
Hadronization

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

Creation of one ! in string or rope : 
" Via 2 ! "# breakups: P(1! ) $ P(! "#)2 %(1/7)2!
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In the string model: ! comes 
with extra kaons (depending on 

original qq pair)
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" 0.6 charged kaon per phi (+ 0.6 
neutral kaon) ~ 1.2 kaons per phi 

" Clear prediction 
" Rapidity correlations give 

additional information
" More: K! Kordered in rapidity 

(along string)
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How can we distinguish statistical hadronization and strings?



Hadronization

Creation of one ! in string or rope : 
" Via 2 ! "# breakups: P(1! ) $ P(! "#)2 %(1/7)2

Creation of 2 ! s in string or rope : 
" Via 3 ! "# breakups: P(2! ) $ P(! "#)3

Creation of 2 decorrelated ! s:
" Strings: via 4 ! "# breakups: P(2! ) $ P(! "#)4

" Stat. hadr. / other uncorrelated: P(2! ) $ P(1! )2

Generally: 
" String model: P(2 ! ) > P(1 ! )2

" Uncorrelated: P(2 ! ) = P(1 ! )2

!
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" #

!!!! !

!
" #

!! !

!
" #

!! !

!

3

How can we distinguish statistical hadronization and strings?
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How can we distinguish statistical hadronization and strings?
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How can we distinguish statistical hadronization and strings?
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Mean   0.0005748± 0.03106 
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100k Pythia 8.4.28 events

frequency of events with N !  mesons produced at mid-rapidity |y| < 0.5

P(1! ) = 0.02829 
P(2! ) = 0.00132 

P(2! ) > P(1! )2

poisson prediction: "  = 0.03106

PYTHIA 8.235
Default settings



Hadronization

Strangeness production: strings, junctions, ropes, É 

!!

!

# #

!

! "

! "
#

!

!
!

!

"
#

"

Creation in string or rope : 
" Via diquark production
" Suppressed rate (high diquark mass)
" Accompanied by strange antibaryon nearby in rapidity
0 Flavour-baryon number correlated

Creation in junction-antijunction: 
" Via 2 ! "# breakups
" Not that suppressed
" Accompanied by strange meson(s) 
" Balancing baryon potentially further away 

in rapidity 
" Flavour-baryon number decorrelated
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Hadronization

!!

!

# #

!

! "

" In the string / rope case in PYTHIA: the 
antibaryon is at least single-strange

" With junctions: not so much

" Relevant observables: 
" &-K correlation
" &- "' correlation
" &-(& correlation

! !
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Strangeness production: strings, junctions, ropes, É 

! !
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Hadronization

The space-time picture
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Shower in vacuum …

…and medium
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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: ÒclockÓ 

How important is the hadronic phase for hard 
probes? 
" can one distinguish between interactions with 

partonsand hadrons? 
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Hadronization

The space-time picture
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Hadronization

Space-time towards smaller systems
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 = 2.76 TeVNNsPb-Pb 
PYTHIA ANGANTYR+UrQMD

0-5% 5-10% 
10-20% 20-30% 
30-40% 40-50% 
50-60% 60-70% 
70-80% 

PYTHIA Angantyr+ UrQMD: 
Jet quenching decreases with centrality 
Small flow buildup does not decrease so significantly? 
" Length vs density gradient?
" Needs further investigation
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Hadronization

Backup
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Hadronization
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Figure 4 . Invariant mass distributions for a) J/ ! D0, b) J/ ! D+ , c) J/ ! D+
s and d) J/ ! ! +

c candidates.

As a cross-check of the results, the signal yields have been determined from the single
charm hadron mass spectra using the technique described in ref. [13]. In this approach, for
each pair of charm species the invariant mass distributions of the Þrst charm candidate are
Þtted to obtain the yield in bins of the invariant mass of the second candidate and vice versa.
This technique gives signal yields consistent within 10% of the statistical uncertainty and
also allows the statistical signiÞcance of the result to be easily evaluated. This exceeds Þve
standard deviations for most of the modes considered. The signal yields for J/ ! C, CC and
CC events are presented in tables5 and 6 together with the estimate of the goodness of Þt.

5 E! ciency correction

The yields are corrected for the detection e" ciency to obtain the measured cross-sections.
The e" ciency for J/ ! C, CC and CC events ! tot is computed for each signal event and is
decomposed into three factors

! tot = ! reco ! ! ID ! ! trg , (5.1)

Ð 9 Ð
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Hadronization

Creation of one ! in string or rope : 
" Via 2 ! "# breakups: P(1! ) $ P(! "#)2 %(1/7)2

Creation of 2 ! s in string or rope : 
" Via 3 ! "# breakups: P(2! ) $ P(! "#)3

Creation of 2 decorrelated ! s:
" Strings: via 4 ! "# breakups: P(2! ) $ P(! "#)4

" Stat. hadr. / other uncorrelated: P(2! ) $ 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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