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RHIC Letter of Intent for New Experiment — Sept. 1990

K. Kadija,! G. Paic,! D. Vranic,! F.P. Brady,2 J.E. Draper,2 J.L. Romero,2 J. Carroll,3

V. Ghazikhanian,3 E. Gulmez,3 G.J. Igo,3 S. Trentalange,3 C. Whitten, Jr.,3 M. Cherney,*

W. Heck, R.E. Renfordt,5 D. Réhrich,5 R. Stock,S H. Strébele,5 S.Wenig,5 T. Hallman,6

L. Madansky,® B. Anderson,” D. Keane,” R. Madey,’ J. Watson,” F. Bieser,8 M.A. Bloomer,3
D. Cebra,8 W. Christie,8 E. Friedlander,8 D. Greiner,8 C. Gruhn,8 J.W. Harris,8 H. Huang,8
P. Jacobs,8 P. Lindstrom,8 H. Matis,8 C. McParland,8 C. Naudet,8 G. Odyniec,8 D. Olson,8
AM. Poskanzer,8 G. Rai,8 J. Rasmussen,8 H.-G.Ritter,8 J. Schambach,8 L.S. Schroeder,8
P.A. Seidl,8 T.J.M. Symons,8 S. Tonse,8 H. Wieman,8 D.D. Carmony,® Y. Choi,?

A. Hirsch,? E. Hjort,? N. Porile, R.P. Scharenberg,? B. Srivastava,® M.L. Tincknell,?

A.D. Chacon,10 K. L. Wolf,10 W. Dominik,!1 M. Gazdzicki,11 W.J. Braithwaite,12

J.G. Cramer,12 D. Prindle,!2 T.A. Trainor,12 A. Breskin,!3 R. Chechik,13 Z. Fraenkel,13
A. Shor,!3 and I. Tserruya,13

1 Rudjer Boskovic Institute, 41001 Zagreb, Yugoslavia

2 University of California, Davis, California 95616, U.S.A.

3 University of California, Los Angeles, California 90024, U.S.A.

4 Creighton University, Omaha, Nebraska 68178, U.S.A.

5 University of Frankfurt, D-6000 Frankfurt am Main 90, West Germany
6 The Johns Hopkins University, Baltimore, Maryland 21218, U.S.A.

7 Kent State University, Kent, Ohio 44242, U.S.A.

8 Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720 ,U.S.A.
9 Purdue University, West Lafayette, Indiana 47907, U.S.A.

10 Texas A & M University, College Station, Texas 77843, U.S.A.

11 Warsaw University, Warsaw, Poland

12 University of Washington, Seattle, Washington 98195, U.S.A.

13 Weizmann Institute of Science, Rehovot 76100, Israel
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Update to Letter of Intent for STAR Experiment — July 1991

al Letter of nt f
An Experiment on Particle an Production at Midrapidi

The STAR Collaboration

o] K. Kadija, G. Paic and D. Vranic
4 Rudjer Boskovic Institute, 41001 Zagreb, Yugoslavia

F.P. Brady, J.E. Draper and ].L. Romero
University of California, Davis, California 95616, 11.5.A.

J. B. Carroll, V. Ghazikhanian, E. Gulmez, GJ. Igo, S. Trentalange and C. Whitten, Jr.
University of California, Los Angeles, California 90024, 11.5.A.

M. Cherney
Creighton University, Omaha, Nebraska 68178, LLS.A.

5. Margetis, R.E. Renfordt, D. Réhrich, R. Stock, H. Strobele and S. Wenig
University of Frankfurt, D-6000 Frankfurt am Main 90, West Germany

T. Hallman and L. Madansky
The Johns Hopkins University, Baltimore, Maryland 21218, U.5.A.

B. Anderson, D. Keane, R. Madey and J. Watson
Kent State University, Kent, Ohio 44242, 11.5.A.

F. Bieser, M.A. Bloomer, D. Cebra, W. Christie, E. Friedlander, D. Greiner, C. Gruhn, J.W. Harris,
H.Huang, P, Jacobs, S. Kleinfelder, P. Lindstrom, H. Matis, C. McParland, C. Naudet, G. Odyniec, D.
Olson, A.M. Poskanzer, G. Rai, H.-G. Ritter, I. Sakrejda, J. Schambach, L.S. Schroeder, P.A. Seidl,
T.J.M. Symons, S. Tonse, H. Wieman and W.X. Wilson
Lawrence Berkeley Laboratory, Berkeley, California 94720, 11.5.A.

D.D. Carmony, Y. Choi, A. Hirsch, E. Hjort, N. Porile, R.P. Scharenberg,
B. Srivastava and M.L. Tincknell
Purdue University, West Lafayette, Indiana 47967, 11.5.A.

) A. D. Chacon and K. L. Wolf
\ Texas A & M University, College Station, Texas 77843, 1.5.A.
W. Dominik and M. Gazdzicki
Warsaw University, Warsaw, Poland

T. Pawlak, W. Peryt and ]. Pluta
Warsaw University of Technology, Warsaw, Poland

W.]. Braithwaite, ].G. Cramer, D. Prindle and T.A. Trainor
University of Washington, Seatile, Washington 98195, U.5.A.

A. Breskin, R. Chechik, Z. Fraenkel, A. Shor and I. Tserruya
Weizmann Institute of Science, Rehovot 76100, Israel

July 1991

John Harris (Yale) RHIC Science Symposium BNL, 14 May 2026



John Harris (Yale)

er forming the STAR Collaboration — 31 July 1991

31 July 1991

Update to the RHIC Letter of Intent for
An Experiment on Particle and Jet Production at Midrapidi

TheYySTAR Collaboration

K. Kadija, G. Paic and D. Vranic
Rudjer Boskovic Institute, 41001 Zagreb, Yugoslavia

G. Danby, S.E. Eiseman, A. Etkin, K.J. Foley, R.W. Hackenburg, M.J. Levine, R.S.
Longacre, W. A. Love, T.W. Morris, E.D. Platner, A.C. Saulys, and J.H. Van Dijk
Brookhaven National Laboratory, Upton, New York, 11973, U.S.A.

E.P. Brady, J.E. Draper and J.L. Romero
University of California, Davis, California 95616, U.S.A.

J. B. Carroll, V. Ghazikhanian, E. Gulmez, G.J. Igo, S. Trentalange and
C. Whitten, Jr.
University of Califormia, Los Angeles, California 90024, U.5.A

M. Kaplan, P.J. Karol, Z. Milosevich, and E. Vardaci
Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213, U.S A

M. Cherney
Creighton University, Omaha, Nebraska 68178, U.5.4

S. Margetis, R.E. Renfordt, D. Rohrich, R. Stock, H. Strobele and S. Wenig
University of Frankfurt, D-6000 Frankfurt am Main 90. Germau

T. Hallman and L. Madansky
The Johns Hopkins University, Baltimore, Maryland 21218, U.S.A

B. Anderson, D. Keane, R. Madey and . Watson
Kent State University, Kent, Ohio 44242, U.S.A.

F. Bieser, M.A. Bloomer, D. Cebra, W. Christie, E. Friedlander, D. Greiner,
C. Gruhn, J.W. Harris, H. Huang, P. Jacobs, S. Kleinfelder, P. Lindstrom,
H. Matis, C. McParland, C. Naudet, G. Odyniec, D. Olson, A.M. Poskanzer, .
G. Rai, H.-G. Ritter, I. Sakrejda, J. Schambach, L.S. Schroeder,
P.A. Seidl, T.J.M. Symons, S. Tonse, H. Wieman and W.K. Wilson
Lawrence Berkeley Laboratory, Berkeley, Califorma 94720, U.S.A.

RHIC Science Symposium

C.S. Chan, M.A. Kramer, S.J. Lindenbaum, K.H. Zhao, and Y. Zhu
City College of New York, New York, New York 10031, U.5.A.

A. Aprahamian, N.N. Biswas, U. Garg, V.P. Kenney, and J. Piekarz
University of Notre Dame, Notre Dame, Indiana46556, U.S.A.

D.D. Carmony, Y. Choi, A. Hirsch, E. Hjort, N. Porile, R.P. Scharenberg,
B. Srivastava and M.L. Tincknell
Purdue University, West Lafayette, Indiana 47907, U.S.A.

D.L. Adams, S. Ahmad, B.E. Bonner, J.A. Buchanan, C.N. Chiou, J.M. Clement,
M.D. Corcoran,T. Empl, H.E. Miettinen, G.S. Mutchler, J.B. Roberts,
J. Skeens, and I. Stancu
Rice University, Houston, Texas 77251, U.S.A.

A. D. Chacon and K. L. Wolf
Texas A & M University, College Station, Texas 77843, U.S.A.

W. Dominik and M. Gazdzicki
Warsaw University, Warsaw, Poland

T. Pawlak, W. Peryt and J. Pluta
Warsaw University of Technology, Warsaw, Poland

W.]. Braithwaite, J.G. Cramer, D. Prindle and T.A. Trainor
University of Washington, Seattle, Washington 98195, U.S.A

A. Breskin, R. Chechik, Z. Fraenkel, A. Shor and 1. Tserruya
Wei=mann Institute of Science. Rchovet 76100, Israel

Spokesperson: J.W. Harris
Deputy Spokespersons: E.D. Platner, A.M. Poskanzer

BNL, 14 May 2026



Evolution of the Design for an |

Experiment (STAR) at RHIC

Conceptual Design for a RHIC Experiment on
Particle and Jet Production

UC-Davis, UCLA, U. Frankfurt, Johns Hopkins U., Kent State U.,
Lawrence Berkeley Lab., Purdue U., Texas A&M U., U. Washington, Zagreb-Boskovic Inst.
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Updated Letters of Intent for Future RHIC Experiments

BNL PAC Meeting (August 1991), Mel Schwarz (BNL-ALD) decision on experiments:
1. One TPC experiment (became STAR) with solenoidal magnet design

2. PHENIX experiment from merger of four proposals
(TALES, SPARC, OASIS, and DIMUON)

3. Small experiment for quick results PHOBOS

4. BRAHMS (proposed and )
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A Few of the Characters at Beginning of STAR <5

" | -
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STAR Conceptual Design Report 1994
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Some Questions about a Time Projection Chamber?

Why a TPC for central tracking detector? e
|s it fast enough?
Can it handle the charged particle multiplicity?
What about two-track and momentum resolutions (B-field strength and design) @
What about space-charge distortions?

Howard Wieman became the TPC Project Director!!
Designed and oversaw TPC and electronics design

Designed for 2000 charged particles per unit rapidity (from theoretical predictions)
Later measured the multiplicity at RHIC to be ~800 per unit rapidity ..... whew! @ a
TPC met all requirements for a successful tracking and PID detector..... whew! @

John Harris (Yale) RHIC Science Symposium BNL, 14 May 2026



STAR Conceptual Design Report 1994

The AR Collaboration

STAR

M.E. Beddo, |. W. Dawson, D.F. Grosnick, V.]. Guarino, W.N. Haberichi
D.A. Hill, M. Hill, T. Kasprzyk, D.X. Lopiano, ]. Nasiatka, E. Petereit,
H.M. Spinka, D.G. Underwood, and A. Yokosawa
Argonne National Laboratory, Argonne, Hlirois 60439, IS A,

P. Buncie, D. Ferene, K. Kadija, G. Paie, and D. Vranic
Rudjer Boskovic Institate, 41001 Zagreb, Croatia

S.E. Eiseman, A. Etkin, K.J. Foley, R.W. Hackenburg, M.]. LeVine,
RS Longacre, W. A. Love, ED. Platner, P. Rehak, A.C. Saulys, and J.H. Van Dijk
Brookhaven Notonal Laboratary, Upton, New York, 11973, USA.

H.J. Crawford, ].M. Engelage, and L. Greiner
Uiniversiry of California, Berkeley, California 94720, USA.

E.F. Brady, ].E. Draper, and ].L. Romero
University of California, Davis, California 95616, [7.5.A.

I.B. Carroll, V. Ghazikhanian, E. Gulmez, T. Hallman, G.J. Tgo,
5. Trentalange, and C. Whitten, Jr.
University af C fi 5 Angeles, Californio 90024, US A,

M. Kaplan, P.J. Karol, Z. Milosevich, and E. Yardaci
Carnggie Mellon University, Pitisburgh, Pennsylvania 15213, US A

M. Chemey, T.S. McShane, and . Seger
Creighion Universiry, Omaha, Nebraska 68178, USA.

M. Gazdzicki, RE. Renfordt, D. Réhrich, R, Stock, H. Strébele, and S. Wenig

J ay M arx University of Frankfurs, D-6000 Frankfurt am Main 90, Germany
H H L. Madansky and R. Welsh
P rOJeCt D I re Cto r! The Tohns Hopking University, Baldmore, Maoryland 21218, US.A.

B. Anderson, M. L. Justice, D. Keane, Y. Shao, and |. Watson
Kent State University, Kent, Ohio 44242, U SA.

I Berkovitz, F. Bieser, M.A. Bloomer, D, Cebra, 5.1. Chase, W, Christie, W.R. Edwards,
M. Green, D. Greiner, ] W, Harris, H. Huang, P. Jacobs, F. Jones, 5. Kleinfelder,
E. LaPierre, P. Lindstrom, 5. Margeti.s, I. Marx, H.S, Matis, C. McParland,

]. Mitchell, B. Morse, C. Naudet, T. Noggle, G. Odyniec, D. Olson, A.M. Poskanzer,
G. Rai, ]. Rasson, H.-G. Ritter, 1. Sakrejda, |. Schambach, LS. Schroeder, D. Shuman,
R. Stone, T.J.M. Symons, L. Teitelbaum, H. Wieman, and W.K. Wilson
Lawrence Berkeley Laboratory, Berkeley, California 24720, USA.
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STAR TPC from LBL to BNL ETAR

i o ki 4
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Collaboration Ready fo Rolll ETAR
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TPC Tracking Ready to Go! s

Simulated Au + Au Collision in ST/
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STAR Control Room and First Collisions!

o

There was a Conundrum in STAR Control Room! before FIRST COLLISIONS!
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STAR Growing Up (into its Teens)! bt s

R
AR AR DeteCtors Fastand Full szimutal partico dentiiati STAR Upgrades
B Electro-Magnetic Calorimetry
@i‘ﬁm ~
P g . . |
@‘ Time of Flight . e
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N el 4 o
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DAQ1000
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W ” TS e
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dEt/dn
“The Search for the Quark — Gluon Plasma,” J. W. Harris & B. Midiller, dEy/dn ~ energy density

Ann. Rev. Nucl. Part. Sci. 46, 71 ( ) [arXiv:hepph/9602235 [hep-ph]].
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lane ! Jetector v C— AL2-asn<4
‘ , + Jets
EPD Upgrade: / 4 * PID (n% vy, e, A)
* Improves trigger eIt 7 « charged particle momentum
* Reduces background ' \ resolution 20-30% at
* Allows a better and \ \ e y 0.2<py<2 GeV/c

| independent reaction plane event-plane reconstruction

measurement critical to 7 = { S and trigger capability

iTPC Upgrade:
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Lijuan Ruan, BNL Lijuan Ruan, BNL
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STAR — All Grown Up! STAR

At the end of 2025: 391 theses — 347 (PhD), 34 (Masters) and 10 (Diploma)

347 publications — 107 PRLs, 130 PRC, 50 PLB, 34 PRD, 11 Science/Nature, 15 others
publications in this year!

John Harris (Yale) RHIC Science Symposium BNL, 14 May 2026



Signatures — Unanticipated & New Developments

SIGNATURES

Collective Flow v/ « Jet Substructure /*

Flow Fluctuations v  Energy Energy Correlations /

Dead-cone in pp (in AA /)

 (Coalescence of Valence Quarks v

- Vortical Flow (Polarization in AA) /

Baryon Junctions? /*

 Small Systems (including pp & pA) / + Critical Point? /

« Equation of State at High Density / CME /

» Exotic Nuclear States / X DCCs/ Anomalous Chiral Effects

. Others (TBD) / / /

7~ Still work to be done

“QGP Signatures" Revisited,
J. W. Harris & B. Muller,
Eur. Phys. J. C 84, 247 (2024),

John Harris (Yale) RHIC Science Symposium BNL, 14 May 2026



RHIC has produced the
hottest,
least viscous, and
most vortical fluid ever

in the laboratory!

“Photo” credit BNL

John Harris (Yale) RHIC Science Symposium BNL, 14 May 2026



Thanks

to all my STAR Collaborators!
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STAR Publications in Science, Nature,
etc. (2010 — 2025)

Observation of an Antimatter Hypernucleus Measurement of interaction between antiprotons
Science 328 (2010) 58 Nature 527 (2015) 345

Measuring spin correlation between quarks during QCD

confinement Observation of the antimatter helium-4 nucleus
Nature 650 (2026) 65 Nature 473 (2011) 353

Imaging Shapgs of Atomic Nuclei in High-Energy Precise measurement of the mass difference and the
Nuclear Collisions binding energy of hypertriton and antihypertriton
Nature 635 (2024) 67 Nature Physics 16 (2020) 409

Observation of the Antimatter Hypernucleus Anti-

H4l ambda Tomography of Ultra-relativistic Nuclei with Polarized
Nature 2024 (2024) 77 Photon-gluon Collisions

: o , Science Advances 9 (2023) 3903
Observation of Global Spin Alignment of phi and K*0

Vector Mesons in Nuclear Collisions Temperature Measurement of Quark-Gluon Plasma at
Nature 614 (2023) 244 Different Stages

Global Lambda hyperon polarization in nuclear Nature Communications 16 (2025) 9098
collisions: evidence for the most vortical fluid
Nature 548 (2017) 62
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