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Present Status of Our Study
• We have analyzed p-A elastic scattering data in the black 

sphere approximation, which gives a scale “a”.  This “a”
reproduces the first peak position and reaction cross section 
simultaneously. 

• We have found that 
– the values of rBS agree quite well with each other for A > 50 

while they are systematically smaller than those of rm deduced 
from  elaborate scattering theory for A < 50. This suggests a 
significant deviation of the nucleon distribution from the 
rectangular one for A < 50. 

– the absorption cross section, σBS (= π a2), is consistent with the 
empirical total reaction cross section for C, Sn, and Pb. 

– The energy dependence of σBS seems to be consistent with σR.



p-A Total React. Cross Sect. 
Diffraction pattern is O.K., but …

L. Ray,  Phys. Rev., C20, 1857 (1979).

B.C. Clark, Phys. Rev., C67, 054605 (2003).up to the 2nd order of KMT. 
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Black Sphere Approximation

• We assume that the target 
nucleus is strongly absorptive.

“Black” Nucleus

Ref. A.K., K. Iida, and K. Oyamatsu,
Phys. Rev. C69, 064316 (2004).

a

e.g., L. Ray, Phys. Rev. C20, 1857 (1979). 

proton λp/a � 1.

Tp� 800 [MeV].

i.e.,  a/(1/ρ0σpN) � 1.

Fraunhofer diffraction formula is applicable. 
G. Placzek and H.A. Bethe (1940). 



How to determine “a” ?

.
)2/sin(2

1356.5

Mp
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θ
⋅⋅⋅=

θθθθM 0                  a    r

ρ(r)

.5/3 arBS =

“The radius formula”

Data: R.M. Lombard et al. (1981).



rBS as a function of A (���� 3)

Recent Results: for stable nuclei

A.K, K. Iida, and K. Oyamatsu, Phys. Rev. C72, 024602 (2005).

p-A Reaction Cross Sections

�BS = �a2.

A2/3 -law ! Data: 9Be, 
12C, 27Al, 
Cu, Sn, Pb.

Tp� 800 MeV: 

• rm =  rBS for A > 50.

• σR = σBS for A � 3.

.2aBS πσ =

BS-Scaling

.5/3 arBS =

rm is obtained from the conventional 
multiple-scattering theory.



rBS as a function of A (���� 3)

# of Nuclide: 18. 

# of Data     : 81 (rBS), 63 (rm).

(used EXFOR)

rBS - rm

rBS follows A1/3-law.

This feature is consistent with the 
charge density distribution.

r BS
< r m

for A
 < 50 !



Which part is probed?

A possible interpretation is: the incident proton “sees” a 
certain definite density region. Similar discussion was done 
by  P.J. Karol (PRC11) and S. Kox (PRC35).

Case of A > 50 Case of A < 50

a
a

rBS = 2.4 [fm]

rBS = 4.6 [fm]



σI vs. σBS : for stable nuclei

A.K., K.Iida, K.Oyamatsu, 
Phys. Rev. C 72, 024602 
(2005).

σBS = (5/3)π{rBS(12C) + 0.94A1/3}2.

σR ≅ σBS� σI.



σI vs. BS-scaling:
for neutron-rich unstable nuclei

σBS = (5/3)π{rBS(12C) + 0.94A1/3}2.

σR

Preliminary



Energy Dependence of σBS

.BSR σσ ≅
σBS follows σR energy-
dependently down to 
about 100 MeV.
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React. Cross Sect. Formula

• Based on the “optical” depth, 
τ = σpN nc L’ ≅ 0.9, the 
energy-dependence of ∆a is 
translated into that of σpN .

• Isospin-dependence can  be 
included. 

K.Iida, A.K., K.Oyamatsu, nucl-th/0601039.

σR = π a0
2 (1 + ∆a/a0)2.
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• K.Oyamatsu and K.Iida,  Prog. Theo. Phys., 109, 

(2003) 631.
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