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What’s the Efimov effects?

[0 Condition for Efimov effects:
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[1] V. Efimov, Physics Letters B 33, 563 (1970).
[2] P. Naidon and S. Endo, Reports on Progress in physics 80, 056001 (2017).



Universality of Efimov effects
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Signature of Efimov features
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Schematic showing the location of Efimov features.

[1] V. Efimov, Physics Letters B 33, 563 (1970).
[2] P. Naidon and S. Endo, Reports on Progress in physics 80, 056001 (2017).



Efimov features in three-body collision ( < 0)

O Three-body recombinationina<0 : B+ B+B - B,+ B

_ : Efimov states approach the three-body threshold
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[1] V. Efimov, Physics Letters B 33, 563 (1970).
[2] P. Naidon and S. Endo, Reports on Progress in physics 80, 056001 (2017).



Efimov features in three-body collision ( > 0)

O Three-body recombination in >0 : B+ B +B - B, + B recombination into
weakly bound molecules.

+ = minima in the three-body rate coefficient.
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Observe efimoyv effects in ultracold quantum gas

m ultracold atomic gas + feshbach resonance = ideal test bed for
Efimov physics

triatomic
Efimov resonance
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Three-body collision in heavy-heavy-light system

[ Theoretical method: R-matrix propagation in hyperspherical coordinates
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» Three-body interaction potential:
P2 /
0
Rb > Rb

» Two-body model potential: v(r;;) = —

V(R;0,0) = v(ri2) + v(riz) + v(rs)
» The Schrodinger equation is:

R(R)=FE(R) [ER)] " R(a) = Ry~ Roy [Ryy + R ()] Ry,



Three-body collision in heavy-heavy-light system

[0 Hyperspherical potential curves for positive intraspecify scattering length:
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Three-body collision in Rb-Rb-K system

O On the negative side of interspecifies scattering length:

One normal three-body bound state is found at ag,x = -155 «q,
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Three-body collision in Rb-Rb-K system

O On the negative side of interspecifies scattering length: <
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No Efimov features between -200 a,— 40000 a,



Three-body collision in Rb-Rb-K system

O On the positive side of interspecifies scattering length: =
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An Efimov recombination minima on the total rates is shown at ag,x = 3638 a,



Three-body collision in Rb-Rb-K system

O On the positive side of interspecifies scattering length: =
> Vibrational relaxtion resonance
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The vibrational relaxtion resonance is shown at ag,x = 133 «q,



Three-body collision in Cs-Cs-Li system

O Cs + CsLi collision on the positive interspecifies scattering length
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Universal relations between Efimov features

[0 The universal relations between Efimov features from same scattering
observables.
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[1] J. P. D'Incao, J. Phys. B: At. Mol. Opt. Phys. 51 043001 (2018).



Universal relations between Efimov features

[0 The universal relations between Efimov features from different
scattering observables.

aa,i/aﬁ,j _ 93 (ew/so)i—j

where a and £ assuming the values “—”, “+” and “* ”, and i and j running over
the index labeling the Efimov states

» For homonuclear system, is as following

0" =a,/a_ ~—-0.209914,
0" =a./a_ ~—-0.046938,
07 =ay/a, ~0.223604.

[1] J. P. D'Incao, J. Phys. B: At. Mol. Opt. Phys. 51 043001 (2018).



Universal relations between Efimov features

[0 The universal relations between Efimov features from different

scattering observables. e
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[2] K. Helfrich, H.-W. Hammer, and D. S. Petrov, Phys. Rev. A 81, 042715 (2010).
[3] B. Acharya, C. Ji, and L. Platter, Phys. Rev. A 94, 032702 (2016).



Universal relations between Efimov features

® Efimov features in 37Rb-37Rb-#K system

Universal relation predicted by zero-range model:

System o=my/mg | 0.7 0. 10| So exp(m/sy) |1/exp(m/2s,)

8TRb37Rb4K | 0.459836 |0.0041 | 0.0458 | 0.0894 | 0.653 | 122.8562 0.090

---Experiment values[3]: =230 g
---Present results : =133 +=3638

-—-Predict Efimov resonance through universal relationship:
=40693  with ,=3638 pgand _=56097  with =230 |

[2] K. Helfrich, H.-W. Hammer, and D. S. Petrov, Phys. Rev. A 81, 042715 (2010).
[3]R. S. Bloom, M.-G. Hu, T. D. Cumby, and D. S. Jin, Phys. Rev. Lett. 111, 105301 (2013).



Universal relations between Efimov features

® Efimov features in 133Cs133CsfLi system

Universal relation predicted by zero-range method:

System o=my/mg | [0 0. 6.1 So exp(m/sy) |1/exp(m/2s,)

133Cs133Cs6Li | 0.045113 | 0.0251 | 0.0558 | 0.4551 | 1.983 4.8757 0.4528

-—-Experiment values|[4]: when =200 o, - =-2130 o5, _ =-8500
-—-Present results : =200 o, , =737 o . = 2881 ¢
_ =-1476 o, _ =-7264 |

---Universal relationship with present resultsis: A= _ / . =3.91, |0.1=0.499
---Efimov scaling A with experiment resultsis: A= _ / _ =3.99

[2] K. Helfrich, H.-W. Hammer, and D. S. Petrov, Phys. Rev. A 81, 042715 (2010).
[4] J. Ulmanis, S. H afner, R. Pires, E. D. Kuhnle, Y. Wang, C. H. Greene, and M. Weidem uller, Phys. Rev. Lett. 117, 153201 (2016)



® We investigated the three-body collisions in Rb-Rb-K and CsCsLi system
® Using the calculated minima of three-body recombination, We explored the

universality of Efimov features in these systems.

Thank you for your attention!



