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Pa6oTa nocsHIUeKa onecaKHJO Bbii!IOLla Bbipa>KeHHH MaTpH'IHOro sneMeHTa 
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Matrix Element of the Reaction K- + 4He -.T+Y(Y*) 

The paper is devoted to the description of the 
derivation of the expression for matrix element of the 
reaction K- + 4He .. T + Y(Y *). 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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B pa6oTe/I/ paccMaTpusanucb 6uHapHwe npoqeccw 
npHMOrO po~~eHHH runepOHOB KROHRMH Ha nerKHX H~pax. 
B qacTHOCTH, HJyqanucb peaKQHH Tuna 

K- + 
4 

He -> T + Y ( Y* ) 111 

B CBH3H C npo6neMOH B03MO~Horo CyiQeCTBOBRHHH 6apHOHa 
v,~;27-> A 0 

y I T - H~po TPHTHHI 0 

AnH onucaHHH pacceHHHH 6wcTpwx KaOHOB ua nerKux 
H~pax B pa6oTe /J I 6btna paccMoTpeHa Mo~enh, B KoTopoii 
npe~nonaranocb, qyo; 

11 H~po 4 He ~uccouuupyeT Ha TPHTHH u npoToH; 
21 HaneTRIOIQHH KROH B3RHMO~eHCTByeT C npOTOHOM, 

o6pa3yH runepoH Y ( Y * ) : 
K - + p _, y '( y * ) ; 
31 T u Y ( Y*) noKH~aJOT npe~enhi H~pa 4 He, He B3aHMo

~eHCTBYH Me~~y co6oii. 
HacTOHIQaH pa6oTa nocsHIQeHa onucaHHIO BhiBo~a Bbi

pa~CHHH ~nH MaTpH'IHOrO 3nCMeHTa peaKQHH 111 Ha OCHOBC 
c~enaHHhiX BhiWe npeJI.nono~eHHH 11-31. 6y~eT noKaJaHo 
TaK~e, 'ITO y'leT ynpyrux npoueccos nepepacceHHHH, Kor~a 
B KOHC'IHOM COCTOHHHH Ha6nto~aiOTCH TpHTHH H runepoH, 
~aeT nonpaBKy K MaTpH'IHOMY 3nCMeHTy, He BnHHIOIQYIO Ha 
.OpMy yrnOBWX H HMnynhCHWX pacnpe)l.eneHHH BTOPH'IHWX 
'IRCTHQ B peaKQHH I 1 I. 

B HMnynhCHOM npu6nu~euuu MaTpH'IHWH JneMeHT nepe
xo~a H3 Ha'lanbHOrO COCTOHHHH B KOHe'IHOe B ycnOBHHX 
peaKQHH I 11 HMeeT cne~yJOIQHH su~: 

-> -> 4 4 
M 0 = < 'P ( p , a ) 'I' ( p , ,B) I .I A d 'I' ( He) > , 121 

y T •=I 
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r.u.e IJI (py ,a) H IJI (pT,,B) • ~O~HOBble cllYHKUHH o6pa30BaB· 
DIHXCJI rHnepoua H TpHTHJI, Pr pT -Hx HMnynLcbi, a H ,8 -
KBaHTOBble 'IHcna; 'I' ( 4He ) - sonuosaJI cllYHKUHJI JI.U.pa 4 He ; 
A i - on epa Top PO:>KAeHHJI rHnepoua ua OT .u.enLHOM HyKnoue. 

B paMKax nces.u.ocKan.HpHoii TeopHH on epa Top po>K.U.eHHJI 

rHnepoua !!..~.!!.YK~He HMeeT BH.U. 

E M .... .... -> 
y+ y i p rK Py 

A = y --- e K a. ( g 1 ----2E y I Ey+ My 

i1 1 +T3 (i) 
- 82 2m )-2-'131 

r.u.e E y, p y, My - JHeprH.H, HMnynLc_. H Ma~ca rHnepoua; 
;i H m - HMnynLc H Macca npoToua; pK, rK- HMnynLc, 

pa.u.Hyc-seKTop uaneTaiOIUero K-·Me3oua; g
1 

H g 
2 

- I<ou

CTaHTLI CB.H-3H; a i - MaTpHua IIaynH; r 3 (i) - H30CDHHOBbiH 

OnepaTOp. IlpOTOH B .H,IJ,pe He .HBJI.HeTC.H CTporo CB060,IJ,HbiM, 

H DOJTOMy HMDYJILC f! B Bbipa>KeHHH /3/ ,IJ,OJI>KeH 6biTb 

onepaTOpOM ( -i V ) , ,IJ,eHCTBYIOIUHM Ha BOJIHOBYIO cllYHI<UHIO 
npOTOHa. 

T .KonaneiiUIBHJIH H «!>. TI<e6yqaaa12/, H3y'la.H 3axsaT rr-

Me30HOB neri<HMH .H,IJ,paMH, I<OTOpbiH DOJIHOCTbiO auanorH· 

'leu 3axsaTy K-·Me3oHoB, ycTaHOBHJIH, 'ITO BI<na.u. no.u.o6-

Horo qneua B nonuoe ceqeuHe 3axsaTa uesenHI<. KpoMe 

TOrO, B paCCMaTpHBaeMOM HaMH CJiy'lae HMDYJILC npOTOHa 

B Bblpa>KeHHH /3/ Cy(UeCTBeHHO MeHbUie HMDYJILCa pacce.HH· 

Horo rHnepoua. IlpHse.u.eHHble apryMeHTbi .u.a10T ocuosaHH.H 

C'IHTa Tb, 'ITO B /3/ BTOpbiM 'IJieHOM B CI<06J<aX MO>KHO npe

ue6pe'IL H B I<a'leCTBe aMnnHTY.U.LI A i B3.HTL Bblpa>KeHHe 

E +M 0 .... -. 

Ai - 81 v' _y _ _y e 
1 

P KrK 
2Ey 

P'v I+r3 0> 
a 0 ----- -----

1 Ey+My 2 
/4/ 

IIepenHUieM Bblpa>KeHHe /2/ .u.nJI MaTpH'IHoro JneMeHTa 
B HHTerpaJibHOM BH,IJ,e: 

....... ...... 4 
-i Py r -i p r _.., -+ __. -+ -... -+ -+ 

M 0 - L f e Ye T '1\p T ( r I ' r 2 , r 3) i: IA i 'I''\:! e ( r I , r 2 , r 3, r 4 ) x 

d 3 ... cJ 3 ... d 3-. 3... 3... 3 ... 
x r y- rT r 1 d r

2 
d r

3 
d r 

4 
, /5/ 

4 

~ 
)~; 

~
. ... 

',,,:-

r.u.e L - I<OHCTaHTa; ;Y H ->rT- pa.u.Hyc-aeKTOphi rHnepoua 

H TpHTHJI; r1 , [ 2 , r3 - pa,IJ,HyC·Bei<TOphl HYI<JIOHOB B H,IJ,pe 
4 

He H T , rt - pa.u.Hyc- BeKTop B3aHMo.u.eiicTBYIOIUero 
npoToHa; p T - HMnynhc JI.U.pa T ; 'I' T H 'Pile- BOJIHOBhie 

<iiYHI<U.HH H.u.ep T H 
4 He, I<OTOphie Bhi6paHhi B BH.U.e npoH3-

Be,IJ,eHHH O,IJ,HO'IaCTHlJHhiX cllYHI<U.HH HYI<JIOHOB. 

B COOTBeTCTBHH CO C,IJ,eJiaHHbiMH BhiUie npe,IJ,DOJIO>Ke

HHHMH OTHOCHTeJILHO MexaHH3Ma peai<U.HH I 1/ aonuoay10 
A. -t 
..,yHI<U.HIO H.u.pa He npe.u.cTaBHM B BH.U.e 

'P \t ,. ( r I ) 2) :1 ' r ·t ) = 'P ( p ) 'P ·i· (r I 'r~ ' r :1 ) ' /6/ 

r ,IJ,e 'P ( f; ) - . BOJIHOBaJI ljlyHI<U.HJI BHpTyaJibHOrO npOTOHa B 
l • -) Jl 

a.u.pe He ; p = r1 - rT- paccToJIHHe Me>K.u.y u.eHTpoM Mace 

Tpoii<H HYKJIOHOB H B3aHMO,IJ,eiCTBYIOIUHM llpOTOHOM B JI,IJ,· 
• " , to 

pe He ; 11'·1· ( r 1, r 2 , r :I ) - BOJIHOBaH ljlyHKI.(HH BHpTyanLHoro 
rpHTHH B H,Llpe ~He. 

no.u.craanHJI /6/ B /5/, nony'IHM: 

, J • )I _, 

-tpyry -tpTrT , , :1, :1, :1 .• 
M0 ., L fe e LAi'P(p) d p d ryd rTx 

:1 :1 :1 
x f 1

(1 " ( r1 J 2 , r :1 ) 'P ' ( r '1 , r' 
2
,"r :I ) d r' I d r 

2
d r :l" 

/7/ 

BbinonHHB HHTerpuposaHHe no I<oop,LlHHaTaw HYI<JIOHOB 

; , ; , ; H o6o3Ha'IHB pe3yJILTaT HHTerpHposaHHJI L 
1 

, I 2 :1 
nonylJHM: 

... ...... -· --+ 
-i fl r -i p r + .,. M - L j' y y T T ,. A HI ( • ) dil ... d :1 d :J 0 -- 1 e ,;, i -r p p r Y r T . /8/ 

IIo.u.cTaBHM B /8/ BLipa>KeHHe /4/ .u.n.H A i . Y'IHTLIBa.H, --+ .__. ....... .... ___.., 

'ITO rK =ofy H rK- fT"' p , a Tai<>Ke 3ai<OH COXpaHeHH.H HM· 
nynLca 

... ' ... 
p = p +- p 

K T Y /9/ 

nony'IHM cne.u.yiOIUee Bbipa>KeHHe .u.n.H KBa.u.paTa waTpH'IHoro 
JneMeHTa: 
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~ ~ 2 

I 2 ~ i p p 3-> 2 p v M I '~ L I f'l' (p) e T d p I ____ .....__. /10/ 
n 2 E (E + M ) y y y 

)l.JIJI 4JYHKUHH qt ( p ) Mbl BOCDOJib30BaJIHCb Bblpa:>KeHHeM 
H3 pa60Tbi/:J/. DOJiy'leHHbiM H3 aHaJIH3a JKCnepHMeHTa~b
HbiX .n.aHHbiX no pacce.IIHHIO JJieKTpouoa ua JI.IJ.pax 4 He 4 7. , 
3TO Bblpa:>KeHHe HMeeT BH.U. 

3 cz 2 3/4 (1 + 1/ 2 )3 /2 l/2 3 2 2 
'I' ( r ) = ( --"7-) [ ----L-r::- 1 exp(- -cz p )x 

4"2 0+I/y2)3;2_o 8 
__; 

x [1-D exp(--~ _cz
2
p2)] 1/2 

16 l 1111 

2 - 2 hi 
r.n.e u % 0,579<f>..w- ; y ... 0,308; D ,. 0,858 · . 

Pa3JIO:>KHB 1111 B PJI.U. H DO.U.CTaBHB B 1101, DOJIY'IHM 
OKOH'Ia TeJibHOe Bbipa:>KeHHe .U.JIJI KBa.n.pa Ta Ma TpH'IHOrO JJie
MeHTa B HMDYJibCHOM npH6JIH:>KeHHH: 

2 
2 p 2 2 I M I "' L ___ :...x_ ___ [ exp ( -- J;) 

0 0 Ey(Ey+My) 3 cz 

D 

2 (1 + ) __ )3/2 
2y2 

2p2 exp ( ____ :.J:.. __ ) 

3 (1 + _l__) u2 
2 }'2 

l 2. 1121 

llpa po:>K.n.euuu runepoua ua JI.n.pe 4 He MoryT npouc
xo.n.HTb TaK:>Ke ynpyrue nepepacceJIHHJI K- H Y(Y*) ua JI.n.pe 
TpHTHJI. 

BKna.n. ynpyroro pacceJIHHJI K- H Y ( Y *) ua TpHTHH a 
JI.IJ.pe 4He a MaTpH'IHblii :meMeHT paccMaTpHaaeMoro npo
uecca /11 Y'ITeM a npa6nu:>KeHHH rnay6epa /s, 6~ TaKoii 

6 

~1 

1; 
,'1' I 

'I 
I 

no.n.xo.n. anonue onpaa.n.au, nocKOJibKY runepou BbiJieTaeT 
no.n. MaJibiMH yrnaMH. 

AMnJIHTy.n.a npouecca I 1/, cornacuo Mo.n.enu r nay6epa, 
3aDHWeTCJI B BH.U.e /7/ 

M (q) 

+ -+ 

1 ~~ 
"'--- feiqb 

2 17 2 

~ -+ -+ 

-iq 1(b-sN) ~ 
'I'* le f (ql) + r c 

.......................... :) ...... ~) 

477 P K 

-iql(b-sN) -Iq2(b- T [ f (q I) fY'I{q2 + e e ,. 

f ( ~ ) f ( ~ ) l I d2 -t 2 ~ 2 ~ :J .. + K T q2 ., q 1 qt i 0 d q 1 d q 2 d r 1131 

3.n.ecb f c - aMnJIHTy.n.a npouecca K- p ~ Y (Y *) , A 1 = 
~ ~ 

i p r 
= e K K f c ; f YT H f K 1- aMnJIHTY.U.bi ynpyroro Y T-
H K T - pacceJIHHJI; q ,. p K - p y ; s N H s T - nonepe'IH_!>Je 
COCTaBJIJIIOIUHe pa.n.uyc- BeKTOpOB npOTOHa H TpHTHJI; d3 T -

DpOH3Be.U.eHHe nepeMeHHbiX, OT KOTOpbiX JaBHCJIT lflr H 
'Vi · llocne npocTbiX npeo6paJoBaHHii Bbipa:>KeHHe I 131 .U.JIJI 

M ( q )Mo:>KHO npe.n.cTaBHTb a cne.n.y10meM aa.n.e: 

M (q) - f'l'* f '1'. 
( C I 

~~ 

iqs N 
e d3; + 

~ ~ 

i ~ 4 4 4 iqsN 
+ 4--=-.- Jf .. (q-q2)r£YT(q2)+fKT(q2)]e x 

TT p K 

x e 

4 -+ 
4 

) 4 ( s -s d -1 q2 . N T 'I' * 'I' T 

r 
/14/ 

4 

d q2 

EcnH yqecTb, 'ITO BOJIHOBble <ilYHKUBB 4He H T 6blcTpee 
y6biBaiOT c poeT oM nepe.n.auuoro HMnynbca 1\ I, 'I eM aMnna-

7 
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TY,!J;LI f c , f y T H f K T, TO JaBHCHMOCTLIO nocne,!J;HHX 
OT q2 B llO,!J;LIHTerpanLHOM BLipa>KeHHH 1141 MO>KHO npe· 
He6pe'IL. lJpHHHMaB BO BHHMaHHe BLIWeCKaJaHHOe, a TaK>Ke 
BLipa>KeHHe I 61 .n;nB aroporo 'ineHa B I 141, nony'IHM: 

17T ~~ :1_.. '1-> 'I -• 
f., (q) [ f Y'I(O) + f KT(O)) IIJ';r IJ',r d rl d' r2 d' r3 X --> 

PK 
. -> 

I i P TP z n• (O --> ) d --> x e -r ,p p , 
z z 

1151 

r.n;e f'z ~ npo.n;onLHaB COCTaBnBIOIJ.IaB nepeMeHHOH p , Ha· 
npaaneHHaB a.n;onL HMnynLca na.n;a1011.1ero K-- MeJoHa p 1\ • 

0KOH'iaTenLHO .n;nB MaTpH'IHoro JneMeHTa M npouecca 
/1/ c yqeroM rnay6epoacKHX nonpaaoK Ha nepepacceHHHe 
K- H Y ( Y*) Ha T B a:.n;pe 4 He HMeeM: 

0 ---+ __. • 
I Jl p > 3--> 1 

M = f L I e T 'I' ( r~, ) d p 11 ~~ ------ [ f (0) + f (O) l s I 
c I --> YT KT I ' 

4 7T p K 

116/ 

L ,., L I lfl* ( r· r' -r ) IJ' , ( t -r ; > d :~ d:1 r' d:1 ; . 
I T I ' 2 ' 3 I ' 2 ' :1 I 2 :1 

060JHa'iaH 'ineH, OllHCLIBalOIJ.IHH O,!I;HOKpaTHOe pacceHHHe 
'iepeJ M0 ,Kaa.n;paT MaTpH'IHoro JneMeHTa 1161 JanuweM 
B BH,!J;e 

IMI
2

,.,1M 12
11 

0 

2 1 tnt tut 77 -- ( a ~ a ) s 1- ---- x 
2 YT KT I 2 

PK 

2 2 
X I f YT (0) + f KT (0) I s I I , 

r.n;e --> -> 

s, : 
nu (O _, ipr P _, 
:!__:_~Pz) e z dp z 

-4-::;-----

I'I'(p) ei'Tp d 3 p 
1171 

8 

Ecnu .n;nB 'I' ( p ) BJJITL BLipa>Keuue I 11/, yKaJaHHOe B 
TeKCTe, B Bbi'IBCnBTL S l , TO OKaJLIBaeTCJI, 'ITO S I cna6o 
JaBBCHT OT nepe.n;aHHOrO BMnynLCa q , OC06eHHO npH Ma· 

-+ 
nLix q . 

Ilpu BMnynLce HaneTa1011.1ero K- ·MeJoHa p K 

= 0,5 T3B/c rnay6epoacKaJI nonpaaKa cocTaBnBeT = 15%, 
a npu PK = 10 T3B/c He npeBLiwaeT 2-3%. 

113 BLipa>KeHBJI I 17 I BB,!I;Ho, 'ITO nocKonLKY s 1 cna6o 
JaBHCBT oT ; , rnay6epoacKaJI nonpaaKa, Kor.n;a Y ( Y * ) 
pacceuaaeTcJI no.n; ManLIMB yrnaMB, He JaBBCBT oT nepe-

-> 
.n;aHHoro HMnynLca q , T.e. He anuBeT Ha yrnoBLie pacnpe-
.n;eneHHH TPHTHJI B runepoHa. 

B JaKnro'ieHHe 6naro.n;apuM IO.A.liy.n;aroaa B P .A.3paM
>KJIHa Ja o6cy>K,!J;eHHJI H IJ,eHHLie COBeTLI. 
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