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“It 1s physically obuvious that a complete
knowledge of the detailed interaction potential is
often not mecessary for a satisfactory description
of the system. For example, when a state of the
many-body system is such that the particles are
so far apart from one another that their fields of
force do mot appreciably overlap, their mutual
influence is essentially determined by the
asymptotic wave functions, which are directly
related to the phase shifts. Furthermore, under
certain conditions only a few phase shifts are
important. For example, at low energies, all but
the s-wave phase shift are negligible. The
proposed formulation would provide a natural
framework in which an approrimation such as
this could be systematically carried out.”
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Fig. 1. Experimental observation of the Lee-Huang-Yang-
correction. The equation-of-state, measured through the
pressure h, is plotted as a function of pa®/g. Here a is the
s-wave scattering length as in the text. p is the chemical
potential in the grand canonical ensemble. g = 4nfi2a/m .
The solid red line is theoretical result with the Lee-Huang-
Yang corrections, and the solid black line is the result ob-
tained by quantum Monte Carlo simulation. The red
dashed line is the mean-field result without including the

Lee-Huang-Yang corrections. The inset is a zoom-in plot of

the weakly interacting regimel!o).

FER IR R T, B TR EAE R A5 B2 AT DL
FTUAAN, FRGEH YR A AT DAVE . R, A4
AR SE B — A 2R RGN AT fE. AE 20 tHad
60 AL, #5c4: F) H Bethe #2115 A9 Bethe Ansatz
D5 I, 56— 4R FR B9 224K ] @i T oK & ) aiF
5ETAE. Hh i 25 24 0 TAERUZ MoK g 17— 4
2 fl FH B AR FH 09 B E-1/2 B8 3% OK - 22 AR [] ft 119,
XFE T EA D Yang-Baxter 7T, JERTEECEY)
Frp A T BRI, 7E 20 22 60 R4, XLk
[F) 8 4 o A 1) R B R R T 40 4F
T I BRI A J ol 45 33K S [) R o Ay I i S B 1Y)
[F] .

1969 45, #7554 A ) 26 s A Ik 7 B 19 —
SR A T — A floRE AR B T 1R R A PRI
FERGETHRE. X — TAEE A nY 13 TS st
rr R R, BARTE N “1969 Finite Temperature”.
AT, Lieb A1 Liniger 20 SR ff# T X~ R G pY R A)
L. et B T ARG TR PR BE Ay ). 3X
P AHEAE (%) 2 AR S8 114y 3L ) AT DLk ™4 oK
fife, 2 — IR W RIE . X — 45 R AR N

186701-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 18 (2022)

186701

1580 kHz (a)
T=0.62 pK
50 b p/ks = —0.43 1K , .. %

25

1562 kHz (b)
T=0.44 pK
F p/kg= —0.06 nK

1556 kHz - (c)
T=0.38 pK ‘s
u/ks =0 pK .

ny/pm=1

50 F

25 F

1532 kHz § : ()
T=0.14pK :
50} p/kp = 0.07 pK

—400 0 400
z/pm

2 Yang-Yang Thermodynamics Y 3% 48 §IF 52

1578 kHz (e)

100

50

1560 kHz (f)
100 F

50

150 |- 1554 kHz (g)

ny/pm—1!

100

50

1530 kHz (h)
300

150

—400 0 400

z/pm

(a)—(d) I ALRAR A5 B 4315 (e)—(h) Bk sr 4. SE4k 02 Yang-Yang

Thermodynamics B BRI F , B4 e oA A IO T BOZE 5. 3Oy 502 52 50 B A P
Fig. 2. Experimental observation of Yang-Yang thermodynamics: (a)—(d) The in-situ density distribution; (e)—(h) the momentum

distribution. The solid lines are obtained from the Yang-Yang thermodynamics and the dashed lines are the results of non-interact-

ing bosons?!.
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fermions that has been pointed out theoretically
only very recently and that our experimental

system is capable to clearly evidence.”
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Fig. 3. Experiments on N-component one-dimensional Fermi
gas. 8 =wp/wz, where wp is the breathing mode fre-
quency along & and wg is the harmonic trap frequency
along & . This frequency is plotted as a function of the
number of fermion components N. The squares are experi-
mental data and the circles are theoretical predictions. The
upper horizontal line shows the theoretical value for non-in-
teracting Fermi gas (N = 1) and the lower line shows the

result for spinless bosons, as N — oo limit/?3.
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Fig. 4. Experimental observation of Yang monopole: (a) Illu-
stration of the topological transition when the Yang mono-
pole moves out of the sphere; (b) the first (lower) and the
second (upper) Chern number. The first Chern number is
constantly zero and the second Chern number changes from

unity to zero as the Yang monopole moves out of the spherel2”.
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Abstract

As early as the 1950s, Prof. Yang and his collaborators realized that the most important interaction effects
in a dilute quantum gas can be described by the s-wave scattering length between particles. This insight leads
to universal descriptions of the interaction effects without the detailed knowledge of the interaction potential.
They derived a formula expanding the energy density in terms of the gas parameter. This formula is later
known as the Lee-Huang-Yang correction. However, it took forty years for the experimentalists to overcome
several challenges and finally achieve degenerate quantum gases of atoms in 1995. The developments after 1995
have led to an exciting field known as “quantum gases” or “ultracold atomic gases”. The ultracold atom system
has flexible tunability, allowing both the scattering length and the dimensionality to vary. The Lee-Huang-Yang
corrections were observed from several experiments on ultracold atoms by increasing the scattering length. In
addition, by reducing the dimensionality to one-dimension, several experiments on ultracold atoms have
confirmed the Yang-Yang thermodynamics for one-dimensional bosons that Prof. Yang obtained in the 1960s
and the large-N limit of one-dimensional fermions that Prof. Yang obtained around 2010. By increasing the
dimensionality through using the idea of synthetic dimension, the experiment on ultracold atoms has also
demonstrated the Yang monopole in the SU(2) non-abelian gauge field proposed by Prof. Yang in the 1970s. All
of these experiments show the long-lasting impact of Prof. Yang’s theoretical work over several decades.
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