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Part 2. Transfer reactions




Transfer reactions

Simple nucleon transfer reactions with rare isotope beams at
energies ~10 MeV/u or below are popular tools to study
structure of exotic nucleil.

The most useful reactions are (d,p); (t,p); (d,3He); (°He,d);
(p.d); (pt); (6Li,d); ("Li,t); (a,d); (d;a)




Direct reactions: structure of exotic
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Transfer reactions theory
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Transfer reactions theory

2
TP = ——2 < 6OUle > ® - plane wave

¥ - distorted waves
calculated using
optical model potentials
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Spectroscopic factors

The spectroscopic factor is the overlap between initial and
the final state in a reaction channel. Cross section for the
transfer reaction is proportional to the spectroscopic factor.
For resonance state spectroscopic factor can be related to
the reduced width.
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Mlsslng mass method

IONS ON SILICON ISOTOPES AT 27.3
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Angular distribution for the transfer reaction is determined by
the momentum transfer - therefore I-value can be determined

Fe  (d.p) Fe

q = |k; — ki| ~ 2ksin(6/2) ~ %

With I-value known the spin-parity
can be determined (often not

uniquely)
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States with what spin-parities can be
populated in L=2 transfer in 58Fe(d,p)

reaction?
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At what angle the cross section maximum is expected for
=0 transfer?
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Missing mass method

Use of spectrometers allows for much better resolution
on the order of 10 keV!

T.R. Afinsen, et al.,NPA 157 (1970
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Invariant Mass

PHYSICAL REVIEW LETTERS 122, 122501 (2019)

First Observation of Unbound 'O, the Mirror of the Halo Nucleus ''Li

T.B. Webb,"" S. M. Wang (T /E4).> K. W. Brown,” R. J. Charity,” J. M. Elson,’ J. Bamey,” G. Cerizza,”
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Transfer with radioactive beams

irect kinematics - (d,p Direct kinematics - (d,3He

2H + %Ca => 'H +48Ca  *Ca(?H, 'H)*¥Ca; Reaction at the "middle" of the target 2H + %Ca => He + YK #Ca(2H, *Hel*K; Reaction at the "middle” of the target
Projectile Energy at the reaction place: 10.00 MeV/u Grazing angle in CMS [2H+%Ca] = 11.12 deg Projectile Energy at the reaction place: 10.00 MeV/u Grazing angle in CMS [2H+%Ca] = 11.12 deg
Q reaction : 2.92 MeV (Excitations 0.0+0.0=>0.0+0.0); Plotted Energy option is "after reaction” Q reaction : -10.31 MeV (Excitations 0.0+0.0=>0.0+0.0}, Plotted Energy option is "after reaction”
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Transfer with radioactive beams

Inverse Kinematics
HI nucleon(s) drop off HI nucleon(s) pick up

2H(48Ca,p)4°Ca
2 ® Low energy for “forward” peak
® Compression. 100 keV in c.m. -> q
30 keV in the Lab. frame
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Doubly magic 1325n
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K. Jones, et al., Nature 465, 454-457 (27 May 2010)

Typical energy resolution ~400 keV
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Nuclear extremes
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"Typical” experimental setup for
transfer reactions experiment with RIB

SIDAR (ORNL) @:m‘r\% W’ M MusT2, GANIL

HiRa, MSU
L~ acfrome’rer

OTHER examples:
TIARA (GANIL)
LAMP; LEDA (CRC); TUDA

(TRIUMF) HI Ions detectors

AE, E, %, vy, TOF, Bp

Oak Ridge Rutgers U
Barrel Array



HELIOS: Spectrometer for s MANCHESIER
Inverse-kinematic reactions
A. H. Wuosmaa et al, NIM A 580, 1290 (2007) |
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Target thickness and resolution

® Target thickness is
restricted by energy
losses of light and
heavy recoils Detector

2H(Hi,p)Hr

® To keep energy

resolution <100 keV \

target should be <1
mg/cm?

® With cross sections =1
mb beam intensity
should be >103 pps




S| array + Gamma array +
spectrometer

Gamma array

Gamma detection
improves resolufion, but

reduces efficiency P l HI

Y
0...

light recoil and y-ray
can be measured
with RIBs >10> pps

Gamma array

Thick target allows to

HI Ions detectors

perform measurements with d Confaining 'l'Clrge'l' AE, E, X, V, TOF, Bp

beams >103 pps (no light recoil
iS measured)



TIARA

Barrel: e Target
35.5°<0,,<143.5° P changing
: mechanism

Gamma
detectors

Forward anﬁular Backw;:rd annular
detectors: 3.8°<0, < 27.5° detector: 137°<0,,< 169.4°
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