
International Workshop on the project
for the extended Hadron Experimental Facility

of J-PARC

March 26-28, 2018, J-PARC, Tokai, Japan

Measurement of the 3HΛ lifetime
and

of weak decay partial widths
of mirror p-shell Λ-hypernuclei

Alessandro Feliciello



A.
 F

el
ic

ie
llo

 / 
In

te
rn

at
io

na
l W

or
ks

ho
p 

on
 p

ro
je

ct
 fo

r t
he

 e
xt

en
de

d 
H

ad
ro

n 
Ex

pe
ri

m
en

ta
l F

ac
ili

ty
 o

f J
-P

AR
C

, J
-P

AR
C

, T
ok

ai
, J

ap
an

,M
ar

ch
 2

6-
28

, 2
01

8

Outline

 physics goals

 physics motivations

 a possible experimental program
 needed detectors
 necessary beam time
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What?
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Physics aims

 precise, direct measurement of the     
3HΛ (4HΛ) lifetime (delayed time spectrum technique)

 further studies of p-shell Λ-hypernuclei
(in particular of the neutron-rich ones, e.g. 12BΛ)

– determination of:
 Γtot ≡ /τ
 Γπ-

 Γπ0 (possibly)
 Γp

4
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The naïve expectation

  MeV 05.013.0)H(  3
Λ ±=ΛB

3
Λ ( H) ( ) freeτ τ≈ Λ

p
n

Λ

what does it means «approximately»?

supported by several theoretical predictions, e.g.: M. Rayet, R.H. Dalitz, NCA 46 (1966) 786
H. Kamada et al., PRC 57 (1998) 1595
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The theoretical predictions
6

E. Botta et al.,  Rivista del Nuovo Cimento 38 (2015) 387.

K. Itonaga, T. Motoba. PTP Suppl. 185 (2010) 252

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

K. Itonaga, T. Motoba. NPA 639 (1998) 329c

M. Rayet, R.H. Dalitz,
NCA 46 (1966) 786

M. Ram, W. Wiliams,,
NPB 28 (1971) 566

H. Mansour, K. Higgins,
NCA 51 (1979) 180

N. Kolesnikov, V. Kopilov,
SPJ 31 (1988) 210

J.G. Gongleton,
JPG NPP 18 (1992) 339

H. Kamada et al.,
PRC 57 (1998) 1595
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Why?
the physics case

Part I
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3HΛ lifetime world data compilation
8

p
n

Λ

He bubble
chambers

 ps 193 w.a. 15
13

+
−=

(heavy) ions
collisions

 ps 185 w.a. 28
23

+
−=

unexpected?
surprising?

~20 years

large error bars ↔ small data samplesphotographic
emulsions

 ps 203 w.a. 40
31

+
−=

-27%

-23%

-30%
M. Agnello et al.,  NPA 954 (2016) 176.
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3rd τ(3HΛ) measurement

−
Λ

−
Λ

++→

+→

π

π

pdH

HeH
3

33

ps31142 24
21 ±= +

−τ

caveat: several existing measurements were arbitrarily ignored!

GeV200@AuAu +

⇓ 22%

-46% !!!

10
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ALICE suprise?
11

S. Bufalino @ HADRON 2017

caveat: several existing measurements were arbitrarily ignored!

ps 17237 33
36 ±= +

−τ

World Average: ps 215 18
16

+
−=τ

TeV02.5@PbPb =+ NNS

⇑ 31%

-10% only
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What’s the matter?

is something wrong in the new measurements?

(are we using
the most suitable experimental technique?)

OR

is our understanding of the 3HΛ structure correct?

(BΛ(3HΛ) is not as small as it is believed?)

12
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How?
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A new τ(3,4H) measurement @
19

 H He 3,404,3-
Λ+→+ Kπ

challenging idea:  K0 spectroscopy

cp /GeV 1.10.1 @ ÷≈π

delayed time spectrum technique ⇒ τ(AZΛ)          (tdecay – tproduction)

   −+ +→ ππ

direct measurement!!!

M. Agnello et al.,  NPA 954 (2016) 176.
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SKS
spectrometer

(liquid 3,4He)

(not to scale)

modular design

Experimental concept layout
21

design performances:
 σMM ≤ 3 MeV (FWHM)   σT(prongs) ≤ 3 MeV
 σtime ≤ 100 ps (FWHM)  σϑ ≤ 100 mrad
 ∆Ω ≈ 2 π sr

fine layered detector
(~100 pads)
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Expected rate for 4HΛ production
23

target4
beam

N
   yield( H) N      

4 A sp sp an
dN
d

σ ε εΛ = × × × × Ω × ×
Ω

13
beam N  5 10  π −= ⋅  g/cm 1  N 2

target =

b/sr  10   µσ
≈

Ωd
d

 0 5.πΩ ≈

0 0  BR( ) ( ) 0.01 sp s rcK Kε π π ε π π+ − + −= → → × ≈

5.0=anε
4 4   yield( H) 1.5  10    Λ ≈ ×

4 4 4   yield( H   He)   yield( H)  BR      -
anπ π πε εΛ Λ→ + = × × Ω × ×

  0 05 srsp .Ω =

0.8anε ≈
1πε ≈

H. Tamura et al., PRC 40 (1989) 479 

4 4 3  observed( H  He) 3 10   -πΛ → + ≈ ×

detected

0.49
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Expected rate for 3HΛ production
25

 
]/[
]/[

3
4H)yield(  H)yield( 

H

H43

4

3

Λ

Λ

Ω

Ω
××= ΛΛ dd

dd
σ

σ

0.40

 BRH)yield(  )Hyield( 3-3
anπΩdp εεπ π ××××=++→ ΛΛ

  
]/[
]/[

 
H

H

4

3

=
Ω
Ω

Λ

Λ

dd
dd

σ
σ ?  )11.0( ÷≈

rough
guess

H. Kamada et al., PRC 57 (1998) 1595 

 0 5.πΩ ≈

0.4anε ≈
1πε ≈

detected

3 - 3 observed( H )  0.1  yield( H) p dπΛ Λ→ + + ≈ ×
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Why?
the physics case

Part II
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Looking for nuclear structure effects

12 12 ( B) / ( C) ?  
π π− −Λ ΛΓ Γ =

≈ 3

= 2.9
≈ 8

T. Motoba, NPA 547 (1992) 115c. 

T. Motoba, NPA 547 (1992) 115c. 

K. Itonaga, T. Motoba, Prog. Theor. Phys. Suppl. 185 (2010) 252. 

0 0
12 12

12 12

( C) ( B)
 / ?  

( C) ( B)
π π

π π− −

Λ Λ

Λ Λ

Γ Γ
=

Γ Γ

T. Motoba, K. Itonaga , Prog. Theor. Phys. Suppl. 117 (1994) 477. 

π−π−

π0 π0

28
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Γπ –: current experimental situation

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

 Γπ-/ΓΛ world average
 Γπ-/ΓΛ prediction

E. Botta, T. Bressani, S. Bufalino, A. Feliciello, Riv. N. Cim. 38 (2015) 387. 

strong nuclear structure effects

31
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Γp: current experimental situation

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

34
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A consolidated method to extract Γp

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

(*) (*)

(*)

35

p spectra background subtracted
and acceptance corrected

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



A.
 F

el
ic

ie
llo

 / 
In

te
rn

at
io

na
l W

or
ks

ho
p 

on
 p

ro
je

ct
 fo

r t
he

 e
xt

en
de

d 
H

ad
ro

n 
Ex

pe
ri

m
en

ta
l F

ac
ili

ty
 o

f J
-P

AR
C

, J
-P

AR
C

, T
ok

ai
, J

ap
an

,M
ar

ch
 2

6-
28

, 2
01

8

Concept design final goal:
SKS Λ-hypernucleus MM resolution
≤ 3 MeV (FWHM)

detector performance: solid angle coverage 50-60%

range detector drift chambers

• energy resolution on π- ≤ 2 MeV (FWHM) spatial resolution ≤ 300 µm 
angular resolution ≤ 100 mrad

M. Agnello et al.,  NPA 954 (2016) 176.
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kinematical features:
 π+: p > 650 MeV/c, 2° < ϑ < 14°  π−: 10 < p < 120 MeV/c, 60° < ϑ < 100°
 π−: 0 < p < 121 MeV/c, 0° < ϑ < 180° or   p: 0 < p < 400 MeV/c, 0° < ϑ < 180°

p

π−

 π+ to SKS

 π− to K0 spectrometer
(range detector)

 π−

(1.05 ÷ 1.10 GeV/c)

} to range detector
 12BΛ

600 ÷ 700 MeV/c → few hundreds µm range

12C

 Ks
0

700 MeV/c → βγcτ ~2 cm

S
K
S

a
c
c
e
p
t
a
n
c
e

Reaction kinematics BC 12012
Λ

− +→+ Kπ

M. Agnello et al.,  NPA 954 (2016) 176.
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Expected rates (preliminary estimate)

H. Hotchi et al., PRC 64 (2001) 044302. 

beam request:

d 15 
d

b
sr

σ µ
≈

Ω

2 × 1013 π- delivered

• target thickness
• angular acceptance
• K0 → K0

s, K0
s → π+π- BRs

• εdet, εrec
• phase space factor

0π
Γ

1.5 × 103 events 1.5 × 102 events 3.0 × 103 events

pΓ−Γ
π

1 × 104 12BΛ

1.0-2.0 × 103 events )B(12
Λτ1.0-2.0 × 103 events )B(12
Λτprecise measurement

detected

3% on Γπ

2% on Γp

2-3% on τ

0.286

0.049

0.446

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

T. Motoba, K. Itonaga,
Prog. Theor. Phys. Suppl. 117 (1994) 477. 
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A challenging project

 ambitious physics program

 experimental approach
never attempted before:

(π−,K0) reaction

long data taking campaign(s)
 minimum 2-5 x 1013 π− delivered on the 

target

important human and economic efforts
 costly liquid 3He target

41
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A staged approach

 test of the validity of the chosen strategy
 first attempt of missing-mass spectroscopy

with the (π−,K0) reaction

 reduced experimental setup
 test of the adopted technical solutions

save money

 reduced beam request
save time

pilot run but with a good physics output

42
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Simplified concept design

detector performance: solid angle coverage 25-30%

range detector drift chambers

• energy resolution on π- ≤ 2 MeV (FWHM) spatial resolution ≤ 300 µm 
• angular resolution ≤ 100 mrad

factor 1/2
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Expected rate for 12BΛ production
45

target12
beam

N
   yield( B) N      

12 A sp sp an
dN
d

σ ε εΛ = × × × × Ω × ×
Ω

13
beam N  1 10  π −= ⋅ 2

target N   4  1 g/cm  = ×

   15 b/sr d
d

σ µ≈
Ω

0 0  BR( ) ( ) 0.01 sp s rcK Kε π π ε π π+ − + −= → → × ≈

5.0=anε
12 3       yield( B) 3  10       Λ ≈ ×

  0 02 srsp .Ω =

pΓ−Γ
π 0.4460.286

~1.5 × 102 ev. ~3 × 102 ev.

 0 25 srsp .Ω ≈

0.8anε ≈
/ 1pπε ≈0.8mxε ≈

8% on Γπ 6% on Γp

3.0-4.0 × 102 events )B(12
Λτmeasurement5% on τ

H. Hotchi et al.,
Phys. Rev. C 64 (2001) 044302. 
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Expected rate for 12CΛ production
46

target12
beam

N
   yield( C) N      

12 A sp sp an
dN
d

σ ε εΛ = × × × × Ω × ×
Ω

11
beam N  2 10  π += ⋅ 2

target N   4  1 g/cm  = ×

   15 b/sr d
d

σ µ≈
Ω

 0.5spε =

5.0=anε
12 3       yield( C) 3.5  10       Λ ≈ ×

  0 02 srsp .Ω =

pΓ 0.535

~4 × 102 ev.

 0 25 srsp .Ω ≈

0.8anε ≈
1pε ≈

5% on Γp

H. Hotchi et al.,
Phys. Rev. C 64 (2001) 044302. 

detected

1-day
data taking
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Preliminary performance study
input:

• pπ = 120 MeV/c
• θ = 25°

reconstruction:
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Preliminary performance study
input:

• pp = 400 MeV/c
• θ = 25°

reconstruction:
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Preliminary performance study: PID
50

p

π

p:

ε ≈ 96%
contamination ≈ 0.1%

π:

ε ≈ 99%
contamination ≈ 4%
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Rates and beam time summary

delivered π 107 π /spill
(present)

1.5 x 107 π /spill 108 π /spill 109 π /spill
(HIHR)

1 x 1013 6.9 x 101 d 4.6 x 101 d 7 d <1 d
2 x 1013 1.4 x 102 d 9.3 x 101 d 1.4 x 101 d 1.4 d
5 x 1013 3.5 x 102 d 2.3 x 102 d 3.5 x 101 d 3.5 d

beam
request

(x 1013 π−) target thickness exp. 
conf. detected YN

observables

τ Γπ− Γp

1 12C 4 x 1 g/cm2 1/4 1.5 x 103 12BΛ
possible difficult possible

1 12C 4 x 1 g/cm2 1/2 3.0 x 103 12BΛ
feasible feasible feasible

2 12C 4 x 1 g/cm2 full 1.0 x 104 12BΛ OK OK OK

5 L 4He 1 g/cm2 full 1.5 x 104 4HΛ OK OK -
5 L 3He 1 g/cm2 full 1.0 x 104 3HΛ OK OK -



1 x 1011 π+ 12C 4 x 1 g/cm2 1/2 3.5 x 103 12CΛ - - feasible
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Wrap-up

exciting physics program possible at the      
J-PARC K1.1 line                                       
by exploting the (π−, K0) reaction

 direct measurement of the 3HΛ and 4HΛ lifetime
 detailed study of neutron-rich, p-shell               

Λ-hypernucleus (12BΛ) decay process

 ambitious and challenging experiment        
 engineering run advisable

 test of both the strategy and the solution chosen
 added value !!!  Good physics output
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Thank you!
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