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@ Clusters (d, t, SHe, a) in heavy-ion collisions and in AMD
@ Pion production based on AMD calculation (+JAM)

@ Recent progress in the comparison of many transport codes
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Various densities in heavy-ion collisions

Nuclear EOS (at T =0)
(ElA)(pp,pn) = (E/A)o(p) + S(p)82%+ -
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Probing high-density dynamics by pions

Bao-An Li, PRL88 (2002) 192701

Pion ratio 7=/t has been proposed as a good m u n n m

probe of
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@ First-chance NN — NA — NN«

@ Chemical equilibrium
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Clustering phenomena in excited states of nuclear systems

Excitation energy/temperature

@ condensation
Liquid-gas phase @ @
@
S
et @ @

« matter

Molecular resonance

Cluster decay
Collective mode

(GR, PR)
Threshold energy Weakly bound systems

Molecular orbitals

nn correlation

developed deformation

clusters

Shell evolusion Halo, skin

neutron-rich

shell structure
custer breaking

Kanada-En’yo, Kimura, Ono, Prog. Theor. Exp. Phys. 2012 01A202 (2012)
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Interacting and reacting clusters in heavy-ion collisions

Partitioning of protons

§ § Xe+Sn Au+ Au
g 8 50 MeV/u 250 MeV/u
g5 2 ~10° p
S5 ot p ~10% 21%
<5 83 a ~20% 20%
'é 5 53 dt%He  ~10% 40%
Ss e A>4 ~60% 18%
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°
@ The system may be composed of many clusters.

@ Clusters are not only created but also broken by reactions.

Transport models with clusters
+decayJ
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Transport with clusters (pBUU)

405‘(b) M];,t=27(;fm/c I g 1
BUU with clusters ; "
Danielewicz and Bertsch, NPA 533 (1991) 712. 20; .
Coupled equations for fu(r,p, 1), fp(r,p, 1), fa(r,p, ), E o % e @ »
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Coupland, Lynch, Tsang, Danielewicz, Zhang, PRC 84 (2011) 054603.
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Antisymmetrized Molecular Dynamics (very basic version)

Ono, Horiuchi, Maruyama, Ohnishi, Prog. Theor. Phys. 87 (1992) 1185.

Z; = VVD; + K;

AMD wave function

@ O§ > v:Width parameter:(2.5fm)‘2

Z: \2 ) Qi ianan _
|<D(Z)):di?t exp{—v(rj——’) }Xai(])] Xa; :Spin-isospin states=p 1,p |,n1,n|

i
2n\v

v

Equation of motion for the wave packet centroids Z

d
EZ,-:{Z,-,Jf}pB + (NN collisions)

{Z;,#}pg: Motion in the mean field

(D(Z)|H|D(Z)) . 2 2
J€ = —————— +(c.m. correction W;_ r =S¥ r|VIY)O(EF—E;
(@(2)|0(2)) ( ) i-f= T f i ( f i) -§_
H: Effective interaction (e.g. Skyrme force) @ |VI2 or oy (in medium) Q

@ Pauli blocking
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Failure of fragmentation

AMD with usual NN collisions (very basic version)

Central Xe + Sn at 50 MeV
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NN collisions without or with cluster correlations

O

Wi_f= %I(‘PfIVI‘I’,-)IZ(S(Ef—Ei) -@b Phase space or the density of states for

two nucleon system

In th | f NN collision, only th .
n the usual way o collision, only the two Molecular Dynamics

wave packets are changed.
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(ignoring antisymmetrization for simplicity of presentation.)

Erel
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NN collisions without or with cluster correlations

O

Wi_f= %I(‘PfIVI\I’,-MZ(S(Ef—Ei) -@b Phase space or the density of states for

two nucleon system
Exact Quantum Mechanics

In th | f NN collision, only th .
n the usual way o collision, only the two Molecular Dynamics

wave packets are changed.

(120} = {lor, (Vo @¥E.4,..0}

(ignoring antisymmetrization for simplicity of presentation.)

Extension for cluster correlations (K -BE O Erel
Include correlated states in the set of the final —)E
states of each NN collision. V)

{0} o100, (Mwa@3%@,.. 0, ...
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NN collisions with cluster correlations

N{+By + No+By —Cq+Co J

@ N4, N2 : Colliding nucleons
@ B4, By : Spectator nucleons/clusters

@ C{,Co: N, (2N), (3N), (4N) (up to «a cluster)

Transition probability

W(NBNB — CC) = 2Z [(CC|VINBNB)[?5(E - E;)

vdo o [} 11 DI lp, DIPIMPS(E - E;)p2, dpreidQ

|M|2 = KNN|VINN)|2: Matrix elements of NN scattering
< (da/dQ)NN in medium (or in free space)

Similar to Danielewicz et al.,
NPA533 (1991) 712.
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Akira Ono (Department of Physics, Tohoku University)  Production of clusters and pions in heavy-ion collisions

NPCSM 2016 10/34



NN collisions with cluster correlation ore explanations)

- For each NN collision, cluster formation is considered.

\\/.ﬁ-T/ N1+B1 +N2+Bz —>C1+02
/\>.:‘.é Wi_.r = 8Z1(CC|ViyyINBNB) 25 (E - E;)

;I < Ono, J. Phys. Conf. Ser. 420 (2013) 012103
- Ikeno, Ono et al., PRC 93 (2016) 044612

@ We always have a Slater determinant of @ No parameters have been introduced to

nucleon wave packets. A cluster in the adjust individual reactions.

final states is represented by placing @ There are many possibilities to from

wave packets at the same phase space clusters in the final states.

point. Non-orthogonality of the final states
@ Consequently the processes such as should be carefully handled.

d+X—-n+p+X andd+X—>d+X'
are automatically taken into account.
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Co

ction of Final States

Clusters (in the final states) are assumed to have (0s)"V configuration.

.B1(n T).Bg(n N . .Bz ‘B1 - .B1 .
e N@S2 .
N(p T)? Ba(n 1) :E: .BS :E': ‘BS :E: P |
é 8 é R
|09 D)) D)) |D7)
After p© — p(©@ 1 q N+B; — Cy N+By — Cp N+Bg — C

Final states are not orthogonal: Nj; = (cI>;.|<1>’j) #0ij
The probability of cluster formation with one of B’s:

P=YI0pN @l P=@UP0Y 2 ) (@) eh
ij i

{P = Choose one of the candidates and make a cluster.

1—P = Don’'t make a cluster (with any nt).
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Correlations to bind several clusters

(] [}

.. @@ ° Y Step 1 Clusters (and nucleons) C; and C; are
@ g@ @ @ ° linked,
e o @ - @ if C; is one of the 3 clusters closest to C,

@ ° ° 0 Eyel [ o

° e o and (i < j),
@ and if the distance is 1 fm < R;jl<7 fm,
Clusters may form a loosely bound state. @ and if they are slowly moving away,
e.g. 'Li=a+t-25MeV PZ./21;; <10 MeV and R;; - P;; > 0.
Need more probability of |a + ) — |7|_i) Step 2 Linked clusters (CC) are identified.

Following steps are taken only for CC
with mass number 6 < A<9 or

C j / 19=<A=<23.
~ Step 3 Transition of the internal state of CC by
ij» Pij eliminating the (radial component of)

internal momentum
P; -0 forieCCinthec.m. of CC

with some care of the momentum
conservation.

Next Energy conservation.
13/34
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Correlations to bind several clusters

(] [}
.. @@ .@ Step 4 Search a third particle for E-conservation
@ C.PD @ @ d @ A cluster Cy is selected, depending on the
. @ o 2 distance and momentum (/R | and [Py)
o@ o o 0 Erel relative to CC.

@ If the selected C;. already belongs to a CC/,
this whole CC' is treated as the third particle
eg., ‘Li=a+t-25MeV for E-conservation.
Need more probability of |a + ) — I”Li) Step 5 Scale the radial component of the relative
momentum between CC and Cy. for the
total energy conservation.

Clusters may form a loosely bound state.

CC C;
J / P =Py +PrL — Py +Pyy
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Effect of cluster correlations: central Xe + Sn at 5

Without clusters With clusters
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Results for multifragmentation in central collisions
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Collisions at higher energies

cojolela|ale

@ Pions are measured to probe
high-density nuclear matter by the

13291 4+ 1243n, E/A=300 MeV, b~ 0 S#RIT experment.

~ Z'zzf‘"‘" o sy @ Many protons are bound in clusters.
e — Pt | In Au+Au at 250 MeV/u (FOPI data),
g P Sbym (=108 | p:21%, a:20%, d+t+3He: 40%
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Momentum dependence of Skyrme (SLy4) interaction has been

corrected for high energy collisions, in a similar way to Gale,

Talk by T. Isobe at NuSYM15
Bertsch, Das Gupta, PRC 35 (1987) 1666.
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Collisions at higher energies

cejolelalmle
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Momentum dependence of Skyrme (SLy4) interaction has been

corrected for high energy collisions, in a similar way to Gale,
Bertsch, Das Gupta, PRC 35 (1987) 1666.
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Collisions at higher energies
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corrected for high energy collisions, in a similar way to Gale,
Bertsch, Das Gupta, PRC 35 (1987) 1666.
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Collisions at higher energies

cejolelalmle
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corrected for high energy collisions, in a similar way to Gale,
Bertsch, Das Gupta, PRC 35 (1987) 1666.
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Collisions at higher energies
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corrected for high energy collisions, in a similar way to Gale,
Bertsch, Das Gupta, PRC 35 (1987) 1666.
Akira Ono (Depat u University)  Production of clusters and pions in hea NPCSM 2016 16/34




N/Z Spectrum Ratio (AMD with clusters)
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N/Z Spectrum Ratio (AMD wit

OUT clusters)
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Do clusters exist in high density region?
Equation for a deuteron in uncorrelated medium

|e(3P+p)+ e(5P—p)|#(p)

/

plvip" ¥ (p’)

l

1

\\"S\x
NS
o

o[t rgpem-rge-v] [ 57
= Ey(p)

@ Clusters may exist even in high density
matter if they have sufficient momenta so
that the effect of Pauli principle is weak.

@ However, clusters in high density region
will be soon broken by a collisions with

other particles.
Does it make sense to consider such

Momentum (P) dependence of B.E. . )
short-lived correlations?
NPCSM 2016 19/34

Ropke, NPA867 (2011) 66.
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Do clusters exist in high density region?

Equation for a deuteron in uncorrelated medium

}'ﬂP.Z) P |e(3P+p)+ e(5P—p)|#(p)
1-f3e - F3-p)]| [ 22 pioipyi o’
‘o o[t rgpem-rge-p) [ Sl5wlviehie)

= Ey(p)

Deuteron in medium (at T =0)

'S 1000 T
g @ Clusters may exist even in high density
=. 800 7 . ..
deuteron matter if they have sufficient momenta so
o
§ sl 7 that the effect of Pauli principle is weak.
f
[ . . . .
g 400r 7 @ However, clusters in high density region
= . . .
S 20 4 will be soon broken by a collisions with
g [+ Cooper pair other particles.
8 0 0 100 200 300 400 500 . .
MeV/ Does it make sense to consider such
. Pg [MeVic]
deuteronization

short-lived correlations?
Danielewicz and Bertsch, NPA 533 (1991)
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Turn off clusters at high density

Always produce clusters

—
10°E  Au+Au 2
400 MeViu G
10° (] 3
X
> <
S 10'L
s
3
s
10° b
0L e
.

Multiplicity

10

=
Q
™

o
O-

=
=)
°

Produce clusters only at p < pg

120
100
80
60
40
20
0

T T T
E Au+Au % |
400 MeV/iu ‘g B
% 4
= 4
X 4
<
0 1 2 3 4 5 7 8

When the cluster production is turned off
at high density p >0.16 fm=3,

@ My / (overproduction)
@ My \,

@ M, and M; don't increase.

We need some fine tuning of the
cluster production.

NPCSM 2016

20/34

Akira Ono (Department of Physics, Tohoku University)

Production of clusters and pions in heavy-ion collisions



Transport equations for N, A and &

Coupled equations for fy(r,p, t), fa(r,p, t), fz(r,p, t)

Ofn  0hn Ofn  OhNIfN, fa, fal OfN
or " op or or “p ~ INUNIa ] NN NN
Ofn  Oha Ofa  Ohalfn, fa, fal fA
ot o ap or  or  op = IAlfN, fas fxl NN < NA
6f7t ahﬂ Ofx  Ohg[fn, fa, fx] afn A— Nn
FT ap or T or op = In[fN, fAs fn]

Assumption: A and pion productions are rare (in low-energy collisions), so that they can be
treated as perturbation.

INUfN, fas fa] = 1SN, 0,00+ AL [ v, fa, fr]
=0 p=ow), fi=o

Ikeno, Ono, Nara, Ohnishi, PRC 93 (2016) 044612.
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AMD + JAM

Zeroth order equation for fn solved by AMD

o, ohy O
ot op or

_onnlfy) 0,0 afY

OIN _ el 40)
or op Inl/y".0.01

First order equations for fa and f;

solved by JAM for given

(0)
ofa , Oha Ofa Ohalfy.fa ful .%
E*—ﬁ I ve— —IA[fN Iy fal
(0)
Ofr | Ohn Ofy _Ohally S fr] %
or " op or ar = Inlfy)s oo il
Send nucleon test particles from AMD JAM
AMD to JAM at every 2 fm/c, with
corrections for the conservation of (r1,p1),(r2,p2);---,(ra,p4) .
baryon number and charge. ’
@anmD(2) r{,p1),(rs,p2),...,(ra, 7T, A
Ikeno, Ono, Nara, Ohnishi, (r1.p1). (r2. p2) (ra pA))
PRC 93 (2016) 044612. (1‘1 ,P1 ),(r2,p2),...,(rA,pA)
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About JAM

JAM: Jet AA Microscopic transport model
Y. Nara, N. Otuka, A. Ohnishi, K. Niita, S. Chiba, PRC61 (2000) 024901.

@ Applied to high-energy collisions (1 ~ 158 A GeV)

@ Hadron-Hadron reactions are based on experimental data and the detailed balance.

e.g.,
donn—na _ Cp lU? L2 m2T(m) (m)
dm pis 167 7 (m2 - m3)2 + m2T(m)? P
sT2
|./”|2 :A%
(s—m&3)?+sT

@ No mean field (default).

@ s-wave pion production (NN — NNr) is turned off.
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JAM and AMD+JAM calculations

Au + Au central collisions Data: Reisdorf et al., NPA 848 (2010) 366.

100
10F
2>
e}
=
3
E
il
th JAM 77 - . JAM 7 £+
FOPI &~ —— / FOPI ; —~
04 . AMD+JAM.n ®- o AMD+JAM -l
"0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14 16

E/A [GeV] E/A [GeV]

The energy violation, due to the mismatch of AMD and JAM, is about 2 MeV/nucleon on
average at ¢ = 20 fm/c in collisions at 300 MeV/nucleon. This corresponds to the 10%

overestimation of the pion multiplicity.

NPCSM 2016 2434
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About potentials for A and =

Niy+Ny, <—— Nyg+Ag, Ary «— Nyg+mqg,
N N N A A N
gl 1yl g ) g gl 4 gl
+91Uc + q2Uc +43Uc +q4Uc +491Uc +q3Uc +q4Uc

] Uf‘): Isospin(z)-dependent potential due to the strong interaction
@ Ug: Coulomb potential
In JAM, reaction thresholds are the same as in free space. Therefore AMD+JAM assumes

U( )+U( N~ U(N)+U§4), U£1A):U§év)+Ug) for T4(+72) = T3+ 74

This is satisfied in case

UV = U )+ TUsym (), UV = 1Usym(r)

c.f. pBUU : Hong and Danielewicz, PRC 90 (2014) 024605.
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Difference choices of A potential

Another choice

Vasy(A™) = 3Vasy(n) Vasy(A™) = Vasy(n)
Vasy(Ao)ZVasy(”) Vasy(Ao) —Vasy( )
Vasy(A™) = Vasy(p) Vasy(AT) = Vasy( )
Vasy(A™™") = 3Vasy(p) Vasy(A™™) = Vasy (p)

v

c.f. Bao-An Li, PRC92 (2015) 034603.

Different choices of A potential
= Different thresholds for A production

= Different n~/n* ratios
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Transport code comparison

PHYSICAL REVIEW C 93, 44609 (2016)

Understanding transport simulations of heavy-ion collisions at 100A and 4004 MeV: J. Xu et al.,
Comparison of heavy-ion transport codes under controlled conditions
) _ PRC93 (2016)
Jun Xu,'s* Lie-Wen Chen,”! ManYee Betty Tsang,** Hermann Wolter,** Ying-Xun Zhang,*! Joerg Aichelin,®
Maria Colonna,” Dan Cozma ? Pawel Danielewicz,” Zhao-Qing Feng,” Amaud Le Févre,'” Theodoros Gaitanos,'! 044609
Christoph Hartnack,® Kyungil Kim,'? Youngman Kim,'? Che-Ming Ko,"* Bao-An Li,'"* Qing-Feng Li," Zhu-Xia Li,® :

Paolo Napolitani,'® Akira Ono,'” Massimo Papa,'® Taesoo Song,'” Jun Su,* Jun-Long Tian,?! Ning Wang,** Yong-Jia Wang,'*
Tanus Weil,'” Wen-Jie Xie,” Feng-Shou Zhang,?* and Guo-Qiang Zhang'

{=0_20 40 60 80 1901_2214?“”/" Plog . =0 20 40 60 80 100 120140 fm/c
191® |0 |0 Fsey S, BLOB .0'2 %[00 ]0]L\Fp D Javo
20900 |&F o eBUURMF 03 10|®|0|0|@PdPs & ‘iavp-BNU
® & 4 . 0.4
100/®| 8§ O'&'F s S, ‘cIBUU-Skyrme o Q0 @ Po% 9 Yiavp

—~ 2 % ® 8 0&003 < .U 06 1% &0 0&0‘. ‘: Jcomp
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Transport code comparison: Transverse flow

Au+Au, b=7 fm

200 T T
— 4 R i
L s, s 44 4 | E/A=400 MeV
% 1005 a 1 a . A & | / 00 Me
= [ T 1
~ L L n 1 [} |
359l " 4 = o ] s 0 * | E/A=100 MeV
> L L] ] 4
o
2 i ' I *
\X L 1
VA B-Full: black squares §
© D-Full: red triangles
10 PN I S A I NI N N P N N I IO I i |
mw oI L ODopowooaQoan
85333335 g228423as
ale “oxk <2982459¢
0 Qs iF->
3% = S50
D3 g g9:s
Om E g
O]
Uncertainties in the flow parameter : about 30% (100 MeV), about 13% (400 MeV) J
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sport code comparison: NN collisions and Pauli blocking

10 ‘ : 1.0
2 B-Full
i b=7fm
§ i attempted successful
81 /) collisions | collisions | 05y
F/-\ ’ 5
)N : 2
S ol L/ ; s & o0 : :
[ B-Cascade i BLOB
w(D 2L Lo = 7 fm o | e e GIBUU-RMF
o £ 1~ GIBUU-Skyrme
- S RN, IBL
e o 05p T IBUU
o 1| | e .
=z om pBUU
ke = - RBUU
5 = ST RVUU
Z o & oo : : - SMF
°
s
' 05
2L L 4

0 . . I 0.0 . .
185 190 195 185 1.9 195 2.00 185 190 1.95 200
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sport code comparison: NN collisions and Pauli blocking

T 1.0
B-Full
b=7fm
sucge.ssfu[ 05l
collisions
—

— o
< ; B
% + ‘E 0.0 AMD

B-Cascade |QMD-BNU
(O] b 4 O
< b=7fm c ——lamMD
‘9 = ------- CoMD
N 8 0.5+ ImQMD-CIAE
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Box simulations

What is the origin of the divergence of the number of NN collisions?
@ Due to the difference of the realized states, and/or

@ Due to the difference of the procedure for NN collisions.

= Let’s do Box Simulations.

We still had large divergence. (~ 30%)

= Many codes fixed an issue of the
Bertsch prescription.

= Much better agreement! (a few %)

Next (1) Pauli blocking

@ Simple initialization (7 =0 Fermi) Next (2) with mean field

JIILEERRICE Next (3) 7 and A in the box

@ oy =40 mb

@ Turn off Pauli blocking
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PHYSICS REPORTS (Review Section of Physics Letters) 160, No. 4 (1988) 189-233. North-Holland, Amsterdam

A GUIDE TO MICROSCOPIC MODELS FOR
INTERMEDIATE ENERGY HEAVY ION COLLISIONS

G.F. BERTSCH
Cyclotron Laboratory and. Physics Department, Michigan State University, East Lansing, MI 48824, U.5.A.

and

S. DAS GUPTA
Physics Department, McGill University, Montreal, Quebec, Canada HIA 2T8

Received September 1987

Bertsch and Das Gupta,
Phys. Rep. 160 (1988) 189.

Many codes use the prescription described in
this article. However, there are a few points
that must be corrected implicitly.

26 G.F. Bertsch and S. Das Gupia, A guide 10 microscopic models for intermediae energy heavy ion collisions

The value of ¢, is chosen from

Jac dx/jae de=x,. (B.4)

The valuc of 6, is chosen from cos 6,=1~1,/ty; ¢, is chosen randomly. Thus for cach scattering, the
‘momenta and energy are conserved but not the angular momentum. The cumulative effect of angular
momentum nonconservation has been found to be small.
If isotropic scattering is assumed in the inelastic channel, then 6, can be chosen from cos 6, = 1 - 2x.
We have given all the parameters for the calculation. We now give some details of implementation.
We have (V) < o', = 55 mb which corresponds to b,,,, = 1.32 fm. Thus in a given time interval 3,
two particles_cannot collide if the distance between them is greater than some preassigned value
.y =V(132)° + 8. For two particles whose separation is less, we now proceed to check if the
particles pass the point of closest approach and if this distance of closest approach is less than 1.32 fm.
The center-of-mass energy v = V(E, + E,)* - (p, + p,)". The velocity of the c.m. of the colliding
particles is B =(p, + p,)/(E, + E,). The momentum of particle 1 in the frame is

peolB2 ) B 25 8).

The momentum of the second particle is —p. The distance Ar in the c.m. frame is (y— 1){(r, — r,)
+BIB}BIB+(r,~ 1,). In the time interval ~8¢/2 to 81/2 the two particles become candidates for
collision if

)s:/z

Vrl i
and b="/(Ar = (Ar-pip)’ is less than 132fm. The following sequence of operations is now
performed:

1. The elastic cross section *,(v3) is computed from eq. (B.1). We generate a random number h.
1t h< 0%, (8) 55, lastic scatteing occurs and the angle of scatering chosen according t0 cq. (B.4).
Then we branch to step 5.
16 5> 0%,(v3)/55 g0 o step 2 which examines the possibilty of inclastc scatering.

2. 1 5<2.015 both are nucleons (m, =0.938) but there is not enough energy to produce a A. We
branch to step 4.

1f m, and m, are both greater than 0.938 (both are A's), there is no possibility of inelastic scattering and
we bmnch to step
We now compute the inelastic cross section o™ ., (eq. (B.2)). If one of the colliding particles is a
nucleon and the other one is a A, we branch to step 3. Otherwise, we compare A with (o™, +
1)/55. Tt h is greater, then we branch to step 4. If & is less, then A production wil occur, One has to
choose the mass m,. Different prescriptions have been used. The simplest one is m, = 1.077+
0.75(v5 - 2.015) for 2.015 < v§ <2.2203; my = 1231 for v3>2.2203 [23). Cugnon [16] has used

Vi-My

j f(M)aM/f fM'ydm’

My M, My,
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Problem of the Bertsch prescription

Bertsch prescription (nonrelativistic version)

Two nucleons may collide
@ when the relative distance is minimum during a time step, 2|r-v| < V2AL,
@ and when the minimum distance is r2 — (r-v)2/v2 < o/,

where r and v are the relative coordinate and velocity, respectively, at the current time .

Then the same pair of two particles can collide more than once, as in the second example.

@- @ By the collision, the momenta are changed from the blue to the red

_@ arrows. After the collision, the particles are moving away from each
other (r-v> 0), so they will not collide again.

@_ @ After the collision (red arrows), the particles are again approaching
to each other (r-v < 0) and the distance is |r| < vo/x, so they will

@ collide again at a later time.

Several collisions occur spuriously when two nucleons come into the scattering distance. )
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Box simulations

What is the origin of the divergence of the number of NN collisions?
@ Due to the difference of the realized states, and/or

@ Due to the difference of the procedure for NN collisions.

= Let’s do Box Simulations.

We still had large divergence. (~ 30%)

= Many codes fixed an issue of the
Bertsch prescription.

= Much better agreement! (a few %)

Next (1) Pauli blocking

@ Simple initialization (7 =0 Fermi) Next (2) with mean field

JIILEERRICE Next (3) 7 and A in the box

@ oy =40 mb

@ Turn off Pauli blocking
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Summary

@ Clusters and pions are produced from the same collisions
at several hundred MeV/nucleon.

@ AMD with clusters
o Combining JAM with AMD to predict pions.
@ If the cluster correlation is strong, ...

e Strong influence on the symmetry-energy observables such
as the n/p ratio and the n~/n* ratio (c.f. Ikeno’s talk).

o The expansion dynamics is simple so that some information
at an early time may be directly seen in the final observables.

@ Transport code comparison is going on.
o Very recent progresses in box simulations.
@ TODO:

o Threshold in medium for A production
@ Box pion simulation by JAM
o Condition for cluster correlations in medium
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