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!13 ananH38 UBHHblX, nony'lei!Hb!X Ha ny'IK8X nefrTpHIIO Bb!COKHX 

3HeprHil, Hailnena BepXHSI!I rpaHHUB S<jl<jleKTIIBHOH K.fHCT8HTbl B38HMOL!ei\CTBHSI 

MelK!lY HeiiTpHHO, Fvv . noKa3aHo, 'ITO F.,.,<2.8-10 G:sTa rpa!!I!Ua Ha 

nop!!UOK HHll<e cyrueCTBOBBBWeil UO CHX nop BepXHei\ rpaHHUbl KOHCTBHTbl F VV 

Pa6oTa Bbmonueua B na6oparopHH TeopeTH'IeCKOll <IJH3HKH Of-HII1. 

npenpRHT 06beLlHHeHHOro RHCTRTYT8 SIUepHblX HCCnenOBBHHli. [[y6Ha 1978 

Bilenky S.M., Dadajan N.A, Khristova E.Ch. P2 • 11365 

Neutrino Processes at High Energies and v- v -Interaction 

Based on analysis of data obtained on high energy neutrino 
beams, an upper limit for effective constant of v-v interaction 
F vv has been determined. It is shovvn that Fvv <2.8-10~0: 
this limit is by an order lower, as compared to the existed 
hitherto limit for the constant F vv. 

The lnvestigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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TOKOB He-J. 0TKpbiTHe B 1 ~73 roJJ,y Heii:TpanLHbiX 

COMHeHHO, CBH)J.eTeflLCTByeT 0 TOM, 'ITO B3aHMOJJ.eii

CTBHe HeiiTpHHO H a)J.pOHOB H HeiiTpHHO H nenTOHOB 

JIBllJieTCJI cna6b1M. \.ITO H3BeCTHO 0 B3aHMO)J.eHCTBHH HeiiT

pHHO C HeiiTpHHO '! 
HecKonLKO neT ua3aJJ. B pa6oTax

1 1
•
2

: 6Lino o6pameuo 

BHHMaHHe Ha TO, 'ITO )J.aHHble OllbiTa He ll03BOllJIIOT HCKnro

'IHTb aHOMallLHOrO BeCLMa CHllbHOro B3aHMO)J.eHCTBHJI Me)I{

JJ.Y ueiiTpHHO. AHallH3 )J.aHHbiX DO pacna)J.aM DHOHOB H Kao

HOB, a T&K)I{e nepBbiX ueiiTpHHHbiX JJ.&HHbiX LJ.EPHa llOKa-

3an'l' 'ITO 

F <2·10HG. ,_,,_, /1/ 

r)J.e F'"' - 3ciMlleKTHBH&JI KOHCT&HTa ,, _,, B3aHMOJJ.eiicTBHJI, 

a G - KOHCT&HT& <J>epMH. 

B 1973 ro)J.y c uenLro noucKa u-- v -a3aHMOJJ.eiicTBHJI 

6bln nocTaaneu cneuuanLHblii 3KcnepuMeHT. B 3TOM ooLITe 

BellCJI DOHCK pacna)J.a 

K + t -... 11 (I J/ ,,. ' 
p. 

/2/ 

KOTOpWi: MOr 6W Ha6moJJ.&TbCJI, ecnB 6w Me*AY Beii:TpHHO 

BMenocL JJ.OCT&TO'IBO cBnLBOe B3&BMOJJ.ei:CTBBe. PacnaJJ. 

/2/ ae 6bln ua6moJJ.eH u 6Lina nonyqeua cneJJ.YJOIU&Jl aepx

HJIJI rpau&ua oTuomeHBJI B ( K+ • p. + v P. vii ) sepoJITHOCTB 

pacn&JJ.a /2/ K nonuoi: aepoJITHOCTB pacn&JJ.a K+- Me3oHoB 

B(K + --p.+ vv)-: 6·10-6 /3/ 
l' 

IL 
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3TH ~aHH.We D03BOJJBJJB DOHB3BTit H& DOpJI~OK DO CpaBHeHB10 

C /1/ BepXHIOIO rpaHBUY 3<WleKTBBHOH KOHCTaHT.W v -v -
B3aBMo~eicTBBJI. HMeuuo, B3 /3/ cne~yeT, 'ITO 

F <1.7.10 5 0 
vv /4/ 

rpaHBUa /4/ OCTaBaJiaCit ~0 CBX DOp JIY'IWeH Bepxuei rpa

HBUeH F' vv . B nocne~uee speMJI rpynnoi CTeiu6eprepa 

B U.EPHe 
141 

nonyqeubl HOBble ~auu.we ua ny'IKax ueiTpauo 

BbiCOKBX 3Heprri. B aacTOJIIUei pa6oTe c uenLJO nony'leHBJI 

BH4JOpM&UBB 0 v- F - B3&BMO~eHCTBBB 3TH ~aHHble auaJJB-

3BPYIOTCJI. Mbl DOKa:>KeM, 'ITO y'leT BOBbiX HeHTpBBHbiX 

~aHHbiX D03BOJJJleT npa6nB3BTen~ouo ua nopJI~OK yny'IWBTL 

rpauauy I 4/. 

2. raMBJJitTOHBaH v- v -B3&BMO~eHCTBBJI 3aDBWeM B 

BB~e 

}{ v v 
= F vv (v o ,, )(V" o v )· 

y2 fl a fl ll a ll 

3~ec~o 

0 
a =ya (a+by5) 

/5/ 

/6/ 

I a a b - napaMeTpbl/. O'leBB~Ho, 'ITO B nop.H~Ke F G 
vv 

B03MO:>Keu npouecc /eM. ~aarpaMMY/ 

v + N _. p. + + v + v + a~poubl. 
ll ll ll /7/ 

B 3KCDepBMeHTe
141 

BeJJBCL DOBCKB fl+ -Me30HOB, KOTO

pble Morna 6bl o6pa30B&TitC.8 npB B3&BMO~eHCTBBB HeiT

pBHO c uyKnouaMB. M.w acnonJ.3yeM pe3ynJ.TaT.w 3Toi pa-

6oTbl AJIJI nony'leHBJI BepxHeH rpaHBUbl 34Jq,eKTHBHOH KOH

CT&HTbl v-v -s3aHMO~eicTBBJI. TaK KaK 3HeprHH ueiTpa

HO B 3KCnepBMeHTe 14 1 AOCTBraJOT - 200 F3B, TO H3 3THX 

~HHwx MO)l(HO ua~eJITitCJI nony'IBTit 6onee lKeCTKoe orpa

HB'Ieuae H& ICOHCTaHTY F vv , 'leM /4/, /"He'lyBCTBHTenJ.

HOCTit" ~&HBLIX DO p&CD&A&M DBOHOB H IC&OHOB IC BeJJH'IHHe 

ICOHCT&HT.W F v v CB.83&H& C M&nbiM CT&THCTH'IeCICHM BeCOM 

COOTBeTCTB~X IC&H&JIOB p&CD&A&/. 

4 

llepei~eM K Bbi'IBcneuaro ceqeuuJI npouecca /7 I. Hu

TepecyroJUa.H uac qacTL raMBJILTOHBaHa cna6oro B3aBMO

~eHCTBH.H HMeeT BH~ 

}{ G -~--:::.(v y (1+y )fl)j +h.c., 
y2 11 a 5 a 

/8/ 

r~e j a - 3ap.H:>KeHHbiH cna6bli TOK. MaTpB'IHbiH :meMeHT 

npouecca /7/ ~aeTc.H Bblpa:>KeuueM /eM. ~uarpaMMY/ 

G F -
< f I S I i > = 2 -= ~v N [ ( u (k 2 ) 0 a u (k)) x 

y2 y2 

x(u(k )0 ..Ly,Q(l+y )u(-k ') 
1 a{( fJ 5 

- c k 1 .::• k 2 ) l < P , I J a I P > c 2 7T ) 4 o CP , - P - q ) . /9/ 

3~eCL k H k 1 , k 2 - COOTBeTCTBeHHO HMDYJILCLI Ha'laJIL

HOrO B KOHe'IHbiX HeHTpHHO, k' - BMDYJILC fl+ -Me30Ha, 

p - HMDYJILC uaqaJILHOrO HYKJIOHa, p' - CYMMapHbiH BM

nyJILC KOHe'IHbiX a~pOHOB, K ~ k 1 + k 2- k , q - nepe~aHHbiH 
BMnynLc ( q = k- k 1- k 

2
- k '); N - npoB3Be~euae cTau~apT

HbiX MHO:>KHTeneH, OTBe'laiOIUBX BHeWHHM JieDTOHHbiM JIH

HH.HM ~aarpaMMbl. TaK KaK cnapanLHOCTL uaqanLuoro ueiT

pauo paBHa - 1, TO 

( u (k 
2 

) 0 a u ( k) )( u (k 1 ) 0 a +.- y r:P t- y 5) u (- k ' ) ) 
K 

b 2 -
=(a;_) (u(k 2)ya (1 + y

5 
)u (k))(u (k 1 )ya(l+y

5
) x 

x~ yf3(1+y
5
)u(-k ')) =r'f3(k 2 . k 1 .... ). /10/ 

HMeeM TaK>Ke 

•rik2,k1···· )~-rrikt,k 2' ... ). /11/ 
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0TMeTHM, qTO 3TO COOTHOWeHHe MO~HO nonyqHTL C no
MOIQLIO npeo6pa3osaHHJI <l>upua. 

BLiqucneHHe nenToHHoro mHypa 3HaquTenLHO ynpo
I.QaeTCJI, ecnH HCDORL30BaTL COOTHOWeHHe 

y y y ,(1+y ) ... y y, y ,(1+y )= 
apa 5 ap a 5 

= 4 0 , y (1 + y ) ... y (1 + y ). 
PP a 5 a 5 1121 

cnpase.n;nusoe TaiOKe H B cnyqae, ecnu MaTpHUbl, pacnono
~eHHLie JJ;O H DOCne MHOrOTOqHJI, JJ;eHCTBYIOT Ha pa3HLie 
nepeMeHHLie IB HaWeM cnyqae HaXOJJ;JITCJI B pa3HLIX Wny
paxl. )l;nJI ceqeHHJI npouecca 17 I nonyqaeM cne.n;yJOI.Qee 
BLipa~eHHe: 

a"" ( _:u.Q_ )4 F 2 G 2 2 7 __ 1 __M_ x 

2 vv (2 17 ) 8 !Pk! 

x ! f L af3 ( k , k 1 , k 2 , k ' ) o ( k 1 + k 2 + k '- k + q ) W a{iP, q ) x 

-> -> -> 
dk 1 d k 2 d k , 

X------- dq 
k 10 k 20 k 0 . 

1131 

3.n;ecL 

2 k k 
L aff k , k 1 , k 2 , k ' ) ~ --1~ [ 2 K k ( k ~ K 8 - k ' K o af3 + 

K 

+ K k ~ + e ~ k, K ) - K 2( k , k ~ -0 ~k, k + 
a fJ a~" p a p a a fJ afJ 

+ k k' +e k' k )). 
a f3 af3 pa p a 

1141 

W af3- CTaH.n;apTHLIH TeH30p, xapai<TepH3YIOIQHH a,n;pOHHYIO 
qacTL ceqeHHJI rny6oi<oHeynpyroro B3aHMo.n;eiicTBHJI HeiiT
PHHO c Hyi<nouow. HMeeu cne.n;yiOI.Qee o6I.Qee pa3no~eHue 

6 

-> 
1 d k1 
2 I Laf3o(kt +k2 +k' -k+ q) kto 

dk2 dk
4

' 

-- --;-,..- = 
k 20 k 0 

I 
I 

I 

q qf3 
= b e ~ q k +a (o ~ - --.JL_) + 

a fJ pa p a 1 afJ q 2 
II 51 

+ a ( k -~ q )( k ~- ..9!_2 q ~ ) + a
3 

q q ~ + a
4 

(k q~ + q kr-.). 
2 a q2 a fJ q fJ a fJ a fJ a f3 

3,n;eCL b H a i - ciiYHI<UHH HHBapHaHTOB q k H q 2 . 
llpH paCCMOTpeHHH W a{3 MLI orpaHHqHMCJI napTOHHLIM 

DpHfin~eHHeM lnapTOHHaJI MOJJ;enL, I<ai< H3BeCTHO, D03BO
RJieT YJJ;OBReTBOpHTenLHO ODHCaTL npai<THqeCI<H BCe HMeiO
UUieCJI HeiiTpHHHLie .n;aHHLiel. B 3TOM npu6n~eHHH 

W af3q a"' W af3q {:f' 0. 1161 

113 I 161 cne.n;yeT, qTo TOnLI<O nepsble TPH qneHa pa3no~e
HHJI 1151 .n;aiOT BI<na.n; B ceqeHue. HcnonL3yJI MeTo.n;LI 
I<osapuaHTHoro HHTerpuposaHHJI, .n;nJI senuqHH a 1 ,a 2 no
nyqaeM BLipa~eHHJI 

a 1 = (2 17 ) 
2 ~- [ (2 q k + q 

2 
) ln ~ + 2 ( -2 q k + q 2 ) ] , 

12 q 

a = (2 17 ) 
2 _L J::g_g.!u:..._g__:L.:_ . 

2 12 8qk 

HMeeM Tai<~e 

b,.~. 
2q k 

1171 

1181 

HcnonL3YJI napTOHHoe npu6n~eHHe .n;nJI ycpe.n;HeHHoro no 
P H n nonHoro ceqeHHJI npouecca 171, H3 1131 H 1141 
nonyqaeM 

a = ( ..2..±JL )4 F 2 G 2 2 5 _1 ___ 1_ x 

2 vv (217) 7 ME 2 

2 2 
x fl [_L- (1-1M.~ )a 1 + 2 E (EMx-qk)a ]F

2 
(x) 

Mx q2 q 2 2 

k q2 
+ ( -2 Ex+ _q_ ) b F (x )I -

2 
dq 2dx d ( q k ). 

M 3 X 
1191 
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B 3TOM Bhlpa>KeHHH E - 3HeprHJI ueiiTpuuo a na6opaTop-

2 
HOB CHCTeMe, X= -L-. llepeMeHHble HHTerpHpOBaHHJI Me-

2M,, 

HJIJOTCJI B npe.IJ.enax 

2 
.Lq 2 <qk< __9 __ E h/1-t 
2 - - 2 Mx 

q2 
---<X~ 1, 
2ME 

O~q 2 _s:2EM. 

4M2x2 -1]. 
q2 

CTpyKTYPHLie cl>YHKIJ.HH HMeJOT BH.II. 

F
2 

(x)=q(x) +q(x), 

F (x)=-q(x)+q(x) 
3 

1201 

1211 

lci>YHKIJ.HH q (X) H q(x) xapaKTepH3YJOT, COOTBeTCTBeHHO, 
pacnpe,II.eneHHJI napTOHOB H aHTHDapTOHOB B HYKllOHel. 
Y1fHTLIBaJI BKlla,I\ TOllLKO U H d KBapKOB, HMeeM 

q(x) = xu(x) +Xd(x). 

q(x)=XU(X)+Xd(x). 

1221 

Bhl1fHcneuue TpexKpaTHoro HHTerpana npoBO.IJ.HnocL ua 
3BM. llpH "3TOM .IJ.llJI cllyHKIJ.HH pacnpe,II.eneHHJI napTOHOB 

MLI HCDOllL30BanH napaMeTpH3aiJ.HH 

8 

3 3 --
xu(x)=(1-x) !. (ak+y'xbk)Ck(x), 

k=O 

4 3 -
xd(x)=(1-x) !. (a' +v'xbk')Ck(x) 

k=O k 

xu(x) z0,17(1-x)10 

- 7 
X d (X) = 0,17 (1- X) , 

1231 

npe,I\llO>KeHHLie B pa6oT/ 51 *. 3,I\eCb Ck (x )=COS ( karc COS (2x-1))
DOllHHOMbl qe6Liweaa. 3Ha1feHHJI napaMeTpoa ak , b k , a k , 

i51 b' npHBe.IJ.eHLI B Ta6nuu.e IV pa6oTLI · 
k 

llepeiiAeM Tenep:t. K o6cy>K,I\eHHJO 3KcnepuMeHTan:t.HbiX 
AaHHbiX. B pa6oTe 14 1 H3y1fanuc:t. ue:iiTpHHHLie co6LITHJI ua 
DY1fKe HeiiTpuuo oT ycKopuTenJI U.EPHa SPS. liLino ua6nJO
AeHo 36000 IL--co6LITHH a 23 11+ -co6LITHJI. Bee ua6nJO
.IJ.eHHLie p. + - C06biTHJI MOryT 6LITL 06'LJICHeHLI ci>OHOBLIMH 
npou.eccaMH lnpuMecL ;:;

11 
a nyqKe ue:iiTpHHO, pacnaALI 

"+ H K+ -MeJOHOB, o6paJoBaHHLIX B npou.eccax c ueiiT
panLHbiMH ToKaMH H AP·I. H3 3THX AaHHLIX MO>KHO nony
quyJ. BepXHJOJO rpaHHIJ.Y OTHOWeHHJI R Ce1feHHJI npou.ecca 
17 I K ceqeHBIO npou.ecca 

v + N ... 11 
11 

HMeeM 

+ a,I\pOHLI. 

-4 R<2,5-10 . 

1241 

1251 

C yqeToM cneKTpa ueiiTpHHO, H3 1251 nonyqaeM cne.IJ.yJO
lQYJO BepXHJOJO rpaHHIJ.Y KOHCTaHTLI v-v -BJaHMO,II.eHCTBHJI 

F < 10
4 

G vv 

(a= b = 1 . V-A aJaHMO.IJ.eiicTBHe 

F < 2.8·10 4 0 vv 

( b .. 0, a 2 = ,/2-. V- B3aHMO,I\eHCTBHe. 

l26al 

12661 

0TMeTHM, 'ITO .IJ.llJI ceqeHHJI npou.ecca 1241 npHHHManocL 
BLipa>KeHHe I 7 I 

-38 2 ~E __ 
u "'0,83 ·10 CM T3B 

fl. 
1271 

* Bb11fHcneuua 6blnH npoAenauLI TaiOKe u .IJ.lli napa
MeTpH3aiJ.HH I 61 .YHKIJ.U q(x) B Q(X). 3Ha1feHBI Ce1feHHI 
npo.uecca 11 I nps 3TOM npaKTB1feCJCB Be B3MeHBJIBCb. 
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CpauuaBa.R /266/ c rpauaueii /4/, nony'leuuoii H3 pe3ynb
TaToB 3KCnepaueuTa '3/ no noacKy auouanbuoro F-v -

B3aRMO)J.eHCTBB.R, Mbl 3aKJIIO'IaeM, 'ITO )J.aHHble HeiiTpHHHbiX 
OllbiTOB npa BbiCOKBX 3HeprH.RX D03BOll.RIDT npHfillH3HTenb· 
HO Ha nop.R)J.OK DOHB3HTb BepXHIOIO rpaHHUY 34MtleKTHBHOH 
KOHCTaHTbl l' -v - B3aBMO)J.eHCTBH.R. 

3. B Teopaa Baiiu6epra-Canaua '8 ' B3aauo.o.eiicTBHe 
MelK.D.Y ueiiTpauo B03HHKaeT 3a c'leT o6ueua ueiiTpanb
HbiM Z ·6030HOM. 34MtleKTHBHbiH raMHllbTOHBaH I'- l' -

B3aBMO)J.eHCTBH.R HMeeT npH 3TOM BH)J. 

l'Jl 
~ G ...1.. (;; y (1 + y h' X p )' (1 l- y ) I. 

..; 2 4 P. a 5 11 IL u 5 /L 
/28/ J( 

TaKRM o6pa30M, B cny'lae cTau.o.apTuoii Teopaa 

1 (F ) "'- G , (a= b "'1 ) . 
l'l' w.s. 4 

/29/ 

llpouepKa /28/ aa onbiTe npe.o.cTaanxna 6bl 6onbwoii au
Tepee. Hawa pac'leTbl noKa3b1Ba.IOT, o.o.uaKo, 'ITO accne
JJ.OBa.HBe v -1' ·B3aBMO)J.eHCTBB.R C KOHCTaHTOH /29/ )J.alKe 
Ha llY'IKaX HeiiTpBHO YllbTpaBbiCOKHX 3Hepraii - 3a)J.a'la 
'lpe3Bbl'laiiuoii TPYJJ.HOCTB /uanp., npa E = 2000 r3B 
R = 0,2.10-9/. v 

kz \ ~, 

k 

p 

AuazpaMMa npo11ecca v + N .... p. + + v + v + a(}poHw. 
p. p. p.. 

10 

r 

Mbl xoTenu 6bl 3aKOH'IHTb cnellyiDWHM 3aMe'lauueM. 
B HellaBueii pa6oTe 9, 6bma npellJIOlKeHa aJibTepuaTauuax 
MOlleJib CJia6oro B3aHMOlleHCTBHH, 3KBHBaJieHTHaH CTau
llapTHOH TeOpHR B TOM CMbiCJie, 'ITO OHa no3BOJIHeT ona
CaTb BCe CYWeCTBYIDWBe 3KCnepaMeHTallbHble llaHHble, BKJIIO· 
'laX llaHHble no HeiiTpaJibHbiM TOKaM. B TaKOH TeOpBR 
34lc~JeKTRBHaH KOHCTaHTa B3aRMOlleHCTBRH MelKllY HeHTpR
HO MOlKeT OKa3aTbCH OTJIR'IHOH OT /29/. 

HaM npaxTuo no6naro.o.apRTb C . .H.lianeHbKYID 3a 6onb
wyro noMOWb npa npoBelleHRR pac'leToB, a TaKlKe li.M.Ilou
TeKopuo, ,ll;.IO.liap,naua R r .B.MauenbMaxepa 3a BeCbMa 
none 3Hble o6cylK,neuax. 
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