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B paii,e pa6oT cii,eJiatta IlOilblTKa OilIICaHIIH HeHTpOtt-npOTOHHOfO B3aHMOii,ei1-
CTBIIH B 1S0 -COCTOHHIIII npII Hll3KIIX 3HepnrnX C IlOMOIUblO ypOBIDI, paCilOJIO)KeH­
HOfO HII)Ke 3Hepnrn CBH3ll ii,efiTpOHa. B HaCTOHIUeH pa6oTe OilHCaHa MeTOAIIKa 
II npeii,cTaBJieHbl pe3yJihTaTbl IlOIICKa B036y)K.QeHHOf0 ypOBIDI ii,efiTpOHa C IlOMO­
lllblO pe30HaHCHOf0 pacceHHIIH faMMa-KBaHTOB, IICnycKaeMblX paii,IIOaK.TlIBHblM IIC­
TO''IHIIKOM. IlonyqeHa BepxHHH rpaHlil..(a IIH!pHHbl ypOBIDI B 3aBIICIIMOCTlI OT 3Hep­
mH naii,aIOIUHX y-KBaHTOB Er: OT 0,2 3B npH Er = 200 K3B ii.o 4 3B 
npH E Y = 570 K3B. 

Pa6orn BhlilOJIHena B Jia6opaTOpHH HeHTPOHHOH cpmHKH HM. 11.M.<l>patt­
Ka ornrn. 

Coo6meHHe Om,e)IHHe1111oro HIICTHTyra ll)lepHbIX HCCJJe)IOBaHHii. lly6tta, 1999 

IlepeBOA aBTOIJOB 

Borzakov S.B., Pokotilovsky Yu.N. 
Search for Exited Level of Deuteron 
by Resonance Scattering of y-Quanta 

PlS-99-70 

An attempt to describe the low energy neutron-proton interaction in 1S0-state 
with the help of a level at energy less than deuteron bound energy was made 
in a number of works. The method to search for exited level of the deuteron 
with the help of resonance scattering of y-quanta from the radioactive source 
and first results are described. The high boundary for the level width is obtained 
as a function of y-quanta energy E Y: from 0.2 eV at Er = 200 keV to ::i. eV 
atEY =570keV. . 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics,. JINR. 
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O6rn;enp1rn.HTOH M0,AeJiblO np-B3aHMO,AeHCTBI-rn rrpH·HH3KHX 3HeprHHX 

HBJI.HeTCH Teop1rn 3q>q>eKTHBHoro pa,Auyca [l]. CornacHo 3TOH · MO.n;enu 

ClfCTeMa He HMeeT CB.H3aHH0ro l So-COCTO.HHH.H. Cyrn:eCTBYfOT TaKiKe ,Apiue 

no,AX0,AbI K orrucaHHIO NN- B3aHMO,AeHCTBHH rrpu HH3KHX 3Hepru.Hx. TaK, 

HanpHMep, Ma [2] Il0Ka3aJI, qT0 B03M0iKH0 OilHCaTb np-pacce51HHe rrpH 

HH3KHX 3Heprn.HX C Il0M0ID;blO R-MaTPHIJ;bl. B TaKOH M0,rl;eJIH pacce.HHHe B 

CHHrJieTH0M C0CT0.HHHH 0ilHCbIBaeTC.H C Il0M0ID;blO pe30Hal):Ca C 

OTPHIJ;aTeJibHOH 3Heprneii. Eonee Il0,Ap06Ho 3T0T B0npoc o6cYiK)];aeTC.H B 

pa6ornx [3,4]. 

Cne,AyeT 0TMeTHTb, qTo B0npoc 0 cyrn:eCTB0Bamm B036y)KJ:(eHHOro 

yp0BH.H ,AeiiTP0Ha c 3Heprneii HHiKe nopora pa3Bana HHKor.n;a He 

HCCJie,A0BaJIC.H 3KCnepHMeHTaJibH0. B HaCT0.Hrn;ee BpeMH IlO.HBHmiCb pa60Tcl, 

YKa3bIBaIOrn;M Ha cyrn;ecTB0BaHue pe3oHaHca c 3Heprueii: 014 M3B B pp­

cucTeMe [5]. CornacHo rrp1rnIJ;1my moTOnuqecKoii HHBapuaHTH0CTH B 

J:(eHTPOHe J:(OJiiKeH cyrn;eCTB0BaTb ypoBeHb C 6JIH3KOH 3Heprneii. 

B HaCTO.Hrn;eii pa6oTe onpo6oBaHa npOCTeHIIIM MeT0J:(HKa Il0HCKa 

pe30HaHCH0r0 pacceHHif.H y-KBaHTOB .H,ApaMH .n;eiiTepirn. CxeMa yCTaHOBKH 

Il0Ka3aHa Ha puc. 1. lfoToqHHKOM y-KBaHT0B CJIYiKHJI H30T0Il 
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KOMITTOHOBCKH Ha aJIIOMHHHeBOH IIJiaCTHHe H rrocne HeKOTOpoii 

KOilllHMaU.HH o6nyqanH MHIUeHI, H3 ,geHTepHpOBaHHOro IIOilH3THileHa 

Tonm:HHOH 1 MM H ,gHaMeTPOM 5 CM. PacceHHHbie o6pa3U.OM y-KBaHTbI 

perncTPHPOBMHCb Ge(Li)-,geTeKTopoM, pacrrono)KeHHbIM Ha paccTOHHHH 
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PHc. 1. CxeMa ::>KcrrepHMeHrn 

50 CM OT o6paJu.a tt Jam:Hm:eHHblM OT rrpHMOro rrorra,gaHHH KBaHTOB OT 

HCTO'-IHHKa 3aIIt:HTOH H3 CBHHI.J.a. Yron pacceHHHH 0 BbI6ttpanCH BO3MO)KHO 

MaKCHMallbHbIM ,gnH yMeHbllleHHH BepOHTHOCTH rrorra,gaHHH KOMIITOHOBCKH 

pacceHHHblX Y-KBaHTOB H COCTaBnHn ~ 110°. 

CeqeHHe pe3OHaHCHoro pacceHHHH y - KBaHTOB OIIHCbIBaeTCH 

cpopMynoii Epeiirn-Bttrnepa 
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a = rr k 2 r2 , 

r (E-E,)2+f 

(1) 

r,ge Er - IIOilO)KeHtte ypoBHH, I'y - pa,gttaU.HOHHaH umpHHa ypOBHH, ky -

BOilHOBOH BeKTOp Y-KBaHTa. qttcno OTC'-IeTOB ,geTeKTopa, o6H3aHHbIX 

pe3oHaHCHOMY pacceHHHJO, MO)KHO rrpe,gcTaBHTb B cne,gyJOm:eM BH,ge:· 

N = <l> rS,e(Er)!l.Q, (2) 

r,ge <Py - IIIlOTHOCTb IIOTOKa rra,gaIOIIt:HX Ha o6pa3eU. y-KBaHTOB, E-

3cpcpeKTHBHOCTb perncTPaU.HH, !:J.Q - TeneCHbIH yron, B KOTOpOM 

perttCTPHPYIOTCH Y-KBaHTbl, Sr = f (1-e-na.,, )d.Ey - pe30HaHCHbIH HHTerpan . 

Mo:ll<HO IIOKa3aTb, lJTa° Sr = fI'y, r,ge f - cpyHKU.HH, 3aBHCHIIt:aH OT TOilIIt:HHbl 

o6paJu.a n. 

IlOTOK IIM3IOW:HX Ha o6pa3eU. y - KB3HTOB B HHTepBane 3Heprntt !:J.E 

MO)KHO orrpe,genHTb, H3MepHB lJHCilO KOMIITOHOBCKH pacceHHHblX Ha yron 0 

y-KBaHTOB, rrorra,gamm:ttx B HHTepBan 3HeprHH 

ilEc = ilE/[1 + E(I - cos0)/mc 2 ]2: 

• A da c 
N,. = <llr(Er)·uE ·n, dQ e(E,.)-llQ (3) 

r,ge ne- '-IHCilO ::>neKTpOHOB B o6paJu.e ( CM
02

). 
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Pttc. 2. CrreKTp · raMMa - KBaHTOB, pacceRHHLIX o6pa3U:OM CO2• BpeMR 

M3MepeHM5I 50 qacoB 

Ifa cpopMyn (1-3) M0)KH0 rronyqMTb 

r = N . !:,. E . n e ~£ (EC) 
r N c ft: (Er ) 

(4) 

IIonyqeHHbIH c o6pa3U:OM CO2 crreKrp rroKa3aH Ha p11c. 2: <l>oH, 

M3MepeHHbIH 6e3 . o6pa3u:a, C0BIJaAaeT B rrpeAenax . CTaTMCTMqeCKOM 

T0<JH0CTM C rrpMBeAeHHbIM crreKrp0M rrpM 3Heprn5IX BbIIIIe 220 K3B 

(MaKCMMMbHa5I 3HeprM5I K0MIIT0H0BCKM pacCe5IHHbIX Ha MMIIIeHM y­

KBaHT0B B ycn0BM5IX re0Merpm1 3KCrrepMMeHTa) M HeCK0llbK0 HM)Ke rrpM 

6onee HM3KMX 3Hep1;115IX. XopOIIIO BMAHbl IIMKM, C00TBeTCTB)'IOW:Me 

M3BeCTHbIM cpOHOBbIM llMHM5IM 
214

Pb(295, 352, 609 K3B), 208Tl(583 K3B), a 
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TaK)Ke 511 K3B [6]. Bee o6Hap)')KeHHbie B 3T0M crreKTpe IIMKM 

rrp11cyrcrnyIOT M B cpoHOBOM crreKrpe 6e3 o6pa3u:a, M He o6Hap)')KeHO HM 

0AH0ro IIMKa, rrp11cyrcTBYIOW:ero T0llbK0 B crreKTpe, rronyqeHH0M C 

o6pa3U:OM._ 
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P11c. 3. BepXH5!5I ou:eHKa IIIMpMHbl ypoBH5I (Ha ypoBHe A0CTOBepH0CTM 90%) 

B 3aBMCMM0CTM OT ero 3HeprMM 

BepXH5!5I ou:eHKa rrnorn;aAM B03M0)I{Horo IIMKa orrpeAenRnach KaK 

CTaTMCTMqecKaH OIIIM6Ka cyMMbl 0TcqeT0B AeTeKT0pa n MHTepnane paBH0M 

5 IIIMpMHaM q>)'HKU:MM pa3peIIIeHM5I AeTeKT0pa. Comae Ho cpopM)'ne ( 4) 

6Lina rronyqeHa nepxH5!5I rpaHm~a IIIMpMHbI ypOBHH B MHTepnane 3Heprnii 

IIaAaIOW:MX KBaHT0B 200 - 600 K3B, K0Topa5I II0Ka3aHa Ha pHC. 3. 

)J;n5I rrponepKM MeT0Aa 6brnM rrpoBeAeHbl M3MepeHM5I c o6pa3U:OM 

LizCO3 TOllW:MHOM 4.1022 CM-2 51:Aep llMTM5I. KaK M3BeCTH0, 
7
Li MMeeT 

ypoBeHb 478 K3B C IIIMpMHOH 0,01 3B [7]. B crreKTpe pacceRHHbIX KBaHT0B 

6brn o6Hap)')KeH cna6Liii IIMK rrp11 3TOM 3HeprMM. IIonyqeHHoe 3HaqeHMe 
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nrnpHHbI pe3oHaHca 
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