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Raugnmar Pusuro-MaTeMaTHUeCKHY HayK

Hcaar Maprosuy Xaaarnuros, guper-
rop Hucruryra TeopeTudeckol Gusau-
wu un. J. J. Jdawday AH CCCP. Pq-
6oTaer 6o Muozur obaacrsz Teoperu-
veckoll pusuku. Cneyuasucr no reo-
puu ceeprreryuecru. Aerop monozpa-
guii: Beedenue g Teopuro ceepxrery-
wecru. M., «Hayra», 1965; Teopus
ceeprreryuecru. M., «Hayxka», 1971.

Héope  Akrundunosuy Domun, maao-
WUl Hayunsll coTpydnuk Hueruryra
reoperuneckol gusurku um. J. JI. Jdan-
day AH CCCP. Ocnosnoe Hanpagae-
nue uccaedoeanuii — reopus keanro-
8blr Jcudkocrel.

nonen rpagyca. OtHocutensHo sror CKa-
HOK — yMeHbLUEHMEe [OCTMMMUMON Tem-
neparypsr 8 100 4 1000 pas — mHoro
6onbwe MPeAbiAyLlero u nostomy cre-
AOBANO OXMAaThb HOBLIX OTKPLITUH. B
3TON CTaThe MbI pacckarem O Haubonee
MHTEepeCcHOM u, NO-BUAMMOMY, Haubonee
BAXHOM OTKPBITUM B 3TON ObnacTu Tem-
NepaTyp — obHapyxeHun Hosbix tas
KuAKoro renus-3, a takxke of uccnepo-
BAHHBIX K HacTOALlEeMY BpemeHu CBoOM-
CTBaX 3TMX cpas.

Cywectsytor asa YCTOMUMBLIX M30TOMS
renus: renwi-4, sppo KoToporo copep-
MWT fABa HeWTpoHa M pgga npoToHa, u
6onee nerkuit u 3HaUMUTENbHO MeHee
PacnpocTpaHeHHbl B npupoge  re-
nuH-3 — B ero AAPe Ha OAWH HelTpow
MeHble. B pesynbrate CYMMAapPHbIA Cnum
aToMa renus-4, cocrosiero us yerHoro
“MCna YacTuy ¢ nonyuensim CMUHOM, —
uenbi, a CnuH atoma renus-3 — nony-
uensidi. 3Sto pasnuume OKasblBaeTcs
O4eHb CyluecTBEHHbIM, Korga peus nper
O CBOMCTBax HUAKOCTEH, COCTOSAWMUX M3
aToMoB renus-3 unu renus-4. O6e 31w
HKHMAKOCTU MOryT CylL|eCTBOBaTh TOMbKO
NP1 O4eHb HU3KMX TeMnepaTypax. Hun-
KWA renuid-4 npwm HOpMansHOM pasne-
HUKU KunUT npu 4,2K, a renuii-3 npu
3,2K. Mpwyi Takux TeMneparypax Tenno-
BOe ABMXKEHMEe aTOMOB CTAHOBMTCA Cha-
6bIM, a COOTBETCTBYIOLLAN 3TOMY fBUMKe-
HMIO AnuHa BonH pe bpoiina A = 2mh/
/mv (rge fi — nocrosnHas Mnanka, m —

MaCCa ATOMA U Vv AarAa ;oo\




HeoObluHble (unconventional) cBepXxnpoBOAHMKMN:
UPts, UGez2 Sr2RuOg, high-Tk, ...

3He — cBepxTekyyasa dbepMu-KMaKocTb ¢ HEOBbIYHbIM
KynepoBCKUM CnapuBaHUEM.
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NapameTp nopsiaka cBepxTekyyero 3He:
THEL g osaA K
g T

opbuTtanbHbIN nHaekc j=1,2,3

_ HyMepyeT pX,pY,pz- opbutanu
A~
/'

CMUHOBbLIN NHAEKC ,u =1,2,3

N

*

pX py 07




da3oBas gunarpamma 4ymcrtoro 3He

4

Solid ]
AABM 3 A e

7

_ 1
A BW K1V ‘
_L/_lll”j — .A\/Eﬁx R;I.I‘

- Superfluid B phase

Pressure (MPa)
(%]
|

Mormal fluid

Temperature (mK)

1. Kak BBECTM rnpumecun?

2. Yero oxmngatb?



Camonogaepxusatowiasacda CTpyktypa — asporesnb (SiO2).

[1] J. V. Porto and J. M. Parpia, Phys. Rev. Lett., 74,
4667 (1995)

2] D. T. Sprague.T. M. Haard.J. B. Kycia, V. R.
Rand. Y. Lee, P. Hamot and W. P. Halperin., Phys.
Fev. Lett.. 75, 661 (1995)
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Fig 3. SEM micrographs ot porous silica acrogel microparticles.






Fig 1. A 2.5 kg brick is supported on top of a piece of acrogel weighing only 2.38 g. (NASA)



Silica ball size:

o= 3 nm

Correlation length:
¢, ~10-100 nm

Superfluid coherence length:
¢=20-80nm (P =34-0 bar)

Expect interesting physics

DLCA simulation of a silica aerogel depicting . —
the length scales o and ¢, (courtesy of T.M. When' E g(a
Lippman).




Yero oxxmpatb?

CornacHo Teopum CBEPXNPOBOASALLMX CMIaBOB

AA. Abrikosov and L.P. Gorkov, ZhETF 39, 1781
(1961), [Sov. Phys. JETP 12, 1243 (1961)).
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FIG. 1: Phase diagram for superfluid *He in two different
samples of 98% aerogel. The known superfluid phases of



Compare suppression to model of point

magnetic scatterers in s-wave superconductors
Abrikosov- Gorkov — homngenous scattering model
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Panel (a) shows a 300-A-thick
shown 1n Fig. 2(a). A similar slice of the random arrangement of

spheres 1s shown in panel (b).
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D. Ramer and M. Vuorio, J. Phyvs. C: Solid State
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FIG. 1. Small-angle x-ray scattering from two different aero-
gels. The upper solid curve 1s for the aerogel sample from cell A
and the lower solid curve is for the aerogel from cell C. (Both
samples were 98.2% open). The dashed line 1s the scattered inten-
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. Small-angle x-ray scattering from two different aero-
gels. The upper solid curve is for the aerogel sample from cell A
and the lower solid curve is for the aerogel from cell C. (
samples were 98.2% open). The dashed line is the scattered inten-
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FIG. 1: Phase diagram for superfluid *He in two different
samples of 98% aerogel. The known superfluid phases of



BbiBOObI

Koppenauun B pacrnonoXxXeHun npuMmecen okasblBaroT
CYLLECTBEHHOE BNMUAHME Ha Tc (BO3MOXHO 1 Ha Apyrme
CBOWCTBA CBEPXMPOBOAHUKOB) €CIU | 1% ~ &0/,

Xopoluo umetb manble {yu Itr (Hanpumep —
high-Tc).

BnunaHue koppenauum MoXeT NposiBAATLCA U B
OObIYHbIX CBEPXNPOBOAHNKAX.

N.®., lNnucbema B XKOTD, 88, 65 (2008)
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16, 1: The phase diagram for SHe in 98 % aerogel. The data
are [rom Rels. 4 and 25. The theoretical curve is calculated
[rom ai{{:) = 0 using Eq. (1) in zero field with the effective
pair-breaking parameter © evaluated with &, = 502 A and
¢ = 1400 A. The phase boundaries for pure *He are shown for
COTMPArison.




p(bar)

Fl1Gi. 2: The pair correlation length of superfluid “He in
aerogel (solid curve) as a function of pressure is shown in
comparison with an aerogel strand-strand correlation length,

Eq = A0nm. A cross-over occurs near p =2 15 bar. The bulk

SHe correlation length is also shown (dashed curve).
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Inhomogenous Impurity Scattering Model (IISM)
“Void” Profile

Higher density boundary

Low density core

05

Low density boundary —Cluster”A| .-

o 2

Cluster” Profile

HSM

~HSM

Hanninen and Thuneberg,
FRB 67 214507-1, (2003).
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