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Ana~aweHnH 6.C. H ~p. 

Bwxo~ ~eATpOHOB e 4Hep-s3aHMO~eAcTBH~x 
npH HMnynbce 8,6 f3B/c 

1-80-244 

8 pa6oTe HCCile~yeTC~ o6pa30BaHHe ~eHTPOHOB BO B3aHMO-. 4 
~eHCTBH~X ~~ep He HMnynbca 8,6 f38/c C npOTOHaMH B BO~o-
pO~HOH ny3blpbKOBOH KaMepe.noKa3aH0,4TO KpOMe cneKTaTOpHbiX 
~eHTpOHOB B 3THX B3aHMO~eHCTBH~X o6pa3y~TC~ ~eHTPOHW 
C MailWMH HMnYilbCaMH B na6opaTOpHOH CHCTeMe KOOP~HHaT. H3 

4 
aHanH3a peaK~HH Hep ... dppn cne~yeT, 4To eepo~THOCTb 
aCCO~Ha~HH ~eHTPOH-~eATpOH·B ~~pe 4He Mana. 

Pa6oTa BblnOilHeHa e Jla6opaTOPHH BbiCOKHx 3HeprHA OHfiH. 

Coo6~eHHe 06DeAHHeHHoro HHCTHTyTa RAePHYX HCcneAOBaHHH. AY6Ha 1980 

Aladashvi 1 i B.S. et al. 

Deuteron Yield in 4 Hep-lnt~raction 
at 8.6 GeV/c 

1-80-244 

Deuteron emission from 4 Hep- interactions at 
8.6 GeV/c incident helium momentum in the hydrogen 
bubble chamber has been analysed. The production of deute
rons with small momenta in laboratory system was observed 
in addition to the aboundant production of spectator deute
rons. The mechanism of that production has been discussed. 
It was shown on the basis of 4Hep ... dppn reaction analysis 
that the probability of dd configuration in 4He nucleus 
is neg 1 i g i b 1 e. 

The investigation has been performed at the 
laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1980 

© 1980 06'b&I1.HBHRbl/l .HCT•f'YT' IIJ18pRb1JC HCC08110BBH•R Jly6HB 
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BBE,liEHHE 3a nocne~HHe ro~bl 6brn ewnonHeH p~~ 
3KCnepHMeHTOB no HCCile~oBaHH~ B3aHMO

~eHCTBHH HYKilOHOB C ~~paMH 4He npH peil~THBHCTCKHX 3He.prH~X. 
3KcnepHMeHTbl npOBO~HilHCb B HHKI1~3HBHOH nocTaHOBKe, perHCTpH-
poeanHCb 6biCTPble npo~yKTbl peaK~HH. 4 

B ~aHHOA pa6oTe Hcnonb3oeanc~ ny40K ycKopeHHWX ~~ep He 
HMnynbca 8,6 f3B/c, KOTopwA c6pacbreanc~ Ha 100-caHTHMeTpoeyro 
BO~OpO~HY~ ny3biPbKOBY~ KaMepy. TaKa~ nocTaHOBKa OnbiTa n03BO
IlHila XOPOWO H3MepHTb HMnyilbCbl <f>parMeHTOB ~~pa B 4Hep -e3aHMO
~eHCTBH~X. 

0WH6Ka B BeilH4HHe HMnynbCOB, TpaHC<f>OpMHpOBaHHbiX B CHCTeMy 
noKo~ ~~pa, cocTaeHna /10+20/ M3B/c. 

Pa6oTa nOCB~l!leHa BWXO~y ~eHTPOHOB, HMeiOUIHX cneKTaTOPHble 
xapaKTepHCTHKH, 4TO ~aeT B03MOmHOCTb cy~HTb 0 Cyl!leCTBOBaHHH 
d d -ac:,co~Ha~HH e ~~pe 4He. 

§1. PE3YJlbTATbl 
3KGnEPHMEHTA 

AHailH3 pe3yilbTaTOB OCHOBaH Ha 10689 
co6b1TH~X 4Hep -e3aHMO~eHCTBHH 
/12,09 MK6 Ha co6biTHe/. BeilH4HHa MHI1IlH-

6apH-3KBHBaileHTa nony4eHa Ha ocHoee TononorH4ecKoro ce4eHH~ 
~eyxny4eBbiX e3aHMo~eAcTeHA 1 11. PeaK~HH c BbiileToM ~eATpoHa ew-

'~eilRilHCb no pe3yilbTaTaM KHHeMaTH4eCKOrO aHailH3a C HCnOilb30BaHH
eM HOHH3a~HOHHWX KpHTepHeB. 8H3yailbHa~ O~eHKa HOHH3a~HH n03BO
IlHila pa3IlH4aTb ~eATpOHbl o-T npoTOHOB ~o HMnynbca- 2,3 f3B/c. 
KpOMe TOro, Ha OCHOBaHHH HMnyilbCHbiX cneKTpOB nHOHOB H HYKilOHOB 
e peaK~HRX 4 He +P ... d+" + X H 4 He+ p ... d+N +X 6b1Il!'1 eee~eHbl 
eepXHHe rpaHH~bl HMnyilbCOB 3THX 4aCTH~, 4TO He BHeCilO CYl!leCT
BeHHWX HCKameHHH B xapaKTep cneKTpOB, KaK BH~HO H3 PHC.1 H 2. 
Ceo~Ka HcnOilb30BaHHWX npH H~eHTH<!>HKa~HH co6WTH~ rpa~x 3Ha-
4eHHA HMnYilbCOB ~IlR pa3IlH4HWX 4aCTH~ npHBe~eHa B Ta6n. 1. 

C HCnOilb30BaHHeM 3THX ~OnOilHHTeilbHbiX KpHTepHeB noJly4eHW 
Ce4eHH~ peaK~HH, npHBe~eHHble B Ta6n. 2. 8 Ta6nH~y BKill04eHbl TaK
me peaK~HH, HMe~UIHe 6onee O~HOH HeHTpailbHOH 4aCTH~bl /TaK Ha-
3biBaeMble NOFIT .-peaK~HH/. 

BenH4HHaMH, xapaKTepH3Y~UIHMH ~ocToeepHOCTb nony4eHHbiX ce-
4eHHH, MOryT cnymHTb, HanpHMep, H3BeCTHWe H30TOnH4eCKHe COOT-
HOWeH~R Mem~ KaHailaMH 

u(ddp170
) = 0,63 ±0,14; 

u(ddn11+) 
u( 

3
Hed11°) = 0,65 ± 0,22 

u ( 1-!d1T +) 

3 



400 

a.. 300 4 

' ~ 200 

100 

0 

P1-1c. l. 11MnynbcHoe pacnpeAene-
--- 4 HJ.ote HyKnoHos a peaKLIJ.otAX He+p-> 
... d+ N +X AO sseAeHJ.otR orpaHJ.ot-
4eHJ.otl':i Ha HMnynbCbl nJ.otOHa 1-1 
HYKilOHa /nyHKTJ.otp/ 1-1 nocne 
BBeAeHJ.otfl TaKJ.otX orpaHJ.14eHJ.1H 
/cnnowHaR rJ.otcTorpaMMa/. 

200 

150 
a.. 
-:? 1oo··· z 

• sol~ 
0 1 c 2 

p (f3B/c) 

P1-1c:2. 11MnynbcHoe pacnpe
AeneHJ.ote 17-M~30HOB a peaK
I.IJ.1AX 4He +P-> d + 11 + X AO 
BBeAeHJ.otfl orpaHJ.ot4eHJ.1R Ha 
J.1Mnyn bCbl nJ.otOHa J.1 HyKnOHa 
/nyHKTJ.otp/ 1-1 nocne sseAeHJ.otA 
TaKJ.otX orpaHH4eHJ.otl':i /cnnowHaR 
rHCTOrpaMMa/. 

Ta6nHI.Ia 1 

p < 1,2 r3B/c Pa > 5,2 r3B/c 17 , H 

PN < 3,2 r3B/c p 3He 
< 7,2 r3B/c 

pd < 5,2 r3B/c p 
4He 

> 7,2 r3B/c 

npH TeopeTH4eCKOM 3Ha4eHJ.1H 0,5. nonHOe Ce4eHHe KaHanos C sw
XOAOM AeHTPOHOB OKaaanOCb paBHbiM 27 ,8+0 ,6 M6; a HHI<ni03J.1BHOe 
ce4eHHe o6pa3osaHHA Ael':iTpoHos - 30,3+0,6 M6. 

Ha pi1c.3 noKa3aHo pacnpeAeneHJ.ote HMnynbcos AeHTPOHOB Allfl 
peaKI.IHI':i He 6onee 4eM c OAHOI':i Hel':iTpanbHOH 4acTJ.otl.lel':i I FIT -KaHa
nbJ/. OcHOBHaA 4aCTb AeHTPOHOB cocpeAOT04eHa a o6nacTJ.ot J.otMnynbca 

md 
OKono ---- P4H , T.e. npH 3Ha4eHHJ.1, xapaKTepHOM AnA ¢par-

m4He e , 
MeHTOB AAPa renHA. 11MeeTcA TaKme 3Ha4HTenbHoe KOnH4ecTso Ael':iT
poHos MeHbWHX HMnynbcos. Mbl 6yAeM Aanee Hx Ha3bJBaTb .MeAileHHbiMH. 

npH4HHOH nORBneHHR MeAneHHbiX AeHTPOHOB MOryT cnymHTb KBa3H
HyKnOH-HyKnOHHble B3aHMOAeHCTBHA C npoTOHOM-MHWeHbiO, .. POACTBeH
Hble peaKLIHH cpblsa. Ha 3To, a 4aCTHOCTH, yKa3b1BaeT BHA J.otMnynbc-

4 

,.~ . 

'j ,, 

\ 

+ 
:I 
\. 

... 4J 

Ta6nHI.Ia 2 

KaHan 

3He d11° 
3

Hed11°11° 
3Hed17+17-
3Hed17+17-170 
3H d11+ 

3 H d17+170 

ddp 

ddp11° 

ddp11°11 ° 

ddn11+ 

ddn11+11o 

ddp17+17-

a, M6 

0. 15.:!:,0 ,4 

* 0. 06.:!:,0 ,03 

0, 19+0,05 
0,01~0,01 

0,23.:!:,0,05 

0, 15.:!:,0,04 

1. 41.:!:,0. 13 

0,30.:!:,0,06 

* 0,02.:!:,0,02 

0,48.:!:,0,08 

* 0,19.:!:,0,05 

0. 19.:!:,0. 05 

KaHan 

ddp11 + 11-11° 

dppp17-

dppp17-17° 

dppn 

dppn11° * 

dppn11 +17-

d P p n 11 + 11 -11° * 
dpnn11+ 

dp n n 11+11 +11-

dnnn11+11+ 

a,·M6 

0,02.:!:,0,02 

0 ,89.:!:,0. 10 

0,25.:!:,0,05 

9,30.:!:,0.32 

4,49.:!:,0,23 

1 • 75.:!:,0. 15 

0, 13.:!:,0,04 

7,50.:!:,0.30 

0,05.:!:,0,03 

0. 21.:!:,0 ,05 

*B 3TJ.1X peaKLIHAX 4HCno 17°-Me30HOB He onpeAeneHO. 

Horo cneKTpa AeHTPOHOB 
H3 peaKLIHH, B KOTOpbiX 
BMeCTe C AeHTPOHOM o6-
pa3yeTCA AAPO 3He 
Hnl-1 3H /pHc.4/. EcnH 
npeAnonomJ.otTb, 4TO sa 
nOABneHHe MeAneHHbiX 
AeHTpOHOB OTBeTCTBeHHbl 
peaKI.IHI-1 

PP->d17+, 
np->d17o, 

PP-> d17 +17o' 

np ... d17+17-, 

np ... d17o17o, 

/1/ 

/2/ 

160i 

0..120 
~ 
z 

<I 

80 

40 

p 
PJ.otc.3. PacnpeAeneHHeHMnynbcoa 
Ael':iTpoHos a ·peaKI.IHAX 4He+p ... d+X 
/ FIT -KaHanbl/. 

5 
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~ 10 
:z 
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3 
P rr3B/cl 

PHc.4. HMnynbcHoe pac
npeAeneHHe feHTPOHOB 
a· KaHanax He+p .. 3He+d+k11 
H 

4 He+p-> 3 H+d+krr. 

'CD 
"' 0 
u 

80 

-1 0 cos 9 1 

PHc.5. Yrnoeoe pacnpeAe
neHHe AeHTpoHoe-cneKTa
Topoe B CHCTeMe nOKOR 
RAPa 4 He AnR peaKLtHH 

4 He+p .. d
8 

ppn. 

TO 3TO noReneHHe AOn>KHo 6b1Tb noAaeneHo a KaHanax 6e~ o6paao
eaHHR 17°- HnH 17+ -Me30HOB. 3TO npeAnOnO>KeHHe nOATBep>KAaeTCR, 
TaK KaK B KaHan aX C 17 ° HnH rr + 

asl 
--- = 0,132 ± 0,010. 
a 

tot . 
B TO BpeMR KaK B KaHanaX 6e3 11° HnH 17{· 

2!.__ = 0,017 ± 0,004 
a tot 

H B KaHane 4Hep 

.su__ = 0,041± 0,020. 
a tot 

3AeCb KaK a81 0603Ha4eHO Ce4eHHe BbiXOAa AeHTPOHOB C HMnynbCOM 
MeHbWe 2,5 r3B/c, a KaK atot - nonHOe Ce4eHHe Bbl6paHHbiX peaK-
LtHH. nonHOe Ce4eHHe BbiXOAa MeAneHHbiX AeHTPOHOB paBHO . 
2,35+0, 17 M6, OTKYAa Ha FIT -KaHanbr npHXOAHTCR 1 ,39+0, 13 M6, 
a TOM 4Hcne Ha peaKLtHH c OAHHM 17~ -Me30HOM 0, 86+0, 1 0-M6. 

npoBeAeHHble MeTOAOM MOHTe-Kapno pac4eTbl KBa3;HyKnOH-HyK
.nOHHbiX B3aHMOAeHCTBHH C Y4eTOM ~epMH-ABH>KeHHR H ~aKTopa nOTOKa 
AanH AnR peaKl.IHH C MeAneHHbiM AeHTPOHOM H OAHHM 11 -Me30HOM 3Ha-
4eHHe a=0,522:0,07 M6,.·He npOTHBOpe4al!lee 3KCnepHMeHTanbHbiM 
AaHHbiM. 

4TO KacaeTCR 6biCTpbiX AeHTPOHOB, TO. 6onbWaR 4aCTb H3 HHX 
HOCHT cneKTaTopHbiH xapaKTep. CneKTaTopoM a AaHHOM cny4ae Mbl 
Ha3biBaeM ~parMeHT RApa, HMeiOl!IH~ HaHMeHbWHH HMnynbC B CHCTeMe 

6. 

~ . I 
j 

'. 

ti 
v 
" 

~ 
cO 

~40 
~ 

~ 
0 

' •:S: 30 
:s: 
1-

..0 
L.O 20 
0 
u 

0 

510 
:s: 
:r 

p 
PHc.6. HMnynbcHoe pacnpeAeneHHe AeHTPOHoe-cneKTa-
;:opos a FIT -KaHanax. 

4 . 
nOKOR He. 0THOWeHHe Me>KAY Ce4eHHRMH KaHanOB, B KOTOPbiX AeHT-
pOH RBnReTCR cneKTaTOpOM ni-160 HeT, paBHO: 

asp 
"' 1,93 ± 0,14. 

anosp 
4 . 

a AnR peaKLtHH Hep-> dppn 3TO COOTHOWeHHe paBHO 

~ep 

anosp 
= 1,44 ± 0,11. 

Ha pHc. 5 noKa3aHo pacnpeAeneHHe no yrny BbrneTa AeHTPOHoe
cneKTaTopoe B CHCTeMe nOKOR RAp a 4He AnR peaKLtHH 4He p-> dppn. 
3TO yrnoeoe pacnpeAeneHHe 6nH3KO K H30TpOnHOMy, K03~~HLtHeHT 

acHMMeTPHH A =-0, 13+0, 05. ,llo6aeHM, 4TO B KaHane 
4

Hep .. d dp 
yrnoeoe pacnpeAeneHHe AeHTpOHOB~cneKTaTOpOB TO>Ke 6nH3KO 
K H30TponHoMy H A =-0, 15+0, 09. 

· Ha pHc. 6 noKaaaHo HMnynbcHoe pacnpeAeneHHe AeHTPOHoe- cneK'
TaTopoEi'B'C>ecex FIT -KaHanax. TeopeTH4ecKaR KpHBaR pacc4HTaHa 
Ha OCHOBe TeOpHH npRMbiX peaKLtHH MeTOAOM MOHTe-Kapno C Hcnonb-
30BaHHeM AaHHbiX H. CHKa 121 no pacnpeAeneHHIO nnoTHOCTH aapRAa 

4 . . --
a RAPe ·He'. B cHny cnpaeeAflHBOCTH npH6nH>KeHHH, CAenaHHbiX a pa-
6oTe IS~ TeOpeTH4eCKaR_ KpHBaR AOn>KHa onHCbiBaTb KaK pacnpeAene
HHe HMnynbcoe AeHTPOHoe-cneKTaTopoe a OTAenbHbiX.KaHanax, TaK 
H cyMMapH-oe pacnpeAeneHHe. CpaeHeHHe noKa3biBaeT, 4TO HMeeTcR 
. . '· . . . . ' 2 
xopowee cornacHe pac4eTa c 3KcnepHMeHTanbHbiMH AaHHbiMH I x /N0 
= 1 , 38 B o6naCTH HMnynbCOB P < 0, 28 r3B/c/. -

7 
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4He d 

a) 

p 

4He 

b) 

PHc.7. AHarpaMM~, co
OTBeTCTBY~~He pa3flH4H~M 

MeXaHH3MaM B~XOAa BTO
pH4HbiX HYKflOHOB. 

B cny4ae, KOrAa AeHT
poH BbrneTaeT KaK cneK
TaTop, ocTaeTc~ aonpoc: 
KaKHM o6pa30M B3aHMO

AeHCTBY~T OCTanbHble HYKnOHbl ~Apa 4
He C npOTOHOM-MHWeHb~. 

YMecTHO paccMoTpeTb ABe B03MOlKHOCTH: a/ HYKilOHbr aaaHMOAeHcT
ay~T KaK BHpTyanbHbiH AeHTpOH /pHC. 7a/; 6/ HAeT CHflbHOe B3aHMO
AeHCTBHe MelKAY npoTOHOM-MHWeHb~ H ABYM~ HeaccotU·1HpoaaHHbiMH 
HyKnOHaMH /pHc.76/. 

non~TaeMC~ 3KcnepHMeHTanbHO pa3nH4HTb 3TH ABa nOAXOAa Ha 
npHMepe peaKL\HH 

4
Hep-> d8 ppn, B KOTOPOH BHpTyanbH~H AeHTPOH, 

ecnH OH cy~ecTayeT, paaaanHaaeTc~. 
Uenecoo6pa3HO cpaBHHTb peaynbTaTbr, Kaca~~Hec~ peaKLIHH 

dp ... ppn,caepXHHM yanoM AHarpaMMbl Ha pHc.7a. HaaecTHO, 4TO 
npH paaaane AeHTpoHa AOMHHHPY~T np~Mbre peaKLIHH c BbiXOAOM 
cneKTaTOpHoro HyKnoHa. Mbr nony4HnH pacnpeAeneHHe HMnynbcoa 
HyKnOHOB, ~Bn~~~HXC~ cneKTaTOpaMH B CHCTeMe nOKO~ BHpTyanb
HOro AeHTPOHa. 3TO pacnpeAeneHHe noKa3aHO Ha pHc.8 B BHAe 
cnnOWHOH rHCTorpaMMbl, Ha TOM lKe PHCYHKe 'npHBeAeHO pacnpeAene
HHe HMnynbCOB cneKTaTOPHbiX HYKilOHOB B peaKL\HH dp-> pp n 
npH 3, 3 f3B/c /4/ /cnnOWHa~ KpHBa~ noKa3biBaeT, TeopeTH4eCKHH XOA 
3TOH aaBHCHMOCTH/. Ha cpaaHeHH~ 3THX pacnpeAeneHHH cneAyeT,, 
4TO aepO~THOCTb cy~eCTBOBaHH~ aCCOL\HaLIHH dd B ~APe 4He BeCbMa 
Mana, a B peaKL\HH Hep-+ d

8
ppn AOMHHHpyeT MeXaHH3M, COOT-

BeTCTBY~~HH AHarpaMMe Ha PHC.76. • 

3AKJ1104EHHE B pa6oTe npoaeAeH aHanH3 BbiXOAa AeHTPOHOB 
a 4 He p- aaaHMOAeHCTBH~X npH HMnynbce , 

8, 6 f3B/c. 04eHeHbl ce4eHH~ OTAenbH~X peaKL\HH H nony4eHO HMnynbC
HOe pacnpeAeneHHe AeHTPOHOB. noKa3aHO, 4TO no~aneHHe MeAJ1eHH~X 
AeHTPOHOB CB~3aHO, no-BHAHMOMy, C KBa3H3neMeHTapH~MH peaKLIH~-
MH THna NN .... drr(rr). B ca~3H.c 3THM MOlKHO npeAnonolKHTb, 4TO 
C POCTOM 3HeprHH .BbiXOA MeAJ1eHHbiX AeHTpOHOB fiyAeT naAaTb, Ha-, + 
npHMep, Ha-aa peaoHaHcHoro xapaKTepa peaKLIHH PP .... drr • 

Ei~cTpbre AeHTpOHbl ~an~~Tc~ ¢parMeHTaMH ~Apa 4 
He H 6onbWeH 

4aCTb~ cneKTaTopaMH. AHanH3 peaKL\HH 4Hep .... d8 p ~ n 
noKaaan, . 4TO aepo~THOCTb acCOL\HaLI'HH dd a ~APe He o4eHb 
Mana, a HecneKTaTOpHble HYKnOHbl ~Bn~~TC~ npOAYKTaMH B3aHMOAeH
CTBH~ c npoToHoM-MHWeHb~ H APYr c APYrOM. 

8 

.. 

a.. 
~ 
:z 

<J 

0 .1 .2 .3 .4 .5 .6 .7 

P [ r3B/c] 

PHc.8. PacnpeAeneHHe no HMnynbcaM caM~x MeAneHHblx 
B CHCTeMe BHpTyanbHOrO AeHTPOHa HYKilOHOB. 
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