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RF#¥E (Nuclear Matter) %

OV—OVHZEHRLT, ZRIOADHHEI < EED#
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O fFAF0ME

O p,=0.16 nucleon - fm-3
OE/A ~ -16 MeV
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IXBE A2 X Equation of State (EoS)%

O EoS : the pressure (P) in nuclear matter is
expressed as the function of density(p),
temperature(T), and asymmetric

parameter(s) entropy/ nucleon

S

. neutron, proton density

s

O EoS at zero temperature (for neutron
stars)

0:1sospin asymmetric parameter
o =(p, —/op)/(/on +P,)




EoS for asymmetric nuclear matter

s

O The energy per nucleon in the isospin asymmetric

nuclear matter
negligible

0

Asymmetric part ifée
Esym(p) : Symmetry Energy
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Symmetric part
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Eos and Neutron Star

dierent forms of

| B 537 Mev three-neutron interaction

— E =32 MeV
5y

m

ym = 30.5 MeV (AVE’) TOV(Tolman-Oppenheimer—Volkov) equati

dP [p(r) + P(N][M(r) + 4, r°P(r)]
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Symmetry Energy at supra-
saturation density

O High density behavior of symmetry
energy is not fixed.

O Probes

O n/p differential flow,n-p correlation flow,
n/nt, Z/ZF, KO/K+, etc

O We select n/nt ratio from heavy-ion collision
at intermediate energy (several hundred MeV/u)

density of overlap region ~ 2 p,

Nearby pion threshold — pion is created by decay of A particles




Pion production %

from heavy-ion collision x

O E,..m<1 GeV/u
O (XIX. decay of Aparticles

O A resonance model

717" =(BN2 +NZ) /(522 + NZ) ~ (N / Z)ker

O piant=farE/\M A i 1@FE TON/PLE Z B L
ERAIE LG > TLVS

N =



Theoretical Calculation % Xy

o
Ol
f : nucleon phase space distribution function

—fiFhamiltonian h(r,p)=p2/2M+u(r,p) ;ié&

f(Lp)ICHE>THMI TR MFZEHEOIT TR FEHREZRLD
95, FHZOFICERY ANDESDEWVLNRIGIC Faﬂ%'d’ép,n"éd&
EL,. EREND/NAF VICEOSREEE N D

O x parameter : EOSOMEZZ AT IZ. RMIRILF—DEEKF]
ZERILSEDIAHEDEH,

O f#3ZEIE (Hil) =0129 % & Vlasov equation& % %,

Site

O IBUU : isospin-dependent Boltzmann-Uehling-Uhlenbeck

O 0O



n-/n+ DIKTFEE

E—LIRIL>—IkFHE N/Zi&K 77 1%

Sofrer

0.6 0.8
(AGeV)

Eheam

Zhigang Xiao et al. arXiv:0808.0186v2[ncl-
th]19Jan2009

MDI interaction

(p) (MeV)
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JVILEE., ME/ N\ AV EREIC. M DELIIL

O ¥ 7ligxE,
XF—L VU TORIE
O Beam energy dependence using Si beam

0400, 600, 800 MeV/nucleon

O Mass asymmetric reaction : Si + In
(A=28,115)

O We can get the information of the rapidity of pion
source.

O Xe+In at 400MeV/nucleon
O N/Z dependence

O Xe7 4 ¥ b—7J+Csl at 400 MeV/nucleon *
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HIMAC : %

Heavy Ion Medical Accelerator in Chiba

Liniac

~ 7 MeV/u

lon Source

Max energy : 800 MeV/u %
VT M




Experimental Setup

Multiplicity
Array —
Target ~~—— Chamber
Vacuum (]
i

Beam

MultlpI|C|ty Array

Energy(AMeV)

400, 600, 800 | 400

« Target : In ~ 390 mg/cm?
* Typical Intensity : ~ 107 ppp
« Range Counter : 14 layers (+2) of Sci.

* measured angle (6,,,)
: 30, 45, 60, 75, 90, 120 degree

* solid angle : 10 msr
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Experimental Setup
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<lIn flight> | dE/dx is identical for both T+ and T ;

<After STOP >

- Create a pionic atom
and captured by a nucleus

(-1t decay to u*

- decay to various particles

+ ++
T — P+ v,

LT Unable to use the same
Energy ~ 4 MeV identification method as 1r*

Range ~ 1 mm

v

Tt : Double Hits in one counter

T, 1" by Simulation (Geant4)

<z identification step >
@ =* ID using Double Hit Condition
@ = =ID using
ZJE conditions of well defined *
@OQrn =n*-xn*




6 789 = 12

counter # 5
Histogram of 0 12 ﬁﬁ_ orop
Range Counter *—T 1] ] .
Example counter : #8 ~ g M
STOP #0~8 Hit #9~13 No Hit
CONDITION

60
40--

20

O > through [g0 80 100 120 °
E7 (MeV

120

100

80
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40

20

counter #8 stop




Double Hit Condition

+

7l

N1

v
Double Hit
" and y*




- L - #8 stop events (black) & stop m+ (red)
n+ Identification R

Double Hits Detection
- multihit TDC

Counter #8 STOP Condition
+

#8 Double Hit Condition

A4

Fit the Histogram
“ond Hijt Time -1t Hit Time”
by Cexp(-t /1)

= 1=26.0F0.6 nsec

We could clearly select m+

80 100 120 140
TDC2-TDC1(ch)
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Double Hit
" and u*

stop n+ event
Select total pions using this delta E signals of selected pi+ *




n+(red) :STOP + E CUT + Double Hit Conditions
=+ (black) : STOP + JE CUT Conditions

LE cut from #0 to 7.in 1 D 3
*
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3 n=+ is not perfectly selected.

i The shapes between n* are somewhat different. ||
160" = There are some Background. .
1401 So, We rejected the Background on 2D /JE distribution
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Analysis Frame %

‘

%

O Target frame (lab frame)
O Projectile frame

V

o cmframe (C.M.S. of projectile and target)
O mid Rapidity frame (N-N frame) ¥,




@® 400 MeV

n-/n+ ratio at Lab frame | 600 MeV
A 800 MeV
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PT/m

X

400MeV/u

Solid
T_=150MeV Open 600MeV/u
e Open & Cross 800MeV/u
90deg e E—
e T
120deg ;,-’ Eﬂdeg -\_\-x
A VS - IONN | —
v \fx% . 20 T,.=100MeV
v » =0 @ 4bdeg
v -* O ® m o =
v/v&sé /,ﬂocgmﬂ -"“m
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nt/ n” ratio : Si + 1

10
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400 MeV

Fitting : C*X ¢

log scale Tr/T1*
log scale Tr°/1T*

—

@ 45deg
« 400 : (45+05)x 1071 | W K[
600 : (3.2+0.5)x 1071 | KA
800 : (2.0+0.5)x 101 | KOREIN

log scale TT°/1T*
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N/Z dependence : Si

Si +In 400 MeV

@ 45deg
l 60deg
V¥ 90deg
O 120deg
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O slope a
Si+ In: (4.5£0.5)x101
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and Xe beam %

Xe + In 400 MeV
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Rough Estimation : integrated-pi%
ratio

s

do Sum the data point
dEdJO. like this formx

= [sinado| de | dE

o, =[dQfdE

do
dEdJQO

~ 2723 7siN6AG S AE, 9=

do,

. =27 ) SINGAE,
74 =21 dEdQ

N
Q

N

Q

+

‘e 18 oeix buebiyz

estimate <N/Z>
Si+In:1.14
Xe+In :1.39
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Summary B

O Supra-saturation density ®Symmetry EnergylZ
HHIEEZMA L&, EA4F VERINHEET HAE
AUtz RITE L=,

O Pion ratio from Si+In of 400, 600, and 800 MeV/nucleon
Xe+In of 400 MeV/nucleon ;%f

O We show pion ratio as universal function.

O Pion production process is simple

O Pion ratio has beam energy and N/Z dependence and is

qualitatively consistent with Theoretical asumption. *
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