Recent measurements of reaction cross
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Density distribution (p)

A>16, Yukawa type 0 :
p(r)=py [ 1 + exp((r-R)/a)]! R L

R: radius parameter,

a : diffuseness parameter

A<20, Harmonic-oscillator type
p(r) = 2132 A3 (1-1/A) 23 exp(-x?) (1 + (N-2)/3x?)
X=(rfA) )

A : size parameter  p -\
_ e




Nuclear size for stable nuclei

e RQ{;AIH

e Neutron radii = proton radii even for 2"SPb

A Proton

< Neutron
. ﬁ ———> No neutron skin!
-7

\* Diffuseness 1s constant. a~0.6fm

. B

How are unstable nuclei?




What is oy?

e Definition of interaction cross section (Cy);

Cross section for the change of Z and/or N 1n

incident nucleus _
Important for Glauber-model analysis |

 Relationship to reaction cross-section (Og)

Or = Oy + Oiyelar Oinelas 10€1ASLIC Cross-section

If 6., is small enough, Oy = Oy.

1nec

At relativistic energy (~1 A GeVL]
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Principle of measurement

Transmission method

)

Target (thickness t)

' >Ir s |I‘ or = 1/t log(Ny/N,)

N;(*Z)
N, (AZ); without AZ*




Measurement of G

* Production of energetic RI beam
Projectile fragmentation

|

Projectile fragment separator

e Particle identification
Upstream/downstream of target
Bp-AE-TOF method
AE-E-TOF method




Projectile fragmentation

Dominant more than ~30 A MeV

Projectile

Projectile fragment
V; Pamclpant Vo™i
— >

.qx\

T.f.ll‘gt“:l. 4 {“ EL

fragment




il R LA |

iudepy ajodic :
1puFey ajodnmvag :
12ugey ajodmpeng) :

c1Z/¢tV>
SISA[eue
SSO[-AZI1auy

(SdI¥ Ul 25/Wdfg) Snd0j
aa1sI2dsIp WNUAOA]

DO TR S R
ZIV JOPRITOP AFPIM [V ——
SISA[eUR NS —— - -

APPISTH © Se N :

74
19518) UOIANPOI] ,ﬁEEL Alewiig

(SdTY)
uoneaedas Jo dduLrd




How to identify particle

« A.Z, (v)should be identified.
TOF o 1/v
AE o< Z2/y?
Bp < AviZ (if Z = Q. Q;charge)
E o< Ay?
- =
1) Bp-AE-TOF method
2) AE-E-TOF method
3) AE-E method




Detectors
e TOF; time-of-flight
Rf signal from cyclotron

Plastic scintillator with phototube ....etc.
« AF/E; Energy-loss/Total energy

Si solid-state detector
lon-chamber

Nal(Tl) .....ete.

* Position (Bp)
Multi wire proportional chamber (MWPC)
Parallel plate avalanche counter (PPAC) ....etc.
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Particle identification
After target
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Energy dependence of oy
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f‘_af gut in IMP
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Finite-range and zero-range
Oy = 27 I:[l —T(b)|bdb

Zero - range Energy dﬂpﬂndenca
q ; Projectile
T(b) = expi— D 0, | P (s)pg (b —s|)ds

PE.[H:_I.:DE.(WWE bIh- "' "-"::: iy

Finite - range Energy dependencg Density

Target
T(b) =ex m{ —>.0,f,b) J P ()P (b - 5|}d51}'

i
1 b2 Energy dapendencg
Range function f(b)= 7 EXp(—
: 4 18 Zﬁ 1
E dependenca




Effective density distributions for 16C
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Effective density distributions for 'Li
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Effective density distributions for 1“Be
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New measurements for p, of
fragments

e Precise measurement TOF - Py
« Triplet Q magnets after reaction target

No momentum-acceptance cut
- { p, of several fragments at the same time
New results;
23021220 PRL 88(2002)142502

I"B—1°B PRL 89(2002)012501
16C—1415C In preparation
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p, for 16C—-1415C at 83 A MeV

2 =]
R T

Glauber model analysis

~30% s-wave in 'eC




Summary

Energy dependence of o > p

@]auber model finite range
We can also deduce effective p for other light unstable
nuclei if we measure Oy at low energy.

p, of fragments s information of valence nucleon(s)

: 3

A pigmy halo structure for '°C

We will extend these measurements to heavier mass
system (Z<50) 1n RIBF......




Nuclear radii determined from o at ~1 A GeV
(Radius of 4He (1.47 fm) is subtracted.)

20

[i52 Proton drip-line
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