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B(Z,A) =B, +Bs+B.+Bo+By, (T qmmeretorm i

Symmetry Term

l
= ayA — a,A? — 4,22 ATV —iag(A)2 — Z)* A7+ 0,641
\

.0 = 29+ 55,9 = 0 A + Lo+ o e e )
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(Neutron Star and NSerge) “(Static or Resonant Properties of Nuclei) (Heavy lon Collisions)



ES %KM PRI

At sub-saturation densities

ERZRE,,(p)

Analyses of Terrestrial Experiments

Bao-An Li and Xiao Han,
Phys. Lett. B727, 276 (2013).

DM-+n-skin (2010)
TAS+n-skin sospin (2009)

(2013) Iso. Diff. ion and n-skin
(ImQMD, (IBUUO4, (19%6) e

2010) 2005) § @ §
-ski Q Isoﬁ‘linq l DD MnTAy T ﬁ >0

Analyses of Astrophysical Observations

TF+Nucl. e .
PDR (2007) Mass energy Mass-defference

52

0

(p )/MeV

sym

E

fandolfi 2012)

i r-mode instability gl‘jsig':‘f’%lfé{ neon”
List extends:
- Isospin diffusion (MSU ...)

-> Isospin scalaring and isospin
fractionaiton (MSU...)

S, =32+3 MeV B
> n/p ratio of fast and pre- _ e
equilibrium nucleons (MSU ...) L _ 59 i ]'g MEV \E

superfluidity
and n-skin of

- N/Z of the emitted = P ! ) (
fragments (LNS, TAMU, MSU,
HIRFL...) > crow

FRDM

oo ) m ELSLE TF+Nucl.
- GMR strength (ND ...) e o e

Mass-defference
DM+n-skin ({kiz3)

- HBT correlation function (2009) 2010

(We

(Steiner & rust oscillation
@ Cancetizoi2) (Gearheart et al. 2011)
With no or incomplete error information SHE+n-skin
(KVI, MSU, HIRFL ...) ETT e
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SEBRTREMN IDOF3t FR i ER 18 ?
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A SIS B EFRYXTFREEFRET 2
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Eqm(P)383) n/p £ 5 P'Po SRR AR B S 4R
Rk Bt & 55
Rk B b & 6 HE & 1

5% XA FREERY 2R

R4z 7% 3 7 5

BT E NIRRT 5% & R HE R SE5G Fift
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Neutron Star Observatory:

The Neutron Star Interior Composition Explorer

(NICER)

Bir: BANEZ TP TFEMNM-RKEK, BHHZ

MIBCR S HIZRIETRZIR

BRI == :

FHIRFLAXBZRE E, &2

\

£

ﬁiﬁ—gEOS

12 Blocks (192 telescopes)
full Z & A identification of 1

= ; \ , Wl A
i = ¥ L K : f— f
o Tt 74 i AN W * AR | s/ N
\ N N ! : Yy! 3 "
= T : fragm /7MY | -
and particles a fy e AN ‘
J ) -
8
) y A
2 .
\ b a4 § /(
25 at 6 < 14° A
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1) Isospin Diffusion : n-rich

Jnp =]111 _]{? — _(Dgl _ DII9)VI

D‘{l i D{) x 4‘pEsym(p)

Likely terminated when P-T separated.

5

5 —

p-rich

\J

N-Z/N+Z
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35MeV/u

)

T T T
i T — (2) Exp.
;-_ B Fe target .. — = a ~

_ ‘_/‘/l * Ni target “ = \-\"x._\ —=—B
bt : : % : s - LS >0 O
£ 3 [ \. — I
3 B —%—o0

36Ar + 112,124Sn 5° 3!

-
[
<

1 ' ) I 1 I 1

1.06 IIIIIIIIIIIIIIIIII

H.Y.Wu, ZGX, G.M.Jin etal.
PLB 538 (2002) 39

[
=]

15 20 25
E_[QLeViu)

Eiie B EE RBIARINHERYZEE

- S.J. Yennello etal., PL B 321, 15 (1994).

K& I EhAfliiES, KEN/ZMEE SRR (R
BB 38 00) TEAIEN, R 7T EMiLhe 8 B ERMRIEIE.

—>Bao-An Li et al., PRC 57, 2065 (1998).
- Lie-Wen Chen et al., JPG 23, 211 (1997).
- Z.Y.Sun etal.,, PRC 82, 051603 (2010).

See more in:
G. Souliotis et al., PRC90, 064612 (2014).
G. Souliotis et al., PLB588, 35 (2004).

B. Tsang et al., PRL 92, 2004,
Report of isospin diffusion and Eg,(p)
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2. I1sospin Drift :

‘ LLow D surface, n-rich
High D center, n-poor

I

jnp = Ju = Jp = (Dn = Dp)Vp




2.1 RIRLBEMRFEVRLT & 5 FF

35 MeV/u Ar+ Au. do N
Trigger: 2 fission fragments .AND. 1 LCP -

e = e (E — Eo)Pexpl—(E — Eo)/T
dS2dE 2(mw T)3/2 ) expl —( )/ T]

o5

* Three Moving source:

7 7 -
@ Te. —@ O
/ l |
\_'_n ‘ ™t I J B?J‘I‘ETJ N
3B 5 A E HEWHIR g g

E(MeV)
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More proton emission
More triton emission

A 1sospin-dependent hierarchy of
particle emission is observed.

lllll

R. S. Wang, Y. Zhang, XZG... etal.,
PRC89 (2014) 064613




2.2 Isospin drift BB S E,, . (p) LR

vV 30 MeVV/u Ar+Au @ RIBLL, HIRFL, Lanzhou
®- *
» _ —total (Q)
Y - L VS

counts counts

—~ 12

O1a8 51

Time < 08

:.} 0.6

A 04

n{t{ + N T e

cr>= AT Rtz P12 A oz

n; +n; 0 20 40 60 S0 100120140160 050 40 60 80 100120140160
E(MeV) Otab
eLAB

97‘1.37]:)—1‘%9*”7[ 1R, %V’\?ﬁfDSFiﬁ”&%THTIEﬂ 410 A E MRS
> BESXIEA e R E 2, E2MR



1 Rt HlE:
[L=53+23 MeV
Xu PRC 82, 054607 (2010)
2 JHF YT
L=52+7MeV
Xu. PRC 94, 044322 (2016)
3 GWI170817 QMF18:
L=40 MeV
A. L1, APJ, 862,98 (2018)
4 H. Shen et al., TM1e
L=40 MeV, QCS2019

1) RAEEH
A, RFhF=
EMAEEII
=21, FENLE R
Driftid 7245 2% %= L
St RSN

[T [dm

S Pb n-skin
50 100 L=42+ 14
0,..() Sagawa, Custipen2019

v.zhang, .. 2) Eqn(p): y=0.4620.025 (STDEV)
ZGX, PRC 95, L=47+14 MeV (CL=95%) (S,=28.3 MeV)
ORI LD g e I 75 34 R | . {22 EW B | DOF 3 IR




2.3 R hEith FRETHR &

* How long Is long? How short Is short?

Horology sundjal

* Isospin Chronology: A chronology Is an account or
record of the times and the order in which a series of
past events took place.
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Hanbury Brown-Twiss /3% s
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* 1950s, Hanbury Brown and Twiss propose a intensity
Interferometry to measure the size information of the

stellar object.

Hanbury Brown and Twiss, Nature 177, 27  (1956)

(a) .Iigh.t frgrn fstar (nearly pa rfalle.l ) g@ - 1

« HBT is invented to measure the
space information

Hanbury Brown and Twiss,

amplifier (1) amplifier (2) a
l Nature 178, 1046 (1956)

integrator _ _
& detector projected baseline B/ m




HBT 7E#Z 418 G A9 K FB

« 1960s, Goldhaber Analyzed the nrt correlation in  pp anilation

« 1977, S. Koonin extended the HBT to pp correlation in heavy
lon reactions

Distribution of proton in the fireball

1 do -
—_ = {
cip dp, fdrldrz fdrldrlﬂ(rlrl,p @

X F 110, p, (), 1) 12 47

Plane wave multiplying the pp relative
motion wave function.

_1do L ——Vo)ir} L -2
D(rt, p) o dp (;-rl’zr% e )(ﬂlﬂfﬂ (2))

PROTON PICTURES OF HIGH-ENERGY NUCLEAR COLLISIONS

Steven E.KOONIN'  PLB70,43(1977)
The Niels Borh Institute, Copenhagen, Denmark

ak (im ™)

_|
Mx““‘—;u-—
- | I i
fa 20 L0 B a0
& Ap | Me\Vic)
= 0 I AE (MeV) 60 80 100
o




1990s LA,

5HBT)

5 ESEIRZ MR

PLB70,43(1977), PRL67,14(1991): PRC51,1280(1995): PRC,69,031605R(2004); NPA620,214(1997);
PRL 77,4508(1997) ; PRL70, 3534 (1993)......

AU Ar,.CC), E/A=35MeV
- _l__l__l_ L _I_ - T L 'I'_
1, 1} 3—Body Calculations

>
-‘_“—‘-—

= data

20
100
200

Y. D. Kim, IMF correlation function in 35 MeV/u Ar+Au ,

IMF emission time scale: 100-200 fm/c.

T
et o == - e
o e M),

Ne = =20

PRL70, 3534(19937

D. Bowman , 50 MeV/u Xe+Cu, IMF correlation
function at different centrality, time scale confirmed at
100 fml/c.



HBT 3Bk &R £ [B] {5 e st Bz B X

- 300fm/c j \L
200 L pla 5% g AR i L, < ] I P it i
150 100 200 300 400 500 600

(p/A),,(MeV/c)

100
50 . r
= b) p<320MeV/
i (b) p e Cﬁ . -

=
&

300fm/c

~50 fm/c time
resolution
achievable

ZGX, R.J.Hu, H.Y.Wu et al., PLB 639,436 (2006) ;  R.J. Hu, ZGX et al., HEPNP 31, 350 (2007)

» Stronger Coulomb anti-correlation is observed in Ar+'44Sn , this difference arises from the
Isospin difference of the two system.




Isospin chronology HYSEL6 =
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2) BEBRELERDHEARM,

Compact Spectrometer for Heavy loN Experiments
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SSD -AE?2
Csl-E
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SUEIER: 70038, P/EDHE 2mm /1% (RBEIRE, 118, 950, RRESEXESEE)

(DBIFRE, 108, 11:50, ZRESEAADSE) HBT 5 Isospin Chronology 5T




CSHﬁNE

Compact Spectrometer for Heavy loN Experlments

' : _ ayiul /
Beam tlme 6-13 Feb 2018 Beam time$5:12 July!, 2019;
Reaction: Ar+Au at 30 MeV/u; Reaction: Kr+Au at 25 MeV/u;

1/3 SSD telescopes 2/3 SSD telescopes




CSH#NE PPACIRMZEMERE (30 MeV/u Ar+Au)

Compact Spectrometer for Heavy loN Experiments -
. Entries

Efficiency for F. fragments/ Cf-252 - Mean x
1 | é Meany
0.98 / — | : Std Dev
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| Entries 140545
| Mean x 1082
| Meany  500.6
RMS x 883.8
RMSy  428.4

Compact Spectrometer for Heavy loN Experiments S S D _ AE 1

One_hit SSD1_E2 E3 PID
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Entries 245909
Mean x 1288
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RMSx 8354
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Preliminary Correlation function for o.-ou pair

Z 2 A 4 Relative_Momentum_Coherence

i mentum_Coherence

Coherence Function HBT Z 2 A 4

Entries
Mean
Std Dev

46105
102.3
64.03

— NonCoherence

— Coherence

[rlrr[1|rr]1|r1 TTTTTTTT

‘.. .......

8Be ground state

Entries
Mean
Std Dev

HBT 7z 2 A 4
250

163.2
109.8

Physical output of phase 1 exp. Is expected in near future!
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3 Future: EIEfZ & N RIEHERIMN ?



3 Future: E AR NMAVFEMBNMEE,, (p)?
EE: E, . (p) FTRBE—HRAY, RETHESH

EQOS, o,
6 Isospin diffusion \ clustering ...

(MSU ...)

-> Isospin scaling and

isospin fractionation ‘:. N .
— —

(MSU...) p @,

®9

- n/p ratio (MSU ...) | \ d G E04%
- N/Z of the emitted
fragments (LNS, TAMU, m——
MSU, HIRFL ...) RKESWME (FANE AR R Fiz Al iER 4]
> GMR strength CLUEEOE-Ea) eIt

(ND ..))

AEEERRN (BE5RMEHRED) B, FH—MEENERS?




A Y B hE K = AR

: = PFAZELH, B2 8izE e N1HER
Oppenheimer ZF A 12 4 CoulombiR L IR & BRI s A RS A
S . B A A o A Rk o RSO HOd, ) He B Mev
VY LR
U 3 D A M\ # M % (Oppenheimer) FAEA) ¥ 7 (Phillips) 1935 4 {iﬂfﬂﬂﬂﬁﬁ B R HF
Y T RN ) L L L LACIY UL P = ¥ WET i E T
AR A 7N A

(d, p) R R Ee () B R A T KC 10 468, i B bﬁl&‘ltt{ﬁgml

i) U 5 Bi fE
émwnum]mx B AHARAS R LA BTN, B AR A Coulomb polarization (Dynamic polarization)

B R E AR TR T2 B O S MBS, AT B o /j\fﬁﬁwu
S 7 EL TR 2 b 2 B 48 T T S o x;f'i‘i&ﬁ*&'ﬁ'%ﬁ,ﬁmmmwu S . .

AN ey L ‘\ <JL ég
S8R BRI R R R AN, ¢ {W P AR, ‘#é'-%, vk Ak o
RGBS TS — AT, S S W, gy (BT HHE) 2767
TR MR, B WSS R Y, (d, p) OB A BER KK, ks

The Transmutation Functions for Some Cases of Deuteron-Induced Radioactivity!

Radiation Laboralory, Depariment of Physics,

Erwmest O, LawrenceE, Epwin MoMimean avn R, L, THoRNTONM,
Uinsversity of California, Berkeley
1, 1935y E. O. Lawrence et al., Phys. Rev. 48, 493(1935)

(Received July

SEPTEMBER 15, 1935 PHYSICAL REVIEW VOLUMIE 48

Note on the Transmutation Function for Deuterons

J. R. OprENHEIMER aAND M. PrILLIPS, University of California, Berkeley

(Received July 1, 1935 R Oppenheimer et al., Phys Rev. 48, 500 (1935)
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125 [ wo cut nucleon (b1)
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1 1 . . -
. > i T = 3 4

neutron (b3)

2

e Li Ou, ZGX*, Han Yi, Ning Wang, Min Liu and Junlong Tian, PRL 115, 212501, (2015)



Physical target I :

Au + Au Collisions at RHIC
5% centrality
Iyl < 0.5, 0.4 < py < 2 (Galis)
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= @® netoroton
_.@ al S antkproton
E O proton
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= |
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, 4 N ) .
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- iatany
%Iﬁ(2020-2025): Science China, Phys. Mech. & Astro. 60, 012021 (2017)
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