
Otib8AMH8HHbiR 
MHCTMTYT 
HAHPHbiX 

MCCnHAOBaHMM 

AYfiHa 

.31-l ft.{ 
P4-82-215 

Jl. H .Sor !laHoBa *, B. E:. MapK_vHJI111 * *. B.C. MPJJe)f(I1K, 
Jl J1.f)oHOMapeB 

PE:AKUY1H H)lEPHOrO CY1HTE'3A 

B ME:30MOJlEKYJlE ddp 

Y1 HAPYWEHY1E 3APH)lOBOt1 ( 'Y1MMETPY1Y1 

B HY13K03Ht:PrETJ.1qECKOM 

dd-B3AY1MO)lEMCTBY1Y1 

HanpasneHO B >KypHan "Physics Letters B" 

* HHcT~TYT TeopeT~4ecKo~ ~ 3Kcnep~MeHTaJlbHO~ 
$~3~K~, MOCKBa. 

** $~3~4eCK~~ ~HCT~TYT ~MeH~ n.H.ne6eAeBa 
AH CCCP, MocKsa. 

1982 



4TO nonHwe ce4eH~~ 1. 3Kcnep~MeHTanbHO ycTaHosneHo, 
~ aCP) sepKanbHbiX peaKLt~~ 

tot 

a (n) 
tot 

d+d-+n+ 3 He +3,27M3B, /1a/ 

d ,+ d -+ p + t +4,03 M3B /16/ 

np~ 3Hepr~~ ge~TPOHOB e CUM 7 K3B<E <50 KaB OTI1~4a~Tc~ Me
He~ 4eM Ha J%11,21. B AH<I><f>epeHLt~anb;;;;IX Ze4eHH~x o61-iapylKeHa sa
MeTHa~ aHH30Tpan~~, CBHAeTeJlbCTBY~~a~ 0 cy~eCTBeHHOM BKnage 

p -sonHbl s non Hoe ce4eH~e. Ko3<P<I>~4~eHTbl aH~30Tpan~t~~ An~ A P 

Ail~. peaK4~~ /1a/ ~ /16/, a TaKlKe ~X BeKTOPHWe aHaJ1~3Hpy~~~e 
cnoco6HOCT~ 131 c~nbHO pasn~4a~Tc~ /An/Ap =1,772 npH E= 

=1 0 "'="50 K3B '
11

•
21 I, <.no yKa3bJBaeT Ha 3Ha4HTenbHOe HapyweH~e 

sap~AOBO~ c~MMeTp~~ e p-aonHe peaK4H~ /1/. HseecTHOHeCKOnbKO 

nOnbiTOK 
11

•
4

•5•61 06bRCHIIITb yKa3aHHOe HapyweH~e 3apRAOBO~ 
c~MMeTpH~. BbiAeneHHe BKnaAa p -eonHbl no ~Me~~~MCR 3Kcnep~MeH
TanbHbiM gaHHbiM HeB03MOlKHO OCy~eCTBHTb 6e3 cne4~aJlbHbiX npegnono
lKeHH~ 0 noBeAeH~~ nap4111ai1bHWX aMnJl~Tyg 17 •81 np~ Hlti3KHX 3Hep

r~t~RX: cornaCHO /4/ {3=a[n)/a
1
(P)'E=O =2,9; 8 pa60Te/8/ {3=1 ,46. 

noKalKeM, 4TO BeJ1~4~HY {3 MOlKHO onpeAeil~Tb ~enocpeACTBeHHO, 
lti3MepR~ OTHOWeH~t~e Bblxogoe peaK4~~ I 1 I, npo~cxogR~~x e Me3oMo
ne KY ne ddll. 

2. t1e30MOJleKyna dd/l a6pa3yeTCR B pe30HaHCHO~ peaK4111111 

·dll + D 2 -> [(d~)+ d2e] /2/ 

/9-111 
BO apa~aTeJlbHO-KOJle6aTeJ1bHOM COCTORHHH J = V =1 • BOilHOBble 

<I>YHK4~~ ... 1J1 (1,R) CltiCTeMbl c OAitiHaKOBbiM~ RgpaM~ /r - KOOPAHHaTa 
M~OHa, R - KOOPAHHaTa OTHOC~TeJlbHOrO AB~lKeH~R Rgep/ o6naga~T 

" u -+ 
OnpegeJleHHOitl 4eTHOCTb~ no nepeMeHHO~ ~ np~4eM 4eTHOCTb BOJlHOBWX 

<I>YHK4~~ IJ1 Jv cr: R) CBR3aHHbiX COCT0flHI1~ dd/-(-MOJleKYilbl nonOlK~Tenb-
Halle/. no3TOMY B COCTORHI1111 C nOilHbiM MOMeHTOM J =1 MOMeHT L OT

H001TeJlbHOrO AB~lKeH~R RAep He4eTeH, np111 3TOM BKilaA p -BOilHbl 
/L =1 I AOM~H~pyeT 113•141 • 

(n) (p) " 
TaKI1M o6pa3aM, cKopocTM A Jv 111 A Jv RgepHbiX peaKLt~l1 CHHTe3a 

(n) 3 
A Jv ,.....---"n + He+ ll, 

---- .. ~ll 3 He + n, 
( dd/-( )J v /3a/ 

2 

~~~ 

;'~'.· l I 

~(\ .. _ i 

(p) ~,._. 
A J v _...-::::_____. 

( ddll) J v - -~---+ "'-,........_,_ 

'" 

P+t+ll, 
/36/ 

/Lt + p I 

llP + t 

113 MOJleKynRpHWX COCTO~Hitl~ 

HH~M~ peaK4111~ /1a/ ~ /16/ 
)f(I1MO Man/ 1151 : 

C J = 1 onpeAeJ1RIOTC~ p- BOJlHOBbiMI-1 Ce4e

/BKnag BbiCWHX BOilH /L~ 3/ npeHe6pe-

A (n,p)- K (n,p) f d3 r I V IJ1 (-+r R
4

) 1 2 - K (n,p) 
Jv - 1 ' R Jv • R=O - 1 • P'Jv /4/ 

3gecb K(n,p)=y· lima<n,p)·v/9(vM) 2 C 2 
1 v-+O 1 1 

p - BOJlHOBaR KOHCTaHTa peaK41-1~, V - OTHOCI-1TeJlbHa~ CKOpOCTb 

Rgep d e peaK4HRX I 1 I, C ~ = ~~!l_<.!_+_!i_:l_ - MHO)f(~-tTeilb 
9 (e2"7J_ 1) (2S +1) 2 

raMOBa AilR L =1 ('7= ac/v). Ko::!<l><l>~-t41-1eHT y = ___ d __ ~3 Y4HTbiBaeT 
(21+ 1) 

TOT <f>aKT, 4TO CC4eHI-1R a \n ,p) onpeAeJleHbl AilR HenonRpi130BaHHbiX 

ge~TPOHOB, a B MOJleKyne ddll CYMMapHbl~ cnHH RAeP I = 1 . /r.ocneA
Hee YTBep)f(AeH~e CJleAyeT 1113 Tpe6osaHI1R C~MMeTpHH BOJ1HOBO~ 

$YHK41-11-1 IJIJ,fl', R) OTHOCHTeJlbHO nepecTaHOBKI1 TO)f(AeCTBeHHblX 

Rgep B COCTORHHI1 J=1/. HHTerpan, BXOAR~I1~ B <f>OpMyny /4 /, ew-

4HCileH B aA~-ta6aT~4eCKOM npeACTasneHHI1 saAa411 rpex ren 114~ Ero 

3Ha4eHI1R AnR cocTORHI-1~ I J =1, v =1/ 1-1 I J =1 ,v =0/ coorsercrseH
HO paBHbl 

Pu =1 ,53 ·1o-17<PM-", 

plO =5,40 ·10-17~M-5. 
" K (u,p) 

np~ BW411CJ1eHHH KOHCTaHT peaK411H 1 MW 11CnOJ1b30BaJ1~ na-
paMeTpl13a411~ p -aonHOBbiX ce4eHH~ a in,p)' npeAJlO)f(eHHYIO s pa6o
-re /8/: 

( ) 25 5 -1 
Kn =3,4-10 <I>M ·C 

1 

K (p)_2 31025"' 5-1 1 - , · 'I'M • C 

COOTBeTCTBy~~~~~e CKOpOCTH A (J;;) 11 nOJlH~Ie CKOPOCTH RAepHO~ 

peaK4~~ c~HTesa A Jv =A~~ +A?j pasHbl: 

A (n) =5 2. 10 8 c -l 
11 ' ' 

A(n) =1 8.10 9 c-1 
10 , ' 

~-------------------------~ 0 :,t:Qt.o~HEHHNiii 1-'1..-c r 
.;~ ""I ~· .. 1f',. n~-

r-; v!l; niJI ('l T r: K A 
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,\ (p) =3 5 1 0 8 - 1 
11 , . c 

,\ 11 =8, 7 · 1 08 -1 c 

(p) 9 -1 
,\10=1,2.10 c 

,\ 10 =3 '0. 1 0 9 c -1 . 

3. HapHAY C peaK4~HM~ HAepHOro C~HTe3a B Me30MOfleKyne 
npo~cXOAfiT ome-nepeXOAbl Ha 6onee H~3K~e ypoeH~. AoM~H~pyeT 
MOHanonbHbiH EO -nepeXIl.Q I J =1, v=1 I ... I J =1, v =01 co cKopocTbiO 
,\ tr = 1, 9 .1 0 8 c - 1 *. ,El - nepexoAaM~ c ~3MeHeH~eM epa~aTeflbHaro 
KBaHTOBOrO 4~Cfla J MOmHO npeHe6pe4b, TaK KaK B MOfleKyne C 
OA~HaKOB~M~ HAPaM~ OH~ CBH3aH~ C ~3MeHeH~eM CYMMapHoro HAePHOro 
cn~Ha, T.e. o6ycnoaneH~ penHT~e~cTcK~M~ a~~eKTaM~ lcornacHo 
04eHKe pa60Tbl 1181 Afl~'~ nepexoAa I J =1, v =1 I ·• I J =0, v =1 I 
,\ tr -10 3 c-1; 1-13 pe3yflbTaTOB pa6aTbl 11 71 cneAyeT, 4TO ,\ tr <1 0 5c-y. 

TaKw~ o6pa3oM, peaK4~~'~ RAepHoro c~HTe3a e ddiL -MoneKyne 
npo~cXOA~T c eepoHTHOCTbiO W11 =A 11 l(i\ 11 +Atr) =0,82 ~3 co
CTORH~R J= v=1 ~ BepORTHOCTbiO W10 =1-W11=0,18 ~3 COCTORH~R 
J =1, V =0, T. e. BCerAa ~3 COCTORH~R L =1 OTHOC~TeflbHOro AB~me
H~R AeHTpOHOB, ~ n03TOMy OTHOWeH~e B~XOAOB HeHTpOHOB ~ npOTO
HOB B peaKL\~RX 13/ Y (n) ~ Y (p) COBnaAaeT C OTHOWeHHeM p -
BOflHOB~X Ce4eH~H B npeAene H~3KHX 3Hepr~l1: 

y (n) 

y (p) 

,\ (n) 
= __ 1v 

,\ (p_)_ = 
1 v' 

lim 
V-> 0 

a (n) 
1 

a(p) 
1 

=fJ. 

BpeMfl mH3HH Monei<Yllbl ddiL pasHa 

T=W111,\ll'+W10I,\10 =1,0 HC, 

151 

161 
a 31:)J<!JeKTHBHaH· CKOpOCTb HAepHbiX peaK4J.1H /31 ,\ f = 1/T = J, 0 ·1 0 9c- 1. 
0TMeT~M, 4TO B~4HCfleHHOe 3Ha4eH~e,\f Ha ABa napRAKa MeHbWe 01.\eH
K~, nony4eHHOH paHee e pa6oTe 1181. 

4. OT een~4HHbl OTHOWeH~R yCn)IY (P) 3aBHCHT ea>KHaR xapaKTe
p~cT~Ka peaKL\~H 131, a ~MeHHO, TaK Ha3biBaeMbiH 11 K03<)>1:)J~L\HeHT 
np~n~naH~R 1 i w MIOOHa K 3apRmeHH~M npOAYKTaM. BegoRTHOCTb KaHa
na IL3He+n B peaK!.\~~ 13al paBHa()nb0,14+0,01 11 "211,e TO BpeMR 
KaK B peaK!.\~~ 136/ BepORTHOCT~ KaHaJlOB ;t +P ~ ILP+t npeHe6pe-
>K~MO Maflbl, 

w = w<n) 

n03TOMy 
y (n) 

y(P) + y (n) 

= w (n) • f3 171 
f3 + 1 

•np~BeAeHHoe 3Ha4eHHe B~4~cneHo M.n.<llaR<)>MaHOM c noMO~biO 
anropHTMa, pa3BJ.1Toro e pa6oTe / 161. 

4 

.~ 
·J 

~ 

npH {J=1,46/S/w=0,083 BMeCTO W=W(n)l2 =0,076, nony4eHHOrO 
paHee1191 B npeAnono>KeH~~ {3=1. 

3Ha4eHHfl cKopocT~ RAePHOH peaKL\H~ ,\r ~ 11 K031:)J<I>HL\~eHTa npH
nHnaHHR11 W BamH~ AflH onHCaH~fl K~HeT~K~ npOL\eCCOB MIOOHHOrO 
KaTanH3a HAePH~X peaKL\HH CHHTe3a B CMeC~ AeHTep~H J.1 TPI-lT~R/22 < 
KOTOp~e B nocneAHHe rOA~ B~3~BaiOT HHTepec B CBR3H C o6cy>KAe
H~eM B03MO>KHOCTeH ~X npaKTH4eCKOrO HCnOJlb30BaH~fl AflR npOJ.13-
B0ACTBa RAePHOH 3HeprH~ H Hei1TpoHoe 123 •241 . To4HOCTb HaWHX 

(n, p) 
4~cneHHbiX pe3ynbTaTOB AflR A 1v ~ ,\r orpaH~4eHa T04HOCTbiO 
J.13Bfle4eH~R p-eonHOB~X KOHCTaHT peaKL\~H ~3 3KCnep~MeHTaflbH~X 

AaHH~X no peaKL\HfiM 111. H3MepeHJ.1e OTHOWeHHR B~XOAOB HeHTPOHOB 
~ npOTOHOB Y (n)jy (p) B peaKL\~fiX 131 ~ 11 1<03¢~~1.\~eHTa np~mma
H~R11 W n03BOflfleT HenocpeACTBeHHO ycTaHOB~Tb CTeneHb HapyWeH~R 
3apRAOBOH CHMM8Tp~~ B p-sonHOBOM dd-s3aHMOAeHCTB~~ B6flH3~ 
nopora. 

B 3aKnl04eHI1e e~pamaeM 6naroAaPHOCTb B.I.AHTOHeHKO ~ 
5.n.AAbRCeB~4Y 3a 03HaKOMfleH~e C pe3y1lbTaTaMH 3KCnep~MeHTOB, 
a TaK>Ke C.C.IepwTeRHy H H.C.Wan~po aa ~HTepec K pa6oTe ~ no
ne3Hble o6cy>KAeHHR. 
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EorgaHoaa Jl.H. H gp. PeaK~Hn ngepHoro CHHTesa P4-82-215 
D MeSOMOJiei<yJie ddj.t H HapymeHHe SapJigOBOH CHMMeTpHH 
B HH3K03HepreTnqeCKOMdd-B3BHMOgeACTBHH 

BbiqncneHa CKopocTb ,\ r =I , 0. I 0 9 c - 1 peai<~ItH ngepHoro CHI!Tesa 
B MeSOMOJieKyJie ddj.t H ITOKasaHO, qTO H3MepeHite OTHOlUeHHfl BbiXOga 
HeHTpOHOB K BblXOgy rrpOTOHOll IT03BOJIJieT HaHTH OTHOIII6HHe p -non
HOBblX ceqeHHH peaK~HH d(d, n) 3He H d(d, p)t BOJIH3H rropora 
dd. 

p aoOTa BbiiiOJIHeHa B Jla6opa TOpHH TeopeTHqeCKOH ~H3HKH OJ.U!H, 

npenpi1HT 06beA11HeHHOro 11HCTI1TYTa RAePHbiX 11CCJ1eAOBaHI1~, .lly6Ha 1982 

~ogaanova L.N. et al. Reaction of Nuclear P4-82-215 

Fusion in ddj.L Molecule and Charge Symmetry Violation in 
the Low Energy dd Interaction 

The rate ,\ r =I. 0 .IQ 9 s - 1 of the nuclear fusion in the ddll 
molecule is calculated. It is shown that the ratio of the 
neutron to the proton yield equals the ratio of p -wave cross 
sections of d(d,n)3 He and d(d,p)t reactions near the 
threshold. 

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