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The success of quasiparticles
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The success of quasiparticles
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The success of quasiparticles
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@ “The ability to reduce everything to

simple fundamental laws does not

@ imply the ability to start from those
laws and reconstruct the universe”

Anderson, “More is Different” (1972)
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Quasiparticles: examples
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Quasiparticles and quantum phase transitions
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The fate of quasiparticles at quantum criticallity
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Cuprate superconductors
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The Bose polaron
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The Bose polaron

electron

phonon bath /A
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The Bose polaron

electron . Colossal magnetoresistance

SHe impurities in liquid “He

Organic field-effect transistors

phonon bath /A
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The Bose polaron in ultracold atoms

BEC j

Early proposals:

F. Cucchietti et al., PRL 96, 210401 (20006)
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J. Tempere et al., PRB 80, 184504 (2009)
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atomic impurity

Bose polaron continuum of excited states:

C. Wu et al., PRL 109, 08301 (2012) MIT
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Quantum criticallity in ultracold Bose-Fermi mixtures
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Creating strongly-coupled Bose polarons with 23Na*°K
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Ejection spectroscopy on Bose polarons
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Bose Eolaron ejection spectroscopy
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Polaron spectra in local density approximation (LDA)
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Polaron spectra in LDA
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Polaron spectra in LDA
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Polaron spectra in LDA
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The Bose polaron near guantum criticallity
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The Bose polaron near quantum criticallity
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The Bose polaron near quantum criticallity
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The Bose polaron near guantum criticallity
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The Bose polaron near quantum criticallity
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The Bose polaron near guantum criticallity
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Short-range correlations - The Bose polaron’s contact
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Short-range correlations - The Bose polaron’s contact
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Short-range correlations - The Bose polaron’s contact
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Short-range correlations - The Bose polaron’s contact

o el n TMe=0.12(1)| £, T/T.=0.12(1)
T @ e (e le) s
12 = L) ST wi**
(dp) i i N
25 e e, ] OJ
5 25 0 25 50 75 100 125 0 00
w/27r (kHZ) w/27r kHZ)
3t
(K*ag)? -©--0.3
= 2
S ¢=+— : -0.7;
—Q— -1.0;
o 1 1.7
et B %
Ot . ! /1l ! C’ . @ |
BN 0> 03 04 05" 1 15 2 25
s T/TC
I I I I I Massachusetts Institute of Technology Am

Z.Yan, Y. Ni, C.R., M. Zwierlein, Science 368 (2020)



Short-range correlations - The Bose polaron‘s contact
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Short-range correlations - The Bose polaron’s contact
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Dissipationless flow In a
Bose-Fermi mixture
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Collective modes in many-body systems
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Previous studies of Bose-Fermi quantum fluids

Mixtures of
SHe & “He
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Ultracold atomic
Bose-Fermi mixtures

coupled Bose-Fermi
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ENS, U. Washington, USTC
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Creating a strongly interacting Bose-Fermi mixture
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Creating a strongly interacting Bose-Fermi mixture
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Creating a strongly interacting Bose-Fermi mixture
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Probing collective excitations spectroscopically
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Probing collective excitations spectroscopically
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Probing collective excitations spectroscopically
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Probing collective excitations spectroscopically
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Probing collective excitations spectroscopically
w/w} w/wy
2 2 22 24 26

145 Hilae 22 24 26 1.8

W

N

rel. width

rel width
(@))

—
=\

EEE el 2 22 24 26 14 16 1.8 20 200k

Ut i w/w?

Massachusetts Institute of Technology




CoII|5|onIess to hydrodynamic tran5|t|on

of ultracold fermions

23

Na

40

K

[Ar]4s

Massachusetts Institute of Technology

-155

-375
aABF (CLO)

Zoe Yan, Yqi Ni, Alexander Chuang,
Carsten Robens, Martin Zwierlein (in preparation)

ACUQA



CoII|5|onIess to hydrodynamic tran5|t|on

of ultracold fermions

23

Na

40

K

[Ar]4s

Massachusetts Institute of Technology

-155

-375
aABF (CLO)

Zoe Yan, Yqi Ni, Alexander Chuang,
Carsten Robens, Martin Zwierlein (in preparation)

ACUQ



Collisionless to hydrodynamic transition

of ultracold fermions
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Collisionless to hydrodynamic transition
= of ultracold fermions
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Collisionless to hydrodynamic transition

of ultracold fermions
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Collisionless to hydrodynamic transition

of ultracold fermions
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Dissipationless flow in a

40 Bose-Fermi mixture
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Dissipationless flow in a

K4O Bose-Fermi mixture
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Collisionless to hydrodynamic transition
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Collisionless to hydrodynamic transition
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Collisionless to hydrodynamic transition
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Collisionless to hydrodynamic transition
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Collisionless to hydrodynamic transition

23 / ﬁ O AQBfp — —400 ABohr @ 40
Na | T | K
[Nel3s : ﬂ AL a

| | [Arl4s

| ]
| A ' | = D
.I | L’!‘." "_J? | | 1

22 221
| ' 0.3 w/wL
| MA.&.».

0.5

i

0.9

@il o 22 24
w/w?
I I I T3 Zoe Yan, Yqi Ni, Alexander Chuang,
I Massachusetts Institute of Technology Carsten RObenS, Martin ZWierlein (ln preparation)




Collisionless to hydrodynamic transition

23 .O ﬁ O apr = —400 agonr @ 40
Na T | K
[Ne]3s ) *\I | i [Ar]4ds
1.4} o | * 11.2

b A Ny J~+

1% I‘M | M?020,0 be # w-—'ﬂ 1

: b | | | _ | | {12
1.4] ﬁ\* o I ,«k %*

3 - ‘

1 bt | *Mjl‘\\“-w W’" ﬂ’*‘ w' e

' > | | ' W2 24
1.2 j:; A 0.5 w/w?

1 | | | 0o%

- i iéo” ; T T

_ | |

E | fﬁ |bq> | 0.9
)| S o |
| s 1
' | | |
1 ReeSengtoss— | Pfpn? i
(RAse1.8 2 22 24
w/w?
Zoe Yan, Yqi Ni, Alexander Chuang, “
Massachusetts Institute of Technology  Carsten Robens, Martin Zwierlein (in preparation) CLIa



Collisionless to hydrodynamic transition

23 . ﬁ O apr = —400 agonr @ 40
[Ne]3s ﬂ | . [Ar]4ds
1.41 7‘|5 | * 11.2

b A Ny J~+

1% |UV'~" | M?020,0 be # w-—%ﬁ 1

: R i | | | I I Y9
1.4{ ﬁ\* o . ,0* b

1 et | *mm.:. m‘*" ,.Pt“'ﬂ?" %‘%1

; > | | '

1.2} j:. lk 05 #* 11.2
1 | | | 2o \++ Ok
B ?ﬁ | ' 2 2 2.4

| |

2l P 1% | 0.9 W/ WL

1 | : .O%T"’:o

7] S 4] |

| g] I\ |
' | o= |
1 Boptoe— N | Patae? g0
1.4 16 18 2 22 24
w/w?
Zoe Yan, Yqi Ni, Alexander Chuang, “
Massachusetts Institute of Technology  Carsten Robens, Martin Zwierlein (in preparation) CLIa



Collisionless to hydrodynamic transition
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Collisionless to hydrodynamic transition
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Dipole oscillations in a Bose-Fermi mixture
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Dipole oscillations in a Bose-Fermi mixture
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Dipole oscillations in a Bose-Fermi mixture
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velocity (xm/ms)

The devil physics lies in the details!
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The devil physics lies in the details!
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The devil physics lies in the details!
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Summary

Bose polarons near
quantum criticality

binding energy
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Dissipationless flow in

a Bose-Fermi mixture
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