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Transfer reactions in Inverse Kinematics
*

an experimental overview

• focus on 10-30 MeV/A reactions
• kinematics are then generic
• a general array can be envisaged
• resolution issues are general
• three classes of solution/choice
• catalyst to discussion
• outline of TIARA array

• overview : Nucl Phys A701 (2002) 1c-6c
• overview : Acta Phys Pol 32B (2001) 1049-1060
• resolution : JSW et al NIM A396 (1997) 147-164
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f = 1/2 for (p,d), 2/3 for (d,t)
q ≅ 1 + Q tot / (E/A) beam Inverse Kinematics

vcm is the velocity of the centre of mass, in the laboratory frame
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Kinematics of nucleon transfer
in inverse kinematics
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The general form
of the kinematic
diagrams is 
determined by the
light particle
masses, and has
little dependence
on the beam
mass or velocity
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Calculations of Ex resolution from particle detection
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Some advantages to detect
beam-like particle
(gets difficult at higher energies)

Lighter projectiles

Better to detect light particle
(target thickness lilmits resolution)Heavier projectiles











Focal plane spectrum from SPEG magnetic spectrometer
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Separation Energy form factor Vibrational form factor

0.49

0+

0.51

• poor form factor
• no core coupling
• no 11Be/d breakup

0.84 0.16

0.74 0.19

• vibrational model
• core-excited model
• realistic form factor

Shell model

2+

α2 β2



Radial form factor for the transferred nucleon ( in 11Be )

The relative magnitudes of the
s- and d-wave form factors can

be changed by changing the
potential geometry OR by using

a core excitation model and
solving the coupled equations.

The two have subtly different effects

s-wave bound state wfn

d-wave bound state wfn





Excitation energy spectra from the Orsay experiment
S. Fortier,

S. Pita et al.,
(2000)





Resonance scattering at ORNL: 18F (p,α) 15O

Diagram actually similar to
generic (d,p) diagram

(Note: low E/A compared to Q)
Angle and energy of light particle crucial for resolution

Ebeam = 0.65 MeV/A
θlab (Si) = 15 - 45 °
Q = + 2.88 MeV
q = 5.563  >> 1



Possible Experimental Approaches to Nucleon Transfer

1)  Rely on detecting the beam-like ejectile in a spectrometer

2)  Rely on detecting the target-like ejectile in a Si detector

3)  Detect decay gamma-rays in addition to particles

Kinematically favourable unless beam mass (and focussing) too great
Spread in beam energy (several MeV) translates to Ex measurement
Hence, need energy tagging, or a dispersion matching spectrometer
Spectrometer is subject to broadening from gamma-decay in flight

Kinematically less favourable for angular coverage
Spread in beam energy generally gives little effect on Ex measurement
Resolution limited by difference [ dE/dx(beam) - dE/dx(ejectile) ]
Target thickness limited to 0.5-1.0 mg/cm2 to maintain resolution

Need exceptionally high efficiency, of order > 25%
Resolution limited by  Doppler shift and/or broadening
Target thickness increased up to factor 10 (detection cutoff, mult scatt’g)

J.S. Winfield, W.N. Catford and N.A. Orr, NIM A396 (1997) 147



Proof of Principle using weak 36S beam and inverse 36S(d,p)37S
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C. Grund et al. (Heidelberg/Darmstadt)

Eur. Phys. J. A10 (2001) 85

2.2 MeV/A

Note:  peaks from room b/gnd
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Backward Annular Si
144° < θlab < 168.5 °

Barrel Si
36° < θlab < 144 °

Target Changing 
Mechanism

BeamVAMOS

Forward Annular Si
5.6° < θlab < 36 °



Forward and Backward annular detectors

Barrel detector

TIARA SETUP









Experimentally proven

Reactions on p and d targets

Alpha 2-nucleon transfer

Experimental challenges

gamma-ray detection often desirable
inverse kinematics manageable

identify angular momentum and Ex
then, measure spectroscopic factors

(d,6Li) or ( 12C,8Be) or ( 6Li,d) possible
(t,p) or ( 9Be,7Be) or (10B,8B) possible

pushing beyond 35-40 deg in (p,d) etc.
stopping all particles & detecting gammas
low energy thresholds for particles
detection of beam-like particle (identify Z)
scattered beam particles are radioactive
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