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FLAIR – A Facility for Low‐energy 
Antiproton and Ion Research @ FAIR

CRYRING

Challenging,
new
MPI-K HD

with “cave AP”
part of CDR

Factor 100 more pbar trapped or 
stopped in gas targets than now

NESR
Pbar & Ions      
30 – 400  MeV

LSR
Standard ring
Min. 300 keV

USR
Electrostatic
Min. 20 keV

HITRAP
pbar and ions
Stopped & ext-
tracted @ 5 keV



Production of S = ‐2 baryonic states

NN extensive data base
detailed information

YN
poor data base
caculations rely on flavour SU(3) symmetry

ΞN studies limited to H-dibaryon search ( H : [uu dd ss] )

first proposed by Jaffe (PRL 38, 195, 1977)
m(H) ~ 80 MeV/c2 below ΛΛ threshold

Study of baryon-baryon interaction 
→ understanding of the strong interaction



Studies on
H-particle search

table taken from:
T. Sakai, K. Shimizu, K. Yazaki
Prog.Theo.Phys.Suppl. 137 (2000) 121

most effective Ξ production
via ( K- K+)  double strangeness exchange

KEK E373:   1.66 GeV/c K- → emulsion

AGS E885:       2 GeV K- : K- p→Ξ-K+

Ξ- 12C → 12
ΛΛB n

scintillating fibre array

double-hypernucleus
event

ΛΛ-hypernuclei production



Ξ – Production data:

K- p → Ξ K (π) properties of Ξ0 and Ξ-

Heavy ion collisions →
(AGS, SPS, RHIC)

multistrange yields 
( QGP ) 

γp → K+K+  Ξ-(0) (π-)
CLAS , JLAB

spectrum of Ξ
excited states

Σ A → Ξ(*) X
WA89, CERN



K-K+ double strangeness exchange using a K- beam

K- p → Ξ-K+   at P(K-) = 2 GeV/c
→ Ξ- ‘beam‘

Plab(Ξ-) > 500 MeV/c 

stopped Ξ- (Plab(Ξ-) = 0)
interact with targetnuclei

τ (Ξ-) = 1.6 10-10 s

produce stopped Ξ-

with Plab(Ξ-) = 0

K- p → Ξ- K+K+

Ξ-

Plong / MeV/c

P tr
an

s
/ M

eV
/c

→ not possible !



double strangeness exchange using p p annihilation

p p → K+ K- 1 . 10-3

p p → K*+ K*-

p p → K*0 K*0

1.5 . 10-3

3 . 10-3

p p → K0 K0 3 . 10-3

( s, s )

K- = u s

K0 = d s

K*- = u s

K*0 = d s

annihilation
channel

branching
ratio

kaon
momentum

P(K*0) = 290 MeV/c

P(K- ) = 780 MeV/c

P(K0) =  780 MeV/c

P(K*-) = 290 MeV/c

p p → K K* 1 . 10-3 P(K*) =  620 MeV/c

m(K*) / GeV/c2

P m
ag

ic
(K

* )K* N → Ξ K

P(K*) = Pmagic

P(Ξ) lab = 0
P(

K
* )

m(K*) / GeV/c2



Reaction channels for Ξ production via (K*, K)

K*- p    → Ξ0 K0

(su) (uud)     (uss) (sd)

K*0 p    → Ξ0 K+

(sd) (uud)     (uss) (su)

K*- p    → Ξ- K+

(su) (uud)     (dss) (su)

K*0 n    → Ξ0 K0

(sd) (udd)     (uss) (sd)

K*- n    → Ξ- K0

(su) (udd)     (dss) (sd)

K*0 n    → Ξ- K+

(sd) (udd)     (dss) (su)

Ξ0 →Λ π0 (99.5 %)

cτ = 8.71 cm

Ξ- →Λ π- (99.9 %)

cτ = 4.91 cm



Production of S = -2 baryonic states

K*-

p

n

p

K*+

p

3He

via  (K*, K)  using stopped p

p   p  → K*- K*+

e.g. :

K*- n  → Ξ- K0

p Ξ-

K*-

p

n

K0

Ξ- Y Y

H

S= - 2 statesstep 1 : step 2 :

large p stop rate on a 3He target very low recoil on Ξ-

( recoil free kinematics )

low relative energy

n
p

p



Ξ- production

p d → Ξ- Ks
0 K*+ 

Ks
0 π+

π+ π-

Λ π-

p π-

delayed
decays

multiplicity
of charged
particles

2

8

primary reaction 
(step 1 + step 2 )

final state

→ reaction trigger = multiplicity increase

cτ
= 

7.
9 

cm

cτ
= 

4.
9 

cm

cτ
= 

2.
7 

cm

geometry → event reconstruction

π+ π-

p 3He → p Ξ- Ks
0 K*+ 

Ξ- p interaction

p 3He → H Ks
0 K*+ 

p 3He → ΛΛKs
0 K*+ 

p π-

p π-

Σ- p , Σ0 n
Λ n , p π- Λ

Production of S = ‐2 baryonic states



detector

p

mini target cell
straw tracker

segmented
start scintillator
Si-µ-strip 

outer scintillator
3 layer
“quirl” structure

PM

~2m

plastic scintillator layer
1. close to the target
2. ~1m distance

→ multiplicity trigger
timing

3-d tracking detector
straw tubes 
in different directions

→ tracks of 
charged particles
decay vertices

target
gas
supply
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K*+

p d → Ξ- Ks
0 K*+ 

Ks
0 π+

π+ π-

Λ π-

p π-

π+ π-

π+

K0
s

π-

π+

π+

π-

π-

π- p

Ξ-

Λ

K0
starget

Event reconstruction

geometry

→ kinematical
complete 
event reconstruction

Production of S = ‐2 baryonic states



p d → Ξ- Ks
0 K*+ 

Ks
0 π+

π+ π-

Λ π-

p π-

π+ π-

Production of S = ‐2 baryonic states
multiplicity of charged 
particles in S2

multiplicity increase 
S1 → S2

efficiency of Ξ-

to pass Si
r = 1cm: 35%

M>8:
20 %

∆M ≥ 2:
80 %

S2

S1 Si



p d → Ξ- Ks
0 K*+ 

Ks
0 π+

π+ π-

Λ π-

p π-

π+ π-

Production of S = ‐2 baryonic states

K0 →π+π-

Λ→ p π- Λ→ p π-

K0 →π+π-

Ekin of π -(K0) / GeVEkin of π+(K0) / GeV

Ekin of π -(Λ) / GeV Ekin of p(Λ) / GeV



Rate estimates

Beam : 3 . 105 p/s stopped in 3He target

annihilation BR into K*K* ~ 3 . 10-3

0.3 of K* hit remaining 2N system

0.5 of K* survive until interaction

σ(K*N → K Ξ) /σ(K*N → X) > 10-3

trigger efficiency ~ 20 %

Ξ detection efficiency ~ 35 %

800  Ξ / day

Production of S = ‐2 baryonic states



stopped p annihilation efficient source for low momentum K*

K* momenta well matched for Ξ production in recoil-free kinematics

recoil-free kinematics results in strongly interacting ΞN systems

event reconstruction by geometry
“simple“ detector configuration

high production rates
detailed studies possible

Summary

Production of S = ‐2 baryonic states
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