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Outline	  

•  the physics case 

• measurements with the (π-, K0) reaction 
at J-PARC 



year ref. method lab./react τ (ps) 

1963 Block, St.  Cergue p.63    [10] He BC K-, LBL Bevatron 105 +20
-18 

1964 Prem, PR 136 B1803       [11] emuls. K-, BNL AGS 90 +220
-40 

1965 Kang, PR 139 B401         [12] emuls. K-, BNL AGS 340 +820
-140 

1968 Keyes, PRL 20 819          [13] He BC K-, ANL ZGS 232 +45
-34 

1968 Phillips PRL 20 1383        [14] emuls. K-, BNL AGS 274 +110
-72 

1969 Phillips PR 180 1307        [15] emuls. K-, BNL AGS  285 +114
-75 

1970 Bohm, NPB 16 46             [16] emuls. K-, CERN PS 128 +35
-26 

1970 Keyes, PRD 1 66              [17] He BC K-, ANL ZGS  264 +84
-52 

1973 Keyes, NPB 67 269          [18] He BC K-, ANL ZGS   246 +62
-41 

1992   (A) Avramenko, NPA 547 95c  [19] ions He, Li on C, Dubna 240 +170
-100 

2010 STAR, Science 328, 58     [20] HI Au, BNL RHIC 182 +89
-45 ± 27 

2013   (B) STAR, NPA 904, 551c       [21] HI Au, BNL RHIC 123 +26
-22 ± 10 

2013 HypHI, NPA 913, 170        [22] Ions Li on C, GSI SIS 183 +42
-32 ± 37 

 

2014 Rappold et al., PLB 728, 543  analysis no (A) and (B) 216 +19
-16 

2016 ALICE, PLB 754 360         [23] HI  Pb CERN LHC 181 +54
-38 ± 33 

3
ΛH lifetime measurements •  detailed situation	  
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year ref. method lab./react τ (ps) events 

1963 Block, St.  Cergue p.63    [10] He BC K-, LBL Bevatron 105 +20
-18 29f + 7r (2b&3b) 

1964 Prem, PR 136 B1803       [11] emuls. K-, BNL AGS 90 +220
-40 3f+1r (2b) 

1965 Kang, PR 139 B401         [12] emuls. K-, BNL AGS 340 +820
-140 5f+18r (2b&3b) 

1968 Keyes, PRL 20 819          [13] He BC K-, ANL ZGS 232 +45
-34 35f+17r (2b&3b) 

1968 Phillips PRL 20 1383        [14] emuls. K-, BNL AGS 274 +110
-72 24f+99r (2b&3b) 

1969 Phillips PR 180 1307        [15] emuls. K-, BNL AGS  285 +114
-75 14f+89r (2B&3b) 

1970 Bohm, NPB 16 46             [16] emuls. K-, CERN PS 128 +35
-26 120r+34f (3b) 

1970 Keyes, PRD 1 66              [17] He BC K-, ANL ZGS  264 +84
-52 27f(170MeV/c 2b) 

1973 Keyes, NPB 67 269          [18] He BC K-, ANL ZGS   246 +62
-41 40f (2b&3b) 

1992   (A) Avramenko, NPA 547 95c  [19] ions He, Li on C, Dubna 240 +170
-100 few events (2b) 

2010 STAR, Science 328, 58     [20] HI Au, BNL RHIC 182 +89
-45 ± 27 (2b) 

2013   (B) STAR, NPA 904, 551c       [21] HI Au, BNL RHIC 123 +26
-22 ± 10 (2b) > stat. ? 

2013 HypHI, NPA 913, 170        [22] Ions Li on C, GSI SIS 183 +42
-32 ± 37 

 
(2b) 

2014 Rappold et al., PLB 728, 543  analysis no (A) and (B) 216 +19
-16 

2016 ALICE, PLB 754 360         [23] HI  Pb CERN LHC 181 +54
-38 ± 33 (2b) 

3
ΛH lifetime measurements •  detailed situation	  
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3
ΛH lifetime calculations 

[33]	  M.	  Rayet,	  R.H.	  Dalitz	  N.Cim	  A	  46	  (1966)	  786	  	  
[34]	  M.	  Ram,	  W.Williams	  NP	  B	  28	  (1971)	  566	  
[35]	  H.	  Mansour,	  K.	  Higgins	  N.	  Cim	  A	  51	  (1979)	  180	  
[36]	  N.	  Kolesnikov,	  V.	  Kopylov,	  Sov.	  Phys.	  J	  31	  (1988)	  210	  
[37]	  J.G.	  Congleton,	  J.	  Phys	  G	  18	  (1992)	  339	  
[38]	  H.	  Kamada	  et	  al.,	  PRC	  57	  (1998)	  1595	  
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year ref. method lab./react τ (ps) 

1962 Crayton, HEP CERN, p. 460   [26] emuls. K-, LBL Bevatron 118 +65 
-30 

1964 Prem, PR 136 B1803               [11] emuls. K-, BNL AGS 180 +250
-70 

1965 Kang, PR 139 B401                 [12] emuls. K-, BNL AGS 360 +490
-130 

1969 Phillips PR 180 1307               [15] emuls. K-, BNL AGS 268 +166
-107 

1991 (C) Szymanski PRC 43 849          [27] counter K- on 6Li, BNL AGS 160 ± 20 

1992 (‘89) Avramenko, NPA 547 95c       [19] ions He, Li on C, Dubna 220 +50
-40 

1995 Outa, NPA 585 109c                [28] counter K-
stop on 4He, KEK PS 194 +24

-26 

2013 HypHI, NPA 913, 170               [22] ions Li on C, GSI SIS 140 +48
-33 ±35 

2014 Rappold et al., PLB 728, 543  analysis no (C) 192 +20
-18 

4
ΛH lifetime measurements 

K.	  Itonaga,	  T.	  Motoba,	  PTPS	  185	  (2010)	  252	  
(A=4-‐209)	  	  no	  2N-‐induced	  NMWD	  
τ(4ΛH)	  =	  264.1	  ps	  

4
ΛH lifetime calculations 



year ref. method lab./react τ (ps) events 

1962 Crayton, HEP CERN, p. 460   [26] emuls. K-, LBL Bevatron 118 +65 
-30 52f 

1964 Prem, PR 136 B1803               [11] emuls. K-, BNL AGS 180 +250
-70 3f + 4r 

1965 Kang, PR 139 B401                 [12] emuls. K-, BNL AGS 360 +490
-130 5f + 40r 

1969 Phillips PR 180 1307               [15] emuls. K-, BNL AGS 268 +166
-107 10f + 5r 

1991 (C) Szymanski PRC 43 849          [27] counter K- on 6Li, BNL AGS 160 ± 20 

1992 (‘89) Avramenko, NPA 547 95c       [19] ions He, Li on C, Dubna 220 +50
-40 22 

1995 Outa, NPA 585 109c                [28] counter K-
stop on 4He, KEK PS 194 +24

-26 

2013 HypHI, NPA 913, 170               [22] ions Li on C, GSI SIS 140 +48
-33 ±35 

2014 Rappold et al., PLB 728, 543  analysis no (C) 192 +20
-18 

4
ΛH lifetime measurements 
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emulsion	  dataset:	  247+85-‐54	  ps	  
counter	  experiments:	  177+14-‐14	  ps	  
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Itonaga,	  Motoba	  

need	  for	  new	  	  
precise	  measurements	  	  
of	  τ(3ΛH)	  and	  τ(4ΛH)	  	  

4
ΛH lifetime calculations 
K.	  Itonaga,	  T.	  Motoba,	  PTPS	  185	  (2010)	  252	  
(A=4-‐209)	  	  no	  2N-‐induced	  NMWD	  
τ(4ΛH)	  =	  264.1	  ps	  



how to measure τ(3
ΛH, 4ΛH) ? 

•  counter experiments technique, MM spectra, no hyperfragment 
•  direct time delayed spectra technique (tdecay - treact) 
 
•  production reaction detection to identify the hypernucleus (MM) 

and measure treact (HI/Ions) à trigger, apparatus (ε, ΔΩ) 
•  coincidence detection of MWD products (2b&3b) (tdecay) 

 à coincidence apparatus (ε’, ΔΩ’) 
•  good MM spectroscopy resolution  
•  start and stop time counters with very good time resolution  
•  energy measurement for decay charged particles (π, p) 
•  background reactions (Λq.f. production and decay, …) rejection 
•  prompt reaction for system time response function (σ~50 ps) 



The Weak Decay Widths of ⇤ Hypernuclei – H. Bhang et al. -1463-

Table 1. The present (3rd. column) experimental results
of the weak decay widths of 12

⇤ C are [8–12] are listed and
compared with the previous ones (2nd. column).

(�⇤) 12
⇤ C(previous) 12

⇤ C(E508)

�
tot

1.14 ± 0.08 [2] 1.241 ± 0.041

�
⇡

� 0.113 ± 0.015 [4] 0.123 ± 0.015

�
⇡

0 0.200 ± 0.068 [13] 0.165 ± 0.008

�
nm

0.828 ± 0.087 [4] 0.953 ± 0.044

�
n

/�
p

0.51 ± 0.15 [5] 0.51 ± 0.14

�2N

0.27 ± 0.13

�
n

0.23 ± 0.08

�
p

0.45 ± 0.10

Fig. 3. (Color online) The prompt time distribution of
12C(⇡+, pp) events (upper) and the decay time distribution
of 12

⇤ C(g.s.).

ing counter (T2) of the decay particle counter set as

�t = t2 � t1 � (l
b

/v
b

+ l
d

/v
d

) (2)

where (l
b

, l
d

) and (v
b

and v
d

) are the flight lengths and
velcities of the beam and the decay particle, respectively.
The lower box of Fig. 3 shows the delayed time distribu-
tion of the weak decay of the ground state of 12

⇤ C along
with the prompt time distribution of the events of (⇡,pp)
reaction of the upper one. The lifetime is obtained fitting
the delayed time distribution with the exponetial func-
tion folded with the experimental time response function
in the upper figure. The measured lifetime of 12

⇤ C (g.s.)
is ⌧ = 212 ± 7 ps with the improved uncertainty by a
factor 2 from that of the previous measurement, ⌧ = 230
± 15 ps [2,12]. The corresponding total decay width is
�(12⇤ C) = 1.24 ± 0.04 �⇤ compared to the previous 1.14
± 0.08 �⇤.

⇡0 decay width: Until recently, the errors in �
nm

of
12
⇤ C mainly came from the ⇡0 mesonic decay width so
that the accurate measurement of �

⇡

0 has been awaited.
The previous status of the �

nm

measurement of 12
⇤ C is

shown in the second column of Table 1.
The neutral particles from the decay were detected by

Fig. 4. The 1/� distribution of neutral particles is shown
for 12

⇤ C.

T4 counter. Charged particles were vetoed by the 2 cm
thick T3 scintillator installed before T4. 1/� spectrum
obtained from the time-of-flight (TOF) between the tar-
get vertex measured with the SKS tracking chambers
and T4 is shown in Fig. 4 which shows a good sepera-
tion of � and neutrons. The ⇡0 from the mesonic weak
decay of 12

⇤ C was identified by detecting a high energy
� ray, because the energy of the � is ⇠70 MeV and those
from other decay processes are a few MeV.

The detection e�ciency of � of the setup was es-
timated with GEANT-based Monte Carlo simulation.
Figure 5 shows the � energy spectra for 12

⇤ C with the
layer multiplicity M � 2. The points with error bars
are the experimental data and the shaded histogram is
the result of the simulation with the detection e�ciency
9.5 percent. The obtained branching ratio for n⇡0 mode
was, b

⇡

0 = 0.133 ± 0.005 (statistical error) and the cor-
responding width �

⇡

0 = 0.165 ± 0.008 �⇤ [10,11] which
drastically improved the accuracy from that of the pre-
vious 35% uncertainty [13].

⇡� decay width: Figure 6 shows the mono-energetic
⇡� spectrum around 22 MeV in the mesonic decay of
12
⇤ C in the experiment E307, which indicates that the
e↵ect of FSI is not so severe. Therefore the e�ciency
corrected pion number above the threshold gives the
branching ratio b

⇡

� directly when compared to the total
produced hypernuclear number and also the �

⇡

� value
combining with the total decay width, �

tot

, obtained in
the lifetime measurement. We obtained �

⇡

� = 0.123 ±
0.015 �⇤ for 12

⇤ C in E508 experiment. Thus we obtained
�

nm

= 0.953 ± 0.044 combining �
tot

, �
⇡

0 and �
⇡

� with
a much improved uncertainty from the previous 10% one
as shown in Table 1.

III. NONMESONIC WEAK DECAY

Though it is di�cult to measure each �
n

and �
p

be-
cause of FSI, �

n

/�
p

can be accuratly measured exploit-
ing the cancellation of FSI. Among the important issues
of NMWD, such as decay widths, asymmetry and the
isospin dependence (�I), especially the �

n

/�
p

ratio has
been the long standing concern because of the serious in-
consistency between experimental and theoretical values

H.Bhang et al., Jou. Kor. Phys. Soc., 59 (2011) 1461,  

(π+, pp) 

(π+, K+ p) 

12C target	  



3,4
ΛH production reactions on He targets 

K-‐	  +	  3,4He	  à	  π0	  	  +	  3.4ΛH	   	   	  strangeness	  exchange	  +	  charge	  exchange	  

π-‐	  +	  4,3He	  à	  K0	  	  +	  3,4ΛH	  	  	  	  	  	  associated	  producLon	  +	  charge	  exchange	  
	  
	  
	  
strongly	  asymmetric	  K0	  decay:	  

π-‐	  (1.05-1.1	  GeV/c)	  
3,4He	  

	   	  3,4ΛH	  
	  (350-‐400	  MeV/c)	  
	  	  	  	  	  few	  mm	  range	  

K0s	  ~2	  cm	  range	  	  
~700	  MeV/c	  	  

π+	  	  	  to	  SKS	  

π-‐	  	  to	  	  K0	  spectrometer	  
(range	  detector)	  

π-‐	  
to	  range	  detector	  

decay	  reacLons:	  
K0s	  à	  π+	  +	  π-‐	  	  (π+:	  >650	  MeV/c,	  2o-‐14o 	  π-‐:	  10-‐120	  MeV/c,	  60o-‐100o)	  
	  

3,4
ΛHà	  π-‐	  +	  X	  (2b	  &	  3b)	  (0-‐133	  MeV/c,	  0o-‐180o)	  	  not	  always	  at	  rest	  

2b	  

3b	  
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3
ΛH	  and	  4ΛH	  MWD	  π-‐:	  	  

•  2	  π-‐/event	  (K0s	  and	  3,4ΛH	  decays)	  
•  2b&3b	  decays	  
•  in	  flight/at	  rest	  decays	  
•  almost	  isotropic	  emission	  
•  momenta	  from	  threshold	  to	  	  
	  ~	  2b	  decay	  momentum	  
•  K0s	  iden2fica2on	  by	  inv.	  mass	  
	  



Phase space simulation: 3ΛH  
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We are planning to propose an experiment to precisely measure the lifetimes of 3
⇤

H and 4
⇤H using the

3,4He(⇡�,K0)3,4
⇤

H reaction at the K1.1 beamline by employing the SKS spectrometer and scintillation
counters around the target.

The Hydrogen Hyperisotopes 3
⇤

H and 4
⇤H were actively studied in the early days of Hypernuclear

Physics with visualizing techniques (emulsions, He filled Bubble Chambers). The selected samples
had the common drawback of a limited statistics and the deduced observables, in particular the life-
time ⌧, were determined with huge errors (statistical and systematic). The large spread of values did
not allow to draw reliable conclusions on the lifetimes. In particular, it was not possible to verify the
theoretical predictions that, expecially for 3

⇤
H, the lifetime, ⌧(3

⇤
H), would be very close to the value

of the free ⇤ (⌧⇤=263.2 ps) due to the very low binding energy of the ⇤ (B⇤=0.13±0.05 MeV).
The interest in the experimental value of ⌧(3

⇤
H) was very recently growing following the obser-

vation of the production of 3
⇤

H and, even more important, of its antipartner 3
⇤

H in ultrarelativistic
Au-Au collisions by the STAR Collaboration at RHIC. The value reported for ⌧(3

⇤
H), even though

still a↵ected by a 30% error, was considerably lower than ⌧⇤. It was confirmed soon afterwards by
the HypHI Collaboration at GSI by analyzing the events recorded in the collisions of 6Li ions on a
12C target and by the ALICE Collaboration in ultrarelatistic Pb-Pb collisions at LHC. Unfortunately
also these last two measurements were a↵ected by errors exceeding 20%. All the relevant references
for the preceding and subsequent items can be found in the very recent review paper on Hypernu-
clear Weak Decays [1]. A combined analysis of all the above data following a Bayesian approach
yielded a value of 216+19

�16 ps [2], significantly lower than ⌧⇤. The precise confirmation of a ⌧(3
⇤

H)
value considerably shorter than ⌧⇤, in strong contrast with the available theoretical calculations [1],
could have a significant impact on the description of the three-body ⇤np system and possibly on the
comprehension of the underlying mechanism of the low energy ⇤N interaction.

A similar situation exists for 4
⇤H, for which a value of ⌧(4

⇤H)=192+20
�18 ps was reported in a

Bayesian approach analysis [2] of old data with visualizing techniques, from a counter experiment
performed in the ‘90 at the KEK PS and a very recent one by the HypHI Collaboration. Con-

1



K0	  spectrometer	  conceptual	  design	  

Range	  detector	   	  impinging	  decay	  par2cle	  momentum	  àK0s	  momentum	  	  
	   	   	  	  	   	  PId	  (π,	  K,	  p),	  ΔΩ ∼ 2π,	  scin2llator,	  	  
	   	   	   	  ~	  10	  cm	  total	  thickness	  (	  slabs:	  1-‐3	  mm),	  pπ>70-‐75	  MeV/c,	  4	  modules	  

Drim	  chambers	   	  impinging	  decay	  par2cle	  direc2on	  (2	  3-‐d	  points,	  ~3	  cm	  spacing)	  
	   	   	   	  250-‐300	  µm	  resolu2on	  (σ),	  ΔΩ ∼ 2π

Scin2llator	  barrel 	  decay	  2me	  measurement	  (forma2on	  2me	  from	  beam	  scin2llator)	  
	   	   	  	  	  	  	  	  	   	  PId	  
	   	   	   	  4-‐5	  mm	  thickness,	  12	  slabs,	  ΔΩ ∼ 2π	  

Target 	   	   	  LHe,	  ~7.5	  cm	  length	  

to	  SKS	  
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Figure 14: Experimental setup for the K1.1 beam spectrometer, the SKS spectrometer, and
detectors around the target.

K1.1 has been successfully operated as the K1.1BR line. The downstream part after D3 needs
to be prepared.

The K− intensity and purity depend on the openings of the intermediate focus slit (IF) and
the two mass slits (MS1, MS2). According to simulations using Decay Turtle code with various
slit openings, the highest K− intensity with a reasonably small π− contamination was found as
1.76 × 105 K−/spill (with a K−/(K−+π−) ratio of 0.58) for pK− = 1.1 GeV/c and 0.56 × 105

K−/spill for pK− = 0.9 GeV/c, where the proton beam power of 50 kW and 6 s cycle operation
are assumed. The beam size at the focusing point is smaller than ± 2 cm for horizontal and
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MM(3,4ΛH)	  resoluLon	  with	  (π-‐,	  K0)	  reacLon	  
	  
MM(3,4ΛH):	  ~3	  MeV	  FWHM 	  	   	  	  
BΛ(4ΛH)	  =	  2.04	  MeV,	  BΛ (3ΛH)	  =	  0.13	  MeV	  
	  
p(π-‐	  beam):	  ~	  0.1%	  @	  1.05	  GeV/c	  à	  ~1	  MeV/c	  FWHM	  
	  
p(K0):	  contribu2ons	  from	  p(π+	  SKS),	  p(π-‐	  K0	  spectr.&	  DC)	  
π+	  (~700	  MeV/c)	  SKS:	  	  ~	  0.1%	  FWHM	  à	  ~	  1	  MeV/c	  
π-‐	  (80-‐140	  MeV/c)	  K0	  spectr.	  :	  	  ~	  3-‐3.5	  MeV/c	  FWHM	  
θ(45o-‐100o)	  DC:	  <=	  100	  mrad	  FWHM	  
p(K0):	  3.5-‐4	  MeV/c	  FWHM	  
	  
à MM(3,4ΛH):	  ~3.2	  MeV	  FWHM	  

delayed	  2me	  spectrum	  in	  coincidence	  with	  bound	  states	  
	  	  

K1.1	  	  @	  
Extension	  	  
QQDQQ	  



Expected	  events	  
	  
Total	  number	  of	  π-‐	  on	  target:	  Nπ=	  5�1013	  	  

Yield(4ΛH)	  =	  Nπ	  Ntarget/4	  	  NA	  dσ/dΩ ΔΩ εsp εan	  =	  1.5	  �	  104	  	  	  
Ntarget	  =	  1	  g/cm2	  	  
dσ/dΩ(π-, K0) =	  dσ/dΩ(π+, K+) FPS	   =	  10	  µb/sr(4o)	  �	  0.05	  
	  FPS	  =	  (π-‐	  in	  2o-‐14o,	  p>650	  MeV/c,	  from	  K0	  in	  2o-‐14o)/(K0	  in	  2o-‐14o)	  	  
ΔΩ =	  ΔΩ(SKS)	  ΔΩ(K0	  spec.)	  =	  ½	  ΔΩ(SKS)	  	  
εsp εan	  =	  BR(K0àK0s)	  BR(K0sà	  π+	  π-‐)	  εdet	  εan	  
	  
Yield(4ΛH	  π-‐	  MWD)	  =	  Yield(4ΛH)	  	  BR	  	  ΔΩπ	  	  επ	  	  εan	  

	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  ~	  2�103	  2-‐b	  (BR=0.49	  Tamura	  PRC	  40	  (1989)	  R479)	  
	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  ~	  5�102	  3-‐b	  (BR=0.22)	  

επ	  =	  	  εdet	  �(MWD	  π-‐	  in	  K0	  spec.	  mom	  acceptance)/(MWD	  π-‐)	  
 
Yield(3ΛH)	  ~	  1.5	  �	  104	  	  =	  1.0	  �	  104	  	  

	   	   	   	   	   	  dσ/dΩ(π+, K+) = 5	  µb	  reasonable	  assump2on	  
Yield(3ΛH	  π-‐	  MWD)	  ~	  6	  �102	  2-‐b	  (BR=0.25	  Bertrand	  NPB	  16	  (1970)	  77)	  

                	  	  	  	  	  	  	  	  ~	  6	  �102	  3-‐b	  (BR=0.40)	  



Backgrounds	  in	  delayed	  Lme	  spectra	  
	  
•  Ambigui2es	  due	  to	  2	  π-‐	  in	  K0	  spectrometer 	  <=	  1%	  (topological	  selec2ons,	  	  

	   	   	   	   	   	   	   	   	   	   	   	  inv.	  mass	  selec2ons)	  
	  
•  Λqf	  produc2on	  and	  decay:	  
π-‐	  +	  p	  à	  K0	  	  +	  Λ 	   	  K0s	  à	  π+	  +	  π-‐ 	   	  Λà	  p	  +	  π-‐	  	  	   	  in	  flight	  

	   	   	   	   	  	  	  	  	  	  	  	  	   	   	   	   	  momentum	  distribu2on	  
assump2on:	  Λqf	  produc2on	  ~	  10*	  4ΛH	  produc2on	  peak	  in	  MM	  

	   	   	  unbound	  region	  up	  to	  15	  MeV	  (SKS	  acceptance)	  	  
	   	   	  Λqf	  	  MWD	  π-‐	  :	  flat	  distribu2on	  up	  to	  ~	  160-‐170	  MeV/c	  

	  
4
ΛH	  (BΛ=	  2.04	  MeV)	  ≤10%	  contamina2on	  in	  the	  MM	  selec2on	  	  
2b	  decay:	  peak	  132.9	  MeV/c;	  	  contamina2on	  ≤	  1%	  
3b	  decay:	  con2nuum;	  contamina2on	  ≤	  20%	  à	  fit	  of	  delayed	  2me	  spectrum	  with	  	  
two	  exponen2als	  (one	  with	  τ	  =	  τ (Λfree))	  
	  
3
ΛH	  (BΛ=	  0.13	  MeV)	  ~50%	  contamina2on	  in	  the	  MM	  selec2on	  
2b	  decay:	  peak	  ~114	  MeV/c;	  	  contamina2on	  ~	  10%,	  fit	  with	  two	  exponen2als	  
3b	  decay:	  con2nuum;	  contamina2on	  ~	  50%	  (signal~bckgd)	  à	  fit	  of	  delayed	  2me	  
spectrum	  with	  two	  exponen2als	  
	  



•  complete	  comprehension	  of	  the	  lightest	  strange	  nuclear	  system	  	  
elementary	  ΛN	  interac2on	  

•  simplest	  Λ	  nuclear	  system	  (I=0):	  3ΛH	  
•  BΛ:	  0.13	  ±	  0.05	  (±	  0.05)	  MeV	  à	  τ(3ΛH)	  ~	  τ(Λfree)	  
•  BΛ determina2on:	  emulsion	  experiment;	  JP=1/2+	  

•  τ(3ΛH):	  not	  definite	  experimental	  determina2on	  	  
•  decay	  widths,	  R3:	  emulsions,	  no	  recent	  measurements	  
	  
•  BΛ:	  	  -‐	  no	  γ-‐ray	  spectroscopy	  	  

	  	  	  	  	  	  -‐	  (e,	  e’	  K+)	  spectroscopy:	  Dohrman	  (2004),	  feasibility,	  4	  MeV	  FWHM;	  
	  resolu2on	  improved	  to	  FWHM	  ~500	  keV;	  new	  measurements	  @JLab?	  

	  	  	  	  	  	  -‐	  (e,	  e’	  K+)	  WD	  spectroscopy:	  MAMI	  (±0.01st±0.09sys),	  only	  4ΛH	  
	  	  	  	  	  	  -‐	  HIc:	  GSI	  HypHI,	  WD	  spectroscopy,	  IM:	  σ~5	  MeV/c2	  
	  

•  R3	  =	  Γπ-2b  / Γπ-tot,	  Γπ0 ….	  ?!	  





Kamada PRC 57 (1998) 1595 && Λ BR 
 
3
ΛH à d+p+π- and d+n+π0: Γ/ΓΛ= 0.619 
Γtot/ΓΛ= 1.03 
 
 
Λà p +π-  BR: 0.639 
  à n +π0   BR: 0.358 
 
 3ΛH à d+p+π-  BR: 0.619 * 0.639 ~ 0.4  



BΛ (MeV) τ (ps) 
Λ  -- 263.2±2.0  

CPC 38(9) (2104) 
090001 

3
ΛH 0.13±0.05±0.04  

Juric NPB 52 (1973) 1 
216 +19 

-16 
RNC 

4
ΛH 2.08±0.08 Juric NPB 52 (1973) 1 

2.04±0.04±0.04   
                      Davis, NPA 754 (2005) 1 
2.12±0.01±0.09  
              Esser PRL 114 (2015) 232501          

192 +20 
-18 

RNC 
 

4
ΛHe 2.39±0.03±0.04   

                      Davis, NPA 754 (2005) 1 
ΔB(1+à0+) = 1.406±0.002± 
0.003 (Yamamoto arXiv:a508.00376) 

250±18 
RNC 

5
ΛHe 3.12±0.02 Davis, NPA 754 (2005) 1 273±10 

RNC 

puzzling situation: 
A=1, 3, 4, 5 lifetime 
A=4 I3=-1/2 vs I3=1/2   BΛ    &&    lifetime      

•  present experimental knowledge	  
CS
B	   CSB	  ?	  



energy of 3:245 GeV and beam currents of 20–25 !A
incident upon specially developed high density cryo-
genic targets for A ! 1–4. The helium target lengths
were approximately 4 cm, the thicknesses being
310 mg=cm2 "3He# and 546 mg=cm2 "4He#, $1% respec-
tively. The backgrounds from uncorrelated "e0; K%# pairs,
as well as contributions from the aluminum walls of the
cryogenic targets, were subtracted in the charge normal-
ized yields.

The scattered electrons were detected in the high mo-
mentum spectrometer (HMS, momentum acceptance
!p=p ’ $10%, solid angle &6:7 msr) in coincidence
with the electroproduced kaons, detected in the short
orbit spectrometer (SOS, momentum acceptance !p=p ’
$20%, solid angle &7:5 msr). The detector packages of
the two spectrometers are very similar [3]. Two drift
chambers near the focal plane, utilized for reconstructing
the particle trajectories, are followed by two pairs of
segmented plastic scintillators that provide the main trig-
ger signal as well as time-of-flight information. The time-
of-flight resolution is &150 ps""#. For electron identifi-
cation, a lead-glass shower detector array is used together
with a gas threshold Čerenkov, in order to distinguish
between e' and #'. For kaon identification in the SOS, a
silica aerogel detector (n ! 1:034) provided K%=#% dis-
crimination while an acrylic Čerenkov counter (n !
1:49) was used for K%=p discrimination. Utilizing
time-of flight together with the Čerenkov detectors,
kaons are clearly separated from background pions and
protons [4,5]. Electroproduction processes exchange vir-
tual photons, $(, between projectile and target. The spec-
trometer angle for electron detection was kept fixed
during the experiment, thereby holding the virtual photon
flux constant (cf. Ref. [6]). The angle of the kaon arm was
varied to measure angular distributions with respect to

the direction of $(. The invariant mass of $( was Q2 !
0:35 GeV2, the total energy in the photon-nucleon system
was W ! 1:91 GeV. The 3;4He"e; e0K%#X process was
studied for three different angle settings between $(

and the ejected kaon (K), %lab$(K% ’ 1:7); 6); 12), that cor-
respond to increasing the momentum transfer to the hy-
pernucleus [ j t j’ "0:12; 0:14; 0:23# GeV2]. The central
spectrometer momenta were 1:29 GeV=c for the kaon
arm and 1:58 GeV=c for the electron arm.

The final states, X, in 3;4He"e; e0K#X in the recon-
structed missing mass spectra of the recoiling system
are shown in Fig. 1, were identified using the four-
momenta q of the virtual photon, pK of the outgoing
kaon, and total missing momentum Pmiss, M2

x !
"q% Pmiss ' pK#2. For 4He, a 4

"H bound state is clearly
visible for all three angles just below the 3H–" threshold
of 3:925 MeV. For 3He, just below the 2H–" threshold of
2:993 MeV, the 3

"H bound state is barely visible as a weak
shoulder for 1:7), but clearly present for 6) and 12).

Two states of the 4
"H system are known [1], the ground

state with a binding energy of "2:04$ 0:04# MeV, J# !
0%, and an excited state, bound by "1:00$ 0:06# MeV,
J# ! 1%. The experimental resolution of &4 MeV is,
however, not sufficient to resolve the ground and excited
states of the 4

"H system. The calibration of the missing
mass spectrum has been performed using elastic
1H"e; e0p# data as well as 1H"e; e0K%#" data, both ob-
tained during the same experiment. The precision of the
calibration is estimated to be better than 1 MeV. Since
the missing mass spectra have not been shifted with
respect to the known binding energy of the 4

"H state after
calibration, the observed agreement shows the adequacy
of the procedure. Inasmuch as electroproduction has a
large spin-flip probability in the forward direction [7], the
excited state of the 4

"H system should be favored and the
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FIG. 1 (color online). Reconstructed
missing mass spectra for 3He (left)
and 4He (right) targets in the region of
quasifree " production for different
kinematic settings. Data points are
shown with statistical error bars.
Simulations of the quasifree (QF) re-
actions 3;4He"e; e0K%# are shown by
dashed lines. Solid lines represent the
sum of simulations of the QF back-
ground and the bound state reactions,
3;4He"e; e0K%#3;4" H. The thresholds for
QF production, "% 2H, "% 3H, re-
spectively, are denoted by vertical lines.
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3He target (E=3.254 GeV) 	   4He target (E=3.254 GeV)  	  

 σ=4 MeV

θγΚ


