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Introduction

Nuclear structure studies have advanced on the basis of a well-established shell-
structure associated with certain magic numbers.
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Radioactive-beam facilities opened the door to the experimental research far off
B stability, where unexpected phenomenn appear...
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one-neutron knockout reactlons

: ALY Fragment

O sy JBe target

Stripping is the relevant process at high energies (transparent limit of the Serber
model).

Exclusive measurements  Projectile= Y c*s[eore ® neutron |

y-ray detectors gave rise to exclusive measurements that made possible to

distinguish the states of the A-1 fragment.
: (\\ measured
T 2 T - T .
o™ = Y C*S(" nlo,, (7.nlj)
theory

It is possible to determine spectroscopic factors, C2S(I7, V\,LJ' )



Longitudinal momentum distributions

Navin et al., Phys. Rev.
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The longitudinal momentum distributions of the A-1 fragment reflect the orbital
angular momentum of the nucleon removed in the reaction.



E)q:erimewtaL setup at the FRS spectrometer

Production target,

TBE, 49/0m> - MUSIC: Charge.
A -TPC: x and y positions.
el — TOF: Time of flight between SCI (B).
- MINIBALL: Gamma measurements.

TPCL
“CAr beam
10%° Lons/spill,
F00 MeVv/nucleon

TPC2

MUSICL

Kwockout target
IBeE, 1720 mo/cm>

MINBALL

MUSIC2




ldentification

|dentification of projectiles and knockout fragments from measurements of the charge

and A/Z ratio.
TOF K\ m
Bp = ypc| —
g

positiows at TPCs ‘é

|dentification plots were used to calculate the cross-section:
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Calculation of the longitudinal momentum

The energy loss in the target region is translated in a position change at F4.

]

The longitudinal momentum is calculated from the transfer matrix of the FRS:

F1

XF2

X
P; = qupsz,4 1+ D B

S2,4 DSO,2

It is converted to the reference frame of the projectile:

E
p// ¥ Yproj(pf v Bproj ?f)



Y measurements with MINIBALL

Kwnockout
Fragment

. N
QN BALL (8 cluster of 3 segmented Ge crgstaLs).

Reconstruction of the y-ray energy:

Elab,cluster 3 EEcore Addback

Esource = YEIab(1 = BCOSB) Doppler correction



Results
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C. Rodriguez-Tajes et al., Phys. Rev. C 82 (2010) 024305.



Results for *+9¢C Lsotopes

Odd-mass C isotopes are good candidates for neutron-halo configurations.
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Y wmeasurements Ln C one-neutron Rmnockout

~4000 ReV, 2, 31, 4F
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—4—
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1766 Rev, 27
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Contribution from the 'C ground state in disagreement with the 2% predicted by
shell-model calculations.
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Results for 622N, 220 and 212°F Lsotopes

N, O and F isotopes exhibit significant s,,admixtures when crossing N = 14.
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22N]: Flrst one-neutron kwnockout
data

26F: possible 25, , neutron coupled to

an excited state of 2°F, as suggested
by Fernandez et al. , Phb thesis.



Y measurements tn N one-neutron Rmnockout
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Three clear peaks, at 143, 472 and 615 keV, observed in this experiment.
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Results for 242€Ne isotopes
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Awnalysis of the momentum distributions

Momentum distributions determined by the asymptotic form of the wave function.

IPIm(F) — Hawnkel functions

Analytical solutions for the lowest angular momenta: AN, AN, ,dNL=2

di, dk, dk

z z

' Depend on the neutron separation energ Y
X @ L (s,) and a lower cut-off on the Lmpact
5 Q parawmeter (X,).

3)

Proj=W,__(core®@wn) +wW, (core®@n :>d_N=WS AN, e AN,
J 9 gs e 9
9s exe

< ok

w = weigth of the configuration

gs, exc



Counts

0 2001 0= 00— 0200 0====200 200
p, (MeVic) p, (MeVic) p, (MeVic)
Transition from d;,,to s, ,configurations at
N=15
Projectile Fragment L weight
2*Ne (07) 2=Ne (5727, gs) 2 o074 *o0.05
2=2Ne (1/2%,1017) o0 0.25*0.05
25Ne (1/27) 24Ne (0™, gs) 0 o046 *o0.03
24Ne (27, 1982) 2 o0.51*00=
2¢Ne (0™) 2°Ne (1/27F, gs) o 0.59 *0.03
25Ne (5/27,17023) 2 0.2382 *x0.02
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Counts
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The last neutron occupies a s, level, rather than d;, and is coupled to an
excited state of the core.

Projectile Fragment L weight
27Ne (3/27) 2eNe (07, 9s) 2 o034*o011
26Ne (1, 2024) o0 0.4 *o012
2fNe (07) 27Ne (3/2%,9s) 2 ode to.02
Ne (1/2%,2825) o0 0.81 £0.09

C. Rodriguez-Tajes et al., Phys. Lett. B 687 (2010) 26.
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A previous Rnockout experiment for 242€Ne
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Our results agree with Terry et al. for the population of the ground state of the core
(difference of 16%)).



Cconcluslons

-Thirty-nine nuclei, from C to Al and with N=9-22, have been experimentally studied.

-Two inclusive observables: p, and o, were determined and exclusive
measurements were carried out for 17C and *N (also for 21O and 2F).

—One-neutron halo configurations in odd-mass C isotopes.

-Results for N, O, F and Ne isotopes reflect the change from d_ ., to s, ,
configurations at N = 15.

—FLlrst one-neutron knockout data for 22N (one-neutron halo ca ndtdate).

—The ground state of *72¥Ne is dominated by excited states of the core coupled to

as, ., wneutron.

- Further study of exclusive data would provide detailed spectroscopic information.

20
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Aocepta nee cuts
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Artificial cuts appeared for those cases close to the acceptance limits of the FRS.



Momentum resolution

Measurement of projectiles that did not
react tn the target.

The width was corrected from the momentum resolution.

PWHM, 0 = | PWVHM . ~FWHME, .

correcteo



Comparison with previous expertments (py )
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Comparison with previous expertments (0 )
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210 one-neutron Rnockout
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25F one-neutron Rnockout

522 kRev, 1T, 2, 3"

150 o .
simulation

Counts

100

50 4%y
The first excitation Level of 2*F was

PD‘puLated L the reaction.
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Exclusive measurements performed for the first time in 2°F one-neutron knockout.
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MB Efficlency In the photopeak (%)

Geant4 simulation of MINIBALL

velocity of emitting nucleus beta = 0.707
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E—fﬁciewcg L Y Measurements

® Co
6004
® Simulation 4
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The MINIBALL detection efficiency was calculated with a Geant 4 simulation.

The dead time of the detector and the efficiency of the acquisition module were
also taken into account.



