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Introduction Li few-body puzzle

Three-body elastic and inelastic scattering for strong and weak interactions
Momentum-space method
Use realistic two-body interaction potentials

el gpectating Spin (FSS)
T

® ®
Multi-channel three-body scattering . " o®
K-39 with Fixed Spectating Spin ® =l e
®

Li-7 with Full Multichannel Spin exchange ’ ®
H Multichannel spin (FMS)

Conclusions

Multichannel nature of the lithium few-body puzzle

TU/e



Three-body collisions

Three-body inelastic collisions
Lifetime of gases
Probe methods
Fundamental chemical reaction
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3-body loss coefficient K, (cm'/s)

The “lithium few-body puzzle”

Three-body recombination

* Three identical bosons, Feshbach resonance

Gross et al. (2011)
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Lithium
7.016

State By [G] (l],g/(lu AB [G] Sres
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Multichannel three-body simulation

What is missing from our current theoretical and numerical approaches?

Realistic finite range molecular
interactions with many vibrational states

100

-100-
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-200
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Atoms have also spin: f =i +$
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B [G]

T. Secker, et. al., Phys. Rev. A 103, 022825 (2021)
T. Secker, et. al., Phys. Rev. A 103, 032817 (2021)
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Alt-Grassberger-Sandhas (AGS) equations

Two-body transition operator T == qa

a configuration
Three-body transition operators Uy; mmp D 0 A+B4+C
(Uno(2) = Zi 1 Ta(z )Go( )Uao(2) 1 A +BC
J Uaol +2Tﬁ (2)Uso(2) 2 B +CA
[3#04 3 C+AB
for a = 1,2, 3,

e Go(E) = (E — Hy)~! where H, is the three-body kinetic energy operator
T, isthe transition operator of a two-particle subsystem
E.g. T1(E) = Vag + Vo3Go (E)T1L(E)
[E. Alt, P. Grassberger, and W. Sandhas, Nucl. Phys. B 2, 167 (1967)]
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Multichannel spin models

AGS equation : U = Pt(1 + P) + PtG,U

V:VSPS+VTPT
GOZ(E_T_HC)_1

V: pairwise interaction
V512 singlet/triplet interaction potential
H.: multichannel spin Hamiltonian
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Multichannel spin models

AGS equation : U = Pt(1 + P) + PtG,U

V:VSPS+VTPT EJ
G0=(E—T—HC)_1 S
S

V: pairwise interaction
Vs/r: singlet/triplet interaction potential

H.: multichannel spin Hamiltonian

Multichannel nature of the lithium few-body puzzle
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f=i+s

M, = Mg + Mgy + Mg

3K in the|f=1,m=-1> state, for instance
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Multichannel spin models
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our project

Phys. Rev. A 103, 022825(2021)
Phys. Rev. A 103, 032817(2021)

Single-channel (SC)  Effective single-channel Fixed spectating Full multichannel
model (ESC) model spin (FSS) model  spin (FMS) model

v

[R. Chapurin et al., Phys. Rev. Lett. 123, 233402 (2019)]
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Three-body multi-channel physics

?‘\*"’d gpectating Spin (FSS)
® ®
®
y oy
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pllll
Multichannel spin (FMS)
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Strongly interacting regime

Lz (cm%™1)

39K in the|1,-1> state
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R. Chapurin et al., Phys. Rev. Lett. 123, 233402 (2019).
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Strongly interacting regime

FSS result a—[rvaw] Vs/r is modeled by a Lennard-Jones (LJ)
this work  Ref. [18] potential with N s-wave bound states

N=2,LJ —13.51 —7.61 or taken as full molecular potential (full)

N=3,LJ —14.33 —11.20 from Phys. Rev. A 78 012503(2008)

N=4, LJ —14.16 —12.27

N=5, LJ —14.60 —12.69

full —14.12 -
full40 —14.03 — [18] R. Chapurin et al., Phys. Rev. Lett. 123, 233402 (2019).

measurement -14.05 (17)
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[T. Secker et al., Phys. Rev. A 103, 022825(2021)]
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Strongly interacting regime

20

|a— |/7n\ dw
—
(@]
N

1072 1 60 1 62 104 0 260 460 600
Sres B|G]
FSS(full)  Expt. .
FR2 2976 -11.30 small energy separation leads to
FR3 1633  -9.90 strong multichannel coupling

[T. Secker D. J. M. Ahmed-Braun, P. M. A. Mestrom, S. J. J. M. F. Kokkelmans, Phys. Rev. A 103, 022825(2021)]
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Li-7 — Three-body recombination  7Liin the|1,0> state around B=850 G

Weakly interacting regime 400 o [+ Fss(10) (@) ﬁ’
5 o FMS(4)
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K3 oc Lp* = %@ = OPS(10) 5 ,@_,.a'@
g 200 /¢ 5 Expt. IR
= é&m@.&j_mﬂ%..@:@%’w
100 [N
M= Mg +my, : ‘ ‘ ' ‘
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—B: Spin-exchange process, cannot be described by the FSS model

[J-L. Li, T. Secker, P. M. A. Mestrom, S. J. J. M. F. Kokkelmans, Phys. Rev. Research. 4, 023103 (2022)]
[Z. Shotan, O. Machtey, S. Kokkelmans, and L. Khaykovich, Phys. Rev. Lett. 113, 053202 (2014)]
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Li-7 — Three-body recombination

,
o Oy

Importance of specific FMS channel,

also seen in earlier studies!

J.-L. Li, et al., Phys. Rev. Research. 4, 023103 (2022).
T. Secker, et. al., Phys. Rev. A 103, 052805 (2021).
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Li-7 — Three-body recombination

Three-body recombination
hat
Ks(a) = 3C_(a)—

m

1E-21 4
1E-22 4
1E-23 4

1E-24

3-body loss coefficient K3 (cm®ls)

St‘df(‘ BU [G] (l],;:/ﬂ“ AB [G] Sres
1E-25 11,1) 738.2(2) -18.24 -237.8 0.56
i |1,0) 893.7(3) -20.98 -171.0  0.493
1E-26 - I L L e T
200 1000 -1000 -200

N. Gross, et al., C. R. Phys. 12, 4 (2011)
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Three-body recombination

N. Gross, et al., C. R. Phys. 12, 4 (2011)
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Three-body recombination a—[Tvaw
FSS Experiment
1,1) -39.4 -8.43(49)
11,0) -34.4  -8.13(34)

N. Gross, et al., C. R. Phys. 12, 4 (2011)
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Three-body recombination a_[rvaw
FSS FMS Experiment

I1,1) -394 -94  -8.43(49)
11,0) -34.4 -12.7  -8.13(34)

N. Gross, et al., C. R. Phys. 12, 4 (2011)
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Li-7 Three-body parameter

(@) a/reaw (b) -
e . Gross et. al. Dyke et. al. e . Gross et. al. Dyke et. al.
¥ [ v LN A b :
s e (2011) (2013) L (2011) (2013)
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[J. van de Kraats, D. J. M. Ahmed-Braun, J. -L
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Li-7 Three-body parameter

Main challenge: non-trivial convergence with maximum partial wave and third-
particle momentum:

Significant numerical effort required

| 1,1> a— /T»-dw a— /'T'vdw UE

| — FSS FMS FSS FMS Imax FSS FMS FSS FMS

4* -40.4 -15.6 0.76 0.32 4 -19.6 -17.6 0.43 0.34

6* -46.5 -11.1 0.78 0.38 6 -35.6 -15.1 0.48 0.38

8* -43.1 -10.1 0.71 0.32 8 -30.5 -14.2 0.62 0.38
10* -39.4 -9.39 0.68 0.29 8% -36.3 -12.7 0.78 0.38
12*  -41.1 -8.79 0.66 0.27 10 -31.3 -13.7 0.57 0.41

10 -33.1 -11.2 0.64 0.36

192 -33.3 -10.8 0.65 0.36 Results with * have ¢,..7vaw = 40, otherwise Guux"vaw = 20

Results show importance of multichannel physics in the lithium few-body puzzle
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Analysis partial recombmatlon rates

. 3rd particle
Partial excited

wave N, o o fz=2
*
lm F ( V)
% Vibrational

.
Hyperfine state

projection
me=m 1 +m 2

FMS channels dominate
The final state distribution

[J. van de Kraats, D. J. M. Ahmed-Braun, J. -L. Li,

S. J. J. M. F. Kokkelmans, arXiv:2309.13128]
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Analysis partial recombination rates

In the | 1,0> state we find a single dominant FMS channel

* Originates from closed-channel Feshbach resonance

100
Closed channel
S O s, I
= FR —==" R
z 0 / - - Open channel
) : nbach dunef S - threshold
100 = ~
S6(0) 88(0) 900 920 94()
B [G]
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Conclusions/outlook

Three-body recombination Li-7
Three-body physics in Lithium-7 is strongly influenced by multichannel effects

Strong coupling to specific three-body hyperfine channels, which have often been
neglected in earlier studies

s Spectming Spin (FSS)
o

® ®
® | |
. Excst?:r]lge ?trz::
®

» h@@
Fuyy
Multichanne] Spin (FMS)

[J. van de Kraats, D. J. M. Ahmed-Braun, J. -L. Li, S. J. J. M. F. Kokkelmans, Emergent inflation of the Efimov spectrum under three-body

spin-exchange interactions, arXiv:2309.13128] ) ] ) _ _
Go back to simplified models, investigate approximations based on physical effects
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