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“High Energy Nuclear Events” Progress of Theoretical Physics 5 (1950) 570

E. Fermu,

When two nucleons collide with very great energy in their center of mass
system this energy will be suddenly released in a small volume surrounding the
two nucleons. We may think pictorially of the event as of a collision in which
the nucleons with their surroundiag retinue of pions hit against each other so
that all the portion of space occupied by the nucleons and by their surrounding
pion field will be suddenly loaded with a very great amount of energy. Since
the interactions of the pion field are strong we may expect that rapidly this energy
will be distributed among the various degrees of freedom present in this volume
according to statistical laws. One can then compute statistically the probability
that in this tiny volume a certain number of pions will be created with a given
energy distribution. It is then assumed that the concentration of energy will
rapidly dissolve and that the particles into which the energy has been converted
will fly out in all directions.
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M.Wilde (for ALICE), Nucl. Phys. A904-905 (2013) 573c
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B4 73 time scales Estimates at RHIC

Crossing time ~ longitudinal length T ~2R/y ~ 0.1 fm/c
2O DRFEAEWNIZT YIRS 5 EEE (for y=100)
Form?uon t}meL - T~1/Q0s ~ 0.2 fm/c
/N— b U DR FROKEIREE D 0 BRI S 1 2 5] (for Qs ~ 1 GeV)
[sotropization time .

= f oA TPIERNICEER f(p,t) = f(pl,t)

Thermalization time

BT EET 5 5 —7 ~ 0406 fm/c

7 A A I
Hydrodynamization time
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T~04—-06 fm/c

EETHEINT-RmWVBEBAANZEZ SIC1E. £1-REOFRIRDOIEEAEI BWFHDOSF SN
WETHY ., AFEEEIZT2EWRENDH D of Kolb, Heinz, nucl-th/0305084

T~2—3 fm/c

pQCDIZHB T 5 7L F > 2EBNELICE D < kinetic equation|Z & % &M (Bottom-up thermalization)
3. %ﬂiﬁf;ﬁgﬂbﬁz_'ﬁaﬁ ITELY, (Baier, Mueller, Schiff, Son, Phys. Lett. B539 (2002) 46)
> N TIEERBETE AL “Early thermalization problem”
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Shen, Heinz, Huovinen, Song, Phys. Rev. C82 (2010) 054904
> BBRELERITT WA, RlIE Y B WAEELFEIAFENDS SO 72
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#7227 : Color Glass Condensate
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#2277 - Color Glass Condensate (CGC)
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ZF 1t (Plasma-instability scenario)




Baier, Mueller, Schiff, Son,

Bottom—up thermalization eus tei 530 @ooe) a6
EFHRQCDIC L % 2EFEELICE D [RR| OaVEE1L

Ot~ 1 QIEEDEEEE b5 I+ (hard particles) BRI R

1< Or<a 5/2 j::

hard particle R+ ®D/IetEL A DELEL hard particle 7% ® soft Brems

o %/2 < OST < o135 ot gluon(p, < Qg)HEINL., RFHEBEOEFELFEIC
soft gluonREXDELEL > soft gluon® FAFEET A ERK
& b2, hard particle®Brems+ cascading > &

Q. Ty ~ 135 | AtRHIC Q, ~1.5-2GeV and a, ~ 0.3 — Tiperm ~ 2 - 3 fmic

B TlIE. 2O+ ADFZAHIED, Schlichting & Teaney, Ann. Rev. Nucl. Part. Sci. 69 (2019) 447



Plasma instability scenario
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Review: Mrowczynski, Schenke, Strickland, Phys. Reports 682 (2017) 1
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Possible solutions
- boost invariance 2% : 125 X DXE Nielsen-Olesen instability
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LO Glasma : Field strength

Lappi, McLerran, NPA 772 (2006) 200 Fujii, [takura, NPA 809 (2008) 88
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L O Glasma : Longitudinal pressure

Gelis, Rep. Prog. Phys. 84 (2021) 056301
T [fm/c]
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Beyond LO Glasma : unstable fluctuation

Romatschke, Venugopalan, PRLL96(2006) 062302 Magnetic flux tube :
1
0.0001 AL B R B e S B e p / 2  —
1105 H e c,+c, Exp(0.427 Vgl 1) _T;
6 2 gl . | .
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Beyond LO Glasma : strong field

Glasma® 1 7 — &R 1358 L |
VgB ~ NgE ~ @, ~ 1 GeV (RHIC) — a few GeV (LHC)
>> 7+ — 788 m,~ #BMeV

> h T —BHHANFHEK(Schwingertés) (2 & > THRAE IC BRIE

1/Q — * 5 h bR T~ DERHR
| I . = p, & ORI FHQs 7 =1
electric flux tube —CEET% ' I '

S5, hT7—BHEH T —WEHNEEFET 5558 1%.
Nielsen—-Olesen & E M & SchwingertE#E AVE5R L 3 D Tanji, Itakura2012




Unstable Glasma : £ & &

Color electric flux tube
Quark-antiquark production

— O )

Color magnetic flux tube Fujii-ltakura, lwazak
Enhancement of the lowest Landau lev

IhoHGlasmaDIGOEEZIF D> 1 ~1/Qs X TICEZ 2 AJREED H B,
> 1 ~1/Qs IZHB1F Bkinetic equationD A IIBEEZET 3




Other effects

* —I%—IZ\‘)[/:L\:_T\M:\ QS Lj:i%éj(—g_%)b\ p, > QS @Jet :E)%L\o
e Jetld, B ICERKRT D=, ZZIZGlasmar b, ZhzxzBELNTWL L,
- Jet — Glasma interaction

BT L DR LERmI NGB DTS
Carrington, Czajka, Mrowczynski, “Jet quenching in glasma’, arXiv:2112.06812 (Dec. 2021),
“Transport of hard probes through glasma”, arXiv:2202.00357 (Feb.2022)

Ruggieri, et al. “Heavy quarks in the early stage of high energy nuclear collisions at RHIC and LHC”,
arXiv:2110.14610 (Oct. 2021)
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Questioning “pureness” of glasma EESEEEEEE

ALICE Calo meeting

by

“Early time dynamics
and strong fields” ™

X774 K

* Typical momentum scale of glasma: Os(x)

* But there is particle production with momenta >> Qs
@ RHIC (s ~afew GeV

@ LHC (Os<10GeV
Jets are created at the hard collisions

— Relative importance of hard particles

V
(

increases with increasing energy

4
o

Glasma is not pure! N

v v
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