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1n 50me 5uper5tr1n9 m0de15, c0mpacf1f1cat10n 1ead5 t0 an E 6 9au9e 9r0up wh1ch 15 further 6r0ken t0 an effect1ve 
5U(3)c X 5U(2)L × U(1)× U(1) 9au9e 5ymmetry. 7he pre5ent exper1menta1 c0n5tra1nt5 0n the neutra1 9au9e 6050n a550c1ated 
w1th the extra U(1) 9r0up a110w the ex15tence 0f the 5ec0nd 2 1n the 065erva6111ty ran9e 0f HERA. We 5tudy 1n deta11 the 
519na15 1n the a5ymmetr1e5 mea5ura61e 1n p01ar12ed e :Fp c0111510n5 and p01nt 0ut the exper1menta1 prec1510n re4u1red f0r 
detect10n. 

7he a9reement 0f the 5U(3)c X 5U(2)L  M U ( 1 ) y  9au9e the0ry w1th a11 ava11a61e exper1menta1 data 15 
4u1te remarka61e. Yet, th15 m0de1 c0nta1n5 t00 many unexp1a1ned 5tructure5 and parameter5 t0 6e a tru1y 
fundamenta1 the0ry. 1n the h0pe t0 f1nd an5wer5 t0 50me 0f the 0pen 4ue5t10n5 0ne ha5 5tud1ed 
m0d1f1cat10n5 and exten510n5 1n var10u5 d1rect10n5 5uch a5 c0mp051tene55, 5uper5ymmetr12at10n and 9rand 
un1f1cat10n 1nc1ud1n9 9rav1ty. Part1cu1ar1y 9reat attent10n 15 6e1n9 pa1d t0 the current deve10pment 0f 
5uper5tr1n9 the0r1e5 [1] 6ecau5e 0f the1r p0tent1a1 t0 1ead t0 a ••the0ry 0f everyth1n9•• wh1ch, 1n the 
10w-ener9y 11m1t, appr0x1mate5 the 50 5ucce55fu1 5tandard 9au9e m0de1. 

Fr0m the p01nt 0f v1ew 0f exam1n1n9 exper1menta11y the 1dea that the fam111ar part1c1e5 and 1nteract10n5 
0r191nate fr0m a 5uper5tr1n9 1n h19her d1men510n5 50mewhere a60ve the P1anck 5ca1e, 1t 15 very 1mp0rtant 
t0 5tudy a11 1ma91na61e p05516111t1e5 0f h0w the effect1ve 10w-ener9y the0ry may dev1ate fr0m the 5tandard 
m0de1. P0pu1ar examp1e5 [2] are the m1n1ma1 5U(3)c × 5U(2)L  M U(1)  X U(1) 9au9e the0r1e5 re5u1t1n9 fr0m 
the W1150n 100p 6reak1n9 0f a 5uper5ymmetr1c E 6 9rand-un1f1ed the0ry 1n the pr0ce55 0f c0mpact1f1cat10n 
0f the heter0t1c E 8 × E 8 5uper5tr1n9 1n ten d1men510n5. A1th0u9h the appearance 0f 0ne extra U(1) 1n the 
10w-ener9y 11m1t 15 6y n0 mean5 a the0rem [3], 1t certa1n1y repre5ent5 an 1ntere5t1n9 ca5e f0r phen0men0- 
1091ca1 5tud1e5. 7he c0n5e4uent dev1at10n5 fr0m the 5tandard m0de1 mu5t 0f c0ur5e 6e rather 5ma11 at 
pre5ent ener91e5, neverthe1e55, they may 6ec0me 065erva61e 1n the near future at 0ne 0r the 0ther 0f the 
new h19h-ener9y c0111der5. 

1n th15 1etter, we 1nve5t19ate the effect5 0f a heavy neutra1 9au9e 6050n 2• a550c1ated w1th a new U(1) 
5ymmetry 1n ep c0111510n5 at HERA. 51nce 0ne can r0tate the neutra1 9au9e 5ect0r 0f 5U(2)L × U(1) × U(1)  
5uch that the f1r5t U(1) c01nc1de5 w1th the u5ua1 weak hyperchar9e 9r0up, the m0d1f1ed neutra1 current 
1a9ran91an 1n the ferm10n 5ect0r, 

e 
~ =  eJe~mA~ + 51n 0 w C05 0 w J~C 2 .  + " J•"7• 6Y~ ~1,~ (1) 

d1ffer5 f0rma11y 0n1y 6y the 1a5t term fr0m the fam111ar 1a9ran91an 0f the 5tandard e1ectr0weak m0de1. 
M0re def1n1te1y, 1n e4. (1), A. 15 the ph0t0n f1e1d c0up1ed t0 the e1ectr0ma9net1c current 

J~m = ~-,fYJ~Qyf, (2) 
f 

t 0n  1eave fr0m Departament de F•151ca 7e6r1ca, Un1ver51tat Aut6n0ma de 8arce10na, 8arce10na, 5pa1n. 

0370-2693/87/$03.50 • E15ev1er 5c1ence Pu6115her5 8.V. 
(N0rth-H011and Phy51c5 Pu6115h1n9 D1v1510n) 
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Qf 6e1n9 the em char9e. 2~ 15 the 0rd1nary 2 f1e1d c0up1ed t0 the 5tandard neutra1 current 

J~c = ~[f1.3~(73:-51n20w Q:)fL +fR3••(- 51n20w Q/)fR], 
f (3) 

73f 6e1n9 the th1rd c0mp0nent 0f the weak 1505p1n and fL,R = •(1-7-"/5)f den0t1n9 the 1eft(L)- and 
r19ht(R)-handed c0mp0nent5 0f the ferm10n f1e1d5. Here, the We1n6er9 an91e 0 w 15 def1ned a5 1n the 
5tandard m0de1. F1na11y, 2~ 15 the new 2• f1e1d c0up1ed t0 the current 

J~*~= 2 [  fL~r~Yf~,fL + f93:Y/ , fR],  (4) 
f 

Y£.R 6e1n9 the new U(1) char9e. 1n5p1red 6Y the 5uper5tr1n9 5cenar10 5ketched a60ve we a55ume an 
under1y1n9 E 6 5tructure. 1n th15 ca5e, the 15 he11c1ty c0mp0nent5 0f a 5tandard ferm10n fam11y f0rm, 
t09ether w1th new ferm10n 5pec1e5, a fundamenta1 27-p1et 0f E 6. 7he char9e5 ~L,  are then f1xed 6y 
5pec1fy1n9 the 6reak1n9 pattern [3] 0f E 6 ~ 5U(3)~ × 5U(2)L × U(1)y × U(1)r,.  Here, we ad0pt a part1cu- 
1ar m0de1 c0n51dered 1n m05t 0f the preced1n9 phen0men01091ca1 1nve5t19at10n5, e.9. 1n ref5. [4 7], and 
1eave the 5tudy 0f 0ther p05516111t1e5 t0 a 5u65e4uent pu611cat10n. 51nce NC 5catter1n9 at HERA 0n1y 
1nv01ve5 0rd1nary ferm10n5 (1f 0ne d15re9ard5 the p05516111ty 0f f1av0ur chan91n9 neutra1 current5 [8]), 1t 15 
5uff1c1ent t0 91ve Y• f0r the 1atter. 7he a5519nment 15 

Y~L,dL = - Y~R,~ = 2Ya~R = - 2Y~,eL = 1 / 1 ~  (5) 

f0r the 119hte51 fam11y and, c0rre5p0nd1n91y, a150 f0r the heav1er fam111e5. Furtherm0re, the U(1)r• 9au9e 
c0up11n9 ha5 the va1ue 

9y, ~- ~ e/c05 0 W . (6) 

7he  n0rma112at10n 0f e45. (5) and (6) 15 5uch that 1n the E 6 5ymmetry 11m1t (when 51n20~v = 3/8)  9r• 15 
e4ua1 t0 the 5U(2)1. c0up11n9 9 = e/51n 0 w. 

1n 9enera1, the 2 and 2• f1e1d5 appear1n9 1n e4. (1) are n0t the phy51ca1 f1e1d5 wh1ch ac4u1re def1n1te 
ma55e5 thr0u9h 5p0ntane0u5 6reakd0wn 0f 5U(2)L × U(1)y X U(1)r. t0 U(1)e m. 7he ma55 e19en5tate5 21 
and 2 2 are rather m1xture5 0f 2 and 2•, 

( 2 ~ ) = (  c050 51n 00)( 2 ) 
2 2 - 5 1 n 0  c05 2• • (7) 

where, w1th0ut a55umpt10n5 0n the H1995 5ect0r, the m1x1n9 an91e 0 can take any va1ue 1n the ran9e 
- •rr ~ 0 ~< •¢r. 7he  5tate 21 w1th the 10wer ma55 e19enva1ue m2a 15 1dent1f1ed w1th the a1ready 065erVed 
neutra1 Weak 6050n, Wherea5 the heav1er 5tate 2 2 aC4U1r1n9 the ma55 rn2= 15 the 06jeCt 0f 0Ur ma1n 1ntere5t. 
1n the a65ence 0f m1x1n9, m2, 06v10u51y C01nC1de5 W1th the ma55 m 2 0f the 5tandard 2-6050n a5 Can 6e 
5een fr0m the re1at10n 

m 2 = c 0 5 2 0  m 2 m 2 2, + 51n20 22 (8) 

1mp11ed 6y e4. (7). 7h15 11m1t 15 a150 appr0ached f0r very 1ar9e va1ue5 0f rn22 a5 

tan20 = (rn~ - m221 ) / (  m22-  m22) (9) 

van15he5 1f m22--+ 00. 1n what f0110W5 we 5ha11 a55ume that the H1995 f1e1d5 re5p0n5161e f0r the 
5p0ntane0u5 5ymmetry 6reak1n9 are a11 5U(2)L d0u61et5 and 51n91et5. 7hen [4], 

2 2 P = mw/m2  c0520,v = 1 (10) 
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where m w 15 the char9ed weak 6050n ma55 and m 2 15 91ven 6y  e4. (8). 7h15 re5tr1ct10n a9a1n 15 m0t1vated 
6y  the 5uper5tr1n9 5cenar10 and 5upp0rted [6] 6y  the ex15t1n9 N C  data. Rewr1t1n9 n0w e4. (1) 1n term5 0f 
the phy51ca1 6050n5 21 and 2 2 0ne 06ta1n5 

e 
£~= eJ~mA~ + 51n 0 w c05 0 w (JC21~ + J122~)~ (11) 

where 

J f  = c05 0 J~c  + 51n 0 ~ 51n 0 w J ~ ,  J~ = - 51n 0 J~¢  + c05 0 5V/~3 51n 0 w J•", (12) 

w1th the current5 J~c  and J~9 def1ned 1n e45. (3) and (4), re5pect1ve1y. 7hu5, apart  f r0m m21 and 51n20w, 
the m0de1 1ntr0duced a60ve c0nta1n5 0n1y tw0 m0re parameter5: the ma55 m22 0f the new 6050n 2 2 and 
the m1x1n9 an91e 0. 7he5e parameter5 are re1ated 6y e4. (10) and are t0 6e determ1ned 0r c0n5tra1ned 6y 
exper1ment. 

Pre5ent-day N C  data  put  10wer 60und5 0n rn22 1n the ran9e fr0m 100 t0 150 6 e V  w1th 0 n0t exceed1n9 
a few de9ree5 [4-6]. A5 an examp1e, the 60und  0n rn22 and 0 06ta1ned 6y  Durk1n and Lan9acker  [6] 15 
5h0wn 1n f19. 1 . 7 h e  p055161e ex15tence 0f a 5ec0nd neutra1 6050n w1th 5uch a 5ma11 ma55 make5 the ca5e 
very fav0ura61e f0r H E R A ,  at 1ea5t at f1r5t 519ht. H0wever,  1t turn5 0ut that  the effect5 0f  2 2 0n the N C  
cr055 5ect10n5 are rather mar91na1. Even f0r m22 a5 10w a5 100 6 e V  and at Q2 > 10 4 6 e V  2, the h19he5t 
m 0 m e n t u m  tran5fer acce55161e at H E R A  w1th rea50na61e 5tat15t1c5 t0 perf0rm an 1nc1u51ve 5earch, the cr055 
5ect10n5 d0 n0t dev1ate f r0m the 5tandard m0de1 pred1ct10n5 6y  m0re than a few percent.  1n 0rder t0 
d15c0ver the new 6050n 0r t0 1mpr0ve the a1ready ex15t1n9 60und5 6y a c0n51dera61e am0unt ,  0ne mu5t 
theref0re 5tudy m0re 5en51t1ve 4uant1t1e5. 51m11ar1y a5 1n 0ther 5earche5 f0r new phy51c5 1n ep c0111510n5 [9], 
the m05t 5en51t1ve exper1ment5 are a5ymmetry mea5urement5. 7h15 fact can 6e exp101ted 1f 10n91tud1na11y 
p01ar12ed e • 6eam•5 are ava11a61e a5 expected f0r HERA.  A5 far a5 the atta1na61e exper1menta1 prec1510n 15 
c0ncerned, rea115t1c e5t1mate5 are 1eft t0 the expert5. We 5ha11 rather dem0n5trate the prec1510n re4u1red 1n 
0rder t0 reach certa1n va1ue5 0f rn22 and 0. 

U51n9 Q 2 =  •42 and x = - 4 2 / 2 p 4  a5 1ndependent var1a61e5, where 4 15 the f0ur -m0mentum 0f the 
exchan9ed 6050n and p 15 the 1nc0m1n9 pr0t0n m0mentum,  0ne can expre55 the cr055 5ect10n5 0f deep 
1ne1a5t1c eL, Rp 5catter1n9 ca1cu1ated fr0m e4. (11) a5 f0110w5: 

d°(eL•x) - 2~ra2 [1 + (1 •y)2]  [ FL,R(x • Q2) + h(y)xF3L,R(x,  Q2)] .  (13) 
d x  d Q  2 xQ 4 

7 h e  var1a61e y re1ate5 x and Q2 t0 the t0ta1 C M  ener9y v~, xy5 = Q2, and h ( y )  = [1 - (1 - y ) 2 ] / [ 1  + (1 
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F19. 1 80und5 0n the ma55 and m1x1n9 an91e 0f the 5ec0nd 2 
6050n. Va1ue5 1n51de the 60undary drawn a5 th1ck fu11 curve5 
(fr0m ref. [6] after chan91n9 the 519n 0f 0) are c0mpat161e w1th 
pre5ent neutra1 current phen0men0109y. Va1ue5 0ut51de the 
th1n fu11 curve5 (fr0m ref. [4]) are exc1uded 6y the 065erved w 
and 2 ma55e5. 7he 0ther curve5 exh161t 60undar1e5 wh1ch c0u1d 
6e 06ta1ned fr0m mea5urement5 at HERA 0f the a5ymmetr1e5 
A~.{ (da5hed), A ~  14a5hed-d0tted) and A~f. (d0tted)w1th 

a prec1510n 8A = 0.04. 
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U1f ~ ( 
v2/] 51n20 w -51n0 

1 (c050 
a2/] 51n20 w -51n0 

wh11e 

P1 = Q2/(Q2 + m2 ). 

•y)2]. Furtherm0re, the 5tructure funct10n5 F2 L•R and xF L•R are 91ven 6y 

FL,R( X, Q2)= 2 [x4f(x, Q2) + x~1f(x, Q2)] ff2Lf•R(02 ), 
f 

xF3L,R(x, Q2)= ~.,[x4f(x, Q2)--x4f(x, Q2)]ff3~R(Q2), (14) 
2 

where 4f(x, Q2) and 91f(x, Q2) are the 5ca11n9 v101at1n9 4uark and ant14uark den51t1e5 0f f1av0r f 1n51de 
the pr0t0n, re5pect1ve1y. 7he e1ectr0weak char9e5 and pr0pa9at0r5 enter 1n the funct10n5 ff/~,R(Q2): 

2 
ff2~R(02) = 0~ -[- E [(U1e~-01e)2(021f~a21f)P12- 20f(U1e•••1-a1e)01fP1] 

1=1 
d- 2(01e 4- a1e)( 02e "•]- a2e)( 01fU2f~-~- a1fa2f ) P1P2, 

= ( 2 2 a1e)a1fp1] / ~ R ( 0 2  ) •••2 ~ [(01e4-a1e ) V1fa1fP 1 --0f(V1e + 
\ 1=1 
• ) 

+ (v1e ++• a1e)(v2e ++• a2e)(vVa•2y+ a,fv2f)P1P 2 : (15) 

7he vect0r and ax1a1 vect0r char9e5 v5f and a~f can read11y 6e 1nferred fr0m e45. (3)-(5} and (12): 

1 c050 51n 0)  ( 73f--2Qf51n20w ) 
c05 0 5 V ~  51n 0w(Y/1 + Y/)  • 

51n 0 ) (  5X/~ 7 3 f )  (16) 
c05 0 51n 0 w ( Y/~ - Y/~) • 

• d0(e~) - da(e~)  
A~R~ ~ d 0 ( e ~ ) +  d0(e~) 

and 

(17) 

7he p051tr0n cr055 5ect10n5 d0(e~,R)/dx dQ 2 f0110w then d1rect1y fr0m e4. (13) 6y rep1ac1n9 F L,R 6y F2 R,L 
and xF L,R 6y - x F  R•L. W1th the a60ve re5u1t5 1t 15 n0w 5tra19htf0rward t0 der1ve the de51red a5ymmetr1e5. 
1n the 5h0rt-hand da = da/dx dQ 2, the p01ar12at10n and char9e a5ymmetr1e5 read 

= +-(FL-F2R)+h(Y)(xFL-xF3R) (18) 
( F2L + F•)+•h(y)(xFL + xF R) 

d 0  eL 
( R)--da(eL)  h(y)(xF3 L+xF R) 

AL+RR - da (e LR) + d0 (eLR) (F~ + F R) •+ h (y)(xF3L-xF] ~) 

re5pect1ve1y, wh11e the m1xed a5ymmetr1e5 are 91ven 6y 

d0 e L 
a c ;  - " L = h ( y ) x - ,  . 

L 

(19) 

(20) 
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Ev1dent1y, 51nce 0ne ha5 0n1y f0ur d1fferent 5tructure funct10n5, e4. (14), 0n1y f0ur 0f the5e a5ymmetr1e5 are 
1ndependent. Neverthe1e55, 1t 15 u5efu1 t0 c0n51der a11 51x a5ymmetr1e5 and t0 c0mpare the1r 5en51t1v1ty t0 
the pre5ence 0f 2 2. 

A f1r5t 5tudy 0f th15 k1nd ha5 6een perf0rmed 6y An9e10p0u105 et a1. [7]r 0 u r  w0rk extend5 th15 ana1y515 
1n 5evera1 re5pect5. F1r5t1y, the m1xed a5ymmetr1e5 A "+ LR,RL are n0t c0n51dered 1n ref. [7]. A5 we 5ha11 5h0w, 
AR~- can pr0v1de the m05t 5en51t1ve te5t 0f the pre5ence 0f 2 2 6ey0nd the pre5ent 11m1t5. 5ec0nd1y, wherea5 
the a60ve auth0r5 c0ncentrate 0n a rather re5tr1cted ran9e 0f va1ue5 0f m22 and 0 fav0red 6y a n0-5ca1e 
5uper9rav1ty m0de1 [4], we ana1y2e a c0n51dera61y w1der re910n 0f the parameter 5pace. 7h1rd1y, we a150 
pay attent10n t0 the dependence 0f the re5u1t5 0n the 5trate9y f0110wed 1n the ana1y515. 7h15 dependence 15 
n0t ne9119161e a5 5u65tant1ated 1ater. 

1n e45. (18)-(20) 0ne can d15t1n9u15h tw0 effect5 ar151n9 fr0m the pre5ence 0f a 5ec0nd neutra1 6050n: 
d1rect c0ntr16ut10n5 t0 the a5ymmetr1e5 fr0m 22-exchan9e and 1nd1rect m0d1f1cat10n5 0f the 5tandard NC 
term5 due t0 2-2• m1x1n9. 8ecau5e 0f m1x1n9 the c0up11n95 0f the 10wer ma55 e19en5tate 21 t0 the 0rd1nary 
ferm10n5 dev1ate f1•0m the 5tandard NC c0up11n95 a5 deta11ed 1n e4. (16). Furtherm0re, rn21 d1ffer5 fr0m 
the 5tandard m0de1 va1ue m 2 acc0rd1n9 t0 e4. (8) and, c0n5e4uent1y, the We1n6er9 an91e 06ta1ned fr0m 
the W and 21 ma55 rat10, 

51n2t~w = 1 2 2 (21) 
- -  mw/rn21 , 

15 d1fferent fr0m the an91e def1ned 6y the 5U(2)n and U(1)v 9au9e c0up11n95, 

51n20w = 92v/( 92 + 92).  (22) 

U51n9 9 51n 0 w = 9v c05 0 w = e, 92 = 4 v~6Frn 2 and e45. (8) and (10) 0ne can rewr1te e4. (22) a5 f0110w5: 

51n20w = ( / t / m w )  2-- •(1 - ~/1-  4/t2/m 2 ) (23) 

w1th tt = 38.65 6eV.  7he 1a5t num6er 1nc1ude5 the 5tandard 100p c0rrect10n5 [10]. 5ma11 m0d1f1cat10n5 1n 
the pre5ent m0de1 due t0 the 5ec0nd 6050n and, p055161y, n e w  E 6 ferm10n5 (and 5uperpartner5) are 
ne91ected. C0n51der1n9 m22 and 0 a5 e55ent1a11y free parameter5 0ne may n0w f0110w d1fferent 5trate91e5 1n 
f1x1n9 the 0ther tw0 parameter5, rn2~, and 51n20w, 0f the m0de1. 

(1) 0ne  5tart5 at a 91ven va1ue 0f 51n20w (f0r the 1ater 111u5trat10n5 we take 51n20w = 0.22), ca1cu1ate5 m 2 
fr0m e4. (23) and determ1ne5 m2, a5 a funct10n 0f m22 and 0 fr0m e4. (8), 

(11) 0 n e  5tart5 at a 91ven va1ue 0f m2~ (f0r the 1ater 111u5trat10n5 we take m2, -- 93.3 6eV), ca1cu1ate5 
m 2 fr0m e4. (8) and determ1ne5 51n20w a5 a funct10n 0f rn22 and 0 fr0m e4. (23). 

51nce the We1n6er9 an91e 15 5t111 m0re accurate1y kn0wn than the 2 ma55, 1.e., m2,, 5trate9y (1)15 
appr0pr1ate f0r the pre5ent. H0wever, 6y the t1me 0f the HERA exper1ment5 the 2 ma55 w111 6e kn0wn 
very prec15e1y fr0m mea5urement5 at 5LC and LEP. 7hen 5trate9y (11) 15 m0re appr0pr1ate. 0 f  c0ur5e, the 
m1x1n9 1nduced 5h1ft5 0f m2~ 1n (1) and 51n20w 1n (11) fr0m the 5tandard m0de1 va1ue5 are (and w111 6e even 
m0re 5tr0n91y) re5tr1cted 6y exper1ment. 7he5e c0n5tra1nt5 can d1rect1y 6e turned 1nt0 60und5 0n rn2~ and 
0. F0r 1n5tance, re4u1r1n9 [4] 51n20w - 51n20w ~< 0.035 1n acc0rdance w1th CERN p~ c0111der data [11] and 
f0110w1n9 5trate9y (11) 0ne 06ta1n5 the c0nt0ur p10tted 1n f19. 1. A 51m11ar curve re5u1t5 f r0m appr0ach (1) 1f 
m21 >~ 91 6 e V  15 1mp05ed. We empha512e that the5e 60und5 501e1y ref1ect m1x1n9 effect5 and, hence, d0 n0t 
c0n5tra1n rn22 f0r 5uff1c1ent1y 5ma11 0. 1n the 1atter re910n, the ma1n effect5 c0me fr0m 1nteract10n5 
1nv01v1n9 d1rect1y 2 2. Except at re50nance, the5e effect5 are 5uppre55ed 6y the 2 2 pr0pa~9at0r and, 
c0n5e4uent1y, 0n1y v15161e 1fm2~ 15 5uff1c1ent1y 119ht. 7he a60ve remark5 are n1ce1y 111u5trated 1n f19. 1 6y 
c0mpar1n9 the 60und [4] der1ved fr0m the 5h1ft 1n 51n20w w1th the c0nt0ur 06ta1ned 1n ref. [6] wh1ch 
1nc1ude5 the c0n5tra1nt5 fr0m a11 10w-ener9y NC pr0ce55e5:A5 a f1na1 remark, f0r a 91ven pr0ce55 the  512e 
0f the effect5 1nduced 6y 2-2• m1x1n9 and the1r 1nterp1ay w1th the d1rect 2 2 c0ntr16ut10n5 may d1ffer 4u1te 
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F19. 2. C0nt0ur55h0w1n9 the va1ue50f m22 and 0 f0r wh1ch the a5ymmetr1e5 A(2) and A(2t, 22)pred1cted 1n the 5tandard m0de1 
and 1n the tw0-2 m0de1, re5pect1ve1y, d1ffer 6y ~A ~ 1A(21,22)-A(2)1 = 0.02 (d0tted curve5), 0.04 (fu11 curve5), 0.06 (da5hed 
curve5) and 0.08 (da5hed-d0tted curve5). Here, 5trate9y (1) de5cr16ed 1n the text 15 u5ed 1n the ana1y515. 7he var10u5 a5ymmetr1e5 are 

character12ed 6y the 1nc0m1n91ept0n 5tate5 wh11e the num6er5 den0te the re5pect1ve 5tandard N0de1 va1ue5. 

dra5t1ca11y 1n the appr0ache5 (1) and (11). 7h15 15, 1n part1cu1ar, the ca5e f0r the ep a5ymmetr1e5 under 
c0n51derat10n. 

We n0w pr0ceed t0 pre5ent 0ur numer1ca1 re5u1t5. 70  th15 end, we def1ne 

aA = 1A(2) - A ( 2 1 ,  22)1 (24) 

f0r any 0f the a5ymmetr1e591ven 1n e45. (18)-(20), Here, A(2)  and A(21, 22) den0te the pred1ct10n50f the 
5tandard and the tw0-2 m0de1, re5pect1ve1y. 7he  c0nt0ur51n the (m22, 0)-p1ane c0rre5p0nd1n9 t0 
8A --- 0.02, 0.04, 0,06, 0.08 are 5h0wn 1n f19. 2 f0r 5trate9y (1) and 1n f19. 3 f0r 5trate9y (11). A5 a 50mewhat 
extreme 6ut n0t 1nc0nce1va61e k1nemat1ca1 p01nt we have ch05en x = 0.3 and Q2 = 2 × 1 0 4 6 e V  2 at the 
H E R A  CM ener9y {5- = 3146eV.  7he  a6501ute va1ue50f the Var10u5 a5ymmetr1e5 expected 1n the 5tandard 
m0de1 f0r rn 2 = 9 3 , 3 6 e V  and 51n20w = 0.22 are a15091ven 1n the f19ure5. 1n a11 ca1cu1at10n5 we have u5ed 
5et 10f  the Duke and 0wen54uark  d15tr16ut10n funct10n5 [12115evera1 c0mment5 are 1n 0rder. 

(1) 1n a11 ca5e50ne can c1ear1y d15t1n9u15h the re910n51n m22 and 0 where the effect5 are ma1n1y due t0 
22-exchan9e (f1at p a r t 5 0 f  the c0nt0ur5 ar0und 0 - - 0 )  a50pp05ed  t0 the re910n5 where the effect5 
d0m1nant1y 0r191nate 1n 2-2• m1x1n9 (5teep part  0f the c0nt0ur5 at 1ar9e va1ue50f m22 ). 

(11) W1th few except10n5, the a5ymmetr1e5 react 4u1te un1f0rm1y 0n the m1x1n91nduced effect5 at 1ar9e 
va1ue50f m22. 1n c0ntra5t, f0r 10wer 22 ma55e50ne 065erve5 character15t1c d1fference51n the 6ehav10ur 
ref1ect1n9 the m0de1-dependent 1nterference50f 22 w1th 21 and the ph0t0n. 1n 0ther w0rd5, 0n1y f0r a 
re1at1ve1y 119ht 22 can 0ne h0pe t0 d15cr1m1nate 1t5 ex15tence fr0m 0ther 1nterpretat10n50f a p055161e 519na1. 

(111) 7he  1nd1rect m1x1n9 effect5 are m0re pr0n0unced 1n appr0ach (11) than 1n appr0ach (1). 7h1515 
expected 51nce the a5ymmetr1e5 are m0re 5en51t1ve t051n20w [f1xed 1n (1)] than t0 m2, [f1xed 1n (11)]. 
06v10u51y, f0r 0 = 0 6 0 t h  5trate91e51ead t0 the 5ame re5u1t a5 can 6e checked 1n f195. 2 and 3. 

(1v) 7he m1xed a5ymmetry AR~ 15 the m05t 5en51t1ve pr06e 0f the pre5ence 0f a 5ec0nd 6050n at 
m0derate ma55e5. 0 n  the 0ther hand, 1n the ca5e 0f a very heavy 22, the 5tr0n9e5t c0n5tra1nt50n the 2-2• 
m1x1n9 re5u1t fr0m ALR 1n appr0ach (11). 
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F19. 3 . 5ame  a5 f19. 2, h0wever, f0110w1n9 5trate9y (11) de5cr16ed 1n the text. 

A5 d15cu55ed ear11er, f19. 1 5h0w5 the re910n5 1n the (m2~, 0)-p1ane wh1ch are a1ready exc1uded 6y 
pre5ent-day exper1ment5. F0r c1ar1ty 0f the draw1n95, the5e 60und5 have n0t 6een 1nc1uded 1n f195.2 and 3. 
1n 0rder t0 fac111tate an a55e55ment 0f the 1mpr0vement wh1ch can 6e expected fr0m HERA, 50me ca5e5 0f 
f19. 3 are repr0duced 1n f19. 1. F0r th15 c0mpar150n, we have a55umed the 065erva6111ty 0f an a6501ute 
dev1at10n fr0m the 5tandard m0de1 a5ymmetr1e5 6y 4%, 1.e., ~A = 0.04, and 5e1ected the m0re 5en51t1ve 
a5ymmetry 0f the p01ar12at10n, char9e and m1xed type. 5uch an accurate 5earch w0u1d 1mpr0ve the pre5ent 
60und5 4u1te apprec1a61y, 1n part1cu1ar the 10wer 11m1t 0n m22, 0r f1nd an effect. Fr0m f19. 1 0ne deduce5 
the detect10n 11m1t 

m22~>3206eV and 10[~<2 ° . (25) 

A 51m11ar 10wer 60und 0n rn22 15 06ta1ned fr0m A~ + 1n appr0ach (1), f19. 2. A1th0u9h the 11m1t 0n 0 15 
un1ntere5t1n9 1n th15 ca5e, the c0n5tra1nt 0n m22 c0m61ned w1th the pre5ent 60und5 exh161ted 1n f19. 1 
e55ent1a11y 1mp11e5 the 5ame 0vera11 60undary 1n the (m22, 0)-p1ane a5 the 0ne 4u0ted 1n e4. (25). Qu1te 
9enera11y, 91ven the pre5ent c0n5tra1nt5 0n 2 2 the m1xed a5ymmetry A ~  15 the m05t fav0ura61e 4uant1ty 
f0r 1nc1u51ve te5t5 at HERA. 

U51n9 the re5u1t5 rep0rted 1n th15 paper  0ne can read11y exam1ne the reach 1n m22 and 0 f0r a11 
a5ymmetr1e5 and a150 d1fferent exper1menta1 c0nd1t10n5. F0r examp1e, 1f the atta1na61e prec1510n 15 w0r5e 
than 8A = 0.06 (0.08) the detect10n 11m1t 0f 2 2 dr0p5 t0 rn22 = 250 (200) 6eV.  L1kew15e 1f the prec1510n 
exemp11f1ed 1n f195. 2 and 3 can 6e acc0mp115hed 6ut 0n1y at 10wer Va1ue5 0f Q2, the 5en51t1v1ty t0 the 
pre5ence 0f a 5ec0nd 2 decrea5e5 rap1d1y. F0r 1n5tance, at x = 0.15 and Q 2 = 10  4 6 e V  2, the 60undary e4. 
(25) r0u9h1y c0rre5p0nd5 t0 8A = 0.02, wherea5 f0r 8A >•. 0.04 0ne 15 0n1y 5en51t1ve t0 ma55e5 6e10w 
m22 = 200 6eV.  F1na11y, w1th0ut p01ar12ed e -+ 6eam5 0ne mu5t 5earch f0r effect5 1n the cr055 5ect10n5 
them5e1ve5 0r 1n the unp01ar12ed char9e a5ymmetry. Unf0rtunate1y, f0r a11 va1ue5 0f m2~ and 0 c0n51dered 
1n f195. 1-3  and, 1n part1cu1ar, f0r the va1ue5 c0mpat161e w1th pre5ent NC phen0men0109y, the effect5 
appear  t0 6e t00 5ma11 t0 6e detected. 

70  c0nc1ude, a1th0u9h 1t w111 n0t 6e ea5y at H E R A  t0 pr06e the ex15tence 0f a 5ec0nd neutra1 weak 
6050n w1th pr0pert1e5 a5 expected 1n a n  E 6 9rand-un1f1ed m0de1 m0t1vated 6y the heter0t1c E 8 × E 8 
5uper5tr1n9, the 155ue 15 certa1n1y w0rth every exper1menta1 eff0rt. Further w0rk 15 a150 a5519ned t0 the0ry, 
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1n part1Cu1ar, the  C0mp1ete C0mpUtat10n 0f  the  rad1at1ve C0rreCt10n5 [13] t0 t he  ep  Cr055 5eCt10n5 a n d  
a5ymmetr1e5. 
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