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Hadron Production at boundaries

# Hadron production from HIC mukiquerk  hadronic

@ Chemical freezeout takes place @ %
at around the phase boundary N
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How can we measure the radius of a star ?

# Two photon intensity correlation

Hanbury Brown & Twiss, Nature 10 (1956), 1047.

@ Simultaneous two photon observation probability is enhanced

from independent emission cases

BT DRIE

— angular diameter of Sirius=0.0063” (Wikipedia)
A TEST OF A NEW TYPE OF STELLAR INTERFEROMETER ON SRIUS 5§ 936+0.016 I!)Fb

By R. HANBURY BROWN
Jodrell Bank Experimental Station, University of Manchester
AND
Dr. R. Q. TWISS

Services Electronics Research Laboratory, Baldeck

NATURE November 10, 1956 oL 178

Figure 2. Picture of the two telescopes used in the HBT experi-
ments. The figure was extracted rom Ref]1].

HBP telescope (from Goldhaber, ('91))
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Fig. 2. l'“'mnparlmn hetwesn the values of the normalized cor-

relation coefficient I'4d) observed from Sirius and the theoretical

valnes for a atar of anpgular diameter 003, The érrors shown
are the probable errors of the observations
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Two particle intensity correlation

# Wave function symmetrization from quantum statistics

C(q)z/d?’rs(q,r) :

ﬁ(ei(}r i e—iQ'r) ~ 1 i eXp(_4q2R2)
Source fn. : 3 Static spherical
(r=relative (Symmetrized w.1{.) source case

coordinate)

— Small relative momenta are favored C
due to symmetrization d C(q) = (I112)q/(11){12)
of the relative wave function.

Momentum
q=(p,-p,)/2

o LAV pQas
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How can we measure source size in nuclear reactions ?

# Two pion interferometry 2n t‘ﬁ
G. Goldhaber, S. Goldhaber, W. Lee, S

A. Pais, Phys. Rev. 120 (1960), 300

@ Two pion emission probability is enhanced
at small relative momenta
— Pion source size ~0.75 7 / pc

q (relative momentum)

PHYSICAL REVIEW VOLUME 1200, NUMBER 1 DCTORER 1, 1960

Influence of Bose-Einstein Statistics on the Antiproton-Proton Annihilation Process™

GeErsoN GOLDHABER, SULAMITH GOLDHABER, WonNvonG LEE, anp AsramaMm Parst
Lawrence Radialion Laboralory and Department of Physics, University of Califorsia, Berkeley, California

({Received May 16, 1960)

Momentum
q=(p,-p,)/2
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LEMELDDKBIETHL (S-wave, 5/77)
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Etminan+ (HAL QCD)('14), Y= 2507
Iritani+ (HAL QCD) (‘19)
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Adam+ (STAR)(‘19), ALICE, in prep.

EBRFLEERPD & ANV RRZESLERID
FALIN)FORBDOhBH?

B - QS
YT P-4 P A. Ohnishi @ HIC Tutorial, Aug. 21, 2019 16




#F OCD 5D QN KT+ )L
s HAL QCD ##i2&% QN RT7v vl (J=2)

e m =875 MeV, B.E.~ 19 MeV
F.Etminan et al. (HAL QCD Collab.), NPA928('14)89.

@ m_=146 MeV, B.E.~ 2.2 MeV
T. Iritani et al. (HAL QCD Collab.), PLB 792°°19)284.
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STAR T—3LDHE
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Morita, AO, Etminan, Hatsuda ('16)
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STAR T—3LDHE

s Nearly physical quark mass TORT v ILERAL R

Movita, Gongyo, Hatsuda, Hyodo, STAR (1808.02511,
Kamwa, AQO, arXiv:1908.05414 PLB790 ('19) 490)
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Preliminary ALICE T—%

s pp 13 TeV high-multiplicity events in ALICE
O. Vazquez Doce et al. (ALICE), SOM2019 (poster)

s IPNETER (R=0.72 fm) | /N8 q TREEK
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" ALICE (preliminary, ‘19) k* (MeVrc) a=1q" | [MeV/c]

Morita+, arXiv:1908.05414
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To be (bound) or not to be, that is the question !
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s F3ED RHIC, LHC =81+ +8BERESGAIE X,
AA, Ap, E7p, Qp, Kp, ...
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