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Figure 1 (Color online) (a), (b) Spin-averaged, spin-singlet, and spin-triplet total cross sections for two nucleons as a function of the incident nucleon

velocity, here panel (a) shows the neutron-proton cross section, and panel (b) shows the neutron-neutron or proton-proton cross section. (c), (d) Polar

angular distribution of the spin-averaged, spin-singlet, and spin-triplet differential cross sections for two nucleons with the incident kinetic energy of

E =100 MeV, here panel (c) shows the neutron-proton differential cross section, and panel (d) shows the neutron-neutron or proton-proton differential

cross section. Taken from ref. [42] with modifications.

122003-5



IR, PERE MBS 15 ROCE

20254E HS5%F H12 M

M HAE 27 B B E e ] LRI A

e 0
€72 Cos 3
=\ ., ] (620
e? sin3
SE SCHIRZ 100 B e B T e A 1 B K
e cos %‘ cos %2
~o cos %‘ sin 9—22
Y= 00| (52)

in % cos &
e 2 s ) Ccos >
i(p) +92)

in % sin 2
e 7 sinzsing

I, WA B e ) A E e ) B 2H A T BAGy Al
L3

1 0 0 0

0 1 0 0
M= [ Mb={ iD= |- L=

0 0 1 0

0 0 0 1

PIAZ TR BRI B e 55 A0 B e = EL S w) A2y 7 S A

0
L
X00 = Vf , (53)
Vv
0
1 0 0
1
X1 = 0 , X10 = V2 s X1 = 0 , (54)
0 v% 0
0 0 1

EAT R — A% A

[<xo0 | ‘P>|2 +|Oena | ‘1’>|2 + (o | lI’>|2 +|Ovit | lI’>|2
=1.

BIRCL BB AR AT B B e s, BT LU #:
AABR R IFAE BT AR AR 2 B R U SO Ao, XA AT
PR3 B e AR =TT ) b R, S e B
&

FEA G T B T, M RRIL A% T A 5
HAE R, D) (T)s *HetZ B4 73 5l 1 R 1

HIBRRE 9 bR E A ik 14951
o
fo = 8gpexp (——2 - P,Z,O'ZJ, (55)
%p
2.2
P+ A
frue = 8°87/3He €XP {— 2 - (Pﬁ + P%) O—%'PHC]’
T/*He
(56)
N q:|’
p=—(r = 12), By = —=(p1 - p)
= —F=\r —nrn), = —= - P2)
V2 v

A= %("1 +ry=2r3), pa= %(Fl +p2—2p3)
NH 5% AR AR AR B &, op = 2.26 fm,
or = 1.59 fm, osye = 1.76 fmN 8L K& 44 0R B 1) o5 15
S0, I AR A 0 3 7 R R A e AR PR e, TR DL
ARG T, B he-F A% R 7 IUE
HNegp = 3/4Mgrppe = 1/4. 16 QA% T EHIEH)
TEOLT, AT AT AR R B RS B S F 7. i
& e N TR T, 400 A T4 B e = LA,
X NI GE TR TN

eo = | 1B + [Gero 1O+ [Gria 1
=1 —|(xoo | ‘P)|2
=% [3 + cos 8 cos O, + sin 8 sin 6, cos (1 — ¢2)],

(57)

o)) 12y 70 0l A% 1(2) E Jie 3 B8 B 1) ) Bl AL
SRR . B VEAL, 0, — L STRK I P2 4500 L FG s
B38| 1B [Oco 1O [Oomn 1B itk
FE e HE 91 o 00 o 90 1 LA 5 £

2
3 [0 1'P))|
- 2
1= (oo |'P))|
1 —cos 6 cos b + sin b sin 6 cos (g1 — ¢2)
"3+ cos ) cos b, + sin 6y sin 6, cos (o1 —2)

7E LA (B 70 Hp 100 A X 18 B B FRE SRR &S R A
T Hpo ol 551 /300 FE BT 2 5 oK 1 46 B8 114 B el
R REE 2 — BT R AR, AT SO0 i 2
7, Z(58)H )sin 6, sin 6, cos (¢ — @) A& — N/ NPIE
1E. SR He % A2 H BN 1/2 AT, o E e AR AL

£0,0

(58)

122003-6



IR, PERE MBS 15 ROCE

20254E HS5%F H12 M

X AR R BROBT R E , EO AR R BB T B e B
&, MG

2
grpme = [(voo | P
1
=1 [1 = cos @ cos 8, —sin 0 sin B, cos (1 — ¢2)].

(59)

3 FR5HE

AT ORI T H K I FIBU U B 45 R 15 31 1)
FREBPERERNLE B JEF LUAE OB 9T 475354 5 it ik
J% R AH SR B E HH BB RO B TR R N B
WO AETE A, AT BT R R 1) 32 B N 2R G T Al
ZHH8 fm. R AL B A 1100 MeV ¥ Au+Aufilt
B 7EiZAE R N L TE HCR 110 fm/c, L il fi
A EAE FHAE ARG R, & 2 1 KAL) 20-30 fmy/c X
GE R B,

El2(a) 7R 1T O ST TH P A% T 20% B AN E e

(a) 20 plbo
t=10 fm/c t=30 fm/c t =50 fm/c t=70fm/c t =90 fm/c 1%8
i
0 060
045
g i
-20 )
< (10%m?)
) -~ 1 - 8.0
0 -~ S Vs 4.0
A \ Y 00
. ~ - @ =40
20 80
-20 0 -20 0 20 0 -20 0 20 0 20

Eyear, = 100 AMeV, b = 8 fm

-1.0 -0I.5 010 0?5 1.0
yr/y:)eam

B2 (M2 R ) (a) AR 20 B B2F T (-0~ ) _E A%
T LA L oA A0 B e By oy By A, (b) B Tyr
161 (2 LT SR 7 17]) AR AL I 2 AL DR 70 A B 18
A SRR [46]

Figure 2 (Color online) (a) Distributions of the reduced nucleon num-
ber density and the y-component spin density in the reaction plane (x-0-z
plane). (b) Reduced-rapidity distribution of the spin polarization of free
nucleons in y direction (perpendicular to the reaction plane). Taken from
ref. [46] with modifications.
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Figure 3 (a) Reduced-rapidity distribution of the spin polarization of
free nucleons in y direction in Au+Au collisions at different beam ener-
gies but a fixed impact parameter of 8 fm. (b) Reduced-rapidity distri-
bution of the spin polarization of free nucleons in y direction in Au+Au
collisions at different impact parameters but a fixed beam energy of 100
MeV. Taken from ref. [46] with modifications.
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Figure 4 (Color online) (a) Distributions of the reduced nucleon num-
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sity in the transverse plane (x-o-y plane). (b), (c) Azimuthal angular dis-
tribution of the spin polarization in y direction (b) and z direction (c) for
free nucleons with different transverse momenta py. Taken from ref. [46]
with modifications.
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Study spin dynamics in intermediate-energy heavy-ion collisions
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The article has reviewed our studies on the spin dynamics in intermediate-energy heavy-ion collisions based on the spin-
dependent Boltzmann transport model. Starting from the spin-dependent Boltzmann equation, the spin-dependent equa-
tions of motion for nucleons have been obtained by the test-particle method, and the spin-dependent nucleon-nucleon
scatterings have been incorporated. Due to the nuclear spin-orbit interaction, nucleons with different spins have different
dynamics in intermediate-energy heavy-ion collisions. We have observed both the global spin polarization perpendicular
to the reaction plane and the local spin polarization along the beam direction, as well as the considerable difference in
the transverse flows and elliptic flows of nucleons at different spin states. Furthermore, the spin-dependent coalescence
model has been developed, and the yields and collective flows of light nuclei at different spin states have been discussed.
Non-negligible effect of the spin-orbit interaction on spin-averaged observables, such as the spin-averaged transverse flow,
has also been observed. The study in this article can be helpful for understanding the dynamics of intermediate-energy
heavy-ion collisions from a new point of view, and may provide important references and predictions for related experi-
ments.
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