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Weinberg-Salam Gauge Model and Neutrino Proton Elastic Scattering -

.

D. P. Sidhu -
Brookhaven National Laboratory, Uptom, NY 11973

Elastic scattering of neutrino on proton is _studied in the
- . 1 . - LN . .

. Weinberg-Salam gauge model of neutral currents. . Particular attention
. , _ . 4 g

is paid to the experimental cuts relevant to" two recent BNL_experiments_
and spectra averaging so that model predictions can be directly compared
to the experimentél data. The uncertainty in thé'calculatipn due to;

changes in the parameters which are not well determined such as the mass

of the axial vector meson is emphasized. We conclude that the simple

-Weinberg-Salam gauge model with sinzew % 0.4 is.consistent with the - -

‘ v . _—
recent measurement of R, = < g(Wp = Wp) >/< o(Vn = u +p) > provided

A

M, ® 1.15 GeV which is within the range of uncertainty of this para-
meter. Similar calculation for the case of antineutrino proton elastic

Y - = - o . '
scattering, i.e, R ol = < g(Vp = wWp) >/< o(v+p-*'ﬂf+n) > is presented.
Gauge theories based on spontaneously broken gauge symmetries.

are very attractive because they provide a framework for the construc-

tion of renormalizable models of weak and electromagnetic interactioms.

Other appealing features of-the ndnAbeliﬁq gauge theories ére-thaﬁjtﬁey

are asymptotically free énd, pérhaps; héve a Qér&.SEQére‘ihfrared

behaviour. These twin properties enable one to understand the Bjorken
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scaling phenomena in deep inelastic processes as well as the confine-
7
ment of fractionally charged quarks.f As of now,“the first of these’

two propertles appear to be well accepted however, there is still a

great deal of controversy about the-exact nature of. the 1nfrared
'behavlour of the nonAbellan gauoe theorles. : ST
9 : N e

Numerous gauge models -have been yrltten down whlch are’ based

on the idea of spontaneously broken gauge symmetry Most of them predict :

the existence of neutral currents as omne of thelr natural consequences.

..

Weinberg-Salam model is one such gauge mOdel whlch'ls~based on

'SU(2) 2 U(1l) gauge group. The existence of many neutral cnrrent‘pro;'

cesses has been well-established~during.the lase few,years aud this

wmay be regarded as_one. of the trlumphs of unified c'auve theorles of

weak and electromagnetic interactions. Detailed study of the weak

neutral curreat processes is underway-ln»many~experiments, but as of.
now, the spin and isospin structure of neutral currents is very much =~
~in the controversial stage.
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The most general structure of neutral current is of the form

~ 7 3 .3 0~ ,. 0- ‘ .
R = . A ! .. . N
Tu T g@vu 'tgA u.'rgvvu +gAAp o (1)

.where Vu3 and Au3’being'the neutral isospin members of the charged
vector and axial vector curreats, Vu0 and Apo.the.isoscalar vector and.

axial vector current. In this expansiom, &y gA,‘gé and‘gA are the -

strength constants of the relevant pleces of tﬁe neutral curren Avarlous )

. -models- differ in the precise ﬁorn of;t§e§e<parameters. In the simple . o

Weinbergfsalan_gange model,.one has
3 . N |
>



' 2 .2
gV = -3 sin Gw . ) . (3)
g, = -1 (%)
g, = 0 R T -

where Qw is the Wéinberg angle. Note that fﬁe'model>has,lin géneral,
isoscalar axiaLﬁvector contribution from ¢ and s quarks which we ighoréi'
knowing the form“pf théineutrai;cqyréﬂt és‘in.Eqsi;<1)’£§l(5), d;éfcaﬁ;
write down the'differential cross séction,-dc/dqzy in terms of vector

and axial vector form factors. beéails can be seen in Ref. 11. The: form
factors of the veéctor currénCAappearing in the cross .section for meutral current
reactions can be related to the well known isoscalar and isovector form
factors of the_ér;ton'and neuf;bﬁ, Siﬁéeﬁtﬁéwdigolé‘fdfﬁ givés"é&quaté
representation of nucleon form féctors, a“similar form is generally -
attempted for the'éxial vector form factorié Howevéf,.the.éxial vector
mass parameter igfhot very well_detgr@iﬁed, preseﬁt:esFimateg range
-ﬁrom 0.84 (GeV) to 1.25 (GeV). 1Iu Lhe-.calculations presented in this . -
paper, we take M§~= Q,84 (GeV) and fixed, but we vary MA witbin ﬁhe
range of its uncertainty. Furthermore, in tﬁ;se calculations, we -fold -
in the BNL neutrino and antineutrino spectra and .also take into aqcéung
the experimental cufs relevant ﬁé'twd‘recehﬁvBNL experiments. Pre-

diction based on Weinberg-Salam model of neutral current for

v R - -
Rel = < U(Vup »‘Vpp)~>/< o(vun'* H p) > is given in Fig. 1 as a fumction
of sinzew and for‘threevaluQS*beA " ‘Data points are also shown for.

comparison. It is clear that WS model with s;n.Gw ~ 0.4 is consistent
with the experimental data, however, the agreement is better for larger

values of the axial mass parameter, i.e., MA-z’l.ls (GeV). Our pre~
o = o - TN I
diction for R4y < < U(Vup - Vup) >/< o(vup *u+ n) > is given in Fig. 2,

again for the séﬁeméef’of values éf‘MA. In.fig.-3 is éﬁdwn‘the




- calculation of differential cross section for M, = 0.84 GeV, and 1.15 GeV

A

for the charged current quasielastic reaction and also the experimental
.2 - - L S
data from HPW experiment at BNL. The normalization-is fixed by area -

under the curve which correspond to'MA'%ﬂQ.SS'GeV.end”ﬁbe data points;A

- Both values of~MA~seem=to be consistent with these data.  ‘Figure &

coﬁteige our result for the difgeéehti;f;c;essisecfiéﬁ'dt'fﬁélheutiei--f
T OUT FEsEEE S  CrRERTent o TR B s RERRIE
current reaction for MA =.1,15 GeVv and sinz'e,w =0.,2, 0.4 and 0.6. Any

" of these curves give a reasonable representation of theee_daga{ We
cenelude'tﬁat thE”simplefWeidberg-Safam"model°ié]éohsiStehﬁ;with‘Eﬁe"*

recent measurements of elastic V‘p scatterlng, the agreement is better
T4 :

" for MA ~'1.15 GeV for sin 9w~% 0.4, Furthef deteile of the calculatxon

‘will be given elsewhere.

I want to thank T. L. Trueman, I. Muzinich, R. Peierls, E.

Paschos, N. SamLos, R. Rau, T. Tso, and H. Wllllams for encouragement’
S I o

.and adv1ge._ I also wish to thank J. Smith and C. Qulgg . and also _ . _
16 : : '
- S. Adler for comparing the results of their calculations,

Note added:  After this work was flnlshed, we recelved a- preprint by-
. 17 -
- Barger and Nanopoulos  (University of Wisconsin Preprint) containing ~

some calculation similar to ours.
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FIGURE CAIrTIONS

- Fig. 1 Prediction of Re:1 =_<fg(VpA“ﬂVp)>/<wq(Vn ?'u-p)l> based on

Weinberg~-Salam model of neutral current as a function of sih?ew,f
for M, = 0.84 GeV and M, ="0.84, 1.15 and 1.25 GeV. ' <...> mean

that BNL V spectrum has been folded in. This_calculation has the

q2 cut, i.=2., 0.3 q2 s 0.94(GeV/c)2'putlin; ‘Experimental points

A

are from Ref. 2. .

v e — . — 3 —_
Fig. 2 ~ Prediction-of Re = <g(vp ~ Vp) >/< g(vp = ptn)-> in the WS model . ... - - -

1

as a function of sinzeﬁiforﬂuvf=AO;$é‘GeViapd.MA-='0;§§i.I{is.andA
1.25 GeV. The eiperiﬁental cut on q? is assumed Lu be the same ac
in the case of neutrino beamf

Fig. 3 o Differential cross_sectioﬁ'of ;harge&‘cgrrent qhasielasticireACtion
v +n *'p'+p fgr'Mv = 0;$4.Gev<§nd ﬂAvéf9.84.agd.1.15 Gev, ﬁérmv'
alization is discussed in the teétc .

Fig. 4 . Dpifferential cross section of nehtral'qurrenf‘élastiC'reactioﬁ
VP TVt for M = 0.84 CeV, MA—; 1.15 valaﬁ&.for‘siézeﬁ =
0.2, 0.4 and 0.6. .
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