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It is suggested that the suppression of strong-interaction cross sections at large transverse momenta could

make possible the detection of parity-nonconserving weak effects in high-energy collisions. A parton-model

calculation for pp ~px gives parity-nonconserving effects of the order of 10 ' which could be detectable by

presently available techniques.

Recently attention has been drawn' to the possi-
bility that the suppression of strong-interaction
cross sections at large transverse momenta might
make it possible for weak effects (such as non-
vanishing longitudinal polarizations) to be seen in

high-energy hadron-hadron scattering. This sug-
gestion is motivated in part by the observation that
strong-interaction differential cross sections have
been measured down to =10 ~ cm'/sr, which is
comparable to the differential cross sections char-
acteristic of weak processes. To cite some typical
results,

pp-pp: do/dQ=9x10 "cm'/sr (Ref. 2),

pW-v X: E, = (1.6+0.9)x10 "cm'c'/GeV'srd0'

d'p
(Ref. 3),

pp-s'X: E, = (2.99+2.16)x10 ~ cm'c'/GeV'srdo'

d'p
(Ref. 4),

which comparetodo(v, e - v, e )/dQ=1. 3x10 "
cm'/sr at s = 10 GeV' in the conventional V -2 theory.
The possibility of detecting weak effects inhadronic
processes is of particular interest at the present
time in the light of recent experiments which sug-
gest that effects of the expected magnitude may in
fact be observable. It is evident, however, that
for any significant enhancement of the weak ampli-
tude to be realized it is essential that qualitatively
different mechanisms govern the strong and weak
production processes. In particular, it is neces-
sary that the weak amplitude have the property
that it falls slowly, if at all, with transverse mo-

mentum. Depending on the view adopted, and the
process in question, such a possibility may or
may not seem realistic: On the one hand, weak
production requires a mechanism that is neces-
sarily different from that of the strong interaction
since the weak interaction is very short-ranged
and involves a net change of parity and/or strange-
ness. Thus, for example, the strong component
in high-energy elastic proton-proton scattering
can be diffractive whereas the weak parity-non-
conserving (pnc) component cannot. On the
other hand, our experience with high-energy
scattering, be it strong, electromagnetic, or
weak semileptonic, suggest that hadrons behave
at high energies as assemblages of pointlike con-
stituents, and are likely to fragment into these
constituents in energetic collisions irrespective
of the details of the scattering process. In this
view the rapid falloff of strong cross sections at
large transverse momenta is simply a statement
about the properties of Aaronic watters and as
such may be insensitive to the details of the under-
lying interactions. The object of this note is to
amplify on the preceding remarks in an attempt
to answer the following question: Suppose that a
significant enhancement of weak interaction effects
is indeed seen at large transverse momentum.
What would this teach us about the strong and/or
weak scattering amplitudes? Since the falloff of
the strong or weak amplitudes with transverse mo-
mentum is a highly model-dependent effect, we
proceed to examine models of several character-
istic processes in an effort to ascertain the cir-
cumstances under which a weak enhancement might
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be expected.
(1) PP-PP. For proton-proton elastic scattering

the differential cross section d&r(s)/dt falls rapidly
with t (or with the scattering angle 8), a fit to the
data giving' (v s=c.m. energy, v t=momentum
transfer)

dc(s)/dt ~ s ''(sin8) ",
for s&15 GeV'and ~t(&2.5 GeV'. Constituent
models of various types' ' have enjoyed some suc-
cess in describing pp scattering and seem capable
of reproducing the experimental results, at least
qualitatively. For example, Gunion et al. ' have
deduced that do/dt o- s "(sin8) "' to be compared
to Eq. (1). The common qualitative feature of
such models is a picture of wide-angle scattering
in which the rapid falloff of dc/dt with t is due to
the tendency of hadrons to fragment in energetic
collisions such as would produce particles with
large transverse momenta. These models would
then suggest that the weak-interaction-induced
pnc pp -pp amplitude should also fall dramatically
with 8 although not necessarily at the same rate
as for the strong interactions. If this is indeed
the case, then no significant enhancement of the
weak amplitude relative to the strong amplitude
will be seen at large t above the value =10 ' ex-
pected at small t. ' We note that although the above
picture suggests a qualitative similarity of the
parity-conserving (pc) and pnc amplitudes, some
features, such as the s dependence, will likely
differ owing to the fact that the weak coupling con-
stant G =10 '/m~' is not dimensionless.

Although no enhancement of the pnc amplitude
is suggested by constituent models, the same may
not hold true for other models of pp elastic scat-
tering. In considering alternative models we ex-
clude those which do not lend themselves to the
introduction of pnc effects in a natural way. In
this class we include various "geometric" descrip-
tions of pp-pp in which the incident proton is pic-
tured as being diffracted by the target proton.
Among mechanisms capable of giving a significant
pnc enhancement the most extreme would be those
in which the protons behaved as partons and scat-
tered without fragmenting at all. An illustrative
(if naive) example of this is provided by a model
in which the weak pp amplitude q is given by

would already be near its maximum value, 6'= -1,
for s = 5S.7 GeV' and

~
t

~

= 20.4 (GeV/c)' corre-
sponding to the experimental situation in Ref. 2.
However, inclusion of characteristic dipole form
factors reduces the value of 6' to =10 ', thus sug-
gesting that sizeable weak effects are not likely
to be seen in elastic proton-proton scattering.

(2) pp-pX: Inclusive pp scattering is of parti-
cular interest since it is experimentally the eas-
iest process to study using an extension of the
techniques of Ref. 5. We distinguish the following
three possibilities (the second and third of which
will later be shown to be negligible):

(a) X is a nonstrange hadronic state. In this
case pp- pX can receive contributions from an
interference between the strong interaction and the
AS = 0 weak interaction (for which we detect only
the pnc contribution).

(b) X is a strange hadronic state. Now the pro-
duction mechanism must be pure weak, and hence
parity-nonconserving effects arise from the inter-
ference between the pnc and the pc nonleptonic
weak amplitudes.

(c) X contains a lepton-neutrino pair. The pro-
duction mechanism must again be pure weak. In

inclusive reactions where X is not observed all
three of the above mechanisms can contribute. It
is, however, reasonable to expect that one of these
mechanisms will dominate in a given kinematic
situation and so we proceed to estimate their re-
spective contributions. For case (a) we consider
the parton model of Fig. 1 where the weak parton-
parton interaction is given by Eq. (2) with mv =37
GeV. In the notation of Berman, Bjorken, and
Kogut (BBK)"the invariant differential cross sec-
tion for the weak scattering p(p, ) + p(p, )-p(p, )+X is given by [s= —(p, + p~)']

Pf3

where Wz„——(5z„+ qzq&/m )(qv' m +)'vis the
propagator for a hypothetical W boson of mass
mv =37 GeV, and g'/m '=v/Gv2. From (2) we
find that the longitudinal proton polarization 6'

(2)
Pb

FIG. 1. Parton model for the weak process
p(p. )+p(pg) —p(p, )+X. The wavy line denotes a weak
vector boson of mass 37 GeV.
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(3)

where x, = -(p, -p, )'/(p, +p,)', &,= —(p, -p, )'/
(p, + p, )', e, is the charge of parton i, and F, G
are the parton distribution functions defined by
BBK. In writing (3) we have assumed for simpli-
city that all the partons are charged and interact
with a common strength via either a charged-cur-
rent or a neutral-current interaction. We thus
tend to overestimate the cross section if interac-
tions involving neutral currents are suppressed,
but at the same time we underestimate the cross
section if interactions involving neutral partons
can take place. A detailed discussion of these
points will be given elsewhere but for present
purposes it suffices to note that modifications of
the above model, such as exclusion of neutral-
current interactions, produce relatively small
changes in the magnitudes of the expected pnc ef-
fects. For F~(y,) we have used the modified Kuti-
Weisskopf functions"'" of Ref. 12, while for
G(y,}we have used

G( y,) = » Q F,.( y, ) = a r. vW, ( y,)], (4)

where vW, is the proton structure function in deep-
inelastic electron scattering, and ~ is a propor-
tionality constant which is evaluated as follows:
Using energy conservation we find

J1

dy, G(y,}=1= p+K+ v+ ~ ~ ~,
0

where P, K, and m are the relative multiplicities"

of protons, kaons, and pions respectively, P:K:r
=—2:3:5, and where we have neglected all other
contributions. When the proton contribution to
Eq. (5), P= 5, is combined with the known experi-
mental value" of Jdy, vW(yg we find re=1.15.
With the functions F and G specified, Eq. (3) can
be numerically integrated and the results are
given in Table I along with the experimental values
of the corresponding strong differential cross
sections. '

The polarization t of the outgoing proton is
given in terms of the weak and strong amplitudes
&„and V, by

Ir.', +r'. '- r +r. l'
lr'+r', '+ r +r. l'

E,do /d'p,
E,do, /d'p,

where r„' (g",} is the weak (strong) amplitude for
producing a proton (with E, =

i p, i ) in a state of
s helicity, and where we have assumed that

i
r'

i«
i r,' i as suggested by Table I. In the absence

of a detailed theory of the distribution functions
for polarized partons, we have also assumed that
the same distribution function G( y,}describes the
"decay" of both polarized and unpolarized partons
into the final proton, and that the longitudinal par-
ton polarization is transmitted undiminished to the
proton.

TABLE I. Invariant cross sections and calculated parity-nonconserving parameters for pp —~ evaluated at
0, =90 (xf x2 pJ/Ws xJ/2), and vs=19.4 GeV. 6' and8 are defined in Eqs. (6j and (7), respectively, and the
experimental. data are from Ref. 3. We have ignored the corrections arising from the fact that experimentally 8,~= 77' rather than 90', as these are small. compared to other uncertainties in the calculation.

doexP cm c Edo' cm2c3
d'P GeV sr d P GeV2sr dP GeVsr dP GeV sr

0.24

0 ~ 32

0.40

0.48

0.54

0.56

0.62

0.64

0.72

0.80

0.88

0.96

5.81 X10"3i

1.83 x10-"
6.88 X10

3.16 x10 35

1.57X10 36

1.0 x10 ~7

7.65 x10 40

1.29x10 40

2.08 x10 4&

3 00 x10-42

6.13 X10 43

3.49 x10-43

5.65x10 44

2.92 X10 44

1.44 x10 45

2, 83 x10-4'

8.32 x10

3.79x10 55

5 1x10
1.2 x10 4

2.5 x10 4

4 4x10 4

8 8x10

1.1 x10

4.89X10 40

8.02 x10 4&

1.27 x10-4'

1.79 X10-42

3.61x10 4'

2.05 x10 43

3.27 x10 44

1.68 x10 44

8.13&10 "
1.57 X10 4'

4 53 x10

2.00 X10 ~5

1.04 X10

1.77 X10

2.90 x10

4.20x10 42

8 ~ 65 x10

4 93 x10 43

8 02 x10

4.15 xl0 44

2.06 X10

4.09 x10

1.21 x10 4'

5.58 x10

1.3 X10

3 2x10
6.9 x10 5

1.3 x10 4

2.6 x10 4

3.2 x10 4
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With respect to case (b) 6' must be of order (do /
do, ), since the strong interaction conserves
strangeness, and hence this contribution to d' can
be neglected if we assume that the nonleptonic sS
=0 and AS=1 weak amplitudes are comparable.
We can similarly estimate the contribution to (P

when X contains a lepton pair Icase (c)] by noting
that in simple parton models the same suppression
factors would enter here as would for the strong
process pp-pX. Hence no enhancement of the
weak production relative to the strong would be
expected. Since, in addition, 6' must again be of
order (do /do, ) this contribution to 6' can also be
safely neglected. Thus the dominant contribution
to (P comes from the interference of the strong
and AS=0 weak nonleptonic amplitudes whose con-
tributions are given in Table I. We see from the
table that as the transverse momentum P (or x )
of the proton increases ~6'~ also increases, indi-
cating that the weak cross section is falling less
rapidly with p~ than is the strong cross section.
This enhancement of 6' can be traced in the pres-
ent case to the short range of the weak interaction:
If the range is increased by decreasing m~ to -1
GeV, then ~6'~ decreases from l.lx10 ' to 1.1
& 10 ' at x, = 0.62.

Parity nonconservation in inclusive pp scatter-
ing is also manifested through the asymmetry pa-

rameter 8,
do' -dg (E,do„/d'p, )

' —(E,do /d'P, )
do' +d& (E,«, /d'P. )' '

where der' are the inclusive cross sections for
scattering of a beam of incident protons with ini-
tial+helicity, and where the subscripts s, zv denote
the strong and weak cross sections, respectively.
The structure functions describing the decay of the
initial polarized proton into partons are obtained
from the modified Kuti-Weisskopf functions by ap-
propriately constraining these functions in accor-
dance with the Bjorken sum rule. " Tables I and
II exhibit our results for pp-pX and pp-mX, re-
spectively, where in the latter case G(y, ) is the
function appropria. te to pion production. " We note
that

~
8

~
can be as large as -10 4 under currently

available experimental conditions. Since a value
of this order could be detected by presently avail-
able techniques" our estimates suggest that parity
nonconservation could be seen in high-transverse-
momentum collisions. Should this indeed prove to
be the case, the following information could be
extracted from such experiments: (i) As s in-
creases ~6'~ and ~8~ will increase towards some
maximum value. [6'„,„), ( 8,„[, and the value(s)

TABLE II. Invariant cross sections and calculated values of the asymmetry parameter 8
for pp m+X defined in Eq. (7). The kinematics are the same as in Table I, and the experi-
mental data are from Ref. 3.

0.08

0.12

0.16

0.24

0.32

0.40

0.48

0.56

0.62

0.64

0.80

0.88

0.96

do' P cm2c'E
d p Gevsr

1.64xlp»
2.48 x 1p-'-8

3.52 xlo»
1.02 xlo

3.22 xlo"32

1.60 xlo

7 52 xlp 3&

4.25xlp "

3 5 xlo

E do' cm
d P GeVsr

2 78 xlo-38

8.86 xlo

3.49 x 10-»

7 P4 xlP-40

1.62 xlo

3 73 xlo

7.86 xlo

2.21 xlp 42

1.41 x 1O-4'

3.28 x 10 4~

1.93 xlo

1.72xlo 44

7.24xlo 46

6.40 x 10 48

2.81 x 1O-"

cm c
dsp GeV sr

5.32 x10 38

1.73xlo "
6.95xlo "
1.46 x 1O-"

3.48xlo 40

8.27 xlo 4&

1.80 xlo 4&

5.17 x 1O-4'

3.32 xlO 4'

7.89 x 10

4.68xlO 4'

4 29 xlo

1.86 xlo 4'

1.70 xlo 4'

7.8O x 1O-"

1.6 x 10

2 4xlo

4.1 xlo

1.2 x 1O-'

3.3 xlp 5

7.5 xlo

1.7 xlo"4

3.8 xlo

5 3xlo
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of s at which these occur, could provide some in-
formation on m~ and on some other features of
the weak interaction which have been accessible
to date only through the study of parity-noncon-
serving effects in low-energy nuclear physics. "
(ii) If, conversely, the weak interaction is assumed
to be known (at least approximately), then a knowl-
edge of the s dependence of 6' and 8 can be used
as a probe of the strong interaction. Such an ap-
proach may be useful in practice if one could iso-
late from both the weak and strong cross sections
their common dependence on the structure func-
tions E and G leaving the weak and strong parton-

parton scattering amplitudes themselves to be
compared.
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