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KparKue coo6U4eHW1 OHJIH N"4/ 37/-89 
YAK 539 172.8 

JJNR Rapid Communications No.4{ 37) -89 

3KCllEP:HMEHT AJihHhiE )lAHHhiE no HCCJIE,llOBAHHIO 
,llBYXtiACTWIHhiX llHOH-llPOTOHHhlX, llPOTOH-llPOTOHHhiX, 
,llEATPOH-IlPOTOHHhiX KOPPEJIHUHA B KYMYJIHTHBHOM 
PO:>K,llEHHH tiACTHU llPH B3AHMO,llEACTBI111 
llPOTOHOB, ,llEATPOHOB 11 AJih<I>A-tiACTHU C H,llPAMH 

r.C.AaepHtleB, B.K.BoH,ZI,apea 1 'n.H.3apy6HH, JI.r.E<PHMOB, 
O.IO.KyJibiniHa, A.r .JlHTBHHeHKO, n.K.MaHbRKOB, H.C.Mopo3, 
IO.A.llaHe6pan~ea, M.lleHUR2

, B.r.nepeao3'1lHKoa, B.B.Tpo<PuMoa, 
B.H.CanoBHHKoa, A.E.CeHHep, B.C.CTaBHHCKHH, A.H.XpeHoa, 
3.IIITpaHT 

0IIHC3H IJ;ByxnneqeBOH MarHHTHbiH crreKTpOMeTp .IJ.11CK-3 H IIpHBe­
)J;eHbl pe3y1IhTaThi HJMepeHHH ,D;Byx'laCTH'lHOH KoppeMUHOHHOH ljlyHK­
UHH R2 B 1IpOTOH-11,l1;epHbiX, )J;eHTpoH-.II)J;epHbiX H llJihljla-MepHbiX B33H· 
MO)J;eHCTBH.IIX. 11MrryJibC rrepBH'IlHhiX IIpoTOHOB H )J;eHTpoHOB 8 ,9 fJB/ C, 
HMrrynhC rrepBH'lHhiX a-'!aCTHU.- 17,8 fJB/c.lbyqeHaBeJIHtiHHa ~,ll;]lJI 
IIHOH-IIpOTOHHhiX, IIpOTOH·IIpOTOHHhiX H )J;eHTpoH·IlpOTOHHhiX KOM6HHa­
UHH BTOpH'IlHhiX 'laCTHII. B HHTepBane JljlljleKTl\BHhiX Mace OT 1 ,5 no 
2,9 fJB/c2. flpoBe)J;eHO HJMepeHHe KoppeMUHOHHOH ljlyHKII.HH ,l1;]lJI 

p17 -cHCTeMbi B o6naCTH JljlljleKTHBHhiX MaCC, COOTBeTCTBYIOunt:X polK­
)J;eHHIO KYMYMTHBHhiX !l-HJo6ap (500 MJB/c, yTon BhmeTa 90°). 
BeJIH'lHHa KoppeMTOpa R2 B JTOH o6nacTH paBHa - 1 ,5 ,l1;]lJI p17 ± KOM-
6HHaUHH KaK B pPb-, TaK H B aPb ·BJaHMoneiicTBH.IIX. ITonyqeHhi 

orpaHH'leHH.II Ha ceqeHH.II polK)J;eHH.II KYMYJI.IITHBHhiX HJo6ap A tf 1 ,5 Ap 
(rne A p - KOHCTaHTa ,l1;]lJI polK)J;eHH.II IIpOTOHOB) B rrpe,li;IIOJIOJKeHHH, 

'ITO E ~(AI Ali ... !l)- A Ae-x/0,14, 
dp Ll 

Pa6oTa BhmonHeHa B na6opaTOpHH BhiCOKHX JHeprHH OHRH. 

Experimental Data on the Investigation of Two-Particle 
Pion-Proton, Proton-Proton and Deuteron-Proton Correlations 
in the Cumulative Particle Production in Proton, Deuteron 
and a -Nuclei Interactions with Nuclei 

G.S.Averichev et al. 

The two-ann magnetic spectrometer DISC-3 is describe and the re­
sults of measurements of the two-particle correlation function R2 in 
proton-nuclei, deuteron-nuclei and a -nuclei interactions are presented 

1 Hay'IHo-ucclleOoBaTeJibCKuu uHcruryr rfju3uKu lleHUHzpaacKoco zqcyoapcr-
6eHHozo yHU6epcurera 

2 aeHTptlJ'IbHbiU UHCTUTyT r/iu3UKU, Eyxapecr 
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in the paper. The momentum of the incident protons and deuterons is 
8.9 GeV/c, the momentum of the incident a -particles is 17.8 GeV/c. 
The R 2 value for pion-proton, proton-proton and deuteron-proton com­
binations of the secondary particles within the interval of the effective 
mass from 1.5 to 2.9 GeV/c is investigated. The correlation function for 
P" combinations has been measured for the effective mass corresponding 
to the cumulative isobar production (500 MeV/c, angle of emission 90°). 
The value of R2 is equal to -1.5 for the region of P"± combina­
tions both in pPb and aPb-interactions. The limitations on the 1::. iso­
bar cross section production have been obtained At:,.::;1.5Ap (where 
A P is the constant for proton particle production) assuming that 
E do/dp (At An-+!:.)- A/::.e--~t/0.14. 

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

113y<JeHue Koppemn~oHHbiX R:BJieHHH B KYMYJIR:THBHOM po)l(,l],e­

HHH 'laCTHI.l R:BJIR:eTCR: ecTeCTBeHHbiM pa3BHTHeM nporpaMMbl no HCCJie­

,IJ;OBaHHIO npe.D;eJibHOH cpparMeHTal.lHH R:.D;ep. 11cc~,IJ;OBaHHe KOppeJIR:· 

LlHOHHbiX R:BJieHHH n03BOJIR:eT noJiy'IHTb ,IJ;OnOJIHHTeJibHYIO HHcpOpMa­

LlHIO o M exaHH3Me KYMYJIR:THBHbiX npol.leccos. B noCJie.D;Hee speMH 

ony6JIHKOBaH I.leJibiH p.R.D; HOBbiX pe3yJibTaTOB no H3MepeHHIO KOppe­

JIR:LlUOHHbi X cpyHKI.lHH B a.D;pOH-R:.D;epHbiX / 11, 3JieKTpOH-H.D;epHbiX / 2/ 

H HeHTpHHO-R:.D;epHbiX /3/ peaKI.lHR:X. 

B H aCTOR:I..QeH pa6oTe H3y'leHa .D;ByxqacTH'IHaH HHKJII03HBHaH 

peaKI.lHR: 

I+Il-+ 1 +2+ ... ' (1) 

r.D;e I - n epBH'IHbie 'laCTHI.lbl (p' d c HMnyJibCOM 8,9 r3B/c JIH6o a -'la­

CTHI.lbl C HMnyJibCOM 17,8 r3B/c); II - R:.D;pa MHWeHH ( 
6Li, Pb); 

1 H 2- p erHCTpHpyeMbie YCTaHOBKOH <JaCTHI.lbl ( 17, p, d). 
I13MepeHa .D;Byx'laCTH'IHaH KoppeJIR:LlHOHHaH cpyHKI.lHR: R2, KOTO­

paR: onpe.D;eJieHa cne.D;yiOI..QHM o6pa30M: 

E 1E 2 d 2a/dp1 dp2 
R - a ------.... -----:; ' 

2- ln E E da /dp
1 

da/dp2 
1 2 

(2) 

.. .. 
r,11;e E 1 d a I dp 1 u E 2da /dp 2 - O.D;HO'IaCTH'IHbie HHKJII03HBHbie ce'leHHH 

2 .... .. 
po)l(,l],eHHR: 'laCTHI.l 1 u 2, a E 1 E 2 d a / dp1dl-2- .D;Ba)l(,l],bi HHKJII03HBHOe 

ce<JeHue po~eHHR: qacTHI.l B peaKI.lHH (1); a in - noJIHoe Heynpyroe 

ceqeHue B 3aHMO.D;eilcrnuR: qacTHI.lbi (R:.D;pa) I c H.D;poM MHWeHH II . 
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B pa6oTe npHae,neHbi 3KcnepHMeHTaJILHbie ,naHHbie o Koppen.R­

UHOHHOH ¢YHKUHH R2 B npoTOH-.R.D;epHbiX, ,neiiTpoH-.R.D;epHbi X H anL¢a­

.R,nepHbiX B3aHMO,D;eHCTBH.RX .D;JI.R CJiyqa.R po)I(.D;eHH.R CJie,nyiOUUIX KOM-

6HHaQHH nap KYMYJI.RTHBHbiX qacTHU: rrp, pp, dp , a TaiOKe Koppen.R­

UHOHHa.R ¢YHKUH.R AJI.R cnyqa.R po)I(.D;eHH.R KYMYJI.RTHBHor o npoTOHa 

H nHOHa C KHHeMaTH'IeCKHMH xapaKTepHCTHKaMH, COOTBeTCTByiO~MH 

pacna,ny l<YMYJI.RTHBHOH ~-H3o6apbi c HMnyJILCOM 500 M3B /c H yrnoM 

3MHCCHH 90 °o 

MeTOAHKa 3KCnepHMeHTa 

3KcnepHMeHT BbinOJIHeH 3JieKTpOHHOH MeTO.D;HKOH Ha ,z:tiJyxnne­

qeaoM MarHHTHOM cneKTpOMeTpe ,[{:HCK-3, npHHQHnHaJibHa.R CXeMa 

KOTOporo npHBe.D;eHa Ha pHCol. 0,D;HHM H3 nJieq yCTaHOBKH .RBJI.ReTC.R 

MarHHTHbiH cneKTpoMeTp ,[{:HCK-2, npHMeH.RBIIIHHC.R paHee AJI.R npoae­

,D;eHH.R. H3MepeHH.R OAHO'IaCTH'IHbiX HHKJII03HBHbiX ceqeHHH 141 0 Bxo.n­

HOH TeJieCHbiH yroJI n (p 0) = 0,6 • 10 -s cp' pa3peiiieHHe n o HMnyJILCy 

~p/p = 0,1. liHTepBaJI H3Mep.ReMbiX HMnyJILCOB po)I(,D;eHHbiX qaCTHU 

(rr±, K~ p, d, t, 3
He, 

4
He) MO:>KHO MeH.RTb OT.125 ,no 170

0
0 M3B/c, 

a HHTepaan yrJIOB perHCTpaQHH OT 60° AO 180° o :H,neHTHlPHKaQH.R 

BTOpH'IHbiX qaCTHU, BbJAeJieHHbiX no 3ap.R.D;y H HMnyJILcy MarHHTOM 

cneKTpOMeTpa H KBa,npynOJibHbiM 

,ny6neToM, ocymecTBJI.ReTC.R no 

apeMeHH nponeTa Ha ABYX 6a3ax 

(3,8 M H 0,97 M) C TO'IHOCTbiO 

±260 nc, HOHH3aQHOHHbiM noTe­

p.RM 'laCTHU B CUHHTHJIJI.RTOpax, 

HHTeHCHBHOCTH qepeHKOBCKOrO 

H3JiyqeHH.R 'laCTHU B ABYX TBep­

AbiX pa.D;HaTopaxo B .D;aJILHeiiiiieM 

3TY qacTL ycTaHOBKH 6y.D;eM Ha-

3biBaTL nepBbiM KoppeJI.RQHOH­

HbiM nne'IOM (Kill) ycTaHOBKHo 

Ilepaoe Koppen.RUHOHHOe 

nneqo perHCTpHpyeT qacTHULI, 

BbJAeJieHHbie no HMnyJILCy Mar­

HHTHO-onTH'IecKHM . .. · . KaHaJIOM 

Pucolo IlpUH1-4UnuaJibHaR cxeMa iJeyx­

Met~eeozo MQZHUTHOZO cneKT[JOMeT{Ja 

J(HCK 
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(MarHHT M1 H KBa,n;pynonLHhiH ,n;y6neT Q1, Q2) H nporne,n;rnHe 11epe3 

CQHHTHnmiUHOHHhie ,n;eTeKTOphi $1 , S2 , S3 . )lnHTenLHOCTb cHruanoB 

C cPOpMHpOBaTene:H H BpeMeHHhie ,D;HarpaMMhl paCC'IHTaHhl H3 ycnOBHR 

H3MepeHHR BpeMeHH nponeTa Ha 6a3e 3,8 M (paCCTORHHe Me)I(JJ;y 

81 H 83 ) B ,D;Hana30He OT 12 HC (CKOpOCTb /3 = 1) ,n;o 92 HC ( /3 = 0,16). 

3TO n03BOnReT O,ll;HOBpeMeHHO perHCTpHpoBaTb llHOHhi, KaOHhl, npOTO­

Hhl H 6apHOHHhie ¢>parMeHThl. 

BTopo e KOppenRUHOHHOe nne'IO yCTaHOBKH (Kll2) COCTOHT H3 

cneKTpOMeTpH'IecKoro MarHHTa H BOCbMH CUHHTHITnRQHOHHhiX Tene­

CKOnOB, n p e,D;Ha3Ha'leHHhiX ,D;nR perHCTpaQHH llHOHOB, llpOTOHOB H ,n;e:H­

TpOHOB. E ro BXO,ll;HOH TenecHhiH yron 1,6 ·10-2 cp, HMnynbCHhiH 

aKcernauc cneKTpoMeTpa ~p/p 0 = 1,2. l1HTepaan H3MepReMhiX HM­

nynbcoa M O:>KHO MeHRTh oT 50 ,n;o 800 M3B/c, a HHTepaan yrnoB pe­

rHCTpaQHH OT 20° ,n;o 140°. H,n;eHTHcPHKaQHR BTOpH'IHhiX qacmQ B Ka:>K­

,n;oM H3 BOCbMH TeneCKOnOB, COCTORIIJ;HX H3 ,ll;BYX CQHHTHnnRUHOHHhiX 

C'leT'IHKOB, ocyw;eCTBnReTCR no H3MepeHHIO HOHH3aUHOHHhiX no­

Tepb B K a)I(JJ;OM C'leT'IHKe (THllH'IHhie pa3Meph1 CQHHTHnnRTOpa 

40 X 40 X 3 MM) H BpeMeHH nponeTa Me)I(JJ;y C'leT'IHKaMH B TeneCKOne 

ua 6a3e 0,3 M. BTopoe KoppenRUHOHHoe nne11o perHcTpHpyeT t~acmQLI, 
Bhi,n;eneHHhie no HMnynLcy MarHHTOM M2 H Bhi3BaBrnHe cpa6aThma­

HHe O,ll;HOrO H3 CQHHTHnnRUHOHHhiX TenecKonoB. )lnHTenbHOCTb CHr­

HanOB C cPOpMHpOBaTene:H H BpeMeHHhie ,D;HarpaMMhl paCC'IHTaHhl 

,n;nR perHCTpaUHH 'laCTHQ C /3 OT 0,2 ,ll;O 1,0 Ha 6a3e 0,3 M. 

llORCHHM Bhi60p reoMeTpHH HaUieH ,n;Byxnne'leBOH ycTaHOBKH 

ua npHMep e perHCTpauHH ~-H3o6aphi, pacna.n;arow;e:HcR ua npoTOH 

H nHOH: Y r on 3MHCCHH 'laCTHQhl 8 (npOTOHhl HnH nHOHhl) OTHOCH­

TenbHO ,ll;BH:>KeHHR CO CKOpOCThiO /3 ( y = (1 -{32 )-l/ 2 ) pe30HaHCa 

,D;aeTCR H3BeCTHhiM COOTHOUieHHeM 

tg e
1 

sin ell 
(3) 

y [ cosell + 13/13
1

] 

r,n;e {31 - c·KopocTh npo,n;yKTOB pacna.n;a, a ell - yron BhmeTa B cHcTeMe 

noKOR pe3o uauca. Cne,n;oBaTenLHo, 

M1 1 l+ 13/131* cosell 
--- = - -~ell. 
cos 2 81 Y [cosell+/3/13

1
] 2 (4) 

OnnL~anbHaR reoMeTpHR ycTaHOBKH cooTBeTCTBYeT ycnoamo 

Bhi6opa y r noa ~e 1 H MJ2 ,n;nR paBHhiX HHTepBanoB ~ell H MaKcHManbno 

B03MO:>KHoro HHTepaana ~ell . )lnR ~ -H3o6aphi c HMnynLcoM 500 M3B/c 
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npOH3BO,IJ,HaJI dell/ dt9 paBHa 2, 76; 3,50; 0,61 ,IJ,1IJI yrJIOB ell , paBHbiX 
P. 

cooTBeTCTBeHHo 0 °, 9<1' H 180°. HaH6oJILlllaJI 3<l><PeKTHBHOCTb perHcT-

paUJm pacna,IJ,HOH nonH ~-pe30HaHca, Korna <1>=90°. O,IJ,HaKo , c yqeTOM 

TOrO, qTo ~-pe30HaHC HBJIHeTCH P-BOJIHOBbiM COCTOHHHeM (£ = 1) , 

MO:>KeT OKa3aTLCH 6onee BhirO,IJ,HbiM pacnan c ell P = 0 ° HJIH 180° • Mbi 

Bbi6paJIH BapHaHT ellp = 0 ° . .!VJH 3TOrO CJiyqaH COOTHOllleHH e Me~y 

yrnaMH MP / M
77 

= 0,22. 

Ha pHc. 2 npHBeneHbi HOHH3aUlfOHHbie H BpeMHnponeTHbie cneKT­

pLI, noJiyqeHHbie B O,IJ,HOM H3 TeJieCKOllOB Kn2 BO BpeMH n poBe,IJ,eHHH 

H3MepeHHH. llJIH OUlf!l>poBKH cneKTpOMeTpHqecKOH HH!l>OpMa UlfH B yc­

TaHOBKe HCll0Jib3YIOTCH pa3pa60TaHHble B JIB3 3apH,II,OBO·Ulf!l>poBbie 

npeo6pa30BaTeJIH C QeHOH npeo6pa30BaHHH 0,5 nKJI/KaHaJI /&/ H 

BpeMH-UH!l>pOBbie npeo6pa30BaTeJIH C QeHOH npeo6p a30BaHHH 

0,1 HC/KaHaJI / e / . 

,!VIH Bbi,IJ,eJieHHH HHTepecyiOI.I.UiX Hac ,IJ,ByxqaCTmHbiX COB na,IJ,eHHH 

opraHH30BaHa CXeMa H3MepeHHH BpeMeHH1 CHrHaJIOM "CTapT" ,IJ,JIH 

KOTOpOH HBJIHeTCH CHrHaJI CO cqeTqHKa 83 B Kn1 (6,3 MOT M HllleHH), 

a CHrHaJIOM "CTon" HBJIHeTCH CHrHaJI OT cpa6oTaBllJero TeJieCKOna 

B Kn2 (pacCToHHHe OT MHllleHH MeHHeTCH OT 2,4 no 3,7 M). Ha pHc. 3 

npHBe,IJ,eHbl pacnpe,II,eJieHHH llO pa3HHQe BpeMeHH .npHXO,IJ,a CHrHaJIOB 

OT Kn1 H Kn2. npe,II,CTaBneHHble 

H3MepeHHH BblllOJIHeHbl Ha MH-

llJeHH H3 CBHHUa TOJII.I.UiHOH ·10' 

1 r/cM2 npH HHTeHCHBHOCTH nep­

B~biX npoTOHOB 10 
10 

qaCTHU 

3a UHKJI ycKopeHHH. Ha pHc.3a 
1.2 

npHBe,IJ,eH cneKTp npOTOH-llHOH-
v ( QB 

HbiX COBna,IJ,eHHH HMnyJibC npo-

TOHOB B Knl 640 M3B/c, cpe,II,­

HHH HMnynbc nHoHoB B Kn2 °·4 

Puc.2. HoHU30f4UOHHbie u 6peM!Inpo­

JieTHbie cneKrpbi '4aCTUf4 6 KII2 npu 240 

UMnyllbCe 600 M3B/c (a, 6) u cneKrp 

nuoHo6 npu UMnyllbCe 140 M:JB/c 
160 

(6, Z) c}JIJI UHTeHCU6HOCTU nep6U'4-

HOZO ny'4KQ 10 10 
'4QCTUf4/f4UKJI U 

C6UH/4060U .MUWeHU TOJIU4UHOU 60 

1 zjc.M2. ToHKoii JIUHueii Ha pu~H-

d 

AE !,..., ...... , 

Jj B 

Kax (6, z) nOKa:JQH 6KJ1Qc} rjioHa OL,~ ...... ~~I'Iif'd 
6 U3.MepUTe/lbHO.M M6UIIbOHe. 

\ 

p 
6 

6 

5 

4 

3 d 

2 

124 
AT I..,.,....,., 

·1d 
7 r 
6 

5 

4 

3 

2 

0 -A. \. 
40 120 2UU 

AT ~---•1 
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paBHR:JICR: 140 M3B/c), ua pHc. 36 - cneKTp c npoTou-npoTOHHbiMH 
coammeuHHMH (HMnynbc npoTouoa a Klll 500 M3B/c, cpe,n;uHH HM­
nyn&c npoTouoa a Kll2 TaK:>Ke 500 M3B/c). llono:>KeHHe nHKa ua cneKT­

pax COOTBeTCTByeT paClleTy. 
O,ll;HoapeMeuuo c H3MepeHHHMH coana,n;eHHH npoao,D;Hnoc& H3-

MepeuHe O,ll;HOllaCTHliHbiX HHKJII03HBHbiX celleHHH. )l;JIR: 3TOro 6biJia 
C03,D;aHa CXeMa ",n;eneHHR: tlaCTOTbl", KOTOpaR: ll03BOJIR:Jla 3anHCbiBaTb 
a 3BM Ka)l(,ll;oe 1 -e cpa6aTbiBauHe Klll H Ka)l(,ll;oe j -e cpa6aTbiBa­

HHe Kll2 . 
B Koppenm:nmHHbiX 3KcnepHMeHTax cymecTayeT npHHUHnHaJib­

uoe orpaHHlleHHe Ha HHTeHCHBHOCTb nepBHliHOrO nyt~Ka (TOJimHHY 
MHWeHH), KOTOpoe onpe,n;eJIR:eTCR: BKJla,ll;OM CJIY'IaHubiX COBna,D;eHHH 
OT B3aHMO,D;eHCTBHR: nepBH'IHbiX 'laCTliU C pa3JIH'IHbiMH aTOMaMH MHWe­
HH a n pe,n;enax apeMeHH H3MepeuHR: coana,n;euHH ,n;ayx nne'l (a uaweM 

cnyt~ae 3TO 110 uc). 
qHCJIO CJlYtfaHubiX COBna,ll;eHHH ABYX nneq ycTaHOBKH 3a e,n;HHJmY 

apeMeHH npH ct~eTe 'IHCJia 'laCTim a Klll N 1 = Io f(E 1 da/ dp)dp/ E1 H 

a Kll2 N2 = I0 f(E 2 da/ dp) dp/ E2 3a apeMR: BbiBo,n;a nyqKa TcH pa3pe­

waiOmeM apeMeHH r paauo (N~~2 = rN 1N2/ T~). BenH'IHHa OTuowe­
HHR: 'IHCJia CJiyllaHubiX COBlla,ll;eHHH K ",n;BOHuOMy HHKJli03HBy" 

2 ... .... ...... -+ N 1, 2 = I 0 f(E 1E2 d a / dp 1dp2 )dp1 / E 1 dp2/ E 2 paaua 

/ N en 

--!L = 
Io fain 

r-----, (5) 
N1,2 Tc R2 

r,n;e £ - TOJimHHa MHWeHH B M6 -l, 1 0 - HHTeHCHBHOCTb nepBH'IHOrO 

nyt~Ka, R2 - aenHt~HHa KoppenR:Topa. 113 cpopMyJibi (5) BHAHO, 'ITO 
OTHOWeHHe cpoH/3qxpeKT npR:MO nponopUHOHaJibHO HHTeHCHBHOCTH 

400 .. 

350 

250 

10 

Np17 a 

24- 40.5612 ~~ 
~T12 

Npp 

Puc. 3. CneKrp nporoH-nuoH­

HbiX (a) U npOTOH-npOTOH­

HbiX (6} coanadeHuu Ha 

CBUHI.jOBOU MUUleHU TO/IU4U­

HOU 1 zjcM2 npu UHTeHcua-

HOCTU 
1010 

nepBU'IHOZO ny'IKQ 

vacru1.1/ 1.1uKA. UeHa 

OdHOZO KQHQ/IQ HQ cneKT-

pax J HC. 



nepBHtiHOrO nyqJCa H TOJJI.QlfHe MHllleHH H o6paTHO nponop~OHaJJbHO 

AJJHTeJJbHOCTH BbmOAa nepBHtlHOro nyqJCa. Il03TOMY )J.JJR nPOBeAeHHR 

KoppennQHOHHbiX H3MepeHHH BbinOJJHeH pnA pa6oT no ynyt~llleHmo 

BpeMeHHOH CTpyKTypbi nyqKa 
1 7 I. Ilo HalllHM H3MepeHHRM B HaCTOR­

mee BpeMR 31t>lt>eKTHBHaR )J.JJHTeJJbHOCTb BbiBOAa nyqJCa H3 YCKOpHTe­

JJH paBHa 200 ~ 300 MC. 3Ta BeJJHtiHHa H3MepReTCR HaMH c nel.UfaJJbHO 

H He3aBHCHMO OT cneKTpOB COBnaAeHHH B Kll)KAOM QHKJJe y cKOpHTeJJH 

no CJJyqaifHbiM coanaAeHHRM AByx CQHHTHJJJJHQHOHHbiX A eTeKTOpoa. 

3HaH AJJHTeJJbHOCTb BbiBOAa nyqKa, MO)I(}IO BbltiHCJJHTb ypo BeHb <t>oHa 

B cneKTpe COBnaAeHHH. TaKOH KOHTpOJJb nOCTOHHHO n p OBOAHJJCR 

B npoQecce Ha6opa cTaTHCTHKH H so acex cnyqanx (pa3JJHtiHbie HH­

TeHCHBHOCTH nepBHtiHOrO DYtiJCa, TOJJI.QHHbl MHllleHeH) p e3yJJbTaTbl 

ABYX H3MepeHHH COOTBeTCTBOBaJJH Apyr Apyry. 

B KOHTpoJJbHbiX ODbiTax DOKa3aHO, \ITO CJJYtlaHHble COBDaAeHHR : 

a) curHaJJ oT reHepaTopa HMDyJJLCOB noAaeTcH a Kill, a peanbHbie 

qacTHQbi perucrpupyroTcn a Kil2, 6) peanbHbie qaCTHQLI perncTpH­

pyroTCH a Kill H <t>oH a H3MepHTeJJbHOM naaHJJboHe perucrpupyeTcn 

B Kil2 (B 3TOM H3MepeHHH BXOA B MarHHT BTOporo DJJetla , HaCTpO­

eHHbiH Ha perHCTpaQHIO DHOHOB C HMnyJJbCOM 140 M3B/c, nepeKpbiT 

20 CM CJJOeM CBHHQa) He HMHTHpyroT OHKa B cneKTpe COBDaAeHHH 

(CM. pHC. 4). • . 
.[{JJH BbNHCJJeHHH BeJJHtlHHbi KoppenHTopa R

2 
Heo6xoAHMO 3HaTL 

BeJJHtiHHY DOJJHOrO Heynpyroro CetleHHR B3aHMOAeHCTBHR H aJJeTaiOI.QeH 

qacTHQbi (HApa) c HAPOM MHllleHH. Mbi ucnoJJb30BaJJH CJJeAyroi.QHe 

Puc.4. Pe:JyllbTaTbl U3MepeHUJI. 

cneKT{Ja co6nadenuu 6 KOHT{JOIIb· 

HblX onbzTax. CUM60IIaMU ( x ) 

o6o3Ha'leHbl Pe:JYIIbTaTbl U3Mepe­

nuu (}IIJI C06na()enuu: CUZHQ/1 OT 

zenepaTOpa 6 Kill - peallbHble 

'IQCTUijbl 6 Kll2. CUM6011aMU ( 0) 

o6o3Ha'leHbl Pe:JYIIbTanz U3Mepe­

nuu (}IIJI C06nOOeHUU: 'IQCTUijbl OT 

Muwenu 6 Kill - rfion 6 U3Mepu­

Te/lbHOM na6UIIb0He 6 Kll2. Cw-t-

60/la.MU ( •) o6o3Ha'leHbl pe:Jyllb­

Tanz U3MepeHUJI. cneKT{Ja co6na­

denuu 6 pa6o11ux yC/Io6UJI.X npu 

TOU :xce UHTeHCU6HOCTU U TOll· 

!J4UHe MUWeHU, 'ITO U 6 KOHT{JOIIb· 

HblX onbzTaX. 

80 

10 20 30 0 50 
t>.T l•-p ... ua ) 
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BeJIHtJHHbl CetJeHHH, nonytJeHHbie H3 3KCnepHMeHTaJibHbiX AaHHbiX 

H H3BeCTHbiX B JIHTepazype annpOKCHMaQHH l 8, 9, 10l : 

a in (pPb) = 1868 M6; 

7 
a in (d Li) = 235 M6. 

a in (dPb) = 2093 M6 ; ain (aPb) = 2425 M6; 

MoHHTOpHposauHe a6coJIIOTHOH HHTeHCHBHOCTH nepBHtJHoro nyq­

Ka ocymeCTBJIHJIOCb MeTOAOM H3MepeHHH HaBe,neHHOH aKTHBHOCTH 

yrnepo,na. .[(JIH cetJeHHH aKTHBaUHH H,nep yrnepo,na npoToHaMH 6Lma 

HCnOJib30BaHa BeJIHtJHHa cetJeHHH 29 M6 I 11 I . ,[(JIH CJiytJaH nepBHtJHbiX 

,neHTpoHOB H aJibcpa-tJaCTH~ AaHHbie no CetJeHHHM aKTHBaUHH eCTb TOJib­

KO npH 3H eprHHX -1 r3B/HYKJIOH H HH)I(e
1121 . 3KCTpanOJIHUHeH 

3THX AaHHbiX K 3HeprHH 4 r3B/HyKJIOH Mbl nonytJHJIH BeJIHtJHHY 

cetJeHHH a KTHBaUHH 42 M6 B TOM H ,npyrOM CJiytJae. Ilo HalilHM O~eH­

KaM 1 OlilH6K a B H3MepeHHH a6cOJIIOTHOrO cetJeHHH paBHa ± 7% ,l1)1H 

npOTOHOB H ±11% AJIH ,neHTpoHOB H aJib¢a-tJaCTH~. 

3Kcne pHMeHTaJihHbie pe3yJILTaTbi 

B uacToHmeH: pa6oTe npHBOAHTCH .nse rpynnhi 3KcnepHMeHTaJib­

HbiX AaHHbiX. IlepBaH OTHOCHTCH K pe3yJibTaTaM H3MepeHHH ABYX· 

tJaCTHtJHOH K OppeJIHUHOHHOH ¢yHKQHH B peaKUHH (1} AJIH rrp-, pp-, 

dp-cHCTeM. IlepsoH: yKa3aua tJaCTH~a, perHcTpHpyeMliH Kill, BTopoH: 

- tJacTHtia, perHCTpHpyeMaH Kil2. 11Mnynbc Kill AJIH 3THX H3MepeHHH 

6Lm paseu 500 M3B/c, yron ua6n10,neuHH 90°. 11MnyJILCHbiH HHTep­

san, 3axBaTLIBaeMbiH Kil2, paseu 200 7 650 M3B/c. Yron pa3neTa 

tJaCTH~ 180 ° (yroJI BbiJieTa OAHOH tJaCTH~I OTHOCHTeJibHO HanpaBJie­

HHH BbiJieTa BTOpoH}. TaKHe KHHeMaTHtJecKHe yCJIOBHH COOTBeTCTBy­

IOT MaKCHM aJibHOMY BbiXOAY npOTOHOB B nepBOM H BTOpOM nneqe H, 

cne,nosaTeJibHO, OnTHMaJibHbiM ycnoBHHM ,nJIH ua6opa cTaTHCTHKH 

no pp·(!OB[IliAeHHHM. BTopaH rpynna AaHHbiX OTHOCHTCH K H3Mepe­

HHIO ABYXtJaCTHtJHOH npOTOH·nHOHHOH KOppeJIHUHOHHOH ¢YHKQHH. 

B 3TOM cny qae HMnyJILC npoToua B Kill 640 M3B/c, yron ua6niO,ne­

HHH 90°. 11MnyJILCHbiH HHTepsan nHOHOB, perHcTpyeMbiH Kil2, pa­

seu 50 7270 M3B/c. Yron pa3JieTa npoToua H nHOHa 180°. TaKHe 

KHHeMaTHtJeCKHe YCJIOBHH COOTBeTCTByiOT perHCTpaUHH npo,nyKTOB 

pacna.na 6 -H3o6apLI c HMnyJILCOM 500 M3B/c H yrnoM 3MHCCHH 90°, To 

eCTL H3Mep eua KoppenHUHOHHaH ¢yuK~HH RP" B o6nacTH 3¢¢eK­

THBHbiX Mac e, COOTBeTCTBYIOmHX 6-H306ape. 

3Kcnep HMeHTaJibHbie 3HatJeHHH BeJIHtJHH ABYXtJaCTHtJHbiX KOppe­

JIHUHOHHbiX ¢YHKUHH R2 AJIH npoToH-npoTOHHbiX, nHOH-npoTOHHLIX, 
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.Il:eihpoH -npoTOHHhiX coana,lle­

HHH npe,llcTaBJieHhi Ha pHc.5,6,7. 

Ha pHc .5 npHBe,lleHhi .Il:aHHhre no 

R rrp H R PP .Il:JlH cJiy'laH B3aHMO­

,lleHcTBHH npoTOHOB C HMllYJih· 

COM 8,9 r3B/c C H,llpaMH CBHH· 

ua . .UaHHhre npe,llcTaaneHhi a 3a­

BHCHMOCTH OT BeJIH'IHHhl 3cp­

cpeKTHBHOH MaCChi perHCTpH­

pyeMhiX 'laCTHU. J-h pHCYHKa 

BH,llHO, 'ITO B npe,lleJiaX OWH60K 

H3MepeHHH BeJIH'IHHy .Il:Byxnpo­

TOHHOH KoppeJIHUHOHHOH ¢yHK­

UHH B H3MepeHHOM HHTepaaJie 

HMllYJihCOB (3cpcpeKTHBHhiX 

Mace) MO)l(HO OnHCaTh KOHCTaH­

TOH Rpp= 1,92± 0,25. KpoMe 

TOrO, H3 pHCYHKa BH,llHO, 'ITO 

B npe,lleJiax OWH60K H3MepeHHH 

BeJIH'IHHhl npOTOH -npoTOHHOrO 

H nHOH·llpQTOHHOrO KOppeJIHTO· 

pa HMeiOT 6JIH3KHe 3Ha'leHHH. 

0TMeTHM, 'ITO B BhiDOJIHeHHhiX 

B HT3<I> H3MepeHHHX / lS I xa­

paKTepHaH BeJIH'IHHa npOTOH­

npoTOHHOrO KOppeJIHTOpa ,llJIH 

KyMYJIHTHBHOH 06JiaCTH paBHa 

1,5 72,4. 
Ha pHc.6 npHBe,lleHhi 3Ha­

'leHHH npoTOH-npOTOHHOrO H 

,lleHTpOH-npoTOHHOrO KOppeJIH­

TOpa, H3MepeHHOrO BO B3aHMO· 

,lleHCTBHH ,lleHTpOHOB C HMllYJib· 

COM 8,8 r3Bjc C H,llpaMH CBHH· 

ua. ~h pHCYHKa BH,llHO, 'ITO 

KoppeJIHUHOHHaH cpyHKUHH 

.Il:BYX npoTOHOB He 3aBHCHT OT 

HMllYJibCa ( 3cpcpeKTHBHOH Mac­

Chi) . Ee 3Ha'leHHe a H3MepeH­

HOM HHTepBaJie 3cpcpeKTHBHhiX 

Mace paBHO 1,58 ±0,21. I13Me­

peHHH TaK:lKe llOKR3aJIH, 'ITO 

BeJIH'IHHhi R PP H R dp coana-

3 

2 

1.5 1.6 ,. 2.00 2.04 2.'08 2:,2 2.16 

Puc. 5. Pe3yllbTaTbl U3MepeHWI Koppe­

llJ114UOHHou tftyHK14UU & 2 6 p Pb -63au­

MooeucTBWIX (. - 3Ha'leHWI R pp , 

o- 3Ha'leHWI Rrrp ) . 

+ 

1,96 2,00 2,04 2,08 2)2 2,1s I 2,9o · • 

M_, (rlB/c•) 

Puc.6. Pe3yllbTaTbl U3MepeHWI Koppe11JI-

14UOHHou rPYHKijUU R2 6 oeurpoH­

JIOepHbiX 63aUMooeucT6WIX. CUM60ila­

Mu r•) 0603Ha'leHbl OaNHbl e no Rpp 

6 dPb -63aUMooeucT6WIX, ( 0) 
OaHHble no Rdp 6 dP b ·63aUMo­

oeucT6WIX U (0) - Rpp d 7 Li • 

63aUMooeucT6WIX. 
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3 

2 

Rz 

t t t 1 
1 t t t I 

1.96 2.00 2.04 2.08 2.12 2.16 2.20 

MJcpcp. ( fJB/c
1

) 

Puc. 7. Pe:JyllbTQTbl U3.MepeHW1 

OByXnpOTOHHOU KOppetlllt/UOHHOU 

iftyHKt/UU R2 6 a P b -B3aU.Mo-

OeUCTBUJIX. 

AaiOT B npenenax o um6o K 

H3MepeHHH. HaMH 6bm H3Me­

peH H npOTOH-npOTOHHbiH KOp­

pemnop nnH d 7 L i -B3aHMoneii-

' CTBHH. Pe3ynhTaTbi H3MepeHHH 

npHBe,D;eHbl Ha pHC. 6 H yKa3bi­

BaiOT Ha TO, 'ITO Ha nerKOM 

H,D;pe BenH'IHHa KOppenHTOpa 

HeCKOnbKO Bblllle, t~eM Ha TH­

:lKenOM RApe. 

Ha p Hc. 7 npHBe,D;eHbi 3KcnepHMeHTan&Hbie AaHHbie, oTHocH­

~ecH K H3MepeHHJO npOTOH-npOTOHHbiX KOppenHUHH B cnyqae 

a Pb-a3aHM O,D;eHcTBHH. H3 pHcyHKa BHAHO, 'ITO H B 3TOM cnyt~ae BenH­

'IHHa R pp B npe.D;enax OlllH60K H3MepeHHH OCTaeTCH nOCTOHHHOH ,D;nH 

H3MepeHHOrO HHTepBana HMnyn&COB BTOpH'IHbiX 'laCTHU H paBHa 

2,34 ± 0,26 . 3Ta BenHtJHHa B npe,D;enax OlllH60K H3MepeHHH COBna,D;aeT C 

aenHtJHHOH AByxnpOTOHHOH KOppenHUHOHHOH !flyHKUHH, nony'leHHOH 

B pPb -B3a HMO,D;eHCTBHHX. 

ll~peH,D;eM K o6cy:lK,D;eHHJO pe3Y11bTaTOB 3KCnepHMeHTa no H3Mepe­

HHJO npoTOH-nHOHHOH KoppenHUHOHHOH !f>yHKUHH. Ha pHc.8 npHBe,D;e­

Hbi ,D;aHHb le, OTHOCH~eCH K pPb-B3aHMO,D;eHCTBHHM, a Ha pHC. 9 -
AaHHbie, OTHOCH~ecH K aPb-B3aHMO,D;eHCTBHHM. B TOM H ,D;pyrOM 

cnyt~ae H aMH 6bmo Ha6paHo -10
3 

co6hiTHH THna p "± (npeBbillleHHe 

nHKa Ha.D; !flo HOM) • B HalllHx H3MepeHHHX npoH3Be,D;eHHe HHTeHcHBHo­

CTH nepBH'IHOrO nyt~Ka Ha TOn~Hy MHllleHH COCTaBnHnO npHMepHO 
10 1 -

5 • 10 . qacTHU • C - r • CM -2. . llpH 3TOM OTHOllleHHe 'IHCna 'laCTHU 

B nHKe K y pOBHJO !f>OHa COCTaBnHeT npHMepHO 1:3, 'ITO H Onpe,D;enHeT 

B OCHOBHOM TO'IHOCTb B Bbi'IHCneHHH KOppenHTOpa. B npe,D;enax ,D;O· 

CTHrHyTOH B AaHHOM 3KcnepHMeHTe TO'IHOCTH H3MepeHHH Mbl He 

BHAHM o c o6eHHOCTeH B cneKTpax 3¢l!fleKTHBHbiX MaCe p77-CHCTeMbl. 

3Ha'leHHH KOppenHUHOHHhiX !flyHKUHH, ycpe,D;HeHHbie no H3MepeHHO­

MY HHTepa any 3¢l!fleKTHBHhiX Mace, paBHbl 1,41 ± 0,17 AnH p77+-CHCTe­

Mbl H 1,4 0 ± 0,18 ,D;n.fl p77- ·CHCTeMbl BO B3aHMO,D;eHCTBHH npOTOHOB 

C H,D;paMH CBHHua • .[(nH anb!fla-H,D;epHbiX B3aHMo,D;eHCTBHH 3TH BenH'IHHbl 

paBHbl c o oTBeTCTBeHHO 1,51 ± 0,24 H 1,55 ± 0,23. TaKHM o6pa30M, 

H3 pe3yn&TaTOB H3MepeHHH cnenyeT, 'ITO aenHtJHHa npOTOH-nHOHHOH 
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Puc. B. Pe3YilbTaTbl U3.MepCHWI 

npoTOH-nUOHHOU Koppe/IJiijUOHHOU 

rjjyHKijUU 8 p P b -e3aU.ModeucT-

8WIX: a - lJaHHbiC no KOppCIIR-

ijUOHHOU rjjyHKijUU Rp 17+ , 6 -
lJaHHbiC no KOppellJiijUOHHOU 

rjjyHKijUU RP"- . 

KoppenHUHOHHOH ~YHKUHH, 
ycpeAUeHHOH no H3Mepeuuo­

MY HHTepaany 3~~eKTHBHbiX 

Mace, B npe.D;enax owH6oK 

H3MepeHHH O.ZJ;HHaKOBa .ZJ;JUI 

CJiyqan po)l(,ll;eHHH DOJIO)f(H­

TeJibHblX H OTpHUS.TenbHblX 

DHOHOB. KpoMe Toro, 3Haqe­

HHH npoTOH·nHOHHOH KOppe­

JIHUHOHHOH ~YHKUHH B npe­

.ZJ;enax owH6oK H3MepeHHH 

COBDa.ZJ;aJOT .ZJ;JIH pPb - H 

aPb ·B3aHMO.ZJ;eHCTBHH. 

lh auaJIH3a .ZJ;aHHbiX 

MO)f(HO c.ZJ;enan ueKOTOpbie 

3aKJIJOqeuHH o ceqeuHH o6-

pa30BaHHH KYMYJIHTHBHOH /).­

H306apb1. 0TMeTHM, qTQ 

cneKTp 3~~eKTHBHbiX Mace 

!7p ·CHCTeMbl Ha6pau npH pa3-

JIHqublX 3HaqeHHHX HMnyJibCa 

napbi "P . llo3TOMY .ZJ;JIH OI.(eu­

KH ceqeuHH po)l(,ll;eHHH D. ·H30-

Rpn• 

2D 

1.5 

1.0 

0.5 

1150 

R,,-t 2.5 

2D 

1.5 

1.0 

0.5 

1150 1200 

Rpll+ 

2 

t1 

a 

t1 
1250 1300 1350 1400 

MJcpcp. (MlB/ c0
) 

6 

1250 1300 1350 1400 
M ~qxp. (M!Bjc 2) 

a "'pli 6 

2 I 

tf rt t / 
j 

Puc. 9. Pe3YilbTaTbl U3.MepeHWI 

npoTOH-nUOHHOU Koppe/IJiijUOHHOU 1 

rjjyHKijUU 8 aP b -83aU.MOlJeucTBU­

JU: a - lJaHHbiC no KOppe.liJiijUOH· 

HOii rjjyHK!4UU Rp 17+ , 6 - daH­

Hble no KOppellJiijUOHHOU rjjyHK- 1150 1200 1250 1300 1150 1200 1250 1300 

ijUU RpiT-. M~(MJB/c1) Mtcpq>. (MJ8jc1
) 
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6apbl H006XOAHMO 3HaTb .3aBHCHMOCTb :noro CelleHHR: OT HMnyJILCa. 
B npe,D;nOJIO'>KeHHH, liTO celleHHe po)KJJ;eHHH !l -H306ap, KaK H celleHHe _ 
pO)KJJ;eHHR: CTa6HJibHbiX KyMyJIR:THBHbiX llaCTH[(, 3KCnOHeH[(HaJibHO 
3aBHCHT OT KYMYJIHTHBHoro liHCJia, 

E da 
-A ~ = A!l exp (-x!l / 0,14). 

dp 
(6) 

CliHTaR:, liTO MaKCHMaJibHbiH BKJia,D; OT fl-H306apbl B BeJIHtiHHY Koppe­
JIR:TOpa onpe,D;eJIR:eTCR: OWH6KaMH H3MepeHHH, MO)f(HO nOJiytiHTb orpa­
HHlleHHe Ha npe,D;3KCnoHeH[(HaJibHbiH MHO)f(HTeJib B <f>opMyJie (6). 
lh 3KcnepHMeHTaJILHbiX ,D;aHHbiX CJie,D;yeT, liTO All <1,5 AP. 3aMeTHM, 
liTO OI.~eHKH 3TOH BeJIHliHHbi, noJiylleHHbie B paooTe/ 14/ HCXO,D;R: H3 
CelleHHH po)KJJ;eHHR: HHKJil03HBHbiX rr-Me30HOB, ,D;aJOT COOTHOWeHHe 
A !l < 0,5 A p· B 3TOH pa6oTe noKa3auo, liTO BKJia,D; pacna,D;HbiX nHOHOB 
OT fl++ ,D;JIR: HMnyJILCOB 6onLwe 500 M3B/c ue npeBbiwaeT 1%. B pa-
6ornx 116• 181 TaK)f(e C,ll;eJiaH BbffiO,ll; 0 MaJIOH poJIH H306ap ( $ 1%) 
B npoQeccax KYMYJIHTHBHoro po)KJJ;eHHR:. 3aMeTHM, liTO HHTerpaJILHOe 

++ I cellenHe !l , BbmeTarol.[(Hx Ha3a,D;, H3Mepeuo B pa6oTe 11 7 ,D;JIR: peaK-
[(HH p (300 r3B/c) + Ne H paBH0(4,11± 0,95) M6, liTO COCTaBJIR:eT 
~ 20 730 % OT CetieHHR: po)KJJ;eHHR: 3apR:)f(eHHbiX nHOHOB, BbmeTaJOI.[(HX 
B 3a,D;HJOJO nonyc<f>epy. 
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MULTIBARYON AND MESON-LIKE STATES 
IN THE SU(2)-SKYRME MODEL 

V.A.Nikolaev, O.G.Tkachev 

The effective quantum mechanical Hamiltonian for topologically 
trivial and nontrivial sectors of the Skyrme model is obtained in the 
framework of the collective coordinate method. The collective variables 
correspond to the vibrations and rotations in the space and isospace. 
Some numerical results for the observable values for the lowest states 
are presented . 

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

MyJILTH6apHOHbi H Me30HOllO,D;06Hhie COCTOHHHH 
B SU (2) ·MO,D;eJIH CKHpMa 

BA.HHKonaeB, O.f.TKa'leB 

B MeTOIJ,e KOnJieKTHBHbiX nepeMeHHbiX, COOTBeTcmyiOIUHX BH6pa­
UHJIM, a TaK)Ke Bpall(e.HHHM BO BHeu.m:eM H BHYTpeHHeM npOCTpaHcmax, 
nonyqeH 3<J>!J>eKTHBHbiH KBaHTOBbiH raMHnbTOHHaH )J,1UI TOITOITOrH'IeCKH 
TpHBHanhHoro H HeTpHBHanbHbiX ceKTopoB MOAenH CKHpMa. IlpHBo­
MTC.Il HeKOTOpbie peJyiThTaTbi 'IHCITeHHbiX paC'IeTOB, Ha6niO/],aeMbiX 
JJ,1IJt HIDKaHIIniX COCTO.IIHHH. 

Pa6on BhmoJIHeHa B Jia6opaTOpHH TeopeTH'IecKoii 4>H3HKH OlHUf. 

The Skyrme model 111
, as a chiral soliton model of baryons, has 

some phenomenological success in describing the static properties 
of nucleons and their interactions. Recently, a new ansatz for the solu­
tions of the stationary Euler-Lagrange equations has been proposed 
in 12

•
31 for the multibaryon states. As it was shown in 121 and 131, 

some of the solitons with baryon number B > 1 were classically stable 
objects. In 121 the new series of meson-like solitons with B = 0 are 
also obtained, and the classical properties are investigated. The pur­
pose of this paper is to obtain the quantum mechanical effective Hamil­
tonian in the framework of the collective coordinate method. We use 
the vibrational and rotational degrees of freedom as collective coordi­
nates and cal~ulate the masses and binding energies of the lowest states 
in this method. 
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Let us describe the important steps needed to obtain effective 
Hamiltonian. We start with the Skyrme Lagrangian density f. 

2 
F" 1 2 

f.=- Tr(L 11 • L 11 ) + --2Tr[ Lll' LvJ , 
16 ,.. ,.. 32 e 

(1) 

+ . 
where Lll= U all U are the left currents and assume, as in / 2,3 / that 
the chiral field U(r) has the following structure : 

-+ -+ -+ 

U(r) = cos(F(r)) + i(rN) sin(F(r)). (2) 

-+ 

Here N determines a direction in the isotopic space . It is expressed 
by the components in the spherical coordinates system 

-+ • 
N = (cos(<ll(¢)) sin(T(O)), sin(<ll(¢)) sin(T(8)), cos(T(O)) ) . (3) 

As it was shown in 12 • 31 the mass of the Skyrmion is gtven by the 
functional of the T(O), <ll(¢), F(r}: 

(6) 

where y = "' F ,;e and x = F
17

• e. r. 
We do not give here the system of equations 121 for the solution 

T(8), <ll(¢) and F(x), but we have to note the requirements to be 
imposed on solutions. Thus, we consider only the configurations with 
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finite masses, that is why we have F(O) = nn and T(O) = 0, T(") =1Te 
with integer n and e . Some integer k determines ·<IJ ( ¢) = k . ¢, and 
leads to a single-valued solution. Now all the solutions U nke (x) are 
classified by the set of integer numbers n, k and e. 

The next expression for topological (baryon) charge with such 
an ansatz in121 has been obtained 

k·n 
B = - {l -cos(7T· e)). 

2 
(7) 

This expression points out that between the solutions there are ones 
(with even e) that will be quantized as bosons with an integer spin 
and isospin quantum number. On the other hand, odd £ will corres­
pond to the multibaryon state with B = n. k. 

To obtain quantum mechanical effective Hamiltonian we employ 
the collective coordinate method. Now the chiral fields are considered 
to be time-dependent: 

U(r, t) = exp(i·r 1 • I 1j (t) ·Nj (R~~(t) x k). F(x.eA)), · (8) 

where R and I are the spatial and isospin rotation 3 x 3 matrices, and 
A (t) is the time-dependent parameter of the dilatation vibrations. 
Inserting Eq.(S) into · the Lagrangian in which the time components 
L 0 of the currents now play their important role we have 

2 
F" 1 2 

L =-M ·- - · JdV"Tr(L0 L 0 )- --· JdVTr(L0,L~ . (9) 
16 16e2 

Performing the canonical transformation and determining canoni­
cally conjugate variables . . 

aL aL 
p =- , T =--, 

a}. acui 
8 = aL 

an , 
1 (10) 

where the M gular velocities 0
1 

and CtJ 
1 

for the rotation and isorotation 
are given by 

-1 • • -1 
(R )ik Rk j = l ijk {l k • Ilk (I )kj = l ijk CtJ k • (11) 

we obatin the Hamiltonian for k 2 11 

;2 T2 s2 1 1 k2 1 A 2 (12) 
H=M(.\)+ +--. +----·<-.-+----)·T 3 • 

2-rn(,\) 2.QT 2·(,. 8 2 QT '-s <.. 
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Here symbols p, T and S are interpreted now as follows: impulse p cor­
responds to the vibrational operator, T and S are the isospin and spin 
operators. The vibrational potential M(..\) is given by the next expression 

M(..\} = M2 • exp(-..\) + M
4 

• exp(..\}. (13) 

For the interval values m( ..\), QT(..\ ), Q
5 

( ..\), Q( ..\) we have: 

->.. [(F')2 (k2 s~T (T')2) sin
2

F ]] (l 2 T ) + e . + . -- + · --- · +cos -
sin2 e x 2 

(15) 

'A sin4 F 2 sm2T 2 ')2 I 
- e- · --- · (k · --- · cos T + ( T ) , 

x2 sin 2e 

~ " . ~').. 
" 2 2 e Q8 (>..) = -- • (x dx (sine dfl I sin F. [ -- + 

F"e 3 o o 4 

->.. , 2 2 sin
2

T , 2 sin
2

F ( 2 sin
2

T 2 ll ( ')2~ + e .[(F) +(k . ---- +(T) ). ---ll · .k • - 2- ·cos 11+ T -
sin 2 fJ x 2 sin e 

->.. sin4 F 4 sin 4 T 2 , 4 
- e . -- . (k . ---- . cos IJ + (T ) ) I , 

x 2 sin 4e · 
(16) 

2" ~ " e-s'A 
Q('A) = --. (x2dx (sine d9 I sin2 F · [ -- + 

F e3 o o 4 
" 
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+e-A. .[(F')2 +(k2· sin
2

T --+ 
, 2 sin 2F 2 

(T ) ) · ---] ] · sin T -
x2 

(17) 
sin 2 () 

->.. 
- e s in

4 
F • k 2. s1n_

4
T I . 

x 2 sin 28 

b.t. b. t. 0 

It should be noted that we have S 3 - k• T 3 = 0. It 1s a con-
straint for the wave function of the quantized Skyrmion. More strictly 
speaking the wave function is given by 

<I Rl TK CM L>= y(2T+l)(2S+l)_DT (I)· Ds· (R) 
' ' ' g

11
2 KL M-KL 

(18) 

as in 1 41 and its parity is given as P = ( -1) L_ If we exclude the vibra­
tional degrees of freedom from our consideration we obtain the expres­
sion for the mass spectra forB= 2 (k = 2, f = 1): 

F 11 e 4 S(S + l) T(T + l) 1 2 E = - 170.55+- · [ --- +---- --T3 ] I (19) 
s, T • Ts e 2 272.4 183,0 83.2 

(for an arbitrary value of F rr and e). 
Now we present here some numerical results for the calculated 

soliton states with B = 2 (see Table 1) and lowest multibaryon states 
with B = 3 ,4 (Table 2). The calculations were performed in the harmo­
nic approximation with the next values of the constant: e = 4.84 and 
F17 = 108 MeV (Mnucl = 931 MeV). 

Table 1. The calculated energies 
for the B=2 (k=2, =1} soliton states 
with isospin T, spin parity S P and 
quantum number n >.. =0 co"esponding 
to the vibration mode 

T sP E-2Mnucl 

0 o + -214 MeV 
0 1 + -172MeV 
1 o + -154 MeV 
1 1+ -118MeV 
1 2 - - 53 MeV 

22 

Table 2. The lowest multibaryon 
states (k = 3,4, e = 1) 

B T s Ts E-B· Mnucl 

3 1/2 3/2 1/2 -268.0 MeV 
3 3/2 3/2 1/2 -210.5 MeV 
4 0 0 0 -324.0 MeV 
4 0 1 0 -312.7 MeV 
4 1 0 0 -294.5 MeV 



The calculation shows that the classically nonstable state k = 4, 
e = 1 has the binding energy 121 +220.7 MeV, and becomes stable 
when the quantum correction is taken into account (see Table 2). 
It may have some more general sense. 

The effective quantum mechanical Hamiltonian for baryon and 
heavy meson-like states of the Skyrme model is obtained in the frame­
work of the collective coordinate method. The collective variables 
correspond to vibrations and rotations. 
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MAGNETIC FORM FACTOR OF THE DEUTERON 
IN THE ELASTIC eD-SCATTERING WITH ALLOWANCE 
FOR RETARDATION EFFECTS 
IN EXCHANGE MESON CURRENTS 

V.V.Burov, V.N.Dostovalov*, S.Eh.Sus'kov 

Retardation effects on the deuteron magnetic form factor are studied . 
The contribution of these effects is negligible when q 2< 30 fm - 2. 
At a larger q2 the retardation effects are shown to be important . 

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

MarHHTHbiH $opM$aKTop ,IJ;enTpoHa a ynpyroM 
eD-pacceHHHH c yt~eTOM 3$$eKTOB 3ana3,IJ;bmaHHH 
B 06MeHHblX Me30HHbiX TOKax 

B.B.EypoB, B.H..II:ocToBaJIOB, C.3 .Cyc&KOB 

l1ccrre)J;OBaHO B1IHJIHHe J$$eKTOB JallaJ):U>IBIIHHJI Ha Mai'HHTHbiH 
$opM$ aKTOp )J;eHTpoHa. IlOKaJaHO, 'ITO BKJia)J; 3THX J$$eKTOB npe­
He6pe)I(HMO MaJI B o6nacm HMnyn&coB nepeAa'l q2 < 30 <I>M-2. B o6-
nacm 6on&IIIHX nepe)J;aHHbiX HMnyn&COB J<l><l>eKTbi 3ana3)1;biBaHHH 
HrpaiOT cymecrnelfHYIO pom. 

Pa6oTa B&momteHa B Jla6opaTOpHH TeopeTH'IeCKOH $H3HKH Ol1.Hl1. 

L The magnetic form factor of the deuteron in the elastic eD-scat­
tering with inclusion of exchange meson currents has been discussed 
in refs(1·21 . The most detailed calculations have been made for the 
pair isoscalar exchange currents due to rr, p , (l) and prry processes. It was 
shown that the structure function B( q 2) allowing for the meson ex­
change currents can be satisfactorily described up to q 2 < 30 fm-2 . 
However, these calculations have not been completed. So, the investiga­
tion of retardation effects was not examined. Experiments available at 
present on the structure function B(q2) provoke the most detailed 
analysis of the deuteron structure in a broad range of measured mo­
mentum transfers. 

"'The Far-East State University, Vladivostok 
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Fig. I. Diagrams of recoil (a) and wave function reortflonormalization (b). 

Our research is devoted to retardation effects in exchange meson 
currents. 

The retardation currents consisting of the recoil (RC) and wave 
function reorthonormalization (WFR) currents (fig.l) were discussed 
in refs/ 3 •8:' 

In ref.3 the retardation currents were defined. It was shown that 
the RC and WFR currents cancel out completely in the nonrelativistic 
limit (up to an order of 0(1/M2 )). However in the 0(1/M 3)-limit (rela­
tivistic currents) the retardation effects do exist. In paper /4/ the 
expressions for the charge densities ( p ret 'a , a = rr , p , CJJ) of order 
(0(1/M 3 ) were calculated. In the present . P~er we derived an expres­
sion for the retardation isoscalar current (j ret, 

17
) 1 up to an order of 

O(l/M 4
) and a general expression for the magnetic form factor of the 

deuteron (F~t,rr ). Note that these expressions have not been derived 
before. The numerical calculations were carried out with the use of the 
"Bonn" wave functions. The experimental data are taken from refs.17 •9 ~ 
The structure function B(q2 ) is defined by the expression B(q 

2
) = 

= 471(1 + 71)FJ /3 N where 71 =q 2/ 4M 2 (M is the deuteron mass) and 
FM = F~mp + F ~ N + F ~rry + Fr~t' 17 is given by the impulse approxi­
mation, pair current, prry -process and retardation effects respectively. 
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2. The retardation exchange current has been extracted from 
the S-matrix of the process from fig.l: 

~ 4 ret ~ 
Sfi = -(2 1T ) i8 (p~ + P2 -P 1 -P 2 -Q 0)J~ V · (1) 

Applying the time-order perturbation theory and an expansion of 
the energy denominators of the RC and WFR-currents we have obtained 
the expression for retardation isoscalar current due to IT-exchange: 

-+j ret , IT ~ ret , IT 
=Ja 

-+ret IT 
+ j b ' + (1 <=> 2) ' (2) 

where 

08 g K 2 (k2) 
-+ret IT M ITNN 2 -+ -+ -+ -+ -+ -+ -+ -+ ITNN 2 
j ' = - i -(--) (r ·T ){k xq)(q ·k )(a ·k ) (2a) 
a 8m2 2m 1 2 2 2 2 2 (k2 + m ) n' 

2 IT 

-+ret IT 1 giTNN 2 -+ -+ s -+ -+ -+ -+ -+ -+ -+) 
jb' = - -(--) (r1·r2){0M(k2(q·k2)(a1.q){a2.k2-

8m2 2m 

K2 (~) (2b) 
-+ -+ .... ITNN 

-+ -+ -+ 2 -+ -+ 8.... -+ .... -+ ) (a • k ) I ---- • -a1 (q.k2) (a2·k2))-F1k2(q.~){a1·~ 2 2 (k2+m2)2 

2 IT .... .... -+ 
k2 = P2 - P 2 

Here, qtrNN is the cG~upling constant: ~· the isoscalar magnetic form 
factor (GM= (l+k

8
) (l+q 2/0.71GeV )-2 , k

8
=-D.l2); m, the nu­

cleon mass; KITNN(k:). the meson-nucleon form factor; F1
5

, the form 
factor of the nucleon. 

The magnetic form factor is defined by 

2 3im dk t(qr/2-k;) -+ ............ 
FM(q) = - <DJ-f-- (dOqe (q x j{k,q))0 JD >, (3) 

. 2nq2 (21T)3 

. . ..... _. ............... 
where 1 D > 1s the deuteron wave fun<:_tlon_; r = r 1 - r 2 (r 1 and r 2 are 
the spatial coordinates of the nucleus); j(k, q),the spatial current. Taking 
into accout expression (2) we give the final general expression for 
F ret,IT. 

M . 

ret,IT 9 1 3 g1TNN 2 s 00 

FM = - q(-) (--) GM (dr {J
1

{qr/ 2)A
1

(r) + j (qr/2)A (r) I, 
5 m 417 3 2 

0 
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2 -
A 1(r) = 2/3 U (r) I1(r) + 1/5 lv'2U(r) W(r) (1/3 I1(r)- 3t 9(r))-

- W2 (r) (4/3 I
1
(r) + 3I

9
(r)) }, 

A2 (r) = - 2/3 U 2(r) I 9 (r) + 1/5 I v' 2 U (r} W (r) (2 I l(r} - 4/3 I3(r) ) + 

+ W2(r) (2I 1(r} +113I
3
(r))}, 

(4) 

where U(r) and W(r) are S and D-waves, respectively. The functions 
I 1 (r), Is (r) depend on the meson-nucleon form factor. 

· (4a) 

(4b) 

Note that result ( 4) is independent off ~et • 17 

3. The results of numerical calculations are shown in figs.2,3. Here, 
we give the results obtained with the following parameterization of the 
meson-nucleon form factor: 

1 
(a= nNN, pNN) • (5) 

(1 + k 2/ A1
2 )( l + k4 I A 42 ) ,a ,a 

The parameter values are : A 1, rrNN= 0.99 GeV and A2,rrNl'f' 2 .58 GeV. 
This, choice of the meson-nucleon form factor assures that K

17
NN(k2)­

- (k2 r 3 will apply at a large momentum transfer' which is pre cribed by 
quantum chromody1;1amics. 

Applying parameterization ( 5) we have to make the following 
substitution for the coupling constant of the Bonn meson-exchange 
model for the correct normalization of its meson-nucleon form factor 
at zero momentum: 

m! 
g .. g (1- --)' 

a a A2 
(6) 

a 

where the coupling constant is: in the case of the Bonn meson-exchange 
full model qiTNN = 13.45 and in the case of the Bonn energy-independent 
one-boson-exchange potential (OBEP) ~NN = 13.55, A

17 
= 1.3 GeV. 
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Now we discuss the calculated results. 
As we can see from fig .2, the retardation effects ·are negligible for 

q 2 <30 frn -2, whereas for a larger momentum transfer the retardation 
current shifts the minimum towards smaller q 2 and essentially increases 
B(q 2) for q2 > 45 fm-2 breaking the agreement with experimental data. 
Figure 3 shows that the structure function B(q2 ) is described well when 
q 2 > 50 fm - 2 if the retardation current is taken into account. In this 
case, for q 2 < 30 fm - 2 the retardation effects are very small t oo . For 
a larger q 2 we can see a considerable shift of the minimum of B( q ~ 
towards a smaller momentum transfer and the rapid increase towards 
experimental data. 

Thu6, we have shown that the inclusion· of the retardation meson 
current into the structure function B( q2 ) has a considerable effect 
at a large momentum transfer. 

We wish to thank Dorkin S.M., Lukyanov V.K., Nikolaev V.A. 
for helpful discussions. 

We also thank Prof. Dr.M.Gari for interest in our work. 
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riPOCTP AHCTBEHHO-BPEMEHHAH KAPTHHA 
r nYBOKOHEYllPYrHX nEllTOH-H,llEPHbiX B3Al1MO,llEACTBI1A 
C PO)I(,llEHHEM KYMYnHTHBHhiX HYKnOHOB 

C.M.Enuceea, l M.KaManb] 

IIpeACTaBneHbi pe3yn&rar&I pac11eroB B3aHMOAeiicrBHH HeiirpHHo 
c 3HeprHeii 10 +200 fJB c HApaMH JMyn&CHH. Pac11er rrpoH3BOAHJJCH 
no MOAeJJH, Y'JHTbffiaiOil.leii rrpocrpaHcmeHHo-BpeMeHHbie xapaKrepH­
CTHKH BlfYTPHJIAepHbiX B3aHMOAeiicmHii, rrornomeHHe qacTHIJ, B B:Ape 
H HcrrapeHHe 'laCTHU H3 HApa ocrarKa. Oco6oe BHHMaHHe yAeneHo 
KYMYJJHTHBHbiM rrporoHaM. TeopHH cpaBHHBaercH c 3KcrrepHMeHTOM, 
Bbii10JJHeHHbiM HeAaBHO corpyAJ{H'fecmoM 011HI1, 11<J>B3, 11T3<J>, 
<I>HAfl H AP· IlpHBeAeHbi raK)I(e HeKorop&Ie rrpeAcKa3aren&Hbie 
pac'leTbi. 

Pa6ora Bbii10JJHeHa B na6oparopHH reoperH'IeCKOH $H3HKH 011HI1. 

Space-Time Picture of Deep Inelastic Lepton-Nucleus 
Collisions with Cumulative Nucleon Production 

S.M.Eliseev, I M.Kamall 

Results are presented of calculations of interactions of neutrinos 
with energies from 10 to 200 GeV with emulsion nuclei. The calcula­
tions have been made within the model which takes account of the 
space-time characteristics of intranuclear interactions, absorption of 
particles in a nucleus and evaporation of particles from a residual nu­
cleus. Special attention is paid to the cumulative protons. The theory 
is compared with the experiment recently performed by the collabora­
tion of the JINR, IHEP, ITEP, FNAL et al. Some predictive computa­
tions are presented. 

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

llocne OTKpbiTIDJ KYMYJIHTHBHoro 3QlQleKTa 1 11 B3aHMOAeiicTBHe 
JieriTOHOB C HApaMH npHBJieKaeT K ce6e npHCTaJibHOe BHHMaHHe (eM., 
HanpHMep, 121 ) .B JieOTOH·HAepHOM B3aHMOAeHCTBHH JieOTOH BnyTpH 
HApa B3aHMOAeHCTByeT 3aBeAOMO OAHH pa3 ( B OTJIH'IHe OT MPOHa) . 
3TO D03BOJIHeT HCCJieAOBaTb BJIHHHHe HApa Ha xapaKTepHCTHKH "BHOBb 
po")f(AeHHbiX" 'laCTHU: B HaH6onee 'IHCTOM BHAe, TalC KaK AODOJIHH· 
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TeJILHbie B3aHMO.n;enCTBHH B H,D;pe $parMeHTOB HaJieTaiOtnen qaCTHULI 

B ,ll;aHHOM cnyqae HCKJIIoqeHbl. BOJibiiiOn HHTepec Bbl3biBaiOT JieiTrOH· 

H.n;epHLie B3aHMo.n;encmnH c ~)l(,ll;eHneM KYMYJIHTHBHLIX qaCTuu. 

B 3KCnepHMeHTax, BbiDOJIHeHHbiX B nocJie,D;Hee BpeMH COTpy.n;HH­

KaMH rpynnLI HHCTHTYTOB (OlUUf, 11Cl>B3, 11T3Cl>, Cl>HAll H .n;p.), 

HCCJie,D;OBaJIHCL B3aHMO,D;enCTBHH HeHTpHHO (npoTeKaiOrnue qepe3 

3apiDKeHHbiH TOK) C H.n;paMH 3MYJILCHH, B pe3yJILTaTe KOTOpbiX po)l(,ll;a· 

noeL KYMYJIHTHBHLie HYKJIOHLI. 3MyJILCHH noMernanacL BHYTPH 15-
$yToaon KaMephi ci>HAn u o6nyqanacL nyqKoM HeH:TpHHo c mupo- . 

KHM cneKTpOM 3HeprHH OT 10 ,li;O 200 r3B. qT06hi Ha,D;e:>KHO HCKJIIOqun 

BJIHHHHe ucnapHTeJILHLIX MexaHH3MOB, oT6upanucb KYMYJIHTHBHbie 

C06biTHH C npOTOHaMH (BbiJieTaiOtnHMH B 3a,IUUOIO nonyc$epy ), HMeiO· 

tnHMH .n;oaoJibHO 6oJibmon HMnyJihC - 6oJibme 300 M3B/c. B LuiH no­

nyqeHbi MHOrHe BWKHLie pe3yJihTaThl, HanpHMep, npe,D;CTaBJieHbl xapaK· 

TepHCTHKH pacrnermeHHH H.n;ep KaK c o6pa30BaHueM KYMYJIHTHBHLIX 

HYKJIOHOB, TaK u 6e3 KYMYJIHTHBHLIX eyKJIOHOB. Bnepabie Ha6JIIO.n;a­

noch MHO:lKecmeHHoe po)l(,ll;eHue KYMYJIHTHBHLIX HYKJIOHOB 1 3• 51u T • .n;. 

Mo.n;enu, ucnoJib30BaHHbie .n;o HacToHtnero apeMeHH, KaK npaaHJio, 

6biJIH OpHeHTHpOBaHbl Ha ,ll;eTaJILHOe paCCMOTpeHHe O,li;HHOqHOn Xa~aK· 

TepHCTHKH KYMYJIHTHBHoro nponecca. ,Zl;nH HHTepnP.eTanHH H OBl!IX 3• 51 

pa3H006pa3HbiX ,ll;aHHbiX noJie3HO HMeTb MO,ll;eJib, npucnoco 6JieHHYIQ 

He npOCTO ,li;JIH ODHCaHHH KaKOn·JIH60 ycpe,D;HeHHOn xapaKTepHCTHKH 

KYMYJIHTHBHoro nponecca ( CKa:lKeM, HMoyJILCHoro c·neKTpa) , a no3BO· 

JIHIOinYIO .n;eTaJibHO paccquTbiBaTb Ka)l(,li;Oe B3aHMO,D;enCTBHe HaJieTaiO· 

men qacTHULI c aTOMHbiM H,D;pOM. B pa6oTe 161 6biJia p'aCCMOTpeHa 

TaKaH Mo.n;enh rny6oKoHeynpyroro nerrroH·H.n;epHoro B3aHMo.n;encmHH, 

OCHOBaHHaH Ha MO,D;eJIHpoBaHHH nponecca MeTO,li;OM MoHTe-KapJIO. 

3.n;ecb Mbi uccne.n;ye~ npnMeHHMOCTh no.n;xo.n;a/6/ ,li;JIH onucaHHH 

HMeiOrnuxcH pe3yJII>TaTOB no o6pa30BaHHIO KYMYJIHTHBHLIX eyKJio­

HOB /3-5/ • llpHBO,li;HM Tal()l(e HeKOTOpbie npe,D;CKa3aTeJibHbie pacqeTbl. 

CpaaHeHHe C HHMH HOBbiX 3KCnepHMeHTaJibHbiX ,ll;aHHbiX ( K or.n;a OHH 

6y.n;yT nonyqeHbi) noMO:lKeT B 6y.n;yrneM onpe.n;enHTb o6nacTb npuMe­

HHMOCTH Hamen MO,ll;eJIH H BbiHCHHTb .n;pyrue oco6eHHOCTH M eXaHH3Ma 

nerrroH-H,D;epHoro B3aHMo.n;encTBHH c po)l(,ll;eHHeM KYMYJIHTHBHLIX 

HYKJIOHOB. 

llpHBe.n;eM rJiaBHhie nOJIO:lKeHHH HCnOJib3yeMOn MO,ll;eJIH ( CM. /6/ 

H yKa3aHHYI0 B Hen JIHTepaTypy) • 

B ocHoae no.n;xo.n;a ne:lKHT npe.n;nono:lKeHne, ~o nepauquo e HeH:Tpu­

HO B3aHMO,D;encmyeT C O,li;HHM H3 HYKJIOHOB H,D;pa·MHIIIeHH K a K CO CBO· 

6o.n;HOn qaCTHUen. XapaKTepHCTHKH po)l(,ll;eHHbiX npH 3TOM qacTUn 

MO,D;eJIHpyiOTCH C yqeTOM COOTBeTCTBYIOtnHX 3KCnepHMeHTaJibHbiX 

,ll;aHHbiX no vN ·B3aHMO.n;enCTBHHM C 3a,D;aHHbiM nyqKOM nepBHqHbiX 
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t~acTHU. B p a6oTe /8/ nOKa3aHO, liTO Haw cnoco6 :noro Mo,nenHpOBaHHH 

xopowo cornacyeTcH c Ha6mo,neHHeM. l1HHUHHpyeMbiH TaKHM o6pa30M 

KaCKa,n llaCTHU, B3aHMO,neHCTBYIOI.I.UiX C OT,nenLHbiMH . HyKnOHaMH 

H,npa, HBnHeTCH MapKOBCKHM npoueccOM, KOTOpbiH MO,nenHpyeTCH 

MeTo,noM M oHTe-Kapno. 

IlpocTpaHCTBeHHo-apeMeHHhie caoifcTBa B3aHMo,neifcTBHH y'lHTbi­

BanHcL BBe,neHHeM CelleHHR B3aHMO,neHCTBHH• 3aBHCHI.Uero OT ,nnHHbl 

(BpeMeHH) npo6era cpopMHPYIOI.I.UiXCH llaCTHU B H,npe: 

a - o ( - Lm I a 
hN - a hN 1 - e o J.JY ) , (1) 

r.ne f3 =VIc , y = 1/ j 1- f3 2 , L - ,nnHHa cao6o,nHoro npo6era B H,npe, 

agN- CelleHHH B3aHMO,neHCTBHR CB060,nHbiX llaCTHU (nHOHOB H HyKnO­

HOB) c HYKnOHaMH, onpe,nenHeMbie B 3KcnepHMeHTax no "N- H NN-pac­

ceRHHIO, m0 - napaMeTp, xapaKTepH3YIOI.I.UiH ,nnHHy cpopMHpOBaHHH 

t~acrnu. B ,naHHon pa6oTe Mbi nonaranH m 
0 

= 0,4 r3B (a cooTBeT­
CTBHH C /8 /). 

113 cpopMynhi (1), B llaCTHOCTH, BH,nHO, liTO B HCnonL3yeMOH 

MO,nenH 6bi CTpbie llaCTHUbl B3aHMO,neHCTBYIOT B H,npe cna6o, a AOBOnL­

HO Me,nneHHbie MOryT B3aHMO,neHCTBOBaTL B H,npe C CelleHHeM B3aHMO­

,neHCTBHH o 6billHbiX nHOHOB H HYKnOHOB c HyKnoHaMH. TaKaR KapTHHa 

npoxo)l(,r(eHHH po)l(,r(aiOI.I.UiXCH t~aCTHU B H,npe Kat~ecTBeHHo cornacyeT­

CH CO MHOrHMH ,naHHbiMH no pa3nHllHbiM H,nepHbiM peaKUHHM npH 

BbiCOKHk 3HeprHRX .• 

B pact~eTax y'lHTbiBaiOTCH MHOrHe H,nepHbie 3cpcpeKThi: cpepMHeB­

cKoe ABIDKeHHe HY_KnOHOB, npHHUHn IlaynH, 3HeprHH CBH3H HYKnOHOB 

H T.,n. 161 . KaK 6y,neT noKa3aHO, a MeXaHH3Me o6pa30BaHHH KYMYnH-

6 6 /3-6/ 
THBHbiX HYKnOHOB, Ha niO,naeMbiX B pa OTax , BIDKHYIO ponL 

HrpaeT cpep MHeBCKOe ,nBIDKeHHe HyKnOHOB H,npa H nornomeHHe nHO­

HOB B H,npe *. 3TH 3cpcpeKTbl Mbl YllHTbiBanH TaK :>Ke, KaK H B HalllHX 

npe,nbiAYlllldX pa6oTax no OnHCaHHIO H,nepHbiX peaKUHH npH pa3nHllHbiX 

3Hepnmx ! 61. Ilocne BhmeTa acex 6hiCTpbiX t~acrnu H3 H,npa H cooTBeT­

CTBYIOI.Uero t~Hcna HYKnOHOB ,nnH KIDK.D;oro HeifTpHHO-H,nepHoro B3aH­

Mo,neifcTBHH Mbl paCCllHTbiBanH HCnapeHHe B036Y:>K,neHHOrO H,npa­

OCTaTKa. K oHellHo, Bbi'lHcneHHR TaKoro rnna no MeTo,ny MoHTe-Kapno 

* B HeOQ8HeU pa6ore /7/ 6bl/10 TQKJICe naui>eHO, 'ITO 8 MexHU3Me HeUTpUHO­

JU)epH020 Me30Hoo6pa3o8aHWI no2110U4eHue nuoH08 8 Rope uzpaer 6ollbwyw po11b. 
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oqeHL C~JQILI, HO 3aTO TaKHM o6pa30M MO:>KHO DOIIbiTaTLCH ODHCaTL 

COBMecTHO CaMbie pa3JIHt1Hbie npo.n;yKTbl H.n;epHOH peaKUHH (KYMYJIH· 

THBHbie, HCDapHTeJILHbie H T • .n;.). 

M&I paccqHTanH HecKOJILKO .n;ecHTKOB T&Icnq HeiiTpHHo-H.n;epHbiX 

B3aHMO.D;eHCTBHH. ,llanee KpaTKO o6cy.n;HM cpe.n;HHe pe3yJILTaTbl ( CTa· 

THCTHt{eCKHe OWH6KH COCTaBJIHIOT napy npoueHTOB). llpe)f(,ZJ.e BCero, 

6&ma onpe.n;eneHa sepoHTHOCTL co6&ITHH c KYMYJIRTHBHbiM HYKJIOHOM 

(T.e. C HyKJIOHOM HMnyJILCa 60JibWe 0,3 r3B/c, JIE!THUUIM B 3a,IUIIOIO 

nonycc}>epy), oHa oKa3anacL p$HoA. 24%. B 3KcnepuMeHTe 3Ta sepo­

RTHOCTL COCTaBJIHE!T (20,5 ± 2,7)% 13"
61. Cpe.n;Hee 'IHCJIO TaKHX HYKJIO· 

HOB Ha O.D;HO B3aHMO.D;eHCTBHe y HaC paBHO 0,29, B 3KCDep HMeHTe­

(0,33 ± 0,07). M&I Bbi'IHCJIHJIH acnMME!TpHIO yronosoro p acnpe.n;ene­

HHR g-qacTHU (HCDOJIL3YE!TCH .n;anee o6bitiHaR 3MYJibCHOHHaR TepMH­

HOJIOrHH), T.e. OTHOWeHHe 'IHCJia qacTHU, JIE!THUlHX Ha3a.D; (KyMyJIR­

THBHbiX) K Ha6JIIO.n;aeMOMy DOJIHOMY 'IHCJIY g •'18CT¥U. llOJiyquJIOCio 
-' 

3HaqeHHe, pasHoe 0,16. 3KcnepuMeHTan&Ho TaKan Benlf'CIHHa noKa 

He onpe.n;eneHa. B Ta6nuue npuse.n;eHbi cpe.n;Hne 3HaqeHHR pa3JIHtiHbiX 

qacTHU BO B3aHMO.D;eHCTBHHX C onpe.n;eJieHHbiM (0, 1, :?;. 2) 'IHCJIOM 

KYMYJIHTHBHbiX HYKJIOHOB. BH.n;Ho xopowee cornacue TeopHH c 3Kcne­

puMeHToM. Ha puc. 1 noKa3aHa 3aBHCHMOCTb CTPYKTYPHOH cPYHKUHH 
o6pa30BaHHR HyKJIOHOB OT KBa.n;paTa HMnyJibCa HYKJIOHa p 2 , BbiJIE!TaiO· 

xuero a 3a.n;HIOIO nonycc}>epy. B paiioHe p li .) 0,1 {r3B/c ) 2 su.n;eH nepe­

ru6 B c}>opMe cneKTpa, OH COOTBE!TC~E!T J:l.&pexo.n;y OT 6biCTp OH CTa.n;HH 

peaKUHH K ucnapHTeJibl!OH. 11MeeT MecT6 xopowee cornacue paccqu­

TaHHOH KpHBOH c · OIIbiTOM. 3TO, DO·BH.n;HMOMy, CBH.n;E!TeJibCTByeT 

0 TOM, t{TO HeHTpHHO·H.n;epHoe B3RHMO.D;eHCTBHe C o6pa30BaHHeM 

HYKJIOHOB, s&meTaiOUUIX Ha3a.n;, TaK:>Ke pacna.n;aercn Ha .n;se pa3JIHtiHble 

.. 
.e-... 

· .. 

Puc. I. Pacnpede.neHue UM!~YIII>C06 npo­

TOH06, 6bllleT010UfUX H03a0, 60 63QUMO· 

oeilcT6UJIX HeUT(JUHO . c WYIII>CUeil. 

3HO'IKQMU 0 U e 0003Ha'leHI>l 3KCne­

pUMeHTQ/IbHI>le oaHHI>le U3 p a6oT /S-6~ 
IJJ7pUX060U ( ---) U CMOUIHOU 

{-) IIUHWIMU noKQ3QHbl Pe3YIIbTQ· 

Tbl (fiuTUp06QHUJI ( CM. 6 TeKCTe) /S·6~ 
IJJ7puxnyHKTUpHOU (- • - • ) U nyHK· 

TUpHoii ( •••••• ) IIUHWIMU npeOcTa6/leHI>I 

Pe3YIIbTQTbl paC'IeT06 cneKT(J06 COOT· 

6eTCT6eHHO ucnapuTe.ni>Hbi X u KYMY· 

IIRTU6HI>IX HYKIIOH06. 
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Ta611U14a 

CpeoHue ~tuc!la pa:JIIU'IHbiX ~taCTU/.4 6 3a6ucUMocru or ~tuce.n ( k = 0; 1, 
~ 2) KYMYIIJITU6Hb1X HYKIIOH06, o6pa3y101J4UXCR 60 63aUMooeiicT6URX 

Heurpun o c ROpa.Mu 3MYIIbcuu. B CK06Kax yKa3aHbl 3KcnepUMeHTMbHble 

pe3yllb TQTbl U3 pa60T 13• 61 

k 

0 
1 
2 

Ng 

1,1 (1,4 ± 0,1) 
2,8 (3 ± 0,3) 

,6 (5,6 ± 0,5) 

CTa,ll;HH ( 6 biCTpyiO H HCna­

pHTeJibHYIO) , KaK H ,n;pyrHe 

.fl,ll;epHbie B3aHMO,ll;eHCTBH11. 

EcnH KYMYJIRTHBHYIO tiaCTh 

paCCliHTaHHOH KpHBOH 

(p 2 > 0,1 (r3B/c)2 an­

npoKcHMHpoaaTL cpyHK· 

UHeH 

r e-Bp2 (2) 

TO AJI.fl nap aMeTpa HaKJioHa 

B nonyqaeTc.fl 3HatieHHe, 

npaKTHtiecKH coana.n;aromee 

C 3KCnep HMeHTOM 13-6/ : 

B "' 10,9 (r3B/c)-
2 

(eM. 

pHC. l). 
HaKoHeu, Ha pHc.2 H 3 

npHae,n;eHhi npe,n;cKasa-

TeJILHhie KpHBbie ,ll;JI.fl 

CTpyKTypHOH c:t>YHKUHH 

o6pa30BaHH11 HYKJIOHOB, 

BhiJieTaiOI..UHX anepe.n; a 

HeHTpHHO-.fl,ll;epHhiX B3aH­

MO,ll;eHCTBH11X c KYMYJI.fl-

THBHhlMH HyKJIOHaMH 

34 

-
Ng 

anepe.n; 

1,1 (1,4 ± 0,1) 
1,8 (2 ± 0,3) 
3 (3,1 ± 0,6) 

'02 

5 

Zll1 
'0'02 ... 
~10 1 

5 

Nb 

3,9 ( 4,4 ± 0,2) 
5,2 (5,4 ± 0,6) 
9 (10 ± 1) 

o,1 o,1e o,26 0.34 0,42 o.so o,58 p2,1r.etd 

Puc.2. HMnyllbCHble cneKTpbl HYKIIOH06, 

6bllleTaiOIJ4UX 6nepeo, 60 63aUMooeucT6URX 

HeUTpUHO C 3.MyllbCUeU, 6 KOTOpbiX o6pa-

3YIOTCR raK:JtCe u KYMYIIRTU6Hble HYKIIOHbl. 

1)2 

5 
Zio.. 
'C .. 'C 2 

11 

;;. 101 

5 

0,1 

Puc.3. To xe, 'ITO u Ha puc.2, HO 6e3 po:JtC­

oeHUR KYMYIIRTU6HblX HYKIIOH08. 



(pHc.2) H 6e3 KyMyn.HTHBHblX HyKnOHOB (pHC. 3). ,lJ;anbHefunee 
cpaaHeHHe C 3KCnepHMeHTOM llOMO:>KeT He TOnbKO llOH.HTh npHpo,D;y 
.H,D;epHOrO CKeHnHHra /S-6/ , HO H YTOtiHHTh npHMeHHMOCTh MO,D;enH 
,D;n.H MeXaHH3Ma nemOH·.H,D;epHOrO B3aHMO,D;eHCTBH.H. 

1. Ban,D;HH A.M. H AP· - llpenpHHT OHHH P1-5819, ,l:J;y6Ha, 1971. 
2. Berge J.P. et al.- Phys.Rev., 1978, D18, p.1367. 
3. AMMap P. HAP·- llpenpHHT <I>HAH CCCP NQ 48,1988. 
4. AMMap P. HAP·- llHChMa a :>K3T<I>, 1989, 49, c.189. 
5. AMMOCOB B.B. H ,D;p.- llpenpHHT H<I>B3, 87-17, Cepnyxoa, 1987. 
6. Enuceea .c.M., rKaManb M., 3nh·HarH A. - KpaTKHe coo6meHH.H 

OHHH, N·6 (32)-88, ,D;y6Ha, 1988, c.11. 
7. Gaisser T.K. et al.- Phys.Rev., 1986, D33, p.1233. 

PyKonHCh noczynuna 10 aarycTa 1989 ro,D;a. 
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PION-NUCLEON i TERM IN THE QUARK MODEL 
OF A SUPERCONDUCTING TYPE 

M.K.Volkov, A.N.Ivanov1
, M.Nagy2

, N.I.Troitskaya1 

It is shown that by using an intennediate scalar meson £ (700) natu­
rally arising in the quark model of a superconductivity type one can 
obtain an experimental value for the i 

17
N tenn considering only u and 

d quarks. 
The investigation has been perfonned at the Laboratory of Theoretical 

Physics, JINR. 

ilHOH-HyKJIOHHbiH i-'IJJieH B KBapKOBOH MO,D;enH 
csepxnpoBo.D.Rmero THna 

M.K.BonKoB, A.H.HBaHOB, Mllaro., H.T .TpoHIQ<WI 

IIoKa3auo, qTO c yqeToM npoMe:lK}'Toquoro CKaJIJipuoro Me3ona 
£ (700) , ecTeCTBeHHbiM o6pa30M B03HHKaiOmero B KBapKOBOH MO,ll;eJIH 

CBepXIIpoBci,ll;liiUero THIIa, MO)I(}f0 fiOJiyqHTh 3KCnepHMeHTaJibHOe 3Ha­
qeHHe I .qneua npH paccMOTpeHHH TOJibKO u H d KBapKoB. 

Pa6oTa BbiDOJrneua B na6opaTOpHH reopeTHqeCKOH cpH3HKH OIUIH. 

·The present ·paper is devoted to the calculation of the pion-nucleon 
u term determined by the matrix element 

mo + mo 
u d -

u = <P I uu + dd I P > , 
4MP 

(1) 

where I P:;: is a one-proton physical state, Mp = 938 MeV is the proton 
ma8s and m ~ is the current q quark mass ( q = u, d). Chiral symmetry 
allows one to connect the matrix element (1) with the even (with res­
pect to isotopic transformations) amplitude of nN scattering n+(v, t) 

1 Leningrad Polytechnical Institute, USSR 
2 Institute of Physics of the Electro-Physical Research Centre, Slovak Academy 

of Sciences, Bratislava, Czechoslovakia 
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calculated at the Cheng-Dashen point 111 : v = (s- u)/4MP = 0, t =2m!* 

(2) 

where F17 = 93 MeV is the " meson decay constant. The first term in 
the right-hand side of (2) determined by the matrix element (I ) can be 
treated as a contribution of the scattering amplitude of a massless 
pion on a physical nucleon, i.e. a = F;n<+) (0 ,0), whereas the second 
term tJ. is a correction due to nonzero pion mass. The theoretical value 
of tJ. does not exceed 5 MeV, i.e. we may assume that tJ. :::5 MeV 12 •3 1 . 

Extrapolation of the experimental values of the TTN scattering ampli­
tudes into Cheng-Dashen point enables one to get an experimental 
value for the I. term (2): · · 

I. ={64±8MeV
1 41 

exp 
56± 8 MeV13

•
51

. 

(3) 

Using (3) and relation (2) at tJ. = 5 MeV 12
•
31 we get an experimental 

estimate for the matrix element (1) 

{ 

59 ± 8 MeV 141
, 

aexp = 51 ± 8 MeV 13•51 . 
(4) 

The experimental values for the a term ( 4) turned out to be unexpec­
tedly large. The theoretical estimate for the a term from the mass 
formulae of baryons in approximation linear in the current quark masses 
leads to the value a= 25 MeV. Allowance for higher orders in the cur­
rent quark masses may increase this value only by 10 MeV 15 1, i.e. 
a=35MeV. 

Since a large experimental value of a ( 4) could not be des-exp 
cribed within usual approximations of current algebra and a standard 
baryon mode, it was suggested to increase the theoretical value of the 
a term due to the contribution of thess to the valence proton structure 
(see 12•3 •

81 and refs. therein) 

(5) 

*Here s, u and t are the kinematic invariants of "N scattering: s + u + t = 
=2m~+ 2M! 

37 



where o0 = 35 MeV and y determines the portion of s quarks in the 
valence proton structure 

2 <P Iss I P > 
Y= - (6) 

< P I uu + dd I P > 

It can easily be calculated that the portion of s quarks in the valence 
proton structure, which is necessary to explain the experimental value of 
the o term (4), should be of about40%,i.e. y ~0.4. Such a large number 
of strange quarks in a proton would mean that half of the observed pro­
ton mass should be determined by the s quark component in a proton 17( 

This must cause drastical changes of the standard baryon model / 8/ *. 
To conserve the standard baryon model, the experimental value of 

the o term (4) should be explained without introducing the ss compo­
nent in the valence proton structure. Since the current algebra cannot 
correctly describe the u term (1), it is interesting to calculate the matrix 
element (1) within a phenomenological quark model with the chiral 
symmetry, based on the QCD and successfully describing strong low­
energy hadron interactions. Interest in the model calculation of the 
u term (1) stems also from the fact that the use of dispersion methods 
for calculating the values of the term (2) leads to the result I.disp = 
= 63 MeV 191 which is in good agreement with the experimental 
data (3)** . 

Therefore, in the present paper we undertake calculation of the 
u term (1 ) in the quark model of a superconducting type (QMST). 
The lat~r is a gener~ization on the quark level of the known Nambu -
Iona-Lasinio model : 1 11 1 and describes strong low-energy interactions 
of four nonets : of low-lying mesons (scalar, pseudoscalar, vector and 
axial) with the linear realisation of the chiral U(3)xU(3) symmetry. 
The vertices of low-energy interactions of mesons are approximated 
in the QMST by one loop quark diagrams with virtual constituents 
quarks. The rules of calculating one-loop quark diagrams in the QMST, 
which are in accordance with the requirements of the chiral symmetry 
and confinement, are expounded in ref. 1121 . 

*Note that the authors of ret 16b l have shown that in a special regime of 
chiral symmetry breaking admissible in the Nambu-Iona - Lasinio model, one 
can obtain a large enough value for the I. term with a small number of s quarks 
in a proton. 

**The quantity I. dis = 63 MeV is mean over all the results obtained in 
refs./1 01 . p . 
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First, let us demonstrate the calculational possibilit ies of the 
QMST by using the matrix element <1r +I UU+ dd !"~as an example. 
Then, we shall give the estimate for the matrix element <1r + I uu+dd l1r+> 
with the help of the low-energy Gell-Mann-Qakes-Renner theo­
rem (13) derived within the current algebra and PCAC hypothesis 

< "+ < p ) 1 uu + d:d 11/ < p) > ::- < "+ < o) 1 uu + d:d I"+< o) > = 
(7) 

1 - - 2v 
= -- <0 I uu + dd I 0> = -- • 

F2 F2 
1T 1T 

where v = - <0 I iiu I 0>=-<0 I dd I 0> is the quark condensate . 
Now let us calculate (7) in the QMST. In this model, the above­

pointed matrix element is determined by two diagrams depicted in 
figs. 1 and 2*. The diagram in fig.2 describes the exchange by a virtual 

Figs. 1 and 2. Quark diagrams describing the < "+ I uu + dd I"+> matrix 
element in the QMST. 

scalar£ meson with the quark structure(ucuc+dcdc)/ y'2, where 
Uc and de are constituent u and d quarks. This diagram plays an impor­
tant role in describing the matrix element in the QMST, as will be 
shown below. 

The Lagrangian describing the diagram shown in figs.l and 2 has 
the form 

Q - • L. 1 2 5-+~ .t.=gq (£+1Z y T1T) q • c c (8) 

*To obtain the dependence of the matrix element on p it is necessary to consi­
der also the diagrams with 17-+ a1 transitions on the pion-legs where a 1 is an 
axial-vector meson (see / l2/ ). Since we are interested only in the constant contri­
bution to the term, we shall not consider these diagrams. 
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where <ic =(Uc, de) are constituent u and d quarks, g= mu /(F17 Z Y.), 
Z = (1 -6m; / m ~ is the constant of an additional renormalization 
of pion fields which arises after allowance for 17-+ a1 transitions 1121, 

mu = md = 280 MeV is the mass of constituent quarks in the QMST, 
ma1 = 1260 ± 30 MeV 1141 , and rare the Pauli matrices. 

In calculating the matrix element (7) in the QMST we should 
take into account only divergent . parts of the loop quark diagrams 
depicted in figs.1 and 2. This requirement follows from the condition 
of conservation of chiral symmetry and fulfillment of quark confine­
ment (see 11 21 ). As a result, we get 

- - g£7717 C(~) 
< "+ 1 uu + dd 1 "+ > = · 

g 

(9) 

8 2 
C(m )=l+ g [I

1
(m )-2m2 I

2
(m )] . 

( 2 u u u 
m£ 

Here, the first term in C(m£) describes the contribution of diagram 1; 
whereas the remaining part, the contribution from diagram 2. g£ 1717 = 
=4gmuZ is the effective £1717 interaction constant (see 1121), and m£ is 
the scalar£ meson mass. We consider two possible cases: 1) when m£2= 
= 4m~ + m~Z is the model value of m£ following from QMST I 1 21 , 
and 2) when m£ :: 700 MeV is the physical value of the scalar resonance 
with a large decay width £-+ 2"/l&l: I 1(m) and I 2(m) are the quadra­
tically and logarithmically divergent integrals 

4 2 2 
3 d k e (A - k ) 3 2 2 A 2 

I (m ) =- i-- J --- [A -m ln(l+--)], 1 u (277}4 · m~ -k2 (4rr)2 u m~ 

(10) 
4 O(A2 2) 2 2 

12(mu) =-i _3_ f d k -k - 3 [ ln(l+-1\-)- A ] , 

t2rr)4 (m;-k2 ) 2 (4rr)2 m~ A
2

+m
2 

where A= 1.25 GeV is the cutoff parameter limiting the region where 
a spontaneous breaking of chiral symmetry takes place I 12 I . 

Assuming m~:: 4m~ and using the condition 4g2I2 (m4 ) = 1 fol­
lowing from the definition of g 1121 we get 

2VQMST 
<rr+luu + ddlrr+> = (11) 

F2 
" 
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i.e., the result of the low-energy theorem (7). Here, the relatio v QMST = 

= 4mull (m u) has been used (see 1121). 

Thus, we have shown how to calculate the matrix element (11) in 
the QMST. The matrix element <Piuu +ddiP > is calculated in an 
analogous way: therefore we give the final result 

Here gfp p is the interaction f PP constant on the proton mass shell 
(p 2 = M~ ), and U(P) is the bispinor normalized by the condition 
U(P)U(P) = 2Mp. Using (12) we find the a term (1) in the QMST 

QMST 
a 

rrN 

gfPP 2 
--m 

1T 
g (7777 

1 m 2 
--(-"-) MP • 
zl / 2 2m u 

(13) 

In deriving this formula we have used the Goldberger - Treiman relation 

grrPP Mp 
g =--=--

lPP gA F7T 
(14) 

following from the requirements of chiral symmetry (see 1 181 ), where 
gA = 1.259 + 0.004 is the axial current renormalization constant of {3 
decay 1141 , and 

m2 = _v_(mo + mo) 
rr F2 u d 

(15) 

1T 

is the Gell-Mann-Oakes-Renner formula that holds valid in the 
QMST 1121 

. Using the numerical values of the parameters of our model 
and experimental values of other quantities, for the a term we get 

(16) 

This quantity is in good agreement with experimental data. 
Now let us see how this estimate changes if instead of the theoreti­

cal model value ml = 2m u one uses the physical value ml = 700 MeV. 
For the mrr vertex one should take into account the form factor, as 
it has been done, for instance, in calculating the rm scattering lengths 
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and in describing other processes (see 112 b1 ) 

2 q2 m -
( 

flrm (q) = l + Z(4rrF ) 2 
(17) 

" 
Cr (m£ = 700 MeV) 

Then, for the u term we get ( = 0.85) 
C(m = 2m ) ( u 

(£ (700)) = 43 MeV . 
- u rrN (16') 

(f (700)) 
Without taking the form factor into account u rrN = 38 MeV_ 
The value of (16') is rather close to the experimental data. One should 
remember that the obtained estimates may somewhat increase if other 
scalar resonances are taken into account. 

Thus, it is shown that in our model one can obtain a satisfactory 
enough estimate for the experimentally observed u term with allowance 
made only for u and d quarks. 
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B03,nEACTBI1E BhiCTPhiX 110HOB 4 0 Ar n 1 2 9 Xe 
HA MOHOKPHCTAJIJI AJIMA3A 

A.IO . .lJ.HAhiK, A.M.3aiiu;es*, C.A.KapaM.RH 
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IlpH Hccne,o.oBamm paAHauHOHHoro noBpe)I(AeHHH nonynpoBO,D.HHKO­
BbiX MOHOKpHcTarmoB IV rpynllbi Ge, Si paHee BbiHBJieHa aHOMaJibHO 
HH3Kast: noBpe)I(AaiOmrut cnoco6HOCTh HOHOB Xe. IIpe.o.cuBmmo HHTepec 
BKniO'IHTb B paCCMOTpeHHe TaK)I(e aJIMa3, }"'HTbiBaH ero yHHKaJibHbie 
CBOHCm a. 3KcnepHMeHT BblllOnHeH C IJpHMeHeHHeM npHMOfO KpHCTaJI­
norpa$H'leCKOfO MeTO,O.a, OCHOBaHHOfO Ha 3$$eKTe TeHeii. YcTaHOBJieHO, 
'ITO noBe,o.eHHe anMa3a HMeeT cxo,o.cmo c Ha6niO,o.aeMbiM .D.JIH nonynpo­
BO,D.HHKOB, a He ,D.JI.JI ,D.H3neKTpHKOB. Pe3ynbTaThi H3MepeHHii noKa3bi­
BaiOT, 'ITO B03,D.eiicmHe CHnbHOJIOBpe)I(AaiOI.UHX 'laCTHU. Ha aJIMa30-
ll0,0.06Hbie KpHCTannbl perynHpyeTC.JI 6onee cnO)I(HbiMH 3aKOHOMepHO­
CT.JIMH, 'leM llpoCTbie CXeMbl ,o.e<iJeKT006pa30BaHHH. 

Pa6oTa BblllOnHeHa B na6opaTopHH .JI,O.epHblX peaKIJ.HH 0115111. 

Swift 4 0 Ar and 1 2 9 Xe Ions Effect on the Diamond 
Monocrystal 

A.'iu.Didyk, A.M.Zaitsev, S.A.Karamyan 

During the investigation of the radiation damage of semiconducting 
IV group monocrystals Ge, Si,earlier an anomalously low damaging power 
of the Xe ions is revealed. It was of interest also to include at the consi­
deration the diamond, taking into account ifs unique properties. The 
experiment is carried out with using the direct crystallographic techni­
que based on a crystal-blocf ing effect. It is established that the diamond 
behaviour has resemblance with one observed for the semiconductors 
but not for dielectrics. Measurement results Show that hard damaging 
particle· effect on diamond-like crystals is caused by more sofisticated 
regularities than ordinary schemes of the defect formation. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 

*EenopyccKuu zocyaapcTeeHHblU yHueepcuTeT, MuHCK 



BbiCOJ<;a.R TOpM03Ha.R cnoco6HOCTL T.R:lKeJibiX 'laCTHQ OTBeTCTBeHHa 

3a <l>opMHpOBaHHe B ,O:H3JleKTpHKaX JJaTeHTHbiX TpeKOB, HMelOII.UiX 

,O:HaMeTp 10-20 HM / 1/ . Orcro,o:a MO:lKHO C,O:eJiaTb BbiBO,O: 0 TOM, 'lTO 

y:lKe npH ,0:03e "'10 12 
CM-

2 
T.R:lKeJlbiX 'laCTHQ KpHCTaJIJlH'lecK a.R pelleT· 

Ka ,o:oJJ:lKHa 6LITL noJJHOCThJO pa3pyrneHa. BMeCTe c TeM 3Kc nepHMeH­

TaJILHO ycTaHOBJJeHo, 'ITO pa.o;HaQHOHHa.R CTOHKOCTL noJJyn poBO.o;HH­

KOBbiX MOHOKpHCTaJJJJOB (Si, Ge) HaMHOrO Bblllle. 0HH Bbi,o:ep:lKHBaJOT 

,0:03bl "' 10 15 -10 16 
CM -

2 
6biCTpbiX T.R:lKeJlbiX HOHOB Xe npH COXpaHeHHH 

,o:aJILHero nop.R,o:Ka perneTKH / 2, 3 1 . llpe,o:cTaBJJ.RJJO HHTepec 3KcnepH­

MeHTaJILHO OQeHHTb noape)I(JJ:aJOI.QYlO cnoc06HOCTb T.R:lKeJlb iX HOHOB 

c 3HeprHeH "' 1 M3B/a.e.M. npH B03,0:eHCTBHH Ha MOHOKpHCTaJIJl 

aJJMa3a. 

AJ1Ma3 , C O.o;HOH CTOpOHbl, HMeeT CXO,O:CTBO C noJJynpoBO.o;HHKaMH 

Si, Ge no xHMH'lecKHM H KpHcTaJJJJorpa<l>H'leCKHM caoiicTBaM , a c .o:py­

r oii - .RBJJ.ReTC.R XOpDlllHM ,O:H3JleKTpHKOM (y,o:eJJbHOe COnpoTHBJleHHe 

1014 -10 16 OM•CM) . OH HMeeT npe,o:eJJLHO BbiCOKyro TenJJonpoao.o;­

HOCTL . B OTJlH'lHe OT KpeMHH.R B aJIMa3e no,o:aBJJeHa .O:H<l><l>Y3H.R aTOMOB 

H3-3a BbiCOKOH 3HeprHH CB.R3H aTOMa B perneTKe. Eme o.o;Ha oco6eH­

HOCTL aJIMa3a COCTOHT B TOM, 'ITO H3·3a MaJIOrO aTOMHOr O HOMepa 

paC'leTHOe Ce'leHHe ,o:e<PeKT006pa30BaHH.R OKa3biBaeTC.R OTHOCHTeJibHO 

MaJJbiM. BcJJe,O:CTBHe 3THX npoTHBOpe'lHBbiX CBOHCTB TPY.D:HO npe.o;cKa-

3aTb CTeneHb noape:lK.o;eHH.R aJIMa3a npH 06JJyqeHHH T.R:lKeJlbiM H HOHaMH 

.o;a:lKe no nop.R,o:Ky aeJJH'lHHbi. PaHee npoae,o:eHHbie 3KcnepHMeHTbi no 

HCCJle,O:OBaHHlO 06pa3QOB aJJMa3a nOCJle HOHHOrO 06JJy'leHH.R 6a3HpyJOT· 

C.R Ha MeTO,O:aX JllOMHHeCQeHTHOH OnTH'leCKOH cneKTpoCK OrmH /4/. 

llpe,o:CTaBJl.RJlO HHTepec HCnOJJb30BaTb np.A:MOH KpHCTaJJJJOrpa<l>HtiecKHH 

MeTO,O: ,o:Jl.R KOHTpDJl.R COCTO.RHH.R perneTKH aJIMa3a B npoQecce H nocJJe 

3Kcno3HQHH 6LicTpbiMH HOHaMH. 3THM Tpe6oBaHH.RM y,o:oBJJeTBop.ReT 

MeTO,ll,, OCHOBaHHbiH Ha Ha6JJJO,O:eHHH 3<l><l>eKTa TeHeH "in situ " B npo­
Qecce 3KCn03\iQHH T.R:lKeJlbiMH HOHaMH. 

llpH o6JJyqeHHH MOHOKpHCTaJIJla eCTecTBeHHoro aJIM a3a THna 

Jia npHMeHeHa TeXHHKa 3<l><l>eKTa TeHeH B BapHaHTe perHCTpaQHH .R,o:ep 

OT,O:a'lH pe3ep<t>Op,O:OBCKOrO pacce.RHH.R HOHOB. KpHCTaJIJl aJIMa3a CO­

lllJJH<l>OBaH rpaHblO (110) ,0:0 TOJliQHHbl 0,2 MM H npHKpenJJeH cepe-

6p.RHOH naCTOH K MeTaJJJJH'lecKOMY ,o:ep:lKaTeJIJO ,o:JJ.R JJyqrnero TenJJo­

OTBO,O:a. llapaMeTpbi ny'lKOB HOHOB 40Ar (25 M3B) H 129:xe (122 M3B) 

noCJJe npoxo)I(JJ:eHH.R KOJlJlHMaTopa cJJe,o:yroll.Uie: .o;HaMeTp 1 MM, yrJJo­

aoe paCXO)I(JJ:eHHe < 0,5°, HHTeHCHBHOCTb ,.3.10 9 
c-

1
, HMnyJJLCHa.R 

MOI.QHOCTL "' 0,2 BT. MaKpoHarpea o6JJacm 3Heproabi,o:eneHH.R ny'lKa 

cocraaJJ.RJJ, corJJacHo OQeHKaM, He 6oJJee ,o:ec.RTbiX .o;oJJeii rpa.o:yca. 

06JJy'leHH.R npoBO,O:HJlHCb npH KOMHaTHOH TeMnepaType, ny'lOK na­

.O:aJI Ha KpHcTaJIJJ a,o:oJJL HanpaBJieHH.R, He coana,n;aarner o c rJJaa­

HbiMH KpHCTaJJJJOrpa<l>H'lecKHMH HanpaBJieHH.RMH. li3-3a HH3KOH 
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npoBO,nHMOCTH aJIMa3a CTeKaHHe 3ap.R.D:a nyt~Ka npOHCXO)J.HJlO TOJlbKO 

3a CtleT noa epXHOCTHOH yTe'IKH. 

Kpncrannorpacpnt~ecKaR OCb < 101> anMa3a cocTaBnnna c nyt~KOM 

yrOJI B HHTepaane fJ L = 68-7 4 °. TpeKOBhiH neTeKTOp H3 HHTpaTa 

uenmoJI03hi CN-85 cpnpMhi "KonaK" nepeKphiBan umpoKHH HHTepBan 

TeJiecHOrO yrna B OKpeCTHOCTH OCH < 101> . lleTeKTOp perHCTpHpOBaJI 

.R.D:pa oTnatm (C) pe3epcpopnoBcKoro pacceRHHR, nopor perHcTpauuH 

"'0,1 M3B. 11HTepBan yrna perHCTpaQHH, COCTaBJIRBlliHH OT 40 )1.0 85 °; 

cBo6oneH o T npyrnx t~acTHU, KpoMe nnep oTnat~H pacceRHHR. B6JIH3H 

OCH <101> Ha6monanaCb KOHTpaCTHaR KapTHHa TeHeBbiX pecpneKCOB, 

a B o6naCTH fJL = 40-45° HMeJia MeCTO HHBepCHR TeHeBOH KapTHHhl 

B KaHaJIOrp aMMY. llOCJie)J,Hee 06CTORTeJlbCTBO CBR3aHO C yBeJIHtleHHeM 

TOJII.I.niHhl aKTHBHOrO CJIOR MHllleHH H3·3a pacTa 3HeprHH R)J.ep OT)J.a'IH 

npu yMeHbllleHHH yrna. 

llyTeM CKaHHpOBaHHR TpeKOBhiX )J,eTeKTOpOB B OUTHtlecKOM 

MHKpOCKOn e H3MepRJiaCb UJIOTHOCTb TpeKOB H onepeneJIRJiaCb cpOpMa 

TeHeBbiX MHHHMYMOB H HX OCHOBHhie napaMeTpbi: yrJIOBaR llOJiylliHpH· 

Ha 1{1 112 H OTHOCHTeJibHhiH BhiXO)J. B QeHTpe MHHHMyMa )(o· Ha pHC.1 

)J.JlR npHMepa llOKa3aH TeHeBOH MHHHMYM OCH < 101>, 3acpHKCHpoBaH· 

HhiH npu o6nyt~eHHH anMa3a 
129 

HOHaMH Xe (122 M3B) . 

BuneH rny 6oKHH TeHeBoii MH· ~¥1 

HHMYM - OTHOCHTeJibHhiH Bhi­

XO)J. B ueHTpe x o= 0,19. Pnc.1 

COOTBeTCTByeT o6nyt~eHHlO HC· 

xo)J.Ho aenoBpe~eHHoro KpH· 

1.0 

cTanna. o,a 
Ha p n c.2 npnBeneH:bi 3Ha­

t~eHHR nap aMErrpoB TeHeBoro 

MHHHMyMa B 3aBHCHMOCTH OT 

TOJli.J.nfHhl t aKTHBHOrO CJIOR 

MHllleHH B)J.OJlb HanpaBJieHHR 

perHCTpaUHH HJIH OT cpe)J.HeH 

no t K HHeTHtleCKOH 3HeprHH 

pacceRHhiX nnep oTnat~n (C). 

Toni.I.nfHa aKTHBHoro cnon 

Puc.]. q)opMa TeHeBOZO MUHUMyMa 

<JOJ > ll/lMa3a dllR Rdep oroa'IU, 

G,6 

0,4 

D.2 

. . . 

pezucrpupyeMblX nod yz11oM 

fJL = 74° K ny'IKY UOHOB 
129 

Xe 

c 3Hepzueu 122 M3B. 

0,0 L-. _ _._ _ __,_ __ ~ _ _,_ _ __,_ _ ___. 

0 
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~V2' 
rpaa 

1,2 

1,0 

~.e 

0,6 

Xo 

0,4 

0,2 

0,0 

0 

0.5 

2 

t,MKM 
1,5 

4 

2,0 
Puc. 2. 3aeucUMoCTb napaMeTpoe 

TeHe6020 MUHUMyM a OT TOIIIJ4U· 

Hbl QKTU8H020 CIIO.R MUWeHU 

MMQ3a u oT cpeo Heu 3Hepzuu 

.RiJep (C) OTiJfliiU np u paCCe.RHUU. 

onpenenaeTcH paCtleTHbiM 
nyTeM ua ocuose 6anauca 
3HepreTH1JecKHX noTepb na­
narow;ero Houa H perHcTpH­
pyeMo:H qacTHUI>I. KaK BH,IJ,­
HO H3 pHC. 2, y rnOBaH no­

nyWHpHHa 1/111 2 HeCKORbKO 
BbiWe paClJeTHOr O 3Ha1JeHHH 
nHH,IJ,xapnoscKor o yrna 1/1 1, 
no noKa3hiBaeT nono6uyro 
3aBHCHMOCTb OT 3HeprHH 
qacTHUbi. PoeT x 0 (t) CBH-
3aH c npoueccaMH nepepac­
ceHHHH B TORCTOM cnoe. E,11aB 

_nna KOHTponH pa,II,Ha­

UHOHHOrO llOBpe)f(,lJ,eHHH KpHCTanna ycnOBHH 3KCnepHMeHTa Bbi6paHbl 
TaKHM o6pa30M, 1JT06bi aKTHBHbiH CROH MHWeHH 6bm ,IJ,OCTaT01JHO 
TOHKHM: 0,7 H 0,9 MKM B,IJ,Onb nylJKa npH o6ny1JeHHH Ar H Xe COOT­
BeCTBeHHO. TaKHM o6pa3oM, nospe)f(,lJ,arow;ee B03,IJ,e:HcTBHe onpenenaeT­
CH nna o6nacTH, ynaneuuo:H OT MaKCHMYMa nospe:>K,IJ,euH:H, 3anerarow;e­

0,1 

o.t 

O,l 

0,0 

0,4 

O,l 

0,0 

ro B KOHUe npo6era HOHOB, 
a cpe,IJ,HHH no cnoro 3HeprHH 
HOHOB COCTaBRHeT 22 H 
111 M3B ,IJ,nH Ar H Xe. 

B npouecce ua6opa non­
uo:H ,11,03bl 3KCll03HUHH 3a­
nHCb TeHeBOH KaPTHHbl npo-

Puc. 3. ~ 3aeUCUMOCf'b 8b1Xoda 

8 TeHe60M MUHUMy Me Xp&A OCU 

<101 > Q/IMQ3Q OT rPIIIOeHCQ 

uoHoe 49tr (a) u 129xe {6) 
npu cpeiJHeu 3Hepzuu uoHoe 

22 u 111 M3B COOT8eTCT6eHHO. 
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H3BOAJUiaCh M HOrOKpaTHO, B pe3yJILTaTe npocJie:lKeHa 3aBHCHMOCTh 

Xp8A OT <flmoeHca ¢ B HHTepsane OT 1013 ,D;O 5. 10
15 

CM-
2

. BeJIH'lHHa 

XpaA DOKa3hW aeT H3MeHeHHe BhiXO,D;a Xo B TeHeBOM MHHHMyMe 3a C'leT 

o6nyt~eHIDI n o cpasHeHHro c ucxo,D;HLIM. <I>nroeHc onpe,D;eJIRJICR Ha 

OCHOBe paC'leTa H H3MepeHH.II a6cOJilOTHOrO BhiXO,D;a perHCTpHpyeMhiX 

R,D;ep. Ilonyt~eHHLie <PYHKQHH XpaA (¢) npuse,D;eHLI Ha puc.3. BH,D;HO, 

'ITO C pOCTOM ,D;03hl HHTeHCHBHOCTh 3<fl<fleKTa TeHeH y6LIBaeT (XpaA pa­

CTeT). TaK K aK 3<fl!}>eKT TeHeH O,D;H03Ha'lHO CB.II3aH C ,D;aJihHHM DOpR,D;­

KOM pellieTKH, TO pOCT X PIA DOKa3hWaeT 3aMeTHOe DOBpe)K,IJ;eHHe 

aJIMa3a DO,D; ,D;eHCTBHeM HOHHOro 06Jiy'leHH.II. B CJiy'lae HOHOB 
40 

Ar 

3<fl<fleKT TeHeH DO'lTH HC'le3aeT (X paA"' 0,9) DpH MaKCHMaJipHOH ,D;0-

3e, T.e. ,D;OCTHraeTC.II DO'lTH DOJIHaR aMop<fJH3aQHR KpHCTaJIJia. I10Hhl 
129 

Xe nospe)K,IJ;aroT aJIMa3 B ,D;Ba-TpH pa3a CJia6ee. 

IJocJie 0 6Jiy'leHH.II Ha6JilO,D;aJIOCh TaK:lKe H3MeHeHHe COCTO.IIHIDI 

DOBepXHOCTH MOHOKpHCTaJIJia: DO'lepHeHHe H paBHOMepHoe pa3phiXJie­

HHe B CJiy'lae 
40 Ar H o6pa30BaHHe BhiCTYDOB Ha DJIOTHOH MaTpHQe 

s CJiyt~ae 129
X e. · 

06Cy,D;HM KpaTKO OCHOBHhie pe3~JlhTaThi, COCTORIIUie B TOM, 

'ITO! 1) aJIMa3 Bbi,D;ep:lKHBaeT ,IJ;03Y "'10
1 

CM-
2 

T.II:lKeJihiX HOHOB C CO­

XpaHeHHeM ,D;aJILHero nopR,D;Ka perneTKH, 2) nospe)K,IJ;aromaR cnoco6-

HOCTh HOHOB Xe MeHLrne, t~eM Ar. BLicoKoe 3Hat~eHne ,D;03hi CBH,D;eTeJIL­

crsyeT, 'ITO B CJiyt~ae aJIMa3a HenpHMeHHMa Mo,D;eJih 3Jiei<:TpocTaTH'lec­

Koro KJllfi:la , lliHpOKO HCDOJih3yeMaR ,D;JI.II ODHCaHH.II npoQeCCOB TpeKO­

o6pa30BaHIDI BO MHOrHX ,D;H3JieKTpHKaX. C ,D;pyroif CTOpOHhi, MO,D;eJih, 

OTO)K,IJ;ecTBJI.IllOI.UaR ,D;e<flei<:Thl CO CMelQeHHhiMH npH R,D;epHOM paCCeRHHH 

aTOMaMH,. Ta K:lKe, BH~Mo, Hey,D;oBJieTBOpHTeJibHa. CornacHo eii ce­

t~eHue ,D;e<fleKT006pa30BaHH.II B aJIMa3e ,D;OJI:lKHO COCTaBJI.IITh aD "' 0,4 

H 1,3·10-
17 

cM2 ,D;JIR HOHOB Ar H Xe cooTBeTcTBeHHO. 3TH cet~eHHR 
npHMepHo B 20 pa3 MeHLrne, t~eM ,D;JIR Ge. 3KcnepnMeHT :lKe, HanpoTHB, 

DOKa3hWaeT, 'ITO pa,D;HaQHOHHaR CTOHKOCTh aJIMa3a MeHhllie, 'leM 

repMaHIDI. IJo a6COJIIOTHOH BeJIH'lHHe 3Ha'leHH.II aD ,D;JIR aJIMa3a TaK:lKe 

He COOTBeTCTBylOT 3KCnepHMeHTy (pHC. 3). KpoMe TOro, B 3TOH MO,D;e­

JIH HeOfuR~HHM TOT <flaKT, 'ITO DOBpe)K,IJ;aiOI.UaR CDOC06HOCTh OKa3hi­

BaeTC.II ,lJ;JIR HOHOB Xe MeHLrne, 'leM Ar. 3TO Ha6JIIO,D;aeTC.II KaK ,D;JIR 

aJIMa3a, TaK H ,D;Jl.II repMaHH.II /2, 31, H npHBO,D;HT K BhiBO,D;y 0 TOM, 

'ITO BhiCOKOe 3HeprOBhi,D;eJieHHe B,D;OJih TpeKa HOHOB Xe (H3-3a BhiCO­

KOH 3JieKTpoHHOH TOpM03HOH CDOC06HOCTH) OTBeTCTBeHHO 3a 'laCTH'l­

HhiH OT:lKHr ,D;e<fleKTOB. ABTOpaMH /G, e/ C,D;eJiaH aHaJIOrH'lHhiH BhiBO,D; 

0 'laCTH'lHOM OT:lKHraiOlQeM B03,D;eHCTBHH O'leHh TR:lKeJihiX HOHOB Ha 

,D;e<fleKThl B DOJIHKpHCTaJIJIH'lecKHX MeTaJIJiax Ha OCHOBe ' H3MepeHH.II 

,D;030BOH 3 a BHCHMOCTH 3JieKTpoconpoTHBJieHIDI. B Harnux pa6oTax, 

s OTJIH'lHe oT /5, 6!, o6Hapy:lKeHo coxpaHeHue ,D;aJILHero nopR,D;Ka 
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B MOHOKpHCTa.Jinax nonynpOBO,nHHKOB H B anMa3e IIpH AOCTaTOllHO 
BbiCOKOH A03e HOHOB Xe. 

TaKHM o6pa30M, noBeAeHHe anMa3a noA AeHCTBHeM cHJibHO­
noBpe)I()J.aiDI..I.UfX t~acTHU: perynHpyeTCH 6onee cnmKHhiMH 3aKOHOMep­
HOCTHMH, tleM npOCTbie CXeMbi, TaKHe KaK MOAenb 3neKTpoCTaTHtlecKO­
ro HOHHOrO B3pbma B AH3neKTpHKax HJIH MOAenb, OTO:>KAeCTBnHIOI.llllH 
Ae<t>eKTbi CO CMeiu;eHHbiMH IIpH pacceHHHH aTOMaMH. 

ABTOpbi 6naroAapHbi EJ1.KypeHKOBOH 3a npocMoTp AeTeKTOpoB, 
C.ll.TpeTbHKOBOH 3a npeAOCTaBneHHe HHTpaTa u;ennron03bi CN-85, 
B.H.ByrpoBy 3a noMOiu;b npH o6nyt~eHHHX H rpynne 3KcnnyaTau;HH 
U:HKnoTpoHa Y-300 3a nonyt~eHHe nyt~KOB. 
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