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KnaHH M., PnMaH T. 

fny60KOHeynpyroe paccestHHe MK>OHOB H KBJIH6pOBO'l£HbJe 
TeOpHH 

E2-11271 

B pa6oTe nox:a3auo, 'liTO acnMMeTpHR npK pacceRHHH nons:rpu:sosaHHbJX 

nenTOHOB 38BHCHT OT MynLTHflneTHOA CTpyKTyphl nenTOHOB H aaneHTHblX 

KBapKoa a xanu6poaoqnhiX TeopHS1X. Cneno~arenbHO, axcnepHMeHTbi no 
rny6oxoueynpyrouy pacceHHHlO MK>OHOB np11 aueprHSIX SPS MoryT BHecru 
3Ha'l£HT9J1bHbiA BKJIBA B BOflpOC 0 CTpyKType HeHTpalibHhiX TOKOB. 

p a6ora BhiflOJIHeHa B na6opaTOpHH BbiCOKHX 3HeprHH Ol1.fiJ1. 

OpenpKHT 06b81lHHeHHOrO HHCTKTyTa S!llepHbiX KCCllellOBBHHii. ily6Ha 1978 

Klein M., Riernc:~.nn T. E2- 11271 

Deep Inelastic Muon Scattering as a Test of Gauge 
Theories 

Different asymmetries in polarized lepton scattering are shm\n 
to be remarkably dependent on the valence quark and lepton 
multiplet structure in currently discussed gauge theories. Therefore 
deep inelastic muon experiments at SPS energies can contribute 
s iflnificantly to the investigation of neutral currents, 

The investigation has been performed at the Laboratory of 
Hi<2h Energy, JINR. 

Preprint of the Joint lnsti lute for Nuclear Research. Dubna 1978 

© /978 06&e/1/IHeHRbliJ RRCT/IryT RJ18pHbiJC BCCJI8110B8HHii 0,y6H8 

In the near future high energy deep inelastic muon experi

ments will be performed probing the nucleon structure at momen
tum transfers, Q2 , of a few hundreds (GeV/c) 2 111. For muons and 

electrons both having electromagnetic and weak interactions, 
neutral current effects are expected to be of the order of 

ae • S. EtGt· Q2. c:w 1.8 . 10-4 Ql ( 1) 

resulting from the interference of the one-photon exchange with 
the Z-boson exchange/ 2 ,31. A measurement of these effects yields 

new and independent information on the neutral current structure 

which is very desirable considering the rather ambiguous experi
mental situation/ 4/. Therefore we perform a ccnp:r·'·'- c -,:'!j.ve q;.;ark 
parton model evaluation of different observables in polarized e± 
scattering for various gauge theories+. The main question in

volved concerns the extent to which the predictions of currently 

discussed gauge models differ from one another. 
Assuming natural flavour conservation, any neutral current 

process in the valence quark approximation is sensitive only to 

the t, u, d sector of corresponding models. Based on SU(2)xU(1) 
invariance, there are eight possibilities to arrange l, u,d in 

right-handed (r.h.) singlets or doublets, respectively, which 
are included in the following discussion. The contradiction bet

ween neutral current resultg from neutrino and atomic experi

ments could require to extend the gauge group. As corresponding 
examples, we consider SU(2) 1 xSU(2)RxU(1) theories which predict 
the absence/ 6/ or a reduced size of parity violation/?/ in atoms 
although having a rich V, A structure. 

+ See ref./ 5/ for a recent investigation of the influence of 

electromagnetic corrections. 
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The weak current coupling to the Z-field is given by 

!lz , r•( v,- o."t' rs) ..., . zlft . ( 2) 

Here~ is jl(e), u or d and gz is the coupling constant. In the 
SU(2)xU(1) theories under consideration 

and 

1(j 
2.Hz u 

Vtt = I3L + Il- 2Q sin's 

a~= I3L-Il·' 

(3) 

(4) 

(5) 

where I 3L(R) denotes the third component of the weak SU(2) in 
the corresponding l.h, (r.h.) doublet. 

Using the above definitions, we can calculate dks~, the deep 
inelastic cross section of scattering leptons with charge +, and 
an averaged beam helicity J off nucleons. Normalizing to the 
one-photon exchange cross sectiond~, we get/ 2 ,3/ 

¥+= 1- ae [ Vp. V6t):r a,A(x),C~ +! (+" '16c>+~AC->3t~] 
a.O'o 

with ~· Q1S: /(4rtd-M.f) and g(y)=y(2-y)/(1+(1-y) 2). 
and A(x) are ratios of structure functions defined as 
which are independent of x for an isoscalar target 

V = : (2vu.- Vtt> A: ~ ( t!t4- 2 tlca) 

(6) 

Here V(x) 
in ref _13/, 

(7) 

According to (6) several asymmetry parameters can be measured: 
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A+~ ~=~~~ ~:~~~0~ =-~l~l(=ta,.V+vi'AJ[~),re) 
ii) a "beam conjuf!stion" asyn:.r:"~etry ve.ryinf' both ~ and the bea~n 

charge 

dd-t(t.,.o)- ~-(~<o) ( i 
B = dcr-t(~10)+dcs-(~<O)::- ae a/A--t- I lv;JA3'l9l 

iii) charge asymmetries varying cnly the b"'am charge 

a, +(5>- ao<t) D = ... +tr..'- .~,,;-e~e+(A,+gV) '\ C=Z>~=o). ( 1oJ 

Note that certain ratios of asymmetries measure purely leptonic 

or purely hadronic couplings, i.e., 

c A· eC'j) 
-= 
D AtC~)+ s·V ( 11) 

c_~ 
8-a,...+/kl-;.. 

The SU(2)LxSU(2)RxU(1) model of Mohapatra and Sidhu/
6/ predicts 

A+=A-=0 and 

s~ c - o -- 2.~ 
"'+E. 

ti>Ac"> 0,. . '(~) ( 12) 

(a~1)=-1/2, A( 1)=-9/5,l=r0,1) because z 1 has only axial coup
lings and z 2 only vector couplings to massive particles. In the 
model of De RuJula, Georgi and Glasho~7/, z1 corresponds to Z 
in the Salam-\'ieinberg/GIM-theory (SW) and z 2 has again only vec
tor couplings. Asymmetries A-D arise which are about one half of 

those predicted by SW. 
Deep inelastic muon experiments at the CERN SPS will reach a 

Q2 of about 200 (GeV/c) 2 within an accuracy of 1% for the para
meters A-D using a 50m carbon target/a/. Adopting thi8 Q

2 as a 
reasonable value for illustration, we study A-D as fuactiona of 
the relative energy transfer y, the polarization ~ , and the 

unification angle. 
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In fig.1 they-dependence of A-D is shown at sin29=1/4 / 4/ and 
~=1 for the gauge models considered disregarding the pure vector 
model where all asymmetries are zero+. The SU(2)xU(1) curves are 
denoted by the particles occuring in r.h. doublets. As can be 
seen, different models yield remarkably different predictions all 
being only weakly dependent on y. The strongest differences are 
revealed by the parity violation asymmetry A+ and by the charge 
asymmetry D. Evidently, experimental errors smaller or about 1% 
are necessary to decide whether the lepton is in a r.h. doublet 
or not. If it occurs only in l.h. doublets (solid curves), the 
quark couplings can be determined from the asymmetry D. On the 
other hand, one easily realizes that an improved accuracy of at 
least 1/2 % is required to resolve the quark coupling structure 
if there is a r.h. lepton doublet (dashed curves). The behaviour 
of the SU(2)LxSU(2)RxU(1) models considered is shared by none of 
the SU(2)xU(1) models. 

Additional information arises from the slope and intercept of 

the linea a + b[~J which can be determined by varying the pola
rization, i.e. varying the momentum of the ~.K parent beam and 
keeping the muon momentum fixed/9/ (see fig.2). 

The asymmetries depend linearly on sin2e. Therefore in fig.) 
the angular dependence of A-D is given for y=J/4 and~ =1. One 
can distinguish three groups of asymmetry parameters. The infor
mation being extractable from A- is nearly independent of sin2e. 
For A+ and B the mean spacing between different predictions de
creases with increasing ain2e. Note, however, that even the exo
tic value of sin2es0.5 would allow one to determine the lepton 
coupling in SU(2)xU(1) models from A+. Finally, the uaef~lnesa 
of C and D is the same for any sin2e fixed. Thus, if nature pre
fers another unification angle than 1/4, analogous conclusions 
from corresponding figures 1 and 2 can be drawn. 

+ The value of ain29=1/4 implies that the le ton has only an 
axial coupling in the standard model (eq.4). Thus, in the 
framework 7{;SU(2)xU(1) theories, the recent CDHS neutrino 
experiment is most contradictory to atomic parity experi-
ments indicating a1 =0. 
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It is evident, that the complete set of as~®etries can only 
be studied for muons, where positively and negatively charged 
polarized beams are availaole, Deep inelastic elactron experi
ments neasure only A- and must be com~ined ~ith other reaction 
charnels to draw definite conclusions or. the weak couplings/ 101, 

To summarize, deep inelastic polarized rruon experiments rea
ching momentum transfers, Q2 , of several hundreds (GeV/c) 2 can 
be considered as a new and independent source of information on 
the structure of weak neutral currents of leptons and hadrons. 
They are expected to be able to distinguish between currently 
discussed classes of gauge theories provided the experimental 
accuracy for corresponding observables is smaller than 5•10-5Q 2 

which appears to be reachable at the CERN SPS. 
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