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Introduction




Symmetry Energy at high density

/

> Sub-saturation density |
. g 31.6(p/p,)"" .
o SOMe constraints ; s
> supra-saturation density '

The trend Is
not fixed.

Zhao-Qing Feng et al. Phys Lett. B 683(2010) 140
> Experiment at supra-saturation density.
o Heavy lon Caollision at a few hundred MeV/nucleon
o Drobe : 1 /1t " ratio
o Pion : created by decay off - 1 /it (N/Z2)?




Comparison between theory and experiment
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Zhao-Qing Feng et al. Phys Lett. B 683(2010) 140



The results of two calculations

IBUUO4

Zhigang Xiao et al. Phys. Rev. Lett. 102(2009)062502
Zhao-Qing Feng et al. Phys Lett. B 683(2010) 140




Motivation

> Long Term Plan
o N/Z ratio using Isotope (unstable nucler)
o Beam Energy : a few hundred MeV/nucleon

o \We plan Sn isotope experiments at RIBF using
SAMURAI-TPC.

> Short Term Plan
o Experiments using stable beam

1

Beam Energy

& N/Z Ratio Dependence

» Measurement with various conditions

o Experniments @ Medical Accelerator HIMAC




Experiment and Analysis




Experimental Setup

Multiplicity

Array s

T n Chamber
Beam arge Vacuum
B I
Y !
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50& , /e lab
Beam : 28Sj

 Intensity : ~ 107 ppp
* Energy : 400, 600, 800 AMeV

eTarget : In ~ 390 mg/cm?

*Range Counter : 14 layers (+2) of Sci.

 measured angle (6 lab)
. 30, 45, 60, 75, 90, 120 degree

solid angle : 10 msr




ldentification principles of @ * (and 1t )

—Infliaht _ §E/4x is identical for both Tt * and Tt -

__After STOP Bl create a pionic atom

and captured by a nucleus
( Tt*decaytopu *

decay to various particles

BT Unable to use the same
Energy ~ 4 MeV identification method as 11 *

Range ~ 1

\4

1T * : Double Hits in one counter

, T * by Simulation (Geant4)

T _identification step

1t * ID using Double Hit Condition
1D using

E conditions of well defined Tt *
mMm =m*-m"*




counter #

Histogram of
Range Counter

STOP PIN
CONDITION Y

Example counter : #8
counter #9~13 No Hit

counter #8 stop events

80 10

MeV



+ 1Fi I #8 stop events (black) & stop 1 * (red)
" ldentification e —

T F events

Counter #8 STOP Condition
+

#8 Double Hit Condition

4

_ _ 80 100 120
Fit the Histogram E7 (MeV)

“2nd Hit Time -1st Hit Time”

oy Coxp(- )

T =26.0x 0.6 nsec

We could clearly select it *

TDC2-TDC1(ch)




mt * (red) : STOP + Double Hits Conditions
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E cut from #0to 7 in 1D

mt(red) :STOP+ E CUT + Double Hit Conditions
m* (black) : STOP + E CUT Conditions
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Ini order to check background,

we rejected counter 6 & 7 E conditions.
— There are background in black histogram.
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We look n stop events in “n-2 vs n-1" distribution

n-1 STOP
TP n-1 STOP P

n STOP Tt

L n-1 STOP 1t

n STOP P

E gate

reaction loss

“Through Background”
still remain by using
E gate.

n STOP 1t

We call these background as

“Through Background”



E cut on 2D

CHECK 6 vs 7 Histogram

of 8 stop events

Red 11"
eBlack : Other Particles
(Background etc)

Y

Background Check
E gates from #0 to 5
- “Through Background” still exits.

Y

Cut the “Through Background”
using the straight line

E6 (MeV)

Through Background
10 15 20

E6 (MeV)



Definition of 1T /7t * ratio

>t = :STOP + E cut + cut line

>m - SITOP + E cut + cutline
+ Double Hit (extrapolation)

7 [ 7 " ratio




Discussion




Analysis Frame

( > Target frame (lab frame)

> Projectile frame

> CM frame (c.m.s. of projectile and target)
. > mid Rapidity frame (N-N frame)

.= We discuss the data
In Target and Mid Rapidity. frames.




e 400 MeV

1T /1T * ratio In Lab frame m 600 MeV
A 800 MeV

60deg




Energy Distribution in Mid Rapidity Frame

Mid Rapidity
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mid rapidity frame (log scale)

log scale mt /it * ratio

400 MeV

Red Line :
Fitting C*exp(-a X)
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Slopes depend on
Beam Energy
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Summary and Next Step

Summary.
> There are energy dependence in pion ratio.

o ESpecially for low energy pion in the mid
rapidity frame.

Next Step

> \We are planning next experiments
o Go0d sensitivity to low: energy pion
o N/Z dependence using Xe Isotope heam




