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KpaTI(Ue coo6144eHwr OHJTH N" 1 [ 34) -89 
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M3MEPEHME ACMMMETPMM PACCEHHMH 
KYMYnHTMBHbiX llPOTOHOB M .[{EATPOHOB, 
BblnETAIOIIU1X llO.[{ YrnOM 95° n.c. 
B pC-B3AMMO.[{EACTBMHX llPM 3HEPrMM 
llEPBMqHbiX llPOTOHOB OT 17 .[{0 62 r3B. 
nonHPM3AQMH KYMYnHTMBHbiX llPOTOHOB 

M.M.Ben.Res*, H.B.Bnacos, o.n.raspHmyK, n.C.3onHH, 
B.<I>.llepecenos, C.B.<I>ponos* 

8 JKcnepHMenre no naoHlloMy pacceJIHHIO c Hcnon&JOBaHHCM yrne
ponnoro ananHJaropa HJMepena acHMMerpHll pacceJIHHJI KYM)'nJITHB· 
HI>IX npOTOHOB H .o;eiirpoHOB, o6paJYIOlllHXCJI no.o; yrnoM 95° n.c. B pe· 
aKUHH p + 12 0-+ p(d) +••• . HJMepeHHJI BI>InOnHeHbl B HHTepsane HM
nyn&COB (520 - 1120) MJB/c Mll nporonoa H (740- 1120) MJB/c 
MJI .o;eiirpOHOB. Ha OCHOBe HJBeCTHOH aHanH3Hpy!OIUeH CflOC06HOCTH 
.o;nR yrnepo.o;a BI>I'Dicnena aenH'IHHa nonRpH3aUHH KyM)'nRTHBHI>IX npo· 
TOHOB. 06cyJK,D.aJOTCJI HMnyn&CHaJI, yrnoBaJI H JHepreTH'IeCKaJI 3aBHCH· 
MOCTH Ha6nro.o;aeMbiX CnHHOBbiX J<l>4>eKTOB B KYM)'nJITHBHOM npouecce. 

Pa6ora a&monnena a fla6oparopHH B&ICOKHX JHeprHii OH.RH. 

Measurement of Scattering Asymmetry 
of Cumulative Protons and Deuterons Emitted 
at an Angle of 95° l.s. in pC-Interactions at Energies 
of Incident Protons from 17 to 62 Ge V. 
Cumulative Proton Polarization 

I.M .Belyaev et al. 

The asymmetry of cumulative proton and deuteron scattering is 
measured at an angle of 95° l.s. for the reaction p + 12 C -+ p(d)+ ••• 
in a double scattering experiment using a carbon analyzer. The experi· 
mental results are obtained over a momentum range of 
(520 - 1120) MeV/c for protons and (740- ll20) MeV/c fo r deute
rons. The value of cumulative proton polarization is calculated on the 
basis of the known carbon analyzing power. The momentum, angular and 
energy dependence of the observed spin effects in the cumulative proces· 
se s is discusae d. 

The investigation has been performed at the Laboratory of High Ener· 
gies, JINR. 

* HHcruryr reoperu'lecKou u 3KCnepUMeHTtlllbHou tfiu3uKu, MocKea. 
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Ba e AeHue 

B n peAllleeTBYIOmeii pa6oTe 1 11 

pe3yJibTaThl H3MepeHH.fl fiOJIRpH3anHH 
o6pa3yiOI..QHXe.fl B peaKUHH 

12 0 , 
p + ... p + ... 

HaMH 6biJIH npeAeTaBJieHbl 
KYMYJIRTHBHhiX npoToHoa, 

(1) 

npu yrne BhmeTa fJ = 158°. Bhmo yeTaHOBJieHo, 'ITO B HHTepaane 
HMnynLeoa npoToHOB q p' = (510- 840) M3B/e nonRpH3anHR 
He3HatJHTeJibHa, He Ha6JIIOAaeTe.fl RBHO BblpaJKeHHOH 3aBHeHMOeTH 
ee aenu•mHhi oT 3HeprHH nepBHtJHhiX npoToHoB . E0 ( 17 - 62 r3B) , 
epeAHRR BeJIHtJHHa nonRpn3auuu P(158°) = (0,033 ± 0,021). 

llpH orpaHHtJeHHH H3MepeHHH OAHHM <J>nKeHpoBaHHbiM YrJIOM 
ueeJieAOBaHHe fiOJIRpH3aUHH B peaKUHH (1) HeJib3.fl 6bmO 6bi npH· 
3HaTb fiOJIHhiM, npHHHMaR BO BHHMaHHe, 'ITO fiOJIRpHbiH yroJI BbiJieTa 
tJaeTHU OTHOeHTe.R K tJHeJiy TeX KHHeMaTHtJeeKHX nepeMeHHbiX, 3a
BHeHMoeTb OT KOTOpbiX B enHHOBhiX 3<J><J>eKTax 3HatJHTeJibHa. B 3Kene
pHMeHTax no H3MepeHHIO nonRpH3anHH KYMYJIRTHBHhiX npoToHoB, 
BhinOJIHeHHhiX npH 6onee HH3KHX 3HeprHRX, yrJIOBaR 3aBHeHMOeTb 
AOeTaTO'IHO DOJIHO HeCJieAOBaJiaeb B pa6oTax / 2, S/ , npHtJeM 3<J><J>eKT 

3aBHeHMOeTH fiOJIHgH3auHH OT yrJia BhiJieTa npoTOHOB KOHeTaTHpoBaH 
TOJibKO B pa6oTe 31 , rAe OTMetJeH poeT BeJIH'IHHbl fiOJIRpH3auHH 
e YBeJIHtJeHHeM yrna BhiJieTa eBbillle 90°. J-f3-3a orpaHH'IeHHH, eB.fl3aH· 
HbiX e o eo6eHHOeTRMH noeTaHOBKH Halllero 3KenepHMeHTa (nOJI.fl· 
pnMeTp paenonaraneR a KOJibUeBoM 3aJie yeKopHTeJIR Y-70) , Mhi 
orpaHHtJHJIH TeeT yrnoaoii 3aBHeHMoeTH ABYMR 3HatJeHHRMH yrna 
() = ·158 ° H () = 95 ° . 

llpH npoBeAeHHH H3MepeHHH DOA yrJIOM 95° nporpaMMa H3Me
peHHH 6hma paelllupeHa a ABYX HanpaaneHHRX. 

a) Bhm 3HatJHTeJibHO paelllnpeH ueeneAyeMhiH HMnynbeHhiH 
HHTepaan KYMYJIRTHBHhiX npoTOHOB. 113-3a 6bieTporo enaAa eetJeHHR 
o6pa30BaHHR KYMYJIRTHBHhiX qaeTHU H3MepeHHR nonRpH3auHH a 3Ke
nepuMeHTax, BhinOJIHeHHhiX panee Ha BHelllHHX nytJt<:aX 12. 3. 4 / , 

6bmH o r panutJeHhi eaepxy HMnynbeoM q P' = (800- 850) M3B/e 
(npu () > 90°). Me)f(,Zl;y TeM, KaK noKa3hiBaeT onhiT, a nonRpH3a
UHOHHbiX 3KenepHMeHTaX e paelllHpeHHeM AHana30Ha KHHeMaTHtJeeKHX 
nepeMeHHhiX MO:>KHO O)I(J{AaTb Ha6JIIOAeHHR HeO)I(J{AaHHoro fiOBeAeHH.fl. 
llpHMepoM DOA06HOH eHTYanHH MoryT eJiy)I(J{Tb pe3yJibTaTbl pa6o
Thl 1 51, rAe npu HMnynLeax eahillle 850 M3B/e Ha6JIIOAaJIOeb He
npeABHAeHHoe 3HatJHTeJibHOe yeHJieHHe aHaJIH3HpyiOI..QeH enoeo6HOeTH 
peaKUHH pt +A ... p'(90°)+ ..• npH qp•>900M3B/e. 

6) .[lpyrou oeo6eHHOeTbiO HallleH 3I<CD0311UHH DOA yrJIOM 95° 
RBJIReTeR o6eenetJeHue eTaTneTHKH (npu q > 700 M3B/e), AOCTaTotJ
HOH AJI.fl H3MepeHHR OAHOBpeMeHHO e npOTOHaMH aeHMMeTpHH pae
ee.RHH.fl KYMYJIRTHBHbiX AeiiTpoHoB. Cono,eTaaneHHe enHHOBhiX 3<J><PeK-
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Toe B Bhixo~e 3THX KYMYJIHTHBHhiX <PparMeHTOB co CnHHOM 1/2 
H 1 npe~CTaBJIHeT HecOMHeHHhiH HHTepec; eCTh, B 'laCTHOCTH, B03M0)1(

HOCTb COnOCTaBHTh aCHMMeTpHIO HX pacceHHHH OTHOCHTeJihHO, T.e. 

C MHHHMH3aUHeH BJIHHHHH CHCTeMaTH'IeCKHX norpeiiiHOCTeH. 

MeTo~ H3MepeHHH 

I13MepeHHe aCHMMeTpHH pacceHHHH npOTOHOB H ~eHTJ>OHOB 

6hmo Bhmonueuo ua ycKopHTeJie Y-70 (11HCTHTYT <l>H3HKH BhiCOKHX 

3HeprHH, llpoTBHHO) B OnhiTe no ~BOHHOMY pacceHHHIO C n OMOI.UhiO 

nOJIHpHMewa, KOHCTpyKUHH H xapaKTepHCTHKH KOToporo OilHCaHhl 

a pa6oTe 
1 1. CxeMa onhiTa MH yrna 95° noKa3aua ua puc. 1. . 

,lluana3oH 3Hepruu nepBH'IHhiX npoTouoe E 0 H3 MeHHJICH 

OT 17 ~0 62 r3B npH HenpepbiBHOM HaBe~eHHH BHyTpeHHer o ny'IKa 

npoTOHOB Ha TOHKYIO yrnepo~HYIO MHIIIeHh*. JlO)I(HaH aCHMMeTpHH 

pacceHHHH, CBH3aHHaH C HeTO'IHOCThiO reoMeTpH'IecKOH IOCTHJ>OBKH 

3JieMeHTOB nOJIHpHMeTpa, oneHeHa HaMH B 0,7 %. 3KcnepH MeHTaJih

HO BeJIH'IHHa JIO)I(HOH aCHMMeTpHH nepHO~H'IeCKH 

KOHTJ>OJIHpC>BaJiaCh nO aCHMMeTpHH pacceHHHH 

17 -Me30HOB, KOTOpaH COCTaBJIHJia B Cpe~HeM 

A 17 = (0,9 ± 1,0) %. 11Mnynhc KYMYJIHTHBHhiX 

'laCTHn onpe~eJIHJICH MeTO~OM MarHHTHOrO aHa

JIH3a H MOr 6hiTh B MHrKOH 'laCTH cneKTpa nepe

onpe~eJieH no apeMeHH nponeTa. To'IHOCTh H3Me

peHHH HMnynhca - 5 %. MaKCHMaJibHhiH yron 

nOBOp<>Ta CilHHa B MarHHTHOM nOJie COCTaBJIHJI 

40° (MH q = 550 M3B/c). nocJie COOTBeTCTBY

IOI.UeH KOppeKUHH pe3yJibTaThl H3MepeHHH aeJIH

'IHHhl BeKTOpa nOJIHpH3RnHH npe~CTaBJIHJIHCb 

B npoeKnHH Ha HOpMaJib IDIOCKOCTH nepBH'IHOrO 

pacceHHHH. 

Puc. 1. CxeMa 3KCnepUMeHTa no U3MepeHU/O noii.Rpu3al/UU 

npu (} = 95°. MJ,2- MOHUTOpbl," M- BHyTpeHH.R.R MU

WeHb Y-70; AM- QHQ/IU3upy10~UUMQZHUT; si' Ai' Hi
C'leT'IUKU; JU(- opeutjjoBble KaMepbl; "C"- YZ!IepOOHblU 

QHQ/IU3QTOp. 

* B Ka'leCTBe MuweHu-aHQ/IU3aTopa ucnOIIb:JOBQ/IaCb yz11epodHa.R MaCTUHa TOII

IJ4UHOU 36 U 55 MM. 
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Pe3ynLTaTw U3MepeHui 

Jf3MepeHHbie BenU'IUHbl aCUMMeTpUU pacce.RHUR npoTOHOB U Aei
TpOHOB npeACTaaneHbl Ha puc. 2-4. }lnR aHanU3a UMnynbCHOi U 3Hep
reTUlleCKOi 3aBUCUMOOTei Ha6paHHaR CTaTHCTUKa pacnpeAenRnaCb 
no TpeM uHTepaana.M nepBU'IHoi 3HeprHH E 0 (17- 32, 32-47, 
47-62 r 3B) U 6-7 UHTepBana.M no UMnynbCY (q) KyMynRTUBHOi 
llaCTUUbl. )luana30Hhl aHanU3a no UMnynbCY COCTaBHnU: AnR npOTOHOB 
q P, = (520- 1120) M3B/c, AnR AeiTpoHOB qd = (7 40- 1220) M3a/c. 

B uMnynbcHoi 3aaucuMocTu acuMMeTpuu pacceRHUR npoTOHOB 
(puc. 2) Ha6niOAaeTCR MaKCUMYM B paioHe qp' = (700- 800) M3B/c, 
KOTOpbii 6onee lleTKO Bbipa:lKeH B ABYX nepBhiX E 0 ·UHTepaanax. 
CpeAHRR aenu'IHHa acuMMeTpuu pacceRHUR npoToHoB <Ap' > = 
= (4,8 ± 0 ,5) % u npaKTulleCKUJie 3aaucuT oT E 0 (puc. 4). B omu-

" 
E f1B .. 
17-32 

101 ++ ++ 
:+± ' '+ 
101 s + t++ +32-4? 

~0 0 I .+ -9-= b. I I 

<{ . 

10 'I ++ + --l I 47-62 o±. , I* I I 

10 
17-62 . -+--+-

s~ + +-+--+-
+ 0 1000 1100 0 600 700 800 90 q,M:JBic 

150 200 300 400 soo 
TP'M1B 

Puc. 2. E 0 - u q - 3aeucUMocru 
aCUMMerpuu pacceJIHUJI KYMYIIRTUe· 
HblX npOTOHOB ( () = 95° ) . 

8 

·:r~±+ + 
- 5' + 0 

5 

o M~:r-;--__,_!_-=d::::::: 

- 5 
~10 

«u :! "± ' '' ± 
5 

10 

5 ~ 

-+-ol r=;:=r ~ ~ I I 

E,,rlB 

17-32 

32-47 

47-62 

17- 62 

800 1000 1200 q ,MlBic 
- 5 L 

150 200 250 300 350 400 
Tct . MlB 

Puc. 3. E 0 - u q - 3aeucUMocru 
acUMMerpuu pacceJIHUJI KYMYIIRTUe· 
HblX OeUTpoH08 ( () = 95°) . 



:fOB H ,ll;eH

OH H 3Hep

,e.nemmacL 

, 32-47, 
'JIHTHBHOH 

npOTOHOB 

:O) M3B/c. 

npOTOHOB 

0) M3B/c, 

TepBanax. 

<Ap'> = 
. B OTJIH-

17-32 

32-47 

47-62 

17-62 

100 q.MlB/c 

ICUMOCTU 

4YIIJITU6-

'IIHe OT npOTOHOB, BeJili'IHHa JieBO-npaBOH CHMMeTpHH pacceHHHH 

KYMYJIHTHBHbiX neifTpoHoB (puc. 4, 5) B n p e.nenax 1 - 2 oulH6oK 

He OTJIH'IIaeTCH OT HyJIH, <Ad> = (0,71 ± 0,52 ) %. 
llpe,ll;CTaBJIHeTCH MaJIOBepoHTHbiM HaJIH'IIHe MeXaHH3Ma, KOTOpbiH 

MO)I(eT o6ycJIOBHTb nOHBJieHHe 3Ha'IIHTeJibHOH B eKTopHOH nOJIHpH3aQHH 

KYMYJIHTHBHbiX neifTpoHoB, no3TOMY Ha6monaeMLIH HyneBoif 3$$eKT 

aCHMMeTpHH pacceHHHH ,ll;eHTpOHOB MO)I(H() pacQeHHBaTb KaK ecTe

CTBeHHbiH pe3yJILTaT. B KOHTpacTe C HHM 3Ha'IIHTeJILHaH BeJIH'IIHHa aCHM

MetpHH pacceHHHH npoTOHOB BOCnpHHHMaeTCH KaK KOCBeHHOe no,ll;

TBep)l(,ll;eHHe peanLHOCTH 3$$eKTa nonHpH3aQHH KYMYJIHTHBHLIX npo

TOHOB C yrJIOM BbiJieTa 95 ° . 
llpu Bbi'IIHCJieHHH nonHpH3aQHH KYMYJIHTHBHbiX npoTOHOB 

(2) 

,ll;JlR onpe.neneHHH Cpe,ll;HeB3BeWeHHOrO 3HalleHHH RHaJIH3HpYIOllleH 

cnoco6HOCTH <A c> 6LIJia HCnOJib30BaHa annpoKCHMaQHH 3aBHCH

MOCTH aHaJIH3HpyiOmeif cnoco6HoCTH AJIH yrnepo.nHoro pacceuBaTeJIH 

OT yrna pacceRHHR H KHHeTH'IIecKOH 3Hepruu npoToHoB A c (0 p' , T p' ), 

10 
(Ad) = ,0071:!: ,0052 

Q. =740+1220 M3Blc 

~- 5 
D --+-<! 

0 --------~---

-5 
20 40 60 

E., r3B 

(Ap) =,0477:!:,0045 
10 Q. = 520-r1120 M;~B/c 

~- 5 -+--+--+-
·a. 

<( 

0 ----------------------

Puc. 4. 3HepzeTU'IeC'KtlJI 3Q6UCUMOCTb 

ycpeOHeHHblX no q 3Ha'leHUU QCUM

Merpuu Ap' u Ad . 

pp 
(Pp·> =0,120:!:0.011 

0.2 
q= 520+1120M3B/c 

0.1 -+--t--t-

0 
20 

150 200 
P• p 

0.2 

40 

300 400 T p,MlB 

p +nC = p(95.)+X 

E.=17.;.62f:~B 

OL-..1...-..J---....&---L--L.....,....L--L.--'-_.L..--'--'--'-' 
600 700 800 900 1000 

q.MlB/c 

Puc. 5. E 0 - u q - 3aeucUMocru 

nollJipU3ai4UU KYMYIIJITUBHblX npo

roHoe. 
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0>1 

peKOMeimOBa.HHIUI B pa6oTe /7/, 3aBHCHMOCTH BeJIH'lHHbl nOJIRpH-

3a.QHH K Y MYJIRTHBHbiX npoTonoa OT ux HMnynLca H 3Hepruu nepBH'l

HbiX npOTOHOB noKa3a.Hbl Ha puc. 5. 
llocK OJibKY neo6xo.nnMhie cae.nenun no auanu3upy10~eif cnoco6-

nocTH )J;JIR ,neifTpoHOB B HallieM HHTepaane HMDYJibCOB OTCyTCTBYIOT, 

Mbl orpa.HH'lHBaeM npe,ncTaBJieHHe pe3}'JibTaTOB no ,neifTpoHaM TOJibKO 

.ZJ;aHHbiMH nO aCHMMeTpHH pacceRHHR. 

3aKJI JOtrenue 

Ha o cuoae npe,ncTaaJieHHbiX pe3yJILTaToB MO)I(}IO c.nenaTb cne.ny

JO~e Bbi B O.ZJ;bl: 

1. llonnpu3aQHR KYMYJIRTHBHbiX npoTonoa, o6pa3y10~xcn 
95 0 12C • 

no,n yrJIOM B peaKQHH P + -+ p +• .. , cy~eCTBeHHO OTJIH'lHa 

OT HYJIR H COCTaBJIReT B cpe,nHeM <P p • > = (0,117 ± 0;011). 
2. 3 uepreTH'leCKIUI 3aBHCHMOCTb nOJIRpH3aUHH B HHTepaane 

3HeprHH n epBH'lHbiX npoTOHOB E 0 = (17 - 62) r3B npaKTH'leCKH 

OTCYTCTBy eT. 

3. B HMnyJibCHOH 3aBHCHMOCTH noJIRpH3aQHH KYMYJIRTHBHbiX 

npoTOHOB M0)1(}10 OTMeTHTb MaKCHMYM B o6JiaCTH q p • 
= (700 - 800) M3B/c, O.ZJ;HaKO B QeJIOM 3aBHCHMOCTb OT q p • B HH-

Tepaane oT 580 .no 1120 M3B/c BbipiDKena CJia6o. 

4. -tCHMMeTpHH pacceRHHR ,neifTpoHOB, o6pa3ylO~HXCR B peaK

l\HH p + 2 C -+ d(95°)+ ... B npe,nenax OlliHOOK H3MepeHHH (2 -i- 3) % 
OTCYTCTBy eT. 

Cono cTaaneuue e ,naHHbiMH .nnn yrna 158° no3aonneT c.nenaTb 

3aKJIIO~eHHe 0 HaJII-\1fHH yrJIOBOH 3aBHCHMOCTH nOJIRpH3aQHH npoTOHOB 

B KYMYJIRTHBHOM npoQecce p + A .... p • + .... llpu ofuacneHHH 3cpcpeK

Ta nOJIRpH3aQHH, nO-BH.ZJ;HMOMY, HeJib3R CBO)J;HTb npoQeCC reuepa.QHH 

KYMYJIHTHBHhiX npoTonoa K o.nnoMY H3 B03MO)I(}fbiX Kauanoa ux 

poiK,neHHR . B 3TOH CBR3H MO)I(}IO 3aMeTHTb, 'ITO nOnbiTKa KOJIH'leCT

BeHHOrO ODHCa.HHR DOJIRpH3aQHOHHbiX )J;a.HHbiX npH DpOMe)I(}'TO'lHbiX 

3HeprHRX Ha OCHOBe MO.ZJ;eJIH DpRMOrO Bbi6HBaHHR HYKJIOHOB ycnexa 

He HMeJia
1 21

• Mo,neJih :>KeCTKOrO coy,napeHHR KOHCTHTyeHTOB / 8 / 

npe,nCKa3b iBaeT yrJIOBYIO 3aBHCHMOCTb DOJIRpH3auHH B peaKI.UfH (1), 
no,no6uy10 Ha6JIIO.ZJ;aeMOH HaMH, HO Ha cy~eCTBeHHO 60!IbllieM KO

JIH'leCTBeHHOM ypoaue. He HCKJIJO'leno, 'ITO na6JIJO,naeMan noJIHpH3a

QHR MO:>KeT 6biTb o6yCJIOBJieHa DpoHBJieHHeM BTOpH'lHbiX B3aHMO

.ZJ;eHCTBHH KYMYJIRTHBHbiX npoTOHOB B KOHe1fHOM COCTORHHH, a HMeHHo , 

ynpyruM p acceRHHeM ua KBa3Hcao6o.ZJ;HhiX nyKJionax n.npa. 

llnTe puypa 

1. BeJIHe a .H.M. H ,np. KpaTKHe coo6~euun O.HH.H, N-!2-88,' )ly6ua, 

1988. 
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fiHllHHbi OOJIRpH-
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)YJO~eu cnoco6-
IB OTCYTCTBYIOT, 
fTpoHaM TOJILKO 

o6paayro~xcn 
'BeHHo OTJIHtJHa 
011). 

B HHTepBane 
3 Op8KTHtJeCKH 

CYMYJIRTHBHbiX 
iCTH Q p' = 
T Qp' B HH-

~HXCR B peaK
fiHH (2-i-3)% 

onneT c.nenaTL 
ll.UfH OpoTOHOB 
HeHHH 3<fl<fleK
ecc reaep~H 
: KaHaJIOB HX 
rKa KOJIHtJeCT
OMe)l(yTOtJHbiX 
noaon ycnexa 
'HTyeHTOB / 8 / 

peaKI.UfH ( 1) , 
5o.'lhlneM Ko
an DOJIRpH3a
HbiX B3aHMO
HH, a HMeHHo, 
a. 

2-88, ,lly6aa, 

2. BenocTo~KHH C.JI. H ,np.- H<I>, 1985, T.42, c.1427. 
3. 3yJILKapaeen P.H., KyTyen P.X.- H <I> , 1984, T.39, c.785. 
4. Bopo6LeB JI.C. H ,np.- H<I>, 1985, T.41, c.1541. 
5. Frankel S. et al.- Phys. Rev. Lett., 1978, v.41, p.148. 
6. Banaa,nHH B.ll. H ,np.- Coo6~eHHe OHHH, P1-88-408, ,lly6aa, 

1988. 
7. Ransome R.D. et al.- Nucl. Instr. and Meth., 1982, v.201, p.315. 
8. E<flpeMoB A.B.- H<I>, 1978, T.28, c.1 66. 

PyKOOHCb OOCTYOHJia 30 HOR6pR 1988 ro,na. 
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KparKue coo6114eHW1 OHRH JVOJ [34)-89 
YAK 539. 172.1 

JINR Rapid Communications No.1 [34)-89 

3KCllEPHMEHT AJibHbiE .UAHHblE no MHO)KECTBEHHOMY 
PO)K,UEH HIO B UEHTPAJibHbiX CTOJIKHOBEHHHX H.UEP 
1 2 c+c, 1 9 F+Mg H 2 4 Mg+Mg nPH E = a, 7 r3B HA HYKJIOH 

M.X.AHHKHHa, A.Y.A6.rzypax:HMOB, C.A.AapaMeHKO, 
B.,U.AKCHHeHKO, r .JI.Bap.neHra, H.C.rnaroneaa, 
A.H.ronoxsacroa, IA.r.rpaqeal, E.A . .UeMeHT&ea, H.H.KaMHHCKHH, 
3.B.Ko3y 6cKHH, E.C.Ky3Heuoaa, A.A.Ky3Heuoa, B.A.KynaKoB, 
IO.JlyKcTHH&lll, O.IO.MaH,npHK, A.T .MaTIOlllHH, B.T .MaTIOlllHH, 
C.B.MyxHH, H.M.HHKHTIOK, 3.0.0KoHoa, T.r.OcTaHeBHq, 
JI.C.OxpHMeHKO, B.B.Pa,noMaHoa, C.A.Po)KH.RTOBCKa.R, 
B.H.PHXOBCKHH, H.C.CaHTOB, B.A.CTenaHeHKo, C.A.Xopo3oB 
06oe,li;IDieHHbiH HHCTHTYT .R,nepHbiX HCCJie,li;OBaHHH, ,Uy6Ha 

M.ra3,n3HUKHH 
HHcTHTYT 3KcnepHMeHTaJibHOH $H3HKH BaplllaBcKoro yHHBepcH
TeTa 

K.raeacKHH, H.MHpKoBcKHH, 3.naanoacKHH, A .llHaTKOBCKHH 
HHcrHTyT pa,nH03JieKTpOHHKH BaplllaBcKoro noJIHTeXHHqecKoro 
HHCTHTyTa 

K.Aoaqea 
HHcTHTYT .R,nepH&IX Hccne,noBaHHH H H,nepHoH 3HepreTHKH BAH, 
Co$H.R 

T.n.n*o6aaa, H.H.TyJIHaHH, JI.B.l.lxaH,n3e 
T6HJIHccKHH rocy.napcTBeHHbiH yHHBepcHTeT 

H.H.HyprO)I(HH, E.K.XycaHHoa 
HHcTHTYT $H3HKH BbiCOKHX 3HeprHH AH Ka3CCP, AnMa-ATa 

lO.C.llon&, r .r .TapaH 
~H3HqecKHii HHCTHTYT AH CCCP, MocKBa 
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IlpHBO,li;IITCJI JKcnepHMeHTam.Hbie pacnpe.neneHHJI no MHOlKeCT· 

BeiDIOCTH OTpHUaTeJThHO 38pJilKeHHbiX nHOHOB H 'IHCJIY B38HMO.IleHCT· 

BYJOUUIX HyKJIOHOB B UeHTpaJibHbiX CTOJIKHOBeHHJIX 
1 2 C + 1 2 C, 

1 9 F + 
+ 24 Mg H 

24 Mg + 24 Mg npH JHeprHH- 3,7 fJB/HYKJIOH. 3KcnepHMeH

TaJibHbie .llaHHhie nonyqeHLI Ha cneKTpoMeTpe fHBC CO CTpHMepHOH 

KaMepoii B MamHTHOM none. 

Pa6ora BhiDOJIHeHa B Jia6oparopHH BhiCOKHX JHepmH OH.HH. 



Experimental Data on Multiplicities in Central Collisions 
1 2 C + 1 2 C, 1 9 F + 2 4 Mg, 2 4 Mg + 2 4 Mg at 3. 7 Ge V /nucleon 

M.Kh.Anikina et al . 

The multiplicity distributions of 1r - mesons and the number of 

interacting nucleons in central 12 C + 12 C, 1 9 F + 24 Mg and 24 M + 
+ 24 Mg interactions at energy of - 3 .7 GeV/nucleon are present d. 
The experimental data have been obtained using the spectrometer 

GIBS with a sreamer chamber in a magnetic field. 
The investigation has been performed at the Laboratory of High 

Energies, JINR. 

1. Bae.neHHe 

11HTepec K HCc.ne,l],OBaHHIO UeHTpaJibHbiX .R,l1,pO·.R,l1,epHbiX CTOnK· 
HOBeHHH CB.R3aH C B03MO:>KHOCTbiO Ha6n10,11,eHH.R npe,l1,CKa3biBaeMOrO 
B p.R.ne pa6oT nepexo.na H.nepHoro aemecTBa B KBapK-rJIJOOHHYJO 
nna3MY. KaK O:>KH.D.aeTc.R, TaKOH !f>a30BhiH nepexo.n c HaH6onbmeH 
BepO.RTHOCTbiO MO)f{eT npOH30HTH HMCHHO B ueHTp~bHbiX CTOn.KHO· 
BeHH.RX (B .nanbHeifmeM UC), Kor.na H.npy-MumeHH B cpe.D.HeM nepe
.naeTc.R cymecTBeHHo 6onhma.R .non.R 3HeprHH cHap.R.na, 'leM B Hey
npyrux CTOnKHOBeHH.RX, H, npe.nnonO:>KHTenbHO, ,l],OCTHraJOTC.R 3KCTpe· 
MaJibHbie ycnOBH.R 6onblliHX nnOTHOCTeH H TeMnepaTyp II I. 

Uenb Hacro.Rmeif CTaTbH - npe.ncraBHTb nony'leHHhie Ha ycTa
HOBKe rHBC HOBbie 3KCnepHMeHTaJibHbie ,l],aHHbie no UC. 3TH ,l],aH· 
Hble paCUlHp.RIOT ,l],Hana30H .R,l1,ep-CHap.R,l1,0B, peaJIH30BaHHbiX B HaUlHX 

npe:>KHHX pa6oTaX no MHO)f{ecTBeHHOMY pO)f{,l],eHHIO KaK B U C, TaK 
H B HeynpyrHX CTOnKHOBeHH.RX. CBO,l],Hble Ta6nHQ&I H npoue.nypa 
o6pa6oTKH nonyqeHHhiX pauee .D.aHHbiX npe.ncTaaneHbi a pa6oTax 12 

•
3 1 , 

HTOrOBbiH aHaJIH3 nHOH006pa30BaHH.R - B 14 I, Bhi60p0'1HbiH aHaJIH3 
,l],aHHbiX no 'IHc.ny npoB3aHMO,l1,eHCTBOBaBUlHX npOTOHOB - B Is- 7 1• 

B pa3.nene 2 onucaua MeTO.D.HKa 3KcnepHMeHTa. B pa3.nene 3 
H3no)f{eHa npoue.nypa o6pa6oTKH H npuae.neHbi Ta6nHQ&I nony 'leHHbiX 
,l],aHHbiX. 

2. 3 K C n e p l:f M e H T a n b H a .R y C T a H 0 B K a 

CneKTpOMeTp rHBC npe.ncTaBnHeT co6oH MO.nepHH3HpOBaHHbiH 
aapHaHT ycTaHOBKH CKM-200 18 '9 1, T.e. cneKTpoMeTp 3apH)f{eHHhiX 
'laCTHU Ha OCHOBe CTpHMepHOH KaMepbi C 'IYBCTBHTMbHhiM 06"beMOM 
2 x 1 x 0,6 M3 

, noMemeHHOH B MarHHmoe none. 
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_,. 

B tfYBCTBHTeJibHOM 06'heMe KaMepbl p83Memru<>TCR TOHKHe TBep

,D;hie MHllleHH, B TOM 'IHCJie MeTaJIJIHqecKHe, qTo fl03BOJIReT B lllHpOKOM 

,D;Hafla30 He aTOMHbiX BeCOB HMeTb MHllleHb, CO,D;ep:>KaiizyiO aTOMbl O,D;

HOrO XHM~ecKoro 3JieMeHTa. 

Per HcTpalUffi H3o6pa)f(eHHH TpeKoB 3apR)f(eHHLIX qac1'11Q B cTpH

Mepnou KaMepe npOH3BO,D;HTCR C flOMOUU>IO Tpex06'beKTHBHOH ¢JOTO

rpa¢JHqecKOH cHcTeMbi. Cpe,D;Hee 3HaqeHHe senH11Hllhi HH,D;}'KUHH Mar

HHTHoro flOJIR B ,D;aHHOM 3KCnepHMeHTe COCTaBJIRJIO 1,0 T, H MO)f(eT 

6LITh y s enHqeHo ,no 1,5 T. BpeMR naMRTH KaMepLI- 3-5 MKc, npH 

3TOM flJIOTHOCTb CTpHMepOB Ha CJie,D;ax O,D;H03apR,D;HbiX peJIRTHBHCT

CKHX q a CTHU COCTaBJIReT 1-2 CM- 1 • TOqHOCTb H3MepeHHR KOOp,nHHaT 

B KaMep e xapaKTepH3yeTcR cpe,D;HeKBa,npaTHqHLJM p836pocoM H3_Me

peHHhiX KOOp,D;HHaT TOqeK OTHOCHTeJibHO ¢lHTHpOBaHHOH TpaeKTOpHH 

qacTHULI , paBHLIM 0,3 MM a npocTpaHcme KaMepLI. ToqHOCTb onpe,ne

JieHHR K OOp,D;HHaT BeplllHHbl B3aHMO,D;eHCTBHR B MHOronyqeBbiX C06bi

THRX BHY TpH TBep,D;OH MHllleHH B,D;OJib nyqKa He Xy)f(e 1 MM. 

3anycK CTpHMepHOH KaMepbl npOH3BO,D;HTCR B CJiyqae Bbi,D;eJie

HHR C0 6 hiTHR Hy)f(Horo THna COCTeMOH CUHHTHJIJIRUHOHHbiX cqeTqHKOB. 

B ,D;aHHOM 3KcnepHMeHTe cqe~HKH sl -84 (eM. pHC. 1) Bbi,D;eJIRJIH 

nyqKQBbie qacTHUbi, H,D;yiUHe Ha MHllleHb H HMeiOIQHe 3a,D;aHHbiH 3apR,D;, 
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CTepeo 

q>o-roanna pa-r 

n15c 
MarHHT 

HOHOnpoBOA 

dE 

none 

HEYnPYr!Avt" 1PI-1rrEP • s1 • s2 • s3• s4 • s5 • ~ 

LIEHTPAJlbHbllit"1P\IIrrEP. "·• "-• s._• s • s • s .., -z -J ~ n ch 

dE 
dk 

~7\-
Ss 56 

Puc.l. 3KcnepUMeHTll.llbHaR ycraHoaKa. FeoMeT{JWl Tpuzzepa 
U306pQJICeHa He a Milcwra6e. 



paBHbiH 3apRAY 'BbiBe,l:\eHHbiX H3 ycKOpHTenR R,l:\ep. CtJeTtm:KH s chperH
CTpHpOBaJIH BTOpH'IHbie 3apmKeHHbie tJaCTHUbi, BbiDeTalOI.UHe H3 MHIIIe

HH C OTKJIOHeHHeM OT HanpaB1IeHHR nytJKa B npe,l:\e1Iax 2,4°. C eTtm:KH 

80 perHCTpHpOBaJIH HeHTpOHbi, Bbi1IeTalOI.UHe H3 MHIIIeHH B TOM )l(e 
Te1IeCHOM yr11e. 0HH npe,I:\CTaB1IRIOT C060H TeneCKOD H3 5 CQHHTH1I1IR
QHOHHbiX C'leT'IHKOB, DpOC1IOeHHbiX )l(ene3HbiMH 61IOKaMH T01Il.UHHOH 
10 CM Ka:>K,IJ;biH. 

JiornKa "QeHTpaJibHoro" Tpnrrepa, yKa3aHHaR Ha puc .1 , cooT

BeTCTByeT 001IHOMY Bbi6bQ3aHHIO H3 DytJKa HyKJIOHOB R,l:\pa·cHapR,I:\a 
B pe3y1IbTaTe B3aHMO,I:\eHCTBHR C R,l:\pOM-MHIIIeHblO, H1IH, T 'IHee, -

. 3anpeTy Ha Bbi1IeT HYKJIOHoB-cneKTpaTopoB R,l:\pa-cHapRAa B n pe,l:\enax 
yr1IOB 0 ch = 0 n = 2,4 °. B COOTBeTCTBHH C DpHHRTOH B HaiiiHX pa6<;>Tax 

cncreMOH MapKnpOBKH KpHTepneB oT6opa UC T(Och• On), r Ae Och n 
on OKpyrneHbl ,1:\0 rpa,l:\yca, ,1:\aHHbiH Tpnrrep o6o3HatJaeTCR T (2,2). 
B cnyqae MgMg B3aHMOAeifcTBHH )l(eCTKOCTb DOAaB1IeHHR 3THM Tpurre
poM HeynpyrHX CT01IKHOBeHHH DpH OT6ope UC COCTaBJUI1Ia 4•10- 4

• 

3. M e T o A u K a o 6 p a 6 o T K u 

H npe,I:\CTaB1IeHHe ,1:\aHHbiX 

Pe3y1IbTaTbi, npHBOAHMbie B 3TOH pa6oTe, nonytJeHbi nyTeM 
npocMOTpa. Hcxo,I:\Hbm Marepuan cocTaBH1IH 1583 CC, 1557 FMg u 
27 45 MgMg QeHTpanbHbiX CT01IKHOBeHHH, nonyqeHHbiX npu Tonmu
Hax MHIIIeHH, cpaBHHMblX C ,I:\1IHHOH R,l:\epHOrO npo6era: COOTBeTCTBeH

HO 0,992 r/cM2
, 1,343 r/cM2 u 1,56 r/cM2

• IIpocMoTp rmenoK npou3-
BOAH1ICR ,1:\Ba:>K,IJ;bi. B cnytJaRX, KOrAa B pesynhTaTax npocMoTpa o6Ha

~o6r----------------------. 

260 

220 

180 

11(0 

100 

60 

20 

PY)I(HBanncb pacxo)I(AeHHR, Aenan
CR TpeTHH npOCMOTp. 3¢>¢>eK
THBHOCTb npocMoTpa, onpe,l:\eneH-

HaR KaK OTHOIIIeHue cpe,l:\Hero 
'IHC1Ia tJaCTHQ DO pe3Y1IbTaTaM 
0,1:\HOKpaTHOrO npoCMOTpa K cpe,I:\

HeMy 'IHC1Iy tJaCTHU DOC e TpeTb
ero npocMoTpa, oKasanacb paH
HOH 0,987± 0,013. PerncTpnpoaa-
1IHCb rr- c P > 50 M3B/c. 

Puc. 2. Pacnpeoe;zeHue no 'IUCIIY N q 

6 !jeH'TpaJibHblX CTOIIKH06eHW!X 2 4 Mg+ 
+Mg ( o.ueKCT) . 
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A B c 

Puc.J. Pa3oe.neHue MuweHu Ha 3 30Hbl. 

Ha pHc.2 npe,ncTaBJieHo pacnpeAeneHHe no 

tmcny Nq = M- 2n_- AJI.R MgMg B3aHMOAeHcT

BHH, rAe M - nonHoe 'IHCJIO Ha6nroAaeMLIX 

3ap.R)f(eHHLix qacnm, n_ - tmcno oTpHuarenLHLix 

nHOHOB. ,llJI.R AaHHOH napbl HAep no 3aKOHy 

coxpaHeHH.R 3ap.RAa Nq <; 24. KaK BHAHO H3 

pHc.2, AOJI.R co6LITHH o Nq > 24 cocTaaHJia 16%, 

npHMepHo CTOJibKO )f(e, KaK H AJI.R CC- H FMg

B3aHMOAeiicTBHH. 3TOT pe3yJILTaT AeJiaeT Heo6-

XOAHMLIM npoBeAeHHe aHaJIH38 B03AeHCTBH.R 

TOJII.UHHbl MHUieHH Ha xapaKTepHCTHKH MHO)f(ecTBeHHOrO pO)f(AeHH.R. 

AHanH3 CAeJiaH AJIH MgMg-B3aHMOAeiicra8H. MHUieHb 6LIJia pa36HTa 

Ha TpH p aBHbie 30Hbl, KaK noKa3aHO H8 pHC.3. ,[\JI.R K8)f(AOrO C06LITHR 

6LmH n p oae,neHLI H3MepeHHR, H no pe3yJibTaTaM reOMeTpH'IecKOH 

peKOHCTp yKUHH H8XOAHJiaCb BepUIHHa B3aHMOAeHCTBH.R . floJiy'leHHLie 

xapaKTep HCTHKH pacnpeAeneHHH 38p.R)f(eHHLIX qacTHU B 30Hax A H C 
npeACTaBJieHLI B Ta6n.l. KaK BHAHO H3 3TOH Ta6JIHULI, pa3JIHtiHR 

B cpeAHeH MHO)f(eCTBeHHOCTH H B AHCnepCHH H3-38 3¢l¢leKTa TOJILQHHLI 

MHUieHH OKa3aJIHCb He3Ha'IHTeJibHbl. )lJIR CBeAeHH.R K MHHHMYMY CHCTe

M8TH'IeCK HX OUIH60K, o6yCJIOBJieHHLIX KaK nOBTOpHbiMH B38HMOAeHCT

BH.RMH B MHUieHH, TaK H 3aTpyAH.Rroi..QeH npOCMOTp 3KpaHHpOBKOH 

qacTH co6LITH.R npoxoA,RI..QHMH ny'IKOBLIMH TpeKaMH, AJI.R nony'leHH.R 

OKOH'ISTeJibHOrO pe3yJibTaTa H3 HCXOAHLIX aHCaM6JieH 6LmH OT06paHbl 

C06LITH.R, OTBe'laJOI..QHe YCJIOBH.RM: 

a) Nq <; Zp + Zt; 
6) B KaM epy BXOAHT JIHUib OAHH ny'IKOBbiH TpeK. 

Ta6/1 Uija. l . CpeOHUe 3Ha'leHUJI u oucnepcuu pacnpeoe.neHUU no MHO· 

xecr aeHHocru no11Hozo 'IUC/Ia 3apRxeHHbiX '1aCTUI4 M u 'IUC/Ia rr- • 

Me30H08 n_ · OIIR ijeHTpa/lbHbiX CTOIIKHoaeHuu MgMg c eepwuHaMU 

a 30Hax Au C (eM. puc.J). 

<M> 
DM 
<n_> 
D_ 

16 

A 

39,9 ± 0,5 

5,9 ± 0,4 

9,1 ± 0,2 

2,6 ± 0,14 

c 

39,5 ± 0,5 

5,4 ± 0,4 

8,6 ± 0,2 

2,6 ± 0,14 



Ta611uij(l 2. XapaKTepucTuKu MHO:JtCeCTBeHH020 poxdeHUR e ijeHT[HI!l b-

Hb!X CTOilKH0 8eHURX npu 3, 7 F3B/HYKIIOH d11H ucxodH&zx (nepe &ze 

CT[JO'IKU) U "O'IUU4eHHb!X "QHCaM61leU ( 8TOpb!e CT[JO'IKU) 

Ap+Ar <n_> D <Q> 

4,17 ± 0,05 1,93 ± 0,03 9,4 ± 0,2 0,45 ± 0,01 
t2c + c 

4,2 ± 0,2 1,91 ± 0,11 8,8 ± 0,5 0,47 ± 0,04 

7,29 ± 0,06 2,50 ± 0,05 16,9 ± 0,2 0,43 ± 0,01 
t9 F + Mg 

7,2 ± 0,4 2,44 ± 0,13 16,3 ± 0,8 0,45 ± 0,03 

9,03 ± 0,05 2,68 ± 0,04 20,0 ± 0,2 0,45 ± 0,01 
2 4Mg+Mg 

9,0 ± 0,5 2,62 ± 0,14 19,0 ± 1 0,46 ± 0,03 

ilOJIY'JeHHbie B pe3yJibTaTe aHCaM6JIH, KOTOpbie Mbl 6y.n;eT Ha3bi

BaTb B .n;aJibHeHmeM "OliHIUeHHhiMH", COCTaBHJIH OKOJIO 70% OT HCXO.n;
HbiX. 

XapaKTepHCTHKH MHO)Kecmeuuoro po)K,neHHH .n;nn Ta HX au

caM6JieH npe.n;cTaBJieHbi B Ta6JI.2, r.n;e, OOMHMO <n_ > H .n;HcnepCHH 
pacnpe.n;eneHH.R no MHO)KeCTBeHHOCTH rr- -Me30HOB D_, npHBe.neHbi 

TaK)Ke cpe,nHHe liHCJla npOB3aHMO.n;eHCTBOBaBIDHX npOTOHOB <Q> 
H oTHomeuHe R= <n_>I<Q>. BenHliHHa <Q> onpe.n;eJIHeTC.R paeeu
CTBOM: 

r.n;e <n5> H <nb> - cpe,nuHe liHCJia 3ap.R)KeHHhiX CTpHnnHHrOBhiX 
qacTHU Ap H HcnapHTeJibHbiX <PparMeHTOB Ar cooTBeTcTseuu . MeTo
.n;HKa onpe.n;eneuH.R <Q> onHcaua B uameif pa6oTe 13 1• 

B Ta6n.2 .n;JIR Ka)I(AOH napbi R:.n;ep B nepBOH CTpOKe npHBe.n;eHbi 

liHCTO CTaTHCTHlleCKHe OWH6KH. llo.n;po6HbiH aHaJIH3 B03MO)I(HbiX 
CHCTeMaTHlleCKHX 'omH60K, OOMHMO paCCMOTpeHHhiX Bhlllle, co.n;ep
)KHTCR: s 11 ' 3 1• Ha OCHOBaHHH npHBe.n;eHHhiX B 11 ' 3 I paClleTOB H C yqe

TOM .n;auHhiX Ta6n.1 H 2, Mhi oueuHBaeM cyMMapuyJO ueonpe.n;eneu
HOCTb, CB.R3aHHyJO C Heyt~TeHHhiM BKJia.n;OM BCeH COBOJCYnHOCTH CHCTe
MaTHlleCKHX CMeiUeHHH B 5%. 3Ta OQeHKa .n;JI.R BCeX BeJIHliHH B Ta6JI.2 
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Ta6.nu14a 3. PacnpeoetteHue no MHOJICecTeeHHOCTu tr- -Me30HOe n_ 
0/IJI "o'IUUieHHbiX" QHCOM61leU C06blTUU (M- 2n_.,;;;; zp + Zt) 

n_ 12C+C 19 F+Mg l4Mg+Mg . 

0 15 ± 4 1 ± 1 
1 52± 8 7 ± 3 1 ± 1 
2 158 ± 15 16 ± 4 6 ± 2,5 
3 205 ± 18 49 ± 8 23 ± 5 
4 214 ± 18 102 ± 11 48 ± 7 
5 210 ± 18 158 ± 15 96 ± 11 
6 123 ± 13 212 ± 18 168 ± 15 
7 61 ± 8 187 ± 17 234 ± 19 
8 33 ± 6 193 ± 17 278 ± 22 
9 21 ± 5 154 ± 15 295 ± 23 

10 3±2 104 ± 11 303 ± 23 
11 1 ± 1 62 ± 9 208 ± 18 
12 40 ± 7 161 ± 15 
13 16 ± 4 85 ± 10 
14 10 ± 3,5 48 ± 7 
15 3 ± 2 28 ± 6 
16 1 ± 1 13 ± 4 
17 1 ± 1 
18 1 ± 1 1 ± 1 
19 1 ± 1 

BKJliOtleHa B DOJIHyiO OWH6Ky Hapa,zcy CO CTaTHCTHtleCKOH B OKOHtla
TeJlbHbiX pe3ynbTaTax, npHBeAeHHbiX BO BTOpbiX CTpOtiKaX. CooTBeT
CTBYIOJ.UHe 3THM OKOHtlaTenbHbiM pe3ynLTaTaM pacnpeAeneHH.fl no 
MHO)f(eCTBeHHOCTH 1T- -Me30HOB An.fl "OtJHI.UeHHbiX" aHCaM6neif IJ;C 
npeACTaBneHbl B Ta6n.3. 3Aecb TaK)f(e, Hap.R,Icy CO CTaTHCTHtleCKOH, 6bi
na yqTeHa 5%-.R CHCTeMaTHtlecKa.R HOOnpeAeneHHOCTb. 

4. 3 a K n 10 q e H H e 

Ha CTpHMepHOM cneKTpOMeTpe rHBC An.fl ~eHTpanbHbiX CTOnKHo
BeHHH 12 c + c, 19 F + Mg H 2 4 Mg + Mg npH 3HeprHH 3,7 r3B Ha HyKnOH 
nonyqeHbi pacnpeAeneHH.fl no MHO)f(eCTBeHHOCTH 1T- -Me30HOB .H xapaK
TepHCTHKH 3THX pacnpeAeneHHH, a TaK)f(e cpeAHHe tiHcna DpOB3aHMO
AeHCTBOBaBWHX DpOTOHOB o60HX .RAep H OTHOWeHH.fl K HHM cpeAHero 
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'IHCJla 1T- -Me30HOB. 3TH ,I(aHHbie, paClliHpHH ,nHalla30H H,nep-CHapH,I(OB, 
HCDOJlb30BaHHbiX paHee B HalliHX pa6oTaX, Cyll{eCTBeHHO ,I(OllOJIHHIOT 
HX - B oco6eHHOCTH ,nJIH CHMMeTpHIIHbiX CHCTeM (Ap = AT), HCCJie
,nyeMbiX BO MHOrHX TeOpeTH'IeCKHX pa6oTaX. IJpe,ncTaBJieHHbie proyJib
TaTbl, HapH,ny C npe:>KHHMH, MOryT 6biTb HCDOJlb30BaHbl ,nJIH CpaBHe
HHH c npencKa3aHHHMH pa3JIHtJHbiX TeopeTH'IecKHx Mo,neneu. CooT
BeTCTBYIOI.UHH aHaJIH3 6y,neT ony6JIHKOBaH B 6JIH:>KaHIDee BpeMH. 

1. Quark Matter Formation and Heavy Ion Collisions, eds. M. Jacob 

and J. Tran Thanh Van.- Phys. Rep., 88 (1982) 321 H ccbUIKH 
TaM :>Ke. 

2. Anikina M. et al.- JINR, E1-84-785, Dubna, 1984. 
3. AHHKHHa M.X. H np.- .H<I>, 1987, 45, c. 1680. 
4. Anikina M. et al.- Phys. Rev., 1986, C33, p. 895. 
5. AHHKHHa M.X. H ,np.- .H<I>, 1981, 33, C. 1568. 
6. AHHKHHa M.X. H np.- .H<I>, 1983, 38, c. 1480. 
7. AHHKHHa M.X. H np.- OHHH, P1-86-477, ,llyfula, 1986. 
8. A6.nypaxHMOB A.Y. H ,np.- IIT3, 1978, N2 5, c.53. 
9. AHHKHHa M.X. H ,np.- .H<I>, 1978, 27, c. 724. 

PyKonHCb nocrynHJia 12 HHBapH 1989 rona. 
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J/NR Rapid Communications No.1 [34}-89 

AXIAL FORM FACTORS OF K fol DECAY 

M.K.Volkov 

The box diagrams and the diagrams with an intermediate axial-vector 
meson K 1 are shown to be important in estimating the axial form factors 
of the K fol decay. Calculations have been made in the framework of the 
quark model of a superconducting type, but conclusions are rather 
general, valid for any linear sigma-model. 

The investigation has been performed at the Laboratory of Theore
tical Physics, JINR. 

AKcHaJILHLie $opM$aKTOpbi Ke 4 pacnaAa 

M.K.BoJI KOB 

lloKa:JaHa BalKHa.ll po1Ib, KOTOpyro HrpaiOT KOiftaKTHa.ll AHarpaMMa 
H Alf3rp3MMbl C npoMe)!()'TOlJHbiMH aKCHaJibHO-BeKtOpllbiMH MeJOHaMH 
npH onpeneneHHH BeJIH'IHH aKCHaJibHbiX 4>opMcpaKtopou K fol pacnana. 
Pacqet&I npoueneH&I B KBapKouoii MonenH cuepxnpouon.Rmero THna, 
OAHaKO BbiBOAbl HMeiOT AOCTaTOlJHO 06IUHH xapaKtep, cnpaBenJIHBbiH 
H B npyrHX KBapKOBbiX H cpeHOMelfOJIOfH'IeCKHX MOA~JI.IIX. 

Pa6ota BbiOOJIHeHa B Jla6opatopHH teope1H'IeCKOH cpH3HKH mum. 

In rer/ 11 , we studied the Kfol decay form factors in a nonlinear 
chiral theory, and it was just vector form factor that was there calcula
ted. Estimations made for the axial form factors coincided with the 
values obtained earlier in current algebra 121

, which was explained by 
the mere use of the tree approximation. It is known that the total pro
bability of Ke4 decay computed with those values of the axial form 
factors appears to be one-half the experimental value. In ref.l 11 it is 
pointed out that inclusion of the box baryon diagrams can increase 
these form factors by 30-40%. 

In this note, a more thorough analysis will be given for all the 
diagrams that significantly contribute to the axial form factors of K fol 
decay in the framework of a quark model. The results do not pretend 
to a high quantitative accuracy (it amounts to within 30% for every 
diagram and is typical of the results of an approximate chiral SU(3)x 
xSU(3) symmetry ). However, a comparative analysis of contributions 
from various diagrams provides us with a rather confident picture that 
may be ·considered to be weakly dependent on .a particular model. 
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The Ke4 decay amplitude is of the form 

TKf4 = ( r (p+ + p_)IL + g(p+- p_)IL + r(pK -p+- p_ f + ih/va p (pK)Vx 

(1) 

where pK, p + and p _ are momenta of K, IT+ and IT- mesons, respecti-
(-) a -

vely, f/L =..j! sin0
0 

UvYIL(1+y
6

)uf is the leptonic current, 00 is 

the Cabibbo angle, f, g, r are axial form factors, and h is a vector form 
factor. The K e4 decay probability depends essentially on the form 
factors r and g to be calculated in this note. 

To compute the probability of the decay K + .... IT+ IT- - v, we take 
advantage of the approximate fonnula131 

: 

0 2 m 7 stn28 
____ K ---0

- (0.03 t 2 + 0.006 g2 ) 
360( 41T) 5 

Then, with the standard values of the form factors · r and g 

r = g = 1 
(FIT = 93 MeV ) , 

y'2 FIT 

(2) 

(3) 

following from current algebra121 and from 
ries111 , we arrive at the Ke4 decay probability* 

nonlinear chiral theo-

(4) 

that is lower than the experimental value 
141

, 

w up "' (3.15 ± 0.12) .103 sec - 1 
• 

K+ .... IT+n-e-v (5) 

Once these preliminary remarks are made, we may proceed to 
analyse those diagrams that produce dominant contributions to the 
form factors r and g. We will estimate these diagrams using the Lag-

"'In ret.' 
11

, a somewhat higher value was obtained with (3) 

3 -1 
w + + __ = 1.7 .10 sec • 

K .... rrrr ev 
(4 ') 
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rangians of a superconducting-type quark mode1 1 51 : 

- . - gp " " 
f = q[ 1 gty5 ,\ i<f>i + gi\at + 2,\t(Vi + ·yfiAi)]q. (6) 

Here q = (u, d , s) are quark fields with three colours, .\1 are Gell-Mann 
matrices (05 i ::; 8), <f>to ai, V~ and ~ are nonets of pseudoscalar, 
scalar, vector and axial-vector fields, gp is a vector coupling constant 
(g~ /417' .. 3), 

g - ~ 
::c = .::.e._ ( 1 < 1 < 3 ) • gi = g i z 
6j .J6 - -

fit 

F <f>t 

6m 2 -t 
(Z = ( 1 -~ ) ::: 1.4), 

in.:; 
al 

m 1 are masses of constituent quarks, ma1 is the mass of the axial-vector 

meson (the constant Z is a result of inclusion of ¢1 .... a1 transitions), 
gt,2 , 3 = mu / F17, gK = (mu+ m 8 ) / 2FK, FK = 1,16F17 , ffiu=280 MeV, 
m8 = 460 MeV. Divergent quark loops are cut off at an energy of A= 
= 1.25 Ge V that characterizes the region where spontaneous chiral sym-

metry breaking occurs and constituent quarks appear with the above
indicated masses (together with a quark condensate). Inclusion of di
vergent quark diagrams leads to phenomenological chiral Lagrangians of 
mesons. Finite quark loop diagrams give futher contributions that are 
not contained in the basis chiral Lagrangians (for instance, the Wess
Zumino terms describing decays 17' 0 

.... yy, ru ... 317', ... ). 
First .consider the diagrams with intermediate scalar mesons au 

and a K (see Fig. la,b ). Each of these diagrams consists of two diver
gent quark loops, therefore the corresponding vertices enter into the 
phenomenological chiral Lagrangians 15•81 :* 

!il gn - + . . + .5?. - +' !, +) 
.1..t = -=-Kt11 (17' cl,aK -aKo11 1T )+ -K 1v(K o11 au-Uu1111 K , 

y2 2 (7) 

(i) ~ +-- ~ +-
.1..2 = 4mug 17 Z au" " + 2y2 m

8
g

17
Z aK" K • (8) 

In (7) the vertex with an axial-vector meson is included instead of the 
vertex with a lepton pair e v. To come back to the lepton current, 

•These Lagrangians may be obtained from (6) by the method given in 151 

y2 a0 ~~-
au= --J3 UK 

ae-ia7 
~2--. 
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Fig.l 

we should make the change: g: J2K~v ... f~-). As a result , we obtain 

the following contributions to the Kf4 decay amplitude 

\-i mu[(pK-p+-p_)v+2(p++p_)"'] . ms 
T (cr) = i J2 2Z g trl---2 ------2------ - -2--- ---i" x 

Kf4 m cr - ( P + + p_) m cr - (p - p _) 
u K (9) 

V1 (-) + + -
x[(pK-p+-p_)v+(P++PJv-(p+-p_) 1lfv K ." rr. 

From (9), in the limits m;u ... oo and m~K ... oo , expression ( 3) can easily 

be obtained for the form factors f and g. For this purpose it suffices to 
makeuseoftheformulae m~ =4m~ + m2", m~ =4rnum 8 +mi and tend 

u K 

the masses m u and rn 8 to infinity (m u = m 8 = oo, Z = 1). So it may be 
verified that for the results of current algebra only those diagrams are 
responsible which are drawn in Figs.1a, b (for the form factors t and g). 

Estimation of the contribution of amplitude (9) to the form factor 
t requires consideration of a large width of the scalar meson cru , we will 
identify with the scalar resonance l (700). Its width is close to the mass 
of the meson. The width of the meson crK which may be identified with 
the resonance K (1350) (or K*0 (1350) in new terms) can be neglected. 
The effective values of momenta, ( P + + P-) 2 

:: 0.45 rni and (pK -p_ );, 
""5.5rn!, can be found from phase integrals. With all that taken into 

account we get for the form factor t * 

* . 
Similar estimations were successfUlly used for the description of the decays 

K 8 ... 2y, K ... 211 and interpretation of the rule /:;;. T =1 /2 (see re[.171 ). In re[. 181 an 
attempt was made to take account of the one-loop meson approximation in such 
estimates. 
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f-a)=~~ I 2m~ [1 +J(p++~:l2.~~ +P_>2>1~~ mu~s--1=- 1.15 

..,f2F, m;-(p++P_)2 m~-(p++p_)2 Jm;-(pKp_1 v'2~ 
u u K (10) 

The width I; .... 2, ( q2 ) is calculated by the formula 
u 

r = !. z (~) 2)1- <~u>2. 
au .... 2rr 2 7T yq2 F, q2 

(11) 

Till now only standard contributions were considered to the form 
factor r studied by many authors and, in particular, in recent paper181 • 

Let us now apply to the study of those diagrams which are usually bey
ond the field of vision, but, as will be shown below, are rat~er impor
tant in the determination of the form factors r and g. 

In ref/91 it is shown that the experimentally observed inequality 
h A < hv in the decay ,-.... e v y may be associated with an extra diag
ram with an intermediate axial-vector a 1 meson between a lepton pair 
eii and vertex rrya 1 (hv and h A are vector and axial-vectqr form factors 
of the decay ,- .... eiiy). Without that diagram, quark models gave equal 
values for the form factors h v and h A ( h v = h A= 1/8" 2 F" ). The diag
ram with the intermediate a 1 meson induced an extra factor z-1::s 0.7 
in the form factor hA (hA = hj: - 1). 

1 

Making analogous calculations for the Ke 4 process it can be shown 
that the inclusion of diagrams with an intermediate Ki meson (Figs.1c,d) 
also results in the extra factor z-1 in expression (10) for the form fac
tor r<a). As a result, we get* 

-(a) (a) -1 0.82 r = r z = ---
...;2F77 

(12) 

Aside from the diagrams with intermediate scalar mesons, also im
portant for the computation of the form factor r are box diagrams de
picted~ Fig. 2 (contact terms). Diagrams of that sort are always taken 

• We assume that the factors Z -1 for both strange and n.onstrange particles are 

6m2 

approximately equal to each other, Z~ 1a z;1 = (1 --0
-) •0. 7. If the mass diffe

ma1 

renee in this expression is taken into account between strange and nonstrange quarks, 
. one should also take account of the quark-mass difference in loop integrals, and 

there will occur compensation of both the effects (see 191
). 
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+ 

Fig.2 

into consideration when describing rrrr and nK scattering, meson pola
rizability, etc.' 51 • In all those processes the box diagrams are connected 
with divergent integrals, therefore the corresponding terms enter into 
the basic phenomenological Lagrangians of the sigma-model. In case 
of the Kf4 decay, the box diagrams are related to convergent integ
rals; therefore no analogous terms are present in the phenomenological 
Lagrangians, and estimations of the form factors made in current algebra 
or in nonlinear chiral Lagrangians do not usually take account Of those 
contributions. These diagrams also have not been taken into considera
tion in ref.' 81 , although they give rather significant contributions to 
the form factors we are interested in. With Lagrangian (6), we may 
obtain the following estimate for diagram, Fig.2a: 

(C) 3m/m u + m s ) v v v (-) + + -
T =i-----[(p +P) +(p -p ) +2(p -p -p) 141' K rr rr '(13) 

j28rr2F;F K + - + - + - _.., 

The diagram with an intermediate K~ meson (Fig.2b) diminishes the 
amplitude (13) z times, and for these diagrams the form factors r 
and g take the values: 

- (0) -(0) 
r = g 

3mu(mn + m8 ) 

y 2 8rr2 F ;FK Z 

0,56 

y2F, · 

It is easy to see that .this value is consistent with estimate (12)* . 

(14) 

• 2 
We do not here e~·aluate the co"ections to ( 14) for the q -terms. They 

may produce an increase of value (14) within 30% (the K meson mass taken into 
account). 
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_K~~~ .r <: .... If"~ 
1/ ":>'.fi-

,.I" f 

-~~(.( .P6<:_.s;- -~ 
1/ ")J;-

,J' t' 

R/ v 
a ! ' 

Fig.3 

Now let us proceed to estimation of contributions to the form 
factor g from diagrams drawn in Fig.3. These diagrams are again con
nected with divergent integrals, therefore the corresponding vertices 
can be found in the phenomenological chiral Lagrangians15• til : 

fs= -ig~FK Zp~K+-jF£~-} 
(15) 

f 4 "" igpp~( rr +aV TT-- IT-aV IT+)= g /P +- p _) V p ~IT +IT- • 

As a result, the diagram 3a leads to the following amplitude: 

- r e ((p+ + p_ )2 ) vD<-> + + -
T(P) =iy2g2 F Z- (p -p_) LV KIT IT. (16) 

· p K _ 2· ( )2 + m p- P+ + p_ 

Up< q2 ) = 1 _ m ~ - q2 ) 
81T2 F 2 

IT 

Here fp(q 2 ) is form factor of the p-> 21T decay (see 1 101 ). Upon inclu
sion of diagram 3b with the intermediate-K 1 meson the factor Z in (16) 
disappears, and the form factor iP> is defined by the expression: 

- 2 
y'2 gPF_K~----[1 

g<P> = -;2 _ 0.45mi_ 
p 

m~ - 0.45mi 0.49 
- -------1 = -=--- . 

8 IT2 F:! v' 2 FIT 
(17) 

Using the results of ref191 we may estimate the contribution of q2 terms 
to amplitude (16). They produce a 30% increase in g<P>. On the other 
hand, the contribution of the p meson width will decrease this value. 
Assuming that all these effects-lead to mutual compensations and their 
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contributions amount to about 30%, we shall not take them 
into consideration. 

Combining all 
results 

the obtained estimates, 

iJ3 

we arrive at the following 

'I 

~ + 0,66 1.4 
f 

y2 F
17 

(18) 

g = g(a) + g(O) + g(P) = "'--- . 
v2F17 

1,3 
(19) 

Then, from formula (2) for the total probability of the decay K+-+ 
-+ rr+tr- ev we get 

s -1 
2.7.10 sec , (20) 

which is within the limits of our accuracy, consistent with the expe
rimental value (5). 
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COflHTOHbl B TOIIOnorWIECKH TPHBHAflhHOM 
H HETPHBHAnhHbiX CEKTOP AX MO,llEflH CKHPMA 

B.A.HHKOJiaeB, o.r .TKa'leB 

B paMKax Houoro npeJJ,11ono)KeiDIJI o cl>opMe conHTOHOB MO~eJIH 

CKHpMa o6Hapy)KeHhi HOBbie cepHH peweHHii 6apHOHHhiX H MeJoHo
no~o6HhiX KOH$HrypaiUfH. HeKOTOpble HJ Ha~eHHhiX KOHcl>Hrypa· 
UHii JIBIDIIOTCJI KnacCH'IeCKH CTa6HnbHhiMH ofu.eKTaMH. lloKaJaHo, 
'ITO npeA1JO)KeHHhiH aHJau o6o6maeT aHJau CKHpMa-BHTTeHa H "k ¢ ". 
aHJau. TioKaJaHO npoHcxo~eHHe H npH6nmKeHHhtii xapaKTep nocne~
Hero. 

Pa6on BhinOnHeHa B na6opaTOpHH TeopeTH'IeCKOH $HJHKH OliJUI. 

Solitons in Topologically Trivial and Nontrivial 
Sectors of the Skyrme Model 

V.A.Nikolaev, O.G.Tkachev 

We have proposed the new form of solitons in the Skyrme model 
and obtained new series of baryon and meson-like configurations. Some 
of the obtained configurations are classically stable objects. We have 
shown that proposed ansatz is the generalization of the Skyrme-Witten 
ansatz and "k ¢" one. The origin and approximate character of the last 
ansatz was demonstrated. 

The investigation has been performed at the Laboratory of Theore
tical Physics, JINR. 

H3secrHo, 'ITO cTai.\HOHapHbiM peweHHeM B cexTope c e.n;HHH'IHbiM 
TononorH'IeCKHM 3ap.R,n;OM .RBJI.ReTC.R peweHHe CxHpMa·BHTTeHa HJIH 
xoHqmryp~ rnna "e:lK": 

... ... ... 
U(r)8w = cosF(r) + i(r-N)sinF(r). (1) 

B Bbipa:lKeHHH ( 1) F (r) - KHpaJibHbiH yron, onHcbmaiO~H a6coniOT· ... 
Hoe 3Ha'leHHe nHOHHoro non.R, a N onpe,n;en.ReT HeKoTopoe HanpasneHHe 
B H30TOnH'IecKOM npocTpaHcTBe. KoH<t>Hrypai.\HR "e:lK" <I>HKCHpyeTc.R 

... ... 
BeKTopoM N = r/ r . cl>YHKI.\H.R F ( r. ) y,n;osneTBop.ReT rpaHH'IHbiM ycno-

/ BHRM F(O) = N rr, F (oo) = 0 . TaxHe ycnoBH.R o6ecne'IHBaiOT KOHe'IHOCTh 
3HeprHH conHTOHa c TononorH'IecKHM ( 6apHOHHbiM) 3apR,n;oM N . 
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B / 11 nOKa3aHO, qTo ( 1) .RBJI.ReTCR e,I:UfHCTBennou Kon<J>ur ypaQHeH, 
KOTOpa.R ,naer MHHHMYM 3Hepruu conuTonoa c N = 1. O,D,HaKo WI.R 
,npyrux ceKToroa TaKa.R <J>opMa ne .RBJI.ReTc.R o6.R3aTenLnou . TaK, na
npuMep, a 12

•3 6LmH paccMoTpenhi pernenH.R, onpe,nen.ReMhie 

N = (cos(k¢)sin8, sin(k¢)sin8,cos8), (2) 

r,ne ( () , ¢ ) CYTb yrJlbl BeKTOpa r B c<J>epuqecKOH CHCTeMe KOOp,nH
HaT. B ypaanenuu (2) k - neKoTopoe uenoe qucno, Kotop oe onpe
,nen.Rer TaKJKe H TODOJlOrHqecKHH 3ap.R,n. HeKOTOpbie HHTepecHbie 
caoucrna cocTo.fiHuu, nopo)l(,naeMbiX TaKHMH perneHH.RMH, onucaHbi 

/ 2 3/ 
a • . B ceKTope c 6apHOHHhiM 3ap.R,noM B = 2 3Ta <J>opMa perneHH.R 
,naer cocTo.RHue c Maccou a o6nacTH ,nayx nyKJIOHHhiX Mace. llpo
ue.nypa KBaHTOBaHH.R DOpo)l(,l(aeT 6oraTbiH cneKTp poTaUHOHHbiX 
DOJlOC. 

B ,nannou pa6o're Mhi npe,nnaraeM noay10 <J>opMy pernen H.R, 3a,na
aaeMyJO CJle,nyJOJ..UHM BeKTOpoM: 
... 
N = (cos<ll(¢)sinT(8), sin<ll(¢)sinT(8), cosT(O)), (3) 

r.ne <ll(¢) , T(O) ~ neKoTopbie npou3BOJlbHbie <l>YHKUHH. 
KaK 6y,ner DOKa3aHO, TaKOH aH3aU o6o6maeT KOH<J>HrypaQHIO 

THOa "e)l(" H "kcp "·KOH<J>HrypaQHIO H3 121
, H B HeKOTOpOM CMbiCJle 

06'b.RCH.ReT npOHCXO)I(,l(eHHe H npH6JIH)I(eHHbiH xapaKTep DOCJle,D,HeH. 
Mbi DOKR)I(eM, qTO aH3RU (3) llpHBO,nHT K UeJIOH COBOKYDHOCTH HOBbiX 
cepHH perneHHH B 6apHOHHOM H Me30HHOM (TODOJlOruqecKH TpHBHaJib· 
HOM) ceKTOpax. HeKOTOpbie H3 HaH,l(eHHhiX HaMH pernenm1 KJlaCCH· 
qecKH CTa6HJ1bHbi. 

PaccMoTpHM narpaH)I(eay nnoTHocTb f. ,nn.R crauuonapnoro perne-

HH.R 

F2 1 ) 2 
f = - -"-TrL L + --2 Tr[ Lk,LI · 

16 k k 32 e (4) 

3,necb Lp.= u+ap.U - JleBbie TOKH. nocne neKOTOpOH YTOMHTeJibHOH 
anre6pb1 ypaaHeHH.R ( 1) , ( 3) H ( 4) npHBO,n.RT K BbipR)I(eHHIO 

(5) 

(6) 
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H 

.f4 =- _1_ sin2 F 
2e2 r 2 

. sin2 T 
sin 2 o · ( T ') 2 · ( ·ell' ) 2 . sin 

2 
F 2 r 

+ [ sin: T . (ell')2 +(T')2].(F')2l. 
sin 0 

+ 

(7) 

B ypaaH eHHHx (6)- (7) Mbi HcnoJib3yeM CHMBOJI "rnTpHX" ;u.n11 

0603Ha'leHHH CJieJJ.YIOmHX npOH3BO}J.HbiX: 

ell'= ~; T'= ~; F' = dF. 
d¢ dO dr 

BapHaUHH n arpaH:>KHaHa ( 5) no ell ( ¢) ;u.aeT 

ell"= 0, (8) 

T.e. 

ell ( ¢ ) = k ¢ + Cons t • 

Mbi paccMaTp HBaeM TOJibKO peureHHH c eyrreBbiM 3Ha'leHHeM nocro

IIHHOH. 'liHcno k JJ.OJI)I(HO 6biTb UeJibiM, 'IT06bi nonyqHTh OJJ.H03Ha'IHoe ... 
BO BCeM f -npoCTpaHCTBe perneHHe. 

Tenepb }J.Jlll MaCCIII COJIHTOHa HMeeM BblpiDKeHHe 

M = M2 + M4, (9) 

oo " sin 2 T 2 2 sin 2 F 
M2 = 2. J dxx2Jd0sin8{(F')2 + t-:;:yek +(T')] x2 1'(10) 

4 0 0 sin 

00 " 2 
M 4 = y J dxx2 J dO sin 0 I( sin 

2 
T() k 2 + (T') 2 ] . (F' )2 + 

o o sin 

+ 
sin 2 F 

~ 
sin2 T · sin 2F 
---- • k2 ·(T') 21--x---
sin 2 () x2 

(11) 

r;u.e y=rr·F, / e H x = F,·er. 
'l1To6br MHHHMH3HpoBaTb <PYHKUHOHan M, <PYHKUHH T(O) H 

F (x) JJ.OJI)I(Hbi y;u.oaneTBOpHTb cne;u.yiOmHM ypaBHeHHHM: 
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8M 
8T 

= 0; 
8M 
8F 

= 0, 

mm, 6onee KOHKpento, 

[x2 +2&sin2 F]F"+ 2xF'+ a(F') 2 sin(2F)- .!.sin(2F) -
4 

2 
- 2b sin

2 
F sin(2F) = 0, 

X 

2 sin 2 T 
+ 2 T 'ctg 8 [ A - k B 2 sin 8 

2 sin(2T) 

-k A si~ o. 

(12) 

(13) 

(14) 

Ko3<j><f>HUHeHT&I a, b H A, B B B&Ip8)1(eHHRX (13)- (14) cyTb cneAyiO

IUHe HHTerpan&I: 

" 2 
a = I [ k2 sin T + (T') 2]sin8d8, (15) 

0 sin2 () 

" sin 2 T 
b = I k 2 (T' ) 2 sin 8 dO, (16) 

0 sin2 () 

00 1 
+ (F')2]dx, A Isin2 F[- (17) 

0 ~ 4 
... 4 

B = J 
sin F 

dx, 
0 x2 (18) 

HccneAyR ypasHeHHR (9)-(11) H (15)-(18), 3aKJIIO'IIaeM, 'ITO 

<f>YHKUHR T((J) AOJI)f(}{a 6J>ITb Kpama rr B TO'IIKax 8 = 0 H () = rr. 
Mbl paCCMaTpHBaeM TOJlbKO KOH<f>HrypaUHH C KOHe'IIHOH MaCCOH, -

BOT no'lleMY F(O) ""N rr c uenbiM N . Be3 noTepH o6I.UHOCTH B&I6HpaeM 

F(oo) = 0. HeTpyAHo npooepHTb, 'ITO acHMnTOTH'IIecKoe nos eAeHHe F 
npeACTaBJIReTCR <f>opMynou 

F(x) ~ 
1 _..,_;;;,_ ' p = 

xP + 1 

J 1 + 2a -1 

2 (19) 
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B oKpecrnocTH Hat~ana KOOPAHHaT 

F(x) - rr. N - a·XP, 

X -+ 0 

rAe 

.[1;28: - 1 ecnH a > 4 p = ..!...-2:---~ ' 

H 

P= 
1 + ..j1 +18b/a 

4 
Ami a ~ 2b. 

a- HeKOTOpbiH liHcneHHbiH $aKTOp. 

(20) 

HcHo, liTO T ( () ) HMeeT cneAyimuee noaeAeHHe B oKpeCTHOCTRX 
rpaHHU caoeu o6nacrn onpeAeneHHR: 

T(e) ... et 
() ... 0 

H 

T(())- rr.£ -(rr-e)k. 

() .... " 

3,0 

2,0 

1,0 

o.o 
0,0 

k=3 

2.0 4.0 s.o X 
Puc.]. PeweHue F(x) ypaeHeHWI ( 13) 0/IJI e = 1 u k=2, 3, 4. 
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3,0 TC,.) 
Puc.2. PeweHue T(8) ypae

HeHWI { 14} iJIIR f = 1 U 
k=2, 3, 4. 

2,0 

1,0 

0.0 
0,0 1,0 2,0 ,_ (Jl!m) 

3,necb f - HeKoTopoe uenoe liHCJIO. HeKoTopbie perneuHR y pasueuuif 
(13)- (14) rpa4>nt~ecKH npe.ncrnsneHbi ua pnc.1 n pnc.2. 

Tenepb paccMoTpHM 6onee BHHMaTeJibHO CTPYKTYPY conHTOHOB. 
C 3TOH UeJJhiO pacct~nTaeM nnoTHOCTh 6apnouuoro 3ap.R,na · 

B .. 1 ) J (r) '"'- --t Tr(LvLpLo • o 24 1T2 ovpa (23) 

ilp.RMOH pact~eT ,naeT 

B 1 2 ( F,) sin T d T d ell J 0 (r) = - 2- 2- sin F -- ----. 
2 IT r sin 8 d 8 d ¢ (24) 

3,nech Mbl HCnOJib30BaJIH onpe,D;eJJeHH.R ( 1) H ( 3 ).Bbipa)KeHHe ,IJ;1I.R nJIOT
HOCTH Tononornt~ecKoro 3ap.R,na, nasaeMoe ypasueuneM (24), n~en
CTaBJI.ReT co6oif o6o6meune Bbip~eHH.R ,nJI.R "k ¢ "-au3aua H3 21 

. 

l-13 (24) uenocpe.ncmeuuo cne.zzyeT Bbipa)KeHHe ,nJI.R coomeTcT
BYJOI.l.lero Tononornt~ecKoro 3ap.R,na: 

F(oo) T(IT) 

B = - _ 1_ [ F (x) - sin ( 2F) ] 1 • [cos (T (8 )) I 
4 IT2 2 F(O) T(O) 

ell ( IT) 

l·elll = 
ell (0) (25) 

kN 
• --{1- COS(ITf )]. 

2 

Bnnuo, 'ITO ,IJ;JI.R lleTHbiX e Mbl HMeeM neno c Me30HOno,no6HbiMH 
connTouaMH. Ha pnc.3 cxeMaTmecKH npe,ncTasneuo pacnpe,neneune 

33 



e =- 2. 
B =0 

l 

l::3 
B:: b ~ N'·K 

e = lf 
8=0 

;< 

Puc.J. Pacnpeoe~~eHue 6apuoHHozo 3ap11oa (oaHo cxe.MaTU'IHO) a (X, Z ) -flllo

CKOCTu OJIR HeKOTOpblX 3Ha'leHuu N, k, f . 

Ta6JZUI#l 1. KJZaccu~o~ecKue Maccbl COJIUTOH08 OJZR o6o6UjeHHozo aH3aija 

k/f 1 2 3 4 T(8) = 8 

1 11,605 26,.358 46,332 71,169 11,605 
2 22,458 45,536 73,533 106,609 24,829 
3 34,585 66,701 103,081 144,321 44,369 
4 47,675 89,310 134,450 70,176 
5 61,569 113,119 102,206 

6apHOHHOr O 3apR.a;a B {X, Z ) -IVIOCKOCTH )J)l.fl COJIHTOHOB, xapaKTe

pH3yeMbiX 'IHCJiaMH k, N( F(O) = TT• N, F(oo) = 0) u rpaHH'IHbiMH 

ycnOBH.fiMH T{O) = 0, T(rr) = rrf, (f = 1,2,3,). 
Pacc'IHTaHHbie MaCChi coJIHTOHOB AJI.R N =1 u ueKOTOpbiX 3Ha'leuuii 

k, f npe.ncTaB .. Hbl B Ta6nuue B eAHUnuax ( "F rr I e ) • B nocne.a;ueii 

KOJIO~Ke n pe.a;CTaBJieHbl pe3yJ1bTaTbl C "k ¢ "-au3aueM AJI.fl CpaBHeHH.fl 

C nepBOH K OJIOHKOH. 

TaKH M o6pa30M, cneKTp conHTOHOB " k ¢" 6apHOHHbiX Kon<Pn

rypaunii M O.a;enu CKHpMa pacmupeu .a;o N·k -6apnoHHhiX Kon<Pury

pauuii AJI.fl He'leTHbiX e . Eonee Toro, Mbl o6uapy)I(HJIH cneKTp TIDKeJibiX 

Me3ouono.a;o6HbiX (N-k/ 2 -6apuou - N-k/ 2 -auTn6apuou) Kou<flurypa

UHH npu 'leTHbiX e . HeKOTOpbie H3 nony'leHHbiX KOH¢lurypaunH .fiB

JI.fllOTC.fl KJiaCCH'IecKH CTa6HJibHbiMH, T.e. HX MaCCa MeHbille CYMMbl 

Mace COCTaBJI.fllOI.UHX HX 6apHOHOB ( COJIHTOHOB) • KnacCH'IeCKHe "::mep

rHH CBH3H" TaKHX COCTO.fiHHH nerKO OUeHHTb no Ta6n.l. 
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KaK HeTpyAHO BH,IJ;eTL, B nocneAHeH KOnOHKe Ta6n.1 qHcna ,IJ;nR 

k 2:2 cymecmeHHO OOnbllle CTORIUHX B 1-H KOnOHKe. lloCKOnbKY pac

qeT MaCChi HOCHT aapHauHOHHhiH xapaKTep, OTCIO,na MO:>KHO c,nenaTh 3a

KnroqeHHe 0 TOM, qTo Bhi6paHHaR HaMH npo6HaR noneBaR K OHq>Hrypa

QHR nyqllle, qeM "k ¢"-KOHq>HrypauHR B aapHaQHOHHOM CMhiCJie. 

Cne,nyeT OTMeTHTb, ~0 ~cna, npe,nCTaBneHHhie B Ta6n.1 , COOTBeT

CTBYIOT pacqeTaM B KHpanhHO-cHMMeTp~HOM npe,nene (Macca nHOHa 

m TT = 0). BapHauHOHHhiH pacqeT C RBHO HapylllaiOIUHM KHpMbHYIO 

CHMMeTpHIO qneHOM narpaH>KHaHa 

F2m2 
f TT TT , Tr (1 - U) 

8 
(26) 

n03BOnReT CpaBHHTb Halll BapH3.UHOHHhiH pacqeT ,IJ;nR HeKOTOphiX CO

CTORHHH c qHcneHHhiM pacqeToM, npoae,neHHhiM a 141 • C 3TOH 1.\enbro 

Mhi Bhi6panH KOHCTaHThi F rr = 108 M3B H e = 4,84, Hcnonb30BaHHhie 

a 141 . KnaccHqecKaR Macca "k ¢"-.nH6apHoHa paaHa 1833 M 3B; aH3al.\, 

Hcnonb30BaHHhiH HaMH, .naeT 1670 M3B, a pacqeT H3 /4/ - 1660 M3B. 

HalllH H pacqeThi / 4/ ,nnR 6onee TR)I(enhiX MynbTH6apHOHOB, KOTOphie 

3,1J;eCb cne,noaano 6hi Ha3BaTh MynbTHCKHpMHOHaMH, nOCKOn bKY peqb 

H,neT 0 KnaCCHqeCKOM npe,nene, HaxO,IJ;RTCR B cne,nyiOIUeM COOTBeTCT

BHH: 3-6apHOH - 2580 M3B H 2530 M3B; 4-6apHoH - 357 2 M3B H 

3452 M3B, 5-6apHOH - 4635 M3B H 4420 M3B. HeKoTopoe p acxo)I(,IJ;e

HHe B 01.\eHKe Mace TR)I(enhiX MynbTHCKHpMHOHOB ,naeT B03MO:>KHOCTb 

01.\eHHTb norpelllHOCTb HallleH npo6HOH KOH$Hryp3.UHH, KOTOpaR 

OJ<a3hiaaeTcR MeHLille 5% .nnR paccMaTpHaaeMhiX cnyqaea. 

Bonee no.npo6HhiH aHMH3 HaH,neHHhiX pellleHHH a KHpanLHo

CHMMeTp~HOM cnyqae npHae,neH a rn6n.2. B 3TOH Ta6nHI.\e Mhi npH

BO,IJ;HM cxeMarnqecKyro CTPYKTYPY pellleHHR, 6apHoHHhiH 3apR,n, 

a TaK)I(e 6onee .neTanbHO xapaKTepH3YIOIUHe pacnpe.neneHHe 6apHOH

Horo 3apR.na aenHqHHhi Kaa,npaToa cpeAHeKaa.npaT~hiX pa,nHycoa 

<r 2>, <r 2>, <r 2> B e,IJ;HHHI.\aX (F 17 e )-2 ,IJ;nR HeKOTOphiX pellleHHH, 
I y Z 

MaCChi KOTOphiX BKnroqeHhi B T~6n.l. ;· 

YKa3hiBaR cTpyKTYPY 2828 ,nnR k = 2 f = 2-pellleHHR, Mhi HMeeM 

B BH,IJ;y, qTo pacnpe,neneHHe 6apHOHHOI'O 3apR,na B npOCTpaHCTBe pa36H

aaeTCR Ha qeThipe aKcHanhHO-cHMMeTp~Hhie o6nacTH. B .nayx H3 3THX 

o6naCTeH CKOHI.\eHTpHpOBaHO no e,IJ;HHHI.\e 6apHOHHOI'O 3apR,na, a B ,IJ;BYX 

.npyrHx- no e,nHHHI.\e oTpHI.\aTenLHoro 3apR,na. YKa3hiBaR, qTo ,IJ;aHHoe 

COCTORHHe CTa6HnbHO, Mhi HMeeM B BH,IJ;y TOnhKO TO, qTO MaCCa ,naHHOI'O 

KnaCCHqecKOI'O COCTORHHR MeHbllle cyMMhi MaCe CKHpMHOHOB H aHTH

CKHpMHOHOB. 06pamaeT Ha ce6R BHHMaHHe TOT $aKT, qTO n pHBe,neH

Hhie B Ta6n.2 COCTORHHR CHnhHO OTn~aiOTCR no $opMe, 0 qeM MO:>KHO 

cy,nHTb no cpeAHeKaa,npaTHqHhiM pa.nHycaM. 
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1 

2 

3 

Ta6JJUijQ 2. CrpyKrypa COCTOJIHWI (N = ], k ' e } u KeaiJpaTbl cpeiJHe

K8aiJpaTU'lltbiX paiJuyC08 pacnpeiJe.neHUJI 6apUOHHOi?O 3apRiJa 

1 2 3 

- -
B= 1, cTa6.S B = 0,Hecrn6.S-S B =1,HeCTa6.S-S-S 

r2= r 2 = r2 
J: y z r 2=r 2 =0 J: y r 2 =r 2 =-41 

J: y ' 
= 5,72 r2= 0 z r ~ =22,8. 

B = 2,cTa6.2S B = O,cTa6.2S-2S B = 2,HeCTa6.2S-2S-2S 

r~= r ; =6,5 r 2 = r 2 =0 X y r 2 =r~ =-8 7 J: • 

r 2 =2 9 z • r 2 =0 z r~ =62. - -
B .. 3, CTa6.3S B = O,crn6.3S3S B =3,CTa6.3S-3S-3S 

2 - 2 -16 2 rz-r y - , r 2 -r 2 -o J:- y- r i =r ~= -9,9 

r ~ =4,2 r 2 = 0 z r~ = 114,3. 

B 3aKJUOlleHHe HaM XOTeJIOCb 6&1 OTMeTHTb, liTO HaHAeHH&Ie cepHH 
peweHHH C TOnOJIOrHllecKHM 3apRAOM, paBHbiM Hymo, HanOMHHaiOT 
aHaJIOrHliHbie "T.fl:lKeJlbie" peweHHH / 5/ B AByMepHbiX MOAeJUIX THna 
Mo,neJIH CHHyc-rop,noH. 
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KpaTKUt coOOU4tHWI OHJ/H N"l {34) -89 
y IJJ< 539.172.4 

JINR Rapid Communications No.1 {34}-89 

DETECTION AND STUDY OF THE a-DECAY 
OF THE COMPOUND STATES 188 0s 

J.Andrzejewski, Yu.M.Gledenov, Yu.P .Popov, P .V. Sedyshev 

The paper repotts on the results of the study of the a -decay of 
highly excited states of 188 Os . The experiment was performed by the 
time-of-flight method and utilized neutrons from the IBR-30 booster of 
the Laboratory of Neutron Physics, JINR. For the first time one has sue- . 
ceeded in measuring,with the help of a two-section ionization chamber 
with a grid, a -widths of(6.8 ± 1.0) · 10- 9 eV and (2.0 ±0.3) · 10- 9 eV 
for two resonances at Eo= 9.47 eV and E 0 = 12.7 eV, respectively. 
Aver;~ge a -widths were found to be (17 ± 10) · 10-~ eV and (6.3 ± 
±4.7) · 10- 9 eV over two neutron energy intervals from 38 to 53 eV, 
and from 53 to 150 eV, respectively. Experimental alpha-particle strength 
functions are compared to those calculated within the model of "the 
black nucleus". 

The investigation has been performed at the Labora.tory of Ne tron 
Physics, JINR. 
06uapy)l(eHHe H uccneAoBauHe anL<Pa-pacna;J;a 
KOMnayHA·COCTORHHH 188 0s 

IO.AHwtceeacKH HAP· 

llpHBOJ])ITCJI pe3y1IbTfUII HCC1Iej].OBaHHH anb<J>a-pacnma BbiCOKOB03· 
6y)f(IJ.eHHbiX cocroliHHii 88 Os • I13MepeHHll npoBOAH1IHCb c Hcnonb30· 
BaHHeM MeTOAa BpeMeHH npo11eTa Ha ny'IKe HeihpOHOB HMnynbCHOrO 
6ycrepa HEP-30 nH<ll OHHH. 8nepBbiC Yll.a110Cb c noMOIUbiO ABYXCeK· 
UHOHHOH HOHH33UHOHHOH KaMepbl C CCTKOH nony'IHTb ani><J>a-WH pHHbl 
ABYX pe3ouaucos c E 0 = 9.47 J8 H E 0 = 12.7 38, Korop&Ie pasHll- . 
IOTCJI (6.8 ± 1.0) · J0- 9 38 H (2.0 ± 0.3) · l0- 9 J8 . .Jlnll HHTepB a1IOB 
JHeprHH HeiirpOHOB 38 +53, 53+ 150 38 noiiy'leHbl CpeAHHe 3Ha'ICHHJI 
a1Ib<J>a·WHpHH: (17 ± lO) .lQ- 9 38 H (6.3 ± 4.7) · l0- 9 38 COOTBeT
CTBCHHO. 3KcnepHMeHTa1IbHbiC BC1IH'IHHbl anb<J>a·'laCTH'IHOH CH1IOBOH 
<J>yHKUHH CpaBHHBaiOTCJI C paCC'IHTaHHOH no MOIJ.eJIH "qepuoro" Jlll.pa. 

Pa6ora BbinOnHeHa B naooparopHH HeiirpoHHOH <l>H3HKH OHHH . 

The study of a -decay of neutron resonances, being carried out 
for many years, has provided us with vast information on average a 
widths for a wide range of nuclei 60 :5 A :5180 111 . The exr,erimental 
data are well reproduced by the cluster model of a -decay 1 1 . How
ever measurements of the thermal neutron induced (n, a) reaction 
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cross section of 238 U have yielded 1s· 41 a-widths six orders of magni
tude different from those calculated in the cluster model. What is the 
reason for that? Is it a new mechanism of the a-decay of heavy nuclei? 
In this connection the measurement of the 187 0s (n, a) reaction is 
of interest, since it is a further step towards heavy nuclei region. 

Two earlier attempts / 5,6/ have only allowed the determination 

of th
17
e upper limit for the average a -width: < r t > :::; 6 · 10- 6 e V and 

<rJ > :5 0 .43 ·10- 6 eV. The experiments have however failed to mea
sure the 1 a for individual resonances. 

The present measurement was carried ~u~ with a two-section ioni
zation chamber with a grid. The isotope of 8 Os enriched to 99 % was 
used as a target and had a thickness of 2 mg/cm2

• It was irradiated by 
neutrons from the IBR-30 booster. The reduction of the background 
of electrons and ,;-quanta, produced in the (fl, y) reaction having an 
8 orders of magnitude larger cross section, required the pressure in the 
chamber to be 30 % lower than that at which a -particles from the tar
get have flight paths equal to the distance to the grid. This circumstance 
and also the large thickness of the target did not allow the identifica
tion of transitions to separate levels. The obtained data are thus a re
sult of averaging over the lowest levels of the final nucleus. Values of 

100 I I I I I I I I I I I I I I I L I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

N 

80 
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20 

0
20 80 140 200 260 320 380 440 

NK 
Fig. 1. The time of flight spectrum or the 187 Os (n, a )184 w reaction. A"ows 
show positions of resonances from 18 . Also there are shown energy intervals for 
which averaged parameters of the reaction were calculated. 
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Fig. 2. The amplitude spectrum in 
the time window of the resonance 
E 0 = 9.47 e V. The dashed line 

shows extrapolated background, the 
insertion illustrates the spectrum 
after background subtraction. 

averaged a -widths were determi
ned by a relative method using 
the normalization to 143Nd a -
width at Eo = 127.4 eV and 
E 

0
= 135.5 eVfrom Refs. / 7, 8/ . 

A collimated beam of neutrons 
simultaneous!~ passed through 
two targets ( 1 7os and 143 Nd ) 
at an angle of 4° with respect to 

40 50 60 70 80 90 100 
Nl< 

their surface. Signals from two electronic circuits were fed t o a mini-
computer. 

184 
Figure 1 shows the time of flight spectrum of the 187 0 (n, a) W 

reaction measured in the amplitude window corresuonding to the ener
gies of a -particles from a compound nucleus 188 Os . Two resonances 
at E 0 = 9.47 eV and E 0 = 12.7 eV and a bump in the interval from 
38 to 53 eV corresponding to a group of 5 resonances 181 are observed. 

The (n, a) reactions were identified for individual resonances and 
given energy intervals by the method reported in Ref. 191 • Figure 2 
illustrates the amplitude spectrum in the time window of a resonance 
at E 0 = 9.4 7 e V. The dashed line shows the extrapolated background. 

Table 1 summarizes the data on the number of a -counts and 
calculated a -widths for two resonances. The data acquired ·for two 
energy intervals are shown in Table 2. The values for r61 <ra>, <u(n,a) > 
are obtained in the same way as described in Ref/ 1 and the a
particle strength function is determined by a formula 111 1 : 

<r a > 

~ rsp. D 
f a, f 

where <r a> is the averaged over a given interval a -width ; r ~; f ' 
the single particle a -width for the transition to a given state of a final 
nucleus; D , the mean level spacing of the neutron resonances with 
spin-parity J" at the compound nucleus. 

The largest contribution to the errors of a -widths is connected 
with the resolving of the background and with the errors due to a finite 
number of resonances in an interval ~. The obtained values of the 
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E,eV 

9.47 

12.7 

E,ev Na 

38-53 312 ±85 

53-150 259±180 

over reso
nances 
9.47 and 12.7 

Table 1. 

Na r eV ·10- 9 
a' 

177 ± 22 6.8 ± 1.0 

155 ± 21 2.0 ± 0.3 

Table 2 . 

. <a(n,a) >,J.Lb .. <ra>,eV·10- 9 . sa,MeV- 1 ·10- 2 

22±6 17±10 23±14 

5.4 ±3.8 6.3±4.7 8.6 ±6.4 

4.4 ±2.6 6.0±3.5 

a -particle strength function may be compared with S ~n = 
= 4.8 · 10- 2 Mev- 1

, the a -particle strength function for the nucleus 
187 Os, calculated in the frame of a "black nucleus" model as Kadmen

sky et al. did in their work 1 11 1, The strength function exceeds a little 
the S ~n in the first energy interval, while in the second and in the 
interval of averaging over two resonances it coincides with the S !n , 
i.e. the· <ra >exp does not show a considerable rise over the cluster 
model value for A = 188. 

It would be of interest to compare the obtained results to the 
values calculated with account for the deformation of the nucleus 
and correlations among channels, since these calculations have shown 
a decrease of the value of S ~n for several nuclei. 

The obtained values of average a -widths have confirmed the 
fact that the a -decay channel is very narrow as compared to the 
channel of radiation capture by the 1870s nucleus and, therefore, 
can be neglected in making estimates for the decrease in number of 
l87 Os nuclei in the process of nucleosynthesis. 
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KYBHqECKHE <l>OPMbl 11 KBAHTOBA.R MEXAHHKA 

P.M . .RManeea 

Ji:l1JO)J(eHbi 31IeMeHTbl TpHreoMeTplDl H anre6pb1 ,llHKCOHa WIJ1 ljlopM 
TpeTbeH CTeneHH. Ilpe1J.110)J(CH npHHUHII noCTpoemm KBaHTOBOH Mexa
HHKH qaCTJm, ABH:>Kyw;HXCH B npOCTpaHCTBe TpHreOMeTpHH. 

Pa6oTa BbinOIIHeHa B na6opaTopHH BbNHCIIHTeiibHOH TeXHHKH H aB· 

TOMaTH3auHH OH.HH. 

Cubic Forms and Quantum Mechanics 

R.M.Yamaleev 

Elements of trigeometry and Dicson algebra for cubic degree are 
gived. Construction procedure of quantum mechanics of particles moving 
in the space trigeometry is proposed. 

The investigation has been performed at the Laboratory of Compu
ting Techniques and Automation, JINR. 

li,z:(en nocrpoeHIDJ !l>H3HtlecKOH TOOpHH, OCHOBllHHOH Ha nOJJH· 
JJHHeHHbiX «t>opMax, a nocJJeAHee apeMH 6hma BhiCK83aHa a 16 •8- 10! 
B npeAJJaraeMOH pa6oTe H3JJaraeTcR OAHH H3 B03MO:>KHhiX nyTeit: no
crpoeHHfl KBllHTOBaH MeXllHHKH Ha Ky6HtlecKHx «t>opMax. CneAyeT 
O)KH,IJ.aTb, 111'0 OHa 6yAeT noJJe3Ha AJJR OnHCllHIDI qacnm, o6JJM8lOIIUfX 

/ 2/ 
TpeX3apRAOBbiM COCTORHHeM, HanpHMep, KBapKOB . llpeAnOJJa· 
raeTCR, 'ITO 'laCTHUbi, BXOARIIUfe B OAHY TpeX3apMOBYIO rpyrmy, 
COOTHOCRTCR Apyr C ApyroM, KaK qaCTHUbi-llHTHtlaCTHUbi B TeOpHH 
,[{epaKa1 11 

. Tor.n.a AJJH onecaHIDI 3THX ranoTeTHtleCKHX qacre~ Heo6-
XOARMO npHMeHRTb !l>opMbi creneHH, Ha OAHY BbiUie, 'leM B 06bi'IHOH 
Teopee, a HMeHHO - Ky6eqecKee «t>opMbi. KpaTKOCTH PMH, Mbi 6e3 
AOK83aTeJJbCTB H CTporHX onpeAeJJeHHH H3JJO:>KHM OCHOBHbie CBOHCTBa 
npocrpaHcm a MHpa TPHMbi H o6pecyeM nepcneKTHBY nocrpoeHHH 
KBllHTOBOH MeXaHHKH B 3TOM npocTpaHCTBe. 

1. r e oMeTpHH TpHaAHOrO MHpa 
(T pH r e 0 M e T pH H) 

0Ha o6JJaAaeT aecbMa HHTepecHbiMH caoit:cTaaMe. B Heit: cymecT
BYIOT llHanOrH nOHRTHH npRMOH H nJJOCKOCTH, 0Tpe3Ka, yrna, TpeyrOJJb· 
HHKa H T.A 0AHaKO "npHMaR" B TpHreoMeTpHH npOXOART qepe3 TpH 
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3a,D;aHHbie TOIJKH COOTBeTCTBeHH0 1 TOnhKO C OOMOI.QblO Tpex TOIJeK 
MO)I(HO Bbi,D;enHTb 0Tpe30K ua npRMOH; "TpeyronhHHK11 HMeeT 4 CTO

pOHbl H 4 yrna. Ecnu a reoMeTpHH EaKmma ( KaK H .u;oJDKHo 6biTh 
B MHpe .u;Ha,D;hl) HMeeTCR TOnhKO .D;Ba npOTHBODOno:>KHbiX .u;py r _u;pyry 

HanpaaneHHR, TO B MHpe TpHa,nhl Mbl HMeeM TpH B3aHMOHCKnlO'IaJOIUHX 
.u;pyr .u;pyra uanpaaneuHR. Kll)K.D;oMy H3 uanpaaneHHH B .u;ua.u;noM MHpe 
npucaauaaeM 3HaKH (+) nne (-). Ponh Tpex3uaquou e.u;HHHUbi a Tpua

.u;e urpaJOT pewenHR ypaauenHR 

llycTh R - MHO)KecTBO nonO)KHTenbHbiX aemecmeHHbiX queen, 
BKnlOIJaR Hynh. llpe.u;nonO)KHM1 'ITO Kll)K.D;OH TOIJKe Ha npRMOH TpHreo

MeTpHH MO)KHO DOCTaBHTh B COOTBeTCTBHe 3neMeHT H3 R . 0rpe30K 

ua .u;auuoii npRMOH 3a.D;aeT OTHoweuun Me)K.IJ;y TpeM:n TOIJKaMH x1 , x2 , 
x 3 E R, npuqeM x 1 > x 2 > Xg . Onpe.u;enHM .u;nHHy TaKoro OTPe3Ka KaK 
Bblpa)KeHHe BH.u;a 

(1) 

llpH x2 = x3 Bblpa)KeHHe (1) nepeXO.D;HT B 06biiJHOe OOHRTHe .D;nHHhl 
OTpmKa,. 3aKnJOqeuuoro Me)K.u;y TOIJKaMH ( x 1, x2) ua o6bxquou npRMOH. 

B TpureoMeTpHH <fmrypa, npe.u;cTaannroman co6oii auanor npRMo
yronhnoro TpeyronhHHKa, cocTOHT H3 TPeX KaTeTOB (A, B , D) H ru
noTeny3bi (C). ,lVuJ CTOpoH TaKOH <fmrypbl HMeeT MeCTO COOTHOWeHHe 

(2) 

(3) 

r.u;e a = B/ A , f3 = Dl A, y = Cl A . 3TH <f>ynK~H RBnRJOTCR auanoraMH 
<f>ynK~ cos ¢, sin ¢ . Qqeau.u;uo, 'ITO 

3 3 3 0 0 + 0 1 + G 2 - 3 G 
0
0 1 0 2 = 1, 

KaK 00Ka3an rpea/
31 

I qepe3 G o• G 1• 02 MO)KHO onpe.u;enHTb <PYHK
~ 3KCDOHeHThl 

Exp ( 8 ¢ ) : = G 
0 

+ 8 G 1 + 8 2 G 2 • (4) 
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<I>opMynLI cnmKeHHR napaMeTpoB npH yMHO)KeHHH 3KcnoneuT Bbrrmr

ART cneAYIOII.UfM o6pa30M: 

Exp( 04> 1) Exp( 04> 2 ) = Exp( 04> 9 ), 

4>s<aa,f3 s ) : 4>1(a1, {31) + 4>2(a2,132), 

as = (a1 + a2 + 131132) /(, 13s = <13 1 +132 + a1 a2)/(, 

( = 1 + atl32 + 13ta 2 • 

llnOCKOCTb B TpHreoMeTpHH eCTb TpeXMepHOe MHOroo6pa3He. 
Ha HeH MOryT 6biTL 3aAaHbl npeo6pa30BaHHR rnna llOBOpOTa, OCTaB· 
nRJOII.Ufe HHBapHaHTHbiM x y 6HtleceyJO ¢>opMy: 

I( 3 ) : .. p~ t p~ + P~ - 3P 1P 2P s · (5) 

3TH npeo6pa3oBauHR yAo6uo 3aAaTL, HcnonL3YR npeACTaanenHe I.UfK· 
nH'IecKHX IIHCen: 

P1+P~0 + p a 0 2 = (0o+01 0 + 0202)(p l + p20 +Ps02). (6 ) 

06o6menHe TpexMepnoH ey6HIIecxoif ¢>opMbi ( 5) ua cnyqaif 6onee 
BbiCOKHX H3MepeHHH 3¢>¢leKTHBHee 6yAeT peanH30BaTL, HCnonL3YR 
6a3HC anre6pbl )lHKCOHa 14•51 , nOCKOnLKY anre6pa )lHKCOHa no OTHO· 
WeHHJO . K Ky6HIIec~M ¢lopMaM 6yAeT BbiDOnHRTb ponL, nOA06HyJO 
H3BecTHOH ponH anre6pb1 KnH¢>cPopAa no OTHOWeHHJO K KBaApaTHII· 
HbiM ¢lopMaM/S/ 

2. A n r e 6 p a Jl H K C 0 H a C T e n e H H T p H 

:QHxnHIIecKaR anre6pa c AeneuHeM creneuH N > 2 6bma OTKpbrra 
)lHKCOHOM/ 4/ , n03TOMy Mbl ee 6yAeM H83biBaTb anre6pOH )lHKCOHa 
H o6o3HallaTL CHMBonoM Die (N) . 3neMeHTbi Die (N) onpeAenRJOTCR 
COOTHOWeHHRMH 

Die(N) : .. eu8 vmF, UV = vuO, VN=e, uN =e, 

e - eAHHHUa anre6pb1, F - KOMMymrnBHoe none, xapaKTepHCTHKa 
KOTOporo He RBnReTCR AMHTeJieM N, fJ - npHMHTHBHbiH KOpeHL 

N 
ypasneuHR x -1= 0. Kax BHAHO, Die(N) RBnReTCR o6o6menHeM 
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anre6pbi KBaTepunouoa. KaK noKa3auo a161 , ncnonb3yH u, v G Die(N), 
MO)I(HO nonytnrrh MaTpHtiHbiH 6a3HC ,nJIH nHHeapH31lUHH N-<PopM. 
PaccMoTpHM 6onee no,npo6uo 6nmKaft:wero coce,na KBaTepunouoa -
anre6py Die ( 3 ) . 

06paayJO~HM 3JieMeHTaM u , v E Die ( 3) MO)I(HO npn,naT cne,nyJO
~ee MaTpHtlnoe npe,ncTaBJieHHe171: 

u '" (~ 
1 

0 

0 

MaTpH1.1HbiH 6aanc anre6pbi Die ( 3 ) , BKJIJO\IaH e,nHHH'IHYJO MaTpHUy E, 
COCTOHT H3 ,neBHTH 3JieMeHTOB 

CncTeMa MaTpHU I a k I JIHHeft:uo-ue3aBHCHMa, nonua H tr ( a k) = 0, 
k =1, 2, ... , 8. J1106aa MaTpHu,a A ( 3 x 3 ) , 3a,nauuaa B none F, MO)I(eT 
6LITL pa3JIO)I(eua B 6aance I a k I : 

9 

A 

nycTL AaHbl ,nae MaTpHUbi: 

Mo)I(HO noKa3aTL, \ITO 

( l (a) , ( 2 ( b ) - Ky6HtlecKHe <PopMbl, DpHtleM 
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HMeeT MecTo cneAyromee 

YTeepJtCoenue 
llycTL 

8 

77:= 770 + ~ 77kak, A(3) 
k = 1 

H 

4 4 

~ 171171 + 4 
1 = 1 

0, ~ a1 b1 
1 

17 8 =E, I(a,b) := A3 (3). 

TorAa oTo6 piDKeHHJI 

A ' ( 3 ) = 77 A ( 3 ) 77 2 , 

A" ( 3 ) = 11 
2 A ( 3 ) 11 

Al + A2 

0, 

OCTilBJIHIOT Ky6H'IecKyJO cpopMy I (a, b ) HeH3MeHHOH. 

Ky6u qecKaH cpopMa I (a, b ) COCTOHT H3 KOOpAHUaT ABYX 4-
MepHLIX OpTOrOHaJibHhiX (B 06bNHOM CMbiCJie) DOAIIPOCTpaHCTB. 

HMenuo TaK o6o6maeTc.R cpopMa ( 5) npu AaJihHeiiweM ysenuqeuuu 

pa3MepHOCTH OpOCTpaHCTBa B TpHreOMeTpHH. 

3. ll p H H ~ H D hi D 0 C T p 0 e H H .R K y 6 H 'I e C K 0 H 

KBaHTOBOH MeXaHHKH 

Ky6u qecKaH KBaHTOBaH MexaunKa eCTh KBaHTOBaH MexauuKa 

'laCT~, ABH)I(}'mHXC.R B DpOCTpaHCTBe TpHreoMeTpHH. 3TO 03Ha'laeT, 

'ITO COXpaH.RIOmHec.R BeJIH'IHHhl B 3TOH KBaHTOBOH MeXaHHKe AOJDKHhl 

HMeTh TpHJIHHeHuyro cpopMy, a BOJIHOBaH cpyHKUH.R CB060AHOrD CO· 

CTO.RHHJI 6yAeT ODHChiBaThC.R 3KCDOHeHQHaJihHOH cpyHKQHeH (4). 
CooTBeTCTBenuo MeHHeTCH nonHme yunTapuocTH. TpuyuurnpHLIMH 

6yAeM Ha3hiBaTb onepaTOphi, npeACTilBHMLie B BHAe 

U1 = Exp ( 8</>), U2 =Exp(0 2</>), U3 = Exp(<f>), 

46 



TaK liTO 

E - enHHH'IHbm onepaTop. 

<l>yHAaMeHTaJlbHbiMH 3JleMeHTaMH KBaHTOBOH MeXaHHKH .fiB.WUOT· 

C.fl yrJIOBOH MOMeHT, CDHH H onepaTOpbl "po)f(AeHH.fl H YHHl!TO)l(eHH.R" 

l!aCTHU. flOCMOTpHM, . KaK BblrJI.RA.RT aHaJIOrH 3THX DOH.fiTHH B Ky6H

tieCKOH KBaHTOBOH MeXaHHKe. 

TpHJIHHeHHbiM aHTHKOMMyTaTopoM Tpex 3aAaHHbiX o n epaTopos 

b1, b 2 ,b 3 6yneM Ha3biBaTb cyMMY sHna: 

lb 1,b2 ,b 3 l := b 1b 2b 3 + b 2b 3 b 1 + b 3 b 1b 2 • 

CooTBeTCTBeHHO TpHnHHeHHbiH KOMMyTaTOp 6yneT HMeTh B HA: 

2 
[b1 ,b2,b 3 ] == b 1b 2b 3 + Ob 2bsb 1 + e b 3b1b2. 

Konh cKopo Mbi ssenH noH.RTHe TpHnHHeiiHoro aHTHKOMMyYa

Topa, TO DO aHaJIOrHH C 06bll!HblM OCUHJIJI.fiTOpoM onepaTOp raMHJlb· 

TOHa TpHJIHHeHHOrO OCUHJIJl.fiTOpa ODpeAeJIHM CJieAYIOUUfM 06pa30M: 

1 
H ( 3) : = a I b 1 , b 2, b 3 1. 

llycTb onepaTop N : == b 1 b 2b 3 ecTb onepaTop tiHcna tiaCTHU. TorAa 

neHCTBHe onepaTOpOB b 1 , b 2 , b g Ha 3aAaHHOe COCTO.fiHHe MO)l(HO 

ODpeAeJIHTb C DOMOmJ>IO <PopMyJI: 

3-
b1cf>n = \/n+ 1 cf>n+1' 

3:---~~ 
b2cf>n = y n + e + 1 cf>n-+8' 

s-
bscf>n = \/ n cf>n+02 • 

flyJib3Y.fiCb 3THMH <PopMyJiaMH, nerKO HaHTH cneKTpbl 0 epaTOpOB 

N H H(3 ): 

2 + e2 

H(3) cf>n = (n + ---)cf> • 
• 3 n 

3necb ponb nosbiwaromero AaHnoe cocro.RHHe onepaTop a HrpaeT 
+ -b := b 1, ponb DOHH)l(aromero onepaTopa -b : = b 2b 3 , npH'IeM 
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r 
OnepaTOphi Tpncrm:na onpe;ll,e.n:HIOTCH qepe3 3neMenThi anre6pbi 

Dic(3) 

I k = oii ak/3 , 

CooTBeTCTBYIOI.UHe ananoru onepaTopos yrnosoro MOMenTa MO)I(HO 
+ - ( nonyqHTb, HCUOJib3YH 6o3onnhie onepaTOpbi b k , b i i, k = 1, 2 , 3 ) 

+ + 
[ b; , b -i ] = o. + - !:> 

[bk, b i] = uk i ' 

llpH 3TOM TpnyrJIOBOH MOMenT npHnHMaeT BH,D; : 

( np) + -
J k = Oil I k b n bP. 

llOCKOJibKY Mhl npe,nnonaraeM, qTo ,D;BH:>Kenue qaCTHUhl npOHCXO· 
,D;HT B npOCTpaHCTBe TpHreOMeTpHH, TO 3aBHCHMOCTb Me:>K,D;y 3neprHeH 
H HMnyJibCOM ,D;OJI)I(Ha HMeTb $opMy, HHBapuanTnyro OTnOCHTeJibnO 
npeo6pa3osauuii (6). llpHMhiM auanoroM onepaTopa 3neprHH ypasne
nnH llayJIH B 3TOM cnyqae HBJIHeTCH Bblpa:>KenHe BH,D;a 

H 
1 8 
-( I a 
3 m2 k = 1 a k P k ) • 

4 = o. 
I P 1 P1+4 

I = 1 (7) 

AnanorOM pe.TIHTHBHCTCKOrO COOTnowenHH Me:>K,ny 3neprHeH, 

HMnyJibCOM H MaCCOH HBJIHeTCH Ky6nqecKaH $opMa: 

(& / c2 )s 
8 

( 
3 s I a k p k ) + ( me ) • 

k"" 1 
(8) 

Bbrpa:>Kenu e &0 = mc2 B 3'fOM cnyqae 6y,neT cooTBeTCTBOBaTb 3neprHH 
noKoH. llpn c _, oo (8) nepexo.D;HT B (7). CooTBeTCTBe.Hno MO)I(HO na

nucaTb auanorn ypasneuuii KneH8a-rop.nona u ,l{upaKa
181

. 
B KBaHTOBOH Teopnu nonH 3JieKTpHllecKu 3apH:>Kennhre qaCTHUhi 

onHCbiBaiOTCH KOMnneKCHbiMH BOJIHOBbiMH $ynKUHHMH. B Ky6uqe
CKOH KBaHTOBOH MeXaHHKe 1J>eX3apH,D;OBble COCTOHHHH 6y,nyT OIIHChl· 
BaTbCH qucnaMH rpesca. Cornacuo TeopHH ,l{npaKa, qacrnuaM H aHTH• 

'laCTHUaM COOTBeTCTBYIOT 3apH,D;bl H MaCChi UOKOH pa311Hl1Hh1X 3HaKOB. 
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B Icy6HtlecKoii KBaHToaoii Mexaumce 3ap.R.n;LI u Macchi noKo.fl 11ac1'HQ, 
COOTHOC.fllQHXC.fl Me)K)J;y C060H KaK aHTH'IaCTHUbi, 6y.n;yT HMeTb MHO:JKH
TeJIH l , () , 92 • O.n;ua H3 B03MO)I(HbiX o6nacreii npuMeneuH.R Ky6H11e
CKOH KBaHToBoii MexaHHKH - 3TO ~ouua.R <Pn3HKa, <Pyu,n;aMeHTaJIL
Hbie 061>eKTbl KOTOpoH - KBapKH, 06Jia,n;a.IOT TpeXUBeTOBbl COCTO.fi
HHeM. 
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KparKue coo6114tHW1 OHJIH N" 1 ( 34) -89 
Y,llK 539.173.7 

DNR Rapid Communications No.1 [34r89 

3KCllEPHMEHTbl no H3YliEHHIO CT ABHJibHOCTH 2 6 3 Ku 

X.BpyxepT3aH<!>ep1 
' r .B.ByKJiaHOB, M.ll.HBaHOB, 

O.KoncTaHTHHecKy2 
, IO.A.My3hi'IKa, IO.U.OraHeCHH, 

B.H.llycTbiJibHHK, E.A.COKOJI, r.M.Tep-AKOllb.fiH, M.IOccouya3 

OrrHChiBaJOTCH JKcrrepHMeHThi rro cHHTeJy HJOTorra 2 6 3 Ku B peaKUHH 
248 c me 2 Ne,d3n} Ha UHKJIOTpoHax Y-300 H Y-400 miP O.HJU1. llpoH3-
BO)J;HJIOCh pa)J.HOXHMH'IeCKoe Bhi,D,eJieHHe !lJpaKUHH Ku H 102 JJieMeHTa 
H HJfOTOBJieHHe CITeKTpoMeTpH'IeCKHX HCTO'IHHKOB C IIOCJie)J;yiOJllHM HX 
HJMepeHHeM Ha YCTaHOBKe, BKJIIO'IaBIIleH JJ;eTeKTOphi OCKOJIKOB, raMMa
KBaHTOB H HeHTpoHOB p;eneHHH )J;JIH !lJpaKUHH Ku H Ha TpeKOBhiX 
p;eTeKTOpax p;JIH !lJpaKUHH 102 JneMeHra. Bo Bcex o6ny'leHHnx He 6hmo 
JaperucrpHpoBaHo co6biTHH ,u;eneHHH. Cp;enaH BbiBOJJ: o TOM, 'ITO BeTBb 
anb!lJa-pacrrap;a He HBnHeTCH rnaBHOH )J;JIH 

26 3 Ku. Ecnu rnaBHOH BeTBbiO 
pacrrap;a HBJIHeTCH crroHTaHHoe p;eneHHe, TO rrepuop; rronypacrrap;a 
26 3 Ku COCTaBJIHeT MeHee 20 MHH. 

Pa6oTa BhliiOJIHeHa B Jla6opaTOpHH np;epHbiX peaKUHH mum:. 

Experiments on the Study of 2 6 3 Ku Stability 

Bruchertseifer H. et al 

Experiments on the synthesis of 263 Ku isotope in 248 Cme 2 Ne, 
d3n) reaction on U-300 and U-400 cyclotrons of LNR, JINR are des
cribed. Radiochemical elution of Ku and 102 element fractions and 
preparing the spectrometric sources were carried out. The following 
measurement on a setup containing detectors of fragments, gamma· 
quanta and neutrons of fission was made for Ku fraction and on track 
detectors for 102 element fraction. No spontaneous fission event was 
registeJed in all irradiations. It was concluded that the alpha-decay 
branch is not principal for 26 3 Ku. If spontaneous fission is the main 
branch of decay, then the halflife of 26 3 Ku is less than 20 min. 

The investigation has been performed at the Laboratory of Nuc
lear Reactions, JINR. 

1 /jeH 1pfJ.flbHbiU UHCTUryT U30TOnHblX U paiJuaqUOHHblX UCC/Ie006QHUU, 

Jleunqu2, r J(P 
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2 /jeH T{JfJ/IbHbiU uHcruryr tjju3uKu, Eyxapecr 
3 HHcruryr RiJepHoii tjju3uKu, Opc'J, (/)paHqUR 



1. B Be A e H He 

B p.RAe TeopeTHtiecKHx pact~eToB 11 - 4 1 6bma npeACKa3au a noBhi

weHHa.R CTa6HJibHOCTb OTHOCHTeJibHO CDOHTaHHOrO AeJieHH.R ,!J.1I.R HYKJIH

AOB c Z;;;.. 104, CB.R3aHHa.R c Ae!f>opMHpoaauuoi% o6onot~KOH N = 162. 
HanpHMep, H3 pact~eToB, CAeJiaHHbiX B pa6oTe141 , cJieA yeT, liTo 

nepHOAbi DOJiypacnaAa T sf OTHOCHTeJibHO CDOHTaHHOrO AeJieHH.R COCTaB

JIRIOT: AJI.R H30Tona Ku c liHCJIOM ueiiTpouoa N = 162 OKOJIO 100 c, 

.rvm H30Tona c Het~eTHbiM liHCJIOM ueH:Tpouoa N = 159-ue Meu ee 104 c. 

B ueKoTOpbiX pa6oTax (uanpHMep, 15 1) o6cy)K)];aJIC.R aon poc o cy

mecTBOBaHHH pauee HeH3BecTHOH AOJIHHbl Ha KapTe DOTeHI.UfaJibHOH 

DOBepXHOCTH .RApa, B03MO:JKHO, DpO.RBJI.RIOIUeH Ce6.R B !f>eHOMeHe 6H

MOAaJibHOrO AeJieHH.R RAep 16 1• Pact~eT c yt~eTOM 3TOH AOJIHHbi AaeT 

6oJiee KOpO.TKHe BpeMeua :>KH3HH no OTHOilleHHIO K CDOHTaHHOMy AeJie

HHIO (T sf= 69 MKC .n;JI.R H30Tona Ku C N = 162) . 
B CBR3H c 3THM aonpoc o caoiicraax H30TOnoa a o6nacTH ~104 

H N ~ 158 npeACTaBJI.ReT 3HaliHTeJibHbiH HHTepec. 

Hacro.Rma.R pa6oTa npeAnpHH.RTa c 1.\eJibro nonylleHH.R H30Tona 
2 6 3 Ku B peaK[\HH 2 4 8 erne 2 Ne, a3n). 

2. M e T o A H K a 3 K c n e p H M e u T a 

06nyt~eHH.R 2 4 8 Cm npoH3BO.n;HJIHCb ua nyt~Ke HOHOB 2 2 N e c 3Hep

rHeH ua MHilleHH 118 M3B ua I.UfKJIOTpouax Y300 H Y-400 Jia6o paTopHH 

.R,ll;epHbiX peaKI.UfH 011.RI1. BpeM.R o6nyt~eHH.R MHilleHH B o.n;uo M ODbiTe 

COCTaBJI.RJIO 1,5 + 4 ll, MaKCHMaJibHa.R HHTeHCHBHOCTb DyliKa HOHOB Ha 

MHilleHH - 5 •101 2 c- 1 • MHilleHb 2 4 8 Cm HMena TOJII.I.\HHY 500 Mr/cM2 , 

AHaMeTp 9 MM H DO,!J.110)1(Ky H3 6epHJIJIHeBOH !f>oJibrH TOJII.I.\HHOH 8 MKM. 

,llJI.R c6opa .RAep OTAaliH HCDOJib30BaJIHCb 30JIOTbie !f>oJibrH T OJII.UHHOH 

3 MKM H .n;HaMeTpOM 12 MM. 3KcnepHMeHTaJibHa.R YCTaHOBKU BKJIIOlla

Jia B Ce6R peaKI.UfOHHYIO KaMepy, KOTOpa.R OTAeJI.RJiaCb OT o6'LeMa 

HOHOnpOBOAa BXO.n;HOH !f>OJibrOH. B KaMepe HaxOAHJIHCb norJIOTHTeJIH 

3HepmH HOHOB, MHilleHb 2 4 8 Cm, c6opHHK .R.n;ep OTAaliH, 3aKpenJieHHbiH 

Ha KOJIJieKTope HOHOB - Me.n;HOM 6JIOKe, OXJia)K)];aeMOM BOAOH. PeaK-

1.\HOHHa.R KaMepa 6bma 3JieKTpHtlecKH H30JIHpOBaHa OT KOpnyca HOHO

npOBOAa, liTO D03BOJI.RJIO HCDOJib30BaTb ycTaHOBKy B KatfeCTBe 1.\H

JIHHApa <l>apa,n;e.R AJJR H3MepeHH.R TOKa nyt~Ka HOHOB. 3HeprH.R HOHOB 

Ha BXOAe B ycTaHOBKY KOHTpOJIHpOBaJiaCb C HCDOJib30BaHHeM pacceH

BaTeJI.R H3 30JIOTOH !f>onhrH H nonynpoBOAHHKoaoro Si(Au)-AeTeKTopa. 

Bo apeM.R 3KcnepHMeHTa KaMepa 6bma uanonueua apro uoM npH 

.IJ,aBJieHHH OKOJIO 100 Klla. KoHCTpYKI.\H.R yCTaHOBKH D03BOJI.RJia H3BJie-
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KaTb c6opHHK .IIAep OTAa•m H3 KaMepbi 3a BpeM.R OKOflO O,nHOH MHHy

Tbl. qepe3 2 + 3 MHH. npOH3BOAHnOCb KOHTPOflbHOe H3MepeHHe aKTHB

HOCTH CllOH TaHHOro AeJieHH.II c6opHHKa Ha AeTeKTOpe MHO)f(eCTBeHHOH 

3MHCCHH HeHTpOHOB 17 I B Te'leHHe 3 + 5 MHH. llocne Ka)f(,ll;OrO o6nyqe

HH.II 30fl0Ta.R <t>onbra pacTBOp.Rnacb B CMeCH COn.IIHOH H a30THOH KHCflOT 

H 3onoTo y Aan.Rnocb cop6~eif ua cHnbHOOCHOBHOM aHHOHHTe. Ocrna

UIHHC.II pac TBOp BbinapHBanc.R AOcyxa, ocaAOK pacTBOp.Rnc.R B 0,5N 

paCTBOpe <l>TOpHCTOBOAOpO,nHOH KHCflOTbl H nponycKanC.II '1epe3 KOflOH

Ky; uanonu eHHYIO KaTHOHHTOM Aminex A5. <l>pax~ Ku nonyqanacb 

B BHAe 3niOaTa H COAep)f(ana TaK)f(e pa,ll;HOaKTHBHble H30TOllbi-OTMeT'IH

KH Hf. llpH 3TOM Bee aKTHHHAbl OCTaBanHCb llOnHOCTbiO Ha KOnOHKe • 

.[layxaaneHTHbie HOHbl 102 3fleMeHTa, KOTOpbie MOrnH o6pa30BbiBaTbC.II 

B proynbTaT e a-pacnaAa 2 6 3 Ku, BMeCTe CO CBOHM OTMeT'IHKOM S7mSr 
ceneKTHBHO BbiMbiBanHcb 1,5N pacTaopoM HN03 • ,Un.11 npHroToaneHH.II 

HCTO'IHHKOB pacTBOpbi, COAep)f(aBUIHe <l>paK~HH Ku H 102 3fleMeHTa, 

BbinapHBanHCb Ha COOTBeTCTBYIOI.UHe llO,ll;nO)f(KH • 

.[ln.R H3MepeHH.II xapaKTepHCTHK CllOHTaHHOrO AeJieHH.R HCllOflb-

30BanaCb CHCTeMa18 1, BKfliO'IaBUla.R B ce6.11 nonynpOBO,nHHKOBbie 

llOBepXHOCTH0-6apbepHbie AeTeKTOpbl Afl.ll perHCTp~H OCKOflKOB 

AeneHH.R, A eTeKTOp raMMa-I<BaHTOB Ha OCHOBe C~HTHflfl.IITOpOB H3 

repMaHaTa BHCMyTa H AeTeKTOp MHO)f(eCTBeHHOH 3MHCCHH HeHTpOHOB, 

auanorH'IHbi H OllHCaHHOMY B pa6oTe
17 1

• 3<l><l>eKTHBHOCTb perHCTpai..tHH 

C06biTHH A eJieHH.II B 3TOH ycTaHOBKe onpeAen.Rnacb C llOMOll.U>IO cnei<Tpo

MeTpH'lecKo ro HCTO'IHHI<a 2 4 8 Cm H cocTaBn.Rna 0,8 ± 0,05. YcTaHOBI<a 

ll03BOfl.Rna npOH3BOAHTb H3MepeHHe xapaKTepHCTHK CllOHTaHHOrO Ae-

neHH.R AO 'leTbipex HCTO'IHHKOB O,nHOBpeMeHHO. 

AKTHBHOCTb <t>paK~H 102 3neMeHTa H3Mep.RnaCb npH llOMOI.UH 

TpeKOBbiX A eTeKTOpOB. 

3. p e 3 y n b TaT bl H 0 6 C y )f( A e H H e 

XapaK TepHbiM penepoM, no3Bon.RBUIHM noMHMO H3MepeHH.II 

3HeprHH H TOKa nyqxa HOHOB KOHTpOnHpOBaTb XOA 3KCnepHMeHTa, 

.RBn.Rnc.R 2 5 6 Fm, aKTHBHOCTb cnoHTaHHoro AeneHH.R KOTOporo H3Me

p.Rnacb B n epBbie 3 + 5 MHH nocne o6ny'leHH.R. 

nonep e'IHOe Ce'leHHe o6pa30BaHH.II l 5 6 Fm B HaillHX 3KcnepHMeH

Tax COCTaBfl.llflO (1,6 ±, 0,2) •10- 3 1 CM2
• llorpeUIHOCTb 3TOrO 3Ha'leHH.R 

CB.II3aHa r n aBHbiM o6pa30M C HeTO'IHO<.;TbiO onpeAeneHH.R TOKa ny'II<a 

HOHOB Ha M HilleHH H CTaTHCTH'leCKOH OUIH6KOH H3MepeHH.II ai<THBHOCTH 

CllOHTaHHOr O AeJieHH.II c6opHHKa .RAep OTAa'IH Ha HeHTpOHHOM AeTeK

TOpe. llonyqeHHa.R HaMH BeJIH'IHHa nonepe'IHOrO Ce'leHH.R o6pa30BaHH.II 
2 56 Fm B n peAenax OUIH6ox cornacyeTc.R c H3MepeHHoif B pa6oTe 19 1• 
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Ta6/IUI4fl. llpedenbl ce'leHUJI o6p03oeaHUJI 2 6 3 Ku ( e H6}, nolly'leHHble 

6 npeOno/IO:JtCeHUU, 'ITO ezo !IOpa C eepO!ITHOCTb/0 100% UCnbi Tbi60/0T 

CnoHTOHHOe OetleHue (a) UIIU a-pacnaiJ {6} * 

llepHOA nonypacna.na, 
MHH 

10 
20 
30 

a 

2,75 
0,25 
0,10 

6 

0,075 
0,075 
0,080 

•- a-pacnao 26 3Ku eeder K cnoHTOHHOMY oeneHu/0 15 9 Md 11epe3 14eno11KY 

a 
pacnaiJoe 

2 6 3 Ku --- 25 9 102 
ec, 22% 

60MHH 

259 sf,lOO% 
Md----+ 

95 MHH. 

,llpyrHM COOHTaHHO AeJIRIUHMCR H30TOOOM, o6pa3yiOIUHMCR 
c 6oJI&UIHM nonepet~HbiM ce'lleHHeM, noMHMo 2 5 6 Fm, RBJIReTcR 1 5 4 Cf. 
Ho, nocKOJibKY nepHOA nonypacna.na 2 5 4 Cf npHMep.uo B 550 pa~ 6oJib
Uie, 'lleM y 2 5 6 Fm, BKJiaAOM 3TOrO H30TOna npH H3MepeHHH KTHBHO· 

CTH cnouTauuoro neneHHR c6opHHKa MO>KHO npeue6pe'llb . BbiXOA 
2 54 Cf B AaHHbiX 3KcnepHMeHTax ue KOHTpOJIHpoaancR. 

Bcero 6biJIO npoBeAeHo 9 o6nyqeumi, B KOTOpbiX npoH3BOAI:fJIOCb 

pa,nHoxHMH'IIecKoe BblneneuHe <PpaKUHH Ku H 102 3JieMeHTa, a TaK)I(e 
H3rOTOBJieHHe HCTO'IIHHKOB C noCJieAYIOIUHM H3MepeuHeM HX Ha TpeKO
BblX AeTeKTopax H ua ycrauoaKe, no3BOJIRBUieH pemcrpHpoaaTb 
OCKOJIKH, raMMa-KBaHTbl H HeHTpOHbi CDOHTaHHOrO AeJieHHR. 

06bi'IIHO HHTepBaJI BpeMeHH C MOMeHTa OKOH'IIaHHR o6ny'lleHHR 
no MOMeHTa Ha'llaJia H3MepeHHH <i>paKUHH Ku paBHRJICR 30 + 80 MHH. 
I13MepeHHe K~OrO HCTO'IIHHKa npOH3BOAHJIOCb B Te'lleHHe 5 + 8 'II. 

' Bo Bcex ODbiTax He 6biJIO 3aperHCTpHpOBaHO HH OAI:fOrO C06biTHR 
cnouTauuoro AeneuHR so <PpaKUHH Ku. TaK)I(e ue 6bmo 3aperHcTpHpo
aauo C06biTHH CDOHTaHHOrO AE'.JieHHR BO cPPaKQHRX 102 3JleMeHTa. 

ilony'lleHHbie proyJibTaTbl 003BOJIHJIH AaTb OQeHKH Ce'lleHHR o6pa-
30BaHHR 1 6 3 Ku npH pa3JIH'IIHbiX npeAnono)l(eHHRX o MOAe pacna.na 
( cnouTauuoe AeneHHe HJIH a-pacna.n) H nepHone nonypacnana 3Toro 
uyKnHAa (eM. Ta6nnuy). 

c QeJibiO OQeHKH O)I(HAaeMoro ce'lleHHR peaKUHH 24 8 erne 2 Ne, 

a3n)1 6 3 Ku uaMH 6biJI npoBeAeH pact~eT 3TOH peaKUHH no CTaTHCTH· 
'lleCKOH MOAeJIH. ilapaMeTpbi paC'IIeTa, KOTOpbie 6biJIH OAI:fHaKOBbiMH 
AJIR acex pacc'IIHTbmaeMbiX peaKUHH, npoaepRJIHCb ua 3Kcn epHMeu
TaJILHOM MaTepHaJie AJIR peaKUHH (HI, xn) Ha aKTHHHAHbiX MHUieHRX 
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H Ha HMeiOI.QHXCH ,IVIH 3THX MHllleHeH 3KCnepHMeHTaJibHbiX ,naHHhiX 
.IVIH (HI, axn) peaKuH8 11 o-t 31 • Bo acex cnyt~anx nonyt~euo y.noaneT
BOpHTenbHOe cornacHe pact~eTHbiX H 3KcnepHMeHTanbHhlX ce'leHHH: 
B MaKcHMyMax cooTBeTcTBYIOI.UHX 4>YHKUHH B036y">K,neHHH 1 I 5 ~ 
.;;; apacq.fa 3KCO. ~ 5. }lnH peaKQHH 2 4 8 erne 2 Ne, a3n)2 6 3 Ku pac'leT 
,naeT cet~eHHe o6pa30BaHHH 2 6 3 Ku a= 1,1•10- 3 3 cM2 npH 3HeprHH 
22 Ne 117 M3B. 

CpaBHeHHe 3KcnepHMeHTMbHhiX H pact~eTHbiX ,naHHhiX o none
pet~HhiX Ce'leHHHX n03BOnHeT c,nenaTb HeKOTOpbie BbiBO,nhi 0 CBOHCTBaX 
H3oTona 2 6 3 Ku. BeTBb a-pacna,na ue HBnHeTCH rnaauou .IVIH 2 6 3 Ku, 
B OTflH'IHe OT ,npyrHX H3BeCTHhiX He'leTHbiX H30TOnOB Kypt~aTOBHH 

f 55
-

2 6 1 Ku). EcnH rnaauou BeTBbiO pacna.na HBnHeTcH cnoHTaHHoe 
.neneuHe, TO nepHo.n nonypacna,na 2 6 3 Ku T

1 12 
< 20 MHH. Bo3MO)K

HOCTb 3fleKTpOHHOrO 3aXBaTa ,nnH 3TOrO H30TOna Tpe6yeT OT,nenbHOrO 
paCCMOTpeHHH. 
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Kpar~eue coo6!44eHWI OHJIH N" 1 [ 34]-89 

YAK 538.945 

INVESTIGATION OF RF -SQUID 

JINR Rapid Communications No.1 [34}-89 

AT LIQUID NITROGEN TEMPERATURE 

V.N.Polushkin, B.V.Vasiliev 

The 'results of investigation of two-hole Y-Ba-Cu -0 rf squids ope
rating at liquid nitrogen temperatures are reported . The magnetic 
flux white noise level of 1 o- 4 410 ( 41 0 ... 2.07 · 1 o- 1 5 Wb) is deter
mined by amplifier since it is equal to white noise level of low-tempera
ture squid with the same amplifier. Overall 1/f fluctuations develop at 
frequencies below 20 Hz. The measurement methods and the results of 
the main parameters measurements are given. 

The investigation has been performed at the Laboratory of Neutron 
Physics, JINR. 

11ccne.noaaune Bq-cxan,na, 
pa6oTaromero npn TeMnepaType :>KH,nKoro 8.30Ta 

B.H.IIorrymKHH, E.B.BacHrr&eB 

OrrHCaHbi peJyrr&rar&I Hccrre,noBaHH.II ABYXHHAYKTHBH&IX pa,II,Ho
qacroTH&IX CKBH,Il;OB HJ Y-Ba- Cu -0, pa6oTaiOII.\HX rrpH reMIIeparype 
)I(HJU(Oro aJora. IloKaJaHO, 'ITO ypoBeH& 6erroro wyMa no rrorOKY, rrpH
MepHo paBHhlH 10- 4 410 (410 :::2,07 • 10- 15 86), orrpe,neJI.IIeTC.II, 
B OCHOBHOM, wyMOM yCHJIHTeJI.II, T.K. TO'IHO COOTBeTCTByer 6eJIOMY 
wyMY HHJKOTeMrrepacypHOfO CKBH,IJ;a C reM )l(e yCHJIHTeJieM.IiJ6biTO'l
Hhie lf>JIYKTYauHH THIIa 1/f IIpo.IIBJI.IIIOTC.II H3 '13CTOT3X HH)I(e 20 f u. IlpH
Be,IJ;eHa MeTO,IJ;HKa HJMepeHH.II H peJyJI&T3Thl HJMepeHH.II OCHOBHhiX rra
paMeTpoB CKBH,IJ;a. 

Pa6ora BhiiiOJIHeHa B naooparopHH Heii:rpOHHOH $HJHKH OM.HM. 

In the past year the development of several YBaCuO oxide cera
mic squids operating at liquid nitrogen temperatures has been reported. 

In ll- 4 1 the encouraging results were obtained: the intrinsic noise 
of interferometers resulted in less than 5 ·10- 4 41 0 /Hz1 1 2 • Which is 
enough for these devices to be applied in the measurement technique. 

Further investigations have shown that the parameters of high-T c 

ceramic squids were rather reproducible. Furthermore, the improved 
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technique of ceramic preparation and the advanced methods of the 
weak link creating have led to better results. 

It seems tempting, therefore, to measure these squids characteristics 
with more care and precision and to compare in more detail the behavior 
of these devices with that of conventional niobium squids. This is the aim 
of the present paper. 

1. E x p e r i m e n t a I T e c h n i q u e. 
S q uid Fabrication 

" 
In main features of the experimental technique and squid fabrica

tion were described in 12 1 • Our squids, equally to those described earlier, 
were made from 2 mm Y 1 Ba2 Cu3 0 7 _ 5 ceramic pellets prepared by 
a standard procedure of solid state reacti ~n 15 1 • Above 92-93 K a narrow 
superconductive transition was observed in the ceramic used for our 
experiment . This ceramic critical current was greater than 30 A/cm2 

• 

Squids were built from the previously tested pellets that did not demon
strate bulk-squid effect. 

Two 1-1.6 mm holes situated close one to another were drilled 
in the pellets, then the region between the holes was filled away and the 
weak link was created. 

The squid was put inside a valve ~oupled to a measurement tube 
which in its lower part was sealed in a stainless steel cylinder with 
a soldered bottom. In this cylinder the gauge pressure of dry gaseous 
helium ~as hold and. inside it the valve containing the squid was lowered 
to a liquid nitrogen dewar. All these measures protected squid from 
moisture throughout several thermal cycles when by filling the bridge 
in stages the optimal value of its critical current was obtained. 

Squid hysteretic parameter 

13 = 2trLA /<~~ 0 (1) 

was 2-5 at liquid nitrogen temperatures when the bridge with typical 
size of 10 J,~m x 10 J,~m x 10 J,~m had been made. 

2. S q u i d P a r a m e t e r M e a s u r e m e n t 

In fig.1 squid of inductance L
5 

and a weak link with critical current 
Ic inductively coupled to a tank circuit Lt Ct is schematically represen
ted. Rf generator Grf pumps the tank circuit at frequency close to tank 
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R 

Fig./. Schematic representation of the 
squid with L 

5 
inductance and cu"ent I c 

inductively coupled with tank circuit 
L1Cr Grf - rf-generator. A - low-noi
se rf· amplifier. D, C - amplitude de
tector. 

circuit resonant frequency w p = (Lt c I r 1 12 - Voltage .supplied from the 
circuit is amplificated by lownoise rf-amplifier A and is detected by 
an amplitude detector assembled from D.C. elements. . 

2.1. S qui d I n t r in s i c I n d u c t a n c e L
8 

It is very important to determine squid intrinsic inductance . to be 
sure that superconducting ring is inside the fabricated hole and not 
inside some "parasitic" circuit of the sample as in the bulk squid. 

The L
8 

can be evaluated from resonant ckcuit parameters and 
the value of current I 0 in a circuit shifting the voltage-flux characte
ristic of squid at a value of <I> 0 • 

Being coupled to the squid tank circuit inductance L 1 will reduce to 

L' = L (1- k2 ) t t , (2) 

where k is coefficient of coupling between squid and inductance. Tank 
circuit resonant frequency will increase proportionally. Measuring _the 
frequency shift, L

1 
being known, one can calculate coeffici nt of coup

ling. Beside this, one can evaluate a value of current 10 by passing direct 
current through L

1 
coil and thus determine mutual squid-circuit induc

tance 

(3) 

By definition 

M = k(LL )112 
t s , (4) 

so 

(5) 
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,...... 

Here _w'P = (CtLtf 112 is resonant frequency of a circuit coupled 
to the squ1d. 

During the w measurement the squid became nonsuperconduc
tive at temperature Pabove T c. To avoid an error of capacitance Ct chang
ing with temperature the w measurement was made at a temperature a 
little higher than T c. P 

Measurement of w' was carried out at liquid nitrogen temperatu
res and at a low pumpuig level which did not cause dissipative processes 
in the squid. The current I0 value was measured by output voltage of 
amplitude detector. 

2.2. I n t r i n s i c N o i s e S p e c t r u m S ~ ( w) 

The value of squid magnetic flux resolution <b.<I»> is determined 
by spectral density of noises S ~ ( w) . The S~ ( w) was measured by 
standard procedure at the integrator output in the flux-locked mode. 
Squid was well shielded from ambient noise and the data were processed 
by FFT method. 

Squid power resolution is 

2 
E"' Sq. (w) /2L5 . 

3. S qui d P a r a me t e r s a t L i q u i d 
Nitrogen Temperatures 

For ou r experiment the squid with {3 = 3 at 78 K was taken. 
The measurements have shown that 

ct = (380 ± 10) pF, 

fp = (20.82 ± 0.01) MHz, fp' = (21.08 ± 0.01) MHz 

and 

I~ = (3 ± 0.1) p.A. 

The quality of rf tank circuit was Q = 50. 
Then we have . 

Lt = 0.146 ± 0.01p.H, L: = 0.142 ± 0.01p.H 
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Fig.2. The rf-squid spectral noise density. 
Curve 1 co"esponds to the squid with 
1 mm superconducting ring at T = 77 K; 
curve 2,' the squid with 1.6 mm super

, conducting ring at T = 77 K; curve 3, 
the standard niobium squid at T = 4.2 K. 

k = 0.155 ± 0.01 (11) 

and 

L = (1.2 ± 0.1}·10'" 1 0 H. s (12) 

Noise spectral density S ( w} is represented in fig.2. This figure 
shows that squid magnetic ~ux resolution in the white noise region 
in 1Hz bandwidth at liquid nitrogen temperatures is:· · 

(13) 

Squid energy resolution is: 

E = 6,6 ·1{)"" 28 J/Hz. (14) 

4. R e s u 1 t s a n d D-i s c u s s i o n 

Our experiments have shown that in main features high-Tc squid 
behavior is very similar to that of low-Tc one. Being slowly cooled 
below T c squid has been found to enter first nonhysteresis state with 
(3 < 1. Squid signal was detected both at positive and negative detuning 
of generator Grf frequency relatively the w P. There was no signal at 
resonance which is natural in the nonhysteretic mode. At a tempera
ture fall down when (3 becomes a little more than 1 the maximum 
signal in the amplitude detector output shifts to a positive tuning and 
at 78 K enters the normal hysteretic state with maximum signal at 
a resonant frequency. 

In fig.3 the volt-current characteristic obtained at liquid nitrogen 
temperatures is shown. Squid volt-oersted characteristic at the same 
temperature in a bandwidth 10kHz is given in fig. 4. 
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Fig.J. Vo/t-cu"ent characteristic of the squid with 1 mm 
holes at T = 77 K in bandwidth 1 kHz. 

Fig.4. Volt-oersted charac
teristic of the squid with 
1 mm holes at T = 77 K in 
a bandwidth 10kHz. 

During our investigation a typical property of rf squid was noted: 
I0 value changing with temperature. In figures 5a and 5b output signals 
of amplitude detector when squid was influenced by homogeneous 
linearly increasing with time magnetic field are represented. The response 
in Fig.5a belongs to the squid operating at liquid nitrogen temperatures. 
In fig. 5b the squid response at elevated temperature in the evaporated 
liquid nitrogen near T c can be seen. These figures illustrate that when 
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Fig. 5. The output signal of amplitude detector when 
squid was influenced by homogeneous linearly increasing 
magnetic field. a - squid signal at liquid nitrogen tempera
ture; b - the signal of the same squid operating in evapo
rated liquid nitrogen near Tc . 

a 

b 

temperature increases 10 value becomes approximately 2 times grea
ter. 

We have found that the above-mentioned 10 increment is connected 
with increasing squid inductance which in tum may be caused by brea
king of superconductive switches between superconductors grains 
in the ceramics with a consequent increasing of superconducting ring. 
Probably it is connected with doubled period of squid volt-oersted 
characteistic in nonhysteretic mode. 
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The inductance L
5 

of squid with response (see fig. 5b), which at 
liquid nitrogen temperature has L

5 
given in (12),at a temperature close 

toT cis 3.8·1()'" 10 H. 
To estimate squid sensitivity we have noise current caused by nor

mal resistance of Josephson contact R: 

<I~>= 4kTaf/R. (15) 
Here a f is the noise bandwidth of the squid, R is the Josephson 

junction normal resistance. 
Reliability of the system requires 

<Il > 1 12 L < < <I> 
n s o· 

Taking account of (15) we have 

l l 
L

5 
<< <1>0 R/4kb Taf, 

as the squid bandwidth is 

af = (R/211'L
8

)11'/2 = R/4L s 

and the constant of time characteristic of the squid is 

T s = LJR 

we'll get 

L<<Lmax• s 

where 

l 
Lm ax = <1>0 /kbT. 

At T = 77 K, we'll have 

L = 4·10- 9 H. max 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

According to (8) inductance of squid with 1.6 mm holes is 
6·1<r 10 H. 

Thus, high-Tc superconductors use practically does not limit 
the squid inductance. One can roughly estimate high-Tc squid intrin
sic noise making an assumption about the squid contact resistance 
value. 
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If we suppose the ceramic impedance to be 

p = 1 mil em 

and contact size to be about 10 ~m x 10 ~m x 10 ~m, then the contact 
resistance is 

R=1il. 

In this case according to equation (15) in a L
5 

= 10- 1 0 H inductan
ce squid in a bandwidth 1 Hz a noise flux will arise 

i.e. here like in the low temperature squids circuit and amplifier noises 
which are usually by an order of magnitude higher must play the main 
role. The performed high-Tc squid noise measurements agr e with this 
conclusion. 

In fig.2 the noise spectrum Scp ( w) of HTS squid operating at liquid 
nitrogen temperatures (curve 1) 1s shown. One can see that the white 
noise level of about 10- 4 tP 0 is in fact determined by the amplifier noise 
because it is identical to the low-T c squid white noise with the same 
amplifier (curve 3). 

We explain the excessive 1/f fluctuations by random switching 
of several Josephson contacts which varies the superconducting ring 
area. 

It should be noted that the described squids emanated 1/f noises 
at frequencies below 20 Hz but not 100Hz as described earlier in our 
previous paper11 1 • It may be connected, we suppose, with the impro
ved ceramics quality. 

Recently in our Laboratory the squids from ceramics with high 
critical current density (Jc > 150 A/cm2

) were built. Though it turned 
out more difficult to fabricate Josephson contacts in such devices, 
they have demonstrated, however, high operating characteristics: 
stable operation without shielding which permits its pr ctical use. 
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