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OueHHBaeTCSI BpeMSI yaep)KaHHSI ynbTpaxon0l!HblX HeitTpOHOB (YXH) 
Hall 6eCKOHeqHofl nnOCKOH peweTKOit, COCTaaneHHOH H3 qepel!YIOWHXCSI 
nHHeHHblX np0B0llHHK0B C T0K0M, TioK83blB8eTCSI, qro npH 0TCyTCTBHH 
cna6oro aenywero MarHHTHoro norisi apeMSI yaep*BHHSI YXH Mano, 

Pa6ora BblIT0nHeHa B na6oparopHH HeitTpOHHOH qu3HKH OHf!H. 
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~y6Ha 1976. 
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Ultracold Neutron Storage in a Flat Gravimagnetic 
Trap 

The storage time of ultracold neutrons above infi
nite flat lattice made of linear currents with alter
nating directions is estimated. It is shown that without 
a weak magnetic guide field the storage time can be small. 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 
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1. Ym,Tpaxono;::i;HLie HeiiTpoHLI /YXH/ - HeiiTpoHLI c 
3HeprHHMH E ,;_ 100 HaH03neKTPOH-BOnhT /H:JB/ - MO)KHO 
y;::i;ep)KHBaTb MarHHTHhIMH nonHMH B orpaHH'leHHhlX 06'heMax 
npocTpaHCTBa. BnepBLie Ja;::i;aqy o MarHHTHhIX noeywKax 
;::i;m1 YXH paccMoTpen B.B.Bna;::i;HMHPCKHH 1 '. nocne qero 
6wno ony6nHKOBaHo eme HeCKOnhKO TeopeTH'leCKHX 2-1 H 
npe;::i;eapHTenhHhlX 3KCnepHMeHTanhHhlX 5 h pa6oT, IlOCBH
meHHblX 3Toii npo6neMe. B HacTonmee epeMH KaK a CCCP, 
TaK H 3a py6e)KOM HJ];eT no;::i;roTOBKa K 3KCnepHMeHTaM 
no Henocpe;::i;cTBeHHOMY Ha6mo;::i;eHH10 y;::i;ep)KaHHH YXH a 
MarHHTHblX noeywKaX !

7 - 9 CoeepweHCTBYJOTCH TeopeT11-
'1eCKHe MeTOJ];bl Hccne;::i;oeaHHH. OCHOBHOH eonpoc, KacaJO
lllHHCH MarHHTHbIX noeyweK, - 3TO eonpoc O CKOpOCTH 
;::i;enonnpuJaUHH YXH. IIepBhie TeopeTH'lecKHe pa6oTLI I -:I: 

paccMaTpneanu noee;::i;eHHe cnHHa ueiiTpoHa a MarHHTHOM 
none nonyKnacCH'leCKH, He Y'IHThIBaH BnHHHHH nonH Ha 
J];BH)KeHHe HeiiTpOHa. B ;::i;anhHeiiweM 3TO BnHHHHe 6hIJIO 
Y'ITeHO H Ja)];a'la pewanach B paMKax KBaHTOBOH MexaHH
KH •4,_ OKaJanocL, 'ITO KBaHTOBoMexa.Hu'lecKaH Ja;::i;aqa o no
ee;::i;emrn YXH a Heo;::i;Hopo;::i;HoM MarHHTHOM none HMeeT 
CaMOCTOHTenhHhlH TeopeTH'leCKHH HHTepec, T.K. npe;::i;cTae
nHeT co6oii npocTeiiwy10 Mo.i(enh · ;::i;mi HJy'leHHH pacna;::i;a 
HecTa6HnhHOH CHCTeMhl. 

B uacTonmeii pa6oTe MeTo;::i;ai.rn pa60T1:,1 · i: paccMaTpH
eaeTcn y;::i;ep)KaHue YXH a nnocKoii rpaBHMarHHTHoii no
eyiin<e; B KOTOJ)0H J];Bll)K~HHe 'HeHTJ)OHOB ceepxy orpaH,H'IH
BaeTCH rpaBHTaUHOHHJ,IM, a. ,CHH~Y .. ,7,-/j1arHHTHhIM nonnMH •. , 
IlpH'leM MarHHTHOe none COJ;::i;aeTcn. . npnMOnHHeHHblMH 
npoBOJ];HHKaMH C TOKOM, OTCT011lllHMH ;::i;pyr OT ;::i;pyra Ha 
pacCTOHHHe d. MarHHTHOe none TaK0H CHCTeMbl MO)KeT 
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x!- dx 1 1· I= --
g x- V E-x -cxp(-(x) 

II 

( = k/g =µH
0

/mgd, d=d/17. 

HaH,neM Teneph npu6nu)KeHHoe JHaqeuue 3Toro HHTer
pana B ,nByx cnyqa.11x: Kor.na E~ l H Kor.na E HMeeT MHHH
ManLHO BOJMO)KHOe Juaqeuue. OTMeTHM nono)Keuue MaK
CHMyMa no,nKopeuuoro Bhlpa)Keuu.11: x0 ~- ln( ' ( . Ilpu 
6onbllIHX ( MaKCHMYM uaxo,nHTC.ff B6nH3H uyn.11. MaKcH
ManhHOe Juaqeuue no,nKopeuuoro Bhlpa)KeHHH paBno: 
f (x0 )= E-( 1 dn ,vi:. IlocKonLKY 3Ta Benuquua .non)KHa 6b1Th 
nono)KIITenLna, To E .non)KHO 6LITh 6onLllle (1 ~ ln cj/ ( , 
a T .K. E:.; 1, TO ( Bcer.na ,nOil)KllO 6b1Th 6onbllle 1. Mhl 
paccMoTpHM cnyqaH, Kor.na d = 2 CM H H 0 = 3 KI'c, Tor
.na l = 14. 

EcnH E ::: 1, TO x 
1 ·-""i1 H HHTerpan MO)KHO annpoKCHMH

poBaTh Bhlpa)KeHHeM 
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I= l.. f dx_ 

g o y'E-x 
=_l.{E 
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B cnyqae )Ke, Kor.na E 6nH3KO K MHHHManLno'My 
HHIO (1 + ln ( )/ ( , no,nKopennoe Bbipa)KeUHe MO)KHO 

2 
CTaBHTh B BH,ne f (xo )-( (x -X J /2, npH 3TOM 

+ --
1 x dx TT 2 

I = - I --============= = - v' - . 
g x- y f (XO) - ( ( X-X O) 2 /2 g ' 
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IlocKonLKY E . - 1 / ,,. TO min - S ' 
MO)KHO npu BCCX 311aqenu.11x 

E npu6nH)KeHHO IlOilO)KHTh 
+ -I __ dz = 2y'E11 
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z- v' E 11 - gz- exp(-kz) 

,[J;mI c+' TaKHM o6pa30M, HMeeM: C 
2 

"-' g/ ,/ E . 
j- II 

HaH,neM Teneph fE11 
• Cornacno /7 / HMeeM: 

II 

8 

r.ne 

+ 
c 11 _ c+c- zn 
"'E_--f 

II 2 -z 
II 

cos[¢ 
nE 

II 

(z)]=c+ c_ 77~ ,/12/ 
II 

¢ E (z) = / p(+) (z')dz'-/ p<E-) (z')dz', /13/ 
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/13/ K BH,ny 
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HaH,neM npu6nu)Kennoe .Juaqeuue Bh1pa)Kenu.11 /14/ npu 
3HaqeHHHX napaM"eTpOB,,(» I, g « 1 B ,nByx npe,nenhHhIX 
cny,qa.11x: 1/ E .. 1, 2/ i E,..E -E . « 1. B nepBOM cnyqae 

+ n mm 
Xn ,,. , d 

¢,(x) = f e-sx x' 
x v'E-x' 

H ua 6onhllICH qacTH HHTCpBana HHTerpupoBaHH.ff ¢,(x)<<g. 
3To 03HaqaeT' qTO cos [¢,(x)/ g] MO)KHO nonmKHTh paBHhIM 1 
H 3KCilOHCHTOH B 3HaMeHaTene /14/ npeue6peqb. IlpH 3TOM 
nonyqaeTc.a: 
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n- +-f-=== e --- --
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¢ (x) = /4 + v1. (x+ -x) 
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Ilony,-1eHHhie pe3yllhTaThl Il03B0llHIOT J].aTh ou.eHKY J].JIH epe

MCHH YJJ.CP)l<aHHH ueiiTpOHa B nnocKoii rpaBHMarHHTHOii no

eyrnKe : 

to - vE: to 

2 A2 2 21 n 12 - 2k2 2- ~l-"-12-
C + C _ 7/ En TT V g 1 7/ I•: n 

B cny,-me E
0
-::l HMeeM cornacuo /16/: 

t == /18/ 

t "" tog 

2k2 ,, 2 y'E n 
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Ecnn ·11 HMeeT eenn'IHHY ~ 1, TO npn Ho = 3 1<I'c, d = 2 CM 
nMeeM -X7,~ 3.10-6 CM, µ H0 - 2,8.1O·203p2, g- 2 .• 10·7 , k -
-4,7.10 > ,to - 5.10-6 c H uaXOJ].HM t = 2.10·2 

C. KorJ].a 

L'1E<<l,nony'laeM cornacHo / 17 / H / 18/: 
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H, IlOJ].CTl:lBJIHH Te )Ke· 3Ha'leHHH napaMeTpOB, HMeeM: 

s 4 E-E . t - 10 V ___ min 

Erp 

,-; '1_ 

c. 

rro'cneJ].HHii pe3yJihTaT noKa3hIBaeT, !'ITO ,ueiiTpOHhl,• J].Bn

)KYIIJ.HeCH IlO'lTH ropH30HTanLHO, xoporno xpaHHTCH B noeyrn

Ke. 3TO <lin3B'leCKH .nOHHTHO, T.K. B 3TOM CJiy'lae HeiiTpOHhl 
ace apeMH . HllXOJ].HTCH :a o6nac;rn cimh'Horo 'nonH. "HeiiTpdHtl 

C IlO'lTB CTporo aepTBKaJihHhIM J].BB)KeHHeM TO)Ke xoporno 

-10 

YJJ.ep)KBBaIOTCH 'B. noayrnKe. 3To cne.n;yeT B3 Bhipa)KeHBH 

/19/. npB .J.I ➔ 0' B . <liB3B'leCKB 3T0 T0)Ke II0HHTH0, B60 

TaKBe HeiiTpOHhl J].a)Ke ecnB B BhIX0JJ.H:r B3 o6naCTB J].eHCTBBH 

II0JIH IIPB J].BB)KeHBH aaepx, TO IlpB J].BH)KeHBH BHB3 B03Bpa

maIOTCH B TY )Ke T0'IKY, B3 KOTOpo:ii BhllllJIB, B C TOH )Ke 

rrpoeKU.Beii CIIBHa. 

OJ].HaKo 6onbWaH qaCTh <lia30BOro o6'heMa C0J].ep)KBT 

HeiiTpOHhl co cpaBHBTeJihHO 6bICTphIM aepTBKaJihHhIM B ro

PB30HTaJibHhIM J].BB)KeHBeM, a TaKBe HeiiTpOHhl rrpB J].BB)KeHBB 

BBepx II0IIaJ].aIOT B o6naCTh cna6oro II0JIH, 3a KOT0PhIM BX 

CIIBH, rrpB 6hICTpOM ropH30HTaJibH0M J].BB)KeHBH, He ycrre

aaeT "cneJ].BTh". B pe3yJihTaTe rrpn J].BB)KeHBB BHB3 0HB 

MoryT rrorraCTh a TaKyIO o6nacTh, rJJ.e HarrpaeneHBe rronH 

He C0BIIaJ].aeT C HarrpaeneHBeM BX CIIBHa, B TaKBe HeiiTpOHhl 

II0KBHYT JI0BYWKY qepe3 apeMH t "" 2 V / g YaeJIB'IBTh 

apeMH YJJ.ep)KaHBH TaKBX He:iiTpOHOB MO)KeT cna6oe BeJJ.ymee 

0J].HOP0JJ.H0e MarHBTHOe rrone. IlpB 3T0M CIIBH HeiiTpoHa, 

0pBeHTBP0BaHHhI:ii 110 II0JIIO, 6yJ].eT B T0'IKax BhIX0J].a B3 

MarHBTHO:ii'tIOJJ.YWKH"BJIH BX0J].a a Hee aJ].Ba6aTB'leCKB BhJ

CTpaBBaThCH rrapannenhH0 pe3yJihTBPYIOIUeMy IIOJIIO. O)].HaKO 

3)].eCb B03HBKaIOT HyneBhie TO'IKB, KOT0phie Tpe6yIOT JJ.0- . 

II0JIHBTeJihHOro paCCMOTpeHBH. 

AeToph1. 6naroJJ.apHhI IO. r .A6oay, B. B. Bacunheay, 

B.H.Mopo3oay 'H A.B.CTpenKoay 3a BHTepec K pa6oTe B 

rrone 3Hhle o6cy)KJ].eHBH. 
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