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KopoTkoaencreytoLlee KOHTakTHOe B3anMoaencTeme N HacTpouka
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B ynbTpaxonogHom pexmnme MOXKHO
3aMeHNTb pearnbHbI MeXaTOMHbIN
noTeHuuan rnceBaonoTeHUmManom
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[na pasHbIX aTOMOB BENMMYMHA U 3HAK
9TOro noTeHumMana Moxet
perynmpoBaTbCsl BHELUHUM MarHUTHbIM
nonem. 3ToT 3(PdeKT Ha3bIBaeTCs
pe3oHaHcoM Dewibaxa (3H-5 CBA3aHHOIO
COCT. MEXaTOMHOr0o NoTeHUmMana = KuH.
9H-UK CTankMBalLLNXCHA aTOMOB.)

cnonbaya BpalaTensHO Nongapu3oBaHHOE
nosie MOXHO U3MEHATb 3PIEKTUBHYIO CUSY U
3HaK B3anmMoaencTeund

Lahaye, Thierry, et al. "The physics of dipolar
bosonic quantum gases." Reports on Progress
in Physics 72.12 (2009)
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HekoTopble 0603Ha4YeHUS

Table 1. Dipolar constants for various atomic and molecular species. For the

,D,I/I MNoJibHa4d OJ1MHa molecular species, the (yet unknown) scattering length is assumed to be 100 ap

(as the Cg coefficient of the dimer is comparable to the one of a single atom, the

XapaKTepl/lsyeT cuny ,D"D,B order of magnitude of the scattering length is similar, but obviously the actual
value highly depends on the details of the potential).

G ddm Species  Dipole moment  ayy £dd
gy = ———=. -

T SRb 1.0pg 0.7 0.007
92y 6.0ugp 16ag 0.16

KRb 0.6D 2.0x10%0 20

NDg 1L.5D 36x10%a 36

- ANgd S- paccedaHuns HCN 30D 24 % 10'ag 20

_aga  Cua
B =5 = 39 npu €44 > 1 OB aBnseTca
OOMUHUNPYOLWNM

Gadway, Bryce, and Bo Yan. Journal of Physics B:
Atomic, Molecular and Optical Physics 49.15 (2016)
Lahaye, Thierry, et al. Reports on Progress in

Physics 72.12 (2009) 6



OdunonbHble 3PP eKTbI B
pPa3fUYHbIX YNbTPaxonoAaHbIX
cucrtemax



Oedopmaumna gepmMn-noBepXHOCTU B AUMNONbHOM KBAHTOBOM rase

Cucrtema: 0 AHOKOMIMOHEHTHbLIN KBAHTOBbLIN BbIPOXAEHHbLIN ANMONbHbLIN
doepmMmu-ras atomos Er

Ob6pasen nomelleH B 3D ONTUYECKYH rapMOHUYECKYHO JNTOBYLLKY U
coaepxut 7 x 10* atomos npu Temnepatype 0.18Tx, Tr = 1.12uK

Aikawa K, Baier S, Frisch A, Mark M, Ravensbergen C and Ferlaino
F 2014 Science
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Supersolid noBegeHne B AUNONbHLIX KBAHTOBbLIX rasax

p(z,y) = (¥ (z)T(y))

i

/dyp(r- y) i(y) = Ai ¢i(z)

P (x)- onepaTop poxaeHUs 4acTuLbl B TOUKE X
¢; - COBCTBEHHbIE (PYHKUUU, A; - COOCTBEHHbIE 3HAYEHUS
N — obLee Yymcno 4YacTul, B cucteme

Ao ~ N| ODLRO
off-diagonal
long range order
(ODLRO)

» Cuctembl ¢ ODLRO obnapatot BOK

O. Penrose and L. Onsager Phys. Rev. 104, 576 (1956)
» Bo3HukHoBeHne ODLRO

nogpasymeBaeT (pa3oByo

KOrepeHTHOCTb
P.W. Anderson, Rev. Mod. Phys. 38, 298 (1966)

Supersolid — dasa
MaTepuu, npu KOTopou
cocyLectsytoT LRO(long-
range order) n ODLRO

Colcelli, A., G. Mussardo, and A. Trombettoni EPL 122.5 (2018)
Boninsegni, M., & Prokof’ev, N. V. Colloquium: Supersolids: What and where are
they?. Reviews of Modern Physics, 84(2) (2012).
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PoToHHble Mmoabl B BOK
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« BOK c O0B nmeet poTOHHbLIN
MUHUMYM

0.4

- Santos L, Shlyapnikov GV, Lewenstein M Phys

Rev Lett. 2003

» JHepreTnyeckas Lenb poToHa

. A = €(k,,:) 3@aBUCUT OT NIOTHOCTU
: ‘ N CUNbl B3aUMOOENCTBUN

« Bo36yxaeHns cooTBeTCTBYHOT
nepuoanYecknmM Moaynsaumnsam

dominantly repulsive DDI

.

.

Y,
Momentum, k L I
U™

A 4

NJIOTHOCTU NpPn pOTOHHOI7I OnnHe

b2 BOSHbI
L~
Y dominantly attractive DDI Chomaz, L., Bijnen, R.M.W., Petter, D. et al. Observation of

roton mode population in a dipolar quantum gas. Nature
Phys , 442-446 (2018) 11



Supersolid noBegeHne B AUNONbHLIX KBAHTOBbLIX rasax

Cuctema: aunonbHble ra3bl Er-166

n Dy-164 O6a obpasLia MOMeLLEHbI B ONTUYECKYIO
AVNOMbHYIO FAPMOHUYECKYIO NOBYLLKY,

2 < o
’quno_anag OJIUHAa: Agq = Hok nMeren cbopmy «curapbi» , C HaCToTOU

12mh?
HnuHa paccesiHusi KOHMakKmHuo2o w, , . = 27 x (145,31.5,151) Hz
e3aumodelcmeusi: a,(Er) =
65.5a, ans Er
as;(Dy) = 131ay Wz .y, = 21 % (300,16,222) Hz
Hucno amomos: ‘
N(Er) = 8 x 10* Ans Dy

N(Dy) = 3.5 x 10*

Chomaz, L., et'al. "Long-lived and transient supersolid behaviors
in dipolar quantum gases." Physical Review X 9.2 (2019) 12



Supersolid noBegeHne B AMNOSIbHbIX KBAHTOBbLIX rasax

BOK Er/Dy

["apMOHMYecka

c A0B S onTUYeckas

NoBYLLKa

[Mony4yeHwue time-of-
flight-nsobpaxkeHunn
(naet n(ky, k), ky =
cos(a)k, + sin(a) k)

TaK KaK 4/IMHA BOJIHbl POTOHA MHOMO MeHbLUE paclnpeHmsa
B3K BAONb Y, TO MOXXHO BOCNO/Ib30BaTbCA IOKAa/1IbHOM

. Chomaz, L., et al. "Long-lived and transient supersolid behaviors
annpokcnmaumen nAoTHOCTU NOo OCn'y.

in dipolar quantum gases." Physical Review X 9.2 (2019) 13



Supersolid noBegeHmne B AMNOSbHLIX KBAHTOBbIX rasax
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Chomaz, L., et al. "Long-lived and transient supersolid behaviors

in dipolar quantum gases." Physical Review X 9.2 (2019) 14



Supersolid noBegeHne B AMNONbHLIX KBAHTOBbIX rasax

®daza 1 ®aza 2 ®aza 3
B3K ‘ Supersoli PaspenbHbl
d e Kannwu
[noTHOCTL Moaynsauns dazoBas
HemoAaynMpoBaHa NIOTHOCTM + KOT€pPEeHTHOCTb
draszoBas OTCYTCTBYET

KOrepeHTHOCTb

Chomaz, L., et al. "Long-lived and transient supersolid behaviors
in dipolar quantum gases." Physical Review X 9.2 (2019) 15



Supersolid noBegeHne B ANUNONbHLIX KBAHTOBLIX ra3ax
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Chomaz, L., et al. "Long-lived and transient supersolid behaviors

in dipolar quantum gases." Physical Review X 9.2 (2019) 16



1D-cucrtembl
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U B ogHOMepun oTcyTCTBYIOT
nHanemayanbHble BO36YXAeHNS

O [Ons onncaHmna oepMUOHHbIX CUCTEM
Manowu pa3mMepHOCTU TEOPUA XKNOKOCTU
JTaHgay He npumMmeHnma

Cucrtema: 1D nocnepoBaTernbHOCTb
NOMMaHHbIX B JNTOBYLUKY YIbTPaxosio4HbIX
aTomoB pyounana-87

l

Gravity

Lattice light

Pancake light

Figure 1: Skatch of the experimantal setup usaed by Yang e! al
Arrays of rubidium-87 atoms, cooled and trapped by laser baams,
exhibit Tomonaga-Luttinger liquid (TLL) behavior. (Adapted from
B. Yang ef al. [2] by APS/Alan Stonebraker)

Giamarchi, T. (2017). Theory for 1D Quantum Materials Tested
with Cold Atoms and Superconductors. Physics, 10, 115. 18



