
T-519 
PI - 7888 

£E3C{ P.- V 
K.,ll,.TOJICTOB 

OUEHKA CEqEHJ1H 
KOrEPEHTHOA 3AEKTPOrEHEPAUJ1J1 OJ10HOB 
B CTOAKHOBEHJ1HX PEAHTJ1BJ1CTCKJ1X H,ll,EP 



2 36/2-7~ np. 

TOJICTOB' K. Jl. 

Oue.HKa. ceqeHMB 

eHTHOI 3JieKTpore-
MH ••• 
l88 

:f~ b~t--. 65:. 
I . 

- ---:j --
r 

-

--

ibiX 

JIJJ;epHbiX 

~aUHJIMH. 

0TJIH'IHe 

>enpHHTa 

lKypHane 

'Ji HMeJOT 

I ITOCJieJJ;-

J13biKax . 

CTpaHbl-

PI - 7888 

K.,lJ,.ToJICTOB 

OUEHKA CEqEHM.H 
KOrEPEHTHOH 3]EKTPOrEHEPAUl1l1 lll10HOB 
8 CTO]KHOBEHM.HX PEn.HTMBMCTCKMX .H,ll,EP 

---



• 

ToncTOB K.ll. PI - 7888 

0UeHK8 ceqeHRH KOrepeHTHOH 91I8KTporeHepaURll ITHOHOB 

B CT01IKHOB8HHHX peliHTRBHCTCKHX HAep 

0ueHK8 ceqeHHH reHepaUHR ITHOHOB BbiCOKOH 9Heprun rrpu CT01IKHOB8HHR 

peliHTHBHCTCKllX Mep rrpOH3BOAHTCH Ha OCHOBe MOA81IH BHpTyallbHbiX !jJOTO­

HOB1 COBM8CTHO C rrpHHUHITOM M8ClliT86HOH IIHBapH8HTHOCTH H 9KCrrepHM8H­

_T81IbHbiMll A8HHbiMII ITO reHepaURII ITHOHOB 91I8KTpOH8MH. 

Coo6meHMe 06t,e,D.MHeHHOrO HHCTHTyTa H,nepHbiX HCCJie,nOBBHHit 

,izy6Ha, 1974 

Tolstov K.D. PI - 7888 

Estimate of the Cross Section of the Coherent 
Pion Electrogeneration in Relativistic Nucleus 

Collisions 

Estimate of the cross section of the high-energy pion 
generation at relativistic nucleus collisions is made on 
the basis of the virtual proton model, the scale invarian­
ce principle and experimental data on pion generation by 
electrons. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1974 
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B HacTo.HmeM coo6meHHH npe,nnonaraeTc.H, 'ITO npHH.H­

Ta.ll CXeMa po>K,neHH.II qacTHI( B CTOJIKHOBeHH.IIX e -p, qepe3 

B3aHMO,JJ;eHCTBHe BHpTyaJILHOrO ~OTOHa, MO~eT 6YTL pac­

npOCTpaHeHa Ha CTOJIKHOBeHH.II peJI.IITHBHCTCKHX .11,nep. Ha­

qaJILHhlH 3Tan .JJ;Jl.ll .II,JJ;ep, aHaJIOrH'IHO e-p;... CTOJIKHOBeHH.IIM, 

eCTL 3JieKTpOMarHHTHYH npol(eCC, o6yCJIOBJIHBaeMhlH HaJIH­

'IHeM 3ap.II.JJ;OB y CTaJIKHB8JOUlHXC.II 'IaCTHI(. flpH CTOJIKHOBe­

HHH .II.JJ;ep BHpTyaJILHhlH ~OTOH B3aHMO.JJ;eHCTByeT C O.JJ;HHM 

H3 HYKJIOHOB .II.JJ;pa MHWeHH HnH HaJieTaiomer()•JI.JJ;pa aHaJIO­

rH'IHO ToMy, KaK 3To npoHcxo,nHT B e~p-:- cTonKHoBeHH.Hx. 

Kap,nHHaJILHhlM .IIBJI.IIeTC.II npe,nnono~eHHe, 'ITO BHpTy­

aJILHhli ~OTOH B03HHKaeT 3a C'IeT KOrepeHTHOrO ,neHCTBH.II 

BCero 3ap.11,na .II.JJ;pa, npOTOHhl KOTOpOrO TOJILKO TpaHcnop­

THp~T 3TOT 3ap.11,n. ~JI.II 3Toro KorepeHTHoro ~pol(ecca 

3JieKTporeHepai(HH npH cTOJIKHOBeHHH .11,nep .nanee npe,nno­

naraeTc.ll cnpaBe,JJ;JIHBOCTL MaCWTa6HOH HHBapHaHTHOCTH, 

pacnpocTpaHeHHOH BnepBhle Ha CTOJIKHOBeHH.II_ .II.JJ;ep A.M.lian­

.JJ;HHhlM H fiO.JJ;TBep>K,neHHOH B OfihlTaX no reHepai(HH fiHOHOB 

.neiTpo:HaMH /I/. 
. B MO,JJ;eJIH ·BHpTyaJILHhlX ~OTOHOB .JJ;Jl.ll e p-CTOJIKHOBe­

HHH HcnoJIL3yeTc.ll ,nHarpaMMa pHc. 1 H cne,nyromHe o6o3-

Ha'IeHH.II: 
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PHC. 1 

q - 'leTblpexMepHbiH HMllYJibC BHpTyaJibHOro !lloTOHa, V -

3HeprHa BHpTyaJihHoro !lloToHa B na6opaTopHoii cHcTeMe, E­
Haqa;IbHaa 3HeprHH 3JieKTpOHa,E '- KOHe'IHaH 3HeprHH 3JieKT­
poHa, () - yron pacceaHHH '3JieKTpoHa, W - nonHaH 3HeprHa 
B CHCTeMe ~eHTpa MaCC BHpTyaJibHbiH !lloTOH-npOTOH. 

.. 2 < 2. 2 
W "7 M +q, +2vM,_ 

/1/ 
. 2 . 4EE' . 2 () -q = . • SlO -. 

. . . 2 
ITpoH3Be~eM o~eHKY ce'leHHH H 3HeprHH nHoHOB, reHe-

pHpyeMhiX npH CTOJIKHOBeHHH H~e·p ,C 3apg~aMH Z l = Z 2 , Ha 
cicHoBe ~HarpaMMbi, a:HanorH'IHoii noKa3aHHoii :Ha pHc. 1·, 
:Hcnonh3YH ~aHHbie no 3Jiei<TporeHepa~HH 11+ -Me3oHoB B 
e- p -cToJIKHoBeHHHX H3 121. ·!Ia pHc. 2 H3 3Toii pa6oTbi · 
npHBe~eH peJIHTHBHCTCKHH HHBapHaHT: 

d
3.' 2 

E-a-.,.,~ da 
dP 3 17 dP11 dP_f 

E* 

17 P niax 

. 2 
d a 

2 
dxdP .i 

/2/ 

KaK IPYHK~HH naJ)aMeTpoB W , q 2 , PI , a tot ':' noJIHoro 
. . 2 2 ~ 

ceqeHHH 3JieKTporeHepa~HH H x' =P *I [ (P ~ax ) - P.i ) 2
• 

PI ( ecTb xoMnoHeHTa HMnynbca nHJka B CHCTeMe neHTpa 
Mace B HanpaBJieHHH HMllYJibCa BHpTyaJibHOrO !lloTOHa, 
a P r:ia:J - MaKCHMaJihHbiii HMnynhc rrHoHa. C yMeHbiiieHHeM 
Pl x.-.-.x. (x=RI*I /P* ). . max 

4 

~ 

It) 

. II. 
~I 

~anee OTMeTHM, ·'ITO 'leM' 60Jibllle v=:E-E' H MeHbllle 
l<fi,TeM MeHbllle pa3HH~a B KHHeMaTH'IeCKHX cooTHOIIIeHHax . . / 

~Jig BHpTyaJibHOrO H peaJibHOrO !lloTOHOB C O~HaKOBOH 3Hep-
rHeii, TaK KaK yMeHblllaeTgJi' 3aBHCHMOCTb W OT q 2 • ·. . , . 

ITpH nocTOHHHbiX E /"H q 2 c pocTOM E yMeHblllaeTcH 
yrOJI· pacceHHHH 3JieKTPOHa 0, a CJie~oBaTeJibHO, H yroJI 
Me~y HMllYJibCaMH Ha'laJibHOro 3JieKTpOHa H BHpTyaJibHOrO 
!lloToHa, T .K. paBHbl nonepe'IHble HMllYJibCbl pacceHHHoro 
3JieKTpoHa H BHpTyaJibHoro !lloToHa. Cne~oBaTeJibHO, c po­
CTOM E C6JIJDKaiOTCH TpaeKTOpHH BHpTyaJibHOrO !lloTOHa H 
nepBH'IHoro 3JieKTpoHa. 

2 
CornacHo pHc. 2, npH W = 2,14 F3B; -q =1,2 H 

0 ~ p .1. ~0,02 
3 

peJIHTHBHCTCKHH HHBapHaHT _E_ d ~ pa-
atot dP 

0.5r---r---,,-,---,-.------.-.---..:__,_-,.--, 

.. -
'> 
g 

_,b,"b. ..,, 

w/b b . 

(a) W=2.14GeV 
0.1- x·-o.9 
8 =17.08 ± 0.361 Gev" 2 

(b) W•2.14GeV 
0.5. x'. o. 7 
8 =(5. 23:!: o. 681 Gev"2 

I 

I 
o.l c: -'- -·· ti ol.. .!... ··~ {4 ·~ la . ~ .iz I 

/ PHC. 2 
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BeH "-::" 0,3 ,llJUl 0,7 <x!< 0;9 H .,. 0,35 ,Z:VHI 0,5 <·X'<· 0,7. 
.. JIBnJieTCJI~ cpe,llHeii BenH-llpe,lliiOJIO)KHB,, liTO 0,35aiot 

3 
liHHoii E. d a

3 
· B HHTepBane 0,3 :::_ x' :::_0,9 ,: MO)KHO nonyliHTL 

dP . 
da ' · · 

BenH'IHHLI - 2', cornacHo" /2/, npoHHTer-HH:lKHIOIO O~eHKY " . dP . 

PHPOBaB E~ 
rrP * 

d2 ' J. 
_ . a

2 
.. =0,35at t ,,_no dx= dx ', - OTKy,lla: dXdP · . " 0 - . . 

max J. 
da rr P* 
--- max, 
dP 2 - E* atot 

J.· 

• o:21. j3/ 

lh 4JopMynLI /1( M~. BLifipaHHLIX 3HalleHHH W H q2 IIOH}:liHM 
v= 2,62 T3B. MaKCHManLHaJI 3HeprHJirr+-Me30Ha B CHCTeMe 
~eHTpa Mace E * paBHa: 

2 
E*= W +M;-m2 n 

2W /4/ 

r,lle M n - Macca HeHTPOHa. ITonyliHM E * = 1,27 T3B. 
ITepeii,lleM B npe,llnono:lKeHHH MacmTa6Hoii HHBapHaHTHo­

CTH K O~eHKe ,llH414JepeH~anLHOrO CelleHHJI H 3HeprHH rr+-Me-
30Ha npH CTOHKHOBe.HHH JI,llpa. C 3apJI,llOM Z = 20 H C 3Hep­
rHeH 20 T3B Ha HyKnoH c o~HHaKOBLIM JI.zlPOM. llpHMeM, 
liTO 3HeprHJI BHpTyanLHOrO liJOTOHa paBHa v Z , a ··v , - q 2 H 
<x> HMeiOT paHee HCIIOHL30BaHHLie 3HalleHHJI: 2,62 T3B; 
1,2 T3B H 0,6 .cooTBeTCTBeHHO. Tor,lla nonyliHM: 

2 2 2 2 
W z = M + q + 2 v ZM = 96,24 T3B . 

3HeprHJI7T+ -Me30Ha· B CHCTeMe ~eHTpa·~~acc BHpTyanLHLIH 
liJoToH-npoTOH E * 6y,lleT paBHa:. 1T . 

. 2 . 2 2 
E*=Wz +Mn,-m 77 = 4,95T3B., 

17 •• ···2w ". z 
B CHCTeMe ~eHTpa Mace {3 * = 0,9996; P17* = 4,948 T3B/c. 
<P; > =<x> P

77
* =~4,94a:o,6;2,97 T3B/c:"CKopocTL cHcTeMLI 

~eHTpa MaCe f3c HaH,lleM, HCIIOllL3YJI W- Macey 3TOH CHC­
TeMLI H nonuyro 3HeprHIO B na6opaTopHoii cHcTeMe I=vZ+M: 
f3c=0,983. 
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. HcnonL3yeM cooTHomeHHe /3/ B npe,llnono:lKeHHH cnpa­
Be,llnHBOCTH -MacmTa6Hoii HHBapHaHTHOCTH ,; rrpH, rrepexo.U:e 
OT ;/2/ K /3/ /aHanOrHliHO e-p- CTOHKHOBeHHHM/ MH B3a­
HMO,lleHCTBHH BHpTyanLHoro liJoToH·a~· ao3HHKaromero- 3a .. clleT 
KorepeHTHoro ,lleiicTBHH Bcero 3aps,lla H,llpa. Tor,lla .zlH41--
4Jepeu~HanLHoe celleHJie BLVie'fa n-+ -Me3oHa" B c.~.M. no,ll 
yrnoM (); npH ManLix yrnax nony'IHM 3aMeHoii · · . 

2 . 
dPJ. = L(P*)

2
do. 

1T 
/5/ 

H3 /3/ H /5/ 6y,lleM HMeTL: 

. · 'd a - '(P *)
3

' 
· .-- =2 - a • 0,21. 
.. d 0 * E.* tot -

1T 
. ·+ .. 

,Haii,lleM HHT~pBan. yrnoB BLlneTa_rr -Me30H~ B c.~.M. 
npH pauee BLifipaHHLIX ycnOBHHX: 0.:::;: p .1 .:::;: 0, 02 ; 
0:::: tg()ri- .:::;: P-1. /0,6P1T* • llony'IHM o~,e~ ~2°44 ',llepeXO,llH 
B na6opaTOPHYIO cHcTeMy, 6y,lleM HMeTL: 0.:::;: ()17 <;;.. 15 ' .. - . ; 
P

77 
=·52 T3B/c. . , -

da · · -- = 1234 a ./ cp .. dO , ·• - - tot • ·-
. /6/_~ 

llon:ioe C~lleHHe 3neKTporeHe}J~HHH -:" a tot MO:lK_eT 6LITL 
O~eUeHO Ha OCHOBe 4JopMynLI ,llBOHHOrO .zlH414Jepeii~HanLHOrO 
celleHHH ,llnH pacce.HHHoro 3neKTpoua, cornacHo-,(_3 /, . . . ' ~ , <.. ~ \ "'- . ' ,_ ' ·{ .·. 

_a_2_a-_·_ =· 4~24(E 'T [ .2Wt < v·,q2)-~i~ 2 2e + .w2<_ J.~2) cos?. 2e·;: 
dO 'dE' q . 

B KOTopoii npH -ManLIX. yrnax· () MO:>KHO npeue6peliL llneHoM 
c W1 . W2'_ M' 2 '• .:. 2 . · .; 

2 
. . , . · 

· ···'·····w--· -.· ····-·· ".q,. ··[a ( ···q·}<ra·t ·····q2
)] '·:,--··"'' 

-.·:~:t:.;:·~::.o ~~·~:~·8rr.2aM: .. q,2;:t::v.(,}; ~1:: :: ;~,, :~ :~-~;; .. _,·;;,::,;:· .. ·::·-. 
npHqeM ·npH -q 2 .... 0· a( v ,q2 ) ... 0-.. ,:a aT(·v ,q2 ) ->··aT(O) ;· r,lle 
aT( v ) · ecTL-.nonuoe celleHHe nornomeHHH peanLHoro liJoToHa. 
Cne,lloBaTenLno, B 3THX npH6nH:lKeHHHx: · •. 

d 7r . · _ a(E ') 2 

'd 0 'dE ,. --: 2 rr2M q 2 

w2: 2 -M . 
q 2+ ,; 2. aT (O)~os2 _Q_ 

r ·2·" . /7/· 
./;\ 
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ITocne npeo6pa3oBaHHJI, npeHe6peraJI B /7 I qneHoM __ q_ 

2 8(EE ') 
no cpaBHeHHIO c q 2/ E E , H HHTerpHpyg no e B npe~enax 

2 
0 < 0< arccos(!+ 9 ), 

- - 2EE' 
nony'IBM: 

d a :::: a E ' (W 2 -~ a ( v). 
dE' 277E(q2+v2) T /8/ 

,D;n11 onpe~eneHBJI a tot npoBHTerpBpyeM /8/ no dE 'B npe­
~enax oT E ~o E 'B ocTaBBM OCHOBHoii qneH, Tor~a: 

a • -
tot 

aai0)(W2..,...M2) [fn E2-q2-:-:EE'+E'2 ]. /9/ 
77E 

' llo~cTaBnJIJI B /9/E '= {E ; -q2 == 0,1 ; E =400 ; W -
B cooTBeTCTBBB c /3/ B 6ep11 no ~aHHLIM/S/ aT (0) paBHLIM 
100 MK6apH, nony'IBM: a tot - 3 MK6apH. HcnonL3YJI :no 
3Ha'leHBe B /6/, 6y~eM BMeTL B na6opaTOpHOH CBCTeMe: 

da _ 

dQ17 -
3,7 MK6/cp. 

/OTMeTBM, 'ITO B pa6oTe 161 nonyqeHa <}lopMyna ~n11 ceqe­
HBJI KynOHOBCKOH reHepaiJ;BB 'laCTBIJ; npB CTOnKHOBeHBB 
npOTOHOB C JI~paMB: 

3z_2e4 [ 0 2P/m 17 a- m ], 
477m2c4 [(M2. /m )2-(M/m )2]Al/3 

mm 77 77 

CornaCHO KOTOpOH Ce'leHBe reHepaiJ;BB nBOHOB npOTOHaMB 
c :meprBeii 20 T3B Ha JI~pe xanLIJ;BJI cociaBBT -230MK6a/m/. 

B npoae~eHHOM pac'leTe nony'leHa aepxHJIJI oneHKa . 
Ce'leHBJI, T.K. He 6LinO Y'ITeHO BnBJIHBe <}JopM<}JaKTOpa npOTO­
Ha /B JI~pa/, KOTOpbiH ~eHCTByeT B CTOpOHY CHIDKeHBJI ceqe­
HBJI. O~Haxo BnBJIHHe lllopM<}laxTopa yMeHLwaeTcJI c yMeHL­
weHBeM I q2 ! , B Hao6opoT, ce'leHBe :meKTporeHepan;BB-aT 
yaenB'IBBaeTCJI /B no ~aHHbiM/7 / MOHOTOHHO/ C yMeHLWeHB­
eM lq2 !. 

8 

B ·pa6(>Te /S/, npB COBna~alOlllBX C BCnOnL30BaHHbiMB 
B HaweM pac'leTe 3Ha'leHBJIMB W, -q 2 /2,15 T3B 
B 1,~88 T3B ~c 2/ noxa3aH poeT ~B<ll41epeHIJ;BanLHoro ce-

. da 2 
'leHBJI dO x B - 2,5±0,15 pa3a npBnepexo~eK -q =0,396. 

HaBoo.liee xpBTB'IBLIM ~n11 c~enaHHoii oneHKB ce'leHBJI 
JIBnJieTcJI, o~Haxo, He <}lopM<}laxTop, a npe~nono)l(eHBe o 
KOrepeHTHOM ~eHCTBBB npOTOHOB JI~ep B MO~enB BBp­
TyanLHOrO. <}loToHa, npoaepxa. qero npe~cTasnJI~T ~aMOCTOJI­
TenLHLiiiHiiTep~c.~·-.i_ ;:;:: ·:?'·.:. ,,-·, ·-·',:. ~-,-;.·,~·: 1,_ 

..._ ' "'---;- ~ r , .. i 
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