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Nuclear chart potentially covered by RIKEN RIBF (beams of short-lived nuclei)
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RIKEN RIBF (RI Beam Factory) -- fragmentation-based Rl bems (1990- / 2007-)

RIBF — a new generation RIB facility in operation
with world highest capability of providing Rl beams in coming years!
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Two early experiments with Rl beams

s SX4

are for the astrophysical reaction '*N(p,y)'*O
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Results by direct capture / Coulomb dissociation agree. =»CNO-hot CNO boundary
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Indirect methods for determination of astrophysical o

to overcome
small cross sections (low yield, low S/N ...)
weak Rl beams — for reactions involving short-lived nuclei
electron screening




Indirect methods for determination of astrophysical o

to overcome
small cross sections (low yield, low S/N ...)
weak Rl beams — for reactions involving short-lived nuclei
electron screening

by
Coulomb dissociation
ANC™* determination
Trojan-horse (quasi-free reaction)

Spectroscopy of resonant states




Schematic picture of the Coulomb dissociation.

(y Trojan Horse)

A-1
virtual photons \’/
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“Fast beam” can cover the energy range of nuclear excitation.
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Coulomb dissociation successfully applied to astrophysical capture reactions

Virtual photons 759/(

O
— @ V1 p

8
= Bertulani, Baur, Rebel
N.P. A458 (1986) 188

208|:)b
8B+298Pb -> "Be+p+2°8Pb (C.D.)
)
8B(y,p)’Be (abs.)
)

'Be(p,y)eB (capt.)

large o, thick target (intermediate energy)
experiments with weak Rl beams



Coulomb dissociation successfully applied to astrophysical capture reactions

Virtual photons 759/(

Y O
—@ \\\/ p

8
L B Bertulani, Baur, Rebel
= Coulomb excitation to unbound states N.P. A458 (1986) 188

(in the prior-form picture
-- long range Coulomb force)

208pb
8B+298Pb -> "Be+p+2°8Pb (C.D.)
)
8B(y,p)’Be (abs.)
)

'Be(p,y)eB (capt.)

large o, thick target (intermediate energy)
experiments with weak Rl beams



Coulomb dissociation efficient tool € o enhancement and experimental advantages

detailed balance
C(2j; +DQ2j, + Dk
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virtual photon number (intermediate energy)
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Y
thick target

charged particle detection

but

Indirect --- nucl. force / higher order / E2 / 3 body /relativistic...
< reaction theory

only for (x,y) to the ground state / only E1 (or E2) practical



Virtual photon intensity depends on the multipolarity.
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Typical setup - 3N(p,y)'*O or %O dissociation
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Recommended values change as experimental and theoretical development
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Recommended values change as experimental and theoretical development

S,;at E=0
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Example 3
8B(p,y)°C in hot pp chain

direct- and resonant-capture
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A plan at RIBF using SAMURAI
better resolution
with higher statistics
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Trajectories for p-HI type invariant-mass experiments
with SAMURAI
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Possible experiments in the first stage

Captures in the rp-, p- process
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(n,y) (or (p,y)) — radiative capture

Be(p,)°B
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If the Brink Hypothesis is applicable, y-ray strength function is

obtainied by Coulomb dissociation.

" AX(n,Y)AH X

adiative neutron capture

n+AX
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Brink Hypothesis

Aug2014
Courtesy of H. Utsunomiya

c.f. Uberseder et al., PRL

Utsunoiya (Konan U.)

Photoneutron emission

continuum
E,J,m 4 ATIX (y,n)AX
A
---------------------------- P gy_zml <O§}is(€y)>
XA\Ey (he)® 2A+1
£ >,
A+1X
Ow(g)_o_abS(g)x 7:’1
XANCy/ = FXA "y T +7;,
fu(€) 1= fy,(€) |

b=



vVSF Method with Coulomb dissociation
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Important s-process branching nuclei

F. Kappeler et al., Rev. Mod. Phys. 83, 157 (2011)
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Summary

RIKEN RIBF (running)
highest capability of Rl beam production

Coulomb dissociation
efficient (but limited) tool for astrophysical (p,y) and (n,y)

Coulomb dissociation at RIBF
1) Studies with improved conditions (statistics, resolution, ..)
2) Studies of heavier system
e.g. (n,y) in the r-process (in addition to rp-process cases)
3) Studies of statistical (n,y) reactions

# OMEG @Beijing (2015), NIC @~Tokyo (2016)
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