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NAG! / SHINE DETECTOR @

PRECISE MEASUREMENTS
OF PROPERTIES QF

PRODUCED PARTICLES ¢
ELECTRIC CHARGEl MASS
MOMENTUM \UECTOR
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STRONG [NTERACTIONS @

PROPERTIES OF THE INTERACTIONS

Interaction - Strona
Property Gravitational , |
Fundamenta

Acts on: Mass - Energy Flavor Electric Charge Color Charge P e el
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| el el RenEd
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Interaction Note

Particles experiencing: All Quarks, Leptons Electrically charged Quarks, Gluons Hadrons
Particles mediating: Enof';“;il;‘soepve ) W+ W~ ZO 04 Gluons Mesons
Strength relative to electromag 108 m 10-41 0.8 1 25 Not applicable
for two u quarks at: 3.10-17 m 10-41 10-4 1 60 to quarks
for two protons in nucleus 1036 1077 1 N?; ar];;;él:g?‘tzle 20

f T

THO TYPES OF STRANGLY (INTERACTING PARTICLES. QuARKS, HADRONS
GLUONS

HAVRONS = RAGS FlLLED (VITH QVARKS,
G-LUONS
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STRONGLY INNTERACTING MATTER @
e ———

= MAXIMUM ENTROPY STATE OF ISOLATED SYSTEM OF
STRONCLY INTERACTING PARTICLES
(ALL MUCROSTATES HAVE EQUAL PROBARILITY TO APPEAQ)

Phases of strongly interacting matter

QUARK. GLUON PLASHA '
A LARGE (VQGP >> \/h ) BAC-
FILLED WITH CV ANDa/

STRONGLY INTERACTING
MATTER IN QGP PHASE |F

ENTROPY (QGP) > ENTROPY (HG)

AT EIXED V, E, B ...
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oY MANEL OF PHASE TRANSITION @

Phases of strongly interacting matter

IDEAL GAS OF
M ASSLESS PIONS

RBAG MONEL OF
QUARK GLUAN CPLASMA..

FIRST ORNER PHASE TRANSITION GIVEN BY GHOBS cONNITION®
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NUCLEUS- NUCLEUS COLLISIONS

0% m s % Us

DNA

108 m l0_8 PN

NUCLE | —=THE LARCEST SYSTEMS
Of STRONGLY INTERACTING-

| 0 PARTICLES N LAG

|0‘|5|m Q &m)
- -4

10" m .
atomic nucleus /
¢ .. Ty

- electron

® FUNDPAMENTA L

( PARTICLE S

<108 ny

@ quark



NUCLEt ACLELERATE D T0 NUCLEUS - NUcLgus COLLISIONS @

R S e e R i I i e R S
~ LIGHT VELOCITY CALLIDE

(AT SPS V/e= 0.9937%)

STRANCLY INTERACTING- THE SYSTEM EXPANDS AND
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ONSET OF FIREBALL @
R T B e e I R e I e iy
= BEGINNIG OF CREATION OF LARGE CLUSTERS QF STRONGLY INTERACTING
MATTER (SIM) IN NUCLEUS- NUCLEUS (A+A) CaLLISIONS WJITH
INCREASING pJUCLEAR MASS NUMBER (A)

¢ = FIRERALL
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ONSET OF DECONFINEMENT

= REGINING OF CREATION OF QUARK - GLUON PLASH A
IN NUCLEVS~ NUCLEVUS COLULISIONS WITH INCREASING-
COLLISION ENERGY ((Fyuy)

Onset of Deconfinement: ;
early stage hits transition line Q i quark gluon plasma
T =
- 200_
chemical freeze-out
A SIS, AGS
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100
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CeTIcAL_PauT of SiMt ®

= HYPOTHETICAL. EMND POINT OF FIRST OROER TRANSITION
LINE THAT HAS PROPERTIES OF SECOND ORPFR TRANSITION

SEARCH FOR CRITICAL POINT (CP) OF St
T N AtA COLLISIONS

= SCAN [N (?blll\l AND A TO POSITION
FREEZE-QUT POINT CLOSE TO CP




OF FIRERALL _ @

O
N
)

K*/7* (y=0)

O
\

0.15

0.1

ONSET
MEAN MULTIPLCITY RATIO MULTIPLICITY FLUCTYATIONS
T — Z : h" at 150A-158A GeV/c
- 31.2- @
i . g Be+Be  ____WNM__
- Pb+Pb L
B . -+ 1.1 NEUj =
i Si+Si m B ; ~
E N : " 1: Poisson | = VQ.VCN]/<”>
n = I
§ Be+Be 09:_
L P+P + - é
- @ 0.8 Ar+Sc
Z'\fAGVSH'NEl P"e"mina"lv | EN|A61/SHINE preliminary |
1 10 107 10° 1 10 10° 10°
<W> <W>
NUMBER OF
f ONSET OF FIRERALL S f WOUNDED
NUCLEONS



0.6

MULTIPLICITY FLUCTUATION S

- . - ©® o[h]pp
- Q[h,E ], o[h] e
B O

g:yﬁl/ySHlNE acceptance O Q[hE

— T beam P

O QhE

— 2
<,

3 1.8¢
> 1.6
N
= 1.4

o[h] BeBe 0-1%
o [h] ArSc 0-0.2%

BeBe 0-1%
ArSc 0-0.2%

. A R R R
6 8 10 12 14 16 18

\'San [G€V]

RAPID CHANGE OF A- DEPENDENCE
OBRSERNVED AT ALL SPS (COLLISION ENERGIES

Be-& Be

o

Avr+Sc

AT AXRI0D



VOLUME NEPENDENCE OF <MD AND W[N] ©

M

IDEAL BOLTZMANN (IR) GAS WITHIN CANANICAL

ENSEMBLE Ccs) 5 NON-TRIVIAL DEPENNDENCE OF
<N> AND W[N] ON V

"CANONICAL SUPPRESSION' "CANONICAL ENHANCEMENT"
aE <N OF W[N]
JV
£ .
/2\0 13 1 - G _Cf:' _________
V 3
\
L CE
/2\0'5 o54..........m-c 0""-”\-!??’?i ;e m8m —
V
DANOS, RAFELSKI| '
" REOLICH  TURKQ 0 REGUN MG, GARENSTEIN 20ZULYQ "
0 5 10 0 5 r 10
<N>G-C€ ~ < >GCE~v

FAR [INSUFFICIENT TO REPRONDUCE DATA
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ON INTERPRETATION OF ONSET OF FIREBALL.
#

PERCOLATION) APPRGA CH
D

WITH (NCREASING A  DENSITY OF CLUSTERS (S‘T‘ﬂwGS ,
PARTONS, ... ) INCREASES. THUS PROBABILITY TO OVERLAR
MANY ELEMENTARY CLUSTERS MAY RAPINLY INCREASE.
WITH A —b PERCOLATIoN MONELS,
THIS APPROACH DOES MofT EXPLAIN EQUILIBRIOM
PROPERTIES OF LARGE QUSTERS
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ON INTERPRETATION OF QNSET OF FIREBALL. @
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AdS ZCFT CORRESPAND €N CE
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ARS (GRAVITY): FORMATION OF & BLACK HOLE HORIZON
(INFORMATION TRAPPING SURFECE) TAKES PLACE WHEN
CRITICAL \JALUES OF MOPEL PARAMETERS ARR REACHED,

CFT(QCh): ONLY STARTING FROM A SLUFFICUENITLY
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OF THE TRAPPING SUORFACE [N AtA ColLLISIONS
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B OB ONSET OF DECONFINEMENT
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ONSET OF DECANFINEMENT IMN SHMES
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ONSET OF DECANFINEMENT

IN SMES
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EVINENCE FOR ONSET OF PRECONFINEMENT @
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EVIVENCE FOR ONSET OF PECAONFINEMENT
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RESULTS ON ONSET OF RIREBALL AND
ONSET OFP PECONRINEMENT SUGGEST
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. D £}  SEARGI FOR CRITical POINT |

FLUCTUATIONS VS \5 = AND A

USE QUANTITIES INSENSITIVE TO \oLUME FLUCTUATIONS]

ANO MATERIAL CONSERNATION LAWS,;

| U
STRONGLY |INTENSIVE QEUANTITIES WITH PROPER
SELECTION OF EXTENSNVE QUANTITIES:
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SEARCH FDR CRITICAL POINT: FLUCTUATIONS Vs \5,, AND A
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SEARCH FGR CRITICAL POINT : FLUCTUATIONS vs M
YINTERMITTENCY ANALYSIS"

SECON D ORNER PHASE TRANSITION — ScAalLE INVARIANCE —
(HARACTERISTIC NEPENPENCE. OF FLUCTUATIONS ON Size § of

SUBDIVISION  INTERVALS OF MOMENTUM SPACE A
M = b/d' — NUMBER OF INTERVALS

™ ™ 2
F,(M) = ..2‘ < M (“a.-/l)>/ Z' <N

(WHERE N, - PARTICLE NUMBER (N PIN ¢ |
< .. D> AVERAGING QVER EVUENTS
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F,(M) = FR(Aa)-M ¢z
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SURMARY
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NA61/SHINE Collaboration
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ONSET OF DECANFINEMENT IN MODhELS
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matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...
Leptons spin = 1/2 Quarks spin = 172

Approx.

Mass  Electric - — -pi

Savar Electric

GeV/c? charge Gev/c2 Charge

p_ electron | <1x10-8
€ nheutrino

€ electron |[0.000511

V muon

. charm
ML neutrino ¢

JL muon S strange

p_ tau T to
7 neutrino P

7T tau b bottom

Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the
quantum unit of angular momentum, where i = h/2r = 6.58x1072> GeV s = 1.05x10734 J s.

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x10~'? coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c? (remember

E = mc?), where 1 GeV = 10°% eV = 1.60x10-10 joule. The mass of the proton is 0.938 GeV/c?
= 1.67x107%7 kaq.




force carriers
BOSONS spin =0, 1, 2, ...

Unified Electroweak spin =1 Strong (color) spin =1

Mass Electric Nare Mass Electric
GeV/c?  charge GeV/c? charge

9

gluon

0 0

Color Charge

Each quark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
Interactions and hence no color charge.

Quarks Confined in Mesons and Baryons

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons, these are the particles seen to emerge. Two types of hadrons have been observed In
nature: mesons gq and baryons qqgq.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.




PROPERTIES OF THE INTERACTIONS

Interaction ~ Strona
Property Gravitational y | -
Fundamenta

Acts on: Mass - Energy Flavor Electric Charge Color Charge RS NS L
Particles experiencing: All Quarks, Leptons Electrically charged Quarks, Gluons Hadrons
Particles mediating: (ﬁy'g‘f'}sgge 9 W+ W~ ZO 04 Gluons Mesons
Strength relative to electromag [ 10~18 m 10-41 0.8 1 25 Not applicable
for two u quarks at: 210-17 m 10-41 10-4 4 60 to quarks
for two protons in nucleus 1036 1077 1 N?; ?.IF;I;I,EE?,EIE 20




Baryons qqq and Antibaryons qqq

Symbol

> 3 Ol

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Name

Quark

content

proton uud
anti- | —=— 3
proton uud
neutron| Udd
lambda | UdS
omega | SSS

Electric
charge

1

-1

0

0

-1

Mass :
GeV/c? Spin
0.938 1/2
0.938 1/2
0.940 1/2
1.116 1/2
1.672 3/2

Symbol

VETuls

pion
kaon

rho

B-zero

eta-c

Mesons qq

Mesons are bosonic hadrons.

Quark

content

ud
su
d

u

d
o

Electric
charge

+1

-1

+1

There are about 140 types of mesons.

Mass

GeV/c?

0.140

0.494

0.770

5.279

2 .980

Spin
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