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Integrated luminosity

Photon identification

Photon energy scale and smearing
Per photon energy resolution estimate
Jet energy scale and resolution
Lepton ID and reconstruction

b tagging

MET

Other experimental uncertainties
Branching fraction

ggH scales

ggH p? modelling

ggH jet multiplicity

ggH VBF-like region

qqH scales and migrations

VH lep scales and migrations

Top associated scales and migrations
ggH in top associated categories
PDF and o normalisation

Scales, PDF and o, shape
Underlying event and parton shower

§'PS/Had/UE | H—yy VBF

137 fb' (13 TeV)

_l:_l 1 ggH Hyer o VH 5' = top
1] [ ]
I
] LU
I I
— L1
I
] |
I |
1 I
I !
1
[I
I
1 |
I [ 1
1L
1 [ ]
1 H
| | Observed |:| Expected
0.02  0.04 0.01 0.02 0.03 0.05 0.1

HIG-19-015

Uncertainty in 1

UusS

ATLAS-CONF-2020-026 OF SUSSEX.

ATLAS Preliminary
VBF Ac/ ©
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Parton Shower VBF /

lavor Composition

Pileup Reweight

n 700 GeV, p': > 200 GeV) High-Pur

JET Etalntercalibration Modelling

n 2700 GeV, p': > 200 GeV) Med-Pur

m =700 GeV, p:jj > 25 GeV) High-Pur

m. 2700 GeV, p:ii < 25 GeV) Med-Pur

m, 2700 GeV, p:ﬂ < 25 GeV) Med-Pur

Luminosity Run-2

m, 2700 GeV, p." > 25 GeV) Low-Pur

Parton Shower ggH

JET Pileup RhoTopology

Jet Flavor Response

m, 700 GeV, p:ﬂ < 25 GeV) High-Pur

Photon Isolation

Photon Identification

JET Pileup OffsetMu

299 — H (0-jet, p:' > 10 GeV) High-Pur

Jet Energy Scale Modelling1

Photon Trigger
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html

PS/Had/UE | ttH & H—pp US

_ 1IVERSITY
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Pre-fit impact on p: Al —-0.1 —0.05 0 0.05 0.1
0 = B+A0 0= 0-A0 -04 -02 0 0.2 0.4 T T 1 T T 1 T T 1 T T 1

TI]IIT]IIIIIIIIIIIITI

Post-fit impact on u:
o =0+A0 0 =0-A8 | ATLAS Preliminary

—e— Nuis. Param. Pull \s=13TeV, 139 fb"

ggF parton shower

tf+21b: B atch. SRbin1 ljets
1b: NLO match. SRbin2 ljets
tf+=1b: FSR
b: PS & hadronisation dil
- p™ shape
ti+21b: NLO match. SRbin1 dil
Wit: PS & hadronisation

ti+=1b: NLO match. CR ljets
ttH: NLO matching

Wt: diagram subtraction

ttH: PS & hadronisation

ti+=1b: PS & hadronisation ljets
ti+=1b: ISR

tf+=1b: NLO match. SRbin2 dil
tfH: cross-section (QCD scale)
k(tf+>1b)

tf+=>1b: NLO match. SRbind ljets
t{+21b: NLO match. SRbin3 ljets

ggF QCD scale

Spurious signal, VBF Very High cate.

ggF QCD scale 1<« 2-jet

Spurious signal, 2-jet High cate.

ggF QCD resummation

Spurious signal, 1-jet Very High cate.

H — uu BR

Spurious signal, 2-jet Medium cate.

e

Muon momentum resolution ID

ATLAS —— Pul

ttH: A,,, STXS theory unc. _ :
Wt: generator (s =13 TeV, 139 fo° 1 stgndard deviaiion
W1 FYETl Ieeen reeed e e YT T |:|Pref|t|mpaCt0nLl
2 -15 -1 05 0 05 1 15 2 H = Top 10 B Postfit Impact on {i
(B.eo)/Ae |||||||||||||||||||||||||||||||||
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(6 - 8,)/A6

ttH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/

§'PS/Had/UE | Top

[T1ASS

TOPQ-2017-03

e 1 -1
ATLAS Pre||m|nary M, summary - November 2018, L = 4.6 fb -20.3fb NS =S TV
in = =
Mg, =+ tot. (stat.+JSF+bJSF + syst) Event selection Standard Standard BDT
. oo+ tOt. L * * * syst.
 al ot & s e et 1757 218 (1 Ce) isgp tesult [GeV] 17233 [ 17000 | 172.08
" ! Statistics 0.75 0.38 0.39
single top* ATLAS-CONF-2014-055 , el 4 1722 + 21 (o7 +20 )
Ly, =203 10 \ — Stat. comp. (M) 0.23 0.12 0.11
— ljets Fr e < 075 (2019330 b e — 1723 + 1.3 (02 +02+07 +10) — Stat. comp. (JSF) 0.25 0.11 0.11
int . 1
N dilepton Eur. Phys.\vl1AC75(2015)330 [ S N— . 1738 + 1.4 (o5 £ 13 ) - Stat. comp. (bJSF) 067 034 0.35
o= 4710 : Method 8 ——
H Phys. Lett. B761 (2016) 350
= dlepton | ! N 1730 + 08 (os £07) - farlo generator 0.22 £ 0.21 | 0. .
1
— all jets P 2 B 118 Bt 1737 + 1.2 (o6 +10 ) adronization 0.18 = 0.12 | 0.05 = 0.10 . )
S ! Initial- and final-state QCD radiation | 0.32 + 0.06 | 0.28 £ 0.11 | 0.08 £ 0.11
— l+jets L_X;;S_‘;’,'S—V” et 1721 £ 09 (o4 + 08 ) .
n ! Underlying event 0.15 £ 0.07 | 0.08 £+ 0.15 | 0.08 £ 0.15
X Colour reconnection 0.11 £0.07 | 0.37 £ 0.15 | 0.19 £ 0.15
() dilepton &Py % 074 2014 3109 B oy . 1729 + 25 on distribution function 0.25 £ 0.00 | 0.08 4+ 0.00
int ~ 0 e 1 i . .
. . T, 4_iat) JHEP 10 (2015) 121 1 n 23 BaCkgrou S O . .
Differential o(tt+1-et) | =, g . 1787 % 2 W+jets shape 550 = 0.00 | 0.05+0.00 | 0.11 = 0.00
. . T H H ur. s. J. ! 1. 4
Differential G(tt) dllepton (8 dISt.) E ' ::2?,2 1:7‘677 (2017) 804 : it 1732 + 1.6 Fake leptons Shape 005 :i: 000 O 0
! Jet energy scale 0.58 £0.11 | 0.63 £ 0.02 | 0.54 £ 0.02
- ATLAS Comb. + 16 Relative b-to-light-jet energy scale 0.06 & 0.03 | 0.05 &= 0.01 | 0.03 £ 0.01
' —_— i Jet energy resolution 0.22 + 0.11 | 0.23 += 0.03 | 0.20 £ 0.04
ATLAS Comb. October 2018 (wx1s1001772) ! stat. uncertainty . &Y TESO .
172.69 + 0.48 - - stat. ® JSF ® bJSF uncertainty Jet reconstruction efficiency 0.12 &£ 0.00 | 0.04 = 0.01 | 0.02 £ 0.01
X —_— 'iotal uncertainty Jet vertex fraction 0.01 & 0.00 | 0.13 & 0.01 | 0.09 £+ 0.01
| | : | Pfe"m'”afyf —Input to comb. b-tagging 0.50 £+ 0.00 | 0.37 & 0.00 | 0.38 £ 0.00
165 170 ' 175 180 185 Leptons 0.04 + 0.00 | 0.16 = 0.01 | 0.16 + 0.01
m, [GeV] Missing transverse momentum 0.15 £ 0.04 | 0.08 £0.01 | 0.05 £ 0.01
op Pile-up 0.02 &£ 0.01 | 0.14 += 0.01 | 0.15 £ 0.01
Mass scheme mf ' (GeV]  ma(my) [GeV) Total systematic uncertainty 1.04 £ 0.08 | 1.07 & 0.10 | 0.82 4+ 0.06
Stati 2D 1D hybrid
sm®  §ISFP 5mlD smt™®  sjSphyP
Simulation uncertainties [GeV] [%] [GeV] [GeV] [%]
Shower and hadronisation 0.4 0.3 Experimental uncertainties
— Y] ) Method calibration 0.03 0.0 0.03 0.03 0.0
| p . ’ JEC (quad. sum) 0.12 0.2 0.82 0.17 0.3
nderlying cvent 0.3 0.2 ~ Intercalibration ~0.01 0.0 +0.16 +0.04 +0.1
Signal Monte Carlo generator 0.2 0.2 — MPFInSitu —0.01 00 +023 +0.07 +0.1
Proton PDF 0.2 0.2 - Uncorrelated —0.12 -02 +0.77 +0.15 +0.3
[nitial- and final-state radiation 0.2 0.2 Jet energy resolution —0.18 +03  +0.09 —0.10 +0.2
Maonte Carlo statistics 0.2 0.2 gﬁiﬁ?ng —88? +8(1) +88§ ,88§ +8(1)
Background <0.1 <0.1 All-jets background 0.01 0.0 0.0 0.01 0.0
Detectar response uncertaingies Alljets trigger -+0.01 0.0 0.00 +0.01 0.0
Jet energy scale (including b-jets) 0.4 0.4 ﬁ:}g’: Efifgl;gerround —883 88 +88(1) —883 88
Jet encrgy resalution 0.2 0.2 Lepton isolation 0.00 0.0  0.00 0.00 0.0
Missing tmnsverse momentum 0.1 0.1 Lepton identification 0.00 0.0 0.0 0.00 0.0
b-tagging cthiciency and mistag 0.1 0.1 Modeling uncertainties
Jet reconstruction efficiency 0.1 <0.1 JEC flavor (linear sum) —0.39 +0.1 —-0.31 —-0.37 +0.1
_ _ —light quarks (uds) +0.11 —-0.1 -0.01 +0.07 —0.1
Lepton o 01 0.1 _ charm +0.03 0.0 001 +0.02 0.0
Merthod uncerrainties — bottom —031 00 —0.31 —031 0.0
Untolding modelling 0.2 0.2 - gluon -0.22 +0.3  +0.02 -0.15 +0.2
Fit parameterisation 0.2 0.2 b jet modeling (quad. sum) 0.08 0.1 0.04 0.06 0.1
Total experimental systematic 0.9 LO - b frag. Bowler-Lund —0.06 +0.1 —0.01 —0.05 0.0
—b frag. Peterson —0.03 0.0 0.00 —0.02 0.0
Scale variations (+0.6,-0.2) (+2.1,-1.2) — semileptonic b hadron decays —0.04 0.0 -0.04 —0.04 0.0
Theary PDE@ 0.2 0.4 PDF 0.01 00  0.01 0.01 0.0
'l:hcolr)ml’l)l""kn s g 0.7, -0.3 2.1 1.2 Ren. and fact. scales 0.01 0.0 0.02 0.01 0.0
ofal Scory wmcertaimty (#0.7,-0.3) (#2.1,-12) ME /PS matching —01040.08 +01 +0.0240.05 +0.074£0.07 +0.1
Total uncertainty (+12.<L1) (#2.3. - 1.6) ME generator +0.16+0.21 +0.2 +40.324+0.13 +0.21+£0.18 +0.1
ISR PS scale 4+0.074£0.08 +0.1 +0.10+0.05 +0.07+0.07 0.1
Gt Selmnd 012 +0.06 —0.3

TOPQ-2017-09

FSR PS scale
Qla T
nderlying event
Early resonance decays
CR modeling (max. shift)
— “gluon move” (ERD on)
— USE Ll O Cl
Total systematic
Statistical (expected)
Total (expected)

TOP-17-008

+0.01 —0.1
—0.06£0.07 +0.1
—0.20+£0.08 +0.7
+0.37£0.09 —-0.2
+0.37£0.09 —-0.2
—0.11+£0.09

0.08
0.72

0.1
1.0

—0.06

+0.00£0.05 —0.04+0.06

+0.42£0.05 —0.01+0.07
+0.224+0.06 +0.33+0.07

+0.224+0.06 +0.334+0.07

Pre-fit impact on m,:

0 = B+A0

0 = 0-A0

Post-fit impact on m,:

o= 0+A0

0 = 0-A0

—e— Nuis. Param. Pull

Pileup reweighting

BR b—ct—-u

BR b-u

tt b-fragmentation (r,)

norm. (HF)
SMT-fake norm.
BR b-c-u

tt ISR (SMT from b/¢)

ET™ soft track resolution (para.)

tt ISR (SMT from W)
JES Effective NP Modelling 1

tt FSR
b-tag (b 0)

ET™ soft track scale
Muon identification SF (syst.)

JES pileup p topology
b-prod. frac. (baryons)

JER
b-prod. frac. (B)

Electron energy scale

-2 -15 -1
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ATLAS Preliminary
\s=13TeV, 36.1 fb™
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-03/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-008/CMS-TOP-17-008_Table_001.png

§'PS/Had/UE | VBF modelling
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https://arxiv.org/pdf/1803.07977.pdf
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§'PS/Had/UE | VBF modelling
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https://arxiv.org/pdf/1803.07977.pdf

$'PS/Had/UE | HL-LHC

jet flavour compositi

UEPS VBF

QCD scale ggF, jet-bin 12
photon isolation efficiency
QCD scale ggF, p:‘<1 20
QCD scale ggF, p:'<60

jet pileup p-topology

JER

jet flavour response VBF
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—e— Pull + 1o Postfit impact
ATLAS Preliminary

Projection from Run 2 data
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=14 TeV, 3000 fb' per experiment

Total

— Statistical
—— EXperimental
—— Theory

| Z

ATLAS and CMS

HL-LHC Projection

Uncertainty [%]
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?What to do? US

» “Why are these uncertainties dominant in so many LHC analyses; can this
situation be improved?”
- Joey Huston

» Well let’s start at the beginning

» Do we understand where the large
uncertainties are coming from?

10 Josh McFayden | LH 2021



@What to do? US

IIIIIIIIII
SSSSSSSS

» Comparing Pythia to Herwig
» We know it's bad from a physics

o |
oo en ONE IIIIES Nll'l' SIMPLYSR, %

» We know it's bad from a

statistical point of view
» We have strong indications that
It's over-estimating our ‘

uncertainties

>

E

» So why do we continue?! ’

p Because it's easy and everything cn“PnnE P"l'“A ."' “E“W'G

else is hard..?

» Because the tools are complicated?

P Because we're attached to our tunes?
11 Josh McFayden | LH 2021



? Factorisation US

UNIVERSITY
OF SUSSEX

» Of course what we really want to do is factorise the different physics/
sources of uncertainty
» Shower evolution
» Hadronisation
» Underlying event
» Color reconnection
» Details of matching setups

» Do we have the tools to do this?

12 Josh McFayden | LH 2021



§Factorisation | Shower algorithm

13
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H7 LO, §
- Hy7 LO, Dipole
=~ Sherpa LO, Ants
Sherpa LO, CSS
Sherpa LO, Dire
= Pythia L

o

1/0do/d(1—-T)

» Even in Les Houches 2015 this was being studied:

UusS
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Thrust
= === Deductor ==
B H7 LO, g =
§ Hy LO, Dipole =
-~ ~——— Sherpa LO, Ants =
L =
= Sherpa LO, CSS
B Sherpa LO, Dire =
=~ Pythia
_—l I | | I I | I I | I I | | I | I I
0 0.1 0.2 0.3 0.4 0.5 0.6
1-T

LH2015 Proceedings

Josh McFayden | LH 2021


https://arxiv.org/pdf/1605.04692.pdf

UNIVERSITY
OF SUSSEX

§Factorisation | Hadronisation US

» We do at least in Sherpa have a switchable hadronisation model:
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W p L uncertalnty bands
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§Factorisation | Shower scale

» We have shower uncertainty weights:

Transverse momentum of leading jet
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' Factorisation | Shower scales @ NLO

» We are even getting these variations at NLO

35
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» We have ways to assess the fragmentation uncertainties:
[ )
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3F u -
- A14.-AsFsrDw . - ATTBAR.nominal = | — A14-.nominal
2.5 A14-AsFsrUp “t — Ai14.nominal = :_ =+ A14-nominal_rbop7y
- - A14-AslsrDw n Monash.nominal - A14nominal_rbop8
> - . A14_AslsrUp 2 = iy 2 — -1 A14-nominal_rbopg
: -| A14-nominal m . . B A14nominal_rbipo
1.5 15— 5 i 15 — =
1 :— . B 1 :— u 1 :_ .
- o N n B - y
0.5 — 0.5 :_ 0.5 :_ 1
0 ;—; L1 1 I | I l L1 1 l 11 1 b— lJ 1 0 i 1 L1 1 I | I I | I I L1 1 I l | S I | 0 i 111 I L1 1 I L1 1 l 1 1 1 P | 111 1 — |
1l f 1] 1 =
1.2 ,fJ 1.2 m [ 12 & il
© 1.1 Epé | (4 || o 1.1 W [ I o 11 L
E 10E T £ 1.0 — £ 1.0 T
g 09 il | & 0.9 _ £ 0.9 -LIJ .
0.8 T 0.8 + 0.8 T
0.7 41 0.7 0.7
8:2111|111|11111111111111]111|l 8:g111|1111111|11]111111]111]1 8:?1111111]111]11111111111]111]1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 I 8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
17 Josh McFayden | LH 2021




§Factorisation | UE / Colour reconnection

» We have tools to vary MPIl and colour

18
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OF SUSSEX

@What to do? us

» So what's the problem?

» In many cases new generator
configurations take a long time to setup

and validate

» It can also be very costly in terms of grid
resources to produce completely separate

samples

» This implies the need for:

» More guidance on what variations are most
important.
p Simpler interfaces?

» Maximal re-use of events?
19
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{ Existing Issues US

» Issues that have been discovered in the past related to this:

» Incoherent parameter

: - ATLAS Preliminary ~ ppothAlthad - - ATLAS Preliminary pp — ti, l+jets -
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§ Existing Studies US
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» SO0 what work was there already in this area?

» It turns out quite a lot...
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§ Existing Studies | NLO+PS vs FO US
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» NLO+PS predictions agree very well with each other and with the FO
predictions (to varying degrees depending on the radius parameter).
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§ Existing Studies | NP corrections US
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» Non-perturbative
predictions compared as a
function of jet size R and

o
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» Also between the full non-
perturbative corrections,
with fragmentation and
MPI, between Sherpa and
Herwig.
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§ Existing Studies | Tunes and scale vars US

» The naive "central” variation
bands of HERWIG and PYTHIA
are different

Durham jet resolution 3 — 2 (Ecys = 91.2 GeV) Thrust minor (Eqys = 91.2 GeV)

1/ do/dIn(yxs)
1/o do/d In( Tinor)

» The size of the retuned
uncertainties is comparable
between the two simulations.

» This convergence of two very
different models suggests that
comparing retuned variations might
provide a better assessment of
MCEG uncertainties in the future.

MC/Data
MC/Data

1/ de/dIn(y3)
1/ do/d In( Tinor)

MC/Data
MC/Data

-1 -0.5
ln(Tm'mor)

45 <4 =35 =3 25 -2 -15
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https://arxiv.org/pdf/1803.07977.pdf

» Aim to establish if
perturbative variations from
different PS algorithms
obtained with different
generators are compatible

p First step in systematically
comparing full PS models

» A systematic look at all
possible/reasonable
variations for a limited setup

» Powheg+Pythia8 w/o
hadronisation or MP|

25

§ Existing Studies | Perturbative uncs in ttbar US

Transverse momentum distribution of the tf-pair
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@What to do? US
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» Try to lay out minimal/maximal set of variations needed for a proper
assessment of the uncertainties

p Two levels:

» Wishlist - write down what you want ideally want for each generator
» Pheno studies - comparing setups

» Essentially an extension of existing LH studies.

» Link to specific pheno study?

» VBS/VBF?
» Heavy flavour?

» Tools: A common hadronisation interface for Herwig/Pythia/Sherpa?
p Base class in HepMC or another common package?
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§'Heavy Flavour us
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{’'Heavy Flavour

» There are several issues surrounding heavy
qguark/flavour modelling that are of high priority
for experiments

p ttbb modelling for ttH

» Vbb for VHbD

» VVbb for Top+X

» W+D for strange PDF and eventually Hcc

» Treatment of off-shell production and top decays for
top quark measurements
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" o
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$'Heavy Flavour | Global analysis? US

» At LH2017 we started trying to initiate a
“global analysis” using all available

2-b-hadron level ® transfer function, pr > 20 GeV

heavy hadron measurements e
p Is thi hi icit?l S e as 3
s this something we want to revisit?! % =F\:,:l .
» Two potential goals: S || . E
- —e— Data
P Determine systematic | —— MG5.aMC+Py8 4fl NLO ;
. . — Sherp.a 4fl NLO
uncertainty recipe 10—:§i | %Teﬁwalgﬁﬂﬁua)% - :ia e .
» Tune to the data g 15 | | ‘ :
§ 1_ I I =
0.5_—__ I—'—;
s | | .h ol |
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AR(J/, )

LH2017 Proceedings

29 Josh McFayden | LH 2021


https://arxiv.org/pdf/1803.07977.pdf

$'Heavy Flavour | Global analysis? US

TOPQ_2017_12 UNIVERSITY
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» At LH2017 we started trying to initiate a oS ++ _',

lepton+jets (= 30) 13 1oy 36.1 o1 m
“global analysis” using all available 3
lepton+jets ( = 4b) |
heavy hadron measurements
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 Is this something we want to revisit?!
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» Two potential goals: oW W
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» Tune to the data Bl L=
» Worth coming back to?
» New measurements R | e
_ . ;E;tﬁ'j GE‘;S [p . ::tpbst,) [p ~4- CMS (2015)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-12/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-002/index.html

$'Heavy Flavour | Global analysis? US

» At LH2017 we started trying to initiate a
“global analysis” using all available
heavy hadron measurements

arXiv:1904.09382

CMS, 8 TeV, AR(b, b), at least two b-jets

° o o o 7' S 0’3 | P | L | L I L I L I [ l T ] llllllll |
 Is this something we want to revisit?! O RSN R R R AR ASA RN :
S 025 [ —t— Z+jets © Zbb —
L;/ - 7.point uncert. PS+ME |
pt of b light-jet (ttbb cuts) B o2 """ direct component o
. | | = % e fragmentation component

} T ° Y —— NLO [ —+— Zbb, 4FS -

WO pOte ntl a goa So —% = — POWHEG+PY8 e - —— Z+jets | l
= B s POWHEG+HWy7 . , T =

‘ ' = 2| e —— MG5+PY8 ~F g

p Determine systematic S —ol | e il : :
. ‘ = E — — — Sherpa | i 1 B
— [ "SHERPA+OPENLOOPS B
uncertainty recipe B 0 Bttt H - P
1.4 B =] ic
=3 ‘-L-&-- 1.2 E =
» Tune to the data e ha== e 1 |
_ FR=<ET>geom/21VP=HT/4 e Q 025_ g S g o N O :
stable ttbb LEJ e el R o :
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New measurements 7 05 E E
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LHC Higgs WG Studies
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https://indico.cern.ch/event/964993/contributions/4075701/attachments/2129120/3585126/ttbb-status-23oct20.pdf
https://arxiv.org/pdf/1904.09382.pdf

$'Heavy Flavour | W+D

) Have new NNLO Ca|Cu|ati0nS on V + jet PRODUCTION @ NNLO QCD WITH FLAVOUR

th e 'Mar ket fo I e, g . W+ C NNLO QCD now well-established with 2 independent calculations:

. » Antenna: [Gehrmann-De Ridder, Gehrmann, Glover, AH, Morgan ’15]
b ® Z+J et:

» N—jettiness: [Boughezal, Campbell, Ellis, Focke, Giele, Liu, Petriello *15]

N N—jettiness: [Boughezal, Liu, Petriello "15]

o WH+jet:

» Antenna: [Gehrmann-De Ridder, Gehrmann, Glover, AH, Walker ’17]

» But measurements at Hadron level .

jet N N—jettiness: [Campbell, Ellis, Williams ’16]

o y+jet:

UusS
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a r e Of h i gh p ri O rity »  Antenna: [Chen, Gehrmann, Glover, Hofer, AH *19]
. . ... how comes in different flavours:
» Need to connect precise analytical prrend - -
. . o Z+b-jet o identify flavour of a jet (“tag”)
calculations to fragmentation S NNLO, Q=1.65 GeV
. . ® tcojet | = —————r — T
functions (and possibly decay e 6 M NNPOFo.
1 5755555 * NNPDF3.1 collider
packages from MC generators?) 14§ o NNPDF3
. . . I
» Otherwise can’t be used in PDF fits z
oC . 8 R R R M FRANRRRR RRRELLIRRIIIIL IN. veae
p See Miha's talk for more information. 06
04"~
0.2
10 107° 102 10~
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§ Computing considerations US

» We know that resource projections for HL-LHC look very challenging

» HEP Software Foundation Event Generators WG recently published:
"Challenges in MC event generator software for HL-LHC” [2004.13687]

» Details quite a lot of the areas for further focus

Run 3 (u=55) Run 4 (1=88-140) Run 5 (u=165-200
|

N—"

» More efficient software § % amaspreiminay TP
§ 20 2020 Computing Model - CPU B

I % — o Baseline m

g POrtlng to GPUs = oL + Conservative R&D ’ -
c - v Aggressive R&D I .

} USE Of M I_ tOOlS -% 50— Sustained budget model /"'-A ....... N e
c - (+10% +20% capacity/year) A',' o AT E

2) 40 4 LHCC common scenario __'Q —

o . o 8 - (Conservative R&D, u=200) f:" "A""‘ -

» LH-specific possibilities 2 %0 E
. . T 20 o

» Benchmarking and link to ML tools E T :

10

» Common samples

] ] ] | ] ] ] | ] ] ] ] | ] ]
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https://arxiv.org/pdf/2004.13687.pdf
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§ Computing considerations US

» Benchmarking
» Create code kernels for different generation steps for benchmarking/porting?
» E.g. simple case and realistic case for each step

p Use for classification of ML tools/approaches

» Critical assessment/comparison against existing MC
techniques (e.g. Vegas, FOAM, EXSAMPLE, ...)

» Isolated fragments could also be used for porting
to different architectures.

Transverse momentum distribution for jet 1

1 1 1 1 1 L | I
ATLAS+CMS Simulation Preliminary  Powmrec+Pyraias
LHCtopWG 5 —12 ToV
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» Common samples

» Sharing events between ATLAS and CMS
» Progress in ttbar: Top LHC WG talk

» Sharing between hadronisation algorithms?
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https://indico.cern.ch/event/1009645/contributions/4345925/attachments/2247299/3811756/talk.pdf
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Back-ups
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@Limited MC stats US
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Source of uncertainty Avg. impact
Total 0.372
Statistical 0.283
Systematic 0.240
Experimental uncertainties
Small-R jets 0.038
Large-R jets 0.133
Erpr® 0.007
Leptons 0.010
b-jets 0.016
. b-tagging c-jets 0.011
> T T T T T T T Large — R jet light-flavour jets 0.008
G T ATLAS | g VP, H BB (1, 0.72) . Anti—k; R = 1.0 extrapolation 0.004
1(_\0 805_ OI;p., > 1I:;rge-Rjets, SR -Eiboson (1,,=0-97) _g pp > 250 GeV Pile-up 0.001
S 70F py=400Gev wt E | Luminosity 0.013
) 60f— = ‘é‘::tss _f 2 VR track — jets . : —
= - Uncertainty - Theoretical and modelling uncertainties
50F H—bb x —
e R Signal 0.038
) . Backgrounds 0.100
30 — Z + jets 0.048
20 S — W + jets 0.058
10 — tt 0.035
| — Single top quark 0.027
B1oL ¢ Highpp WorZ —s Diboson 0.032
St 3 y < Multijet 0.009
S "60 80 100 120 140 160 180 200 220 240 2 pr > 200 GeV —
m, [GeV] HIGG-2018-52 / MC statistical 0.092
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/

