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Outline 

Formalism (Faddeev equations) 

Phillips line and modified Phillips line 

Helium trimer and nnp system 



E.A.Kolganova (JINR, Dubna)                                                            Krakow, Poland, September 8-13, 2013 
3 

  

Three-body,  theory 

             formalism 

[4] - L.D.Faddeev,S.P.Merkuriev, 1993, Quantum scattering theory for several particles 
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At  L=0 the partial angular momentum      corresponds both to the  

dimer and an additional atom.            stand to the standard Jacobi variables. 

Three-body,  theory 

             formalism 

Faddeev integro-differential equations after angular partial-wave analysis 
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The kernel       depend only on hyperangles - see L.D.Faddeev,S.P.Merkuriev, 1993. 
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L.D.Faddeev, S.P. Merkuriev, 1993 

Three-body,  theory 

             nnp system nnp system 
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Three-body,  theory 

             formalism 

Boundary conditions
  

4He2  - 
4He  

Here,         is the dimer wave function,        stands for the dimer energy, d
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Hard-core boundary conditions: 

The asymptotic condition for the helium trimer bound states 
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Three-body,  theory 

             formalism 

Boundary conditions
  

4He2  - 
4He  

1/ 2

0

/ 2

0

1

( )

(

( , ; ) ( ){sin( ) exp( )[ ( )]}

exp( )
[ ( )].)

d

l

l l a px y p x py ipy o y

E
oA

i


 










   

 

2

0

Here  is the dimer wave function,  stands for the scattering energy given by 

with the dimer energy, and is the relative momentum conjugate 

to the variable . The coefficient ( ) is nothing
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 but the elastic scattering amplitude,

while the functions ( ) provides us, at 0,  with the corresponding partial-wave 

Faddeev breakup amplitudes. The scattering length is given by
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The asymptotic condition for the partial-wave Faddeev components of the  

(2 + 1  2 + 1 ; 1 + 1 + 1) scattering wave function reads, 

E.K, A.Motovilov,S.Sofianos  

J.Phys.B  31, 1279 (1998) 
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Three-body, theory 

     

3H - system 

Phillips line from the original paper,  

showing the unexpected linear correlation 
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Three-body, theory 

     

4He3 
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Three-body, theory 

     

4He2  - 
4He  

V.Roudnev, M.Cavagnero  

Phys.Rev.Lett. 108, 110402 (2012) 

V.Efimov, E.G.Tkachenko, 

Phys.Lett. B 157, 108 (1985)  
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Three-body, theory 

     

4He2  - 
4He  

V.Roudnev, M.Cavagnero  

Phys.Rev.Lett. 108, 110402 (2012) 

( ) ( )HFD BV x V x 
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Three-body, theory 

             scattering 

Efimov-type properties of exited state 
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E.K, A.Motovilov, W.Sandhas  

Nucl.Phys. A 790, 752 (2007) 
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Three-body,  theory 

             resonances 

4He3 

13 
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( ) ( )HFD BV x V x 

E.A.K, Motovilov A.K.  

Phys.At.Nucl. 60, 235 (1997) 
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Three-body, theory 

     

4He2  - 
4He  

( ) ( )HFD BV x V x 
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Roudnev, Cavagnero  

Phys.Rev.Lett. 108, 110402 (2012) 
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Three-body, theory 

     

S-matrix 
       

4He2  - 
4He  

A.K.Motovilov, Math.Nachrichten 

187,147(1997) 
 

E.A.K, A.K.Motovilov 

Phys.At.Nucl. 60, 235 (1997) 
 

E.A.K., A.K.Motovilov,Y.K.Ho 

Nucl.Phys.A 684, 623 (2001) 
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Three-body, theory 

     

3H - system 

MT I-III 

 

Ed = - 2.224 MeV 

 

Virtual state of (nnp)   -2.69 MeV  ( 0.47 MeV) 

 

 

 Orlov, Nikitina Yad.Fiz. 69 (2006)  

 A=3 

Nucl. Phys. A 848, 1 (2010) 

Carbonell, Gignoux, Merkuriev FBS 15, 15 (1993) 

0.48 MeV 



E.A.Kolganova (JINR, Dubna)                                                            Krakow, Poland, September 8-13, 2013 
17 

( ) ( )MTV x V x

E, MeV 
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( ) ( )cV x V x

A.Kievsky, M.Gattobigio,  

Phys. Rev. A 87, 052719 (2013) 

 4He – 4He2 scattering 

n – d scattering  

in the doublet channel 
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Three-body,  theory 

             resonances 

4He3 

S-matrix root lines in 4He3 system 

19 
E.A.Kolganova (JINR, Dubna)                                                            Krakow, Poland, September 8-13, 2013 

Re / | |dz 

Im / | |dz 

S-matrix root lines in nnp system 

3H 

Root locus curve of scattering matrix 

  

Solid line - Re(S)=0, tiny dashed line – Im(S)=0 
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Conclusion 

We employed formalism which is suitable for three-body atomic 
systems interacted via hard-core potential. This method let us calculate 
bound states and scattering observables. 

 

It was demonstrated how the Efimov states emerge from the virtual 
ones when decreasing the strength of the interaction. 

  
It was shown similar properties of a very different systems: helium 
trimer and nnd system 
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Two-body, theory 

 Potential models: Aziz et al. – HFD-B (1987), LM2M2 (1991),Tang et al. – TTY (1995) 
       

4He2 

( ), the dimer 
wave function

d r

4He – 4He potential (LM2M2) 

where and 


