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1. Quantum Gas Mixture with Unequal Mass
Novel features

2. Experimental system
Creation of ultracold Er, LI, Yb atoms

3. Other possibility
SU(4) singlet
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[units of ng] Reduced energy E

Boson density nj

Impurity density n;
[units of nggg/g]

Polaron bubble stabilised

by medium-induced three-body interactions
”’P. Naidon, arXiv:2001.08352”
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gg: boson repulsion
g, : impurity repulsion

g : impurity-boson repulsion



p-wave Superfluidity

fermion attraction mediated via BEC in mixed dimension
»PRL117,245302 (2016) , PRA 94, 063631(2016), NJP19, 115011 (2017), arXiv:1809.04812”
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Quantum Disentangled Liquid (like MBL)

Two different Kind of fermions with large mass ratio
“T. Grover and M. P. A. Fisher, J. Stat. Mech.: Theor. Exp. (2014) P10010.”
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2. Experimental system
Creation of ultracold Er, LI, Yb atoms



Periodic Table of the Elements

Atomic
Number
Symbol
Name
Atomic Mass
5 6 7 8 g 10 1 12
VB VviB VviiB Vil 1B [1:]
5B 6B 78 ( 8 \ 1B 2B
23 24 28 29 30
Y. Gr Mn Fe Co Ni Cu Zn
Vanadum Chromium  Manganese Nickel Copper Zinc
50.942 51.996 54.938 55 933 58 933 58.693 63.546 65.39
41 42 43 46 47 48

Nb Mo Tc "Ru Rh Pd Ag Cd

Niobium  Molybdenum  Techneti Ruthenium Palladium Silver Cadmium
92.906 95 94 98 907 101.07 102 9oe 106.42 107.868 112411

73 76 78 79 80
Ta W Re Os Ir Pt Au Hg
Tantalum Tungsten Osmivm Tridium Platinum Gold Mercury
160948 18385 186207 19023 18222 19508 196967 20089

105 106 107 108 109 110 111 112

Db Sg Bh Hs Mt Ds Rg Cn

Rutherfordium  Dubnium Seabongm Bolujum  Hassium  Meitnedum Darmstadtium Roentgenium Copermicium
[262] [266) [264] [269) (268] (269) [272) (277

Lanthanide
Series

Actinide
Series

http://sciencenotes.org



Quantum Gas Mixtures with Unequal Mass
Lithium(Li) : [He] 2st : light

Mass number 6 7
Abundance[%] 7.5 92.5
Bose or Fermi F B

Ytterbium(YDb): [Xe]4fl46s? : heavy

Mass number | 168 | 170 | 171 | 172 | 173 | 174 | 176

Abundance[%] | 0.13 | 3.1 | 14.3|21.9|16.1| 31.8 |12.7

Bose or Fermi | B B F B F B B
Erbium(Er) : [Xe]4fl?6s? : heavy

Mass number | 162 | 164 | 166 | 167 | 168 | 170

Abundance[%] | 0.1 | 1.6 | 33.5]|229|27.0|14.9

Boseor Fermi | B B B F B B




Magnetically tunable Feshbach resonances in Li+Er
[M. L. Gonzalez-Martinez and Piotr S. Zuchowski, Phys. Rev. A 92, 022708(2015)]
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Er-Li-Yb Oven

Erbium

high temperature
Er oven
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Yb MOT > Li MOT > Yb CMOT > Yb cooling > Li CMOT > Li cooling
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Yb MOT > Li MOT > Yb CMOT > Yb cooling > Li CMOT > Li cooling

Successfully Reproduce
174Yb-'Li Quantum Degenerate Mixture
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Er MOT (modulated)




Er CMOT (cooling phase, -2 T)
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Successfully Creating Ultracold '*°Er
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3. Other possibility
SU(4) singlet



Quantum Magnetism of SU(N=6) Fermi gas of 1’3YDb
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Quantum Magnetism of SU(N=6) Fermi gas of 1’3YDb
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Summary

1. Quantum Gas Mixture with Unequal Mass
(b-b, f-f, b-f, f-b) In mixed dimensions
novel Efimov trimer
test of polaron bubble formation
p-wave superfluid

T

2. Er-Li-Yb Quantum Gas Mixture o
construction of Er-Li-Yb oven 168Er  7Li  174YD

successful creation of ultracold atoms .

3. Other possibilities

realization of SU(4) singlet
Yb(-LI) Rydberg excitation



