< W The Joint Institute for Nuclear Astrophysics =
—¥ I'l
JINA N

NSCI.
JINA "Methods of Direct Nuclear
Reactions” School

NSCL, East Lansing MI, 9-20™ April 2007

Jeff Tostevin, Department of Physics
Faculty of Engineering and Physical Sciences
University of Surrey, UK

' UNIVERSITY OF

SURREY




Session (learning) aims:

To discuss the momentum distributions of the reaction
residues (the projectile less one nucleon) and to be able
to calculate these for different assumed bound states of
the removed nucleon and for reasonable S-matrices.




Probing single particle (shell model) states

One nucleon removal — at ~100 MeV/nucleon
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Experiments do not measure target final states. Final
state of core ¢ measured (sometimes) — using decay

gamma ray coincidences.

P.G. Hansen and J.A. Tostevin, Ann Rev Nucl Part Sci 53 (2003) 219



Eikonal theory - dynamics and structure

Independent scattering information of ¢ and v from target

¢ v . dyngmics
Y S, () = (4, 'S (b) S, (0, 14,)
C S @ 4 )

structure

Use the best available few- or many-body wave functions

More generally,
Sas (b) = <(PB | S1(by) S, (b,) ... S,(b,)]e,)

for any choice of 1,2 ,3, ..... n clusters for which a
most realistic wave function ¢ Iis available




Stripping of a nucleon

Oip = | b (4 [1Sc [F (1-1S, [P) | ) |



Diffractive (breakup) removal of a nucleon

S1(b1)

G = [AD (@ 1S, S, P 1) ~1(0y 1S, S, 1 ) |



Absorptive cross sections - target excitation

Since our effective interactions are

complex all our S(b) include the effects IS(b)|?< 1

of absorption due to inelastic channels

Ous = O~ = [ D (0o |1-1S.S, [* 9o

stripping
of v from

S, |° (1S, ) + Vv survives, ¢ absorbed Eff(’;’ifif,ée

< ]S, * (1| S, ) + =—>{ v absorbed, ¢ survives |— tchscgtg?;'

1e 2y1_le |2 at most
k (I-1S,.|)A-1|S, |) v absorbed, ¢ absorbed clastioally

with the

Cap = [dD (0o 1S, [ (1-[S, )| ¢o>r—| arge

Related equations exist for the differential cross sections, etc.



Diffractive dissociation of composite systems

The total cross section for removal of the valence particle
from the projectile due to the break-up (or diffractive
dissociation) mechanism is the break-up amplitude,
summed over all final continuum states

o = | dk [db| (g, | S (b,)S, (b,) |4y |2|

but, using completeness of the break-up states

If>1

| dK [0 XD [=1=1 06 )Xo =1 &)y | -v... |« bound

state
can (for a weakly bound system with a single bound state)
be expressed in terms of only the projectile ground state
wave function as:

Gare = [db {00 11 S, 1 96) 1 (05 IS S, [66) I}
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Viewed from the rest frame of the projectile

b=R.+R;

<

A

target

an excited state

Mass A-1 residue will be
left in the ground state or

Interaction with the target
probes wave functions at
surface and beyond

.
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Contributions are from surface and beyond

Cross section contribution

25 1

0.5

12Be+9Be — 11Be(gs)+X, S80A MeV I

S Eikonal reaction
b>R;+R; ~ Sim | theory
S (D) =(; | S.(b:)S,(b,) |4,)
0o 2

Impact parameter b (fm)



12

Orientation - extreme sp model — inclusive sigma

Single neutron removal from 220 = [1d,,,]° [2S,,,]
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2s,, S,=2.74 MeV
1d., S,=6.0 MeV

n
O

O.n— 6 CTsp(ld5/2)+ cTsp(zsllz)
= 202 mb

Measurement at RIKEN [Kanungo et al. PRL 88 (‘02) 142502]

at 72 MeV/nucleon on a *2C target; c_,= 233(37)mb
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Measurement of the residue’s momentum

separation

energy S, V} Fixed / mcreSasmg
\'
0o () r {_

Z

—p
consider momentum Fixed S, increasing
components p, of the core /

parallel to the beam direction,

In the projectile rest frame k\\—-}
ApAx > h/2




Systematics show shell effects

43-68 MeV/nucleon
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Nucleon knockout with gamma detection
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Single-neutron knockout from 1/C 0
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Residue momentum distributions after knockout

o = 577 2 | O WmISeb 1 = S b))

)
N
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Cross section (arb. units)

Residue parallel momentum distribution
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Residue momentum 11Be—>10Be — halo case
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projection dependence ... what do we expect?

(¥

(@) » small m
U

(b) »  large m

knockout calculatesto sigl.O,sigl.1,sigl.2 etc
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One nucleon knockout — 28Mg (—p,£=2) 82A MeV
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