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® Q6P AT THE TOP sps ENERGY (1386 -2003)

PRENDICTED QGP SIGNALS:

— DILEPTOMN/PHOTON QGP RADIATION ((SHURYAK, 1880 )

- STRANGEMESS AND MULTI-STRANGE HYPERON ENHANCEMENT
(RrarELsKl, HULER | 1382 )

- J/4 SUPPRESSION (MATSUL, SATZ 1386)

MEASURMENTS ;

~ 1386 -1387: OXYGEN AND SULPHUR AT 200A GEV/
(WA34-2, 35, 36, 38, Waso, 8BS, 34)

~ 13996-2003: LEAD AMD INDIUM AT IS8R GE\
(Np,qc“ 45, 49, 50, 52, 57 €0, wAS7F 98 )
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@ QcP AT THE TOP sps ENERGY (1386-2003) (D
FRIENDS IN Q6P (AN INCOMPLETE GALLERY )
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® QéP AT THE TOP sps ENERGY (1386-2003)

CERN PRESS RELEASE (FER 2000 )

PRO1.00
@ Organisation Européenne pour la Recherche Nucléaire 10.02.00
European Organization for Nuclear Research

New State of Matter created at CERN
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At a special seminar on 10 February, spokespersons from the experiments on CERN's
Heavy Ion programme presented compelling evidence for the existence of a new state of
matter in which quarks, instead of being bound up into more complex particles such as
protons and neutrons, are liberated to roam freely.

.
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Theory predicts that this state must have existed at about 10 microseconds after the Big
Bang, before the formation of matter as we know it today, but until now it had not been
confirmed experimentally. Our understanding of how the universe was created, which
was previously unverified theory for any point in time before the formation of ordinary
atomic nuclei, about three minutes after the Big Bang, has with these results now been
experimentally tested back to a point only a few microseconds after the Big Bang.

a0ua12S « AJO)S - 9Seajal ssald

Professor Luciano Maiani, CERN' Director General, said “The combined data coming from
the seven experiments on CERN's Heavy lon programme have given a clear picture of a new state
of matter. This result verifies an important prediction of the present theory of fundamental forces
between quarks. It is also an important step forward in the understanding of the early evolution of
the universe. We now have evidence of a new state of matter where quarks and gluons are not
confined. There is still an entirely new territory to be explored concerning the physical properties
of quark-gluon matter. The challenge now passes to the Relativistic Heavy Ion Collider at the
Brookhaven National Laboratory and later to CERN's Large Hadron Collider.”
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@ CR)TICAL STRUCTURES IN' 2D-Scans (1938 -2017 (%)
PHASE I: SEARCHING FOR ONSET OF QGP CREATIGN

PREPICTED S|GNALS®
e B

~ PION YIELD ENHANCEMENT AND
STRANGENESS To PION YIEW sSOPPRESSON (MG, GORENSTEW 1338)

~ SOFTENING- OF COLLECTIVE FLOW
(GORENSTEIN MG, BUGAEY 2003 | STOECKER 2004, BLEICHER 2005)

MEASUREMENTS:

= 1333-2002: Pb BFAMS AT 20A, 30A, 40A, 80A 158A GEV
(NR4S | NA4S, NASE NAEO)
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@ CRITICAL STRUCTURES IN 2D ScANS

1998 - 20\7

PHASE I: SEARCHING FOR ONSET OF QGP CREATIAN
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@ CRITICAL STRUCTURES IN 2D scans (1938 -2017
PHASE 1@ SEARCHING FOR ONSET OF QGP CREATIAN
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® CRITICAL STRUCTURES IN' 2D scans (1988 -2017) @
PHASE I: SEARCHING FOR ONSET OF QGP CREATIAN

APRIL 2004 WORICSHAP IN BCT TRENTY.
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® CRITICAL STRUCTURES IN' 2D Scans (1938 -2017
PHASE 1l : SEARCHING FOR CRITICAL POINT
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e e S T O sy S5

~ MAXIMUM OF RLUCTUATIONS IN
(CoLLision ENERGY) - (NUCLEAR MASS NUMBER)
PLANC

- PiaN PT-N FLUCTUATIONS
(STEPHA MOV, RAJAGOPAL, SHURY4IK 1338 )

~ PROTON [INTERMITTENCY

(ﬁlﬂLﬁS : HWUA (94| \ Pb+Pb _l _l 20:
ANTAMIO0U, RDIAKANOS, ISAPOYANIS 2006 )  Poepn| - N
D
MEASURENENTS; Sxela W W W W W W
E) Ar+Sc/| Il H H H H B 205
ey 2006— 2.0‘? : SCGN IN ‘I SNN- A — %BE+BE H H B B B B 2023
( ”&6‘/ SH‘NE ) p+Pb H B B . 2012/14/16/17
Pt H H H B B - 2009/10/11
>

13 20 30 40 75 150

beam momentum [A GeV/c]



@ CRITICAL STRUCTURES IN 2D scans (1938 -2017
PHASE 1l : SEARCHING FOR CRITICAL POINT

PRELIMINARY RESULLTS
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® CRITICAL STRUCTURES IN' 2D scans (1998 -2017
FRIENDS IN CRITICAL STRUCTURES (AN wcomm_e'ns GALLERY )
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SELECTEN PyRLICATIONS | FUSAVY 1ONS AT SPS

THE FIRST PAPER |

- Multiplicity and Transverse Energy Flux in '°0O Pb at 200-{GeV} Per Nucleon
NA35 Collaboration (A. Bamberger (Freiburg U.) et al.). Nov 1986. 6 pp.
Published in Phys.Lett. B184 (1987) 271-276

THE MOST CITEDPD PAPERS:

'Enhanced production of low mass electron pairs in 200-GeV/u S - Au collisions at the CERN SPS

CERES Collaboration (G. Agakichiev (Heidelberg, Max Planck Inst.) et al.). Mar 1995. 8 pp.
Published in Phys.Rev.Lett. 75 (1995) 1272-1275 €Q |

Energy dependence of pion and kaon production in central Pb + Pb collisions
NA49 Collaboration (S.V. Afanasiev et al.). May 2002. 30 pp. 580
Published in Phys.Rev. C66 (2002) 054902

. Evidence for deconfinement of quarks and gluons from the J / psi suppression pattern measured in

Pb + Pb collisions at the CERN SPS q
NASO Collaboration (M.C. Abreu (LIP, Lisbon) et al.). Feb 2000. 18 pp. Ll S
Published in Phys.Lett. B477 (2000) 28-36

.Pion and kaon production in central Pb + Pb collisions at 20-A and 30-A-GeV: Evidence for the onset

of deconfinement

NA49 Collaboration (C. Alt (Frankfurt U.) et al.). Oct 2007. 12 pp. 1954
Published in Phys.Rev. C77 (2008) 024903

First measurement of the rho spectral function in high-energy nuclear collisions
NAG60 Collaboration (R. Arnaldi (Turin U. & INFN, Turin) et al.). May 2006. 5 pp.
Published in Phys.Rev.Lett. 96 (2006) 162302 F4 8
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THE SPS HEAVY (AN RGSULTS HAVE REEN

QF THE KKEY IMPARTANCE fOR HEAVY ION
PHYSIcS

THEY MOTIVATE THE WORLD EFFORT
TO CONTINUE THE PIONEERING. SPS
MEASURMENTS AT OTHER FACLITIES
(RHle-BES, MicA | FAIR, J-PARC-HI )

SPS REMAINS TO BE THE ONLY HEAVY (0N

MACHINE FQR FIXED TARGET EXPER\HENTS
CONERAING THE UNIQUE ENERGY RANGE

&

EXCITING OPPORTUNITIES FOR FRUTURE

HEAVY 10N EXPERIMENSTS AT SPsS

—D SUMMARY OF PHYSICS BEYOND
COLLINERS
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DEAR SPS DEAR " NORTH AREA
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LET Us CONTINUE UNCOVERING

PROPERTIES OF STRANGLY INTERACTING
MATTER FOR MANY YEARS TO coNE ?

MANY THANKS FOR YOUR FUNDAMENTAL
CONTRIBUTIONS TO HEAVY (ON PHYSICS ¥
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@ FUTURE (2021-...)
“

HEANSY (ON PHYSICS OPPORTUNITIES AT SPS

1)
- OPEN CHARM MEASURMENTS (BT = LORENT2 B00ST — EASY To MEASURE )
( NAGI/SHINE 2021-2024  NA6O+ 2026- 2 )

- DILEPTON MEASURMENTS  ((FT-> LORENT2 BAOST—) "Fasy" TO MEASURE
( NMAGo+ 2026-1)

- FLUCTLUATIONS (F'r - FULL ACCEPTANCE ROR PRa]E'CﬂLE SPE CTATGRS)
( vacy/ sminE 2026-2))

ARE RECOGNVIZEN IN PHYSICS RBREYOND COLLINERS SOMMARY REPORT

A ready ready adequate <10 M€ Run 3

Quote: B need upgrade under design  to strengthen  10-50 M€ Run 4

C to be built need R&D to be built > 50 M€ Run 5

Project Physics Beam Detector Collaboration Cost Earliest
highlight requirement maturity beam+det operation

.—b NA61++ QGP Charm B B A A A
COMPASS+ Rp & QCD A B A A A
COMPASS++ QCD B B B B B
MUonE HVP(g-2), A B B A A
LHC-FT QCD A B B A A
LHC-FT++ spin/MM/EDM A G B A B
—-b NA60++ QGP phase C B C B B
DIRAC++ chiral QCD & B L B B
LY “Co I T S, [ —— Ry —_— D A A A



@ FUuTUrE (2021-...)
S

HEAUY (oM PHYSICS AT SPS WOULD GREATLY PROFK(T FROM

- & SECOND 10N SOURCE ( SPS AND LHT MEASUREHEMTS WILL RF
IMDEPEMDEHT)

INCREASE OF THE 1AM ReaH TIME FRoM Y4 TO ~$ uss|<s)
( SCAM PROGRAMIIES REQUIRE A ADDITIONAL TIME FOR
CHANGING RETLIEEN REACTIONS )

~ HINIMIZE INTERFERENCE OF THE SPS OPERATION FOR LHC
ONM THE SPS FIXED TARGET OPERATIAN



