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Direct Breakup Mechanism
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H1Be +Pb->¥Be+n +X
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Impact parameter b (fm)
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Nuclear Contribution & Higher Order effect
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Higher order effects 1.79b =15.6%

For the whole angular ranc
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B Energy Weighted Sum Rule (TRK Sum Rule)

o,(E,)dE, = 16” dB(El)dE _GOE(MeV mb)
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X

153MeVmb for 11Be

BCluster sum rule  Y.Alhassid, M.Gai, and G.F.Bertsch PRL49,1482(1982)

Sum= GOI\E—6ONA:Z =8.73MeV-mb For 11Be

Experiment (E,<4.5MeV)
UM =5.69+0.45 MeV -mb = 3. 7(2) % of TRK Sum =65(5) % of Cluster Sum
~ Spectroscopic Factor

B Non Energy Weighted Cluster Sum Rule  H Esbensen et al. NPA542,310(1992)

e S22

Experiment: B(E1L) =1.10+0.08 €fm?—) ,/<r ?) =5.37+0.20fm
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Coulomb Dissociations of 1°C

T.Nakamura et al .,
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Nuclear Breakup of 1Be

Diffractive Breakup (Elastic Breakup)

Be . " ‘ " 10Be+n detected

. @forward detectors

Discrete State

b
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1n-stripping (knockout) reaction

R ‘ Only 1°Be detected
. ‘ ‘ @forward detectors
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11Be+C - Angular Distribution
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Coulomb Contrlbutlon |n C target data
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ge) breakup or 2-n Ralo Nuciel **LI, ~"be, ~'b

Coulomb Breakup of two-neutron halo nuclei

B e g
‘ ® |15B+n+n detected
‘ - ‘ @forward detectors
@ — @

/0MeV/nucleon
) ~0.4¢)

lJuclear Breakup of two-neutron halo nuclei

168
fii | 158+n detected
'\/ " @forward detectors

1n-stripping reaction

* >15B+n+n detected
@forward detectors

M\l Antivr~ Dev~aAalsiomms I lamt s De~aAsalss on)



do/dE . (b/MeV)

1?2Be+n (13Be) Relative Energy Spectrum

0.10

0.05

0.00

“Be(68 MeV/u)+'?C » Be+n+X -
t ++ y

Preliminary |

4
E. (**Be+n) (MeV) o
Q

‘ } S-wave scattering state

c.f. G.F. Bertsch, K. Hencken, H.Esbens:t
PRC57, 1366(1998)

d ) 2
dEG ocUdsl‘l//k(l‘)\Po(r)( k
rel
exp(—ar)

Initial: 14Be ‘PO(T)OC r
sin(kr +&
kr

Final: s-wave v, (r)o«

kcots = —1+1er2

a 2
(a=-3.5(5) fm
a =0.26(2) fm”

r. =0.8(3) fm

S

A

— \/ﬂ [l Small effective ranc
=1 EMe\/



do/dFE ., (b/MeV)

Li+n (1°Li) Relative Energy Spectrum

0’6 ) ) I ) | ) I ) ) | ) 1 ] ) I ) 1 ) )
M. MLi(69 MeV/u)+'*C > °Li+n+X
; Preliminary -
0.4 _
0.2 - _
._Q'
MM ACE TP
0'0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.0 0.5 1.0 1.5 2.0

E.,(°Li+n) (MeV)

c.f. p-wave resonance: e

D \ZAi11:nra ~+ ~1 N ITCA/P\NAAN\/

S-wave scattering state
+ p-wave resonance

L~

S-wave (g =_-26.2(1.4) fm
{a=0.16(1) fm™
r, =5.6(4) fm
o =[2uSy 1T
Sy =0.6MeV
p-wave
do . )
dE,, (E-E.f+I?/4

(kr )

I = 2P|7/2 R_i(kr) = 1+ (kr)z

E. =0.52(2) MeV
»? =0.36(7) MeV



| L L & L | L L L L ]
p-wave | - | Wileax (1975)
L & b Eobayashi {1593}
—— Young (1994)
-+ ——t—— # ——+——% Kobhiyashi {1596)
-t Kobiyyashi (1997)
m— Zinser (1957)
- - Bahlen (1997)
- | Amelin {1990}
— Kryger (1993)
— Kobuyashi (1903)
e Young (1994)
— Zimeer (1595)
- K.obayashi (1996}
o Zinger (1997}
— Shimoura (1998)
S=-Waveo
— Present work
o 1 e 1 1 s 1 4 0 5 1 5 0 5 1 o ¥ 4 1 & 1 5 |
i 11 #Hy 300 &0 500 600 2 TOO  HOD SO0 T0OOD0 (000D 120D 130

E ey (6V)

FIG. 9. Comparison of experimental results for p- and s-wave
states. The s-wave states are presented in terms of apparent peak
energles,

Phys. Rev. C 59, 111-117 (1999).
M.Thoennessen
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S-wave scattering analysis

do \ 2 Neutron Knocked Out

dE,, “Udsr wilr)¥o(r) k (Not seen)
Initial: 4Be ¥,(r) o eXp(r_ar) ‘ ;
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Things to be investigated:
B Amplitude should be related to the Spectroscopic factor?

B Can this be used to study the phase shift of halo nuclei?

- »

B p(13Be) should have information of the Spectroscopic
factor



Summary

Coulomb Dissociation (Coulomb Breakup)-----
Low-lying B(E1) Strength ----Sensitive to Halo
s-wave neutron &) Core( 0%)

———> Powerful Spectroscopic Tool
Higher order effects and Nuclear Contribution
Impact Parameter analysis
------ Small and Can be estimate

Coulomb at Very forward angles
1.79MeV,3.41MeV states: L=2 angular distribution

Understand the Nuclear Breakup Mechanism

v

v

Can be used as a test for reaction theories

13Be, 16B, 19Li mass spectra from 2n-halo Breakup
111 E1 spectrum (Very Very Preliminary)
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