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we have c0mputed the pr0duct10n cr055 5ect10n 0f 119ht vect0r me50n51n c0njunct10n w1th mu0n5 at LEP. Cr055 5ect10n5 are 
0 (0.1 p6 ) and f0rm a 5ma116ut 1rreduc161e 6ack9r0und t0 the 5earch f0r 119ht H1995 part1c1e5. 

7he  pr0ce55 e+e ---,~t+~t - +hadr0n5  15 0f  1ntere5t 
51nce 1t 15 the ma1n 5tandard m0de1 6ack9r0und t0 
H1995 pr0duct10n and decay v1a the 8j0rken [1] 
mechan15m. A1th0u9h recent LEP re5u1t5 a1ready ru1e 
0ut the 5tandard m0de1 H1995 1n the ma55 ran9e 
32 MeV-24 6 e V  [2 ] 1t 15 5t111 u5efu1 t0 ca1cu1ate what 
H1995 cand1date event5 w111 6e 9enerated 6y 5tandard 
m0de1 pr0ce55e5.5uch 1nf0rmat10n 15 needed, f0r 1n- 
5tance t0 p1ace 11m1t5 0n p055161e n0n-5tandard 
H1995e5, f0r wh1ch the c0up11n95 t0 ferm10n5 are n0t 
c0n5tra1ned 11ke the c0up11n95 0f  the 5tandard H1995. 

1f the 1nvar1ant ma55 0f  the hadr0n1c f1na1 5tate 15 
h19h en0u9h 0ne can u5e pertur6at1ve QCD and the 
cr055 5ect10n may 6e ca1cu1ated 6y c0n51der1n9 4uark 
and 91u0n f1na1 5tate5 [ 3 ]. 7h15 15 n0t the ca5e f0r 
119ht hadr0n5, where an a1ternat1ve appr0ach 15 re- 
4u1red. A 501ut10n 15 t0 c0n51der the pr0ce55 
e~e---,1x+~t+7*, where the 0ff-5he11 ph0t0n 15 c0n- 
verted 1nt0 a hadr0n1c f1na1 5tate. 7h15 pr0ce55 15 
d0m1nated 6y the pre5ence 0f  the p, t0 and ~ vect0r 
me50n re50nance5 [ 4 ]. 7heref0re we c0n51der 1n th15 
paper the tree 1eve1 cr055 5ect10n5 f0r the pr0ce55e5 
e+e - -~ t  +~t-p, t0, t~. 7he  cr055 5ect10n5 are ca1cu1ated 
1n the v1c1n1ty 0f the  2 re50nance u51n9 vect0r me50n 
d0m1nance (VMD)  [ 5 ]. 

7he  feature 0f  the V M D  hyp0the515 that 15 m05t 
re1evant f0r u5 15 the a55umpt10n that an 0ff-5he11 

ph0t0n w1th the r19ht 1nvar1ant ma55 15, up t0 a d1- 
men510n1e55 c0up11n9 c0n5tant, a va11d 1nterp01at1n9 
f1e1d f0r a vect0r me50n. We have then, an 1nterac- 
t10n 0 f the  f0rm em2v/fv VuA~, wherefv  15 the decay 
c0n5tant 0f the  vect0r me50n. A5 15 5h0wn 1n ref. [ 5 ] 
th15 term 1n the 1nteract10n 1a9ran91an v101ate5 9au9e 
1nvar1ance, 6ut can 6e c0m61ned w1th a ph0t0n ma55 
term t0 91ve accepta61e 9au9e 1nvar1ant re5u1t5 1f the 
ph0t0n c0up1e5 0n1y t0 c0n5erved current5. 7he  pr0- 
cedure 15 e4u1va1ent t0 1ntr0duc1n9 a current-current  
m1x1n9 0f  the f0rm Fu~(0uV~ - 0~Vu) 1n the 1a9ran- 
91an. 7he  c0n5tant fv  15 re1ated t0 the decay w1dth 
Fve 0f  the me50n t0 tw0 e1ectr0n5 6y the f0rmu1a 

Fe v - 42ca2 Mv.  ( 1 ) 

7he  Cr055 5eCt10n f0r VeCt0r me50n pr0dUCt10n Can 
n0W 51mp1y 6e 06ta1ned fr0m the eva1Uat10n 0f  the 
tree 9raPh5 f0r e+e - - -~+k t -7* ,  W1th the re1evant 
C0nVer510n fact0r fr0m the VuA u C0Up11n9 f01ded 1n. 
We ne91ect 9raPh5 C0nta1n1n9 V1rtUa1 ph0t0n5 1n the 
5-Channe1 51nCe at LEP ener91e5 v1rtua1 2 eXChan9e 15 
d0m1nant. 7h15 1eaVe5 U5 W1th a t0ta1 0f  f0Ur 
Feynman 9raPh5, tW0 Where the VeCt0r me50n 15 pr0- 
duced 6y 6rem55trah1un9 fr0m the 1nc0m1n9 e1ectr0n 
0r p051tr0n and tw0 fr0m f1na15tate rad1at10n. 1n 60th 
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ca5e5 a rea1 0r v1rtua1 2 15 pre5ent 1n the 5-channe1. 
7he 9raPh5 are 5h0wn 1n f19. 1. 

1n pr1nc1p1e 0ne can a150 c0n51der the p05516111ty 0f 
the vect0r me50n 6e1n9 rad1ated fr0m the 2 pr0pa- 
9at0r 0r 0f a 2 6050n c0nvert1n9 t0 a p, 6ut the5e pr0- 
ce55e5 are 5uppre55ed 6y d15crete 5ymmetr1e5 0r extra 
fact0r5 0f 6F and can 5afe1y 6e ne91ected. A5 a further 
appr0x1mat10n we ne91ect the ma55e5 f0r the 1nc0m- 
1n9 and 0ut901n9 1ept0n5. We checked numer1ca11y 
that ne91ect1n9 the mu0n ma55 91ve5 n0 519n1f1cant 
dev1at10n fr0m the re5u1t5 where the mu0n ma55 15 
kept. We w0rk 1n the narr0w w1dth appr0x1mat10n, 
wh1ch 15 ju5t1f1ed f0r the c0 and ¢ and f0r the p t0 
w1th1n a60ut 20%. We a150 19n0re a11 c0mp11cat10n5 
due t0 t0-p m1x1n9 a5 we d0 n0t expect th15 t0 519n1f- 
1cant1y affect the t0ta1 cr055 5ect10n5. 7he re5u1t1n9 
matr1x e1ement5 were 9enerated 6y the 5ym6011c ma- 
n1pu1at10n Pr09ram5 F 0 R M  0f J.A.M. Verma5eren 
and 5CH00N5CH1P 0f M.J.6. Ve1tman. 7he 
expre5510n5 are t00 c0mp11cated t0 6e 91ven here. 

W1th the a60ve appr0x1mat10n5 a 51mp1e f0rmu1a 
can 6e 91ven f0r the t0ta1 decay w1dth 0f a 2 6050n 
1nt0 tw0 mu0n5 and a vect0r me50n 0f ma55 Mv and 
decay c0n5tant fv: 

F(2-- ,V9 + 9 -  ) 

, a 3 { [ 1 - 4  51n2(0w)]2+ 1} 

X [ 4 1092(M2/Mv) - 6 109(M2/Mv) + 5 -  n2/3 ]. 
(2) 

W1th th15 f0rmu1a we f1nd a decay w1dth 
F ( 2 - , V 9 + 9  - ) 0f22, 1.8 and 2.8 keV f0r p, c0 and ~, 
re5pect1ve1y. 7he t0ta1 cr055 5ect10n f0r f1na1 5tate 
rad1at10n can 6e ea511y f0und fr0m f0rmu1a (2) 6y 
51mp1y mu1t1p1y1n9 the kn0wn cr055 5ect10n 
a(e+e---,9+~t - )  w1th the rat10 0f decay w1dth5 
F ( 2 - ,  Vrt + rt - ) /F(2-- ,  ~t + ~t - ). 

F0r 1n1t1a1 5tate rad1at10n a 51mp1e f0rmu1a ex15t5 
f0r the 1nvar1ant ma55 d15tr16ut10n 0f the mu0n5 

da1n 7~0/4 

d9 - 24 51n4(0w) c054(0w) f2v 

{ [ 1 - 4  51n2 (0w)]2+ 1}2 
X (9~M~)2+M~F~ 

[(9(5+9+m2v) 9 

× D, 5-9-m 7 

X 109 ~ ~  ~, ~ v ) ]  

~;t ~/~(5, ~, m~v).] , 
5 2 J (3) 

w1th 

)1.(X, y,  2) =X2 + y2 + 22-- 2Xy-- 2X2-- 2y2. 

7he t0ta1 cr055 5ect10n c0n515t5 e55ent1a11y 0f the 
5um 0f the c0ntr16ut10n5 0f1n1t1a15tate rad1at10n and 
f1na1 5tate rad1at10n. 7he 1nterference 6etween 1n1t1a1 
and f1na1 5tate rad1at10n 15 never 1ar9er than 1% and 
t0 w1th1n the accuracy 0f 0ur M0nte Car105 15 0, a5 
0ne w0u1d expect f0r a t0ta1 cr055 5ect10n ~1. F0r m05t 
ener91e51n the ran9e we have c0n51dered, the 6u1k 0f 
the cr055 5ect10n c0me5 e1ther fr0m 1n1t1a1 5tate 0r f1- 
na1 5tate rad1at10n; f1na1 5tate rad1at10n 6e1n9 d0m1- 
nant f0r 10w ener91e5 and 1n1t1a1 5tate rad1at10n f0r 
ener91e5 much 1ar9er than the 2 ma55.1t 15 0n1y ar0und 
93 6eV that the tw0 c0ntr16ut10n5 are c0mpara61e. 

Wh11e the a60ve f0rmu1a5 repre5ent 51mp1e re5u1t5 
f0r the t0ta1 cr055 5ect10n5, they are n0t d1rect1y u5e- 
fu1 f0r a c0mpar150n w1th exper1ment, where 0ne 
make5 50me cut51n 0rder t0 have c1ear1y 1dent1f1a61e 
event5.70 9et 50me 1dea 0f the effect 0f exper1menta1 
cut5 0n the cr055 5ect10n5 we have repeated the ca1- 
cu1at10n w1th the 0PAL [ 6 ] cut5 f01ded 1n. 7he m05t 
re1evant cut5 are 

(a) the c051ne 0fthe an91e made 6y each 0fthe f1- 

a~ We are 1nde6ted t0 K.J.F. 6aemer5 f0r p01nt1n9 th15 0ut t0 u5. 

2 --1x- ~ ~=== 

F19. 1.7he var10u5 9raph5 c0ntr16ut1n9 t0e+e - -*V9•9 - 1n the v1c1n1ty 0fthe 2 re50nance. F0r c0nven1ence 0n1y 0ne 0fthe 9raph5 ha5 
the part1c1e51a6e1ed. 
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na15tate part1c1e5 w1th the 6eam ax15 mu5t n0t exceed 
0.8, 

(6) the me50n mu5t make an an91e 0 fa t  1ea5t n/6 
w1th each 0f the 1ept0n5, and f1na11y 

(c) the 1ept0n ener91e5 mu5t exceed 10 6eV. 
7he cr055 5ect10n5 1n the ran9e 80-110 6eV are 

5h0wn 1n f19. 2. 0ne  n0t1ce5 that the 5hape 0fthe cr055 
5ect10n ar0und the 2 peak 15 a5ymmetr1c. 7he cr055 
5ect10n r15e5 4u1ck1y appr0ach1n9 the 2 ma55 fr0m 10w 
ener91e5, 6ut fa115 0ff 510wer at h19h ener91e5.7h15 ta11 
effect 15 we11 kn0wn fr0m the ph0t0n1c rad1at1ve c0r- 
rect10n5 t0 the 2 11ne 5hape. 7he a6501ute 512e 0f the 
cr055 5ect10n at the 2 peak (91.1 6eV) ,  0.15 p6 w1th 
and 0.52 p6 w1th0ut cut5 f0r the p part1c1e, make5 the 
pr0ce55 v15161e at LEP 1um1n051t1e5. 0ne  expect5 
r0u9h1y 20 event5 per 100 p6-1, tak1n9 a150 the (0 and 

1nt0 acc0unt. 7h15 num6er 15 n0t 519n1f1cant a5 a 
6ack9r0und t0 5tandard m0de1 H1995 detect10n, wh1ch 
ha5 a cr055 5ect10n 0fa60ut  15 p6, 6ut ha5 t0 6e kept 
1n m1nd 1f 0ne w15he5 t0 c0n51der m0re ex0t1c 
p05516111t1e5. 

F1na11y we remark that the re5u1t5 der1ved a60ve 
cann0t d1rect1y 6e carr1ed 0ver t0 f1na1 5tate5 w1th 
e1ectr0n-p051tr0n pa1r5. F0r f1na1 5tate5 w1th e1ec- 
tr0n-p051tr0n pa1r5 extra 9raph5 c0rre5p0nd1n9 t0 ra- 
d1at1ve 8ha6ha event5 are pre5ent. 5uch pr0ce55e5 
have 6een c0n51dered at 10wer ener91e5 [ 7 ] and 1n 

the a5ympt0t1c 11m1t [ 8 ]. Fr0m the re5u1t5 0f ref. [ 8 ] 
0ne expect5 a t0ta1 cr055 5ect10n 0f a60ut 0.8 n6 at 
LEP ener91e5, f0r the pr0duct10n 0f vect0r me50n51n 
a550c1at10n w1th e1ectr0n5. 7h15 15 c1ear1y far 6199er 
than the pr0duct10n v1a the 5-channe1 2 6050n 9raph5. 
H0wever, a5 the 6u1k 0fthe cr055 5ect10n 15 9enerated 
6y 9raPh5 w1th an a1m05t rea1 ph0t0n 1n the t-chan- 
ne1, there 15 a pr0n0unced f0rward peak. H0w much 
0f the cr055 5ect10n w111 5urv1ve exper1menta1 cut5 15 
5tr0n91y dependent 0n the exper1menta1 5etup and 
cann0t 6e ea511y e5t1mated fr0m the d1fferent1a1 p10t5 
1n ref. [ 7 ], 51nce th15 ca1cu1at10n 15 at 10wer ener91e5. 

1n c0nc1u510n we have u5ed vect0r me50n d0m1- 
nance t0 c0mpute the pr0duct10n cr055 5ect10n5 0f 
119ht vect0r me50n5 at LEP1 1n a550c1at10n w1th a 
mu0n pa1r. W1th the pr0jected 1um1n051t1e5 exper1- 
menta1 detect10n 15 fea5161e. 7he pr0ce5515 un1mp0r- 
tant a5 a 6ack9r0und t0 the 5tandard m0de1 H1995, 
6ut c0u1d p1ay a r01e 1n m0re ex0t1c ca5e5. 7he pr0- 
duct10n 0f vect0r me50n5 w1th an e1ectr0n pa1r de- 
5erve5 a further 5tudy 1nc1ud1n9 rad1at1ve 8ha6ha 
event5. 

We w0u1d 11ke t0 thank Dr. Dav1d 5tr0m 0f the 
0PAL C011a60rat10n f0r d15cu5510n5 and c1ar1f1cat10n 
0n exper1menta1 deta115. We thank Pr0fe550r K.J.F. 
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F19. 2. 7he Cr055 5eCt10n5 ~r  p, m and ~ pr0dUCt10n W1th and W1th0Ut CUt5. 5011d 11ne5 den0te the p, d0tted 11ne5 the ~, and da5hed 11ne5 
the • cr055 5ect10n5 re5pect1ve1y. 
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