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HOOuIeliHbIN TO peajiu3alui MeToaa
MOJIY4eHHsI CBEPXHU3KHUX TeMIIepaTyp
MyTeM PacTBOPEHUA SHe B *He

HO6uneinsrit gt OMSM 2016 1. cranm ro0mieii-
HBIM W JJIS TIPUHIIAIHAIGHO HOBOTO METOMa MOJTYYCHHUS
CBEPXHM3KHUX TEMIIEPaTyp, KOTOPBIA BIIEpBHIC OBLI HaW-
Oonee ycrmenrHeIM 00pa3oM peanu3oBaH B Jlaboparopuu
simepHbix mipobnem b. C.Heranoeem, H.C.BopucoBeim
u M.IO.JIubyprom. 50 ner Hazam, B 1966 1. ObuIH Omy-
OJIMKOBaHbI NEPBBIC IMOJOKUTEIBHBIE PE3YJIbTAaThl aBTO-
poB [1]. Cnenyer ckaszarh, 4TO aHAJOTHYHBIC PAOOTHI O
peani3anuy TOro MeTo/a, MPeAIoKEHHOTO TEOPETUKAMHI
X.Jlonmonom, I'.Kmapkom, 3.Mennozoit B 1962 1. [2],
MPOBOJAMIIUCH B Pa3HbIX MecTax, HoO mMeHHo B OMSN
ObuT cpa3dy mToiydeH aOCONIOTHO JyYINHH pe3yiabraT
(T= 10,02 K). [To3nHee 31meck e TOM ke TPYIIoN aBTOPOB
OBLT TIOJTyYEH YK€ cCOBCeM (haHTaCTHUCCKHI TT0 TeM Bpe-
MEHaM W BOIICAIINI BO BCE CIPAaBOYHUKH pe3ynbTar (7 =
5,5 MK). Hano cka3ars Takske, 4To cpasy Ioce MOsBICHHS

TeopeTndeckoi myonukanuu [2] ee mpuse3 B OMSN gexo-
cnoBankwii pmsux C. Hladpara [3]. Tak kak 3T COOBITHL
TIPOUCXONWIH B pu3udeckoM nHcTuTyTe — OUSAN, ectec-
TBEHHO, BO3HHKJIH PEIUTOKEHUSI [0 HCIIOJIB30BAHHIO 3TOTO
METOo/Ia B 3KCIIEPHMEHTE.

Meron J1eHCTBUTENBHO 00Nafan  yIuBUTEIBbHBIMU
kadecTBaMu. Kpome HM3KOW TeMIleparypbl 3TO TakKue
Ba)XHBIE JUISl JKCIIEPUMEHTAIBLHON (PU3MKM Mapamerpsl,
KaK HEMpPEephIBHOCTh M JOCTATOYHO BBICOKAsl XJIAJIOIPO-
n3BoauTenbHocTh. MenHno y b.C.HeranoBa BO3HUKIIO
HpPEUIOKEHUE HCIIONb30BaTh ATOT METOJ AJSl CO3AaHHA
TIOJISIPU30BAHHBIX TBEPAOTEIBHBIX MHIIEHEH C HOBBI-
mu napamerpamu. B OMSIU x ToMy BpeMeHH yke ObLH
CO3IaHBl JBE AKCICPUMEHTAJbHBIE yCTaHOBKH [4], e
TIOJISIPU3ALUs siJiep ToJrydanach pu TeMIIepaType OKOJIo
1 K. Tak kak BpeMmsi penakcanuu (IaJeHne) MoIspu3alium

Yu. A. Usov

Jubilee Year of Implementation of a Method
for Obtaining Ultralow Temperatures

by Dissolving *He in “*He

The current year 2016, jubilee for JINR, is also an
anniversary of a fundamentally new method for obtain-
ing ultralow temperatures, which was first implemented
in the most successful way at the Laboratory of Nuclear
Problems by researchers B.S.Neganov, N.S. Borisov and
M. Yu. Liburg. Fifty years ago, in 1966, the first success-
ful results of the authors were published [1]. It should be
said that similar work was carried out in different places to
implement this method proposed by theorists H. London,
G.R.Clarke and E.Mendoza in 1962 [2], but it was at
JINR that the best result was obtained (7= 0.02 K).

Later, the same authors got quite a fantastic result
for the time, which was included in all reference books
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(T=5.5mK). It should also be noted that this “fresh” theore-
tical publication [2] was brought to JINR by Czechoslovak
physicist S.Safrata [3]. Since these events took place in
the institute of physics — JINR, there were, of course, pro-
posals for the use of this method in the experiment.

The method really had wonderful qualities. In addition
to the low temperatures, these are such important parame-
ters for experimental physics as continuity and a sufficient-
ly high cooling capacity. It emerged from B. S. Neganov’s
proposal to use this method to create polarized solid state
targets with the new parameters. At JINR, two pilot setups
had already been established [4], where the polarization of
nuclei was obtained at about 1 K. Since the relaxation time
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Anep TpH TaKWX TEMIEpaTypax COBEPIICHHO HE3HAYH-
TENIBHOE, MPOLECC MOJSIPU3ALUKN BBIHYXIEHHO IIPOHC-
XOJWJ TIOCTOSIHHO, @ TaKWe MHIICHW MMEHOBAINCH Kak
«auHamudeckney. Cample 3JIeMEHTapHbIE NMPUKHAAKH 110
BPEMEHHM peJlaKcalliy MOJSIPU3ALUN siep sl bonee Hu3-
KHX TeMIeparyp, KOTOpble CTaHOBMJINCH BO3MOXXKHBIMH
TIPY MCIIOJIb30BAHUH HOBOTO METO/Ia OXJIQXKACHHUSI, 1aBalli
YK€ COBEPIIEHHO JIPYrHe — 3HaYNTEIBHO O0Jiee BHICOKHE
3HAYCHUSI.

B 1974 . B cexrope b.C.HeranoBa Obutd Hayarsl
paboThl O CO3/IaHMIO MOJISIPU30BAHHONW MHIIEHU C HC-
MOJIb30BAaHMEM HOBOTO METO/a IOJyYEHUsI CBEpXHH3-
kux temmeparyp. CosnaHHas ycTaHOBKa [5] HemesieH-
HO ObUla WCIIOJNB30BaHA Ha cUHXpouukinorpone JISAII
JUISL  MCCIICIOBAHUM IOJSIPU3aLMOHHBIX IPOLECCOB B
pp-B3auMoeHcTBUAX B AuamaszoHe 550-630 M»sB [6].
KoHeuHo, ycTaHOBKa «IOJSIPU30BAaHHAS! MUIIECHBY» BKIIO-
4aeT B ce0s HEe TONBKO KPHOTEHHYIO CHCTEMY: HE0OX0amMa
SAMP-anmaparypa, cuctemsl CBY 1 m3mMepenus temmepa-
TYpBbI, @ TAaK)K€ JIOJKHBI OBITH CO3[AHBI YCIOBHS TS XHU-
MHYECKOTO TPHUTOTOBICHUS TOJSIPU3YEMOTO MaTepuaa.
Tem He MeHee KPHOTEHHKA SIBIISIETCS] KITIOUEBBIM, BIIUSIO-
MM Ha OCHOBHBIE ITapaMeTpbl YCTAHOBKH (PAKTOPOM, U
MOJTy4eHHE TPUHIUITHAIBLHO HOBBIX I1apaMeTpPOB O3Hava-
JIO U CO3JjaHue TOJIIPU30BAHHBIX MHUILICHEH HOBOTO THIIA!
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MO/I BO3AEHCTBHMEM CBEPXHM3KHX TEMIEpaTyp sjepHast
penaxcaiys NOIApPHU3ALUKA MHIICHEH NMPaKTHYECKH IpH-
OCTaHaBJIMBAJIACH, I03TOMY TaKOH THUIT MUIIEHEH IOy YT
Ha3BaHHE «3aMOPOKCHHBIC).

B skcnieprMeHTaNbHBIX YCTAHOBKAX TAKOTO THIIA CTa-
JIO BOBMOXKHBIM HE TOJIBKO IIOJIy4aTh IPEAEIbHYIO MOJIs-
pH3aLuIo siep ISt OOJIBIIMHCTBA HCIIONIB3yEMbIX BEIIECTB
3a CYeT HMU3KOM TEMIepaTypbl MOSIPHU3YEMOTO BEIECTBA
npu Bo3xaeiicTun CBY-00myueHns, HO U TIOMEIIATh MU-
IIeHb B c1a00e M MEHee OJHOPOJHOE MAarHWTHOE I0JIe
Ha JUTUTEIHHOE BPeMs BO BpEMsI KCIIO3UIIMK MHUIIICHU Ha
my4Ke. TO 00CTOSTEIHCTBO UMEET yKE IPUHITUITHATHHOE
3HA4YECHUE, TAK KaK IT03BOJISET MPOBOIUTH COBEPILCHHO
JPyTHe SKCIIEPUMEHTBI C MOJISIPU30BAHHBIMUA MUILCHIMHU
U ITyYKaMHU TPH YCIOBUH OXJIAKACHHS BEILIECTBA MUIICHH
Huwxke 0,05 K. Meron nonydeHust CBEpXHU3KUX TeMIIEpa-
TYp TOCPEJCTBOM PACTBOPEHHUS JKUJAKOTO Tenus-3 B Tre-
nuu-4 cra GpyHIaMEeHTOM ISl Pa3BUTHSI TAKMX HAIpaBJie-
HUMH, KaK CO3JaHNE KPYNHBIX ITOJSPU30BAHHBIX MHIICHEH
3aMOPOKEHHOTO THIIA ISl IPOBEICHHS SKCIIEPHUMEHTOB C
YaCcTUIIAMU BBICOKMX JHEpIui, MpOBEIEHHE HCCIIe0Ba-
HUH ¢ HECTAOMIBLHBIMH M30TONIaMU sifiep (poekT «CriuHy
B OUSIN), pa3paboTka HOBOTO THIA TEIUIOBBIX JAETEKTO-
POB 2JIEMEHTAPHBIX YaCTHII U T. 1.

(the drop) of nuclear polarization at these temperatures is
quite small, the polarization process is forced to occur con-
stantly, and these targets are named “dynamic”. The most
basic estimations on the relaxation time of the nuclear po-
larization for lower temperatures, which were made pos-
sible by using the new cooling method, gave completely
different, much higher values.

In 1974 the work to produce a polarized target with
the new method for ultralow temperatures was started in
Neganov’s sector. The developed setup [5] was used im-
mediately at the phasotron of LNP to study the polarization
effects in pp interactions in the range of 550-630 MeV [6].
Of course, the “polarized target” installation includes not
only cryogenics: there must be NMR apparatus, the mi-
crowave and temperature measurement systems, and the
conditions for chemical preparation of the polarizable ma-
terial. Nevertheless, cryogenics is the key factor influenc-
ing the basic parameters of the installation, so generating
radically new parameters meant the creation of a new type
of polarized targets — “frozen”; i.e., under the influence of
ultralow temperature the nuclear destruction (relaxation)
of target polarization was virtually suspended and this type
of target is called “frozen”.
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Such kind of experimantal setups made it possible not
only to obtain the uttermost polarization of nuclei for most
of the substances when exposed to microwave radiation,
but also to put the target in the weak and less homogeneous
magnetic field for a long time during exposure of the target
with a beam. This fact is of fundamental importance, since
there are opportunities to carry out completely different
experiments with polarized targets and beams, and this
quality is only possible when the target material is cooled
below 0.05 K. The method for obtaining ultralow tempera-
tures by dissolving liquid helium-3 in helium-4 became
the foundation for the development of such areas as the
creation of large frozen polarized targets for experiments
with high-energy particles; research with unstable isotopes
(SPIN project); the development of new types of thermal
detectors of elementary particles, etc.

To date, more than 10 frozen polarized targets have
been developed in the world (CERN, the United States,
Germany, Japan, and Russia). Four of them were produced
at JINR [7-11] and are being used successfully at the pres-
ent time with various accelerators (Gatchina, Protvino,
Prague, Mainz). The installation made for Mainz has been
recognized among the experts as the best in the world [12].
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K HacrosmeMmy BpeMeHM B MHpE CO3[aHO Ooiee
10 TakuX yCTaHOBOK — TIONIIPU30BAaHHBIX MHUIICHEH 3a-
mopoxernnoro tuna (LIEPH, CIIIA, I'epmanus, SAnonus u
Poccust). Yetsipe u3 HuX 0bUH cozmansl B OIS [7-11]
1 TeTnephb yCHEITHO UCTIONb3YIOTCS Ha Pa3INYHBIX YCKOPHU-
temsix (Farumna, [IpotBuno, [Tpara, Maiini). YcranoBka,
co3manHas 1 MaiiHia, ObuTa IpU3HAaHA B CPEZe CIeHH-
annuCTOB Kak myumas B Mupe [12]. Crnenyer ckas3arh, 9TO
OCHOBHOH (PM3NIECKON TEeMAaTHKOM, KOTOPOH 3aHIMAETCs
B MaiiHIie komurabopanus A2 py MOMOIIU STOH MHIIICHH,
SBIISIETCS IPOBEpKa NpaBuiia cymm I'epacumoBa—/lpesia—
XepHra [13]. U coBepIieHHO €CTECTBEHHO, YTO, KOT/Ia B
BoHHCKOM yHHBEpCHTETE BO3HMKIA HEOOXOANMOCTH B
CO3/IaHMU KpHOCTaTa HOBOW NOJSPU30BAHHOM MUIIEHH,
HeMmenkue Koiern oopatmaiuce B OMSN. B mactosmiee
Bpemst mo koHTpakty (OUSU — boHHCKHIT YHUBEpCUTET)
COBMECTHO C HEMELIKNMH CHENNATNCTAMH CO3JaeTCsl «3a-
MOPO)KCHHAsD) TIOJISIPU30BAHHAS! MUIIEHD JJIs TPOBECHUS
SKCTIEPUMEHTOB Ha yckoputene ELSA.

Jy6Ha, 1966 r. H. C. boprcoB y KOMOMHUPOBaHHOI yCTaHOBKH,
BKJTIOYAIONIEH IMHAMUYECKYIO MTOJIIPU30BAaHHYIO MUIIICHb

npu 1 K n pedpmxeparop pacTBopeHHs, Ha KOTOPOM ObLTa
JlocTUrHyTa Temneparypa 5 MK
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Taknm 00pa3zoM, TpaaWIMK HCIOJIB30BAHHS CBEPX-
HU3KUX TEMIIEPATYP B MOSIPU3ALNOHHBIX HCCIIETOBAHMIX
nmeroT B OUSAN mmy6okyro ocHOBY. K aToMy HEeoOxomm-
MO J100aBUTh M JIOCTHKEHUE TIPEEITbHO HU3KUX Pab0ounx
Temrmeparyp B paspadboranusix B OMSN monspr3oBaHHBIX
mutmreHsx [ 14]. C mpyroii CTOPOHBI, 3TH YCTAaHOBKH 32 MHO-
THE TOABI JOKA3aJI CBOIO YPE3BBIYAWHYIO HAJIEKHOCTD —
Jla’ke camasi TiepBasi MOJISIPU30BaHHAsI MHUIIEHB JI0 CHX IOP
ycnemHo ucrnonbdyercs B [INAD. B HacTosiee Bpems yxe
psn kommepaecknux pupm («Oxford Instrumentsy», JANIS,
«BlueFors») npemmararor madopaTopHble yCTaHOBKH IS
TIOJTy4EHHsI CBEPXHU3KNX TEMIIEPATyp C UCTIOIb30BaHUEM
METOJa pacTBOPEHUS He/*He, ¢ BronHe XOpOUIMMHU Na-
pameTpamMu. MOXKHO ¢ YBEpEHHOCTHIO KOHCTATHPOBATH,
YTO 3TOT METOJ[ CTallMOHAPHOTO MOJyYCHUS! CBEPXHU3-
KHX TeMIIepaTyp, ycrenrHo passuBaemMslii B JISITT OUSN,
fo0mITeH TIepBOH YCHETHON peann3aii KOTOPOTO TIPUX0-
mutes Ha 2016 T, 3aCTyKEHHO MOMYYHMI OYE€HBb IHPOKOE
MIPUMEHEHHE B SKCTIEPUMEHTAILHOH (DU3HKeE.

Dubna, 1966. N. S. Borisov near a compound setup, including
a 1 K dynamic polarized target and a dilution refrigerator
where a temperature of 5 mK was obtained




B JIABOPATOPUAX MHCTUTYTA

AT THE LABORATORIES OF JINR

Planned

Universitit Bonn

PINP

GATCHINA

Institut fiir Kernphysik I,
Universitit Mainz *’%
%
MAINZ 2435 km " l
DUBNA ‘,!ﬁ i ;'r' Tittm
>
s
Charles University 1000 &
e
PRAGUE
IHEP
PROTVINO

Kapra, npencrasmistomas aktusHocth OUSAN
B CO3JaHUH 3aMOPOKECHHBIX ITOJIAPHU30BAHHBIX MI/ILHeHeﬁ

It is necessary to say that the basic physics task which is
implemented in Mainz by the A2 collaboration with the
use of the frozen spin polarized target is the test of the
Gerasimov—Drell-Hearn sum rule [13]. And obviously,
when there was a necessity in the Bonn University to cre-
ate a new polarized target the colleagues apply to JINR.
Presently, the frozen spin polarized target is being creat-
ed in cooperation with German specialists (JINR — Bonn
University contract) for experiments at the accelerator
ELSA. I think that in this case the two sides complement
each other well.

Thus, the tradition of using ultralow temperatures in
polarization studies at JINR has a deep foundation. It is
necessary to add the achievement of the extremely low
operating temperatures for the polarized targets developed
at JINR [14]. On the other hand, these facilities show ex-
treme reliability for many years — even the first polarized
target is still used successfully at PNPIL.

Presently, a number of commercial companies
(Oxford Instruments, JANIS, BlueFors) offer the laborato-
ry facilities for production of ultralow temperatures using
3He/*He dissolution method with quite good parameters.
Thus, at present, we can say that this method of stationary
obtaining of ultralow temperatures, successfully devel-
oped at JINR DLNP, whose anniversary of the first suc-
cessful implementation is in 2016, has deservedly received
very wide application in experimental physics.
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The map of JINR’s frozen polarized target activities
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