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Reminder: Fragmentation Models

Hard process (e.g., dijets) » hard factorisation scale Quy ~ prjet
Parton Showers: perturbative bremsstrahlung down to Qr ~ 1 GeV

Hadronisation: confinement (+ hadron decays) at Quap ~ Qrr

u(ﬁJ_Oap-F)
>
() 7T+(]5l0 —ﬁu, le+)
; <
| dd
Perturbative >
: Kp1— pla, 22(1 — 2
main parameter O 3 O P = Do 221 = 21)ps)
Different “tunes” use $3 Non-Perturbative
different o.eff(mz) values
Monash : 0.1365 Fragmentation Function (at Qpap)

A14:0.129 + flavour / pr/ ... parameters, hadron decay tables

Spectrum = combination of & choice & non-perturbative parameters
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Flavour Composition in the Lund Model

Starting point: isolated string in 1+1 dimensions

Tension kK ~ 1 GeV/fm ~ 0.2 GeV? Mg gchwinger M4
. . . Tunneling/ /
String breaks by Schwinger mechanism Vs ~

N /e
=¥ Suppression of strange o _mg + 7 Ly %&%\\ o
quarks (and diguarks) P

K

=>» StringFlav:probStoUD = 0.217

+ Spin-splitting in hadron multiplets V/P # 3

p /Tt StringFlav:mesonUDvector = 0.50 D*/D StringFlav:mesonCvector = 0.88
K*/K StringFlav:mesonSvector = 0.55 B*/B StringFlavimesonBvector = 2.2

Note: model parameters are for primary hadrons # measured ratios (feed-down)

-y
Peter Skands 7\ Monash U.



Flavour Composition in the Lund Model

Starting point: isolated string in 1+1 dimensions

Tension kK ~ 1 GeV/fm ~ 0.2 GeV? Mg Schwinger  Ma
. . . Tunneling/ /
String breaks by Schwinger mechanism Vs ~
NN /e
-> Suppressiqn of strange exp _mg —H?i Ly %\,%&\\ 4@“
quarks (and diquarks) K ) (&
x @"’é,

=>» StringFlav:probStoUD = 0.217

+ Spin-splitting in hadron multiplets V/P # 3

p /Tt StringFlav:mesonUDvector = 0.50 ngFIav:mesonCvectoE:@*

B

K*/K StringFlav:mesonSvector = 0.55 B*/B String

av-:mesonBvector = 2.2

Note: model parameters are for primary hadrons # measured ratios (feed-down)

Rookie Mistake: for D*/D in the Monash tune 22112095630

| took the D and D* rates from separate sources » wrong ratio
Should be higher ~ 1.25 - 1.5 to agree with measured values PN o i
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Heavy-Flavour Endpoint Quarks

Same starting point as for massless endpoints

Tension K ~ 1 GeV/Tm ~ 0.2 GeV? o Mg Schwinger M o
' Tunneling
String breaks by Schwinger mechanism \ s 7{
N /e
=» Suppression of strange ox _m3 +pi Ly %\%\ /bqa*‘
quarks (and diguarks) B K Q%% ,\Af
" %a‘ @,5:’
=>» StringFlav:probStoUD = 0.217 i

Same parameters govern D¢/D, Bs/B, A/D, A,/B =¥ Interesting to check it
Ds/D, Bs/B aftected in same way in same environments where we see
® strangeness enhancements in light-quark sector: multiplicity dependence

Massive endpoints have v < ¢ =» smaller string space-time area: —_

with rp~re~1

(Note: Peterson etc strictly speaking A <

incompatible with causality in string picture) t

=» Modified (“Lund-Bowler”) FF: (1—2)° (—bmi h>
exp :

StringZ:rFactB = 0.855
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Constraints : B Spectra

Main constraint: xg spectra of weakly decaying B hadrons in Z decays

0 91.2 GeV Z—qq < 91.2 GeV Z—qq
% X geak (DELPHI) © X Z“lk (moments)
< —~~
z 10w DELPHI s 1 m  LEP (combined)
- - Monash (r_=0.855) > - Monash (r_=0.855)
= ~  ---4--- Monash (r B—>1) e > --4--- Monash (r B—>1)
: ...... O 4C B ' — B
-@--- Vincia L o ; B
1=
1 Spectrum Moments
10
- Pythia 8.301 . Pythia 8.301
L Data from Eur.Phys.J. C71 (2011) 1557 Data from Eur. Phys. J. C71 (2011) 1557
| | | | | | | | | | | | | | | _2 | | | | | | | | | | | | | | |
| | | 10 - | | =
1.4 1.2
S C o =
c 1.2 — c 1.1
Q C a =
> qEC > 1 n
8 C 8 C
s 08¢ < 0.9 ;—
O'6-_| L i i i | 0'8:_| N L R I
0 0.2 04 0.6 0.8 1 5 10 15 20
X Mellin Moment N

for details see arXiv:1404.5630 (section 2.3)
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+ B-tagged Event Shapes & Jet Rates

IR safe: sensitive to & and b mass effects in shower + hadronisation

Z—qq

[(e]

s J-jet rate (b/udsc) Z=ad, 40

s S
- m —
o —
L [ | Delphi -\g » — [ L3
11— 4 —— Monash (r_=0.855) -g 107 Monash (r_=0.855)
u ~--#--- Monash (r_—1) - ~ --~#--- Monash rg=1
[ Y O 4C 10 __ ...... O 4C
i ---[1--- Vincia E ---3--- Vincia
1 e
_ .
10 E
i 2l
0.9 Pythia 8.301 10 - Pythia 8.301
B Data from Eur.Phys.J.C46(2006)569 N Data from Phys.Rept. 399 (2004) 71
- | | 107 ' |
11E L AE o
© = = -
©1.05 E § PE o
9 g S 1=
T S b
£0.95 = = 08¢
= 0.6 -
0.9 - | | 5
0 0.02 0.04

Durham kt 3-jet resolution yo3 . . .
for details see arXiv:1404.5630 (section 2.3)
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LHC: Top Decays » In-situ controlled B-Jet Sample?

Yesterday: 25th anniversary of the top quark discovery
‘ March 2nd

t—bW provides a clean
high-statistics reference
sample, with a well-
defined initial b-quark
energy (in top CM) very
similar to Z = bb.

Compare B FF(x) and B hadron flavour ratios to those for inclusive b-jets,
incl. any dependence on UE level (measured away from the top jets)

Note: finite top width =¥ “collective effects” may be suppressed in top

(“early” vs “late” resonance decays)
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Some Comments on b fragmentation “tuning”

Note: Monash uses “large" TimeShower:alphaSvalue = 0.1365

Regarded at least in part as making up for NLO K-factor for ee—3 jets
(baseline Pythia only accurate to LO for 3 jets).

Consistent with 3-tlavour Aacp ~ 0.35 GeV (since we use 1-loop running)

Not guaranteed to be universal.
LHC studies tend to preter lower effective values of &

E.g., A14 uses TimeShower:alphaSvalue = 0.129 (could be reinterpreted via
CMW to MSbar alphaS(mZ) ~ 0.12 so consistent with world average.)

(but | would then also change to 2-loop running to preserve Aacp value)

E.g., a lower =¥ less perturbative radiation =» harder x,(Q)
=» Would need to retune non-perturbative parameters (e.g., rp) at LEP

Problem: most LEP measurements are inclusive (including 3-jet events)

=> Would need 3-jet NLO merging to ensure correct 3-jet admixture.

i 13N
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Constraints : Charm

No “C-tagged” data from LEP (that | am aware of)
Monash tune only used a single D* spectrum (ALEPH) =¥ r.

] Xg (D*) spectrum Born Process
2.
'§ 5: s ALEPH 2 N,
e — —— PY8 (Monash) 1.4 =0.1 [IT = = = = = « s s s » o o s « « = SRR
% ol v —=— PY8(4Q) 2.8 +0.2 B T
- 2\ --x-- PY8 (Fischer) 08F o %0 - ¥
L B o \Q 7
1.5F- 006F ° o 4
“F =R S --+--Z—CC
- © o Kol
- C04r o 4o —0--Z—Dbb
1 N A o
- 02 YL oy o
- : Y- .
- o o e e b 18 e
0-5_ g lo |- [
O_ >
1.4F :
s F Actual charm fragmentation not
S seen very clearly. For x<0.5, the
@) 5 5 .
2 o8 inclusive D* spectrum is
0.6 oo e o b Ly dOminated by B decays
0 0.2 0.4 0.6 0.8 1

1R T
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From ee to pp: multiple parton interactions (MPI)

Leading Nc: each parton-parton
interaction scatters ‘new’ colours

— incoherent addition of colours
1 or 2 strings per MPI

Simple, clean, factorized picture ...
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WRONG!

Anticipated already in first Pythia MPI model (Sjéstrand & van Zijl, 1987)

"CR" parameter = probability for MPI to just generate “kinks” on
hard-process colour structure, rather than new strings of their own

Tevatron <N4> and <2pt> in “Transverse” UE region
Required ~ 100% CR (Rick Field, “Tune A”, 2002)

» Not a small effect, then ...

+ Many new measurements and discoveries from LHC (& RHIC)
(e.g., CMS ridge, ALICE strangeness vs Ny, ...)



The MPI are all within a proton radius of each other inpp)

The picture today

Colour
Ropes?

String-String
potentials &

Interactions?

Fertile ground for model building

-y
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Brief Summary of “New"” Theory Models in Pythia

QCD-inspired CR ColourReconnection:mode = 1 Christiansen, Skands, JHEP 1508 (2015) 003

Stochastically sample subleading-N¢ connections according to SU(3) weights and
choose among possibilities (incl colour-€ ones) based on string-length minimisation.

» some flow effects & additional baryons (incl multiply-heavy); no extra strangeness

. Bierlich, Gustafson, Lonnblad, Tarasov, JHEP 1503 (2015) 148
ROpeS & ShOVIng Bierlich, Gustafson, Lonnblad, PLB 779 (2018) 58

Ropes: allow QCD charges to combine into higher representations: 6, 10, 15, 21, 28, ...
with higher string tensions (Casimir scaling) » more strangeness & more baryons

Shoving: explicit dynamical model of repulsion between different strings/ropes » flow
Thermodynamical String fragmentation Frischer, Sjgstrand, JHEP 1701 2017) 140

+ Much ongoing work ...
Hadronic Rescattering (Sjostrand+Utheim)
HIl extensions (Angantyr, PISTA) & extensions with UrQMD (Bierlich et al.)
Interacting Strings: momentum-space alternative to ropes+shoving (Duncan+Skands)

Back to basics: fragmentation of a single string: early / out-of-equilibrium, and thermal
effects. Time-varying string tension out soon. + other variants? E.g., UCLA model?

i 13N
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Some Suggestions for New Measurements

Want to disentangle <pr>, <strangeness>, <baryons>, <N>
<g> (\varsigma) <g%>

E.g., CR and “flow” increase <pt> without (directly) affecting <¢>
"Baryonic” CR can increase <>

Higher tensions/temperatures: correlated <pt>, <¢>, and <%>

Some Simple Questions:

How local are the <¢> and <#%> enhancement mechanisms?
How far in phase space is nearest anti-strange / anti-baryon?

For different values of N, density, prs or pr(b-jet), and ¢ density

E.g., heavy-tlavour tag, say Bs » know the endpoint flavour » look for
nearest anti-strange quark.

What is the distance in pt1? in rapidity (along z / along b-jet)? in AR?

How do the HF fractions depend on event multiplicity?

-y
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Heavy-Flavour Baryons

Example: QCD-inspired CR

Allows “junction reconnections”, e.g.:

q q N
— ) \

q q q q

(b) Type II: junction-style reconnection

For the parameters used in that study,
A/D* increased by factor 2

Ao/B* by factor 3
+ potentially larger changes for 2.,

i 13N
Peter Skands 7\ Monash U.

Christiansen, Skands, JHEP 1508 (2015) 003

ColourReconnection:mode = 1 =0
Particle N, par / N, events
Dt | 53-1072 6.5-1072
AF | 1.2-1072 6.6 -1073
| 1.3-1072 5.4-107%
»r | 1.5-1072 5.2-1074
»0 | 1.3-1072 5.1-1074
YEFt 1 22.1073 9.5-1074
it | 24-1073 9.4-104
¥x0 1 22.1077 9.1-104
ceq” | 2.1-107% 1.0-1077
BT ]1.6-1073 2.3-1077°
AY | 8.2-1071 3.9-1074
%7 | 95-107* 3.1-107°
¥) | 1.0-1077 3.7-107°
¥, [94-107* 3.2-107°
¥ 1 9.5-1071 3.1-107°
90 11.0-1073 3.7-107°
X7 | 94-1077 3.2-107°
beq” 1.8-107° 0
bbg” | 1.1-107° 0




Heavy-Flavour Baryons

Christiansen, Skands, JHEP 1508 (2015) 003

Example: QCD-lnsplred CR ColourReconnection:mode = 1 =0
E . . 1 ) Particle N, par / Nevents
Allows “junction reconnections”, e.g.: T 3 0 T 6 E 10
q q q _q AF | 1.2-1072 6.6-1073
Y S/ >t | 1.3-1072 5.4-1071
— / AN > | 1.5-1072 5.2-107
q q q q 0 Q2 02

(b) Type II: junction-style reconnection

o
. — 1.4~ pp,\s=7TeV ALICE Preliminary —
For the parameters used in that study, [~ [ vyi<os :
. 4 o —e— data (D° from arXiv:1702.00766) ’ ]
A/D* increased by factor 2 [ —— PYTHIAS (Monash) :
o O e
) - s \ SN = 9

/\b/ B+ by factor 3 L HERWIGT 086<y <004
Z 0.4 T - — 9 0.8:— 3 _ o data (D° from Phys. Rev. —:
(%\ 9 0.35 LHCb : C94 (2016) no.5, 054908) -
Q 0.6~ ]
IS8 & 03 \s=13 TeV - ‘*“ 5 — ;
o [ - ¥ )
gl <" 0.25 0.4 L — o —
O I arXiv:1902.06794 AR :
2 2 I b
ks Q:i 0.15 _ S — QMZO]'S .
— B2 So ae mt T 2w SUCEEIEERRRRS Ser ) _‘_-_-_.::' e | 1 | I | | | i
% (). l \ f nCOri" _S N 0.% 5 1 0 G V/ )
: eV/c

E foFs M Bo) + 1 B) Also: CMS 1906.03322 Ml

- 0 10 15 20 25

p.(H,) [GeV]




Heavy-Flavour Baryons

Christiansen, Skands, JHEP 1508 (2015) 003

Example: QCD'lnSplred CR ColourReconnection:mode = 1 =0
- . . 1" . Particle N, par / N, events
Allows “junction reconnections”, e.g.: D T E R 0 PRI
q q q _q AF | 1.2-1072 6.6-1073
N\ S/ >+t | 1.3-1072 5.4-1074
> / AN ¥>r | 1.5-1072 5.2-107*
q q q q 0 02 o4
(b) Type II: junction-style reconnection —
. 9 1.4~ pp, \s=7TeV ALICE Preliminary —
For the parameters used in that study, [~ [ vyi<os :
. 1 o[- —e— data (D from arXiv:1702.00766) ’ ]
A/D* increased by factor 2 - —— PYTHIAS (Monash :
1OF Copsy(opes)  PP\6=502TV -
No/B* by factor 3 [ - HERWIG7 096<y_ <004
. N 0.8 . data (D° from Phys. Rev. —
+ potentially larger changes for 2., N C94 (2016) n0 5, 054908) -
0.6 _+_ B .
Generically expect dependence on s . _? § E
multiplicity » Measure <B/M>(Ng,) ? 02?_‘ ..................................... QM2018 k
(Should be true for ropes, hydro, ... too) 000 Lo :
' 5 10
+ baryon-antibaryon rapidity dependence? Also: CMS 1906.03322 [ E(cAlly

First step, e.g., ALICE D meson associated track multiplicities in arXiv:1910.14403
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(Some) LHCb measurements

o o g\% 03_ ettt ettt | :
Bs/B* vs event kinematics = [ LHCb LHCb average (+10) 1
~-rom Bs— J/W ¢ & Bt = J/P K+ 0.281- (@) fpryee ™ -
No dependence on pig, Ns I ]
Decreasing trend with prg~ e—) [ e _
Would be highly interesting to o2 T ]
see vs event multiplicity / T R T e—
associated track multiplicity py [GeVic]
g DETT - - — T T — T — T T
DS asymmetry (S. Klaver, Moriond 2018) JTQZ
o(pp — DY) —o(pp — Dy) <

o(pp — D3) + o(pp — D5)

Strong pt dependence in Pythia, 5
= Pythia 8.1

not seen in data oo E
preliminary — LHCb E

High oT > Coherence effect? BT T e
pr [GeV/c]
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Multiply Heavy Hadrons?

Christiansen, Skands, JHEP 1508 (2015) 003

ColourReconnection:mode = 1 =0
H eavy ﬂ a\./ou rs proc?l uced Particle New CR model (Npar/Nevents) Old CR model
pertu rbatlvely, Not In string junction all Npar/Nevents (all)
Dt |5.3-1072 0 5.3-102 6.5- 102

string/cluster breakups; A 140-107° 79-107° 1.2-107° 6.6 107"

. ++ —4 —2 —2 —4
So whyv would multiolv heav > 2.7-10 1.3-10 1.3-10 5.4-10
y Py Y it 25.107% 15-1072 1.5-1072 5.2-.1074

. . c

soft probes? St | 51-1074 171073
M 149-100% 1.9-1073
Because they also probe the v« | ,5.10-4 17.10-% 2.
confinement field in unique ¢’ 0 2.1-107% (2.
BT [16-107° 0
ways (colour-€;
ys ( i AY | 1.9-107% 63107
_ ¥ [11-107° 9.3-107*
E.g., the = has been 0 |1.2.107° 1.0-1073

Y- 1.1-107° 9.3-10¢
LHCb-PAPER-2019-037 b
measured 7 | 11-107° 9.3-107*

. , 0 - .
Does its rate vary with ¥y ] 12-10 1.0-10
ated track density? ¥y~ | 11-107° 9.3-107% 94.
assoclatead track density i 0 1.8-107°( 1.8-
bbq’ 0 1.1-1076

Note: the baryon “predictions” depend on poorly constrained model parameters; highlight measurement sensitivity

188
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To discuss: observables to tell apart ...

CR: longitudinal (1D) strings + transverse boosts: flow-like effects
No <¢> enhancement; low velocity dispersions relative to common boosts

Additional tracers: multiply heavy baryons (will at least » constraints!)

Ropes etc: longitudinal (1D) strings with higher effective tensions
Strangeness enhancement + higher <prt>, but still “1D”
» rank ordering, const dN/dy?

Shoving etc.: Longitudinal strings with transverse repulsions

1D “rank” still relevant for <#>, <¢>, and (local) pt conservation »
correlations?

+ higher tensions? Is <pt> correlated or anti-correlated with <¢>, <%> 7

Thermal/Statistical systems: 3D systems with higher effective T
Very high dispersions, 3D.

Quantum number and pt conservation not ordered in “rank” at all?

i 13N
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Extra Slides



What a strange world we live in, said Alice [to the queen of hearts]

? T T TTTI I LI |||||| I T T TTTT
We wanted to know if “violent” collision ¥
. . s
events produced higher-strength fields. o 10" -
” ]

. . . O |
Smoking gun would be a higher fraction |2 —
of strange particles being produced G _

s
(higher-strength fields = more energy per S ﬂﬂjilil“ =42 (<6) e
"space-time volume” = easier to produce i I!l 6
higher-mass quark-antiquark pairs) } | go
1072 - - %
Jackpot! : J§ ewa e
Now working on models in which nearby i +§* E
fragmenting fields interact with each other. -V, Q:,Icé:?Tev 113
Interactions between QCD strings! i 118
Higher tensions + repulsion effects » — PYTHIA8 [1] HE
. [ . . . . . S e DIPSY [2] ;Fb'
modifications in high-density environments /I EPOS LHG [3] =
(Competing idea: the whole thing turns into 107 7_/____, ALICE, arXivr1606-074|24_ 5
. R R 11 IIIII| | L1 IIIII| | L1 111l 8
a near-perfect liquid which gets heated up.) 10 102 100 |5
<dNCh/d n>|77|< 0.5 g
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D meson associated tracks (ALICE)

D meson pT

L L D B DL P AL BN BLELELELE DL LN BLELELELE DL B L B L L L L L L D DL DL DL L
- = 5:—AL|CE Average D°, D*, D" 5<pP<8GeVic 8<pP <16 GeVic 16 < p° < 24 GeV/c .
8 E 4:_ 3 < p$ <5GeV/c p:SSOC >0.3 GeV/c p:SSOC >0.3 GeV/c p:SSOC >0.3 GeV/c E
= (0] C assoc ]
C > 0.3 GeV/c I ]
I, - e Pr — PYTHIAB, Perugia 2011 — POWHEG+PYTHIA6 b
2 @ - e pp, ‘/ Sy = 5-02 TeV —— PYTHIAS, Tune 4C —— POWHEG LO+PYTHIA6 T .baseline-subtraction uncertainty -
N of HERWIG 7 EPOS 3 T 3
Ty - lyP 1<0.5, A7l <1 4% . T :
> 2 le - cms _40, SCale uncertainty T 1
IR R 1= +4% , +4% | taint ° + -
ES 2| p "4o,, scale uncertainty —49, SCalé uncertainty Q- T ]
(R T . SUURUBUREEE o DSOS 20 e SOOI il E -
] T T T D DT T U EAPE EAPIN I S I I SV SN SIS P I I PP S IR IPIPIN I BT I
O 05115 2 25 3005 115 2 25 30 05 115 2 25 30 05 1 15 2 25
Ao (rad) A (rad) Ao (rad) Ao (rad)
4 U_""I'"'I""I""I""I"_
Aver‘age DO,‘D", o ALiCE ‘ 3 A VT 161 ALICE ]
6l ——pp, /s =5.02TeV E 2 '2 ALICE Near side _ 1-85_ ALICE Away side _ i pF**>03 GeVic
- Y2,] <05, <1 ] T 18F p*>03Gevic i 16p pe>03Gevie o4 ]
— 5 5<pP<8GeVic, p**°>0.3 GeV/c - S E T - : 1.4E T E ~ T
T [ ndi=138  _ qoait 1 o > 1.6 E " — B ] IS [
T4 — - Near side 7 % T 14 E 12 = — - Do 12f E .
% g & -== Away side ] =0 1.2 = 1:_ ———— o — % + i )
%-c L TR, e Baseline -5 L 1E- @ = o + _Q(La i 'E' — ]
— ... SO ] o § 0.8 _o_%%i _; 08;_ B - BI 1_=' -o-—— e — 1t
* E 8O o6 * o oef 3 2 | —=—
= ] 0.4 = 04f s O cine Lovel ]
:\\ +4% ncertain ‘.\_: no "'l""l""l""l"""‘E :...1....1....1....1....1.' | 1 Vv
TR oo 5 10 15 20 2 ""05 10 15 20 25 0.6f ;
% 0.5 1 1.5 2 25 3 D-mesonp (GGV/C) D-mesonp (GGV/C) NN T BT AT AT AT I
Ag (rad) T T 0 5 10 15 20 25 (

D-meson P, (GeV/c)
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K* and ¢ (ALICE)

‘l_ .I T T LI LI LI I LI I LI I LI LI I 1T I 1T 1I_ T T T T T T T T T T T T T T T T T T T T T T T T T | T T T
— 1 [ _ 1 — 1 —
20 ALICE KO+RO ] Q0T ALICE o
8 pp Vs=8TeV, lyl <0.5 2 8 pp Vs =8 TeV,lyl <0.5
~ ® ppINEL - = 5, ® ppINEL ]
N PYTHIA 8 Monash 2013 BN B li‘-... ------- PYTHIA 8 Monash 2013 b
o | e PHOJET o . e PHOJET
— Q107 % EPOS-LHC 4 gt ey EPOS-LHC —
= = : T
O Z
— Al I
< © i
<r i
- Z
) = 10°—
= u
@)
M —
= i
CHU 10_7_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II_ 10_7I_I | | | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I_
. s 3 E s 3E R
© ] © - ieeesssssssaas H ]
Q - pemseseenen R I e =
[} EEEEEEEY H ] [0 r EEF Lt =
S T TP L PP PP ET NN Lt 3 SRR ETTI e ————EEE A—— —
S Ll 4 = 'E e 00
. . . . . . . . ot 1L TR TR e . ]
4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16
p; (GeV/c) p. (GeV/c)
= < K : 1 Xosl Grand Canonical ] < [ Grand Canonical |
& _ 17 gﬁ[ﬁCl?E éo.eg gi-ll_-fg:z A 9‘!0.6;— ..... Thermal Model | - 02 1 Thermal Model |
006 1 ool | 05F 1 osp STAR To=156MeV -y J  Ten=156 Mev
- 3 - s . 04l ALICE {1 0151 ¢ 7
004k g ] I I 041 | E f o g | - # gNAd9 H .....
. é H © I H 9 © E [00] E 03F . 0‘ SD 1 3 01— STAR + © @ B
3 7 oot 1 03f ] b ¢ ] i ALICE
oozf ] ~ 02} ¢ . : ; PHENIX ey ]
s_ SN 2t R A oo T, 4o
g | | I | | ok E : " p-Pb ® Pb-Pb | : O p-Pb ® Pb-Pb -
(s (GeV) (s (GeV) (s (GeV) Sy (GeV) ISy (GeV)

NB: n¢n dependence measured separately, in arXiv:1910.14397
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K* and ¢ multiplicity dependence (ALICE)

ALICE Models: pp 13 TeV -. EPOS-LHC
+ Pb-Pb 2.76 TeV —PYTHIAG6 Perugia 2011 DIPSY S of e T T T T T F ] o \I(_—1|3T\I/ T T 1,68
+p-Pb5.02 TeV  ...PYTHIA8 Monash 2013 8 | olopPoim=sceTev, 05<y<o | [ —— PYTHIAG Pegi cor ¢ 1.3
opp 7 TeV — PYTHIA8 Without CR ~ [ feTTevyi<os | i onash 2013 Joo =~
e pp 13 TeV __CSM (T =156 MeV) > 1P B m B IER YIS [ .- EPOSLHC 1, =
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