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In summary, charged hadron production in high en-
ergy collisions of heavy nuclei has been studied over a
wide range of p; and event centrality. At high p;, hadron
yields scale with the number of binary collisions for
peripheral collisions, while significant suppression of ha-
dron production is seen for central collisions. This phe-
nomenon indicates substantial energy loss of the final
state partons or their hadronic fragments in the medium
generated by high energy nuclear collisions, though quan-
titative measurement of this effect requires additional
reference data.
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Experimental and theoretical challenges in
the search for the quark—gluon plasma:
The STAR Collaboration’s critical assessment of the
evidence from RHIC collisions
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* The first 5 years: I

 Established canonical QGP
observables

* Characterized the nature of the
system produced at top RHIC 155 MeV
energies

 Community consensus of a QGP
formation

Nuclel

e Established chemical freezeout ~1 GeV
point* HB
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Physics Letters B 655 (2007) 104-113

www.elsevier.com/locate/physletb

Energy dependence of 7*, p and p transverse momentum spectra
for Au + Au collisions at ./snny = 62.4 and 200 GeV
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Available online at www.sciencedirect.com | Mass, quark-number, and ./syy dependence of the second and fourth flow harmonics in
-2’ ultrarelativistic nucleus-nucleus collisions
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for Au + A 1lisi ¢ — 624 J. Cheng,* M. Cherney,'° A. Chikanian,>® W. Christie,> S. U. Chung,? J. P. Coffin,!® T. M. Cormier,*® M. R. Cosentino,>’
or Au U COUISIONS at \/SNN = 0£.4 J. G. Cramer,*” H. J. Crawford,’ D. Das,® S. Das,* S. Dash,'> M. Daugherity,*> M. M. de Moura,>’ T. G. Dedovich,!?
M. DePhillips,® A. A. Derevschikov,?? L. Didenko,® T. Dietel,'* P. Djawotho,!” S. M. Dogra,'® X. Dong,*® J. L. Drachenberg,*!

STAR Collaboration J. E. Draper,® F. Du,’° V. B. Dunin,'? J. C. Dunlop,? M. R. Dutta Mazumdar,* V. Eckardt,>* W. R. Edwards,?? L. G. Efimov,'?
B.I. Abelev, M.M. Aggarwal ad 7 Ahammed *, B.D. Andersont, [ V. Emelianov,?® J. Engelage,’ G. Eppley,*® B. Erazmus,*® M. Estienne,'® P. Fachini,? R. Fatemi,?® J. Fedorisin, '
Y. Bai®, J. Balewski 9, O. Barannikova', L.S. Barnby®, S. B K. Filimonov,?? P. Filip,'? E. Finch,’® V. Fine,? Y. Fisyak,? J. Fu,* C. A. Gagliardi,*! L. Gaillard,> M. S. Ganti,®

A. Bellingeri-Laurikainen ®*, R. Bellwied , F. Benedosso **, R E. Garcia-Solis,” V. Ghazikhanian,” P. Ghosh,* Y. G. Gorbunov,'? H. Gos,* O. Grebenyuk,?® D. Grosnick,** S. M. Guertin,’
A Bhasin®. A K. Bhati®®. H. Bichsel ™. J. Bielcik . J. Bielcikova: K- S-F.F Guimaraes,”’ N. Gupta,'” B. Haag,° T. J. Hallman,> A. Hamed,*' J. W. Harris,”® W. He,'” M. Heinz,”® T. W. Henry,"!
S L Blyth," M Bombar,ab BE B OnI;er 4 M. B Otj’e b T Bouchel .5 Hepplemann,®! B. Hippolyte,'® A. Hirsch,> E. Hjort,?> A. M. Hoffman,?* G. W. Hoffmann,** D. Hofman,’ R. Hollis,’
T.P. Burton ®, M. Bystersky ¥, R.V. Cadman ?, X.Z. Cai ™, H. Caines *, '

M. Calderén de la Barca Sanchez?, J. Callner’, O. Catu®, D. Cebra’, Z. Chajecki *, P. Chaloupka¥,

17 December 2025 Mathias Labonteé | 25 Years of STAR | BNL



ELSEVIER

Energ

B.I. Abelev,
Y. Bai

A. Bellir

A. Bhasin$, .
S.-L. Blyth"

M. Calderoén ¢

17 December 2025

QGP signatures still present at 62.4 GeV!
Characterizing more regions of the phase diagram...

Mathias Labonteé | 25 Years of STAR | BNL

2010: BES-I

onics in

i, J. Balewski,'’
wrikainen,*
Bielcik,>
. Brandin, 2
ca Sanchez,®
1,38 J. H. Chen,
2. Cosentino,?’
Dedovich, 2
. Drachenberg,*!
2 L. G. Efimov,!?
>dorisin, 12
D. Ganti,45
* S. M. Guertin,’
0 T. W. Henry,*!
° R. Hollis,’

24



2010: BES-I

armonics in

E AN . Bai,?® J. Balewski,!”
ELSEVIEI >ri-Laurikainen,*°
1, J. Bielcik,>
A. V. Brandin,?¢
a Barca Sanchez,®
Chen,3® J. H. Chen,*
M. R. Cosentino,*’
T. G. Dedovich, 2
38 J. L. Drachenberg,*!
ards,?? L. G. Efimov, 2
' J. Fedorisin, 2
> M. S. Ganti,®
ick,** S. M. Guertin,’
einz,”® T. W. Henry,*!
ofman,’ R. Hollis,’

17 December 2025 Mathias Labonteé | 25 Years of STAR | BNL 25



The beam energy scans
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* Now that there was consensus on the existence of the QGP:
* At what temperatures and densities does it form?
 What is the nature of the phase transition between QGP and hadron gas?
 If it is first order, where is the critical point?
» Can we build an empirical map of the QCD phase diagram?

* These questions can be answered with beam-energy scans
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2010 2014

e BES-I:

* QGP signatures exist down
to 7.7 GeV @ o1
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Adamczyk, L., et al. "Elliptic flow of identified hadrons in Au+ Au collisions at s NN=7.7-62.4 GeV."
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2010 2014
¢ B ES- I : STAR Collaboration (2017). Bulk properties of the medium produced in relativistic heavy-ion
collisions from the beam energy scan program. Physical Review C, 96(4), 044904)
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2010 2018 2025

nature communications 8

Article https://doi.org/10.1038/s41467-025-63216-5

Temperature measurement of Quark-Gluon
plasma at different stages
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 Hot topics (so far) from BES-II:

* Critical point search in FXT
and collider modes

* Pinning down the onset of
NCQ scaling

PHYSICAL REVIEW LETTERS 135, 142301 (2025)

Precision Measurement of Net-Proton-Number Fluctuations
in Au+ Au Collisions at RHIC

B.E. Aboona,57 J. Adam,17 L. Adamczyk,3 I. Aggarwal,44 M. M. Aggarwal,44 Z. Ahamme:d,65 A. K. Alshammri,33
E. C. Aschenauer,7 S. Aslam,22 J. Atchison,2 V. Bairathi,5 >X. Bao,5 'K Ba;rish,12 S. Be:hera,28 R. Bellwied,25 P. Bhagat,g'2
A. Bhasin,32 S. Bhatta,54 S.R. Bhosale,3 J. Bielcik,17 J. Bielcikova,42 J.D. Brandenburg,43 C. Broodo,25 X.Z. Ca.i,52
H. Caines,69 M. Calderén de la Barca Sa’mchez,10 D. Cebra,lo J. Ceska,17 I. Chakaberia,g’6 P. Chaloupka,17 B. K. Chan,11
Z. Chang,30 A. Chatteljee:,19 D. Chen,12 J. Chen,5 '] 1. Chen,22 Q. Chen,23 Z. Chen,51 J. Cheng,60 Y. Cheng,11 W. Christie,7
X. Chu,7 S. Corey,43 H.]J. Crawford,9 M. Csanéd,20 G. Dale—Gau,14 A. Das,17 I. M. Deppner,24 A. Deshpande,54
A. Dhamija,44 A. Dimri,54 P. Dixit,27 X. Dong,36 J. L. Drachenberg,2 E. Duc:kworth,3 3J.C. Dunlop,7 J. Engelage,9 |
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S.R Sharma, Quark Matter 2025
https://indico.cern.ch/event/1334113/contributions/6369544/
attachments/3048394/56386954/Sharang_Quark_Matter_2025.pdf
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o Scientific potential in BES-II
» Extensive comparisons with AGS and SPS
* Extend kinetic and chemical freeze out lines
» Definitive onset of deconfinement

* First order phase transition

» Critical point
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2000

Rajagopal, K., & Wilczek, F. (2001). The condensed matter physics of QCD. In
At The Frontier of Particle Physics: Handbook of QCD (In 3 Volumes) (pp.

 Mostly qualitative theoretical 2061:2151),
predictions d Mg 7 0 My =00
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First experimental probes
of the phase diagram at
RHIC energies
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