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E¢0Moa r.B. 0 AP. 
K aonpocy o KorepeHTHOM ¢oTopolKgeHHH 
nHOHOB B KynoHOBCKOM none HAPa 

P2-89-484 

06c~aeTCH Bonpoc KOrepeHTHoro ¢oTopo)K,I:leHHH IlHOHOB 
B KynoHOBCKOM none H,IWa B CBH3H C 3KCnepnMeHTaMH OlliUI -
H<IJB3 Ha ycTaHOBKe 11CHrMa - A5IKC 11

• B MOAentt KoH¢attnr:mpoaaH
HbJX KBapKoB nonyqeHa aMnnHTYAa npo~ecca 'f .... 3n H BbitJHcne
Ho nonHoe cetJeHtte ¢oTopolKgeHHH nttoHoB B none- HApa. Ilonyqe
Ho cornac:He C HMelOIJ\HMHCH 3KcnePHMel!TanbHblMH AaHHblMH H pe-
3ynbTaTaMH KHpanhHbJX no,z.:i;xo,l.l;OB. 

P460Ta BWnonHeHa B Ila6opaTopHH TeopeTHqecKoH ¢H3HKH 
OH5IH. 

IlpenpHHT 061,e.[IHHeHHOrO HHCTHTyTa imepHblX HCC11e.[IOBaHHH, ny6Ha 1989 

Efimov G.V. et al. 
On the Question of the Coherent 
Photoproduction of Pious in the Coulomb 
Field of a Nucleus 

P2-89-484 

The question of the coherent photoproduction of pious 
in the Coulomb field of a nucleus is discussed in connec
tion with the "SIGMA-AIKS" experiments (JINR-HEPL). The 
amplitude of the process 'f .... 3n is obtained and the total 
cross section of the photoproduction is calculated in the 
framework of the quark confinement model. The agreement 
with experimental data and the chiral approach is obtai- : 
ned. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1989 



KorepeHTHOe qx:>Topo,imeH.l'!e ImOHa B KY~OHOBCKOM IlMS Ji,Iij>a(aqxj/eKT 
IJ.pm,!8.KOBa!fi% t-(i!,A )-(z ,A.)1":Jir t-1{ 0

) B ,l!aCTOJID{88 BP8Mll HCCJI8,IJY.8T
CH Ha ycTaHOBK8 "C.lll'Ma" (H\PBS-OIBIH/1 ,2/. CX8MaTR1mO ,u;amnrlt 

npouecc nao6pallteH Ha pnc. I. 8Heprmr HMeTaromero IIy"tJRa IlHOHOB paB-
Ha E = 40 raB B ~.c.K. ,IT,1IJI Ha6Juo,u;eHHH a@)eKTa Ilpm.wtoBa Heo6xo
,u;nMo yMoBHe £>h1'li'~IZ'I, r,u;e t°r\n- -Macca err- M830Ha,A
-m.mym,c, rrepe,u;amruit Ji,Iij)y. 

.. 

C T80p8Tlfl'.!8CKOit TO'IKE: apeHHH TaKoro po,u;a aKCII8pHM8HT mrrepeceH 
T8M, ~TO ,u;aeT BOSMOlltHOCTI, IIM~TI, .D;OIIMHHT8JU,HYJO IDIWCP~ 0 CTpyx
Type CWlI,HOrO BSaHMO,u;eitCTBlllI IIHOHOB. IJ.poMeMa 38.KJIIO~STCII B ,u;HH&mtl9C
KOM OIIHCaHllli npouecca J"- 31T. HCT0plr'!9CKH ID!Tepec, K WQT07P,o,ime
HIDO IIHOHOB BOSHHK Ha py6eEe 60-70-x ro,u;oB. TaK, B pa6oTax.f3-5 Ha 
OCHOB9 H.!'!3K08Hepr9T.lr'I9CID1X TeopeM 8Jll'e6pH TOKOB y,I(MOCb CBHSaTb 
a.MIL7lliTY.DY i:;-' ~ npouecca K-,. Z,<Ji npn ey~eBHX aHeprmrx c aMILJmTY-

,u;oit P<Ji2~ npouecca qr0 
_,,. 2!: 

P~'ll'f ~2K = 1/e~~ ' <1> 
r,u;e e= (4<tr~ '//2 - sa:plI.ll; MeKTpoHa ( d.. = I/I37), P<fi =93 MaB 
- KOHCTaHTa Ma6oro pacrra,Ita q'(' _.,. ,-. ;; • IJ.oaTOMY ll3M8P8H.!'!9 IlOJIHOro 
ce~eHHH ~OTOpo,imeHHH IlHOHOB MOE9T CJiyDTI, npoBepKOit OCHOBHHX rmIOT8S 
8Jll'86pH TOKOB. CJ!e,u;yeT rro,u;~epKHYTb, ~o B rro,u;xo,u;e 8Jll'86pH . TOKO;B 
Hapa,u;y C IIM~9HHHM COOTHOIIl8H.!'!8M (I) npmco,u;wrocb BBO.IJ;RTI, ~HOM8HMO
rlr'!eCKllit pesoHaHCHHfi ~Top, cooTBeTcTBYJ(J!Illlfi ~eTy cwrr,HHX Bs~o,u;ett
CTBHfi IIHOHOB sa c~eT 06MeHa B.IIpTYMbHlilMH B8KTOpHID.m M8SOHaMH 151• 

IJ.pe,u;cTB.BJllieT IDJTepec pac~eT aMITJmTY.u;H . ! _,,. 3<IT B pro.max 
.D;HH8Mll'!8CKOit MO.D;Mll, OCHOBaHHOit Ha KXJ( H npe,u;rmsHa~eHHoit ~ o:rmcamm 
H.l'!SKOaHepreTlfl'.!9CrutX a,u;poHHHX BaaHMo,u;eitqTBHfi. 

0.D;HHM HS TaKHX IIO,Il;XO.D;OB JIBJ1/!8TCH /S-II/ MO.IJ;9JII, KOHqlaitmmpOBaHHWC 
KBapKOB (MKK). MKK - p9Jlll:THBRCTCKaJI KBapKOBM MO.D;8JU,, OCHOBaHHalI Ha 
onpe,u;SJI8HHHX npe.D;CT~emmx 06 a,u;pOHHSauRH H KOH~9HT8 KBapKOB. 

B MKK a,u;pOHH pacCMaTpRBaJOTCII KaK 6ec~8THH8 KOJJJl8KTHBHH8 rrepe
M9HHH8, B03mma.DllH8 B pesym,TaTe KBapK-rJilOOHHHX BSrutMO.D;eitcTBHfi. Me
xaHHSM KOH~eHTa OCHOBaH Ha ycpe,u;Hemm npoMeJtyTO'llWX BaKyylllHWC 
COCTOHH.l'!it !IO H8TpHBRMbHOMy KXJ(-BaKyyMy. MKK IIOSBOJIII8T C e,u;mmx IIO
s~it OilHCHBaTI, C:WU,HH8, 8JI8KTpOMarHHTHH9 R Ma6He BSaHMo,u;ettcTBHll 
a,D;POHOB npn HHSKHX :mepI'WDC. IlpR 8TOM BHYTp8HRlm CTPYKTYI>a a,u;pOHOB 
(KaK MeaoHoB, TaK :a 6apnoHOB) U9JIHKOM onpe,u;9Jlll:eTCH noBe,u;eHHeM KOH
CTRTYSHTHHX KBapKOB Ha 60JII,IIIRX paccTomnm:x:. 

B paMKa.X MKK pacCMOTJ>Em JllRPOW :icpyr acM>eK~B HHa1toaHepreTlr'!ec-

xo• ...... Ao= tt;~:~6/.---:i!ff o;rv. ""'"™"" CTSTHSeO-

t:..s~;.;~-:,' '~,;.,~~.t~7;.;)b;.:J 



KR8 xapB.KTepHCTmtli a,IU)OHHJ:DC B3aJIMO'A8HCTBID1 IIpH HH31WX SHeprrui:x 
(III41)mru: pacna,n;oB, M8.I'HHTHH8 MOM8HTH H T.n.) H nOJIY'!8HO nOB8'A8HH8 
g?OPMqJB.KTOpOB H g)8.3 paccemwi:, OTpru!ta.!Or!lllX BHyTp8HHIOIO CTpYRTYPY a,n;po
HOB. IlOJIY'!emrue peaym,TaTH HaxOWITCJI B xopomeM cor~acmr c sRcne
pHMeHTaJII,HJ:OOI 'AaHHW/IH. 

Uem,n 'AaHHOfi pa6oTH SIBJI!IeTCJI Hay"tJ:eHHe npouecca !p()TopoJ!\ll;eHM 
nHOHOB B par.max MKK. CJie~eT 3aM9THT1,, 'ITO paHee TaEaJI 38,ll;a'Ia pe
mMac1, B TB.K HaaHBaeMOft BHpTOH-RBapKOBOft MO'AeJlll (BKM) /7 • S/. B.KM 
no CB09MY nOCTp09HHD MH3Ka R M.K.K H OT~'ffi9TCJI cno.co6oM ROH(f?a.11H
MHpOBaH.WI RBapROBHX 'AHarpaMM, He'AOCTaTOK B.KM COCTOHJI B TOM, 'ITO 
'AaHHaJI MO'Aem, 6~a cnpaBewm:sa ~ Mli MMHX sHeprm! f ~ I rsB 
B c.wry H8(pH3H'!8CKOro pOCTa no m.mym,cHHM nepeM9HHHM MaTpH'IHHX 
M8M9HTOB (pHaWJ:eCKIDC npoueccoB. 

Jiarpa.H.lKllaH, Heo6xo'AHMHli MR oTTHCaHIDI npouecca /➔ 3<ii , 
HM98T Me,Izyl(lll.lHl1 B.II,IJ;: 

Xi:&)= f; q/'9(M~1.cx)+eA,.,<1<lqli)~r Q7.<,). 
(2) 

r'Ae 

/\ ~➔ 
P=Ctt· z , 

A ~~ 
V~f·z-., 

;f ~i~S'. a• [Ua] :, Qe:\2/~ o_ J. 
lv=~f) ~ da Lo -i/~ 

KBapROBHe 'AHarpaMM!I, cooTBeTCTBYDmHe npoueccy K ➔ 311i , 
IIp9'ACTaM8H!I Ha PHC. 2 a H 6. Ha PHC. 2a IIpHB8'A8Ha aHOMaJlI,HaJI 'AH
arpaMMa, O~HCHBaDmaJI B3aJ!MO'A8liCTBH8 g)OTOHa C {ff -M930HaMH 3a C'I9T 
o<lMeHa RBapRaMH. Ha PHC. 26 H30<lpaJKeHa peaoHaHCHaJI 'AHarp8MMa C 
Y'ffiCTH8M IIpOMe;,icyTO'IHOro .P -M930Ha. . 

:11:HBapHaHTHaJI aMIIJIB~a OIIp8'A8Jl!!8TCJI CTaH'AapTHHM o6paam/3-5f: 

fat (~➔3crr}= E(Eprir~) ~<\i (s,i,'U), 
r'Ae E - n0.7llipH3auM cpoToHa, 

(3) 

S , -I:. , 1J - nepeMemme Maff'Aem,CTaMa: 

- . 2 c· .g S= (p+q) = p-,_+ Pz; ~ 
-1:.-:: ( p-f1')2.= Cp2.-qY 
u ~ Cp-r~Y'-= Cr1-q 1: 

2 

\ 

. 'ii(p\ ' 

I ~ == 'il lP2l · 

Pnc. I 

'i( lj[ "IL -P1 '[ 

t~l 
-P -P 

I.'-•,'· t~ ~'ii. 
'it 

a 6 

Pnc. 2 

~pMIJB.KTOp ~-;crr(S.>t, 'ti) B MKK 3amtCHBa9TCJI B Me,!lyXlllleM 

B.II,IJ;e: 

P~(~_,-l:, 'L<J= e-{ G1J (S):)tG0(f,u)+b0 (14, s)t 

+2.-( Gi'l"'-(s)-G1,.~(s)-])is'J+ ( s...,-f:.)+( 5...,11))}, 
(4) 

r'Ae ])~ - nepeHOpMHpOBaHHHll: nponaraTop 
'IHM8HM CTpy-KTYPHil:X HHT8I'pMOB G Q , 
npW38'A8Ha B pa6oTa161. 

f -MeaoHa. TeXHRKa Bll-

G?Tf'li • 6flio, ])g 

:i 



IIpe,ItCTa.BJlll:STCR BalKH11M cpa.BH.IITI, BRJ.la,ItU aHOMMI,HOii .II peao,aH-

CHOii ,It.l!arpru., B aMII.7ll!Ty,Ity j:13'1r(o,o,o) c peayJU,TaTru.m BKI,l /S .II aJI

re6pu TOKOB 
4/. B ·aJire6pe TOKOB 14I KoHcTaHTa Psr(o)o,o) n;e.;nr

KOM onpe,Ite.JL'ISTCR aHOMB.JII,HO.it .nuarpru,lMOir, a pe30HaHCHaJI .It.l!a!'pal,!Ma BI-i.Jla

.na He .n:aeT. B ·Ta6Jr.lII.J;e I rrpHB8,It9HH BI-i.Jla,ItH aHOMaJU,HOil: U pe30HaHCHOii 

,It.l!arpaMM, IIOJIY1J:eHm.re B pro.max aJire6pu TOIWB BK\i u LIKK. B.IUJ;HO, tJ:TO B 

B.KM OCHOBifY!O pOJII, .11l'pa9T aHO!,laJll,HaJI ,It.l!arpaMr.ia, B Wlli OCHOBHOH BRJia,It 

B ffi.filllliTy,Ity j:"7$ (0, (J, u) ,n:aeT p930HaHCHaJI A,arpaMMa.. CyMMapH!le 

3HatJ:9HM 6JI.II3K.1! K pe3yJU,TaT81A a.nre6pu TOROB 4 • 

ilpu Bl-.l'IBCJISIDT..II cetJ:eHwr (i)OTOp0Ji\D;9H7.lI IUIOHOB B Il0J19 R,Itpa b Ba.r.t

HY!O poJU, .11l'paeT 3aBIICI1MocT;, (l)Opr.r,'ja.KTopoB Q0 u G_r'iili\ , . Bxo-

.It/Ill!HX B aMII.JIUTY.ItY ~m-(S ·t •U), OT BeJIB-cr;mu rrepeMeHHou 8 . Ha 

puc. 3 npuBe,IteH!l rpar»lhur ~mun1 6"a(S ~0 ~0/ &a(o,u,o) u 

G _p'ii<r. (s)/ ~ 11( 1"4.l~) B uHTepBane p ~ S -~ mft , rroJ1Y1IeHHux B NIKK, nm/8/ 
.ir B rro.nxo.Ite a.nre6pu TO ROB l '±/. BimHo, tJ:To B CJ1y-qae !,!Kie 3aBIIcm,mcT;, 

(vopMcpa.KTopoB G0~_,o.,o)IG0 (o,o,o) u br~(S.)/Gr~(IM{). oT$ .no- . 

BOJU,HO CJ1a6a,r • .B BI{M u B aJire6pe TOROB OTHomemre 'G
0

(s.c,c)/G;i~o.,o"):i 
npu JII06illC $, a OTHOlllSHUe r;.fii'riCs)/fyfITTi('rVI{) ID.i99T CHJll,IfY!O 3a.BUCU-: 
l,!OCTI, OT S • 

Ta6mma I 

~arpru~.ia 

~(o,o,~) /~
3

q;- (o.o, o) 
141 

l3IGil /U/ IA.nre6pa TOROB MKK 
1i I 0,9 0,25 

~rrr-
'ii 

~ 0 0,25 0,67 

qr 

?esyJU,TaT I I,15 0,92 

-I 

i: 

,il .l 

,11. 
I 

] 

G
0

(S,0)1G 0 (0,0l Gp'lt'ITIS) IGp'TC'lt (m; l 
k:: . ... --r- .. ----- BKH 

HKK 

0,5 o,s 

0 m2 S 
~ 0 s 

P.IIC. 3 

Ta6JI.III.J;a 2 

6/ifl.,Hel 
MPO 3RcrrepIDA9HT MKK BKM /'d/ A.7Ire6pa MO,IteJII, coc-

TOKOB/4/ Ta.BHWC M930-
HOB /12/ 

C(6,I2) I,78 ± 0,47 

Ae(I3,27) I,54 ± 0,34 I,58 I,40 ·I,IO I,52 

re(26,56) I,64 ± 0,37 

IlOCKOJU,ey B MKK 38.BRCliMOCTI, ~pMqmtTOpOB ga. R ~fCJi<ii' OT B9JIR

tJ:RHH nepeMeHHott!> H8CYlll8CTB8HHWI, TO 3H8.tJ:8HR9 ce-qemm ~TOpOJi\D;Sllli!l: 

(6 qia.KTRtJ:SCK.II onpe,IteJ1Jl9TCH Be.mrcmHOii KOHCTa.HTH F'4s9l' (o.,o, o) R 

,ItOJDitHO corJ1aCOB8.TI,CH C npe~CKa.38lm9M anre6pu TOKOB 141. BeJIR'lmHy 

6 · onpe,n:emIM no CTaH,ItapTHOii ~pMyJie: 

b = r~ds ft!dt~ . --=-cl_s-:-----:-
4J,. ) ... 2 ds. d "£2 

"7k-..,,""' = ~2~d . t'~t!, •. (s-4~)* 
ci5•dti 2 1o24'1r2 li" rs- -

(5) 

X 

5 



S
err . \ n . 1'2. (6) 

lC cl e '-3\Vl~e . 1'121'fi ($.,-t ,·'U)I ~ 

r.n~ ~ 
0 

=(5-r4'f-' i~l. (";:J··J.-s+(S-Wi;,)W>e0-4v{/s i\. 
tY\ •Vl \ 2, E ) > 2 \ rvnt' ) 

'2.. -?;,2 
B 8KCnepllM8HT8 121 ~= i O "1'" • .6o1o,,c = 2 • 10-3 raB2• 
B Ta6.lnme 2 np!im8.I(8Hll pesyllTaTH /ll'IlICJ18I00t B8JIB~r o/::z_i. 

(B e,nmrmvuc: H6) BA~ MKK, BKM 18 , a.nre6pl:l TOKOB 4 H MO.I(eJllI 
COCTaBmric M83OHOB 2 , a Ta.Kllt8 npe,ncTaBJ18Hll llOCJ18.I(HH8 8KCll8pl11Vl8H
T8JII,Hll8 l(aHHll8 / 2/. PesyllTaTl:l HaIIIllX Bll'IlIC1l0HIDt H8XO~TCJI B XOpO
meM corJia.cHH C 8KCll8PllM8HTOM H pesyllTaTa.MH .npyrHX TeopeTWI8CKHX 
pa6oT. 

B 38.RJIKl'!eHHe aBTOPll BHp8llt8.X)T 6Jiaro,IJ;apHocT1> TopHYJilKIIHY IO.A. 
sa HHTepec K pa6oTe H nOJie3Hl:le o6~eHM. 
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