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MONTE-CARLO EVENTGENERATORS

... are essential for all branches of HEP:
o Collider experiments
o Neutrino physics ...

... provide fully realistic
SM & BSM predictions '@*"ﬁ%
usable by experiments to m
o design analyses & detectors
o predict backgrounds
o unfold detector effects

o compare with theory (2] [
predictions

@ Here: focus on most common
G event generators for LHC physics
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Factorization of QCD
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,j€{q,9} long distance short distance

‘f_d> Modular structure of event generators

Short distance Long distance
interactions interactions

Hard process Hadronization

Parton shower Hadron decays

MONTE-CARLO EVENTGENERATORS

® F. Siegert



HARD PROCESS

State of the art
e Automated NLO QCD &
approximate NLO EW

Run 3 {u=55)
S0~ ATLAS Preliminary
2022 Computing Model - CPU

40

¢ Conservative R&D
v Aggressive R&D
— Sustained budget model

Annual CPU Consumption [MHS08years]

30 (+10% +20% capacity/year)
c i Impact
Current challen S
Current challenges : i -
e Precision J m £ 10 A i
oy S p e e d / Effl C | e n C U 02020 2022 2024 2026 2028 2030 2032 2034 2036 4 Physics

Year

Changa in surface temperature from present (2C)

HE EEEEEREBEBNR
Fully differential NNLO

matching

N3LO matching

Polarized XS

https://climateknowledgeportal.worldbank.org/overview


https://cds.cern.ch/record/2802918?ln=de

POLARIZED CROSS SECTIONS
FOR VECTOR BOSON PRODUCTION

e Probe for the electroweak gauge sector & electroweak
symmetry breaking

e Measurement strategy: fully exclusive polarized XS from MC as fitting templates

e Established generators; PHANTOM & MadGraph5 @LO+PS A Bettestrero et al. 2008 20171

[D. Buarque Franzosi et al. 2020, M. Javurkova et al. 2024]
e NEW: Extension of SHERPA & POWHEG:

o SHERPA: nLO+PS for arbitrary VB production processes [MH, M. Schénherr & F. Siegert 20231
o POWHEG: NLO+PS for inclusive diboson production 1e. pelliccioli & G. zanderighi 20231

[G. Pelliccioli 8& G. Zanderighi 20231

[MH, M. Schénherr & F. Siegert 20231 pp — et vep i~ + X @nLO+PS, /s =13 TeV (Lab pol)
— I | 1

: q am LO+PS
state NLOPS nLO+PS [37] &2428 1

full off-shell 33.80(4) —0.7%
unpolarised  33.30(5 33.46(3) +0.5%
LL 892(3)  1.902(2) +0.5%
LT 5.140(’ 5.241(4) +1.9%
TL 1.888(6)  5.002(4) +2.3%
TT 21.16(3 21.10(2) —0.3%

interference 0.217 0.215 —0.9%

nLO+PS/LO+PS

wZ production



https://arxiv.org/abs/2310.14803
https://arxiv.org/abs/2311.05220
https://arxiv.org/abs/0801.3359
https://arxiv.org/abs/1710.09339
https://arxiv.org/pdf/1912.01725.pdf
https://arxiv.org/pdf/2401.17365
https://arxiv.org/abs/2310.14803
https://arxiv.org/abs/2311.05220
https://indico.cern.ch/event/1253590/contributions/5843978/

SIMPLER ALGORITHMS FOR MATRIX
ELEMENT GENERATION

Chirality flow formalism i = L (s — ) 4 g )+ g (s — i),

Ve

e |Ntroduced in [A.Lifson, C. Reuschle & M. Sjodahl 2020], _[]. Alnefjord et al. 20201 F | J .
| ) |. : )
4 v + (4.3.2)
- -1

—> Lorentz structure analogue to color flow picture

—> Recently extended to one-loop calculations
[A. Lifson, S. platzer & M. Sjodahl 20231

e Proof-of-congept in MadGraphs@NLO. for QED:
improvement up to factor 10 in efe~ — nvy

Total runtime of 100 000 events Runtime ratio for 100 000 events
for process uu—=ng far process uu—ng

[A. Lifson, M. Sjodahl & 7. wettersten 20221

| -&- MG5 aMC@NLO
—¥— Chirality flow

e Most recent. implementation-for QCD

[E. Roman et al. 2023]

e Performance improvements due to:
o simplified Lorentz structures

-,
=
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E =
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S =
- &
E =
=
= =

o

44
yv]

o

o gauge based Feynman/chirality-flow
diagram removal due to clever choice of
e reference momenta / spin axes

Final state gluon multiplicity [n] Final state gluon multiplicity [n]



https://arxiv.org/pdf/2312.07447
https://arxiv.org/abs/2203.13618
https://arxiv.org/pdf/2309.13154
https://arxiv.org/abs/2003.05877
https://arxiv.org/pdf/2303.02125
https://arxiv.org/pdf/2309.13154
https://arxiv.org/abs/2011.10075
https://arxiv.org/abs/2011.10075

EVENTGENERATION ON MODERN
ARCHITECTURES

Current event generation codes written for traditional CPU+RAM model

Computing architectures designed for data parallelism increasingly standard in data centers
Improvements of at least one order of magnitude expected (e sothmann et at. 20211

Parallelized LO parton-level event generator in C++
Color-summed Berends-Giele recursion, CHILI phase

e madgraph4gpu plugin: LO C++ MadGraph based
space integration method

o - on helicity amplitudes on GPUs & SIMDs
CUDA/kokkos for GPU portability, CPU parallization _> GPU: ME-calculation, event re- & unweighting

via MP| parallel performance single-thread CPU performance e Code generator for CUDA, SYCL output & for
) = e et 4 n jets at /3 3 T\ w—eTe” +n jets at /s = 13 TeV . . .
pe et e e vectorized code using AVX2 extension for SIMDs

[

Comix” (def.) 7

(def.)

Comix™ (CHiLi) J
—— PEPPER

PErPPER MC
f
PEPPER MC

Process Matrix elm Total Momenta+unweight Matrix elm

rel. to Comix™

' 2w SkyvlakeS 180
: V100

|4.;_+ A100
F H100 3.48+ 0.01> 0.91+ 0.06: 4.21+ 0.01=
MINGOD = (

e 2 107 1 Cuda Tesla A100 5.32+ 0.03s 4.67+ 0.02s 0.66+ 0.02s

20,32+ 0.13- .34+ 0.09: 1554 + 2.7 >

gg — tfgg  Foriran 108.10+ 0.27s 6.27+ 0.41s 101.84+ 0.14s
C++ AVX2 31.08+ 0.01s 6.88+ 0.01s 2420+ 0.02s

.+ < 116 GeV

t rate

PL; = 20GeV, |n;| <5, AR;; > 0.4

Unweighted event rate :l ]:I:



https://arxiv.org/pdf/2311.06198v2.pdf
https://arxiv.org/pdf/2302.10449.pdf
https://arxiv.org/pdf/2303.18244v2.pdf
https://arxiv.org/pdf/2312.02898v1.pdf
https://arxiv.org/pdf/2312.07440v1.pdf
https://arxiv.org/abs/2106.06507

ML-ASSISTED EVENTGENERATION

Improving phase space sampling and unweighting efficiency

e Problem: - VEGAS decreasing performance for complex final states / higher orders
- bad unweighting efficiency
e |deq: ML for faster importance sampling & improved unweighting efficiency

e Much interest in last years: Generative Adversarial Networks, Normalizing & autoregressive Flows ...

[J. Bendavid 2017, M.D. Klimek 3 M. perelstein 2020, C. Gao et al. 2020, S. Pina-Otey et al. 2020, B. Stienen & R. Verheyen 2020, M. Backes et al. 2020,
E. Bothmann et al. 2021, ...]

e KERAS DNN for dipol model
|Mn+1|2 . Z Cz‘jk-Dijk: gre—(ljefined
{igk} Pe
coefficients learned
during integration

Neural importance sampling
f(z)
I = <a7; x >
zi: ( )gi(w) z~gi()

channel weights  phase space

learned by mapping with

regression NN Normalizing
flows

¢ — W W7ds (@13 TeV)

std dev

ighting efficiency «

—
o oo

e Two-step unweighting:
1. based on fast ME
surrogate prediction
from Onnx model
2. based on exact ME,
when event is kept
-> exact distributions retained »

wrt. VEGAS

improvement

Ta‘r andard

TE-SI.III‘U gate



https://arxiv.org/pdf/2212.06172v2.pdf
https://arxiv.org/pdf/2311.01548v2.pdf
https://arxiv.org/pdf/2301.13562v2.pdf
https://arxiv.org/pdf/2109.11964

PARTON SHOWERS

State of the art
e Ll accurate shower @ leading color
e Different types:

o dipole/antenna showers e.g. in SHERPA (default CS, Dire), HERWIG 7,
PYTHIA 8 (default CS, Vincia, Dire)
o angular-ordered shower in HERWIG 7

138 b (13 TeV)

AKzi jets

— p] }?O{JGe‘J |y|<1?
0.333 < In(R/AR) < 0.667
0.205 < AR < 0.287

-e- Data

P-22-0071
A R)

T

S-S

Good enough?

— HERWIG7 CH3 (detector level)

[C

—“e— — PYTHIA8 CP5 (detector level)

» Good description of many observables

» Other observables with significant
discrepancies between data & shower
models / shower models it selves

Emission density p(k_, ¢

—
w©
]
.
o

@

-
o

» Influences many analyses e.g. via jet
energy scale calibration



https://cds.cern.ch/record/2884797?ln=de

PARTON SHOWERS

State of the art
e Ll accurate shower @ leading color
e Different types:
o dipole/antenna showers e.g. in SHERPA (default CS, Dire), HERWIG 7,
PYTHIA 8 (default CS, Vincia, Dire)
o angular-ordered shower in HERWIG 7

The Alaric parton shower for hadron colliders

Stefan Hoche,' Frank Kranss,” and Daniel Reichelt®

Current challenges T T e L Y O

Introduction to the PanScales framework, version 0.1

tation in the I i SHERPA, ALARIC pro

iily certain unatic uncertain lich cannot be eliminat

e Improve underlying approximations: iR R R U T e
o NEE-&NNLEL ‘accuraey
3 N LO S h Owe rS I ord ¢ K A partitioned dipole-antenna shower with improved
o beyond leading color il [t "
o NLL accurate NLO, NNLO & N3LO matching s N—

o quantum interference effects, spin correlations
o new approaches: quantum computers, amplitude evolution ...

he first malti-jet merging for the new algorithm.

and tw

e Faster algorithms o iy




PARTON SHOWERS

State of the art
e Ll accurate shower @ leading color
e Different types:

o dipole/antenna showers e.g. in SHERPA (default CS, Dire), HERWIG 7,
PYTHIA 8 (default CS, Vincia, Dire)

°© angu lar-ordered shower in HERWIG 7 PRRMILAB-PUB.S6017T, IPPP/24/30, MONET:2007
The Alaric parton shower for hadrgn colliders
Stefan Hoche,! Frank Krauss,® w \Q'irhr'lﬁ
] ‘ “ ‘ 2 pstituie for Particl o niver rham DHI SLE, UK
Introduction to the PanScales on 0. " :‘

e Improve underlying approximations:
o NLL & NNLL accuracy
o NLO showers _
o Beyond leading color e G i oo, [l O T
o NLL accurate NLO, NNLO & N3LO matching S
o quantum interference effects, spin correlations
o new approaches: quantum computers, amplitude evolution ..

e Faster algorithms




PARTON SHOWERS

State of the art
e Ll accurate shower @ leading color
e Different types:

o dipole/antenna showers e.g. in SHERPA (default CS, Dire), HERWIG 7,
PYTHIA 8 (default CS, Vincia, Dire)
o angular-ordered shower in HERWIG 7

Stefan Hoche,! Frank Krauss,® m

"Ferms National
* Institute for Particle Physics

Current challenges

e Improve underlying approximations:
> NLL & NNLL accuracy
° NLO showers
o Beyond leading color e
NN Eelfetigel (=R IHOMNINIRORVUNEINONea¥oldel; Further NLL showers
o quantum interference effects, spin corr 31:932'@1:&@]
o new approaches: quantum computers, (ENyE VN

° FOSter e | gOch ms [J. R. Forshaw, J. Holguin & S. platzer 20201

IIIIIIII

Herwig 7 (angular ordered shower)
[G. Bewick et al. 2019, 2021]


https://arxiv.org/pdf/2011.04777
https://arxiv.org/abs/2003.06400
https://arxiv.org/abs/1904.11866
https://arxiv.org/pdf/2107.04051

LOGARITHMIC ACCURACY IN
PARTON SHOWERS

e Parton showers connect hard-process high-energy scales O(TeV) &
hadronization regimes O(1GeV)

== During evolution large logarithms L = logQ)/A appear 2 sanficp. salama . zanderighi 20051

All-order resummation of large logarithms?

+ controlled formal accuracy, systematically + very exclusive
extendable + non-perturbative effects easily accessible
- only one or few observables, for simple - formal accuracy bad or unknown
processes

- no exclusive events

should reproduce

for rIRC observables

analytical
resummation

partcn
showers ,

e Criteria for NLL accurate parton showers @ leading Color i pasgupta et at. 2015, 20201
o standard dipole showers only LL accurate i pasgupta et at 20181
o main problem: kinematic mapping



https://arxiv.org/pdf/hep-ph/0407286
https://arxiv.org/abs/1805.09327
https://arxiv.org/abs/2002.11114
https://arxiv.org/abs/1805.09327
https://arxiv.org/abs/1805.09327

ALARIC A LOgarithmica(ly Accurate Resummation In C++
[F. Herren et al. 2022]

e Shower based on Catani-Seymour dipols PiPy 1 | —cos 6 Wik,

(Pip)pip)  EF (1—cosOp(1 —costy) ~ E?

e Partial fractioning of eikonal ts.catani a m. 1. seymour 19971
—> positive definite splitting with Wik =Wh; +Wgi;,  where Wi, =
full phase space coverage
e New global recoil scheme
o ‘dnalyticalproof gttt atcUracH

1 — cos 0
(1 —cosb;;)(2 — cosb;; — cos )

e Evolution variable

i~

Yol t() = 2F7 (1 —cos0) = v (1 — 2) 2; K

SHERPA MC

e I[nclusion of
o massive quark effects iz. assis s. Hsche 20231

—+— JADE/OPAL data
Eur.Phys.]. C17 (2000) 19

o initial state radiation & LO multi-jet merging [i‘§°£h?’hF‘¢f§3§S]s ' i Alaric
. Kélchée 4

3]
=
~
U
L=
=



https://arxiv.org/abs/2208.06057
https://arxiv.org/abs/2307.00728
https://arxiv.org/abs/2404.14360
https://arxiv.org/abs/2404.14360
https://arxiv.org/abs/hep-ph/9605323

APO I 0 Antenna pPartitioning Overcomes Logarithmically Limiting Obstacles
[C. T. Preuss 20241

e Antenna shower VINCIA with global recoil scheme from ALARIC
e Partitioned dipole antenna functions

Auxiliary vector n chosen in
1 Sik (Dim; S, spirit of ALARIC construction

Pag(Pi» P PR ) = —
=)
1

ng(pipjpkn}) — g ] o o ] - = . . t = (l — Z)S.i;_; = ,Z(l — Z)meuf’(

e Matrix element corrections in PS implemented Heavy-hemisphere mass

o : : | Comparison with event-shape
e Two multiplicative NLO matching schemes developed observables @LEP

formally LO

6 — —— AroLLO Numerical prediction accurate due to

-~ — Vmaa - relative to NLL result . —4— DELPHI Data 2 MEc
Z.Phys.C73 (1996) 11
as = 0.005 —— PyTHIA
cee —+— VINCIA

—+— AroLLo %ﬂ

1 111 | | | | 1 11 1 | | | L1 1 1| | | | | 1 11 1 | L1 1 1
Improvable with
multi-jet merging

. 4

]
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https://arxiv.org/pdf/2403.19452

PANSCALES SHOWERS

[M. van Beekveld et al, 20221

--- PG(B=0), w=0.031
) _ —-— PG(B=0.5), w=0.032
Hadron collider PanGlobal Pl oo

showers " L g
e Antenna showers '

e Evolution observable v:
0<pBps<1

e Recoil ||: conserved locally

e Recoil | : conserved globally

=0)o

Ratio to PG(B

e Included:

o sub-leading color effects Ik.Hamilton et al. 2020, M. van Beekveld et al. 20221

o soft & collinear spin correlations [A. karlberg et al. 2021, K. Hamilton et al. 2021, M. van Beekveld et al. 20221

o first steps towards matching & NNLL accuracy -+ ,E';;:;t?;‘"S;’Caiﬁf‘;tzifﬂziﬁ“;]"""‘ pesheeldes Y

e Published in PANSCALES fromework [m.van peekveld et al. 20231
o interface to PYTHIA 8

o tests of logarithmic accuracy
G o opportunity to implement & test own showers



https://arxiv.org/abs/2312.13275
https://arxiv.org/pdf/2011.10054
https://arxiv.org/abs/2205.02237
https://arxiv.org/pdf/2103.16526
https://arxiv.org/abs/2111.01161
https://arxiv.org/abs/2205.02237
https://arxiv.org/abs/2301.09645
https://arxiv.org/abs/2307.11142
https://arxiv.org/pdf/2205.02237
https://arxiv.org/pdf/2305.08645
https://arxiv.org/pdf/2406.02661v1

HADRONIZATION
MODELLING

State of the art
e Actual connection from “pure theory” to measurable quantities
e No derivation from first principles SRING Hadronization CLUSTER Hadronization
—> Based on phenomenological models '
—> Model parameters need to be tuned on data
e Common modeils
o cluster hadronization: SHERPA, HERWIG 7
o string fragmentation: PYTHIA 8

why important?
e Many perturbative improvements: soft physics likely become

limitation for more & more LHC measurements
e.9. [M. Johnson & D. Maitre 20171 , [M. Freytsis et al. 20181, [S. Argyropoulos & T. Sjéstrand 2014]

® FCC-ee (4 IPs)
@ FCC-ee (2 |Ps)

e High expected luminosity at FCC-ee @ Z-pole
—> predictions surely limited by non-perturbative effects

luminosity [1034 cm~2s™1]

Vs [GeV]

https://cerncourier.com/ars

E4

fce-the-physics-case/


https://arxiv.org/abs/1711.01408
https://arxiv.org/pdf/1807.07454
https://arxiv.org/abs/1407.6653
https://indico.cern.ch/event/1176398/contributions/5207194/attachments/2582204/4453943/FCC2023_Modeling_Hadronization.pdf
https://cerncourier.com/a/fcc-the-physics-case/
https://cerncourier.com/a/fcc-the-physics-case/

HADRONIZATION
MODELLING

State of the art
e Actual connection from “pure theory” to measurable quantities
e No derivation from first principles SRING Hadronization CLUSTER Hadronization
—> Based on phenomenological models |
—> Model parameters need to be tuned on data
e Common modeils
o cluster hadronization: SHERPA, HERWIG 7
o string fragmentation: PYTHIA 8

Current challenges
e Improve existing string & cluster models
e Add / better understand new effects: colour reconnection, hadron spin, hadron
rescattering, Bose-Einstein effects, rope hadronization ...
e Alternative models / application of ML methods Beter
e Better tuning on more data (more than LEP) ' measure-

® A. Siédmok

ments!

More discussions also: J. Altmann wWed 11:18 AM & A.Berauvdo wed 2:18 PM



https://indico.cern.ch/event/1176398/contributions/5207194/attachments/2582204/4453943/FCC2023_Modeling_Hadronization.pdf
https://indico.cern.ch/event/1253590/contributions/5838380/attachments/2870894/5026170/Altmann_LHCP.pdf
https://indico.cern.ch/event/1253590/contributions/5838386/attachments/2868360/5026093/beraudo-LHCP.pdf

MC/Data

MC /Data

Integrated correlation function for pp
—+4— ALICE Data

— Pythia8 (default)
+ QCDCR + HR + veto

Correlation

Anti
correlation  ++++e,

---'--__
—+— ALICE Data
— Pythia8 (default)
+ QCDCR + HR + veto

Ad (rad)

g

BARYON CORRELATIONS

. Lénnblad & H. Shah 20231

e Baryon correlations badly modeled in pp

collisions
(ete- / meson correlation in pp & )
e OQCDCR model for color reconnection

o additional baryon production
mechanism, but less correlation

o improvement for opposite-sign pairs
e Hadronic rescattering & toy model for
suppression of baryon production close

to gluon kinks
o improves modelling for same-sign pairs

o aggravates model for opposite-sign pairs

Newer ALICE measurements: M. van Leeuwen Mon 9:30 AM



https://conference.ippp.dur.ac.uk/event/1128/contributions/6545/attachments/5078/6516/StefanKiebacher_QCDatLHC2023.pdf
https://conference.ippp.dur.ac.uk/event/1128/contributions/6545/attachments/5078/6516/StefanKiebacher_QCDatLHC2023.pdf
https://arxiv.org/pdf/2309.01557
https://indi.to/rKK43

ML FOR HADRONIZATION

e Proof-of-principle studies: parts of cluster- / string fragmentation

replaced with ML models
HadML* v1 Generator

o HERW'G C|UST€F deCOU bg GGI’]GI’OTIVG ;PFID1DE{2022}DQEDEU .
: HadML adrons
Adversarial Network (GAN) model  [a.chosh et al. 20221 HSENEE I

' I Discriminator E
o -PYTHIA-8" string break By:z€Conditional § ‘ \"’“a"m”"’ ‘ g

sliced-Wasserstein autoencoders  [e.lten et al. 20221

—> Training access to cluster/string-hadron assignments
e More recently: GAN model fitted on observable features n.chan et at. 20231
o currently restricted on clusters created from pre-confined

=
e -I

MC/Data
NS IE0 D = s o

— -
- i

=]

partons, pions in FS
—> Inclusion of hadron flavor in HOdML V1 1. chan et at. 20231

o permutation invariance
- HadML v2: Closure Test Genwm

(this paper)

(9]

N

1.

Normalized to unity

=
o

=+ Hadrons : HadML =» Hadrons '

e T

=
S5l T | ] '
: w. l
0. 0.: 3.3 .4 .5 6
F|

Bzt
T

H7 Cluster

Initial GAN
Final GAN
Final GAN kin™in

H7 Cluster kin™n

Parton = Cluster —=» RZEL Parton —» Cluster —»
. Event = Parton =% Cluster =» = Hadrons : Event — Parton = Cluster = |TEV|V [} —» Hadrons "’ 0.5 |
' : L * :
Parton = Cluster =» [&[T550: : Parton = Cluster —» : ’ ey S t |
S Hadrons GEEL — Hadrons Dlscr’M’nator DeeP e 0.0 0.0 0.1
I Hadron k'nemat'cs mf”(Ehadmn- Eneighbor)a"'(Ehadron + Eneighbor)

__________________________________________________________________________________

Discriminator



https://arxiv.org/abs/2305.17169
https://arxiv.org/abs/2203.04983
https://arxiv.org/abs/2203.12660
https://arxiv.org/abs/2312.08453

ML FOR HADRONIZATION

e Proof-of-principle studies: parts of cluster- / string fragmentation
replaced with ML models

HadML* vi Generator

o HERW'G C|UST€I’ deCOU bg Geﬂel’Otlve %anus{zc}zz}ugemu .
: HadML aarons
AdverSOr|O| Network (GAN} mOdel [szl %Par‘ton—hCluster/ HdDiscriminator:
$ Lo \a DB E o drons
o -PYTHIA-8" string break By:z€Conditional ; e ;

sliced-Wasserstein autoencoders  [e.itten et al. 2021

—> Training access to cluster/string-hadron assignments
e More recently: GAN model fitted on observable features n.chan et at 20231
o currently restricted on clusters created from pre-confined

MC/Data

Initial GAN H7 Cluster
Final GAN H7 Cluster kin™n
Final GAN kin™in

partons, pions in FS
—> inclusion of hadron flavor in HadML v1 . chan et at. 20231

(9]

N

o permutation invariance

=

Normalized to unity

. HadML v2: Closure Test
X (this paper)

1.0

Cluster JERGTIR——-—

Parton = Cluster —» Fraa Parton = Cluster =

©
w

—» Hadrons : Event = Parton =% Cluster =» [P V1}] —» Hadrons

Parton = Cluster —» T DiSCriMinatOr

Event = Parton =# Cluster —»

Deep Set
Hadron kinematics

Frag = Hadrons
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https://arxiv.org/abs/2312.08453
https://arxiv.org/abs/2311.09296

CONCLUSION

201 10T Website

NEEDs of the HL-LHC & beyond! e
—MCnet



https://www.montecarlonet.org/publications/
https://arxiv.org/pdf/2203.11110
https://arxiv.org/pdf/2203.11110

CONCLUSION

N M O Website
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HARD PROCESS

State of the art p—
e Automated NLO QCD & 2022 Gompuitng Moot CPU
approximate NLO EW .

* Conservative R&D
v Aggressive R&D

— Sustained budget model
{+10% +20% capacity/year)

CC-

g Impact
ATLAS Preliminary be y ond

2022 Computing Model - CPU: 2031, Aggressive R&D

o PFGCISIOH / . 2% 11%  Tot: 16.6 MHS06*y Particle
e Speed / Efficiency , & physics

Data Proc
| MC-Full(Sim)
MC-Full{Rec)
MC-Fast(Sim)
MC-Fast(Rec)
EvGen o G
Heavy lons
Data Deriv
MC Deriv
Analysis

Current challenges

Annual CPU Consumption [MHS08years]
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Fully differential NNLO

matching
\'|

|

N3LO matching

Polarized XS

https://climateknowledgeportal.worldbank.org/overview


https://cds.cern.ch/record/2802918?ln=de

“SIMPLE” OPTIMIZATIONS CAN HELP MUCH

Improved new event format resothmann et at 20031
e New event format LHEHS5
o adllow for scalability of event production over many MPI ranks
o optimize, extend to NLO QCD new format proposed in.is.Hsche, s.prestel & H.Schulz 20191
e Large performance improvements:
o consolidation of HDF5 data sets
o collective I/O
o stat calls to master rank limited

33.5 %
runtime

for 170

< 15 total 1l/O cost
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Darshan érophs for Sherpa during parton level H+3j @LO QCD on 1024 MPI ranks Similar Simp|e Op’[]mizgtions - Faster
(a) POSIA operations belore optimization () POSIN operations alter optimization : s £
LHAPDF + simplified pilot runs
~ 40x speed UpP [E. Bothmann et al, 20221
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BARYON CORRELATIONS

[ALICE CERN-EP-2016-322] . Lénnblad & H. Shah 20231

(C) pp pairs e Baryon correlations badly modeled in collisions
Y Y PP

¢+ ALICEppVs=7TeV,|aAn<1.3
—— PYTHIAG Perugia-0

- YA P 201 (ete- / meson correlation in pp l‘ )

= ms PHOJET

e Modes of baryon production in string models:
o diqguark model

: T a0 8w 8" ® gaab
-

88 B i ol P e ' O p O p C O r n m 0 d e |

e Gluon participation (gluon kink) important
for angular correlation

PP -+ PP correlations in a single string ppr correlations in a single string
3.E 1_-!_!.

T Mo gluon = T Mo gluon

= pig=1.0GeV ' 3 = pie = 1L0GeV

= Pl = 150GV = pure = 1.5GeV
Pire = 200GV


https://conference.ippp.dur.ac.uk/event/1128/contributions/6545/attachments/5078/6516/StefanKiebacher_QCDatLHC2023.pdf
https://conference.ippp.dur.ac.uk/event/1128/contributions/6545/attachments/5078/6516/StefanKiebacher_QCDatLHC2023.pdf
https://arxiv.org/pdf/1612.08975
https://arxiv.org/pdf/2309.01557

Integrated correlation function for pp
—+— ALICE Data

Pythia8 (default)
+ QCDCR (mode-o)

Anti
correlation
"~ —4— ALICE Data

— Pythia8 (default)
+ QCDCR (mode-0)

BARYON CORRELATIONS

Correlation

. Lénnblad & H. Shah 20231

e Baryon correlations badly modeled in pp collisions
(e+e- / meson correlation in pp.‘ )
e Modes of baryon production in string models:

o diqguark model
o popcorn model

e Gluon participation (gluon kink) important
for angular correlation
e QCDCR model for color reconnection
o additional baryon production

mechanism, but less correlation
o improvement for opposite-sign pairs
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