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Four-boson scattering

# scattering equations
# momentum-space technigues

® first results
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Scattering: wave function vs transition operator

# Schrodinger equation

(Ho+V)|W) = E|W)

+ Impose asymptotic boundary conditions explicitly

#» asymptotic boundary conditions ensured in
Lippmann-Schwinger equation

wave function |W) = |K) + Ggv|U)

Go= (E+i0—Hp)™
transition matrix T |k) = v|)
T =v+VvGoT
W) = k) +GoTlk)



Four identical bosons

Hamiltonian Hg + Z Vi >

i>]

# Wave function:
Faddeev-Yakubovsky equations

# Transition operators:
Alt-Grassberger-Sandhas equations

#» Permutation symmetry:
18 — 2 FY components: 3+1 and 2+2 partitions



Symmetrized AGS eqguations

(GoTGo) *Psa+ P3aU1Go TG U 11+ UoGo T Go Uzs
(GoTGo) (1 + Pag) + (14 P3g)U1Go T Gp 13
(
(

GoTGg) 14 P3gU1Go TGg 712+ UsGo TGo 2o
14 P3)U1GoTGo U 12

T =v+VGeT
Uj =PGy*+PTGoU;
3+1: PL=P=PPx3+Pi3P3
24+2: P,=P=P;3P,y
scattering amplitude Tt = St (Qf| U i |@)
9) = GoTPj| ;)

basis states symmetric in pair (12) only



Wave function components

Scattering:

Wii) = 0ji|@) + GoTGoUiGoTGoU ji | @)

Bound state:

(Y1) = GoT GoU1 (Psa|W1) + |W2))
W2) = GoTGoUz(1+ Psg) |Wy)



Solution of AGS equations

110 = (GoTGg) 1+ P3gU1Go T Gp 112+ UG TGg U2

H

» momentum-space partial-wave basis

# set of coupled integral equations in 3 variables:
<kxkykz[(|x|y)K|z]J‘(u1i|(ﬂ>
<hxhyhz[(|x|y)H|z]‘]’(u2i|(ﬂ>



Solution of AGS equations

110 = (GoTGg) ™t + P3gU1GoTGg 112+ UsGo TGy Uz

H

#» bound state poles:
Uj(Ej — —Bj) — PGy |9;)S;; (Ej +i0+Bj) @] Gy P,

#» numerical methods:
pole subtraction
Gaussian integration
spline interpolation
(double) Padé summation



Interaction model

Realistic interactions very repulsive at short distances

Cutoff: “He trimer BE and atom-dimer scattering
In agreement with r-space results by R. Lazauskas

Separable potentials in present four-boson calculations



AGS eqguations with separable potential

v=[g)A{g|
T =1g)t{g|
U1 = (GoTGp) ™+ P3gU1Go|9) (9| Go U 12
+U2Go|9)1(9|Go U2z

# set of coupled integral equations in 2 variables:
<gnkykz[(|x|y)KIZ]J‘GO‘Uli‘(ﬂ>
(Onhyhz[(Ixly)H1Z]I|Go 2 | @)

#» |ow rank & few partial waves:

direct solution of discretized 2-variable equations
(matrix inversion) feasible



4He atoms

S-wave rank 1 separable potential

(P'IVIp) =9(pP)Ag(p)
g(p) = exp(—p*/N\?)

A=04A"

ap = 104.0 A

B, = 1.2126mK
B; = 128427 mK
Bs. = 2.1855mK

lx=0butly,|; <2In 4-boson calculations!



Atom-trimer S-wave scattering
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Dimer-dimer S-wave scattering
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Atom-trimer (excited) S-wave scattering
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S-wave vs D-wave scattering
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Modified potential: Bz, ~ 2B>

A=04A " A =0.46817A
ag= 1040 A 2o = 1040 A
B, =1.2126mK B, =1.1984mK
B; = 128427 mK B; = 166960 mK
Bs, = 2.1855mK Bz, = 2.396/mK =~ 2B,
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Modified potential: Bz, ~ 2B>
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Scattering length vs threshold differenceAB

ayolag
o

aq3+ag

ap=1040A, 01A1<A<08A1



Dimer-dimer vs atom-atom scattering length
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2+2 scattering length: convergence withy & 1; < Lmax
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Breakdown of universality
In collaboration with R. Lazauskas (CNRS Strasbourg)

series of rank 2 separable potentials

(p'|V|p) Z gi(P)Aijg;(p

1,]=1
gi(p) = exp(—p*/A]) with Aj = jA

phase equivalent (up to 50B,) to
A = 0.2 A—1rank 1 potential:

ap=1040A, rg=150A, B, =1.318mK



Breakdown of universality: 1+2 and 1+3 scattering lengths
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Breakdown of universality: few-boson binding energies
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Breakdown of universality: v(r’,r)r'r
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Fermionic system: 4N reactions
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Summary

four-particle AGS scattering equations
IN momentum space

S-wave separable potentials
low-energy elastic, inelastic, and transfer reactions
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Summary

four-particle AGS scattering equations
IN momentum space

S-wave separable potentials
low-energy elastic, inelastic, and transfer reactions

still a lot to do (too much to be listed here)
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