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rvlet: Help Reaction - Mozilla Firefox
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EXFOE. Reaction

Target= C-12;C-0 Eeaction=*

Clear field

[

3 PIN,EL PIN, INL PIN,HNCH FIN,PIN+NM PIN,TOT
PIN, X

4 PIF,EL PIFP, INL PIF,PIN PIF,PIP PIP,X

5 G,ZL G, 2P , LES 5, D i, EL
3, INL G,H G, N+4 i, H+P 3, N+P+1L
o, N+X G,P G, P+L G, P+ G,PLT

,PI0 G, TOT G, X

& N,0 N,24 M, 2N W, ZH+L M, 2H+D
N, 2H+F M, 3N N, A M, h+ZN M, A+D
M, A+ M, A+N+F M, A+N+P+T N, ABS M, D
N, D+L N, D+ N, EL N, G M, INL
N, N+2 A N, N+A N, N+L+H I, N+A+P N, N+A+F+T
N, N+D N, N+F M, N+P+A N, N+P+A+T N,N+P+N
N, N+P+N+L N, N+P+T M, N+T 0, MG M, P
N, P+ZH N, P+h M, P+D I, P+ , PHI+A
N, P+N+A+T M, PHN+T M, FP+T N, SCT , T
N, T+F N, T+P+I M, THS N, TOT H, X

7 D,2-HE-2 D, ZN+P D,3-LI-6 D,3-LI-7 D,AL
L,D L,EL D, HEZ L, HEZ +I D, IHL
D,N L, N+F D, HCH I,P D, T
D, TOT L, %

g P,ZF P, 3-L P,3D P, 3N+3F P, 4P
P, L P,D F,EL F,G P, G+P
P, INL P, N P, N+P P,N+P+L P,N+P+X
P, NN F,F P,P+2L F,P+L P, P+D
F,E+T F,P+X F,PIN P, PIN+X P,PIP
F,PIP+H+X P,PIP+X F,T F, TOT F,X
P, X4ZF P, X+3F P, X+F P, Z4PI
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Black-Sphere Approximation

T, Z 800 [MeV].

“Black” Nucleus W‘ proton ;< 1.

« We assume that the target
nucleus is strongly absorptive.

i.e., al(1/pyo,N) > 1.
e.g., L. Ray, Phys. Rev. C20, 1857 (1979).

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

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



Schemes for the Analyses

 Determine the black-
sphere radius as; Q= 5.1356---

 2psin(8,, /2)

How to determine “a” ?
AR D LA L B “The radius formula”

T = 1047 MeV-|

P
L, 51356
2psin(8,, /2)

-0 a r

« Geometrical cross
section: ogg = Ta?.
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Data: R.M. Lombard et
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Ogs as a function of A (= 3)
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r.m.s. Radii of Nickel Isotopes

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

rms Radius rgg & r, [fm]

r,, 1s obtained from
the conventional
multiple-scattering

Iz Knows
the staggering!

res =V3/5a.
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rms BS Radius rgg [fm]
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A. Kohama, K. Iida, and K. Oyamatsu, Phys. Rev. C69, 064316 (2004).



Which part is probed?

Case of A > 50 Case of A < 50

_ 020 ——F———F———1——— _ 020 T
IE I Iﬁ L (A2 = 273 [fm] 165
= 0.15 - 0.15 —
E g R =241
5 0.10 5 0.10
= E
= =
2 0.05 g 0.05
a A

0.00

©
o
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This suggests that the incident proton “sees” the density region where

(the proton path length in the nucleus) ~ (the mean free path).
cf. P.J. Karol, Phys. Rev. C11, 1203 (1975) and S. Kox et al., Phys. Rev. C35, 1678 (1987).



Gpp VS. O

*pP+P

12 40. Plots of cross sections and related quantities
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Figure 40.11:
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Total and elastie eross sections for pp and pp collisions as a function of laboratory beam momentum and total center-of-mass

energy. Corresponding computer-readable data files may be found at http://pdg.1bl.gov/xsect/contents.html. (Courtesy of the COMPAS
group, IHEP, Protvino, August 2005.)



pbar + A elastic scattering

* Only the optical potentials
are deduced.
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Ref. G. Bruge et al.,
Phys. Lett. B169, (1986) 14 ;-1
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or Of antiproton + A

e 200 mb & a=2.52 fm. e &800mb & a=5.05fm.
e 500 mb <~ a=3.99 fm. e 1200mb <& a=6.18 fm.

1400 Cu (Preliminary)
600
1200 ﬁi.i{%i
- 0 T ¢ % % e %
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i 1000 ¥
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00 2000 4000 600.0 8000 1000.0 0.0 200.0 400.0 600.0 800.0 1000.0
T [MeV] T [MeV]

Data for og¢: D. Garreta et al., Phys. Lett. B135, 266 (1984).
V. Ashford et al., Phys. Rev. C 30, 1080 (1984).



Progress of this project

[Publications] (refereed)

“Nuclear radius deduced from proton diffraction by a black nucleus ”, A.
Kohama, K. Iida, and K. Oyamatsu: Phys. Rev. C 69, 064316 (2004).

— We have proposed a radius formula.

“Reaction cross section described by a black sphere approximation of
nuclei”, A. Kohama, K. Iida, and K. Oyamatsu: Phys. Rev. C 72, 024602
(2005).

— We have found that the black-sphere radius works as the “reaction radius”.
“Formula for proton-nucleus reaction cross section at intermediate energies

and its application”, K. Iida, A. Kohama, and K. Oyamatsu: J. Phys. Soc.
Japan 76, 044201 (2007).

— We have constructed a reaction cross section formula.

“Difference between interaction cross sections and reaction cross sections’,
A. Kohama, K. Iida, and K. Oyamatsu: Phys. Rev. C 78, 061601(R)
(2008) .

— We have pointed out a possible diff. in lo; — ol for stable nuclei based on the
black-sphere picture. It amounts to 0 — 100 mb.
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