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Deeply-bound nucleon knockout from exotic nuclei

A. Gade et al, PRL. 93 042501 (2004) ; PRC 77, 044306 (2008)
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Deeply-bound nucleon knockout from exotic nuclei
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What are the limits of standard eikonal+sudden approaches?
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Outline

Question

What are the limits of standard eikonal4-sudden approaches?

Experimental investigation
o One-nucleon knockout from 16C and #0, NSCL

F. Flavigny, A. Obertelli et al., in preparation (2012)

e One-nucleon transfer from 1*O at SPIRAL, GANIL

F. Flavigny, L. Nalpas, A. Obertelli, A.Gillibert et al., in preparation (2012)
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Outline

Question

What are the limits of standard eikonal4-sudden approaches?

Experimental investigation

e One-nucleon knockout from 16C and 140, NSCL
F. Flavigny, A. Obertelli et al., in preparation (2012)

Interpretation

e Beyond the "sudden approximation” dynamics.

o Core-target excitations in deeply-bound nucleon removal
C. Louchart, A. Obertelli, A. Boudard, and F. Flavigny, PRC 83 011601 (2011)
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Experimental setup

Primary beam : 180 (120 MeV/nucleon)

Secondary beams :
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%0 beam at 53 MeV /nucleon
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SeGA (17 segmented HPGe)

25 e B

W. F. Mueller et al, NIM A 466, 492 (2001)
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S800 magnetic spectrometer

Focal Plane Detectors :
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Inclusive parallel momentum distributions and cross sections

Loosely-bound nucleon
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Inclusive parallel momentum distributions and cross sections

Loosely-bound nucleon
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Inclusive parallel momentum distributions and cross sections

Loosely-bound nucleon
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High-momentum cutoff

Parallel momentum of the residue A=1X

P// = \/(Tp -5, —Ef)2 +2Mr(Tp -5, —6,’)

Tp : initial kinetic energy of the projectile (beam)
Sp : separation energy of the removed nucleon
ef : final energy of the nucleon with respect to the target

— Momentum threshold pmax for e, =0

'
'
'
Pmax P/ A. Bonnacorso, PRC 60, 054604 (1999)
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High-momentum cutoff

Parallel momentum of the residue A=1X
P// = \/(Tp —Sp—ef)2+2M(Tp — Sn — &)
3 Tp : initial kinetic energy of the projectile (beam)
' Sp : separation energy of the removed nucleon
! A ef : final energy of the nucleon with respect to the target
I — Momentum threshold pmax for e, =0
Po - Pmax Py A. Bonnacorso, PRC 60, 054604 (1999)
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High momentum cutoff : existing data
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" Barely visible” effect in published data
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High momentum cutoff : existing data

E(140) = 53 MeV/u E(*0Ar) = 70 MeV/u E(16C) = 75 MeV/u
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Dynamical limit for nucleon knockout
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Transfer to the continuum model

Intrinsic momentum of the removed neutron + Energy dependent (n+°Be) potential J

Properties

® Transfer from initial neutron bound state to
continuum neutron-target state.
® Generalization of a semi-classical method.

® Contain energy and momentum conservation

y
Inputs
® Neutron bound-state wf (HF constraint)
® Core-target S-matrix (same as model 1)
® n+%Be pot. (fitted on cross section data)
v
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Intrinsic momentum of the removed neutron + Energy dependent (n+°Be) potential

Properties
® Transfer from initial neutron bound state to
continuum neutron-target state.
® Generalization of a semi-classical method.

® Contain energy and momentum conservation

v

Inputs
® Neutron bound-state wf (HF constraint)
® Core-target S-matrix (same as model 1)

® n+%Be pot. (fitted on cross section data)

Limits
® Restricted to neutron removal

® No breakup of 9Be target

® No final state interactions
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~-ray spectroscopy of °B : dissipative processes

Coups /5 keV
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Questioning the "inert core” approximation

Intra Nuclear Cascade model (INC)

Structure inputs :
® HF neutron and proton densities.

® Spectroscopic factors.

000
Oth = Ocasc + Oevap
70 e 70 .
60 60
50 50
2 40 E 40
© 30 © 30
20| 20

H0(Be)"0 "OCBEX)'N  HSICBeX)PSE HiCBeX) Al
INC+ABLA @ exp energy 4 @ 300 MeV/u

L1
| Glauber @ exp energy A @ 300 MeV/u o

C. Louchart, A. Obertelli, A. Boudard, and F. Flavigny, PRC 83 011601 (2011)

Deeply-bound nucleon removal :

- Core excitations deplete the one-nucleon removal channel

- Call for exclusive measurements, along the line of D. Bazin et al., PRL 102 232501 (2009).
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Summary and Conclusion

] Loosely-bound nucleon knockout
H
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£ e Good agreement between th. and exp.
£ - Rs = 0.8:09.
= - Mom. distributions in agreement with eikonal predictions.
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H Deeply-bound nucleon knockout
Los e Strong deviations from eikonal/sudden picture
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P b . 0o - High-momentum cutoff — Kinematical effect (E,Sp)
5400 5600 5800 3600 3800 4000 4200 - Important low-energy tail — Hypothesis : Dissipation, core-target int.
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- Indirect population of excited states.
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Determination of dynamical limits for nucleon knockout J

(MeVinucleon)

Epm‘

Role of indirect processes in the mechanism questioned J

2
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Outlook

Comparison with transfer results on *0 in GANIL

0y $y13
0(d,t)B0
otz roeme ~ 0L

T

Boam
Tracking

I
|
[
Detoctor

See A. Gillibert’s talk tomorrow ! s /\l/” LSy
Exclusive measurement at RCNP (2013)
o 12¢(1*0,%0+4X) Population of unbound states in *O (proton detection)

. 1H(MO,BO) and 1H(MO,BN) Proton induced nucleon breakup

Spokepersons : J. Lee, A. Obertelli, Y. Ye.
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