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Nuclear Equation of State

E(p,6) =E(p,0)+E,,(p)5" +0(5*)
6 =(pPn—Pu)lpP

Esym (p) — Es,ym (po) + L6'+

I g2 +0(e%)

e=(p—py)!3p,

So = Eyn(0y)= J ;sometimes

L =3p,

é =(3/ p,)P,

P=Po

E/A (MeV)
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Influence of symmetry pressure;
Possible Probe
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Proton-neutron ratio
Light ion ratio (t-3He)

Particle flow of pions, protons,

neutrons and light ions e 9



Main mechanism of pion production

Inelastic cross sections
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Following Three Slides are from
Y.Leifels’ presentation at ICNT2013

@ pion production most dominant channel
threshold energy in fixed target pp
collisions 0.29 GeV

@ pp and np cross sections differ

@ production via resonances (A, N¥)

@ pion production sensitive to N/Z

@ in case predominantly via A

m _5N*+NZ NI

" 572 +NZ |Z

@ pion recreation cycle

NN—=NN NN—-NA
NA—-NN A->NT

NTt—A
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Experimental Setup at RIBF

Equipment

o TPC - measures:
T, n, p,d,t, 3He, 4He,
IMF’s
The SAMURAI chamber
1s at air

e Trigger scint. array:

selects central collisions
and suppresses
peripheral collisions.

» NEBULA:

provides neutron
information

NEBULA

NeuLAND
L (Neutron
YIs). :Detectors) ..i-

-
i .l
)

Beam Tracker
scintillato/

target

trigger
array

Masure differential flow and
Time Proj. yield ratios for (n* & rv’), (p & n),
Chamber (3H & 3He) in Heavy Rl Collisions
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Status Summary
We started signal test using cosmic ray.

We will be ready to measure pion and light fragment
flow from 32Sn+24Sn, 24Sn+"2Sn, >Sn+24Sn, and
1085n+128n collisions at 300 MeV/u using the TPCs at
RIKEN RIBF to constraint the symmetry energy above
saturation densities by autumn of 2015.

Primary | Beam |Target |E... ./A |§,, |Goal Days
Probe maximum &
Probe intermed. 6

Probe minimum 0o

Probe intermed. &
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Big Problem on Theoretical Prediction

Ferini NLpd
Ferini NL
IQMD

Xiao x=1
Xiao x=0
Feng hard
Feng linear

Ferini NL
Ferini NLpd
IQMD

Xiao x=1
Xiao x=0
Feng hard
Feng linear

Z. Xiao et al., PRL 102 (2009) 625

J. Xie et al., PLB 718 (2013) 1510

J. Xu et al., PRC 87 (2013) 067601

G. Ferini et al., PRL 97 (2006) 202301

Z.Q.Feng and G.-M. Jin, PLB 683 (2010) 140
J.Hong, P. Danielewicz, PRC 90 (2014) 024605
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Possible answer to this mess

* symmetry energy — n/p ratio, number of nn, np, pp collisions
Y (A%

asy stiff N L:n—+i

P YlA"] m

*» medium - effective masses (N, m, A), cross sections
- thresholds

asy stiff =>“—+T
Tt
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Need more information on various ejectiles
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Most of previous studies

Using mass-symmetric collisions
(N/Z)participantz(N/Z)proj z(I\I/Z)targ

Over-simplify the situation

Impossible to distinguish different moving sourse
frames, like NN cm, participant cm, nucleus-nucleus
cm etc.

Study mass-asymmetric collisions
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HIMAC
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Pilot Experiments at HIMAC

Multiplicity Array

lon
Chamber

Beam
Energy(AMeV) [400, 600, 800

« Target : In ~ 390 mg/cm?

* Typical Intensity : ~ 107 ppp
* Range Counter : 14 layers (+2) of Sci.

» measured angle (6lab)

: 30, 45, 60, 75, 90, 120 degree
hHEFEE

* solid angle : 10 msr




Detection Principle

counter

.t decay to p*

- u +v

—

STOP CONDITION

Double pulse in one layer

~ 400MeV/u
Pion’s are rare

less than 1/100 of protons
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nrandihalilife

Counter #8 STOP Condition
4.
#8 Double Hit

\ 4

Fit the Histogram
“ond Hjt Time -1t Hit
Time” Fit curve :
by Cexp(_ t /r[) | C*exp(- t /)

R - 26.0%0.6 nsec

2000

2nd Hit — 1st Hit time (nsec)
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Fitting parameters

Epeam(MeV/nucleon) Bmov(c) Eo( MeV) N W\ |
0.20(0.05)  37.0(4.3) 13.7(2.1) 0.19(0.05) 0.91(0.07)

0.19(0.04)  44.1(5.0) 22.6(2.9) 0.63(0.13) 0.75(0.05)
0.22(0.04) 51.8(5.1) 26.8(2.6) 1.44(0.12)  0.59(0.04)

Epeam(MeV/nucleon) Gex(n+) o, (TC_) o) MD(n+) o MD(n_)
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How well overlap?

[sotropic emission
from single moving source
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But, very slow!!!
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Differential m /xt* ratio
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Weak angular dependence
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® Si+In +C+C
¥Ar + KCI
XLa + La
AN+C VAr + Pb

[J Ne + NaF
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Slope parameters are consistent with old
measurements
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n/n* total ratio vs (N/Z)
close to (N/Z)>
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Estimation of participant size

Projectile

F[_= [1 -(1=~ “2)3/2] [1 _ ﬁ/y)z]x/z,
B

, - 0\2 —p)i/2 — (1 — 112)3/2 (1= )22
F“=§(1_V)1/2(1 __{(3(1 VY2 -1 -pf)¥2)1-(1-p)]

v 8 1 3

Fun =31= o2 B i pa-nve-n ()

14
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Comparison with JOMD
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Epeam(MeV/nucleon) c

Sjomp(T)

Epeam(MeV/nucleon)

0.20(0.05)

0.19(0.04)

ﬁ]QMD(C) ﬁCM(C) Bpart(c) Bmid(c)

0.31(0.02)

0.34(0.04)

0.22(0.04)

0.35(0.06)
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Systematics in total pion cross sections

Y(V) nm) sym. 400 AMeV m D rm sym. 800 AMeV
A () 7 (m) asym. 400 AMeV e @ (O) n*(r) asym. 800 AMeV

¢ () (1) Sitin + ¢ () 1) SisIn

Yot il - #iﬁ‘}%

10 10?
Z,Z, or NoN,
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Summary

Measured doubly differential cross sections of n* and n~ for
the 23Si + In reactions at 400, 600 and 8oo MeV/nucleons.

They are emitted isotropically from the single moving
source, whose velocity is quite slower than the mid rapidity.

The differential pion ratios represented in such moving
frames overlap each other at each incident energy.

PHITS fails to reproduce the observed absolute cross
section, the angular dependence of the cross sections and
the charged pion ratio.
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