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Inverse Kinematics

® Formation of Excited States and Their Decays

Projectile Projectile*
@

sisinic Formation Decay
e Direct reactions are important for incident energies above several

tens of MeV: Target as a Probe

el

Interaction

e Velocities of Ejectiles are almost same as that of projectile

e Gamma-rays are Doppler-Shifted



Spectroscopy of Beam-Like nuclei with
Targets as Probes

®Heavy Nuclei: Strong Coulomb Field
e Coulomb Excitation, Coulomb Dissociation
» Isovector, E1/E2
®Hydrogen, Deuterium

® Inelastic Scattering

® Charge Exchange Reaction
» Isoscaler/Isovector, Spin Flip/Non-flip
e Knockout
®Herium-4
® Inelastic Scattering
» |soscaler, Spin Non-flip
B Any target
® |nelastic Scattering

® Knockout
® Fragmentation



Selectivities

® Coulomb Excitation, Coulomb Dissociation a*
® Number of virtual photons A
»E1 E3 ...
. >I\E/I$ . M32 & rtuol Pheton

® Interaction with Protons only
> [sovector Excitation

® Nuclear Excitation
® |nteraction with Protons and Neutrons
*|soscalar Excitaion ....

»E1 << E2 _
note: Isoscalar E1 Excitation is Hi&‘r order
e Higher angular momentum may be transferred
e Proton/Deuteron can make spin-excitation ; C(p-w):as=e.1; (d2n). a5

. . e TAS €T Cl,2p)  &T
® Helium-4 cannot makelspm-excnatlon .
= i T.S C‘HR ) e o
isospin - excitothowv



Decays of Excited States

Particle Decay

C+oa
I B*+p

B+p

Gamma Decay

2

® Momenta of all the decay patrticles including gamma rays ->

Excitation energy (from invariant mass)
® Particle-particle, particle-gamma correlation ->

Spins and Parities
@ Selectivities of Pecy Procesg

“High resolution Gamma detectors”



'H(“Be ,“B*[IAS])nat 74 A MeV
Rikkyo-CNS-Tokyo-RIKEN
Takeuchi et al., Phys. Lett. B515 (2001) 255
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Low-lying intruder 1~ state in'2 Be
lwasaki et al., Phys. Lett. 491B (2000)8
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® Example : Nal(Tl) array
e Scattering angle vs. Energy deposited in detectors (data)
»2.1 MeV gamma-rays from in-flight 12Be* are shifted
» about 0.2 MeV (FWHM) resolution after D.S. corrected
»0.5 MeV gamma-rays from positron annihilation are not shifted
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Germanium Array Nal(Tl) Array

Geometry Geometry
crystal
planear type : direction of y-ray # slectrode >

active volume : = fom
t3x3

2 crystais in the same cryostat = 1 detector ‘(
18 detectors (36 crystals) : i
Y

around 70, 90, 110 degree
radius of "ring" (Ge center) : 11 cm

angular resolution : § deg

angular resolution : 1 deg (puise shape analysis) :

full-energy-peak efficiency at 1 MeV : 5% full-energy-peak efficiency at 1 MeV : 30 %
intrinsic energy resolution : < 3 keV for 1 MeV intrinsic energy resolution : 70 keV for 1 MeV
energy resolution of Doppler shift correction: energy resolution of Doppler shift correction:

8 keV for 1 MeV v from f=0.3 particie 70 keV for 1 MeV y from =0.3 particle




Performance (Simulation)

® Energy Resolution after Doppler-Shift Corrected (v/c = 0.3)
»8 keV (FWHM) 17 keV (FWTM) for 1-MeV gamma

® Total Detection Efficiency (epsilon x Omega)
»5 % (All) 3.4 % (more than single hit)

® Peak-to-Total Ratio
»23 % (All) 42 % (more than single hit)
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