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Homogeneous         : He2 , Ne2 , Ar2 , Kr2 , Xe2 , Rn2  (6) 

Heterogeneous         : He-Ne , He-Ar , He-Kr , He-Xe , He-Rn , Ne-Ar and etc. (15) 
dimers 



INTERACTION POTENTIALS OF HOMOGENEOUS DIMERS 

System A 

He - He 1,461 14,11 183,6 41,96 2,523 

Ne - Ne 6,383 90,34 1536 199,5 2,458 

Ar - Ar 64,30 1623 49060 748,3 2,031 

Kr - Kr 129,6 4187 155500 832,4 1,865 

Xe - Xe 285,9 12810 619800 951,8 1,681 

Rn - Rn 420,6 19260 1067000 5565,0 1,824 
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Measurements:   bond length [3]   
o

52 4AR  

Estimation of the binding energy and scattering length 
o0.3 8

0.2 181.1 mK 104 Ad scl
 

  

n E  (K) [5] 

0 24,22   0,02 

1 4,405  0,02 

2 < 0.14 

o0.25 8

0.19 7.91.3 mK 100 Ad scl
 

  

[3] 

[6] 



level He2 (K) Ne2 (K) Ar2 (K) Kr2 (K) Xe2 (K) 
0 0,001309 24,1316 121,5004 184,7897 267,1759 
1   

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

4,2777 83,7284 153,1110 238,6889 
2 0,02215 54,0021 124,8287 212,0169 
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31,8334 99,8756 187,1428 
4 16,5115 78,1658 164,0472 
5 7,0383 59,5926 142,7075 
6 2,1227 44,0234 123,0977 
7 0,2823 31,2940 105,1879 
8   

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

21,2031 88,9437 
9 13,5088 74,3252 

10 7,9285 61,2863 
11 4,1441 49,7742 
12 1,8129 39,7280 
13 0,5801 31,0784 
14 0,09122 23,7471 
15 0,0001393 17,6446 
16   

  
  
  
  
  
  
  
  

12,6781 
17 8,7381 
18 5,7122 
19 3,4831 
20 1,9286 
21 0,9256 
22 0,3511 
23 0,08371 
24 0,004802 

Spectra of homogeneous dimers (TT potentials):  



TABLE. Ground state energy of the heterogeneous rare gases dimers (in K), average distance and mean 

root square radius (both in Å). FIG. The wave functions of the He2, He-Ne and Ne2 dimers (upper) and 

Ar2, Ne2 and Ne-Ar (lower).   

Ground states of heterogeneous dimers:  



TABLE. Weakest state energy of the heterogeneous rare gases dimers (in K), average distance and mean 

root square radius (both in Å).    

Ground states of heterogeneous dimers:  
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Three-body,  theory 
             formalism 

[4] - L.D.Faddeev,S.P.Merkuriev, 1993, Quantum scattering theory for several particles 



9 

When the total angular momentum L of the system is fixed, the three-body dynamics is  
constrained onto three-dimensional internal space [5], which can be parametrized by coordinates 

ˆ ˆ| |, | |, cos ( , )x y z          x y x y

[5] - V.V.Kostrykin,A.A.Kvitsinsky,S.P.Merkuriev, Few-Body Syst. 6 (1989) 97 
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For zero angular momentum the Faddeev equations in internal space are given by the set of three 
coupled three-dimensional equations 

0( ) ( , , ) ( , , )H V E V       

 

     


     

or in hyperspherical coordinates  
2 2 ˆ ˆ, tan / , ( , )x y y x             x y

1/ 20
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For computational purposes, one can reduce the dimension by expanding the Faddeev components 
into an auxiliary basis, at the expense of dealing with an infinite number of partial equations. 
Expanding the function F in a series of bispherical harmonics 
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One can obtain the partial equation 
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Three-body,  theory 
             formalism 
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Boundary conditions  

4He2  - 4He  
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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

d

d d

E

E p p

y a p



  

 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
lA E 

0

03
lim

2

( )
sc

p

a p
l

p
 

(as and/or )y    
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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 4He3 
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    * [22] 

E 0 (He3) 
HFD-B 

 133.0 mK 130.57 mK 

 4Ne3 
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V. Roudnev and M. Cavagnero //J. Phys. B 45, 025101 (2012) 
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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 

     

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  

( ) ( )HFD BV x V x 

V.Roudnev, M.Cavagnero  
Phys.Rev.Lett. 108, 110402 (2012) 
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E.A.K, Few-Body Syst. 55, 957 
(2014) 



4He2  - 4He  
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E.A.K, A.Motovilov, W.Sandhas  
Nucl.Phys. A 790, 752 (2007) 

E.A.K, A.Motovilov,  
Phys. At. Nucl. 62, 1179 (1999) 
 
M. T. Yamashita, T. Frederico, 
A. Delfino, L. Tomio , 
Phys. Rev. A 66, 052702 (2002)  
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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) 
 
 

1 
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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 

the same parametrization describes  

a very different system: nucleon-deuteron  

scattering below the deuteron breakup    

Threshold and elastic atom-dimer scattering 

 below the dimer breakup threshold. 



3H - system 

MT I-III 
 
Ed = - 2.224 MeV 
 

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

 
 
 Orlov, Nikitina Phys.At.Nucl. 69 (2006)  

 A=3 
Nucl. Phys. A 848, 1 (2010) 

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

0.48 MeV 



Three-body,  theory 

             resonances 

4He3 

S-matrix root lines in 4He3 system 

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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E.A.K, Few-Body Syst. 55, 957 
(2014) 



E.Hiyama, M.Kamimura, arxiv: 1409.2501 

Three-body parameter 

V.Efimov,Few-Body Syst. 51, 79 (2011) 
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Three-body,  theory 

             resonances 
4He3 and nnp systems 
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Three-body,  theory 

             resonances 

4He3 

E   z 

0 ( )a E 0 ( )a z

0 0( ) 1 2 ( )S z ia z 
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Ne2 (K) Ar2 (K) Kr2 (K) Xe2 (K) 

20,178 101,454 150,716 210,674 

3,859 71,019 126,280 188,599 

0,5981 47,139 104,534 168,059 

  29,157 85,329 148,985 

  16,334 68,552 131,357 

  7,892 54,038 115,107 

  2,985 41,689 100,213 

  0,693 31,308 86,630 

    22,780 74,270 

    15,924 63,111 

    10,578 53,085 

    6,576 44,171 

    3,723 36,279 

    1,837 29,366 

    0,722 23,364 

    0,230 18,229 

      13,916 

      10,315 

      7,380 

      5,068 

Ne2 (K) Ar2 (K) Kr2 (K) Xe2 (K) 

20,179 101,361 150,719 210,665 

3,861 70,799 126,294 188,596 

0,0429 46,863 104,542 168,051 

  28,871 85,339 148,986 

  16,084 68,554 131,354 

  7,704 54,050 115,120 

  2,865 41,685 100,226 

  0,6821 31,313 86,626 

  0,025 22,780 74,277 

    15,925 63,114 

    10,580 53,099 

    6,573 44,173 

    3,721 36,281 

    1,836 29,368 

    0,725 23,374 

    0,1859 18,242 

    0,014 13,909 

      10,313 

      7,389 

      5,072 

3,295 

1,988 

1,080 

0,501 

0,178 

0,036 

6,360E-04 

LJ potential model [1] 


