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WHAT IS THIS EFIMOV EFFECT?
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EFIMOV EFFECT
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EFIMOV EFFECT

Search for Efimov States: Nuclear Physics, Atomic Physics

Limitations: needs to find a system with large a
(at least 3 Efimov states)
— Hes: only 1 Efimov state: open question !

— extremely weakly-bound states !

Ultracold Quantum Gases

9 Experimentally accessible !
¥ Clear signature of the Efimov Effect !
(3-body collisions)




ULTRACOLD QUANTUM GASES
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.. after evaporative Feshbach Resonances
cooling ...
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ULTRACOLD QUANTUM GASES

.. after evaporative Feshbach Resonances
cooling ...
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closed T
B-field
Scattering Length || Efimov
a>0 i / Effect
B
i a<0

t Tunability of a !

2-Body Collisions — Suppressed !
3-Body Collisions — Lifetime, Stability ... Efimov Effect !




ULTRACOLD QUANTUM GASES

Three-Body Recombination: K3 o (k/u)o

g+e+g—> gwg+g + ()

Vibrational Relaxation: Vie o< (k/u)o

a To

gy +g—> o8-8+ ()

Rate Equations:

nx(t) = —[Kz(a)nk — [Via(a)nxnx,

nx,(t) = —[Viala)|lnxnx,

nx,Nx,. experimental observables !



SIGNATURES OF EFIMOV EFFECT?!



BUILDING INTUITIVE PICTURE
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Phase shift jumps of 7 Cross section: Efimov features !
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SIGNATURES OF THE EFIMOV EFFECT
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SIGNATURES OF THE EFIMOV EFFECT

sinh(27)
sin? {80 In( o )—|—<I>} +sinh?(n)

Viel = An

Ay, ®, n: details !
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SIGNATURES OF THE EFIMOV EFFECT

Three-Body Recombination g+ g+
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Three-Body Recombination g+ g+
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SIGNATURES OF THE EFIMOV EFFECT

Three-Body Recombination &+ g+ g
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SIGNATURES OF THE EFIMOV EFFECT

Three-Body Recombination g+g+g—> ¢ :
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SIGNATURES OF THE EFIMOV EFFECT
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SIGNATURES OF THE EFIMOV EFFECT

Three-Body Recombination g+g+g—> ¢ :
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OBSERVATION OF THE EFIMOV EFFECT

Rate Equations:
nx(t) = —[Ks(a)nyx — [Via(a)lnxnx,

nx,(t) = —[Viela)lnxnx,

Three features need

Vrel

to be observed !




LIMITATIONS

“ay Ty T8y Ty Ty Ty

At finite temperatures only a finte number of features
can be expected to be observed.

(spacing: e™/50 ~ 22.7)
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CESIUM EXPERIMENT - INNSBRUCK
RUDI GRIMM’S GROUP

recombination length (1000 ao)
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Minimum [Esry et. al, PRL (1999)]
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Used to optimize loss ! |
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CESIUM EXPERIMENT - INNSBRUCK
RUDI GRIMM’S GROUP

recombination length (1000 ao)
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Different slopes [Esry et. al, PRL (1999)]
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CESIUM EXPERIMENT - INNSBRUCK
RUDI GRIMM’S GROUP

Finite Energy Effects [D'Incao, Suno, Esry, PRL (2004)]
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SINGLE SPECIE ATOMIC GASES

e Large spacing (e™/*0 = 22.7) between Efimov features

2 .

min*

o 133Cs: apin ~ 4. x 10° a.u.; Thpax ~ 8. x 107° nK (D)

® min ~ 1o[e™ 1N — T < 1/ma2 . : large a, low T

TWO SPECIES ATOMIC (GASES

e Spacing (€™/#0) can be made smaller ()
e Experimentally accessible a.,i, and 77,.x (0)
e Competition different 3-body processes: important (?)

e Favorable conditions: Boson-Fermion mixtures ([J)



TWO SPECIES ATOMIC (GASES

EXPERIMENTS: | | 8"Rb-4°K (JILA)

23Na-Li (MIT) Interspecies Feshbach resonances !

Two types of collisions are important: X XY and XYYV

Recombination (no molecules !)

x o~ —[K3 T (a)lnynk — [K3T T (a)ndnx

ny o~ —[K3 TN (@)nEny — [Ka T T (a)]nxn,
Relaxation Competition !
ax o~ [V T (a)nxynx
y o~ =V T (@)lnxyny

hXY ~ —[‘/r)eiY—I_X(a)]anXY — [‘/:eiY—i_Y (a)]’nynxy




TWO SPECIES ATOMIC GASES

Efimov Physics — a dependence in K3, V.

[Gross scaling, valid for E < 1/2ua?]

Viel K3 (D3)

J7 E a>0 a<0 E a>0 a <0
BBX 0t* const *[Ps,Ja  const || const(k?) x[Ms,]la*  *[Ps,]|al*
6= X 1~ k2 a3=2P0  const k2 (kS) a® |a|6—2P0
2;5250* k4 %[Psy]a®  const k4 (kB) x[Msyla®  #[Psy]|al®
2(‘5;56 k4 a®~2P0  const k*(k®) a® |a|®— 2P0
FFX 0t const a'~2?P0  const k4 (kB) a® a|3—2P0
5 = :Z—;f ls.s.” k? %[Psy]a®  const k2 (K9) x[Msy]a®  *[Psy]|al®
1555, k2 a3=2P0  const k2 (k9) a® |a|®—2Po
2T k4 a®~2P0  const k4 (k®) a® |a|® 2P0

D’Incao and Esry, Submitted to PRL. .
(*) Efimov Effect !

so depends on ¢!



TWO SPECIES ATOMIC (GASES

* Here !




TWO SPECIES ATOMIC GASES

8 | BBX Systems -
4l

| s
0| -

: Mg= My
4|
g |

0.01 1 100
0 =my/mg

We want mixtures with heavy Bosons (mp >> mx) !



EFIMOV EFFECT IN BOSON-BOSON MIXTURES

mp > my | | BB collisions: sy large — €7/ small (0)

Bbb collisions: sg small — ™/ large (D)




EFIMOV EFFECT IN BOSON-BOSON MIXTURES

mp > my | | BB collisions: sy large — €7/ small (0)

Bbb collisions: sg small — ™/ large (D)

Three-Body Recombination

a >0

gt . Condition: ng > ny,
ng = —K§+B+bnbn32
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enough signal ? (D)




EFIMOV EFFECT IN BOSON-BOSON MIXTURES

mp > my | | BB collisions: sy large — €7/ small (0)

Bbb collisions: sg small — ™/ large (D)

Three-Body Recombination

e sy Vibrational Relaxation

s g ] Condition: ng > ny,
ng = —K§+B+bnbn32
: B+B+b E
n, = —K; TET n%nb N

enough signal ? (D)

Condition: n, =0

: Bb+B
ng = —V,,,  ~MBNBb
. _ ,Bb+B

ngp, = —V,.. | NBbNB

Bb 4 Bb collisions can be important ! (D)




EFIMOV EFFECT IN BOSON-FERMION MIXTURES

mp > mp | | BBF collisions: sy large — e™/50 small (O)
BF'F collisions: no Efimov Effect (L)




EFIMOV EFFECT IN BOSON-FERMION MIXTURES

mp > mp | | BBF collisions: sy large — e™/50 small (O)
BF'F collisions: no Efimov Effect (L)

Three-Body Recombination

: a>0 ]
. cca’ ; Condition: 7' < Trnax (D)
" [ BYB+F ]
kb 1 np= —Kf+B+FnFnB2
- BtF+F 1 ap=—K P nding




EFIMOV EFFECT IN BOSON-FERMION MIXTURES

mp > Mg

BBF collisions: sq large — €™/*0 small (0)
BF'F collisions: no Efimov Effect (L)

Three-Body Recombination

E 0> 0

Condition: 7" < Tinax

ng = —Kf+B+FnFnB
_ B+B+F 2
= —Kj ngng

nE

Vibrational Relaxation

(0)

2

Vrel

Condition: 7" < Tinax

BF + BF collisions suppressed (p-wave)

(0))

. ,BF4B
ng = —V,. NBNBF

. ,BFYB

ngr = — V. NBEFNB




BOSON-FERMION MIXTURES

K3B—|—B—|—F o~ VleJrB
B—F || e™/so |amin|(@u.)  Tax(nK)
133Cs—OLi || 4.877 1.6 x 10% 60.0 O
STRb—OLi || 6.856 5.6 x 104 5.00 (]
23Na—SLi || 36.28 3.3 x 108 < 0.1  OMIT)
Li—°Li || > 100 > 108 < 0.1 [
133Cs—40K || 47.02 9.2 x 107 <01 O
STRb—4°K || > 100 > 108 < 0.1 O(JILA)
23Na—*"K || > 100 > 108 < 0.1 [
i—%°K || > 100 > 108 < 0.1 [




BOSON-FERMION MIXTURES

133CS + 133CS + 6|_|

swave CsLi* |( )|
i / p-wave CsLi

1000 10000
a(au.)




SUMMARY

e Ultracold Quantum Gases: clear signature of EFIMOV EFFECT

e Boson-Fermion mixtures (mp > mp): favorable system

e Extremely long-lived BI" molecules: EFIMOV PHYSICS




