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Two possibilities for homonuclear alkali dimers:

Lip(a*X ™) + Lip(a®L ") — Liz + Li (Trimer formation)

Lip(a®X ™) + Liz(a®T ") — Lip(X'XT) 4+ Liy(T)  (triplet to singlet)

= Trimer Formation expected to dominate
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Universal Reaction Rates- Summary oF BRITISH COLUMBIA

Described in Quéméner and Julienne [2012], Ultracold Molecules Under
Control!

e Quantum Langevin Model- every molecule that reaches short range
part of potential reacts with unity probability.

e Reaction rate completely determined by long range potential

e Van der Waals length

o 27 nes 1/4
S r(1/4)2 \ A2

e Unitary limit
41h
Bu=g 5771 x 10 0cm?/s
u

= Unless there are deviations from this rate, there is very little you can
learn about the reactions
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Dimer-dimer collisions:

e Ospelkaus et al. [2010]: KRb

Universal + state-dependent (Pauli suppression)
e Takekoshi et al. [2014]: RbCs

chemically stable, non-univeral loss, magnetic field dependent
e Drews et al. [2017]: Rby
e Rvachov et al. [2017]: NalLi
e Ye et al. [2018]: NaRb

Universal, even for chemically stable ground state
e Guo et al. [2018] NaRb

B > B,, electric field dependent

Dimer-atom collisions:
e Zahzam et al. [2006]: Cs+Cs;
e Hudson et al. [2008]: RbCs+Cs & RbCs+Rb
e Deiglmayr et al. [2011]: LiCs + Cs
e Yang et al. [2019]: NaK + K = Magnetically tunable resonances
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Experimental Questions F BRITISH COLUMBIA

1. Is the triplet ground state stable?

2. Do we observe non-universal reaction rates?

3. Is there a magnetic field dependence?
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~ 10 million atoms at ~ 10mK
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Feshbach molecules o GRS GBI
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Transfer to the ground state:
STIRAP




Stimulated Raman Adiabatic Passage (STIRAP) oF BRITISH coLumBIA
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STIRAP Lineshape oF BRITISH CoLUMBIA
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Figure 1: Feshbach molecule number after a forward and reverse STIRAP
sequence to the v = 9 level as a function of the probe laser's frequency. The
stokes laser’s frequency is fixed close to the resonance of the |g) — |a)
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Cloud Density OF BRITISH COLUMBIA

Assuming a thermal cloud:

/n(r7 t)dr = / (npeak(t)e_XQ/an e—y2/2rr§ e—22/2z7§) dr — N(l’) (1)

N(t)
= npeak(t) (27T)3/20'X0'y0'2 (2)
}kBT = -~ mw?c? (3)
2 2 1 1
1 [kgT
i = A\ 4
%=\ "m (4)
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Reaction Rate Model
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Wiy W, m3/2

Mpeak (t) = N(f)W

We can use the peak density to model the loss rate:

= —an(t) — Bn’(t) — wA(T)
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Reaction Rate Model

THE UNIVERSITY
OF BRITISH COLUMBIA

Wiy W, m3/2

Mpeak (t) = N(f)W

We can use the peak density to model the loss rate:

= —an(t) — Bn’(t) — wA(T)

which reduces to (two-body losses)

n(t)

14 Bngt
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State-dependence of Reaction Rate oF BRITISH COLUMBIA
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State-dependence of Reaction Rate oF BRITISH COLUMBIA
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Magnetic Field D dence of Reaction Rate OF BRITISH coLUMBIA
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CO“CIUSiOﬂ OF BRITISH COLUMBIA

e Realized STIRAP to create °Li dimers from an ultracold gas

e Strong evidence for observation of trimer formation: v/ =0
molecules should stable against other loss mechanisms

e Observed universal reaction rates, except for the [v/ =9, N = 0)

state

e Magnetic field dependent reaction rates, below universal limit
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Modeling Lifetimes 1

The decay of ground state molecules can be described by integrating the
density distributions over the entire volume:

o0

N(t) = —aN(t) — ﬁ/jo n?(r, t)d*r — 7/ n(r,t)d*r  (8)

— 0o

Assuming Maxwell-Boltzmann statistics (n(r, t) ~ Gaussian):

B

N(t) = —aN(t) = gar
xOyUz

Y
N2(t) a 24+/373520252 N3(t)
NG - BN — AN(E)
—— —— ——

one—body two—body  three—body



Modeling Lifetimes 2

We determine o/, and +/ by fitting our data to this model. Then we
extract 3 ,the reaction rate constant for two body collisions, measured in

cm3 s71):

ke T

m Wx,y,z

e Dependson oy, , = — we need accurate measurements

of temperature T and trap frequencies wy.y .

e For Thomas-Fermi statistics, n(r, t) has a different form, yielding:

7ﬁ152/5(aN(t))7/5  5*5(aN(t)Y/s
14722 (L)° 56y/3n2a3 (L)'

(10)



Proof of two-body losses

: B 2 2 3
N(t) = —aN(t) — —75—N*(t) — N°(t
® a? ®) 83204040, 24\/3n3020202 )

one-body ? T

)

u
—
o

0.81 independent of trap two-body three-body
2 2 2
~ WrlyW, ~ WaWwy Wy

<
o>

T —— 00 )

¢ /single arm ODT

<
o

" >-/< coptt * ¢

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

+ (me)

Number of Atoms in the |1) State (a.
=

Figure 2:  Comparison of lifetimes for a single arm ODT and CODT.



Matching the trap frequencies
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Binding Energies

Table 1:  Energy differences between the initial state |[FM) and the DBM
state |g) = |vg, Ng) as well as two-body loss coefficients for each DBM state.
For every |g) state, my =0, ms = —1 and m; = 1. The [FM) — |e) transition
frequency vp = 366861.2522 GHz was also magnetic field independent. .

ve Ny vs—uvp (GHz) B (cm3/s)

0 0 8974.7701 (8.5+2.1) x 10710
0 2 8919.0313 -

2 0 5442.3258 -

5 0 1807.1250 (7.4 +1.8) x 10710
6 0 1037.5121 -

7 0 491.9990 -

8 0 164.3079 (7.3 4+1.9) x 10710
9 0 243832 (3.94+1.2) x 10710
9 2 16.3854 (7.1+1.8)x 1010
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