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ITransport equation for heavy-ion collisions

 Transport equation for one-body distribution function f(r, p, t)

BUU eq. (@a=n, p, A, A%, A%, A™, i, 0, i)
8fa n afa afa 650, 8fa, . Icoll
ot op Or or dp °

| J

1 !
Mean-field propagation term  Collision term /<!l includes potential U,
g, includes potentials U, (NN <> NN, NN <> NA, A > Nr)

- Threshold effect (conservation of energy and momentum)

A few codes: Ferini et al., NPA 762 (2005): M. Cozma, PLB 753, 166 (2016):

. . . . T. Song and C. M. Ko, PRC 91, 014901 (2015): Z. Zhang and C. M. Ko., PRC
Fully incorporation is still 97, 014610 (2018)

a challenging problem - Cross sections

A.B. Larionov and U. Mosel, NPA728, 135 (2003)
Y. Cui, Y. X. Zhang and Z. X. Li, PRC98, 054605 (2018)

we rigorously calculate the collision terms of NN <> NA and A <> Nx processes

with the precise conservation of energy and momentum under the potentials
(Both threshold effect and cross section in collision term) 5 I



ITransport equation for heavy-ion collisions

 Transport equation for one-body distribution function f(r, p, t)
BUU eq. (@a=n, p, A, A%, A*, A, =, 10, )
8fa n Ocq . 8fa _ Ocq . 8fa, :ICOH
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1 !
Mean-field propagation term  Collision term /<!l includes potential U,
g, includes potentials U, (NN <> NN, NN <> NA, A > Nr)

- Threshold effect (conservation of energy and momentum)

- Cross sections

Pion production in HIC

A, " production Attt production
nn — pA~ pp = nATT
AT s nr™ ATT p7r+

Effect of different momentum of U, and U, in the high-momentum region seems
to be important on the A and pion production at E/A=300 MeV 3 I



I Pion production at SnRIT experiment

. . | 132G 4 124G, - Y(n)/Y (11',+) +
» Charged pion ratio n-/n*: 6 S B i
Proposed to be sensitive to symmetry energy ~ | Data j %
at high density B. A. Li, PRL 88 (2002) 192701 B 2 s S B — 3
;4_ Sn+“Sn /,/‘ —— 1P
ll:’ /’/ % 2 = 1 =
« SnRIT experiment @RIBF S ye” 2524814
J. Estee et al. [SRIT], PRL26 (2021) 162701 2* I 945 % !
Slope of the symmetry energy is reported to ,ﬁ’ ..................... <35 .
be 42 <L < 117 MeV with dcQMD(TuQMD) TR TR T T t
N/Z

» Transport model evaluation project (TMEP): G.Jhang et al. [SzRIT, TMEP], PLB 813(2021)136016
v" Most results do not agree with the data of n-/n*
v' The band for each model: Different L effect
v" Our previous model (AMD+JAM) had similar results to others
<= Potentials were not taken into account in the collision term (NN <> NA, A < Nr)

In our study:

v Improve the AMD+sJAM model to properly take into account such potentials
consistently

v" See the effect of momentum dependence of the neutron and proton potentials
on the pion production A I



I Momentum dependence of the nucleon potentials

I I
150 - —— rel /4 * Skyrme interaction (SLy4, m’/m=0.70)
—— Amg = o(Skyrme) / (not used)
-=== Apg=5.0fm™* / U(r,p) = A(r)p® — 2B(r) - p+ C(r)
100 o Hama ,-" . P) = P p ,
> Empirical optical potential: 7/ U(p) at p>500 MeV/c is important for the A,
g 50 - S- Hama, et al.PRC41(1990)2737 4 © productions
Q => p? dependence needs modification
> 0 in the high-momentum region
=30F _ 1 ¢ Ag=50fm"':Usedin AMD
P=pPo (Pn= pp) p?
' ' ' ' ' ' Ulr,p) =Ar) ————= + C(r
0 200 400 600 800 1000 (rop) = Al )1+P2/A?nd ( )'th B(r) = 0
Wi )=

p [MeV/c]

- rel (relativistic form): Used in sJAM with ¥ = (£°, 20, %)

m" =mpy +2°,

Ulr,p) = /x-S + (p— B + 50 — \fmd, +p? S ey
pr=p-X%

Parametrization from Skyrme interaction: equivalent up to O(p?) 52
m* = (my' +24)7Y T =m* —my, X =2m"B, 2020—23—2 :
m*

J |



I Nucleon and A potentials
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Nucleon potential

SLy4:L108 (Stiff), SLy4 (Soft), SkM*

in the relativistic form

Nuclear matter properties for
the effective interactions of
Skyrme SLy4, SLy4:L108, and SkM*

SLyd  SLy4L108 SkM*
oo [fm™3] 0.160 0.160 0.160
E/A [MeV] —15.97 —15.97 —15.77
K [MeV] 230 230 217
m*/mpy 0.70 0.70 0.79
So [MeV] 32.0 32.0 30.0
L [MeV] 46 108 46
Ai?lfw/(iiiN 0) —-0.18 —-0.18 +0.33
inn-rich — m, <my, my; <m, my>my




I Nucleon and A potentials
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Nucleon potential
SLy4:L108 (Stiff), SLy4 (Soft), SkM*

in the relativistic form

A potentials: Zx = (Z}.23.Za)
Consist of isoscalar and isovector part

3
pa- = s+ 521\-
1
ZAO = 2+ 521\,—
|
Zpr = Zis— Eziv
3
Ypr = X — Ezi\f

isoscalar part: isovector part:

! | : A
S o= (%S S Yarras . Y . .
Z“15 7 (Z" + Z;‘?)M‘M ’ E‘i‘v = ?(E; - E:;)SkM*a
1 o T
EF], = —(Z[)+Z[J)SkMrr +O‘A— +(1’A—, A
" 2+ " P ? po "1 Eﬂ = % (Efi - E(;;)Skm*,
J
PO

based on the nucleon potential in the SkM*
parametrization

A A

-

Free parameters: « )7y

A
pr @

No Pion potential




— nn->ph-
o o 8fa ds,, 8fa ds,, 8f 1l —— nn-nA°
+ . — Igo np - pA°
. . —
» Formulation of NN—NA under potentials @ T=0,6=02 — pemnd
. {15—15 MeV a2 =15 MeV, rﬂ =60 MeV
N(1) + N(2) = N(3) + A(4) reaction: p=016fm> | _—]p=032fm>
= SLy4:L108 / SLy4:L108
| |}: _o Lo lout A(my)dmy A€ S of
do = finfout e , - 3
s [pi]jn 2 4 |
=
5

- Phase space factor finfouelp*tlout/[P*i]in:
Depends on the potential (=5, 2,0, £,) of the initial and final
state particles

o — \/ (8500 — (5 + m3)?][s500 — (g —m3)?]

45011‘5

10

o(NN — AN) [mb]

— E* E* 2 _ *
sow = (B3 + B5)° — (p5 + pi)° Energy and momentum
= (B +E;+ 20+ %) — %8 —%Y)?  conservation 0

2 _
—(p] +ps+ 21+ 3 — 35— Xy) E
— 10
- A spectral function A(m): 3
4m>T (m) d 5+
A(m) = — 5 5 =
(m=— M“}z + m2Ta(m)?

_ e.g. A.B. Larionov and U. Mosel, 20 21 2.2 20 21 2.2
La(m)=T “) o Z Faowa(m)  (bA728, 135 (2003). V3 [GeV] V3 [GeV]
Decay width evaluated with [p*], in the A= Nz « Potential effect on the cross section

Myl Tow\® P24 A2  Different channels for A production
Tasna(ma) = Cane fout ——0 ([pf] t) 502 7 P
ma Po [pf]out + A




— nn->ph-
. 8fa ds,, 8fa ds,, 8f coll —— nn-=nA°
CO”ISIOn term + ) - Ia np - pA°
I ot Jdp Or or Op  nponat
— pp-ph*
e Formulation of NN—=NA under potentials (b)  Teors =60 MeV, 6=0.2 — Pp=nA
. ad=15MeV, at=15MeV, [, =60MeV
N(1) + N(2) = N(3) + A(4) reaction: 0=0.16 fm' | p=032m='
= SLy4:L108 | stLya:L108
IMI3 [PF Jout A(myg)dmy dS2§ E wof |
do = f fuut E?{J ; ( J 3
785 [pilin 2r 4r 1
®

- Phase space factor finfouelp*tlout/[P*i]in:
Depends on the potential (=5, 2,0, £,) of the initial and final
state particles

o — \/ (8500 — (5 + m3)?][s500 — (g —m3)?]

45011‘5

10 -

a(NN — AN) [mb]

— E* E* 2 _ *
sow = (B3 + B5)° — (p5 + pi)° Energy and momentum
= (B +E;+ 20+ %) — %8 —%Y)?  conservation 0

2 -
—(p1 +p5 + X1+ Xy — X3 - Xy) E
— 10 +
- A spectral function A(m): 3
4m>T (m) 1 s L
A(m) = — 5 5 3
(m=— M“}z + m2Ta(m)?
. -
_ e.g. A.B. Larionov and U. Mosel, 20 21 22 20 21 2.2
La(m) = RP o Z Faowa(m)  (bA728, 135 (2003). V3 [Gev] V3 [GeV]
Decay width evaluated with [p*],.: in the A— Nz  Potential effect on the cross section
MoI' Jou \© pE+ A2 * Different channels for A production
FA%NW(mA) - CANﬂ”fout 0°0 ([pf] t) 502 2 p
ma Po [pf]out +A




IAI\/ID+sJAI\/I transport model

- y -

) )

(F1:P1):, (P P5)s e s (P2, Pp) NN < NA
D pmp(t) > A o NI
eg. SLy4 Information on Potentials SN 52
mdcorr50 ’
(F1,P4), (F5, P3), e (Fas Pp)
Information on Potentials
t t

* Inthe (N, A, n) system, sJAM works identically to JAM if £ =0

« The NN <> NA, A < Nr processes are calculated in sJAM under the potentials (25, 29, X))
with a precise treatment of energy conservation

» Potential dependence on cross section is also considered in a natural way

Potential information is sent from AMD to sJAM together with the nucleon information
(test particle) at every time step of 1 fm/c I
10



I Effect of nucleon potential on pion production

SLy4:L108 (Stiff) m},<m?) SlLy4 (Soft) SkM* (m}, > m}) J. Estee et al. [S®RIT],
— L B R A T T T PRL26,162701(2021).
10* Data: SxRIT, Cal: dcQMD
132y + 1245, F/A = 270 MeV
. 109
. 2 1
10" ‘g
(s 4
s [ I
| | | | 1 | | ) L(MeV) Am,
0 50 100 150 200 250 300 350 400 10} — g0 033 Soft
3 10_2 E T T T T T T T 3 --= 60 0“6
_ 1 TE e
I -""-. T 1 0 100 200 300 400
— 107 E pr (MeV/c)
= | 10| 13ZSn+'|24Sn
g E/A=270 MeV
= -5
al: % Impact parameter:
) i ' O0< b <3 fm
10” ™50 100 150 200 250 300 350 400 10° —L—L L L L1 10" oo 160 150 200 250 300 3
0 50 100 150 200 250 300 350 400 = © 50 100 150 200 250 300 350 400
pr [MeVic] pr [MeVic] pr [MeVic]

v Sly4 vs. SLy4:L108: Relatively small dependence of symmetry energy (L) on pion production
v' Sly4 vs. SkM*: Momentum dependence of U, and U,, has a strong effect on pion production I
11



I From nucleons to pion ratios

Representative ratios:

Ratio

8.0 N . B
7.0 - SLyd, yp=1 =om=- (5)2 _ foOON(t)zdt A7 Jy (o pAT)dE
6.0 - SLy4, ya=3 o | 20 [y 2@ AT (e = AT )dE

' SLy4:L108, yp=1 === N(t), Z(t) : Numbers of nucleon
207 SLy4:L108,yy=3 ~B-7 which satisfy the conditions

SkM*, yp=1 =i
4.0~ SkM*, yp=3 -7
n » Without consideration of potential effects

30+ B N. lkeno, A. Ono, Y. Nara, A. Ohnishi,

' PRCI3 (2016) 044612; PRCI7(2018) 069902(E)

L 1(Ny2 35
2.5 (7)Sys
2.0 r - 3
(N/ZP et
25| 1 system
15+ 132G+ 1245 :
E/A=270 MeV T 2| (N/Zy ~ ~  wim ]
in high-density and

1.0 | \ | | | 5 high-momentum region

" (N/2) L (N/Z)5s A~/A** n/m*t no/mn?t _

" p> 180 pr>0 pr>200 | i g

NZP,  NZR, At (e

v L dependence (SLy4 vs SLy4:L108) in N/Z is inverted in the A production.
v' Effect of the symmetry energy L (SLy4 vs SLy4:L108) : Relatively small on pion production

v’ Effect of the momentum dependence of U, and U, (SLy4 vs SkM*): Strong
v’ n/n* carries strong information on the momentum-dependence of U, and U, 12 I



ISummary

*  We use the AMD+sJAM transport model, modified to correctly incorporate the
nucleon and A resonance potentials in the collision processes of NN <> NA, A<> Nnt

« The momentum dependence of the nucleon potential has a very strong influence
on the NN <> NA process (SLy4 vs. SkM*)

T T T
70 SLy4, ya=1 ==
:‘

Slyd, ya=3 -o-
« Charged pion ratios also strongly reflect information on s, e
the momentum dependence of nucleon potentials

SLy4:L108, yy=3 8-
SKM¥, yp=1 ==
SkM#, yp=3 - ]

* As the high-density symmetry energy effect, 20] 4

L-dependence in the N/Z ratio is reversed for A production 15}
(SLy4 vs. SLy4:L108)

1.0 1 1 1 1
(NIZ)Zs g, (NIZ)2sp, A7IAYT ot mom*
p>480 pr>0 pr>200

Conclusion and Question:
- Pion ratios are more sensitive to the momentum dependence of Un and Up than
to the effect of the high-density symmetry energy.

--> Seems hard to determine the high-density symmetry energy from only pion
observable.

- Need to check other ingredients like pion potentials (on going)

- Better observables and ways to determine the symmetry energy?
Pion + nucleon fragments + ... 13 I







I Delta potential (isoscalar and isovector)

- Effects of the isovector part of U,

a® =15 MeV, a2 =15 MeV, I'2 = 60 MeV

7.0r- L ¥a= 1 ==
‘e _ (s 50 I V=3
« A potentials: Za = (2.2}, Z4) 6.0 =1 ——
Consist of isoscalar and isovector part 201 ';’ﬁfi _g_
YA =
3 4.0+ =3 o
XA = Ei:\‘l‘zziv Ya=3 %
| 2 30 §
EAO = El +§Zl\ 2 2.5_ i
1
Zar = Zis— 52y 2.0 1
3
Zaw = Zis — 52y 15+ |
isoscalar part: isovector part: 1ol | | | |
. A (NIZ)sp, (NIZ)3sp, A7 /AT m /" jm
Eis = E(Z +Z )&.kM’h ¥yo= y_(z* —E";)Skm*s prbe p>£f88 pr>0 pr>200
| p T
50 = S50+ S ) +ad 2 4 ad .
s T AR w = - copid | =1
Y 2 olid line y, =
P - Dashed liney, = 3
based on the nucleon potential in the SkM*
parametrization A A YA:1 = ZA_ - ZA++ = Zn - Zp
Free parameters: o', ar,y YA=3 = Zpo " Zpay = g - Zp

as that of the nuclear symmetry energy (SLy4 vs SLy4 L1 08)

)

2
sys

15.



Delta potential (isoscalar and isovector)

« Effects of the isoscalar part of U, and spreading width I'
: | WA :
e A potent|a|5: Ya = (25, Eg,ZA) (_y?‘ = 0, QTA = () lsp = 0. (No repulsive terms)
Consist of isoscalar and isovector part 8.0 ' | —
- = Y+ =Ly - y4,ya=3 o |
Za- = ZisH S 6.0 SLy4:L108, yy= 1 ==
1 5.0 SLy4:L108, yy=3 ~E-
Zpo = Z t+ 521\; SkM*, yp=1 =i
I 40r SKM*, yp=3 47
Ta+r = Zis — Eziv o Lol |
Sae = Ty o3, s
AT = Lis T E iv £ 25+ _(g]gys
. : 20 1
isoscalar part: isovector part:
5 l 5 5 A _ T
Eo= Bt Bl %= Lo -Seee,
0 _ l 0, v0y. . AP AT A
s = 2(2n+2p)5km-r+f1’p Po Ty z = y—(zﬁ _Z?,)SkM’h 10— : : ' ‘
N c 3 (NIZ)%s p, (NIZ)2spy AIA%F m=[m* m=/m*
Eis = (ypp—u, El\; = 0. P>480 pT::-O pT>200
. . o Solid line y, =1
« spreading width ' Ta(m) :F.\%+Zrawﬁ(m) Dashed line y, = 3
A spectral function A(m): ., 4m>Ta (m)
(m? — ﬂ/;-'g}z +m2Ca(m)?
v Results are similar qualitatively
v’ Effect of the symmetry energy (SLy4 vs SLy4:L108) is now stronger
v

Effect of the difference in the momentum dependence of U, and U, (SLy4 vs SkM*)
is always the most significant

16.



I Delta potential (isoscalar and isovector)

o:pA =15 MeV, o~

m/int

dNIdpr [(MeVic)™]

Effects of the isoscalar part of U, and spreading width '

-3

=
=]

=
o|
o=

=
o
w

10°®

0

50

100 150 200 250 300 350 400
pr [MeVic]

=15 MeV, I'y, = 60 MeV

o:pA =15 MeV, a2 = 15 MeV, F;?fﬂ =0.

dNIdpr [(MeVic)™]

10°

[y
(=]

50

100 150 200 250 300 350 400

0

50

100 150 200 250 300 350 400
pr [MeVic]

n-/nt ratio of the spectra is not affected much
Low momentum region of the spectra is significantly affected by I

Pion yield is overestimated due to the lack of the repulsive terms in U,

dN/dpy [(MeVic)™

[No repulsive terms]

50 100 150 200 250 300 350 400

50 100 150 200 250 300 350 400
pr [MeVic]

17.



I How to understand the effects in Nucleon dynamics
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n
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High density region
(N/Z)?

2 /

(@ plr =z py

0 10
time [fm/c]

20
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8.0
7.0

6.0
5.0

4.0

3.0
25

Ratio

2.0

15

1.0

- SLyd, yp=1 =

B SLyd, yp=3 -9~ |

SLy4:L108, yp=1 ==

- SLy4:L108, yp=3 ~5--

SKM*, yp=1 =

- SkM*, yp=3 &

! ! ! ! |

NIZ)2. ) (N1z)3, A /A no/nt onmoimnt

Representative ratios: (ﬁ)

p> 480 pr>0 pr>200

Z

2 [ N(t)2dt
I NVAGEE

o

2
Z )sys

N(t), Z(t) : Numbers of nucleon which satisfy the conditions

From Ratio’s Fig, we can see
« Effect of the symmetry energy L (SLy4 vs SLy4:L108)

- AL SLy4:L108

* Effect of the momentum dependence of U, and U, (SLy4 vs SkM*)

=> There is clearly the effect of the symmetry energy L between SLy4 and

18.



I How to understand the effects in Nucleon dynamics
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L
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region (N/Z)?

SLy4:L108

(0)p(r) 2 p g, I - Pragl 2 480 MeVic

10
time [fm/c]

20

30

Ratio

8.0
7.0

6.0
5.0

4.0

3.0
25

2.0

15

1.0

K

SLyd, yp=1 =
SLyd, yp=3 -9~ |
SLy4:L108, yp=1 memem
SLy4:L108, yp=3 -8
SkM¥*, yp=1 =G
SkM*, yp=3 -]

(NIZ)5s o) (NIZ)3s,
p>480

A7/A++

n/nt n/nt
pr>0 pr>200

In the high p and p region, (N/Z)? of SkM* drastically increases

because U, has weaker momentum dependence than that in SLy4
(m",(SkM*) > m" (SLy4) )

Bl

N

2
Z )sys

19.



I How to understand the effects in De
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—t—t—+—+—
n
- b SkM*

p=0.32 01 B
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p [MeV/c]

(Nn—pA”) i
/(pp—nA™) 6.0
| ' 5.0
SLy4:L108 4.0
2 30

Y ©
€ 25
SkM*, o 2.0
15

Slys ——
Sméﬂcéﬁ — 1.0
0 10 20 30
time [fm/c]

ta and pion

SLyd, yp=1 ==

SLyd, ya=3 -&- |
SLy4:L108, yp=1 ===
SLy4:L108, yp=3 -&-7

SKM*, yp =1 =6=
SKM*, yp=3 -

(NIZ)35p, (NIZ)3
p>480

A-/A+

n/nt n/nt
pr>0 pr>200

In the A production, A~/A** in SLy4:L108 increases drastically.

L dependence (SLy4 vs SLy4:L108) in N/Z is inverted in the A

production.

N

w2,

nn—pA- is favored, due to the momentum dependence of U, and U,,.

20.




I How to understand the effects in Delta and pion

Uy U : 8.0
| | NlI AI | | (nn—>pA ) 7oL SLyd, yp=1 ——1
/(pp—nA™Y) 6.0 - SLy4, ya=3 &~ _

i ] , : ' 41108, yp=1 ==
0 5.0 - 41108, yy=3 ~&- -
- SkM*, yp=1 ==
R B 18 SLy41108 407 KM, Y =3 -7
) / g 32 Ny2

. + 4 : i D E (N
ot SLyAL108] 4 | N g 4 @iy

‘ p p=0.32fm>3 < 2.0 .

—-100] | | | | | |

I I I I I I
15+ i
100 2

>
s 0 SlysLils — 10! ! ! ! !
2 g0 20 30 N2, (W24 &8 T
- > >
2 0 time [fm/c] p> 48 pr=n b
2

—30

~100 » Then n/n* seems to reflect to A/A+*
_ e  Effect of the symmetry energy L (SLy4 vs SLy4:L108) :
g 50| Relatively small on pion production
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I Interactions: SLy4, SLy4:L108, SkM*

* Energy density:
Eint (1) = Z{[’r;[jjf)u("”)ﬂﬁ (r) + Ugspa(r)ps(r)[p(e)]" + UL s7a(r)ps(r) + U 5V,u.:.(r‘)Vp5(? )}
la'ye]
» N dp 1 . [ dp [p—p(r)?
DenS|t|eS. pa(T) _ f (Q?Th}g fﬂ(? '.'p): Tﬂ(?) T / (2Wh)3l+ [p ( )] /Alzndfct(r'!p):
with p(r) = =53 I apla(r.p).
The coefficients are related to
the Skyrme parameters In the case of cut-off parameter Amd = 00,
Ulo, = {&.3@%(1 +20P,)|af — Ba), interaction is equivalent to the Skyrme type
2 interaction

Uctfﬁ = {cx;3|%t3(1 + z3P,)|af — Pa),

v;; = to(1 + 20 Py)o(r)

1 + 3t (1 + 21 P,)[6(r)k* + k?6(r)]
+ (a{,3|1t2(1 + 29 P,) |af + Ba), +to(1+ 22 Py)k - 3(r)k

US, = (0Bl gt (1 + 1 P,)|of — fa) + ta(1+ 23 Py) [p(r:)]78(r)

1
Up = (aBl7t1(1 +1Py)|af — fa)

1
— (af_,S|Et2(1 + 29 FP,) |af + Ba),

the spin—isospin label o (or 3) = p T,p L,n T and n |



I Interactions: SLy4, SLy4:L108, SkM*  :
* Momentum-dependent potential (in AMD):

. ) _ )2 g
J 0 1

+ Cylr).
T IP P{? ]]Ef Aa (r)
with A, (r) = Ulsps(r)
'|3

Slyd yy=3 & |
SLy4:L108, yp=1 ===

Cutr) = L {2000(0) + Wos N+ 02500) -G T n)} + (3 U o) e

g o B

Relativistic version (in sJAM):
Nucleon single-particle energy E,(r,p) = /(my +25(7))2 + (p — Za(7))2 + 20 (7).

Parametrization from Skyrme interaction: equivalent up to O(p?):
2
P 0 c.f. Zhen Zhang and Che Ming
2mn +Aa(p = D)’ + Ca+my = /(my +35)> + (p— Xa)> + T Ko, PRC 98 (2018) 054614.
Yo =m, —my with the nucleon effective mass m) = (my' +2A4,)~"
Yo =4Aamyp=2m* Z Uy
dp i
Jo(r) = | ——pfu(r.
50 = G — B4 + Au® — Sms A2 = C, — T — 2 )= [ Gt
@ ' aP 2m} dp
(1) = ——p” fo(r.p).
(27h)3

Ura(p) = /(my +25)2 +p2 + 3° — \/m &+ 2

23.



I Cross section NN—=NA under potentials

o(NN - AN) [mb] o(NN = AN) [mb]

o(NN = AN) [mb]

(a) T 0, 6=02 (b) T30|tz =60 MeV, 6§=0.2
=15 MeV a =15 MeV, r"—‘ =60 MeV =15 MeV 0.' =15 MeV, I""" =60 IVIeV
T T T T

p= 016fm-3 1 =032 fm= o= 016fm3 p=032fm> nn—ph-
SLy4:L108 1 SLy4:0L108 SLy4:L108 SLy4:L108 nn = nA°

10 np = ph°
np - nAt

pp = pA*
< pp = nA**
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I Cross section NN—=NA under potentials

100
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10-1
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10! 3

ct —15IV'IeV a’ —15IV'IeV Fﬂ—GOMeV
T
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