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5tart1n9 p01nt 15 the hyp0the515 that the 065erved 2 ~ e+e-3, decay5 are med1ated 6y a (c0mp051te) 5p1n 0 6050n x w1th 
40 ~ m X K 50 6eV. 7he c0n5e4uence5 f0r e+e- ~ e•e-, e+e- ~ 3•3• and e•e- ~ hadr0n5 at PE7RA are exp10red. PE7RA ex- 
per1ment5 turn 0ut t0 6e 5en51t1ve up t0 ma55e5 m X ~ 50 6eV; the 6e5t 1nd1cat0r f0r m X 2 48 6eV 15 the an9u1ar d15tr16u- 
t10n 0f 8ha6ha 5catter1n9. 

7he d15c0very 0f the W e and 2 vect0r 6050n5 at the 
CERN c0111der [ 1 ] appear5 t0 c0nf1rm the 5tandard 
61a5h0w-5a1am-We1n6er9 (65W) m0de1 0f e1ectr0- 
weak 1nteract10n5 [2]. H0wever, am0n9 the 12 2 decay 
event5 2 1nv01ve 6e51de5 the e+e - pa1r a hard ph0t0n 
[ 1 ] wh1ch exceed5 the expectat10n5 fr0m the 5tandard 
m0de1 6y a fact0r 0f 0rder 10. Even th0u9h an 1nter- 
pretat10n a5 5tat15t1ca1 f1uctuat10n 15 6y n0 mean5 ru1ed 
0ut, the re5u1t ha51ed t0 5pecu1at10n5 a60ut dynam1ca1 
5cheme5 dev1at1n9 fr0m the 65W m0de1. 

7here 15 1ndeed a cand1date 5cenar10 ava11a61e wh1ch 
50 far 0n1y re11ed 0n the0ret1ca1 m0t1vat10n: the 5cenar10 
where 4uark5, 1ept0n5, W • and 2 are c0mp051te [3] 
and have 5h0rt ran9e effect1ve 1nteract10n5 am0n9 each 
0ther wh1ch m1m1ck the 65W 1nteract10n5 f0r ener91e5 
E ~ 6F 1/2 ~ 300 6eV. 1n 5uch a framew0rk 0ne w0u1d 

0f c0ur5e expect, 1n ana109y t0 5tr0n9 1nteract10n5, a 
r1ch 5pectrum 0f further 6050n1c and ferm10n1c 60und 
5tate5 we11 a60ve the W • and 2 and p055161y 5ca1ar and/ 
0r p5eud05ca1ar part1c1e5 X 6e10w the W and 2. An 1n- 
terpretat10n 0f the 2 ~ e+e-7 c0111der event5 1n th15 
framew0rk [4 -8]  15 near at hand ,1 

1 He15en6er9 Fe110w. 
,1 F0r a1ternat1ve 1nterpretat10n5 5ee ref5. [ 8 -10 ]. 

2 -+  X•y 
t , e+e - .  (1 )  

7he k1nemat1c5 0f the few event5 furtherm0re 5u99e5t5 

a ma55 ran9e [ 1 ] 

40 6eV ~ m x ~> 50 6eV (2) 

f0r the X 6050n(5). 7he 1ack 0f exper1menta1 ev1dence 
f0r c0mpara61e W -~ eu•1, rate5 [ 1 ] at the CERN c0111der 
p01nt5 t0ward5 an 1505ca1ar part1c1e X. 

7he 1ar9e 0ver1ap 0f the pr05pect1ve ma55 ran9e (2) 
w1th the h19he5t PE7RA ener91e5 15 0f c0ur5e 5tr1k1n9. 
7he a1m 0f th15 paper 15 t0 exp10re the c0n5e4uence5 0f 
the hyp0thet1ca1 pre5ence 0f 5uch a 5p1n 0 5tate f0r 
PE7RA exper1ment5.1n part1cu1ar we 5ha11 eva1uate 1t5 
1nf1uence, 0n 8ha6ha 5catter1n9 wh1ch ha5 n0t 6een d15- 
cu55ed 1n the 11terature. 8ha6ha 5catter1n9 turn5 0ut t0 
6e 5en51t1ve t0 a 5p1n1e55 part1c1e w1th ma55 we11 a60ve 
45 6eV, 51nce the X c0ntr16ut10n 15 5tr0n91y enhanced 
thr0u9h 1nterference w1th ph0t0n exchan9e 1n the 
cr055ed channe1. Furtherm0re 1t 15 d15t1n9u15hed 6y 
11tt1e m0de1 dependence and h19h rate5, 1.e. 900d 5tat15- 
t1c5.8y c0m61n1n9 0ur re5u1t5 f0r e+e - + e+e - w1th 
th05e f0r e+e - ~ 77 and e+e - ~ hadr0n5 (5ee a150 ref5. 
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[7,8] ) we are 1ed t0 c0nc1ude that PE7RA exper1ment5 
are 5en51t1ve t0 a 5p1n1e55 part1c1e w1th c0up11n95 a5 1n- 
ferred fr0m the 2 ~ e+e-7 event5 up t0 ma55e5 0f  0rder 
50 6eV.  Even 1f n0 ev1dence f0r a 5ca1ar 0r p5eud0- 
5ca1ar part1c1e were t0 6e f0und at PE7RA 0ur ana1y515 
a110w5 t0 put  t19ht 60und5 0n the re50nance parameter5 
5uch a5 ma55, t0ta1 w1dth and 6ranch1n9 rat105 1nt0 e~-e - ,  
")•7 and hadr0n5 fr0m PE7RA data. 

Let u5 f1r5t c011ect the expectat10n5 f0r the param- 
eter5 0f  a c0mp051te 5p1n 0 part1c1e wh1ch have 6een 
1ar9e1y w0rked 0ut 1n ref5. [ 4 - 8 ] .  7he 5trate9y 15 a5 
f0110w5. Acc0rd1n9 t0 the 1nterpretat10n (1) 0f the 2 

e+e-7 event5, the decay5 X ~ e+e - a5 we11 a5 2 -+ 
X7 ex15t. Vect0r d0m1nance aU0w5 t0 pred1ct the m0de 
X ~ 77 1n term5 0f 2 -~ X7. F1na11y the 4uant1ty 
P(X ~ e+e-)P(X ~ 77)/1••t0t(X) 15 determ1ned fr0m the 
decay Cha1n (1) 1n term5 0f  the UA1/UA2 va1ue f0r 

P(2 ~ e + e-7).  
Let u5 n0w f111 1n the deta115. We f0110w ref. [6] 

where the pre5ence 0f a pa1r 0f  5p1n 0 part1c1e5, a 5ca1ar 
and a p5eud05ca1ar 0ne, 

X = {N, 5} (3) 

15 re4u1red w1th 

N f0r 5ca1ar, 5 f0r p5eud05ca1ar. (4) 

7h15 pa1r c0up1e5 t0 ferm10n pa1r5 ff (f = 1ept0n 0r 
4uark) a5 

2~rfx • h r(N + 175 5)f  eff - 

=h[r•(1 + 75) fX + r•(1 - 75)fX*],  (5) 

w1th the c0mp1ex f1e1d 

X = N + 15 (6) 

6ehav1n9 11ke 

X -+ e-21aX (7) 

w1th re5pect t0 ch1ra1 tran5f0rmat10n5 

f ~  e1~/5 f. (8) 

7h15 c0up11n9 15 d15t1n9u15hed 6y pre5erv1n9 a ch1ra1 5ym-• 
metry  wh1ch, f0110w1n9 •t H00ft  [1 1], 15 needed t0 pr0- 
tect the c0mp051te 4uark5 and 1ept0n5 fr0m ac4u1r1n9 
a ma55 0f  0rder mW, 2 . 7he 6050n5 N and 5 have the 
5ame c0up11n9 h t0 a 91ven ferm10n pa1r and th15 c0u- 
p11n9 15 1ndependent 0f  the ferm10n (4uark 0r 1ept0n) 
ma55 1n c0ntrad15t1nct10n t0 the Yukawa c0up11n95 1n 

the 65W m0de1.7he c0up11n9 h 15 0f c0ur5e 60und t0 
6e 5ma11 due t0 the a65ence 0f  a 5ca1ar 0r p5eud05ca1ar 
c0ntr16ut10n t0 the neutra1 current data. 7he w1dth 
1•(X -+ e+e -)  15 re1ated t0 the c0up11n9 h 1n e4. (5) a5 
f0110w5 

r ( X  ~ e + e-)  = 1 
~ahm X, (9) 

where 

a h = h2/47r (10) 

and X 5tand5 f0r N 0r 5.1n the ch1ra1 11m1t N and 5 are 
ma55 de9enerate, 

m e , m 4 ~ 0 : m  N = m  5 . (11) 

1n v1ew 0f  the fact that the t0p 4uark ma55 ha5 t0 6e 
1ar9er than 22 6eV,  a c0n51dera61e ma55 5p11tt1n9 6e- 
tween N and 5 can 0ccur. 1n the f0110w1n9 ana1y515 we 
5ha11 c0n51der tw0 extreme5, de5cr16ed 6y the appear- 
ance 0f a d15crete parameter e c0unt1n9 the num6er 0f  
effect1ve1y c0ntr16ut1n9 5p1n 0 part1c1e5 

e = 2 :  m N = m  5, 

e = 1 : 0n1y 0ne part1c1e, e1ther N 0r 5, c0ntr16ute5 1n 
the PE7RA ener9y ran9e, the 0ther 0ne hav1n9 a much 
h19her ma55 (cf. ref. [7] ). (12) 

Next 1et u5 d15cu55 the decay m0de X ~ 77~ 8y  
mean5 0f vect0r d0m1nance 1t 15 re1ated [ 4 , 6 - 8 ]  t0 the 
decay 2 ~ X7 appear1n9 1n e4. (1). Let u5 remem6er 
that the c0ncept 0f  vect0r d0m1nance (VDM) ha5 a1- 
ready p1ayed a cruc1a1 r61e 1n e5ta6115h1n9 [12] the c0m- 
p051te 5cenar10 a5 a v1a61e a1ternat1ve t0 the 65W m0de1 
a5 c0ncern5 the pr0pert1e5 0f  the W +- , 2 and the1r c0u- 
p11n95 t0 ferm10n pa1r5. We c0n51der a WWX c0up11n9 
[ 4 , 6 - 8 ]  ,2 0 f t h e  type 

2• wwX WuvN eff = (k/Aeff)(2W.v 

+ euvP"WuvW0a 5), (13) 

where Wu~ 15 the Yan9-M1115 f1e1d 5tren9th ten50r f0r 
the 150tr1p1et vect0r 6050n5 and Aef f the c0mp051tene55 

5ca1e w1th m 2 ~ Aef f ~ 1 7eV.  U51n9 the VDM pre5c1p- 
t10n ,3,  appr0pr1ate f0r the 1an9ua9e 0f  effect1ve 1a- 

,2 1n pr1ne1p1e each term ha5 an 1ndependent, unkn0wn c0u- 
p11n9, we ch05e, f0r 51mp11c1ty, the1r re1at1ve we19ht 5uch 
that p(N ~ ~,y) = P(5 ~ ,y-y), pr0v1ded m N = m 5. Here we 
dev1ate fr0m ref. [7]. 

,3 Appr0x1mat1n9 c05 0 W 6y 1. 
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9ran91an5 [13], 

W 3 ~ 2 +)tA9, (14) 

w1th 

X = e /9  ~ 51n 0 w (15) 

0ne 06ta1n5 the w1dth5,4 

~ X7 ) = ] r r - 1 ( k / A e f f ) 2 X 2 ( m 2  2 3 3 r ( 2  -mX) /m2, (16) 

r (X  ~ "y•)•) = rr- 1 (k/Aeff)2 X4m 3 .  (17) 

A9a1n X 5tand5 f0r N 0 r  5.0n1y the rat10 0f the tW0 
W1dth5, 

rVD M = r (X  -+ 77)/P(2 ~ X7) 

= ~ X 2 ( m X m 2 ) 3 / ( m  2 --  m 2 )  3, (18) 

a5 a fUnCt10n 0f  mX, W111 enter the f0110W1n9 d15CU5510n. 
1t 15 0f  0rder 0.1. 

N0th1n9 15 kn0Wn a60ut the C0up11n9 0f X t0 ha- 
dr0n5.1n pr1nc1p1e X can c0up1e t0 4uark pa1r5 a5 we11 
a5 t0 91u0n5. D15re9ard1n9 the 1atter and a55um1n9 (f0r 
51mp11c1ty and n0t f0r 900d rea50n) 4uark-1ept0n un1- 
ver5a11ty, 0ne expect5 [5 -7 ]  

P(X -~ hadr0n5) ~ n4P(X -~ e+e-), (19) 

w1th the num6er 0f  c0ntr16ut1n9 4uark5 n4 = 15. We 
5ha11 try t0 5tay a51ndependent 0f  a55umpt10n5 f0r 
P(X -~ hadr0n5) a5 p055161e. 

Let u5 f1na11y 1mp1ement the c0n5tra1nt (1) wh1ch 
n0w read5 

e F(X ~ e+e-)P(X -+ 77)/P x = rVD M F(2 ~ e+e-7), 

(20) 

eF(X ~ e+e -) > rVD M F(2 ~ e+e-7) ~ 0(2 MeV).(22) 

wh1ch 1mp11e5 

e a  h > ( 2 / m X ) r V D  M P(2 ~ e+e-7) 

0 ( 0 . 8  X 1 0 - 4 ) .  ( 2 3 )  

1n a11 0ur en5u1n9 ca1cu1at10n5 we 5ha11 6e c0n5ervat1ve 
and u5e th15 10wer 60und 0r a va1ue c105e t0 1t f0r a h . 

N0w we are ready t0 exp10re the c0n5e4uence5 0f  a 
hyp0thet1ca15ca1ar and/0r p5eud05ca1ar 5tate X f0r 
PE7RA phy51c5 1n the ener9y ran9e 40 ~ x/r5-~ 45 6eV. 
F0r 0ur purp05e the m05t 1ntere5t1n9 e+e - react10n5,5 
are 

(1) e+e - ~ e+e - (8ha6ha 5catter1n9), 

(11) e + e- ~ 77, 

(111) e+e - ~ hadr0n5 

[pr0v1ded P(X ~ hadr0n5) 15 5uff1c1ent1y 1ar9e]. 
5tart1n9 fr0m the effect1ve 1a9ran91an (5) f0r the 

X - e+e - 1nteract10n, we have ca1cu1ated 

d0 
d~2e+e-~ e+ e - 

d0Q ED 
d ~  (1 + 665W +6X)• 

d 0 Q  ED ct 2 + c0520 ] 2 
d,.Q - 4 5 ( ~  (24) --  c-~5 ~ ~ • 

(da/d~)QED~ 65W 15 the we11-kn0wn 5tandard m0de1 
c0ntr16ut10n [14] due t0 2 exchan9e 1n the 5 and t 
channe15. Ana1090u51y, (d0/d~)QED6 x 15 the c0ntr16u- 
t10n due t0 the add1t10na1 X exchan9e51n the 5 and t 
channe15.0ur re5u1t 15 

where F X 15 the t0ta1 w1dth 0f N 0 r  5. We 5ha11 6a5e a11 
0ur f0110w1n9 e5t1mate5 0n a typ1ca1 UA1/UA2 va1ue 
[1,6,7] 

P(2 ~ e+e-3 ,) ~ 20 MeV. (21) 

Fr0m th15 c0n5tra1nt, u51n9 the 06v10u5 1ne4ua11ty F X 
> F(X ~ 77), 0ne 06ta1n5 a 10wer 60und f0r P(X -~ 
e + e - )  

,4  We a9ree 0n 60 th  w1dth5 w1th ref5. [4,6]  and dev1ate 6y a 
fact0r 0 f 4  1n r ( 2  ~ X•),) f r0m ref. [7]. We thank H.D. 
Dahmen  f0r 1nf0rmat1ve d15cu5510n5 0n th15 p01nt. 

+ 5  + - + - - .  e e ~ t2 t2 15 n0t  d15cu55ed; the  X c0ntr16ut10n t0 the  am- 
p11tude 15 5ma11 (~ c~h) and d0e5 n0t  1nterfere w1th the  QED 
amp11tude, 1n c0ntra5t t0 e + e - ~  e+e -. 
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2 2 6X 3 + C0520 / (5 - - m 2 )  2 +mxP x 

5 - m 2  + - -  + 29V  - 9 A  5 - m 2  
X 2 - - ~ - -  ~ e 2 t ~  

t 2 
+ 

2 2 ( t -  m 2 )  2 + m X P  X 

X 2 x + ~ h  + 2 9 v  
5 a e 2 5 m 2 

~h $ 
+ (2 - e) 

0~ (5 m 2 )  2 2 2 - + m x F  X 

t 
X 

( t • m 2 ) 2 + .  2~2  
rn X t X 

22} X [(5 - m 2 ) ( t  - m2X ) + mxFx1 , (25) 

where e = 1,2 15 def1ned 1n e4. (12) and c~ h 1n e4. (10). 
X - 2  1nterference effect5, 1ead1n9 t0 the tw0 term5 
pr0p0rt10na1 t0 (92 • 92)/e2 .~ --0.359, are 0f  c0ur5e 
ne9119161y 5ma11.7he 1a5t term 1n e4. (25) re5u1t5 fr0m 
the 1nterference 0f  X exchan9e 1n the d1rect and the 
cr055ed channe15.1t 0n1y c0ntr16ute5 f0r e = 1 and 1n 
th15 ca5e 1t 15 ne9119161y 5ma11 pr0v1ded PX/mX ~ 1. 
E55ent1a11y the wh01e c0ntr16ut10n t0 8 X c0me5 fr0m 
the f1r5t tw0 term5 pr0p0rt10na1 t0 the 8re1t--W19ner 
f0rm 1/[(5 - m 2 )  2 + m 2 F  2 ] wh1ch re5u1t5 fr0m the 

1nterference 0 f  the 5 channe1 X exchan9e w1th the t 
channe1 7 exchan9e p1u5 the m0du1u5 54uare 0f the 5 
channe1 X exchan9e. 7he 1atter c0ntr16ute5 0n1y 1n the 
re50nance peak 5uch that 0ff-re50nance 8 X 15 extreme1y 
we11 appr0x1mated 6y the 1nterference term a10ne 

thr0u9h the app11cat10n 0f the 10wer 60und (23) f0r 
% .  N0t1ce, furtherm0re, that  f0rmu1a (26) a5 we11 a5 
the 60und (23) depend 0n the pr0duct e~ h . U51n9 
t~ n1n thu51ead5 t0 a re5u1t 8 ~  1n 1n e4. (26) wh1ch 151n- 
dependent  0f whether a pa1r 0f  5tate5 N, 5 0r 0n1y 0ne 
0f them c0ntr16ute5• 

7he an91e-1nte9rated cr055 5ect10n 15 a150 0f 1ntere5t. 
F0r 1ater u5e we def1ne the c0nven1ent rat10 

e e -~e e + - + - = [°pt (e+e- ~/~+~U-)1-1 

(27) 

( •  y 5°max d0 X ) 
X d~0 d c05 0 ~ (e+e - ~ e+e -)  

-c05 0 max 

a5 a funct10n 0f c05 0max, w1th 

(d0/d~2) X = (d0/d~2)QED6 X (28) 

and 

0pt(e+e - -+/~+/1-) = 47r0~2/35. (29) 

0 f f  re50nance we 06ta1n fr0m e4. (26) the appr0x1ma- 
t10n 

3 5 eah 1 + c05 0 
+ - + - ~ -  109 max 

e e ~e  e 2 m 2 • 5 ~ 1 - c05 0ma x 

1 + c05 0 
= 3 5 eF(X ~ e+e - )  109 max (30) 

a m X m2x - 5 1 - c05 0ma x 

1n e+e - -~ 73• there 15 (f0r m e -~ 0) n0 1nterference 
0f the QED w1th the X c0ntr16ut10n. 7heref0re the X 
c0ntr16ut10n ha5 51mp1y a 8re1t-W19ner f0rm 

- = [0pt(e+e - -+//+/a-)1-1 22~e+ e - ~ /  

2n c050ma X ×y 
0 0 

d6 X . + • 
d c 0 5 0  - ~ - t e  e -+3•7) 

6 X ~ 4  1 - - c 0 5 0 ,  5 ea h 

(3+c0520)  2 m  2 - 5  a 

f0r 1 x R -  mx1 ~> 2P x .  (26) 

C1ear1y, the pred1ct10n5 f0r 0ff-re50nance 8ha6ha 
5catter1n9 are 1ea5t m0de1 dependent;  they 1nv01ve n0 
the0ret1ca1 prejud1ce a60ut P(X -~ 7~), P(X -~ hadr0n5) 
0r Px  • 7he m0de1 dependence c0me5 1n 0n1y m11d1y 

= 3 5 3 r ( x  -~. v ~ ) r ( x  -~ e+e - )  
~2 C05 0ma x - 4  e 

m X (5 - m 2 )  2 2 2 + m X F X 

3 5 3 FX 
= - -  C 0 5  0 

0t 2 maxmX4 (8~m2)2+mX1~X2 2 

× rVD M F(2 -~ e+e-~) 

(31) 
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6y v1rtue 0f the c0n5tra1nt (20). 7h15 pred1ct10n de- 

pend5 0n the0ret1ca1 prejud1ce, 51nce 1t 1nv01ve5 rvD M 
and F X. 0 n  the 0ther hand th15 15 a neat re5u1t, 51nce 
f0r a 91ven va1ue 0 f m  X the 4uant1ty ARe+e-~  ~ 0n1y 
depend5 0n the unkn0wn parameter F X . A9a1n the 
re5u1t (31) 15 1ndependent 0f e, 1.e. 0f whether 0ne 0r 
tw0 5p1n1e55 part1c1e5 c0ntr16ute. 

7he c0ntr16ut10n 0f the X part1c1e(5) t0 e+e - -+ 
hadr0n5 15 5tr0n91y m0de1 dependent, 51nce 1t 15 pr0p0r- 
t10na1 t0 F(X -+ hadr0n5) wh1ch 1n the extreme ca5e 
c0u1d even 6e 2er0. We theref0re prefer t0 c0n51der the 
1e55 m0de1 dependent 4uant1ty 

~ e + e -  hadr0n5 n4F(X ~ e+e-)/F(X -+ hadr0n5) 

= ~ n 4 e  (5 - m2X) 2 + mxr x 2 2• (32) 

w1th 

25a~e+e-~,~dr0n 5 = 0X(e+e - -+ hadr0n5)/0pt(e+e - -~/a+/a-), 

and n4 = 15. (33) 

7he 4uant1ty (32) c01nc1de5 w1th 2XRe+e-~hadr0n5 , 1f 
4uark--1ept0n un1ver5a11ty (19) h01d5. 

Next, 1et u5 a5k h0w 5tr0n9 the 519na1 w0u1d 6e, 1f 
the X part1c1e were t0 11e w1th1n the PE7RA ener9y 
ran9e. F19. 1 111u5trate5 the c0ntr16ut10n 0f a 5ca1ar (N) 
and a p5eud05ca1ar (5) part1c1e w1th a c0mm0n ma55 
m X = 44 6eV t0 the three react10n5 e+e - ~ e+e -,  e+e - 
-+ 3•7 and e+e - -+ hadr0n5. We ch05e a w1dth Px = 35 
MeV wh1ch 15 0f the 0rder 0f the PE7RA re501ut10n 
and the 5ma11e5t p055161e va1ue f0r a h ,  ~a1n = 3.4 × 
10 -5 , c0rre5p0nd1n9 t0 e = 2 . 7 h e  peak va1ue5 have t0 
6e c0mpared t0 the re5pect1ve QED 0r QCD 6ack- 
9r0und5 a150 4u0ted 1n f19.1.7he effect 1n a11 three 
react10n5 15 en0rm0u5, 1n part1cu1ar 1n e+e - ~ 3•3•; 1t 
cann0t e5cape detect10n. Fr0m e45. (25), (27), (31) 
and (32) 0ne can ea511y e5t1mate the chan9e5 f0r 1n- 
crea51n9 r X . F0r 1n5tance, f0r F X = 350 MeV the peak 
1n e+e - -+ 3•3• 5t111 reache5 a va1ue 0f 192; a va1ue 0f the 
0rder 0f ten5 0f 6eV w0u1d 6e re4u1red f0r F X 1n 0rder 
t0 make the effect 0n1y mar91na11y detecta61e. Fr0m the 
fact that n0 effect ha5 6een rep0rted fr0m PE7RA 50 
far we fee1 5afe t0 d15card m X <~ 45 6eV. 

Let u5 n0w d15cu55 the p05516111ty m X > 45 6eV. 
Wherea5 8ha6ha 5catter1n9 ha5 turned 0ut t0 6e the 
1ea5t 5en51t1ve 0f a11 three react10n5 0 n  re50nance (5ee 

mX= 4/* 6eV 

50 

n~ 
<3 

1c05 01 5 05 RQED=/..82 

0 

1 0 = 2.10 
:> 50 

,t 
¢ 

10 

R ° c D  61 5(] - " 
"13 

,t 

1 1 

43 ~ /*5 
~ ( 6 e V )  

F19 .1 .7he  ener9y dependence 0 f  the c0ntr16ut10n 0 f  a pa1r X 
• -- • - -  

0 f  (c0mp051te) 5ca1ar and p5eud05ca1ar 6050n5 t0 e e --* e e ,  
+ - -  . + - -  + - -  

e+e- ~ 30~ and e e ~ hadr0n5, n0rma112ed 6y apt(e e --*/~ 1~ ), 
15 d.15p1ayed a55um1n9 m X = 44 6eV, PX = 35 MeV and a h = 
a~ am = 3.4 X 10 -5 . 7he an9u1ar-1nte9rated rat105 ~R are def1ned 
1n e45. (27), (31) and (32). F0r c0mpar150n the va1ue5 0f the 
c0rre5p0nd1n9 QED 0r QCD 6ack9r0und5 are a150 91ven. 

f19. 1), 1t5 v1rtue 11e5 1n 1t5 5en51t1v1ty 0 f f r e 5 0 n a n c e  (5ee 
f195.2 and 3). 1t5 X centr16ut10n 15 d0m1nated 6y the 
3~-X 1nterference and c0rre5p0nd1n91y 1nv01ve5 a 510w 
1 / ( m  2 - 5) decrea5e f0r decrea51n9 ener9y t0 6e c0m- 
pared w1th the fa5t 1/(5 - m 2 )  2 decrea5e 1n e+e - -+ 3~7 
and e+e - -* hadr0n5.7h15 6ec0me5 man1fe5t 1n f19.2 
where the X = (N, 5} c0ntr16ut10n t0 the three reac- 
t10n5 15 5h0wn f0r f0ur va1ue5 0f m X 6etween 46 and 
50 6eV. We ch05e a w1dth 0f F X = 70 MeV and 0t h 

rather c0n5ervat1ve, 0t h = 10 -4 ~ 20t~ n1n f0r a = 2. F0r 
th15 ch01ce 0f parameter5 the X 519na1 at x/r5 - = 45 6eV 
15 519n1f1cant 1n a11 three react10n5 f0r m X = 46 6eV; 1t 
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,t• 
¢ 

<3 

1 c 05 01 < 0.5 / 

m x 

k6 

~-7 

t,8 

50 

>- 

f1c 
<3 

111 ¢- 

,t 
0r 
<3 

1c05 01<-- 0.8 / t~6 

R 0E0 : 2.10 / 

/ 
47 

t~6 

R QcD . /,3 / 

/ 

50 

~1 . . . .  /*3 ~.5 
~(6eV) 

F19.2.7he 5ame 4uant1t1e5 a51n f19.1 are 5h0wn f0r f0ur va1- 
ue5 0fm X > 45 6eV, F X = 70 MeV and a h = 10 -•4. 

am0unt5 t0 a 20% effec t  1n e+e - ~ e+e - ,  a 60% effect  

1n e+e-  -~ 73• and a 50% effect  1n e+e - ~ hadr0n5. F0r  

m X a51ar9e a5 48 and 50 6 e V  8ha6ha  5catter1n9 5t111 

5h0w5 a 7% and a 4% effect ,  re5pect1ve1y. 7he  effect  0 f  

a chan9e 1n the parameter5 P x  and ah, f0r a 91ven va1ue 
0 f  m x ,  15 very 51mp1y 1nferred f r0m the 0ff-re50nance 
6ehav10ur5 [5ee e45. (26),  (31) and (32) f0r 1v~- -  mx1 

>~ 2rx]: 

23a~e.e-~.e. e- ~ 0th, 1ndependent 0 f  1••X, 

2 ~ u ~ e . e ~  ~ 0c p x  • 1ndependent 0 f  ah ,  

2~u~e.e-~,had" n 4 F ( X  ~ e+e - ) /F (X  ~ had.)  0c a 2 • 

1ndependent 0 f  F X. (34) 

0 

~0 

U 

0.4 

- ~ -  - - -  65W 

0.1 
~5 

• t,0 

•• / 1  

~ ~ ~65W 

03 

• / /  

~ 65W 
1 1 1 ~ 1 2 ~ "  1 1 1 1 1 

-1 0 
c05 9 

rn X : 46 6eV 

m X :/-.8 6eV 

m X = 50 6eV 

F19.3.7he an9u1ar dependence 0f a pa1r x 0f (c0mp051te) 
+ - .  . 

5ca1ar and p5eud05ca1ar part1c1e5 t0 e+e - ~ e e 15 d15p1ayed 
f0r x/~ = 40 and 45 6eV and three va1ue5 0f m X > 45 6eV. 
a h = 10 •4 and there 15 PX 1ndependence f0r 0 < PX < 500 
MeV. 7he da5hed curve 15 the 5tandard 65W m0de1 c0ntr16u- 
t10n 665 w = (d0/df2)65W/(d0/d52)QED, the err0r 6ar 1nd1- 
cat1n9 1t5 ener9y dependence f0r 40 ~< x/5-~ 45 6eV. 

1n a11 three ca5e5 1t am0unt5 t0 a 51mp1e re5ca11n9 0f  the 

var10u5 curve5 1n f19.2. 

7he  character15t1c and 51mp1e 0ff-re50nance depen- 
dence5 (34)  0n the parameter5 a h = 2P(X ~ e + e - ) / m x ,  

P X and F(X ~ hadr0n5) 1mp1y a fur ther  1mp0rtant me5- 

5a9e. 7he  P E 7 R A  data 0n e+e - ~ e+e - ,  e+e - ~ 77 and 

e+e - ~ hadr0n5 a110w an 1ndependent determ1nat10n 0 f  
the re50nance parameter5 F(X ~ e+e-) ,  F x and F(X -~ 

hadr0n5), re5pect1ve1y, each 0ne a5 a funct10n 0f  m X. 
1f n0 re50nance 519na115 f0und,  1ndependent 60und5 
f0r the three parameter5 are 06ta1ned 1n5tead. 

F1na11y, f19.3 5h0w5 the an9u1ar dependence  0 f  the 
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X C0ntr16ut10n t0 8ha6ha  5Catter1n9, n0rma112ed 6y 

the QED C0ntr16ut10n, f0r m X = 46,  48 and 50 6 e V  
and X/5~= 40 and 45 6 e V .  we Ch05e a h = 10 -4 , e = 2, 

a51n f19.2; the re5u1t 15 1ndependent 0 f  F X f0r 0 

PX <~ 500 MeV. 7he  da5hed CUrVe5 repre5ent the 6 5 W  

C0ntr16ut10n ~ 65W = ( d ° / d ~ ) 6 5 w / ( d ° / d ~ ) Q E D ~  the 

err0r 6ar 1nd1Cat1n9 the 5ma11 am0Unt 0 f  ener9y var1a- 

t10n f r0m V4-= 40 t0 45 6 e V .  1t 15 1ntere5t1n9 t0 n0- 

t1ce that  the  X c0ntr16ut10n ha5 the 0pp051te 519n 0f  
the 6 5 W  c0ntr16ut10n. F0r  a h = 10 "•4 , the tw0 c0ntr1- 

6ut10n5 r0u9h1y c0mpen5ate each 0ther  a5 X/~ = 40 6 e V ;  
h0wever ,  f0r x / 9  = 45 6 e V ,  the X c0ntr16ut10n d0m1- 

nate5 6y  far. F0r  - 1  ~ c05 <~ 0 a 35% effect  f0r m X = 

46 6 e V ,  a 10% effect  f0r m X = 48 6 e V  and 5t111 a 6% 

effect  f0r m X = 50 6 e V  15 pred1cted. A9a1n the re5u1t5 

f0r any 0ther  va1ue 0 f  c~ h are 06ta1ned 6y  51mp1e re5ca1- 

1n9. We c0nc1ude f r0m f19.3 that  the 1ar9e an91e 6ehav- 
10ur 0 f  8ha6ha 5catter1n9 15 the m05t 5en51t1ve 1nd1cat0r 
f0r a 5ca1ar/p5eud05ca1ar part1c1e w1th ma55 m x >~ 48 
6 e V  1n e+e - c0111510n5. 

Let  u5 5ummar12e. 1f 0ne take5 the mea5ured 2 

e+e-7  event  rate at face va1ue, then P E 7 R A  exper1- 

ment5 are def1n1te1y 5en51t1ve t0 the hyp0the515 

2 ~ X 7  
L,e+ e -  

Up t0 m X ~ 47 6 e V  and mar91na11y 5en51t1ve Up t0 

m X ~ 50 6 e V .  

We w15h t0 thank A. 8 0 e h m ,  W. De 80er ,  M. Chen 
and 5. Yamada  f0r 1nf0rmat1Ve d15CU5510n5 0n the 

P E 7 R A  exper1ment5 and f0r U5efu1 5U99e5t10n5. Part  0 f  

th15 w0rk  Wa5 Carr1ed 0Ut When 8.5.  wa5 a He15en6er9 

fe110w. 
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