 30 GeV
Ht > 120 GeV (2 jets), > 150 GeV (3 jets)

min [AG(EMS, jet)|

> 20° (2 jets) , > 30° (3 jets)

|AG(ER™SS, H)| > 120°
|Ag(jetl, jet2)] < 140°
[AG(EF™S, pT™™*)| <90°

1 Lepton

e sub-channel: single electron

Trigger u sub-channel: E{f‘jss
Leptons 1 tight lepton and no additional loose leptons
E%"VSS > 30 GeV (e sub-channel)
my < 120 GeV
2 Lepton

Trigger single lepton
Leptons 2 loose leptons

P Same flavour, opposite-charge for pu
myj 81 < my < 101 GeV

W H (— bb) normalisation 27%
ZH (— bb) normalisation 25%
Diboson

WW /ZZ|W Z acceptance 10/5/12%
p¥ acceptance 4%
Njet acceptance 7-11%
Z +jets

Z+hf normalisation Floating
Z+mf normalisation Floating
Z+If normalisation Floating
Z + bb to Z + cc ratio 20%

Z + bl to Z + cl ratio 18%

Z + bc to Z + cl ratio 6%
p_‘r/ acceptance 1-8%
Nje acceptance 10 - 37%
High AR CR to SR 12 - 37%
0- to 2-lepton ratio 4 - 5%
W +jets

W +hf normalisation Floating
W +mf normalisation Floating
W+If normalisation Floating
W + bbto W + cc ratio 4-10 %
W + bl to W + cl ratio 31-32%
W + bc to W + ¢l ratio 31-33 %
W — tv(+c) to W + cl ratio 11%
W — tv(+b) to W + cl ratio 27%
W — tv(+l) to W + [ ratio 8%
Njey acceptance 8 — 14%
High AR CR to SR 15 -29%
W — 7v SR to high AR CRratio  5-18%
0- to 1-lepton ratio 1-6%
Top quark (0- and 1-lepton)

top(b) normalisation Floating
top(other) normalisation Floating
Nje acceptance 7-9%
0- to 1-lepton ratio 4%
SR/top CR acceptance (t7) 9%
SR/top CR acceptance (W) 16%
Wt / tf ratio 10%
Top quark (2-lepton)

Normalisation Floating
Multi-jet (1-lepton)

Normalisation 20 - 100%

28/11/2022




o High AR . control region (postfit)
V+jets background e
8 18:—ATLAS :giagt:aHBackground —: 81400__ATLAS :giagt:aHBackground —
< C {s=13TeV, 1391’ B VZ(—> cT) (u=1.16) ] S C {s=13TeV, 139 0" B VZ(— cB) (u=1.16) ]
~ 16 1 lepton, 2 jets, 1 c-tag L X:V;\a’é;h‘:;; (=083 = 1200 2/lepton, 2 jets, 1 c-tag = \Z"xf? cq) (u=083) 1
E 14:_ AR CR, p¥215OGeV .opl(:_,_)_‘ N E % E AR CR, p:215OGeV -2;” E
« V+jets (split as W and Z+jets) split into flavours: s = I - =y
* V+hf:V+cc, V+bb "oF Sy 3 e
8:_ = SM VH(- ¢t) x 300 _: :_ _:
o V+mf:V+cl, V+bc,V+bl | o 3 - E
. VHIf? X :
* AllV+jets normalisations floating in fit, separated as g L ey g +
V+hf,V+mf and V+If Lol T T e et 8 e T T
S 0900 1s0 200 250 300 8 08700 10 200 250 300
. . . . . mg; [GeV. Mee
* V+hf and V+mf floating normalisations determined with o e
i i [ Wzent  mEZems Z+1f
the help of a high AR_. control region 0 c-tag CR i Wi EEsingletop s
T EEW+hf I W+mf Walf

* One AR, CR for each corresponding SR:
* Low pTV:23 <AR,<25
* Medium pTV: .6 < AR < 2.5
* HighpTV:1.2<AR.<2.5 05k L L
* Upper cut added to stay close to SR phase space - - i

) ) . Fincluding W(tv)+b,W(tv)+c in
* V+If floating normalisations determined in 0 c-tag CR Ieptong ()6, W)

and | and 2 lepton = same kinematic selection as SR 2including W(tv)+l in 0 lepton L2 1L3) 2L2) 2L3) 2L2) 2L 3
Low p;¥ High p;¥

VV Bkg I VZ(— ct) Ml VW(= cq)

Background fraction
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V+jets m_. shape uncertainties

* Extrapolation from AR CR to SR is more complicated, as m.. and AR__ are correlated
* Two sets of shape uncertainties defined, from comparisons of Sherpa2.2.] and MadGraphb5

A

Nominal Sherpa
Alternative MadGraph

1 Signal region

Nominal Sherpa
Alternative MadGraph
Reweighted Sherpa

Normalised events
Normalised events

Ratio
\
\d
Ratio
Y
\4

* Derived in the AR CR, applied to SR and AR CR, * Reweight Sherpa MC in the SR by Syst | and calculate
correlated shape+normalisation effect residual difference to MG

—> Provides constraints on m_. shape in SR from AR * Applied to SR only as shape-only
CR, and takes care of acceptance effect —> Provides additional freedom on m__ shape in SR

Maria Mironova 28/11/2022 17




W+jets floating normalisations

v+j EtS norm al i Sati ons Background pyV Jets Value
W+hf .16 £ 0.35

 AllV+jets normalisations floating in fit and constrained Wemf 1.28 + 0.35
from signal and control regions W+If 2 .02 + 0.04

* Common normalisations for all data-taking periods, as SRs 3 0.97 + 0.05

are not split by years Z+jets floating normalisations

* Decorrelations between n,.and pr¥ regions as much as

\/
possible within the stat uncertainties Background pr Jets yalue
* Nominal MC generator is Sherpa 2.2.1 Z+hf DD e e20 2
. 0- and I-lepton: 75-150 GeV .25 £ 0.25
- Common normalisations for all categories for W+hfand ~ £7mf >150 GeV .10+ 0.15
W+mf 75-150 GeV .11 £0.15
. Separgcs floa;irr:g ?‘ormalisations for W+lf in nj. due to 0 >150 GeV 2 1.07 £ 0.03
-t ith hi tatisti

c-tag CR with high statistics 3 1.08 + 0.05

* 0- and 2-lepton: Z+If
, _ : v , v 75-150 GeV 2 1.12 £ 0.04

* Floating normalisations split by p1' categories (low py

only in 2-lepton) 3 1.07 £0.06
« Split normalisations in Njet for Z+If Most normalisations in agreement with | (highlighted otherwise)

Similar normalisations also seen in VH(bb) with smaller uncertainties
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V+jets uncertainties

Z+bb to Z+cc ratio 20 %
Z+bl to Z+cl ratio 18 %
Z+jets Z+bc to Z+cl ratio 6 %
pt¥ acceptance 1-8 %
. e t 10-37 %
* Acceptance ratios between channels, flavour components RS . _
and jet multiplicity categories O-lepton/2-lepton ratio 4-5%
. W+bb to W+cc ratio 4-10 %
* Comparison of Sherpa 2.2.1 and MadGraph5 and pg, yr scale
L W+bl to W+cl ratio 31-32 %
variations
. W+bc to W+cl ratio 31-33 %
* m shape uncertainties derived from the same sources Wijets
€ W (tv)+c to W+cl ratio 11 %
* Largest uncertainties from Sherpa/MadGraph comparisons, W(tv)+b to Wl ratio 27 %
followed by g scale variation W(tv)+l to W+ ratio 8 9%
Njec aCCceptance 8-14 %
W(tv) SR/AR CR ratio 5-18 %
O-lepton/|-lepton ratio -6 %
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c-tagging efficiency as a function of jet pt

Truth-tagging

LA L L L B L BN
ATLAS

Vs= 13 TeV, 80.5-139 fb™

VH, H— cC 27% c-tagging efficiency working point

DL1, c-tag + MV2 b-tag veto

—c-jets —b-jets —light-jets

* Due to moderate c-tagging efficiency (27%), the available MC statistics are
significantly reduced in the VH(cc) analysis

—> Additional MC statistics, especially for V+jets, would mean a significant

Data c-tagging efficiency =+ total uncertainty

improvement E

* Mitigation possible through the use of truth-tagging 0.05F k
, : , , , : 50 100 150 200 250

- Instead of using direct cut on flavour tagging requirements (direct tagging), ot p_ [GeV]

weigh event based on probability of passing c-tagging . : .
lllustration of close-by jets which can cause

*  Weights calculated from flavour tagging efficiency stored in 2D map as disagreement with direct and truth tagging
function of prand n S AR(jetl, jet2)
* Used in VH(cc) analysis to improve statistical uncertainty on simulated ' B

background events for V+jets and other backgrounds by ~ factor 3

-

* Also used inVH(bb) on non-b jets ("hybrid tagging”)

Jet 2: b-jet
* Closure with direct tagging not perfect = requires additional uncertainties
C-tagged jet |: & ¥
* Recent promising developments in truth-tagging using GNN (link paper) c-jet %  Fragmentation
® from Jet 2
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BDTr approach

o | ..l LT MO g BDTr approach:
o |.  Train BDT classifier to separate
e do, nominal and alternative MC model

2. Evaluate classifier response for
both MC models

3. Parametrise ratio of classifier
response for both models

4. Reweight nominal MC by
parametrisation and use as
systematic uncertainty

For W+jets in VH(bb), factorise p;" as
independent shape variation due its
importance in the categorisation

Diagram courtesy of Stephen Jiggins
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Data-driven approach for Z+jets

Events

* Use data-driven approach for Z+jets modelling in VH(bb), due to
high purity of 2-lepton channel

Z+jets

e Sum SR+CR and subtract data-driven ttbar estimate from
templates and data

* Parametrise the data/MC ratio for the m,, and p" distributions,
while excluding m,, [80,140] GeV (to remove VH and Diboson) - |?'/0—‘—+—) m
bb

—> Use parametrised ratio as the uncertainty

Ratio
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