Few-Body physics with ultracold K and Rb:

Efimov physics and the Bose polaron
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Dual species quantum gases with tunable interactions
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HETERONUCLEAR EFIMOV PHYSICS
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Polaron physics
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OUTLINE ®

e Motivation
 Quantum gases with tunable interactions
e Efimov physics in K-Rb mixtures

e Disappearance of Efimov resonances in K
e The Bose polaron

e Conclusion
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EXPERIMENTAL SEQUENCE
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FESHBACH RESONANCES IN ULTRACOLD GASES
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BOSE-EINSTEIN CONDENSATION
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FESHBACH RESONANCES
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OUTLINE ’

e Motivation
e Quantum gases with tunable interactions
* Efimov physics in K-Rb mixtures

e Disappearance of Efimov resonances in K
e The Bose polaron

e Conclusion
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EFIMOV PHYSICS - EXAMPLES OF UNIVERSALITY
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HETERONUCLEAR EFIMOV PHYSICS
Three non-identical bosons
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HETERONUCLEAR EFIMOV PHYSICS
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HETERONUCLEAR EFIMOV PHYSICS
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HETERONUCLEAR EFIMOV PHYSICS

Efimov physics are explored by studying decay rates at various interactions
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LOSSES IN MIXTURES
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HETERONUCLEAR EFIMOV PHYSICS

Three non-identical bosons
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HETERONUCLEAR EFIMOV PHYSICS

Dispensers providing atomic vapor of Kand Rb
T
DP

iso NA half-life DM DE (MeV)

39K | 93.26% 39K is stable with 20 neutrons
B~ | 1.311 40cg

40K | 0.012%  1.248(3)x10°%y | ¢ | 1.505 40Ar
B* 1.505 40Ar

41K 41K is stable with 22 neutrons

Wikipedia

Potassium dispenser

41 K 87Rb
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HETERONUCLEAR EFIMOV PHYSICS J |
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HETERONUCLEAR EFIMOV PHYSICS

No observable
Efimov
resonances!

_im_-_._., 41K + STRb

three-body recombination coefficient (22-)

L .\\ \.\ — L las s o o o4 4 N Ll
10 10° scattering length (in units of ag) 10’ 10
/— ==
102k 5 1
No observable =+ P B : 10K 4 8TRh
Efimov : P j;:*f* ‘*.;;;;-;
resonances! I ‘ ) o N
10° 10° a(a) TE? -10°
Bloom et. al . 201 "
i m""g., — — A e —————— ..Em'-"'
E 104 :r - o 10
2 3 3
% 10" 3 3 10
No observable EE i
. U i 39K + 87Rb
Efimov F 3 ke
resonances! = F 3
é 10 :.I. 2 M | N . .\\\.\. PR N | PR . '_':IC""'"
1 107 17 10

seattering length (in units of ag)

—
AARHUS

UNIVERSITY JAN ARLT FBS16
DEPARTMENT OF PHYSICS AND ASTRONOMY 15 DECEMBRE 2016




CONCLUSION AND OUTLOOK

e No observable atomic

Efimov resonances In
KRb below 2000 q,

e Restores universality

e Find 3K-8Rb dimer |
resonance i

three-body recor

L. J. Wacker, N. B. Jorgensen, D. Birkmose, N. Winter, M. Mikkelsen, J. Sherson, N. Zinner, and J. J. Arlt
Phys. Rev. Lett. 117, 163201 (2016)
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OUTLINE ’

e Motivation
e Quantum gases with tunable interactions
e Efimov physics in K-Rb mixtures

* Disappearance of Efimov resonances in K
e The Bose polaron

e Conclusion
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EFIMOV PHYSICS IN 37K
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EFIMOV RESONANCE REGIONS
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. Observation of second Efimov resonance

 Test of universality at adjacent Feshbach resonances
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EXPERIMENTAL SEQUENCE
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ANALYSIS OF FIRST RESONANCE
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ANALYSIS OF SECOND RESONANCE

Surprises:
S
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TEMPERATURE DEPENDENCE

N ko? 10 =
=
af(ao) al(a)
. No decrease of recombination rate in theory (N. Zinner)
. Is something missing from theory?
[ ]

Is the measurement suitable?
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OUTLINE »

e Motivation

e Quantum gases with tunable interactions
e Efimov physics in K-Rb mixtures

e Disappearance of Efimov resonances in K
* The Bose polaron

e Conclusion
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Polarons in ultracold gases

Polaron
in a solid

-

> High purity
—_ > High flexibility

Ultracold gases

Tunable interactions
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Polarons in ultracold gases

ﬂeshbach resonances provide tunable interactiom
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Polarons in ultracold gases

ﬂeshbach resonances provide tunable interactiom / Energy of the polaron \
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Polarons in ultracold gases

General experimental procedure

Prepare impurity in

non-interacting state N
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Polarons in ultracold gases

Results from ultracold Fermi gases

/ Energy of the polaron \

» Kohstall, C. et al, Nature
485,615 (2012).

1F -
E » Koschorreck, M. et al,
7 Nature 485, 619 (2012).
LLI: \
m 0 < o Schirotzek, A. et al, Phys.

Rev. Lett. 102, 230402
(2009).

/ AARHUS
NP  UNIVERSITY

DEPARTMENT OF PHYSICS AND ASTRONOMY



The Bose polaron

/ Stronger parallel to solid state physics
(phonons are bosons)
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The Bose polaron - Our approach

Requires Feshbach resonance

_ _ between two hyperfine states
Single component 3°K BEC in state
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spin impurities Lysebo, M., and L. Veseth. Phys. Rev. A 81. 032702 (2010).
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Experimental procedure
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Polaron spectrum

[ I|F -
Repulsive polaron
I |

signal

-4 -2 0 2 4
1/ kpa

Variational theory including:
- Density distribution

- Finite pulse length

- Three-body correlations
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Quantitative analysis

Average energy Signal width

0.8

0 ' Variational theory including:\
- Density distribution
- Finite pulse length

J - - Three-body correlations
5 }ﬁfj‘ii o — POIaron WE”'dEflned - Does not include three-
o T, ° and |Qng ||Ved| K body recombination /
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Conclusion and Outlook

( : . . A 4
* First observation of the repulsive and  How does temperature affect the polaron?

attractive polaron in a BEC
' |+ Whatis the quasiparticle residue of the
* Excellent agreement with theory | polaron?

* The polaronis long-lived * Dynamical behaviour of the polaron?

* Quantum impurities can now be studied in *  Which role does Efimov physics play?
a bosonic environment systematically!

. y. § J

N. B. Jorgensen et al, Phys. Rev. Lett. 117, 055302 (2016)
published back-to-back with

M. Hu et al, Phys. Rev. Lett. 117,055301 (2016)
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EFIMOV PHYSICS IN K-Rb AND K-K

Experimental work: Theoretical work:

Nils B. Jergensen Nikolaj Zinner

Lars Wacker Mathias Mikkelsen
Jacob Sherson

Jan J. Arlt

L. J. Wacker, N. B. Jorgensen, D. Birkmose, N. Winter, M. Mikkelsen, J. Sherson, N. Zinner, and J. J. Arlt
Phys. Rev. Lett. 117, 163201 (2016)
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