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MET—< Experimental study of the superfluid response of Bosonic Tomonaga-Luttinger
(BxxX) Az | liquid
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AHARRETIE, 1RTF/MAITEIE He ZBALADHDHIET, R—XROEK-FVT40Tv— (TL) BRikEE
L, TOBERBCEETERMICAERTHILZBEMELTVS. TL REKIZEITHBRBISEL, BREBEGEEE
(To) NRBIBREISHLTREMITEALT HENS, BHLGLDTHAHENERMICFASATNS. AHRE
(X, T TIZ2DODRIZRE—FEAT H2EERIRY FICKYBRBZAEL, FLEZ 2.8 nm MFAHTIE T AFRED
BDIZEVERICKECO TN BHEVOIERERZF/ TS, AARTIE, LYLEELEIRRER TEIREIDERA
ZATOEOIC, BRBAZERCNIRFORREZT o=, TDRER, 2EEFIRYFISERRDELYZEDIFTHI LIS
&Y, HIRFARBZEZADENIBDTHS. TRLI-RINIRFTEIEEKE—FT 18~20 kHz, EEKRE—FT 1
~6 kHz DEETH KB ELEZAS_ENTED. B, HELEARETERCNIRFERAVWTAEZRMIALI=ECS
THD. ARRBRRIZKYIVT Ao —I\TA—FZFEBRMITKRHDHZENFIREERY, §& TL RIABFEDBRS
ISEDEFEANIEMICED ZENHAFEINS.

RIRBAIERLNIRFORELLETLT, BAFO2EE/RIRY FIC&Y, MALPOBHGBRBIGEICONTSS
[CHMEHAREIT o, EO—DOHHMAPERBIETETHIDIRTHS. THYMELTRAATHS He 8
AL, sHe DEIZHT BT DEALZFARI=ECH, SRTEBRBERERIC, THYREICIFFLEAIL TSNS E
Motz —7A, Tc DRIKBIEKFEDORES[EL. FHMREICEIST —ETHoz. ThoDERIE, EFELED
REWTRTRTIE, FHYICKYBREBISEARSEEHNFNERZTEITHAEIEVSTFRIZRTHHDTH-
f=. 5%, BREMFIDAN=ZXLIZDNTHREZED-LNEEZTINS.
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One dimensional (1D) quantum many-body systems is one of the main issue of condensed matter physics,
due to a large quantum fluctuation. This research is aimed at realization of Bosonic Tomonaga-Luttinger
(TL) liquid by confining of liquid “He into a nanometer-size channel, and at understanding its superfluid
response. According to theoretical predictions, the superfluid response of TL liquid is essentially a
dynamical phenomenon related to the suppression of quantum phase slip, and the dynamical aspect
would be most obvious on a measuring frequency dependence of superfluid transition temperature (T.).
Prior to this research, we have studied the superfluid response of liquid 4He in 2.8-nm channel by means
of a twofold torsional oscillator at 2 and 0.5 kHz, and observed a large suppression of superfluid onset by
reduction of frequency. In this research, we have developed a new variable-frequency torsional oscillator,
in order to observed the superfluid response in a wide range of frequency. Its resonance frequency is
varied by the attachment of weight to the twofold torsional oscillator, and ranges from 18 to 20 kHz (from
1 - 6) in the high (low) frequency mode. This new torsional oscillator will make it possible to obtain the
Luttinger parameter experimentally from the frequency dependence of Tc¢, and will promote the
understanding of superfluidity of TL liquid.

In parallel with the development of the new torsional oscillator, we have studied the superfluid response
of liquid 4He in 2.8-nm channel in more detail, by means of the existing twofold-torsional oscillator. We
have studied the impurity effect on the superfluid response by introducing a small amount of 3He as an
impurity. The decrease of T¢ is proportional to the 3He concentration, as the same as the bulk superfluid.
Furthermore, the magnitude of suppression by lowering frequency does not depend strongly on the 3He
concentration.




