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Summary 
 
ü  Previous FINUDA results: 
Γ2N from proton spectra (PLB 685 (2010) 247) 
Γ2N from n&p coincidences (PLB 701 (2011) 556) 
  
ü  Revisited analysis 
 
ü  Γp for p-shell Λ-hypernuclei  
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NMWD data: SPHERE meeting 2014 

References Exp.  Analysis 
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ΛC, 15
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16
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Agnello PLB 701 (2011) 556  LNF (K-
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ΛC, 13
ΛC, 15

ΛN, 
16
ΛO 

Agnello NPA 881 (2012) 322 LNF (K-
stop, π-) 2N-NMWD evidence (π, p, n, n)  

Bufalino NPA 914 (2013) 160 LNF (K-
stop, π-) p spectra revision  

Agnello sub. to PLB July 2014 LNF (K-
stop, π-) Γ2N revisited analysis  

Γp/ΓΛ for 5ΛHe, 7ΛLi, 9ΛBe, 11
ΛB, 12

ΛC, 13
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15
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252 

theoretical calculations on MWD and 
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1461 

KEK (π+, K+) final KEK results on 12
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15 MeV threshold! 

(*) (*) 

(*) 

NMWD p inclusive spectra 

(*) M. Agnello et al., NPA 804 (2008) 151.  

1N , 2N , FSI!!! 

common features: 
•  low energy rise 
• structure at ~80 MeV 
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(π-, p) coincidence 
(K-

stop (np)→Σ- p; Σ-→n π-) background subtracted 
and acceptance corrected 

M. Agnello et al., PLB 685 (2010) 247.  



Γ2N and FSI determination 

NMWD p 

gaussian fit 
free	
  µ 	



Alow	
  

Ahigh	
  

µ	
  from fit 

Alow 

Ahigh 

	
  1N , 2N , FSI 

 1N , FSI 
 2N  (Tp > 70 MeV) ~5% Γ2N	
  	
  

M. Agnello et al., PLB 685 (2010) 247.  

W. Alberico and G. Garbarino, PR 369 (2002) 1.  
Γ2N	
  /ΓNMWD 
Γn/Γp 

independent  
on A 

G. Garbarino, A. Parreño and A. Ramos, PRL 91 (2003) 112501. 
G. Garbarino, A. Parreño and A. Ramos, PRC 69 (2004) 054603. 
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FSI and 2N  induced non-mesonic decay 
M. Agnello et al., PLB 685 (2010) 247.  
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(*) (*) 

(*) 

(π-, p) coincidence 
p spectra background subtracted 

and acceptance corrected 

(*) M. Agnello et al., NPA 804 (2008) 151.  
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Γ2N  and FSI 1st determination (π-, p) 

E. Bauer and G. Garbarino, NPA 828 (2009) 29.  Γ2N	
  /Γp ~	
  Γnp/ Γp 
Γnp : Γpp : Γnn = 0.83 : 0.12 : 0.04 

FSI linear on A up to A = 16 

systematics: all p-shell bAbAaAR
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H. Bhang et al., EPJA 33 (2007) 259.  

"  E. Bauer and G. Garbarino, NPA 828 (2009) 29. 
"  H. Bhang et al., EPJA 33 (2007) 259: ~0.40 12CΛ	



"  J.D. Parker  et al., PRC 76 (2007) 035501: ≤ 0.24 4HeΛ (95% c.l.) 
"  M. Kim  et al., PRL 103 (2009) 182502: 0.29 ± 0.13 12CΛ	



M. Agnello et al., PLB 685 (2010) 247.  

weighted 
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A
ΛZ → A-2 (Z-1) + p + n 	
  

p   T~ 80 MeV	
  

n   T~ 80 MeV	
  
p	
   Λ	



Γ2N  improved determination (π-, p, n)	
  
•  it is not possible to disentangle 1N, 2N and FSI contributions on an event 

basis 

•  enrich the 2N contribution by rejecting 1N-like events, FSI from A=(5 ± 16) 

•  1N NMWD: ΛN→NN: ~2-body reaction, daughter nucleus  
 ~ spectator  → Λp→np: (n, p) b.t.b angular correlation,  

    T(p)+T(n)~160 MeV (+ nuclear medium effects) if no FSI 
 
KEK PS  E462 5ΛHe:  B.H. Kang et al., PRL 96 (2006) 062301         
KEK PS E508 12

ΛC:  M.J. Kim et al., PLB 641 (2006) 28,    M. Kim et al., PRL 103 (2009) 182502                                                                                       
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systematics: all p-shell 

FINUDA Collaboration and G. Garbarino.,  
PLB 701 (2011) 556.  
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Γ2N  improved determination (π-, p, n)	
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"  M. Kim  et al., PRL 103 (2009) 182502: 0.29 ± 0.13 12CΛ. 
"  M. Agnello et al., PLB 685 (2010)  247: 0.24 ± 0.10.  

" low statistics 
" direct measurement 
" reduced error 

E. Bauer and G. Garbarino, PRC 81 (2010) 064315.  assumption 
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2N  induced weak decay 

E. Botta, T. Bressani, G. Garbarino, EPJA 48 (2012) 21 

v  several experimental evidences, but indirect 

 “smoking gun” evidence missing! 

v  relevance first pointed out by: W.M. Alberico et al., PLB 256 (1991) 134 

v  key role in data interpretation many theoretical predictions 
E. Bauer 
G. Garbarino 
A. Parreño 
A. Ramos 

v  importance of the effect: ~20-25% of the total NMWD width 

v  experimental hardness:  3 nucleons emitted from Λ-hypernucleus g.s. 
 4-fold coincidence measurement (π-, p, n, n) 
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2N  induced decay exp. evidence 

pπ-­‐ 	
  =  276.9 ± 1.2 MeV/c 
pmiss 	
  =  217 ± 44 MeV/c 
Etot  =  178 ± 23 MeV 
MM  =  3710 ± 23 MeV/c2 

 
E(n1)  =  110 ± 23 MeV 
E(n2)  =  16.9 ± 1.7 MeV 
E(p)  =  51.11 ± 0.85 MeV 
	
  
ϑ(n1 n2)  =  94.8° ± 3.8° 
ϑ(n1 p)  =  102.2° ± 3.4°	
  
ϑ(n2 p)  =  154° ± 19° 
 
no n-n or p/n scattering 

first,	
  direct	
  experimental	
  evidence	
  

M. Agnello et al., NPA 881 (2012) 322 
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Triple coincidence (n+n+p) events @ FINUDA 
exclusive Λnp→nnp 7ΛLi→4He+p+n+n decay event  



pπ-­‐ 	
  =  276.5 ± 1.2  MeV/c  
pmiss  =  447 ± 18  MeV/c 
Etot  =  147.1 ± 4.2 MeV   
MM  =  3720.3 ± 4.7 MeV/c2 

 
E(n1)  =  21 ±  2.0 MeV 
E(n2)  =  35.3 ± 3.6 MeV 
E(p)  =  90.83 ± 0.50  MeV 
 
ϑ(n1 n2)  =  126.5° ± 5.4° 
ϑ(n1 p)  =  53.5° ± 4.3° 
ϑ(n2 p)  =  124.6° ± 3.9° 
	
  
no n-n or p/n scattering 13	
  

cut on Ep released 

2N  induced decay exp. evidence 
Triple coincidence (n+n+p) events @ FINUDA 
exclusive Λnp→nnp 7ΛLi→4He+p+n+n decay event  



cut on Ep released 

pπ-­‐ 	
  =  286.7 ± 1.2 MeV/c  
pmiss  =  253 ± 18 MeV/c 
Etot  =  123.5 ± 4.9 MeV   
MM  =  5617.3 ± 5.0 MeV/c2 
 

E(n1)  =  20.2 ± 2.5 MeV 
E(n2)  =  31.5 ± 4.2 MeV 
E(p)  =  71.77 ± 0.80 MeV 
	
  
ϑ(n1 n2)  =  133.6 °± 7.5° 
ϑ(n1 p)  =  128.5°± 5.5° 
ϑ(n2 p)  =  95.4°± 3.6° 
 
no n-n or p/n scattering 
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2N  induced decay exp. evidence 
Triple coincidence (n+n+p) events @ FINUDA 
exclusive Λnp→nnp 9ΛBe→3He+3H+p+n+n decay event  



(*) M. Agnello et al., NPA 804 (2008) 151.  

(*) (*) 
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  "simple" kinematical calculation: btb kinematics  

M. Agnello et al., PLB 685 (2010) 247.  
b-t-b hypothesis 

Dynamics of NMWD: exclusive NMWD?  
p spectra A=(5-16) 

S. Bufalino, NPA 914 (2013) 160. 



Revised analysis of the proton spectra 

Attempt of improving the fits by shifting down the lower edge 
for the fits to 50, 60 and 70 MeV: 
	
  

	
  better value of χ2/n	
  =	
  1.33	
  when choosing the starting point at 70 MeV 
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Revised analysis of the proton spectra 

•  fits to Gaussians of experimental proton spectra 
 starting from 80 MeV, with free centers (µ), widths and areas 

•  disagreement of values of µ from whose expected from exact Q-values 
 (b-to-b kinematics and no-recoil of the residual nucleus) 
 for 13CΛ	
  and, especially,15NΛ and 16OΛ	



M. Agnello et al., PLB 685 (2010) 247.  

n

p 

n 
p n 

p maximum kinetic energy 
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0 MeV/c 



 Γ2N	
  /ΓNMWD, Γ2/Γ1 and Γn/Γp independent on A  in the range A = 5 ÷ 16 
	
  
 Γ2N /Γp	
  = 0.43 ± 0.25	
   	
  (Γ2N /ΓNMWD = 0.24 ± 0.10) 
 
 
	
  
With the new µ values we find: 
	
  

	
   Γ2N /Γp = 0.50 ± 0.24  (Γ2N  /ΓNMWD = 0.25 ± 0.12) 

 
"   compatible with the previous one, within the errors. 

Refined determination of Γ2N /ΓNMWD 
inclusive proton spectra, (π-, p) coincidence 

Following M. Agnello et al., PLB 685 (2010) 247.  
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FINUDA Collaboration and G. Garbarino., PLB 701 (2011) 556.  
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Refined determination of Γ2N /ΓNMWD 
 (π-, p, n) coincidence 

 
Following PLB 701 (2011) 556:  

R 
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−±=
Γ
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⎠

⎞
⎜⎜
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Γ
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− sys
03.0
02.0stat
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NMWD

N

With the new µ values, we got: 

sys
05.0
04.0stat

2 14.036.0 +

−±=
Γ
Γ

p

N
⎟⎟
⎠

⎞
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− sys
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02.0stat

2 08.020.0
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"   fully compatible with the previous one, within the errors. 

"  M. Kim et al., PRL 103 (2009) 182502: 0.29 ± 0.13.  

"  E. Bauer and G. Garbarino, PRC 81 (2010) 064315.  

FINUDA Collaboration and G. Garbarino., PLB 701 (2011) 556.  
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then exactly the same procedure as in [9]. Finally we find the new values:

�2N/�p

= 0.50± 0.24 (8)

and
�2N/�NMWD

= 0.25± 0.12 (9)

by using the value �
n

/�
p

= (0.48±0.08), weighted average (w.a. from now
on) taken from the data in [13]. We recall that the main assumptions in the
above procedure are a linear dependence of the FSI contribution on A and
the constancy of both �2/�NMWD

and �
n

/�
p

for Hypernuclei in the range
A = 5 ÷ 16 under consideration, as discussed in [14]. We remark that the
new values are fully consistent with the previous ones (�2N/�p

= 0.43±0.25,
�2N/�NMWD

= 0.24 ± 0.10); the smaller relative error on �2N/�p

is due to
the larger A

high

integral obtained with the new fits from 70 MeV, while the
error on �2N/�NMWD

is dominated by the error on the w.a. from [13].
In a second approach [15] we determined �2N/�NMWD

by considering
both protons and neutrons emitted in coincidence with the ⇡

� from the
formation reaction of Hypernuclei. We repeate the same procedure and define
for each Hypernucleus the ratio R1 as:

R1 ⌘
N

n

(E
p

 (µ1 � 20 MeV), cos✓(np) � �0.8)

Np(E
p

> µ1)
(10)

where N

n

(E
p

 (µ1 � 20 MeV), cos✓(np) � �0.8) is the number of neutrons
in coincidence with a proton of energy lower than µ1 � 20 MeV and forming
an angle with the proton direction such as cos✓(np) � �0.8, while N

p

is the
number of protons with energy larger than µ1 (blue areas in Figure 1). These
events [15] should correspond mainly to the process (5) plus a not negligible
contribution due to FSI.

In Figure 2 the new experimental values of R1 for each Hypernucleus are
plotted as a function of A. By a simple linear fit to (a + bA) (blue line in
Figure 2) we find the values a = 0.58± 0.23, b = �0.017± 0.090 with �

2/ndf
= 1.045/6 and then, following the approximations adopted in [15]:

�2N

�
p

=
[R1(A)� bA]

1.6
=

a

1.6
= 0.36± 0.14

stat

+0.05sys
�0.04sys . (11)

Furthermore

�2N/�NMWD

= 0.20± 0.08
stat

+0.04sys
�0.03sys . (12)
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Refined determination of Γ2N /ΓNMWD 
 (π-, p, n) coincidence 



At least 3 effects:                  G. Garbarino, A. Parreño and A. Ramos, PRC 69 (2004) 054603. 
a)  number of primary protons from NMWD decreased by FSI 
b)  in a given region of the spectrum increase due to the FSI not only of higher 

energy protons, but of neutrons as well 
c)  quantum mechanical interference effect among p of different sources  
 
In the upper part, Ahigh, of the experimental spectrum b) and c) ~ negligible 
 

How to calculate a) or (a)+b)+c))  without resorting to any INC models, 
   but only from experimental data? 

First determination of Γp/ΓΛ for 8 Hypernuclei 
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Some information can be extracted by the proton spectra, but 
how it is possible to extract the “true” number of protons from NMWD? 
Spectra are severely distorted by several FSI effects 

21	
  



creased due to FSI su↵ered by the proton;

b) there is an increase of the number of protons due not only to FSI of
protons at higher energy in the spectrum, but also to FSI of higher
energy neutrons from (4);

c) quantum-mechanical interference e↵ects may occur among protons of
the same energy from the di↵erent sources (primary from (3) and (5),
secondary from FSI).

All these e↵ects may be evaluated by appropriate and precise INC calcula-
tions, as done in [3] and in [11].

We try to evaluate the e↵ect of the FSI on our spectra without using INC
calculations but exploiting only experimental data and simple hypotheses. If
we consider the portions of the spectra above the µ1 values (blue areas in
Figure 1), the importance of the e↵ect b) may be safely neglected, following
[3]. The contribution of the decay (5) above 70 MeV is not larger than 5%
of �

NMWD

[3], and, considering our determination (11), the total amount of
primary protons from (5) would not be larger than 2% of those from (3).
Then also the interference e↵ect c) may be neglected.

We parametrize then the e↵ect a) by means of the following relationship:

�
p

�⇤
=

�
T

�⇤
BR(p) =

�
T

�⇤

2(N
p

�N2N) + ↵(N
p

�N2N)

N

hyp

(13)

where BR(p) is the branching ratio of (3), N
p

is the number of protons in the
higher energy half part of the fitting Gaussian, N2N the number of protons
from (5) (about 2%), N

hyp

the number of produced Hypernuclei, the factor 2
takes into account the total area of the Gaussians and ↵ is a coe�cient to be
determined, which accounts for the number of protons moved below µ1 due
to FSI. More precisely ↵/(2 + ↵) is the fraction of protons a↵ected by FSI.

To calculate ↵ for the considered Hypernuclei, �
p

/�⇤ values for 5
⇤He and

12
⇤ C are considered and a linear scaling law with A is assumed for the FSI con-
tribution, and consequently for ↵. �

p

/�⇤ for 5
⇤He and 12

⇤ C can be evaluated
from (7), explicitely:

�
T

�⇤
=

�
⇡

�

�⇤
+

�
⇡

0

�⇤
+

�
p

�⇤
+

�
n

�
p

· �p

�⇤
+

�2N

�
p

· �p

�⇤
, (14)

by means of the value of �2N/�p

given by (11) and other experimental val-
ues existing in the literature. More precisely for 5

⇤He, by substituting the

9

on the basis of  Γ’s experimental values from FINUDA and KEK 
Γ2N   /Γp = 0.36 ± 0.14, 
Γn/Γp = 0.45 ± 0.10 (5HeΛ),    Γn/Γp = 0.51 ± 0.15 (12CΛ), we got: 
 
Γp/ΓΛ = 0.22 ± 0.03 (5HeΛ)      Γp/ΓΛ = 0.49 ± 0.06 (12CΛ) 

   
it is then possible to determine 
α5(5)  = 1.15 ± 0.26         α12(12) = 2.48 ± 0.46 

under the hypothesis of a linear scaling with A 
α5(12) = 1.04 ± 0.19        α5 = 1.08 ± 0.16 
α12(5)  = 2.77 ± 0.63         α12 = 2.58 ± 0.37 

general expression:      α (A) = (0.215 ± 0.031) A 

Hyp

22T

N
)NN()NN(2 NpNpp −+−

Γ
Γ

=
Γ

Γ

ΛΛ

α

where α accounts for FSI: ⎟
⎠
⎞

⎜
⎝
⎛
+α
α
2

FSI affected protons 
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BR(1p NMWD) = NpNMWD /NHyp 

no INC calculation 

measured for 5HeΛ and 12CΛ  	
  

from exp. spectra (Ahigh) 

“true”: no FSI 
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  = 1.08 ± 0.16 
	
  

α12	
   	
  = 2.58 ± 0.37 
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N
)NN()NN(2 NpNpp −+−

Γ
Γ

=
Γ

Γ

ΛΛ

α

First determination of Γp/ΓΛ for 8 Hypernuclei 

ΓT/ΓΛ 	

=	
  0.96	
  ±	
  0.03	
  (w.a.)	
  
Γn/Γp 	
  =	
  0.45	
  ±	
  0.11	
  
Γ2N  /Γp 	
  =	
  0.36	
  ±	
  0.14	
  
Γπ-/ΓΛ 	

=	
  0.34	
  ±	
  0.02	
  (w.a.)	
  
Γπ0/ΓΛ 	

=	
  0.20	
  ±	
  0.01	
  (w.a.)	
  

5HeΛ	


ΓT/ΓΛ 	

=	
  1.22	
  ±	
  0.04	
  (w.a.)	
  
Γn/Γp 	
  =	
  0.51	
  ±	
  0.13	
  
Γ2N  /Γp 	
  =	
  0.36	
  ±	
  0.14	
  
Γπ-/ΓΛ 	

=	
  0.12	
  ±	
  0.01	
  (w.a.)	
  
Γπ0/ΓΛ 	

=	
  0.17	
  ±	
  0.01	
  (w.a.)	
  

12CΛ	
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α5(5HeΛ) 	
  = 1.15 ± 0.26 
	
  

α5(12CΛ) 	
  = 1.04 ± 0.19 
α12(12CΛ) 	
  = 2.48 ± 0.46 
	
  

α12(5HeΛ) 	
  = 2.77 ± 0.63 a scaling linearly with A 

Γp/ΓΛ(5HeΛ) = 0.22 ± 0.03 Γp/ΓΛ(12CΛ) = 0.49 ± 0.06 

 α(A) = (0.215 ± 0.031) A 
no INC calculation 
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ΓT/ΓΛ	

 αA Γp/ΓΛ	


this work 

Γp/ΓΛ	


previous works 

 

Γp/ΓΛ	


[26] 

 

5
ΛHe 0.962±0.034 

[4, 18] 
1.08±0.16 0.22±0.05 0.21±0.07 [4] 

 0.237 

7
ΛLi 1.12±0.12 1.51±0.22 0.28±0.07 0.297 

9
ΛBe 1.15±0.13 1.94±0.28 0.30±0.07 0.401 

11
ΛB 1.28±0.10 [5] 2.37±0.34 0.47±0.11 0.30±0.07 [5] 0.444 

12
ΛC 1.242±0.042 

[18, 22] 
2.58±0.37 0.65±0.19 0.31±0.07 [5] 

0.45±0.10 [24] 
0.535 

13
ΛC 1.21±0.16 2.80±0.40 0.60±0.14 0.495 

15
ΛN 1.26±0.18 3.23±0.47 0.49±0.11 0.555 

16
ΛO 1.28±0.19 3.44±0.50 0.44±0.12 0.586 

K. Itonaga, T. Motoba, 
 Progr. Theor. Phys. Suppl.  

185 (2010) 252.  
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Preliminary: sub. to PLB 

S. Kameoka et al.,  
NPA 754 (2005) 173c  

A.  Park et al.,  
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J.J. Szymansky et al.,  
PRC 43 (1991) 849 

H. Noumi et al.,  
PRC 534 (1995) 2936  

H. Bhang et al.,  
JKPS 59 (2011) 1461 

 (0.990±0.094) + (0.018±0.010) �A 
M. Agnello et al., PLB 681 (2009) 139 
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1p NMWD 

π- MWD 

this work, preliminary 

H. Bhang et al., JKPS 59 (2011) 1461.  



Conclusions 

"   First systematic determination of Γp /ΓΛ for p-shell Hypernuclei 
 
"   experimental data agree with the latest calculations by Itonaga & Motoba, 

 (even though the errors are quite large…) 
 
 
 
"   First experimental verification of the complementary  
    between MWD and NMWD, at least for charged channels 

"  J-PARC scientific program restart… 

K. Itonaga, T. Motoba, Progr. Theor. Phys. Suppl. 185 (2010) 252.  
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energy 510 MeV 

luminosity 5 1032 cm-2 s-1 

σx (rms) 2.11 mm 

σy (rms) 0.021 mm 

σz (rms) 35 mm 

bunch length 30 mm 

crossing angle 12.5 mrad 

frequency 
(max) 368.25 MHz 

bunch/ring up to 120 

part./bunch 8.9 1010 

current/ring 5.2 A (max) 

FINUDA in a nutshell 
−

Λ
−

+−+−

+→+

→→+

π
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FINUDA key features 
*  very thin nuclear targets (0.1 ÷ 0.3 g/cm2) 

high resolution spectroscopy 

decay mode study 

*  coincidence measurements with large acceptance (2π sr) 

systematic error reduction 

*  irradiation of different targets in the same run 

continuous energy and rate calibration 

*  event by event K+ tagging 
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systematics on A 



FINUDA sub-detectors performances 
30	
  

❖ external scintillator barrel: trigger 
and neutron detection 

❖ s.c. solenoid: B = 1.0 T; 
 field homogeneity within 2% 
❖ interaction/target region: K+/K- identification, 

hypernucleus production and detection  

❖ tracking devices: measurement of trajectories 
and momenta of charged particles (Δp/p 3.5‰) 

❖ He chamber: minimization of  
   particle multiple scattering 

TOFout: σt ≤ 500 ps FWHM 
efficiency ≥ 10%;  ΔE = 8 MeV 

Δp/p:  He atmosphere = 3.5‰ 
 air  = 2% 

ISIM/OSIM: σz = 30 µm; ΔE = 20% FWHM 
TOFin: σt ≈ 300 ps 

LMDC:  σ(ρ, φ) = 150 µm; σz ≤ 1% wire length  
STB:  σ(ρ, φ) = 150 µm; σz 500 µm 

VDET z resolution 

TOF	
  Ome	
  resoluOon	
  

PID	
  in	
  OSIM	
  



Background evaluation 

Target ϑ(π-p) Ep (MeV) 
7Li   33.4 ° ± 3.7° 51.11 ± 0.85  

7Li 121.7 ° ± 3.2° 90.83 ± 0.50  

9Be 159.3 ° ± 5.9° 71.77 ± 0.80  

pnpK +Σ→+ −− )(
n+→Σ −− π

7Li	
  

the 2	
  Λnp	
  →	
  nnp	
  real events DO NOT belong to background 
to a confidence level ≥ 99%. 

v  significant back-to-back correlation à this feature rules out completely the first event on 7Li 

v  the correlation between cosϑ(π-p) and Ep was studied for the simulated background: 
	
  major contribution from this source when π and p are emitted nearly back-to-back and Ep ≥ 100 MeV 

v evaluation of the number of simulated events surviving to a 3σ cut on cosϑ(π-p) and Ep on 7Li and 9Be:	
  
	
  ~10-3 events were found for both targets 

p 

n 

Σ- 

π- 
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⇢ µ0 µ1 �

( MeV) (MeV) (MeV) (MeV)
5
⇤He 76.65 68.5±4.1 66.9±11.8 22.3±9.9
7
⇤Li 82.99 76.7±5.2 74.9±3.8 18.0±2.1
9
⇤Be 76.48 78.2±6.2 77.7±9.1 20.8±10.8
11
⇤ B 79.72 75.1±5.0 71.7±10.8 23.8±5.5
12
⇤ C 78.36 80.2±2.1 77.3±2.9 22.0±2.1
13
⇤ C 74.44 83.9±12.8 81.6±5.8 22.6±3.5
15
⇤ N 77.55 88.1±6.2 84.2±4.5 18.6±2.8
16
⇤ O 78.25 93.1±6.2 85.0±6.8 21.9±3.5

Table 1: Kinematics and Gaussian fit parameters. First column: hypernucleus; second
column: proton kinetic energy, ⇢, from a 2-body kinematics of one proton induced NMWD,
with no daughter nucleus recoil (see text for more details); third column: gaussian fit
mean value from [9], µ0; fourth column: present analysis gaussian fit mean value, µ1; fifth
column: present analysis gaussian fit standard deviation, �. Statistical errors only are
quoted.

column of Table 1, whereas in the fifth column the values of the corresponding
widths are reported; the quoted errors are statistical only.

We notice that the widths found for 5
⇤He and 12

⇤ C are consistent with
those evaluated theoretically as due to the Fermi motion [3]. The new fitting
Gaussians are represented by the solid lines in Figure 1.

The most relevant issue from this revisited analysis is that new values
for the areas of the upper half of the fitting Gaussians are evaluated, with
impact on the related physics items that are discussed in the following.

3. A refined determination of �2N/�NMWD

In [9] a technique was devised to disentangle the contribution coming from
the 2N induced decays (5) from the one-proton induced decays a↵ected by
FSI by exploiting the systematics in the mass range A=5÷16. Each spectrum
of Figure 1 was divided into two parts, one below the value µ0, with area
A

low

, the other above, with area A

high

. Since we find that the new curves,
centered at µ1, provide a better description of the experimental spectra, we
calculate the new values of A

low

and A

high

(blue filled areas in Figure 1).
New values of the ratio R = A

low

/(A
low

+ A

high

) are found and we repeate

6
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