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We have studied universal behaviour of few- and many-body quantum systems
with resonant interactions. Firstly, we study 3-body systems with large angular momentum. We have
found that the long-range part of inter-atomic interactions can induce specific behaviour for the
3-body systems with large angular momenta. We have also studied how such 3-body phenomena can induce

strong 3-body correlations in a many-body quantum system. In particular, we have found that there
appears a new quantum phase induced by a strong 3-body correlations induced by the presence of
3-body states. We have also published a japanese article which describes in details the universality
of few- and many-body quantum systems.



B X C—19,. F—-19—1, Z—19 (dm)
1. WFZEBES D 5

BT KA FERIC LV . 2006 4EI2 Efimov REE L FEITN S 3 KTk BE S 4]
DTS NT=[1], 2o 3 R EENREE T, BRIENZ L2 h 5 DA AEMER SR B
BRWETFRICBWTHEMICEN S, FO7), BEBEFICBWT IO 3 ki FiiEiRaE o
WEERD Z LT, FHUOMMBEE TR TH DT - BEIRH OB O2RE), B EREIC
BOWTHNA T EOFEINEZMD Z LICHORNL T R EnTn5[2l, E<ICER
AN EOFREEBIED FE RN T D0 &L 2 L, AR T2 N6 DRDOET VI
2 L—X L L TCEOREAHAN X DR E 72D,

F 7. 3K T-HGRLIRRE & FERLOEEYED 4 K- LA E DR T AL T 5 D A3 B B2 AR
OEE LTHD, FRICUE, 4 ki1, 5k FAFRHREE b M HR 2B W TR & = (8],
F7-. MSHAMEAT AR —RAFFLRICHBNT 3 A KENERI SN A4 L, b
R L SR T A S HIMEDFERBUAINHER LTV 5,

2. WrEEOHP
AR TIFLLTD 2 507 —~<I2EH L, BOBEAT :
(1) 3 Wi FAfEIRIED A 72 2588 - AIEFI B K E 72 3 bR b MmN 288 2 /R4 2
WEH D B A VECRIFIETIL, AIEBEO/NS R RERDMIEN ER TH -T2, ZHUIH
HFEFO L 9 72 BKIRORICEBWTIE, AEBIEO/NS RN EERTE5 L7257HT
H5, L LIEFOFEBREINOBIRIZL Y | @mROMEEETF v o RVOMEPEEL LD
FNFEBLENTZ[5], DO DIEBRITEHIT T, SROAERET ¥ RO BEDHRIC
KT DR A BRI IR DI ZE N EHE L 7 > TNV D,

(2) ¥EAYZR2Eh A o 3 K F AR BIC K W BB S D8 LWV B SR E S

Efimov {REE & FRIZHL D 3 R 7R EEN TR 2@ 2R L, BT« 72 EOlE
JEWFRCRBRICIED 2 D Z L idbh» Tz, £ Tl Efimov IREEIC L - CTEEEh & 5
B ETFZEBHSELEMEL D DDA 002 ZOMODE 2 A7-D121%, Efimov IREEIC
ENT 250 3 (AHHBZ IEREICER YD AL, BEFLAREEZH O WEND D, (EROET%
REERHICB O CIE 2 SRS £ T2 IEREICHL Y iATe— 7, SIRLL LB 2 14+ 25 Z L 3%
<, FROXIIBRBFLEHRAGBIIRIE L SN TE I, AWFZEICEY, T X I LW EF
WREZRBTHZLE2AELE

INODOWMEEITH Z & TETVERB L OSIKRO R E B R X8 2 8ET5 2 & &
H¥g L7,

3. MEDFHIE
(1) 3 71 AR EE D @ A 72 2B OFIE

PEFR D A VECRIFSE T, AEBEO/NI R R AR DN TR CTH - 7o, AWFZET
I RV BN TE=FE6l 2, L0 AEEIEO K& 2B RICHE LT, AEEHEN S
WOBNFEETAIEBELTRIZBW T 3K+ a2 T 4 o T— BRI TF v o mESD 7
W1 F ¥ v OFES HRERITIRE Lz, THEBIERIZELS 2 & TET 3 (KINE %
IR T2, — 7. REFZE TR T EB O K& 2B RICBW L, BEOAEIHET v
VHVDFER LTSN FRRR A S L, A 5 R -,

Q) FE T ZAKF OIS

Efimov IREEFHRD IRV 3 (RFHBY 2 IEFEICHR V iATe 72D, B U 7OVREBE & 5 FiEA
Wiz, ZOFETEIRFEE TIIETFHIRE LRSI 27T 4 — LWV O WHEEDR /NS
WZ E MM L, ARG R s iR SEERE T 5 FETH D, BREWZ L2, E
U7 VB O N RIHIT & NAKREOMEN O MEH A TE D, ZOT), DEROH D
SEAFRORET AL IEFEICIRETE 5, AWIFETIE 3 B % T IEMICERY iATe/z
. 3WE Y TIVER A MW,

4. WFICE R
(1) 38 ki HfERBE D RN 72 X B DIF 4L

AEHEORKEXRET 3 KREMIELIZE 2 A, HAEEROEIRIC X0 BEE /&)
D Enbhrotl, T EEOMIZE D L 9 MR oM BEERO%E . AiESw
F v U RIVDFES LTINS TRRRIT LN T2 Z Endbhotz, —J5, JRF DR
(28 < van der Waals fHAEA/EH D L 9 7eimiElfE E CRLET 5 L O M AEEHDOLA. fAiE
FET v o RDES LT d# NS > 5 R O IR (AR AR oD 1 BRI 40 23 52 5
DT ENbholz,

Efimov IKAEZ: & D&/ DHCRNIBIIEEN 2R3 2 &1k, AEEIED 0 OR TIEML
LTRY, Bt EPETRUOE#HZ T I ERDho TW e, AFRICE Y, fAiEE &
DRELARTIE R T ERTETEIMNEE R L) DI ENREBINT, 2O EiITETD
BCROMERIEE WO MEZEIZ SN TIE, AEBENEEREEZRZLTND I EE2RERL




TWVW5, @il - MEERETRICBW L, EESESET, T« 7R - EEE T2
EOWBEOMEMENR D Z & BIERE BT o, AWFFRIL, EE 4 s R - KoL
F—RmTRE, BEEEZRSRVEL - BEERETFROMZSRIHEDOTH D,

()i -2 KR DOBETE

v Y 7 VIER 2 FV T Efimov IREEICERE SN D B FZARBIR A -T2, TOREE, ©
U 7V IEBADNE ) FTREZR IR - BT, Efimov KABICERE) SN TABRSFAET 2 2 &8
binole, ZOMIE, RFEBR AT AT ool & BRI DR H(7 1 A4 —/3—
TOMRTH DD, BHERHERBEE LR, L UVREFRAZIICD LT 554 0
WPRERITRT D BB DT E 8 1K« 2 KD 5 L A~ TRE < 3HEAN TR 2 < M
EeHipt D, ZOMEREOT IMERARE L, MARTFZRIZBW T ZOME 8L -
RS 2 B ERE L,

IS DHIEMRD — 2 ERAIDZHEICB W THEEREIT o2, ELTOMRE £ &
DI L Z#HEL, HRZ TELTWND,

F7o, EFLQ) Q) O L BET AR E LT, L FOMIEEEI 1T 72
(3) B DER DO w2 & g L7 i3S/ — b ORI 7]

Efimov RFEZ: & OB/ ECRICET 2 HF5E1E 2006 EI2 % HF TSR EBR TEIH S 1
TUAEICHER L7z, HFZ 2009-2014 A2 CTOERIIFAE THY . TNOOHEEL L
TFHFEOLE 2 —im X h 2016-2018 4E 2 A I S NTZ, —F . AARGEIC X 5 A5
TR - L E =K B s RERBEAEDE T DECRO BRI R AW 21X T HE
EZLlpos T,

FEKRFICBW T To 72 EPER LY S & 12, Efimov IRREZ E O & DHRICHOWTH
AFECREMICIRERL L7/ — P2 R L7z, 2 oSGz X 2 kR0 BT D308 O F L
LR SN, KREREDORER EHITo TV D,

(4) vV 7VIREH 2 AV R AR SR O R O HIAR (8]

B TV HWTE BT SARRIPEOMRHL (KK T 0 v —T 4 7)) DR E T 7,
Frio, =41 —7 = /L IRAR LI 2 TR B & 72 A45R IS0 LT e Y 77V B % 36
LIWgeafifat L7cit e E L, 2=2 ) —7 = b IRIRICK L Te ) 7V 2 M
W T Ei S O AR BB T RN A R~ T2 B [9, 10, 11, 12, 13]°FEBRIFZE[14, 1651138 HH %78,
ZNODFRERDN ONIFET DA H 2D b DI oTe, AEFTITZI S & b - B
L. EOHGmE - KBRS LMD, ENRR LB O 21T o7,

[1] T. Kraemer, et al., Nature 440, 315 (2006).

[2] P. Naidon and S. Endo, Rep. Prog. Phys. 80, 056001 (2017).

[3] F. Ferlaino et al, PRL 102 140401 (2009);
Zenesini, et al.,New J. Phys. 15 043040 (2013).

[4] R. J. Fletcher, et al., Science 355, 377 (2017)

[5] X.C. Yao, et al., Nature Physics 15, 570 (2019)

[6] P. Naidon, S. Endo, M. Ueda, Phys. Rev. A 90, 022106 (2014)

(7] =T, &7 DRI D= "—% U T ¢ & Efimov IREEDYEL
JFRT RS 25 64 %% 1% 90 H (2019)

[8] S. Endo “Virial expansion coefficients in the unitary Fermi gas"
SciPost Phys. Proc. 3, 049 (2020)
[Proceedings for the 24th European Few Body Conferencel]

[9] Rakshit, Daily, Blume, Phys. Rev. A 85, 033634 (2012).

[10] V. Ngampruetikorn, M. M. Parish and J. Levinsen, Phys. Rev. A 91, 013606 (2015)

[11] Yan, Blume, Phys. Rev. Lett. 116, 230401 (2016),

[12] S. Endo and Y. Castin, J. Phys. A 49, 265301 (2016),

[13] R. Rossi, et al., Phys. Rev. Lett. 121, 130406 (2018)
[14] M. J. H. Ku, et al.Science 335, 347 563 (2012),
[15] S. Nascimbene, et al., Nature 463, 1057 (2010).



Endo Shimpei 3
Virial expansion coefficients in the unitary Fermi gas 2020
SciPost Physics Proceedings 49
DOl
10.21468/SciPostPhysProc.3.049
Endo Shimpei Endo Takako Komatsu Takashi Konno Norio 22
Eigenvalues of Two-State Quantum Walks Induced by the Hadamard Walk 2020
Entropy 127 127
DOl
https://doi.org/10.3390/e€22010127
64(1)
Efimov 2019
90 105
DOl
13 7 3
Bose Efimov

2020




3 Fermi Efimov

2020

2020

2020

2020




Endo Shimpei

Universality of few-body clusters and their applications to many-body systems

2nd workshop ~“Clusters in quantum systems: from atoms to nuclei and hadrons"

2020

Universal few-body clusters in cold atoms

2019

Endo Shimpei

Universal few-body clusters in cold atoms

24th European conference on few-body problems in physics

2019

Endo Shimpei

Few-body aspects of cold atoms

New aspects of few-nucleon systems and related topics

2019




Universal few-body physics and clusters with ultracold atoms

2 RIBF

2019

3 Bose

2019

Shimpei Endo

Universal few-body physics in cold atoms

Reimei Workshop: Universal physics in Many-Body Quantum Systems -- From Atoms to Quarks --

2018

Shimpei Endo

Universal few-body clusters in ultracold atoms

Clusters in quantum systems: from atoms to nuclei and hadrons

2019







