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EannHH A.M. H np. I - I2397 

LlH ~ .q~epeHUHallbHbie ynpyrHe nporou-nporoHHI.Ie , HyKnon

n eiirpoHHbJe H neilrpoH-neilrpoHHLie pacceSJHIISI npH 6onbWHX 

n epena HHWX HMilYilbCBX 

B pa6ore nony'leHbl 3KCnepHMellranbHLie naHHLie no pp,ND 11 DO 
/li1~Kj,epei!UHB/lbHbiM ynpyrHM Ce 'leHHSIM npH 60ilbWHX nepenaHHhJX HMilYilbCaX. 

l1 3Mepe11 "' ce 'l e HHSI ynpyroro p(>-, ND-, DO -pacceSIHHSI B u HTe peane n epcna n

HhJX IJMilYilbCOB 0,1-2,0 (r38/c) 2 npu JtMilYilbCe nepBH'IIIhlX npOTOHOB H 

neJ1T(lOHOB 8,9 r 38/c . npHMeHSIIlHCb KpHOreHH hJC BOil0(10/l H8SI It neii Tp 011118SI 

M lt UJ.:IJH. n on y'ICIJJJJ,Je Ce 'leHHSI ND- It DO - pacceSIIIHSI CpG BIIJtMJ,J npn ~· JtKC1tpO

B81JIJJ,JX 311/l'JCJJ HSIX nepenaHnoro HMnynbca . B cneK r pc JJ enocraJOut HX Mace 

oG un p y;:,e JJ a pe3oHaHCHaSI oco6eHHOCTb, npeBLIWBIOiilllll ~wccy ne iirpoua 1111 

- 400 M , ]3, 

p H60 T/l BblllO/lHCHB B fla 6opaTOpHH BbiCOKHX 3 HeprHii QJ I}IJI, 

Coo6WeHHe 06be/lHHeHHOro HHCTHTYTB Sl/lepHbiX HCCile/lOBBHH li, Lly6Ha 1979 

B a lrlin A,'\1. e t a l, I - I2397 

Differentia l Elastic P roton-Proton, Nt •c l er:m-Deutero n 
and · >cuteron-Deuteron Sca tte rinQs at I3i~ Transfer 
lVI omen !.a 

Experi m0nlal dal.a on pp-, ND- a nd DO differentia l e lastic cross 
s0cl i ons a t b i 12. t rans fe r momenl.a is obl.ained, Cross sections o f 
c lastic pp-, ND-:- DO- scatte ring in the 0 .1-0 . 2 (GeV/c) r a n ge o f 
tra n s f< ' I' momenl.a a t 8 . 9 G eV/c momentum o f prima ry protons a nd 
d outc 1·on s h ave been m easured, Cryogenic hydrogen a nd deuleritHn 
t.a r~ets we1·e used. Obl.ained ND .::~ncl DD scatterinq cross secti ons 
<H 'e ~omp<>ruhle a t the fixed val ues of trans fe r mom0ntum. I n t11 e 
sp<:ctn 1111 o f missing masses a r esonance character is tics has been 
discov0 I"<'d \ \hi c h exceeds the deuteron mass by appr oxirna te l y 
400 M <>V, 

The investigation h as been performed a t the Laboratory o f 
lli l?,h Encraics, JlNR. 
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B HaCTOHWeA pa6oTe nonyqeHhl sKcnep~MeHTanbHhle aaH

HbJe ITO ynpyrHM DpOTOH-DpOTOHIIbi M , HyKnOH- nefiTpOHHbiM 

~ neJ1TpOH-U8HTpOHHbiM n~<jJ<jJepeHU~BnbHbiM C848HHHM B 

~HTepBane nepenaHHhlX ~MnynbcoB oT 0,1 no 2,0 (fsB/c)
2 

nnH nepB~4HhlX DpOT OHOB ~ netiTpOHOB , yCKOp8HHhlX no 

8 ,9 faBle. 

Jii3MepeH~H BbJDOnHeHbl HB crreu~an~3HpOBBHHOH ycTBHOB-

Ke llJ!ICK, npenHa3HB48HHOH nnH ~ccnenoBa H~ti ~HKni03HB-

HblX CD8K TpOB KyMynHT~BHOI"'O pmKneH~H 4BCTHU / 1/, 

Jii3MepeH~ 8 ynpyr~X C848HHH OCHOBBHO HB Hne HT~<jJ~Ka

UH~ 4BC T~U bl OTt:\84~ . CxeMa ycTaHOBKH DOKB38Ha HB 

p ~c. 1. YacT~Ubi oTaaqH ~3 M~UJeH~ 'I (Kp~oreHH bi e MH-

0.01 Yc .. ~~. 

H 
22' 

S1 (15•80•0.8) 

S2(45•43 •0.8) 

PHc. 1. CxeMa ycTaHOBKH. 

59 
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UieHH H. D, He B naBC8HOBb!X KOHTetfHepax, 0 =50, e = 
50 MM) aHamt3HpoBanHCb no HMnynhcy MarHHTOM H (yron 

noBopora - 22 ° , aHaK coBnaaaer co 3HaKOM yrna pacce~
HH~); perHCTpHpoBanHCb C'leT'IHKOM 81 (KorophlA aanaB an 
reneCHbitf yron ~il0 = 2 ·10-4cp), cpoKycHpoBanHCb nHH3 8 MH 

Q 1 H Q 2 B paAoHe CUHHTHnn~ropa 83. BpeM~ rrponera 
Ha 6aaax 8183 H 8283 ( COBMeCTHoe peUieHHe) orrpenen~no 
CKopocrb qacTHUhl orna'IH. KpoMe roro, H3Mep~nHCb norepH 

8HeprHH Ha HOHH38UHIO B nnaCTHKe 83 H a MnnHTyna 

Hany'leHH~ BaBHnoBa-4epeHKOBa B panHaTope H3 oprcreKna. 

PaapeUieHHe rro cKopoCTH an~ perHCTpHpyeMbiX qacTHU 
-2{3 2 cocraBHno . ~{3 =:!:..1 ,5· 10 ( HanpHMep, an~ DD -pacce~-

HH~ npH t = 0,5 (fs8/c) 2 yKaaaHHOe paapeUieHHe no CKO
pocTH naer ~t =:t.5· I0-4 (fs8/c) 2 ). 

YrnoBoA paa6poc qacTHU B nepBH'IHOM ny'IKe B nnocKoc
TH pacce~HH~ onHcbiBanc~ HOpManbHbtM pacnpeaeneHHe M 

CO CpeaHeKB8llp8TH'IHbiM OTKnOH8HHeM 18 Mpa.a. 

BenH'IHHa aHcpcpepeHuHanbHoro ynpyroro pacce~HH~ HaxoaH

nacb H3 COOTHOUI8HH~ 

~~- = _____ A~----------
dn I0 xT · ~n 34Jcp. 

r.ae ~N- 'IHCno co6hlTRA ynpyroro pacce~HH~, 1 0 - nepBH'l

HbiA noroK, XT - ronmHHa MHUieHH H ~n 3<tJtiJ.- scpcpeKTKBHbiA 
TeneCHhlH yron ycraHOBKH. noroK nepBH'IHhlX 'l8CTHU Io 
onpe.aen~nc~ no MeTo.ay HaBe.aeHHOH aKTHBHOCTH 12C, 3c~ 
cpeKTKBHhlH TeneCHhlH yron HaA.aeH 1i3 COOTHOUI8HH~ 

X / 2 
'f dX +oo +oo 

~n 3<tJ<ll= G J --X- f w($ d( f w(a)da ~il[p(x, (,a)], 
- Xy / 2 T -oo -oo 

r.ae ~il(p) - 38BHCHMOCTb TeneCHOrO yrna yCT8HOBKH OT 
HMnynbC8 perKCTpHpyeMOH 'l8CTHllbl /1/ ; p(X, (, a) 

38BHCHMOCTh HMnynbC8 'l8CT1illhl cornaCHO KHH8M8THKe 
ynpyroro pacce~HH~ OT TO'IKH B38HMOll8HCTBH~ B MHUI8HH 1 

yrna MHoroKparHoro pacce~HH~ ($ H yrna "Bxo.aa" nep-

BH'IHOA 'l8CTHUbl (a); w($ H w(a) - BepO~THOCTh 
MHoroKpaTHOro pacce~HH~ H yrnoaoA paa6poc qacTHUbi 
B nepBH'IHOM ny'IKe; G- "MarHHTHbiH" cpaKTop .aecpoKyCHpOBKH 

4 

~HanH3HpyiOUiero MarHHT8 no ropH30HTanH H paccpOKYCHpOB

KH H306pa~eHH~ B cjJoKanbHOH nnOCKOCTH MarHHTHOH OnTHKH, 

MarHHTHbJA cjlaKrop G B aaBHCHMOCTH OT sHeprHH 

perHCTpHpyeMotf qacTHUbJ or.aa'IH H3MeH~nc~ 6 npe.aenax 
0,45-0,68 H, no H8UIHM OUeHK8M 1 Bbl'IHCn~nc~ C TO'IHOCTb!O 

nop~aKa 10%. YcpenHeHHe renecHoro yrna ~il(p) no pac-
npeaeneHH~M w((), w(a) · H .anHHe MRUieHH yMeHbUiano 

BenR'IHHY renecHor.o yrna ~n 0 cqeT'IHKa 81 B 1,8- 1,2 
paaa. To'IHOCTb Bbi'IHCneHH~ sroro MHO~HTen~ onpe.aen~eT-

CH OUIH6KaMR napaMeTpOB pacnpe.aeneHH~ w(a) li ~il(p). 
no HaUIRM · oueHKaM, sTa norpeUIHOCTb TaK)!<e nop~.aKa 10%. 
I I HcpopMaUHIO o pacnpe.aeneHHii w(a) Mbi nonyqaeM H3 
38BHCHMOCTH C'leTa ynpyrHX C06hlTHH OT yrna Me~.ay OCb!O 

nepBR'IHoro ny'IKa H OCbiO crreKTpOMeTpa (yron "Ha6niO.ae

HR~" cneKrpoMerpa). 
KaK BH.llHO, cyMMapHbte BenH'lliHbJ nonpaBOK BenHKH. 

8 aTOM CMhlCne BenR'lliHhl .aa¢¢epeHUHanhHhlX ceqeHHH 

npOTOH-npOTOHHOrO pacce~HH~ npH M8nhlX nepe.aaHHhlX 
HMITynbCaX cneayeT paCCM8TpHB8Tb K8K T8CT0Bhle .an~ Bhl

'IHCneHH~ nonpaBOK. 
Ha pHC. 2 noKaaaHa aaBHCRMOCTb aBotfHoro llR¢¢epeH-

d a 
uHanhHOro ceqeHH~ --------an~ npouecca D + D .... M x+D npR 

dtdM i 
t =0,5 (fs8/c) 2 H HMnynbCe nepBH'IHbiX .aetfTpOHOB 

8,9 rsB/c OT yrna BbJneTa .aeATpOHa 0Tll8'IH eD. BepXH~~ 
UIKana aaer MacUITa6 HeHa6niO.aaeMotf MaCChi M.x ( npeBbiUie

HHe H8.£l MaC COM .aetfTpOHa B fs8ax), nepBbiH ITHK (Mx -MD= 
=0) coorBeTCTByer ynpyroMy DD-pacce~HHIO H HnniOcTpHpy

er paapeUieHHe ycraHOBKH. Bropotf f!HK npH eD"" 75° COOT

BeTCTByeT ynpyroMy pacce~HHIO onHoro H3 HyKnOHOB Hane

TaiOUiero netfTpOHa C HMITynhCOM 4,45 fs8/c H8 neATpOHe 

MHUieHH. YUIHpeHHe sroro ITRKa no cpaBHeHHIO c " DD -nR

KoM" o6ycnoaneHO cpepMH-llBii~8Hii8M HyKnOHOB B nepBH'l

HOM neArpoHe. 4erKoe paa.aeneHRe sTHX .aayx ITRKOB Rn
n rocrpapyer Ha.ae~HOCTb sKcnepRMeHTanbHOro paa.aeneHH~ 

npoueccoB ynpyroro DD- H ND-pacce~HH~. KaK BH.llHO 
H3 pHCyHKa, npR Macce Mx, npeBbiUiaiOmew Macey .aeATpo
Ha Ha -400 MsB, Ha6niO.aaerc~ p eaoHaHcHa~ oco6eHHOCTb. 

Mo~HO OTMeTHTb TpH B03MO~Hbl8 HHTepnpeT8UHH 8TOrO 

peaynbrara: 

5 



0 0.3 0.6 0.9 
30t : T 

1 I I I I 

Mx-MD 

dOD» I 6 r B -4 c 2 I I dtdMl MK 3 

2m 'II~ x 

. tl 
tO 

~~~--+-4<+-4--
eD 

70° 60° 50° 
PHc.2. 3aBHCHMOCTb llBOHHOrO nH¢¢epeHUHanhHOrO CBYBHH~ 

d a 
-------- npoueccoa D + D _, M +D H N + D -. ND or yrna 
dtdM i X 
3MHCCHH neArpoHa ornaYH npH t =0,5 (raBic)~ 

a) B neATpOHHOH CHCTBMB BCTb B036Y*llBHHOe COCTO~
HH·e c aHeprHeA ao36y*neHH~ 400 MaB; 

6) Ha6monaeMhiH pe30H8HC ~Bn~eTC~ KHHBM8THYBCKHM 

orpa*eHHeM oco6eHHOCTH N* =1400 MaB B peaKUHH 
N+D-+N *+D; 

B) Ha6monaeMbiH fiHK COOTBBTCTByer ynpyroMy pacce~-

HHJO -_!MD C HMnynhCOM - .!_pD Ha neArpoHe. 
6 6 

B r a 6 n Hue npHaeneHhi aKcnepHMeHranhHhie aenHqHHhi 
llH¢¢epeHUH8nbHhiX ceqeHHH npoTOH-npOTOHHOro, HyKnOH-
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nei%TpOHHOrO H Jlei%TpOH-JleHTpOHHOro pacceSlHl1 i'i . flp11BeJleH

Hhle OWI16KI1 - CTaTI1CTI1qeCKHe. 
H a p 11 c. 3 noKa3aHhi aawH 8KCrrepHMeHTanhHbie naHHbJe 

11CCneJlOBaHHg rrpOTOH-ITpOTOHHOrO paccega11g (e) 11 nng 
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~~PP (M6 fsB-
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f f 

0.6 013 1.0 
t(rsB/c)

2 

P11c.3. Ynpyroe nporoa-npoTOHHOe paccega11e. 

CpaBHeHHg - JlaHHhle pa60Thl ~/ ITp11 11MITy nhCe rrepB11qHhlX 

npoTOHOB 8,5 fsB/c (0). HMeeTcg ynoaneraopurenbHOe 

cornacue ceqeHHH KaK ITO a6coniDTHOH BenHqi1He, TaK H ITO 

ero 3aB11CI1MOCTI1 OT ITepeJlaHHOrO HMITynhCa. 

8 

H a p 11 c. 4 ITPI1BeJleHbi sKcnepHMeHTanhHhie naHHhie ITO 
yiTpyroMy ND -paccegHHID,ITonyqeHHhle HaMI1 ITpl1 HMrrynbce 

0 

iD 

-i 

10 

-2 

10 

-3 

iD 

d6pll (M6 fsB -2 c 2) o 

dt 
2-4 

• ~.5 

t 

• 
" 

f? 
• 

)( 

X 

t 
0 X 

I X 

X 
~ I 

§ i 

-t (fsB 2 c -
2

) 

1 

)( 2.8 

t 

2 
P11c.4. Ynpyroe HyKnoa-ne:iirpoaaoe paccegHI1e. 

4,45 fsB/c (• ), H nng cpaaaeH11g - naHHbie pa6or, Bhmon
HeHHhiX rrpH rrepBHqHOM HMITynbCe 24 fsB/c (0) /3/ H 
2,8 fsB/c 141 ( x ). 

Ha pH c. 5 npencraaneHbi HawH sKcnepHMeHTanhHbie 
JlaHHhie no ynpyroMy DD -paccegHHID npH HMITynhce 

8,9 fsB/c ( •) H nng cpaaHeHHg - naHHhie, ITonyqeHHhie 
rrpH 7,9 fsB/c (0) H 2,2 fsB/c 15/(~ ). CITnowHag KPHBB!il 

H8 pHCyHKe JlBeT peaynhTBT pacqera Ha OCHOBe MeX8HH3M8 
fnay6epa nng 7,9 fsB/c 151. 
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t ( 2 -2 
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i 

~ 
1 

2 
PHc .5. Yrrpyroe aei1rpoH-nei1TpOHHoe pacc eHHHe. 

CorrocraBneHHe aaHH biX rro ND- H DD-pacceHHHIO noKa-

3hlBaeT, qTO OHH OJlHOf'O IIOp51JlK8 IlpH ~HKCHpOBSHHOM 
3HaqeHHH IIepeJlSHHOf'O HMIIynbCS H nnH 6nH3KHX 3HaqeHHM 

rrepBHqHOM 9Hepf'HH. Mbl SKUeHTHpyeM BHHMSHHe Ha 3TOM 

Bb!BOJle, TaK KSK OH He BCrpeqaerCH B ltGyqeHHOM HSMH 

nHTepaType. 

B aaKniDqeHHe aBTOp hl Bhlpa•aiDT 6naroaapHoc rb 

n.E.fonoBaHoBy, B . n.MaaapCKOMy, A . TI . ilBHHeBy, B . f.Tiepe
B03qHKOBY O.IO .KynhiiHHOM a a rroMO!llb B pa6oTe. 
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