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ABSTRACT
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collisions including the effects of neutral currents are calculated in the

SUL(E) X SUB{E) X UL+R(1) theory.
MIRAMARE -~ TRIESTE
Auguet 1977

* To he submitted for publication.
##%  cupported in pert by Netionsl Science Foundation Grant No.GPL3362X.

_.. Address from 1 September 1977: Department of Physics, University of Maryland,

1)

1. The near null results of atomic parity viclation experiments N

taken at their face value, appear to suggest that the underlying low-energy

limit of the unified theory of weak and electromagnetic interactions may be

. . o2)
the left-right symmetric SUL(Q) x SUR(E) X Up,n
3)

its left-handed limit SUL(E) X U{1) . The left-right symmetric theory

displays the interesting feature that ore of its two neutral gauge bosons may

(1) theory rather than

be reasonably light - of the order of 50-70 GeVin mass (corresponding to Qw
for Bismuth of order + 130 and zero, respectively) ~ to be compered to neutral
mass for SUL(E) x U{1} of order 80 GeV {corresponding to Q, = -130 and
sin26w 2 0.28). In view of this lower mass possibility and in view of the
proton~-proton and proton-anti-proton accelerators being prolected, it is of
interest to examine the cross-sections and asymmetiries in reactions like

P+P+p 4 +X, P+P+u +1  +X with a view to distingulsning
dg

Ty

. . . -
m,, is the invariant mass of (p 1) pairy {2) +the energy ssymmetry

ZAES

between the two theories h). In this note we calculate (1} , where

<E+> - &E_> and the related ratio

AN/N

H

(n{E, > E_} =~ n(E_>E )/ (n(E, > ¥_}+n(E_>E)) .,
where E_ and E_ refer to the energies of u+ and p  from the same

event, in PP collisions and finelly (3} forward-backward asymmetry

A (Nf~Nb)/(Nf+Nb) in PP , where N, and N refer to the numbers of

b

u+‘s travelling in the forward or the backward hemisphere relative to P .

BT

(1) theory, &£ for weak

II. In the SUL(E) x SUR(E) x U e fractive

L+R
neuytral currents of muons, arising due to the exchange of neutral vector

besons Nl and N2 is

—véff = (ﬁyuu) (G@V BY P + Gf'A By, Ysp) + (ﬁvuvsu) (Gf:V Py + GﬁA ﬁYuYsp)

+ similar terms for n + (p4d c + neas A}

-0-



Here ©p,n,A,c refer to quarks. The eight functions aP L., ste. are airen

7
in terms of the masses My and mN of the neutral gauvge bosons and the
1 2
Y
square of the momentum transfer g = mmJ by the expressions 5’:

l:(3r+l)/(l—r)(3r—l)] va(qg) = -[(3Hl)/(l+r)(3r_1):l Gy =
(6B [p,(a®) sin®s + Do) eos?d] 5, = -cF,

(D {31 /20300 eiveg [, (00% - 0]
£2(3r+1)%/(1-r)] Giv = —[2(3r+l)%/(l+r)J GEV

= (6 WB) stneg (Dy(a®) - D,(a®) 5 of, = ¢

(G a/w2) [Dl(qg) cos’B + D,{a”) sinzB] ;

o () = m s - n? e T )
1,2'% AT PR T I I

»
)
r and B are two parameters of the theory 5 &and we have assumed the
widths Tl 5 =21 GeV. 1In terms of these functions, and assuming that the
>
hadronic tensor entering the cross-sections is given by the Drell-Yan

6)

mechanism > the guantities computed in this note are given by the formula:

2 1 1 Cnsnmenr .
do_ _  lmo N i i
g - J 2, J B, Sz, ~ T/a) ) £hx)) £hlxy)
H w9 a i=n,ni

R 2 .2 2 .o
i 2,2 1 2 2,2 i i i
[[q o G /68 a1+ @ se?y o, + e GM]]
Here ql are guark charges, fi(x) is the guark structure function for the
it quark in the particle A (A =Por B) 1= (mﬁu/s) and afs is the
centre-of-mass energy. The sum 1 extends over both gquarks and anti-quarks.
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2} Fnergy asymmetry [(or PP:
/ 1 1
;,L(dcr/dmuu) x (LB - {E_))}= —(a VY3) ZJ Qe J ax,

i Q
8 x x,mT) (x) %) {fi(xl) elx)) + 1l(xy) f;(xl)] Ay}
where

2y _ Jiy; 2., i, di,2,2 2,2, # 4
Ai(muu) = Re{?AA(muu} (g~ + va(muu/e o+ {muu/e ) Gyy GVA] s

while {in turns cut that)

[n(E+ >E_}) -n{E_ > E+}]/[n(E+ >E_ )+ ulE_ > E+)] = 3/2 [( B> - &S )/mw] .

3}  And finally for PP the forward-background asymmetry Auu = (Nf-ﬁb)/

(W, +H

f b) is given by

1 : T I .
carse [ —ertd o N TG A - £ o] x4t
i

N S

Remarks

{4) For the quark structure functions, summed over three colours, we

nave taken *) 8(x) = 0.15 (1-x) /x = 8(x) = &(x) = &x) , ulx) = 1.79 {1-x)3 x

(1 + 2.3/ + 8(x) , dlx) = 1.07 (2-x)>"1/ @+ s(x).

(B} The energy asymmetry (fE+> - {E % for PP has its origin in the
presence of VV as well as AA interactions, such that the (u+u—) pair is
produced both in C = =1 as well as € = +1 eigenstates. The interference

between these gives rise to the effect of energy asymmetry T).

anti-proton system, f;(x) = f;{x), 80 that we obtain vanishing energy asymmetry

+ -
between U and U consistent with CP conservatlon.

{¢) The forward-background ssymmetry vanishes for the proton-proton system,

since we are dealing here with identical particles.

b~

For the proton-



ITT. In the accompanying figures 1, 2 and 3, the results of our celculations
at Jg‘= 200 GeV are plotted, for a range of L 1lying between 30 and 100
GeV. The results are presented for three values of Q,w for Bismuth (Qw =
+138, G; =0 and @y = 132). The last value of Q, corresponds to the
SUL(a) X U{1) 1limit. The corresponding expected mssses (le,mNE) in the
thecry are {55,96), (7C,107) and {(83,%) GeV, respectively, when sinzew =0.28

{(ie. r =

N

}. TFor the range of mlm considered, we find pumerically that

|GM(miUJ| Predominates over the other functions |wa sl6,yl mna 'GVAl

one to twoc orders of magnitude, so that the function Ai(mﬁu) oceurring in

by

the agymmetry expressions has the charascteristic form:

cor”8{af, - o)l o8 0%+ 1) ¢ el - o )l - =

For small B , A (m2 =0 for m =me - It changes sign around this

17 Lt 1
point and with it the ssymmetries, The noteworthy features of the results are:

i) There sre the characteristic - rather high pesks (three ordera of

magnitude) which are rather broad at the base (=25 GeV wide) - in dﬁo
U
As expected, these arecentered at mN . Note the manner in which the purely
1

electromagnetic values of the cross-section provide an asymptotic cushion
on the lower side of the peaks. We have also computed a}ii— for ISEH energies,
L

M
but find its magnitude rather small (=syl x 107 ¢ cmz/GeV for m 30 GeV).

ii) The energy asymmetry in PP increases with energy from a few per-
cent at &5 %60 GeV to = -15% for /s = 400 GeV. It does not seem to rise

above this value 1in the energy range considered.

iii) The angular asymmetry in PP is large, varying between 20% to -30%
88 m, veries between 30 to 100 GeV at A5 = 200 GeV. This asymmetry is
relatively large even st «5 = 60 0V, For example, st m 40 Gev,
P 0.45,0.28 and 0.15 tor By = 138,0 and -132, respectively. However,

-5-

2 2n2
) +mN21"2—:|.

the cross=section d:;a at A = 60 GeV iz around T % ]_0'1‘0

om?/Gey for

L = 40 GeV. When qu? is increased to 400 GeV, Auu decreases and is dovn
to levels between +10% and -10% for 30 < L < 100 GeV. It would thus

appear that A/E's: 200 GeV represents an cptimum energy for this effect.

iv) We are aware that several important corrections to the Drell-Yan
mechanism have been left out in this calculation. However, we belive that

the gualitative features discussed here should be reliable.
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