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Roadmap to coupling SMASH and eHIJING
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HRG with the latest § with lattice results
experimental data AN
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A lower limiting temperature

] More states

Hagedorn observed an exponentially rising spectrum
which led to the conclusion there was a limiting
hadron temperature

N(m) :/o p(m/)dm';  p(m) ~m~%e™/ T

( Adding more hadronic states supports
10 — SMASH, Ty ~ 174 MeV 1 L the exponentially rising spectrum
PDG21+, Ty ~ 167 MeV <

: : : : The extracted temperature becomes
0.5 1 1.5 2 2.5 3 ( closer to the pseudo-critical
m [MeV] L

temperature from LQCD
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HRG partial pressures vs LQCD
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HRG partial pressures vs LQCD
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Thermal model yields
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A two-freeze out scenario has a better
agreement with experimental data
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Thermal model yields

|

A two-freeze out scenario has a better
agreement with experimental data

|
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New hadronic list

i

B —— 1 FO PDG21+4: (x*/N)g = 94.9/11
-------- 2 FO PDG214: (x*/N)y = 3.3/4,
77IIIIIII IIIIIII
Ll
[ ] ALICE Pb—Pb 0—10% 502 Te\/ gt g

Tg =150.5 £ 1.6 MeV, upqg =0 MeV
Tp = 141.7+ 1.7 MeV, ppp =0 MeV N
T =163.7 4+ 2.1 MeV, pups =10 MeV - =

The new resonances and decays
significantly improve the fits to
experimental data at LHC energies




Modeling the list with intermediate states

-

1 — 2 decays needed for

SMASH

~

)

dtrans <

Model 3 and 4-body decays
with intermediate states

\ 4

SMASH Input:
1. Particle list

2. Decay modes
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Identified particles spectra
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The addition of more
resonances and modification of
decay channels has an effect on

the particle spectra
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Identified particles spectra
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The adaptation of the list to
only have 1 - 2 decays
causes the slope to change

-

Impact on
extracted bulk
viscosity with
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Identified particles spectra

BW+-direct decays N
SMASH list 0.548 £+ 0.001
PDG2021+ (1 — 2 decays) 0.551 £ 0.001
PDG2021+ (1 — all decays) 0.523 £ 0.001
BW-+SMASH 47
SMASH list 0.5463 + 0.0001
PDG2021+ (1 — 2 decays) 0.5467 + 0.0001
Experiment 0.56965 + 0.02505

BW +direct decays Kt+ K~
SMASH list 0.906 4+ 0.001
PDG2021+ (1 — 2 decays) 0.908 £ 0.001
PDG2021+ (1 — all decays) 0.907 4+ 0.001
BW+SMASH K"+K~
SMASH list 0.9205 £ 0.0005
PDG2021+ (1 — 2 decays) 0.9167 4 0.0005
Experiment 0.91955 £ 0.01357
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Identified particles spectra

p
BW-direct decays nt e Although changing the list does not affect the
SMASH list 0.548 + 0.001 (pr) too much, it impacts spectra slightly
PDG2021+ (1 — 2 decays) 0.551 %+ 0.001 N
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BW-+SMASH —— The mean-transverse momentum spectra is
SMASH list 0.5463 & 0.0001 mainly affected by using 1 = 2 or 1 — all decays
PDG2021+ (1 — 2 decays) 0.5467 + 0.0001 N
Experiment 0.56965 + 0.02505 10} . S _1 _} ;H éecéys" PDG202L

[ 2xmrm 1 — 2 decays, PDG2021+
BW+direct decays Kt + K~ 1 7 P 1 — 2 decays, SMASH list
SMASH list 0.906 % 0.001 SR BW tdirect decays
PDG2021+ (1 — 2 decays) 0.908 + 0.001 < | L1070
PDG2021+ (1 — all decays) 0.907 + 0.001 i@ ““““
BW+SMASH Kt+ K- — % =
SMASH list 0.9205 + 0.0005 N
PDG2021+ (1 — 2 decays) 0.9167 + 0.0005
Experiment 0.91955 + 0.01357 107° | | |

0 0.5 1 1.5 2

pPr [Ge\/]

Jordi Salinas San Martin 8



Cross section rescaling

120 _I 1 v 1 v 1 v 1 v 1 v 1
— Total with PDG2021+
1oL Detault pp — Total with SMASH 2.2
: — Elastic with PDG2021+ ]
0k Resonances with PDG2021+

— Soft-string with PDG20214
e Data (total)

e Data (elastic)
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Cross section rescaling

The inclusion of new
resonances spoils tuned cross
sections -> need to rescale

120 _I 1 v 1 v 1 v 1 v 1 v 1 v I_
— Total with PDG2021+

1oL Detault pp — Total with SMASH 22 |

. — Elastic with PDG2021+ ]

0k Resonances with PDG2021+

— Soft-string with PDG2021+
e Data (total)
e Data (elastic)
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Cross section rescaling

The inclusion of new
resonances spoils tuned cross
sections -> need to rescale
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Cross sections and string fragmentation

SMASH implements string
excitation and fragmentation for
hard processes

a A string forms hadrons by h
producing quark-antiquark pairs
(but should not be done
simultaneously)

\ /
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Cross sections and string fragmentation

(87
SMASH implements string t — tprod
excitation and fragmentation for fo’ (t) — (1 — f()) + fO
hard processes tform — tprod
4 )

A string forms hadrons by

producing quark-antiquark pairs

(but should not be done
simultaneously)

\

/
4 In SMASH a cross section )
scaling factor controls when
hadrons are allowed to interact,
i.e., normally at the point of
closest approach

" /
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Cross sections and string fragmentation

8
SMASH implements string t— tprod
excitation and fragmentation for fo’ (t) — (1 — f()) + f()
hard processes tform — tprod
e D
(A string forms hadrons by A The scaling factor 2
producing quark-antiquark pairs can be a function of N I
(but should not be done time, to mimica | 2.0 :,/.:"}
simultaneously) GO | T a=30 o
N\ / N formation process ) 4Doey —77 a=10000 RV
/ . \ 0.4 1 // {
In SMASH a cross section o {
scaling factor controls when 02 e }
hadrons are allowed to interact, oo | = )
i.e., normally at the point of Forod L If Form
closest approach [fm]
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Open-source code

o )
[ The list can be easily List and generating

updated and coupled scripts will be

to external tools publicly released

(& ,/
| |

PDG generating script

L \ \ PDG21+ ~ |
ThFIST SMASH Full

input input decays
A '

-~ README.md

Description

PDG21+ is a hadron list that contains all hadrons (no charmness) listed on the Review of Particle Physics, along
with their quantum numbers and decays. A collection of Python scripts is provided to help formatting the list for
use with : , and other post-processing tools.

Please see for details and cite when using the list.
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Conclusions

» Lattice hints at additional strange hadronic states

* Anew list, PDG21+, was built with the latest experimental
data available

 The new resonances come with a need to retune cross
sections

* Final state hadronic interactions can be studied as functions
of formation times

» If SMASH is used as a hadron scattering phase evolver, one

wants a consistent treatment of the particle list 2 updated
SMASH particle list
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Outlook

* We have to make sure to use the same resonances in SMASH
and eHIlJING

* We can test the formation time dependence of final state
interactions by moditying the scaling factor

* Previous studies have found that indeed time dependent
cross-sections seproduce data more accurately

 Extensions of these studies can be tested on HERMES and

FMC data at low energies

 Further extrapolation to cover EIC can be done by coupling to
PYTHIA

Jordi Salinas San Martin 13



