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S393 experiment
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Study of  light neutro-rich nuclei (Be-Ne), using kinematically
complete measurements in inverse kinematics @ GSI

quasi-free scattering: 14B(p,2p)13Be   

Study the precursor to the
Borromean nuclei 14Be
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Quasi-Free Scattering: Knockout reaction
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Direct Reaction:

(p,2p), (p,np)

from initial to final 
states without 
intermediate 
compound state.

If  both outgoing 
particles have the 
same masses, in the 
lab system:

qa+qb= 81o

qa+qb= 81o



Previous studies
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2007 GSI 14Be(p,pn)13Be 2010 RIKEN 14Be(p,pn)13Be 

2013 GSI 14Be(p,pn)13Be  2014 GANIL  C(14B,12Be+n) 



Summary Previous studies 2014
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?

2. 5/2+



MSU:  13B(−1p + 1n) nucleon exchange reaction on 9Be @71 AMeV
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B.	R.	Marks,	et.al Phys Rev	C	92,	054320	(2015)	

MSU conclusion
“present data show no evidence of  any 
low- energy decay from the second d5/2 to 
the first excited 2+ state in 12Be as was 
suggested by Aksyutina et al..
Simulations including such a decay branch 
resulted in an upper limit of  less than 10%. 
This finding is consistent with results by 
Randisi et al. who extracted a branching 
ratio of  5(2)% ”. 



Experiment: Cave C @ GSI
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Primary beam 40Ar11+ @	490	MeV/u		

Intensity 6·1010	ions/spill.

Production target Be	4	mg/cm2

Reaction target H,	C,	empty

14B(p,2p)13Be	



Reaction channel Idenitification
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• Energy	loss	in	the	TFW	&	
SST	after	the	target:	
Identify	the	element	
after	the	reaction.

• Identify	the	isotope	from	
the	ALADIN	position	
deviation	and	beta	of	the	
fragment.

14B							(2pg) 12Be	+	n

Be	+n

Incoming
Beam 14B

Outgoing Be

Charge identification plot mass spectrum including the tracker condition



13Be relative energy spectrum (12Be+n)
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Relative energy spectrum 13Be = 12Be + n considering three resonances 
Breit Wigner functions with 
l= 0 for the green line, l= 2 for the blue line, l=2 for the purple line. 
The global fit  c2= 1.57  represented by the red line.

l= 0 green line,
l= 2 blue line
l= 2 purple line



Quasifree scattering conditions (p,2p)
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Angular distribution of  the 2p in coincidence with 12Be+n: 

(a)Polar Angle correlation; (b) Azimuthal Angle correlation; 
(c) Opening Angle, peaked at 82; (d) Azimuthal angle difference, peaked at 180. 

The vertical dashed lines in (c) and (d) represent the limits for the QFS conditions.

Both particles are emitted in the same 
plane, and as both have the same mass, 
with an opening angle of   90o in the 
laboratory frame. 

The coplanar condition translates to  180o, whereas the 
high energies in inverse kinematics produce an opening 
angle of    80o, due to the mass increase of  the incoming 
nucleon @ relativistic velocities ( b = 0.7). 



Adding the Quasifree scattering conditions
leads to less statistics, but clean data
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Relative energy spectrum 13Be = 12Be + n considering QFS conditions
the global	fit to four Breit-Wigner resonances fit c2= 1.3  red line.

l=0 green line,
l=2 blue line
l=2 purple line
l=2 black line



The R3B set-up @ GSI Cave C 
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Figure from,	Altstadt,	S	Ph.D.	 thesis,	Goethe	Universität	Frankfurt	(2014).

What is New compared to previus experiments?

The Crystal ball
The reaction target is surrounded by a sphere of  
162 NaI scintillator crystal assembly
inner radius of  25 cm 
crystal length of  20 cm



13Be Doppler corrected Gamma spectrum detected by
Crystal Ball in coincidence with 12Be+n
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13Be Gamma spectrum detected by Crystal Ball in coincidence with 12Be+n.
fitted to  an exponential + Gaussian distribution in order to subtract the background.

Eg=2.1		MeV.

background subtracted



2.10 +	0.95(8)	=	3.05(8)

Conclusion 14Be(p,2p)13Be
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12Be 13Be
Eg=2.1  MeV.



Conclusion on 13Be
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3.05(8)   (5/2+, 1/2+)

2.16(6)   (5/2+)

0.33(4)   (1/2+)

Randisi,	 et.al.	Phys.	Rev.	C,	89,	034320,	(2014)
Fortune,	 Phys.	Rev.	C	87,	014305	(2013)

This wor

Relative good consensus in the experimental data
Interpretation on the level scheme need 
new experiment and better statistics

We are not sensitive to the spin our fits are the same
But to fed the 2+ in 12Be via a neutron it could be 5/2+ or ½+

0.40

1.79

2.70

3.12

H.T. Fortune Phys. Rev C93, 5, 31 May 2016, Article number 054327

“The conclusion is that the differences in measured and
expected widths are in serious conflict with the hypothesis of a
5/2+ resonance near (or just below) 1 MeV and a second one
above 2 MeV. 
However, identifying the resonance just above
2 MeV with the first 5/2+ resonance gives good agreement
between experimental and calculated widths.”



In summary: I have discussed the 
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• Discussed the previous experimental knowledge of the un-
bound nucleus 13Be

• We have measured and discussed the gamma emission in 
coincidence with 13Be i.e. with the 12Be+n system

• This gamma coincidence moves the excitation level in 
13Be from 0.9 MeV to 3 MeV


