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Physics motivation

 It was shown by Wang and Pratt that an enhancement of the  
pΛ correlation function at low relative momentum allows one to 
infer the size of the emitting source

   [F. Wang and S. Pratt PRL 83,3138,1999] 
 The low-energy  pΛ parameters can be estimated using the 

Migdal-Watson approach to FSI (reformulated taking the Jaffe-
Low P-Matrix) .

    [B.Kerbikov et al., Sov.J.Nucl.Phys. 43, 982 (1986), Nucl.Phys. A480, 585 (1988);

R.L.Jaffe and F.E.Low, Phys. Rev. D19, 2105 (1979)]
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Our knowledge on pΛ interaction is far 
from being complete 

Konstantin Mikhaylov et al.                                                                                                     IV WPCF, Poland, Krakow 13 September 2008            4



Contribution to the measured pΛ c.f.

E0 > 100GeV
(STAR, ALICE)
Purity ~ 10%

p-hyperon, Λ-hyperon
       (unknown)

E0 < 10 GeV
(CLAS)
Purity ~ 50%

           pp
(CLAS: PRL93,2004)

pΛ

Misidentified pΛ

Residual correlation
(example  pΛΣ)

 р-рπ correlations 
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STAR: pΛ (pΛ) correlation in central Au+Au collisions at 
Sqrt(s_NN)=200GeV

PRC 74, 064906 (2006)   
Source size parameter:  r

0
 (pΛ) = 3.09 ± 0.3 fm, r0 (pΛ) = 1.56 ±0.08 fm

Drawback: Most Λ hyperons
 and protons are from 
the decay of hyperons 
(low “purity”):

 `

Purity

pprimΛΣ0 – 11%
pΛΛprim – 10%
pΛΛΣ0 – 7%
pΛΛΞ0 – 5%
pprimΛΞ0 – 4.5%
pΣ+Λprim – 3%
pΣ+ΛΣ0 – 2%
pΣ0ΛΞ0 – 1%

-

-
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Jefferson Lab CLAS detector

CLAS
Drift chambers
argon/CO2 gas, 35,000 cells

Electromagnetic calorimeters
Lead/scintillator, 1296 PMTs

Torus magnet
6 superconducting coils, B=5T

Gas Cherenkov counters
e/π separation, 216 PMTs

Time-of-flight counters
plastic scintillators, 684 PMTs

Large angle calorimeters
Lead/scintillator, 512 PMTs

Liquid He-target



CLAS experiment: pΛ interactions at low 
relative momentum

Reaction and run condition

 The reaction:  e3He, 4He → e'pΛX 

 The data : e2a (1999) and e2b (2002) runs, 2430 millions triggers on 3He  and 440 millions on 
4He. The beam energy was 4.7 GeV and 4.46 GeV respectively.

Identification of Λ

 Λ-hyperons were identified by  proton – pion decay: M(pπ) = 1115.5±2MeV

 Cuts: Vertex (target walls), track quality, same TOF, transferred energy  ν, missing mass (eHe 

→ e'ppπX) 

 Proton momentum range : 0.3 to 2.0 GeV/c

 π momentum range : 0.1 to 0.7 GeV/c

 Due to kinematical restrictions (K-meson production at least) the minimal energy transferred (ν) 
is not negligible. The cut v> 0.8 GeV was applied as a compromise of data reduction and purity.
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Λ id: invariant mass of proton-pion

1

2

3

1 – all pairs

2 – cut: ν-νmin> 0.8 GeV 
and M2

miss>2.1 GeV2

3 – difference (1) – (2)
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Events with 
Mpπ :1.1135-1.1175 GeV
is used to calculate pΛ 
correlation function

Events which is out of 
Λ-peak is used to calculate 
correlated p-pπ 
background 

Λ id: subtract background

Measured corr. function: RpΛ+ppπ =αRpΛ +(1- α) Rppπ ,where α ≈0.5
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Measured correlation function(LRC)

Rmeasured = Nreal / Nmix (q=pp-pΛ)

Long-range correlation ~ exp{const*cos(ψ)}

After correction on LRC
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Methods: M.Mestayer, K.Mikhailov, 
A.Stavinsky, A.Vlasov  
Nucl. Instr. Meth. A524, 306 (2004)

Close track efficiency correction
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p-pπ contribution to pΛ

eHe→e’ppX [CLAS:PRL93,2004]
                r0 ~ 1 fm, rrms=sqrt(3)r0

   p-pπ correlation function, when mpπ ~ mΛ
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After correction on p-pπ contribution 
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• Lednicky and Lyuboshitz 
analytical model, Sov. J. 
Nucl. Phys. 35, 770 (1982):
Two particle CF is given by  
square of wave function 
elastic transition ab→ab 
averaged over distance r* of 
emitters [ Gaussian dist 
d3N/d3r*~exp(r*2/4r0

2) ]
and over spin projections 

•Scatt. length and effective 
range (as in STAR fit):
   a0=2.88 fm, a1=1.66 fm, 
d0=2.92 fm and d1=3.78fm 
(0-singlet, 1-triplet)

pΛ source size

CLAS prelim
inary
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Sov.J.Nucl.Phys. 43, 982 
(1986), 
Nucl.Phys. A480, 585 (1988)
scatt. length and effective 
range:

a= 2.44 fm, d= 2.64 fm 

Р-matrix

CLAS preliminary

 

• Jaffe-Law P-matrix: 
connection between scatt. 
data and multiquark states

• Scatt. length and 
effective range:
 a=2.64 fm, d=2.64 fm
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Conclusions
● The data show a narrow structure in the correlation function 

in the region of small relative momenta (q<0.2 GeV/c), which 
is in qualitative accordance with theoretical expectations.

 The important p-pπ  correlations were studied. It was shown 

that p-pπ  pairs in the region of mass pπ  around mass of 
lambda are correlated.

 The source size for strangeness production reaction proved 
to be consistent with one measured in semi-inclusive two 
proton production reaction.

 The proton-lambda correlation function is compatible with P-
matrix fit of the hyperon-nucleon data.

 Small relative momentum pΛ correlations both for He target 
and for electro-production reaction was studied for the first 
time.

Thank you for your attention!



Extra slides



Vertex cut
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Missing Mass
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Q2 versus ν
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Theoretical pΛ cor.fun.
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P-matrix
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Jaffe and Low identified P-matrix is a tool which allows to reveal the connection between 
the scattering data and the multiquark states.

The excess energy: 
ε=s

pΛ
1/2 – (m

p
 + m

Λ
)

The cross secton of eHe->e'pΛX reaction: 
dσ/dε = const*ε1/2|T|2,

  where the amplitude T in the narrow enegry region close to pΛ threshold (ε<30MeV) 
may be factorized:

|T|2 = |T
0
|2 / |f(-k*)|2

T
0
 is a production amplitude (independent of k*) and f(k*) is the Jost function (enhaacement

factor) corresponding to the low-energy pΛ interaction which may be expressed in term of
scattering length (a) and effective range (r):

f(k*) = (k*-iβ) / (k*+iα) with r(α-β)=2, rαβ = -2/a

In case of correlation function the phase space factor ε1/2 eliminates:

R
pΛ

(ε) = const {(k*)2 + α2} / {(k*)2 + β2}



P-matrix(2)
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Two channel ΛN-ΣN S-matrix is connected to the P-matrix via relation

Here Q is the diagonal matrix momenta k
1
=k*(Λp) and k

2
=k*(Σp), b is YN separation at which

the quark degrees of freedom come into play.
In the YN channel with I=1/2, JP=1+ the bag model predicts a six-quark state with M

n
=2.34GeV

(E
n
=M

n
 – m

p
 – m

Λ
 = 0.286Gev above the ΣN threshold). The poles of the S-matrix the quark-

hadron coupling is introduced with coupling constants λ
i
(i=Λp,Σp). P-matrix:

The set of parameters was: 

Expressions for the Λp scattering length (a) and effective range (r):


