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Transfer Reactions with Heavy Ions

light ion reactions

heavy ion reactions

probe single particle properties
(spectroscopic factors, shell
model)

highly selective in energy and
angular momentum transfer

sensitive test for nucleon
correlations (pairing, clusters)

multiple transfers of nucleons
(possibility to compare observables
for multiple nn/pp/np pairs)

population of high angular momentum
and high excitation energy states

evaporation effects, DIC, collective
excitation
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PRISMA - CLARA Setup

PRISM CLARA

QZﬁ;k:;tgalzcepmnces A:g:) im:r. SO 24 to 25 Clovers setup

Distance target - FPD 7m Efficiency ~ 3 7: @ 1.3 MeV
Energy acceptance + 20% Peak/Total ~ 45 %

Resolving power p/Ap = 2000 Position 6 = 103°-180°

Mass resolution 1/200 (measured) FWHM ~ 10 keV

Energy resolution 1/1000 (via ToF) for E= 1.3 MeV @v/c = 10%
Z resolution < 1/60 (measured)

Count rate capability up to 2x10° sec-!




The PRISMA Spectrometer
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Y-PPAC

The Experiment

90Zp + 208Pp

E .z = 560 MeV (TANDEM+ALPT)
target ~ 300 pg/cm?

PRISMA at 0,5 = 61.25°

X-PPAC

AE-IC

E-IC



Lon Trajectory Reconstruction

position at the entrance
position at the focal plane
time of flight

energy and energy loss
coincident y-rays

X, Y
ToF
AE, E
Ey

A “raw” physical event is composed by a few parameters:
x,y > (6, ¢)
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Reconstruction Quality Test

Projectile-like
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Multinucleon Transfer
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TKEL in Zr isotopes

Counts
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TKEL in %°Zr - Comparizon with GRAZING
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TKEL - Excitation Energy Selection Tool
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Multinucleon Transfer - High Spin States Population
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Pairing Vibrational States in Zr Isotopes

R.A.Broglia et al., Advances in NP Vol.6 (1973)

o T

5L | 202,50 91z, 927, 94z
al : as|- 19712

3+ 1 2dg,, > —— oo osove

T

40—

Energy (MeV)

199/

ENERGY (PHONON UNITS )
]

F s,
&
fl) - A
A-6 A-4 A-2 A A+2 Ard A+ 1f
e 7 A
GS 7 s / E
90Zr(p.t) 2p3/9 74‘
i % rd . 2
All L=0 strength is in the g.s. 35—
W.Scobel et al., PRC30,1480(1984)
GS

545 MeV
927r(p,y) 242 Me Strong population at 5.45 MeV

I 143 4.13 Other 0+ components already fragmented

1g,, —@)—Q)— 4 Mev
947x(p,1) GS States between 4 and 6 MeV fragmented Zd o o_
07 I No 0+ states in the expected region 6-7 MeV 5/2 O Mev

(expected) o B

Excitation energy

-




Pairing Vibrational States in %°Zr
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Conclusions

We have studied multinucleon transfer reactions in the %0Zr + 208pp
collision at an energy near the Coulomb barrier

Target - like products were detected with the high efficiency and
high resolution spectrometer PRISMA that allowed for a complete set
of experimental observables : Z,A yields, differential and total cross
sections, Q-values, excited states population

Gamma - rays were detected with the CLARA array and Doppler -
corrected according to the kinematical reconstruction of the events

GRAZING calculations account well for the experimental results
situation in the chain of nuclei populated through pure neutron
transfer (Zr isotopes)

Interesting studies on pair transfer degrees of freedom can be
performed with the PRISMA spectrometer coupled to the CLARA
gamma array
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