Hadronization: How does the hadronization process
depend on the properties of the hadronizing system?

August 19-23, 2019, in Lund, Sweden
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How can we distinguish statistical hadronization and strings?
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In the string model: ¢ comes
with extra kaons (depending on

original g pair)

* 0.6 charged kaon per phi (+ 0.6
neutral kaon) ~ |.2 kaons per phi

* Clear prediction

* Rapidity correlations give
additional information

* More: KK ordered in rapidity

(along string)
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Creation of one @ in string or rope :
* Via 2 s§ breakups: P(1¢) « P(s5)? = (1/7)?

¢-K* correlations

5 PYTHIA 8.240

Assoc. K* yield = 0.63 + 0.02
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How can we distinguish statistical hadronization and strings?

A

¥

S—

S—

Creation of one ¢ in string or rope :
* Via 2 s§ breakups: P(1¢) o< P(s§)2 = (1/7)?

Creation of 2 ¢s in string or rope :
* Via 3 s§ breakups: P(2¢) o P(s§)3

Creation of 2 decorrelated §s:
* Strings: via 4 s5 breakups: P(2¢) o P(s5)*
* Stat. hadr./ other uncorrelated: P(2¢) o P(1¢)?2

Generally:
* String model: P(2¢) > P(1 )2
* Uncorrelated: P(2¢) = P(1 $)?2
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How can we distinguish statistical hadronization and strings?
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Creation of one ¢ in string or rope :
* Via 2 s§ breakups: P(1¢) o< P(s§)2 = (1/7)?

Creation of 2 ¢s in string or rope :
* Via 3 s§ breakups: P(2¢) o P(s§)3

Vs npoor:?;?)?slzgnian Creation of 2 decorrelated ¢s:
P(N,) * Strings: via 4 ss breakups: P(2¢) o« P(s5)*
* Stat. hadr./ other uncorrelated: P(2¢) o P(1¢)?2
ropes?
strings
. . uncorrelated Generally:
1 2 3 N, « String model: P(2) > P(1 ¢)?
* Uncorrelated: P(2¢) = P(1 $)?
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How can we distinguish statistical hadronization and strings?
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Mean 0.03106 + 0.0005748

Creation of one ¢ in string or rope :
* Via 2 s§ breakups: P(1¢) o< P(s§)2 = (1/7)?

string or rope :

g 1; poisson prediction: y = 0.03106 k. P(Z(I)) - P(S§)3
= PYTHIA 8235
107 & .
= Default settings
0L P(1¢) = 0.02829 related ¢s: )
S P(2¢) = 0.00132 reakups: P(2¢9) o< P(s5)*
oL | - uncorrelated: P(2¢) o« P(1¢)?
10°FE P(29) > P(19)2
e Generally:
- ﬂf el: P(2¢) > P(1 )2
LN ST R ST T R T ed: P(2¢) = P(14)?
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Strangeness production: strings, jJunctions, ropes, ...

Creation In string or rope :
* Via diquark production
* Suppressed rate (high diquark mass)

* Accompanied by strange antibaryon nearby in rapidity
— Flavour-baryon number correlated
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Creation In junction-antijunction:

Via 2 sS breakups

Not that suppressed

Accompanied by strange meson(s)
Balancing baryon potentially further away
in rapidity

Flavour-baryon number decorrelated
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Strangeness production: strings, junctions, ropes, ...

~ 1_4‘ E-NetBaryon correlations }7
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* In the string / rope case in PYTHIA: the

gt o antibaryon is at least single-strange
B e * With junctions: not so much
_-  Relevant observables:
. ++jii:+*ii+++ * E-K correlation
et M) * E-p correlation
I e -2 correlation
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Shower in vacuum ...
QGP BT Hadrons
T>T, T<T,
Q
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...and medium

Lund plane R=0.4,
200 GeV vacuum jets
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G. Salam, QM 2018
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The space-time picture

Jets and high momentum probes: sample medium
between production vertex and the vacuum

Correct space-time picture important to connect
to bulk physics

Theoretical work: introduce realistic formation time
into perturbative showers: clock”

How important is the hadronic phase for hard

probes?

* can one distinguish between interactions with
partons and hadrons?
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The space-time picture

Particle hadronization positions (many-event average)
0.00 <b (fm) < 2.50 — o,/c, =0.963

£ 2o . 3 s
= - . . - . ]
>  15F .

10F

-10F

—-15F

—20(~ .

PYTHIA Angantyr

Az,

4~\’

16
14 \\»t\f/l//\ ;
12 | \g&%@\\\ T
10 | oF S
E 4 ?‘“ .,
(S J
6 N4
2 r =
) % |
-10 -5 0 5

X [fm]

Hydrodynamics / sampling
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Space-time towards smaller systems
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PYTHIA Angantyr + UrQMD:
Jet quenching decreases with centrality
Small flow buildup does not decrease so significantly?
* Length vs density gradient?
RN * Needs further investigation

'4‘.\' .

UNICAMP Hadronization



Backup
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How can we distinguish statistical hadronization and strings?

~o .__(_’_‘;?_\__._ o4 Creation of one ¢ in string or rope :
> ' * Via 2 s§ breakups: P(1¢) « P(s5)2 = (1/7)?

Ooal ¢-¢ correlations Creation of 2 §s in string or rope :

[ PYTHIA 8.240 * Via 3 s5 breakups: P(2¢) o< P(s5)3
0.12-

o
008: Creation of 2 decorrelated ¢s:

T * Strings: via 4 s§ breakups: P(2¢) o P(s§)*
0.06 e Stat. hadr/ other uncorrelated: P(2¢) « P(1¢)?
0.04
0.0 _ Generally:

i Aslsoc. 0] lyleld =IO.048 l1“0.003I . String model: P(2¢) > P(I ¢)2
93] 11 l_2l 1 1_11 11 Iol 111 11 1 | 121 x l3 4 o Uncorrela_ted: P(2¢) — P(I¢)2
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