Quasi-free scattering in inverse kinematics
with high-energy radioactive beams
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Quasi-free knockout reactions
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Reminder: single-particle structure and correlations TECHNISCHE
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One-nucleon removal cross sections
‘Quenching’ for deeply-bound valence nucleons in
neutron-proton asymmetric nuclei ?
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Figure from Alexandra Gade, Phys. Rev. C 77, 044306 (2008)
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Cross section [mb/1deg]
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Angular correlations and (fragment) momentum distributions
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Ab initio theory
(prediction !):

Carlo Barbieri
Self-consistent Green’s
function with NNLO-sat:
Good radii and
particle-hole gaps

0.8

111111|1111111|111

0.6 -

No strong
asymmetry
WpI2+p32  poll fit dependence
A SCGF — polO fit observed

0.2
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I\\] 1 1 "'
In 2 LI ]
~30 -20 ~10 0 10 20 (P,2p)

S, - S, [MeV]

04 @p12

|IIIIIII|IIIIIII|

I’llllll’ll|lllllll

L. Atar et al. (R3B collaboration), PRL 120 (2018) 052501

October 2020 | T. Aumann | TU Darmstadt & GSI | GSI Detector Lab Workshop | 7



Counts / (100 keV)

Nuclear Structure
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Exclusive selection

of knockout from
for the

first time possible!

Felix Wamers, PhD thesis, TU Darmstadt; (p,2p): Christopher Lehr, Master Thesis, TUDa 2017

First exclusive measurement of knockout of

valence (halo) protons

— s2/d? configuration mixing

(previous inclusive data not conclusive)
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"Ne (p,2p): '°F energy spectrum
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s?/d? cross section ratio: 41(4)/59

Christopher Lehr, Master Thesis (TU Darmstadt), publication in prep.
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Contribution with excited 150
core subtracted

Large fraction of cross section
from non-halo proton knockout:
Previous interpretation of
inclusive cross sections has
to be revisited !!!
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Transverse momentum distribution for 1°F low-lying s and d states
(Halo contribution only)
Perfect description by Eikonal-based reaction theory (T.A., C. Bertulani, J. Ryckebusch)

s?/d? cross section ratio: 42(4)/58
s?/d? configuration ratio: 34(3)/66

Christopher Lehr, Master Thesis (TU Darmstadt 2017), to be published
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Short-range correlations
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JLAB

Nature 578, 540 (2020)
Nature 566, 354 (2019)
Nature 560, 617 (2018)
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 12C(p,2pN)1°B/Be fully exclusive measurement Anna Corsi
Or Hen

« Spectroscopy of the heavy fragment

RECOIL + DECAY NEUTRONS
FRAGMENTS
RECOIL + DECAY PROTONS

LOS MWPC e e
+ROLU +R3BMU51C AR e

+Fiber 3 : Jiii - IR

AS s T —
+LH2 target

October 2020 | T. Aumann | TU Darmstadt & GSI | GSI Detector Lab Workshop | 12



. T %7 TECHNISCHE
Nuclei beyond drlpllne =&/=\ UNIVERSITAT
%)~ DARMSTADT

Examples

GSI: ""Ne(p,pnn)>Ne 2 p beyond drip (Wamers et al.)
2TF(p,2p)?60 2 n beyond drip (Caesar et al.)

RIBF: 3'Ne(p,2p)3°F (Kahlbow et al., in prep.)
29F(p,2p)®0 (Kondo et al., in prep.)
(SAMURAI + NeuLAND)
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Alpha Clusters at the surface of heavy nuclei

Al e |0 E
el 1200 0.20 60.0 deg
E ‘\ 1000
ézzo— 800 = T i
= 600 £ 0.15
Ezo— 4008 & T
® 200 © Drift
Ofaee xrxlﬂhﬁ&wf it 0.10 % i chambers
-200
I — I “2: oos %expe,imem Grand Raiden
80 Sn(p, pa)' 2Cd 400 G0 theory Spectrometer -
. Plastic
. proton detection scintillators
o X
2 F
=
% 05
o
0.4 "
. ‘
= 03 )
T il 392 MeV proton b
KPlastic scintillators ? profonbeam
600 0.2 5 | from Ring Cyclotron
2
400 = 0.1
H 0 1 2
200 3 . 00 —_l
10
06 1 1
Junki Tanaka et al., submitted
600 5 i
3 ;’ 0.4 ? o % - i
4002 B
t RIBF and R3B
— d an
10
R S o (p,pa) for heavy a emitters
-20 -10 0 10 20 30 112 116 120 124
My (MeV) Mass number A

October 2020 | T. Aumann | TU Darmstadt & GSI | GSI Detector Lab Workshop | 14



