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O tested (by myself) for 4 GeV - 13000 GeV,
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O Papers coming soon
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do ~ L x dog(Q) x PS(Q — 1) x MPI x Had(u — A) x ...

Simon Platzer
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How do we look at top quarks and CR? 890 s T e
0.03F Norrﬁalised ngtsa
¥ PH704
- p g g i ¢ PH713
* Select tt events using di-leptonic eu channel b e ™
* Look at inclusive* charged particles as: ' oot [* |,
. . . M - im
* [*Not including the leptons or jet tracks] = P
* Multiplicity ng, v s 1.%: DE ..- . . :
* Scalar sum of charged particle py, X, ,, PT b Y A
o chh pr in bins of ng, 0 20 40 60 80 n100
. 5 . 5 ch
* Pileup and fake contribution subtracted with MC templates
Xiv:2209.07874
* Compare data to MC o o
* Pythia8 hadronizes with Lund strings ... several CR models 3 arias : Fa——
: ) : = b : | ;
* Herwig7 hadronizes with clusters ... several CR models < ) ey | TREDEL | BREEE | RN | e
« Many parameters! % . o ! i,
s ° e
E . ;Sherpa221o
;
* Measuring CR sensitive observables in top quark events, gives us a s 1_§E .o : PN P
detailed handle on CR/MPI Y A R IR R
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2, p,[GeV]
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What Do We Know about Upsilon Production
and collectivity at the LHC? B

pp, 13TeV, 139 fb!
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* Strong evidence from Upsilon mesons that there is some non-trivial
- s o 124 s
interaction between the “UE” and a hard scattering
’ . - i
Seems we don’t understand Upsilon meson production in pp
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arXiv:2204.10389

Leading-particle
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D [ pp¥5=502TeV,p >0.5GeV/c,|n| <08 ALICE 7 S 4F P-Pb. S = 5.02TeV,p 205GeV/c,|n|<08  ALICE 3
8 a5 + Data — o E [} Data 3
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« The number density in the transverse region in pp and p—Pb
collisions is independent of the scale of the hard probe for p,lre"ﬂIdmg >5 GeV/c
(UE plateau).
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R+ allows to study the particle fractions in low-UE environments.
* PYTHIA and EPOS-LHC describe reasonably the measurements.

e | T ——
Foqk p'T“"'"“ > 5GeV/e ALICE Preliminary 4 F F PR3 5 5 Gevi/e ALICE Preliminary
3 I pp, Vs = 13 TeV | & - T pp, Vs = 13 TeV
B m25<R; <50 p,20.15 GeV/c, |n| < 0.8 i 01— ®25<R;<50 p,20.15 GeV/c, |n| < 0.8
¥ - PR (. < i ion...1
& | ®w00<R,<05 Transverse Region | © | ®=00<RA;<05 Transverse Region.. -
PYTHIA 8 (Monash 2013) — PYTHIAS (Monash2013) . ]
05" EPOS-LHC _ SEETTETTEN EPOS-LHC o
I T, I 0.05
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mv- e W J > m»— 1.5E
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- o -— E
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* Both models describe the trend for the low-UE ratios.

* While PYTHIA describes the trends in the high-UE

ow-UE events, EPOS-LHC predicts a splitting that is not
observed in data. EPOS4 now available
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Analyse the kinematics of jets associated DY processes

Two leptonic Z Observables: Measure in 3 pT(Z)
decay channels: + Jet multiplicity  Low: pT(Z)<10GeV

regions:

o Z—ete- * AD(Z, leading jet 1) * Intermediate: 30<pT(Z)<50GeV

o Z— Utp- » A®(leading jet 1, leading jet 2) « High: pT(Z2)>100GeV

Remove detector effects:

unfold
reco-level distributions = gen-level distributions
& ::xe.avn‘uarew - 3
= CMS Lo MGS5_aMC + PY8 (<4 L0) * 117 § o abiiaci [N S TR R e e R
= 6 MGS5_aMC +CA3 (s3jL0)* 127 o EALTETeN) % Measurument € fcoms 6= MG5_aMC + CA3 2+ NLO) " 1.2
% ' - g o'k CMS 5 MG5_aMC + CA3 (Z4 NLO) * 1.2 o 10°F {8 MG5_aMC + CA3 (Z+i NLO) " 1.2
g aTb-k' (R=04)jets ~ E B MG5_aMC + CA3 (Z4 NLO) * 1.2 zﬁl E —+— GE + PY8 (NNLL'+NNLO,)
R P >30GeV, ly"| <24 N —=— GE + PY8 (NNLL' -NNLO,) T 10—
8 pf <10 Gev . o z N : 8 =
gl $eL0 La J L antik, (R=04)jets 3 E
] o B T F p¥>30Gev, lyi<24 ~ Te— =
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L F ——— ?: '>100Gev =
s — ' : f = e al | ack of MPI
9 e 1 —CI
3l & u e 88 SE MG5_aMC(Z+j NLO)+CASCADE
E{; % e 23 ] | % a— f_ without MPI
g[8 15k &2 I ] - s °
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M(Z]‘) s PE Stat g & theo unc. = ERE
— i |er—— s :
Lack of MPI 15 § o i GENEVA+PY8 (NNLL'+NNLO 0j)
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CP5: use MPI-based CR model TransMIN charged-particle density /s = 13 TeV = . rap:dﬂy ?lsfnt{utl?ni \/'3 =[ 7'Te‘V
COIourReqo_nnectIon:range =5.176 - o B A e RSRE § -~ E L]
->remove it in CR1 and CR2 tune 5 ' e S s B I _+__+_
; 08 L’.“ —— Z0.15 - .
f \ 2‘ 06 - = ——— e e e —
CP5-CR1 CP5-CR2 L —+— CMS Data ] a3 —+— CMS Data
mo m2Lambda S oa ~ GpacRy E - ~GRcmi -
timeDilationPar o . . CP5-CR2 1 e __ GP5.CR2 -
junctionCorrection 02 . - . . , 3 N
g = =t = Ty
+retun MPI parameters }.g B g ié ‘ .
ecmPow g 12§ _ o ] o
pTORer $ it —— s 1
coreRadius 3 08¢ V] i PO T e T e
coreFraction J Qe E £55 4 PRI ~o 05 1 2
5 10 15 20 Ayl
Tuned in this paper F[Cey]
Tune m; [GeV] Amy [GeV]  myy [GeV] Amy [GeV]  Amy — 0.5 x Amyy [GeV]
CP5 17193 £0.02 0 7976 £0.02 0 0
CP5 erdOn 17218 £0.03 0.25 80.15£0.02 0.40 0.13
CP5-CR1 171.97 £0.02 0.04 79.74+0.02 -0.02 0.05
CP5-CR1 erdOn 172.01 £0.03 0.08 79.98 +0.02 0.23 -0.04
CP5-CR2 17191 £ 0.02 -0.02 79.85+0.02 0.10 -0.07 = -
CP5-CR2erdOn 172324003 039 7990+002 014 03
similar to TOP-17-007 result
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HADML - towards a deep learning model for hadronization

Low energy e ML hadronization
e non-perturbative QCD : . . :
—_— S e o e e 1st step: generate kinematics of a cluster decay:

¢ phenomenological models
(with many free parameters)

Andrzej Siodmok

e How?
Use Generative Adversarial Networks (GAN)

s 0
Transverse momentum distribution 77, Pert=0

: - E T | A A | T T T
z Fl —— Hy i
'TTO r° B 1o jLL&\ +— Hy+HADML ?
1073 ; H\Dﬁl —f
0 0 : Ty .
T r ]
. . T for 4 Wq}% f =
Hadronization: : W{Mﬁﬂ :
one of the least understood elements of MCEG T g T e w ’lu il Eh‘ g T g g
0 10 20 30 40 50
Py [GeV]
13th International workshop on Multiple Partonic Interactions at the LHC < e
10 ] Fzu s

Dominic Hirschbuhl / Oldrich Kepka | 18.11.2022



Early 1980's Early 2020’s

FU”'event Valldatlon SWNG Hodrizofion  CUISER Wodronizaion v
(Full events using HADML integrated into Herwig 7) - I .‘
, . =
: : 0. .
1~ Thrus o ) R
: T | S 1 K8y 4 T ] T 1 o 2 . : 1' -
| 10’ -= S o, SSRRR -«
- E '
.E 1 1 Sphericity, S 3 .
‘E —% 2 =ggad| | [EAREA pzams BRI R K
y e —4— Data 1 -;_'-: 10’ -;0: 3.;:.1 2
= t ?5 3 C —— H7+HADML ]
—+— H7+HADML 3 e -4
: b . Ultimative goal: train directly
: | _ : o on datal
14 1 +—+—+ i_ 07 = :
s 13 | 3 : E _
& ‘ } . L HHHHHHHHHHHHHHHHHHHHHHHH Tuning procedure needs to be
[ 0. - 1.3
% g | . i b Loy e [ re-thought
85 ||‘ g o9 i | [
5 0.3 0.4 0.5 2 3*7‘ 3 E
-7 8¢ bl bkt

e HADML is able to reproduce Herwig's light cluster decays

e Integrated with the full Herwig simulation is able to reproduce results from LEP data
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Recent developments towards Sherpa 3.0 Max Knobbe

Z/y ratio for events with n, s = 1

: — ] News to soft physics
004 S e Major re-write of hadronisation module
ool +T1] | E e Re-written color reconnection
P 1 e UE based on Sjostrand-Zijl

spditameps e Implemented now minbias, but un-tuned
Bk T Tuning uncertainties:

I B Eigentunes vs. replica tunes (re-tune with different sub-sets of data)
:j _,_ _E Thrust (Ecms = 91.2 GeV) b-quark fragmentation function f(x§®*)
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Taming the cross section at low-pt

Cross section divergence of 2->2 parton scattering to low-pt typically regulated by s-dependent
energy cutoff (Pythia, Herwig, Sherpa)

- usually referenced to saturation at low-pt
In approaches based on Regge Field Theory, the suppression is coming out as a feature

EPOS and QGSJET - summing many cut Pomeron diagrams

: I 2 All the diagrams
: which contribute to pp
— T B |
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Taming the cross section at low-pt S. Ostapchenko

Inclusion of coherent multiple scattering on soft gluons
gives rise to an effect the qualitatively resembles
s-depend pT-cutoff for minijet production

Tames energy rise of both sigma_tot and nch particle distributions

.

QGSIET-03 . 10

PP QGSJET I11-03

cross section, mb

do, / dp,. mb/GeV
=)
3

P
=]
™

|- 2
10 10 o 10 e
c.m. energy, GeV

p.. GeV
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Klaus Werner

EPOS 4

Has several components to be able to describe details of pp, p+A, AA scattering within single model

- Core - Corona

- strategy to include saturation S T
‘2 10 e, partons y -0.5-0.5
= fl OW % :g :; data ATLAS
Need all components to describe diversity of event properties of
10 o
continuous curve jump i "_ red = using EPOS PDF
E : EPOS 4.0.0 - ALICE (black) :/c\: E EPOS 4.0.0 a ALICE (black) EE 3‘§ ::;::ir:‘::;:r \
E i W N Y 2 -— > ° ’ ]|0 llol transy. mumn;(u);np (GeVic)

—
<
I
\
\
1
=]
=]
N,

Y

& — = K
iz T full L5 AT,
X CO+Co E: & 4 o
*+ee cOrONa - * / 2
—es=s COTE tE .

Also now includes jet production and modeling
of HF - important for pileup simulation in the

4|  eecesece .0000....ol'°". K full
0 FE PbPb E, e rvaisid LHC experiments
B B —s=s COTC
Lk IIIIIII 1L IlllIII 7! 1 Illllll 1 0'5 = i1 lllllll Ll II“III 11 Illllll 'l
1 10 10° 10° 1 10 10° 10
<dn_,/dn(0)> <dnuhldn(0)>
core-corona effect
core-corona effect £
; R saturation effect
+ microcanonical effect
+ flow effect
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Praximan Sarmah

String versus Cluster hadronization

Big picture
Lund String model in Pythia seen better for hadronization processes

- Angular Ordered shower in Herwig7 better when studying perturbative effects
The best out of the two — String fragmentation in Herwig7 (pioneered in AutoTunes)

Scaled momentum, x, = [p|/|Poeam
UL S O /i

New MAP tunes to LEP measurements ‘\\ ~ D _ |
102 722 j\}st?r - 1

Seen improvements in several observables A o T S MAP TS, ]
HPa H H Sl ~—+— Hgy15 String Autotunes]
Deficiencies in some flavor observables (not tuned to) : Ll i

Nde/dx,

Robustness of MAP tunes provides setup for systematic studies

of NP effects in e+e- el
1.3 §
Next, tuning to LHC data 2 g8
06§ } . —
e b ol 0% 68 OF o8 €F of S 9
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Mapping between Parton Shower and Hadronization Simon Platzer

Predicting hadron production is a multiscale process

- Parton shower captures perturbative part - stop evolution at some scale mu_S
- Hadronization takes over below mu_S

Final state observables should not depend depend on Q in ideal case (tunes can compensate change
in Q)
Attempts to connect PS with Hadronization based on deeper theoretical input (RGE)

. —0
0 = 4 : Ny
d - /@
KUs n e
HKSs
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Rapidity w.r.t. thrust axes, yy (charged) Energy-energy correlation, EEC
T

\S}
g s 9 L B e
5 3 a —— Data
=4 3 default
x g 1k ) — dynamic
10
10 E
F 10 E
B 107 3
1.4 L | | o | P
8 1 [P R wE | — ——
- 13 E- - 1.3 - -
31.1 S 12 - S 12 =
Do.z‘) 8 ":"_‘ﬂ—\__,* -1 5 1.1 - -
> o8 g 09 = e S oo e
i =iesk 3] = o8 5
e OO oo ppep By poep o oy el g s | | s T
o 1 2 3 4 5 6 e -0.5 o 0.5 1
¥r cos Y
C parameter rapidity wrt thrust EEC

We must understand how hadronization models respond to shower variations —
they do not live in isolation, and we shouldn’t be tuning the shower cutoff.
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A glimpse of light after the week of rain ...

Intense interdisciplinary collaboration in the
evenings ...

Many thanks to all the speakers

... and to the organizers for this nice workshop!
Lattice + Small-x + MB&MC + ... =7?
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