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Changes of symmetry in weak interactions at large transverse momenta
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The weak reaction | + p —1'+ X is treated at high energies in the framework of field theories at finite
temperature T, where T is proportional to the average transverse momentum <p,» of the outgoing lepton
I’. In models wit spontaneous symmetry breaking, we find a restoration of symmetry (e.g., parity) with
increasing {p,»>. The following simple relation between the depolarization R = ®({p >)/®(p,> = 0)
of leptons, the mass of the Higgs particle My, and the coupling A is derived: My/\ > 9<{p,>/32(1 — R

I. INTRODUCTION

Spontaneous symmetry breaking is playing a
major role in theoretical particle physics. How-
ever, there is so far no direct experimental evi-
dence that the various symmetry breakings we are
seeing are indeed of a spontaneous nature.! In
many-body physics the situation is much clearer
from this point of view, since there the sym-
metries can be changed by heating the system
(e.g., superconductivity), which probes the spon-
taneous character of the breaking. If in high-en-
ergy physics, coanditions could be created similar
to the heating of a many-body system, one could
hope to be able to check the nature of the break-
down of symmetries.

Kirzhnits and Linde® and other authors consid-
ered the change of symmetry for an elementary-
particle system in a heat bath of macroscopic
(astrophysical) dimensions, but apparently there
is no way cosmologically to distinguish between
spontaneously broken symmetrics and other types
of symmetries.?

Some time ago, we suggested that one should
see the restoration of strong-interaction sym-
metries [SU(3)] at high energies and large mo-
mentum transfers* which correspond to high tem-
peratures. Salam and Strathdee® considered the
problem of symmetry restoration in the presence
of strong magnetic and electric fields.

Thermodynamical and hydrodynamical approach-
es to large transverse momenta p, in strong in-
teractions suggest® the existence of hot regions in
hadronic matter excited by the projectile, and
therefore in Ref. 7 we put forward the idea that
inside such a hot region elementary fields (par-
ticles) are to be described according to field
theory at finite temperature. This can be under-
stood, e.g., within a partonlike model where the
gluon condensate and quark-antiquark sea con-

stitute a medium in which elementary fields inter-
act. As an application in Ref. 8, we have suggested
that the polarization of leptons produced in neu-
trino reactions might decrease with the average
transverse momentum {p,) of the outgoing lepton.
As will be shown below, in deep-inelastic inter-
actions induced by leptons rather high effective
temperatures are obtained so that the changes of
symmetries expected as a consequence of phase
transitions might begin to show up already at pre-
sent accelerator energies. Therefore, in the pre-
sent paper, a more quantitative investigation of
the spontaneous-symmetry-breaking effects at
high energies is made. In Sec. II, we derive
among other things a relation between M /X and
the decrease of symmetry breaking at high ener-
gies. M, is the mass of a Higgs particle, and X is
the corresponding (scalar)* coupling. In Sec. II,
we discuss the experimental implications of the
relations obtained in Sec. II and compare them
with the predictions of theories containing right-
handed currents.

II. RELATION BETWEEN THE VACUUM EXPECTATION
VALUE AND HIGGS-PARTICLE PARAMETERS

We start with a Goldstone theory based on the
group O(n) with a single vector multiplet of scalar
fields. It is easy to generalize our approach to
gauge theories for any Lie group.»® The potential
in the Lagrangian is of the form

Vo(p) =2a¢?+ %, 2.1)

with A>0 and @ <0 in order to have a spontaneously
broken theory. At temperature T #0 the vacuum
expectation value is defined by

> (E;|o|E;)eE/T
> Ze-Ei/T ’

é(1)=

(2.2)
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and is determined by minimizing the effective
potential V,

3(?)=Oatq5:¢, (2.3)
where
V=V,+V,. (2.4)

V, is the one-loop contribution'’®

n+2

1
Vizge T
% / dxx*n {1 —expl-(+a)’?) ,  (2.5)
0
where
@=M*T)/T?, (2.6)
ae(r)=2Ye =a+3N2H(T). @.7)
9¢° 1,4

The critical temperature is defined by the condi-
tion

(,B(TC) =0, (2.8)
yielding
12 1/2 ual)l/z ( 6 >1/2”
T = i iy Rl
¢ <n+2> A n+2 x 2.9)

The mass of the Goldstone-Higgs particle is given
by

MP2=M?*(0)=-2a. (2.10)
From Eq. (2.3) we get

P "12“;._,2 N2 (a)=0, (2.11)
where

@)=/ My . (2.12)

t=T/M,), (2.13)

are dimensionless quantities and
T xXdx o /2 el
I(a)—fu [rawane [exp(x®+a®) ""-1]
=1(0)Z(a%), (2.14)
where
1(0)=7°/8,

and Z is a monotonically decreasing function of
a® with
Z(@*) <1, (2.15)
and &° is given by (2.6).
The solution of Eq. (2.11) gives the temperature

dependence of the vacuum expectation value of the
scalar fields. The symmetry-breaking effects

are proportional to ¢ and Eq. (2.11) contains all
the information we are interested in. For conven-
ience we rewrite this equation in the form
. 1 n+2 ,, 5
w“=W—Tl"Z[_a~(¢2)]- (2.16)
For a*>0 which corresponds to low temperatures
t, the integral I(@®) is real and using Eqs. (2.6),
(2.7) and (2.15), (2.16) we find that ¢ and ¢/ are
restricted to the following domains:
4
2> 0. <P < =2
a*=0: 0t EFPIE 1y,
1 _,_ 1
62 Y an

(2.17)

QHl=1t,)= s =¢*(=0).
¢(0) is the maximum value of ¢({) in most models!
including the present one.

For ¢®<0 the integral and therefore the solution
of (2.11) are complex. We assume, as suggested
by Weinberg,! that the physical solution corre-
sponds to the real part of ¢; the imaginary part is
canceled by higher-order loop contributions. In
this case one gets

0 _ 4 - 6
¢ =0 (n+2)A2 StEsil= (n+2)22°
(2.18)

For > 1 we have Z=~1, and the solution of Eq.
(2.16) is

@*(t)/¢*(0) =1 -1 (n+ 2)N%2 (2.19)

In Fig. 1, we represent ¢3(¢)/¢?(0) as a function
of 2, for n=1 and for two values of A (A= % and A
=1. Our approach is limited to A<1 because we
use perturbation theory in the expansion of V. It
is seen that the larger X becomes, the sooner
the restoration of symmetry is observable. If we
denote the parameter describing the restoration

of symmetry by

6=1-¢(t)/¢(0), (2.20)
so that 6(T,)=1 and 5(0)=0, (2.19) yields
B (n+ 2))\2T2]”2
6=1- [1————@—1[{2— s (2.21)
which for small 6 reduces to
2 2
5~ (2+2)272 ] (2.22)

1201,7

III. EXPERIMENTAL IMPLICATIONS

The temperatures reached in strong interactions
at present accelerator energies might already ex-
ceed the value of m, ~140 MeV considered to be
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FIG. 1. Dependence of ¢*)/¢%(0) on t? according to
Eq. (2.19) for n=1. The dashed parts of the curves cor-
respond to the region of #? where the deviation from the
linear approximation (2.19) is still important. However,
the scale is here much increased.

a critical temperature for this type of interaction,
so that it is of no surprise that phase-transition-

like effects are apparently already being seen’ in

hadronic physics (e.g., the cutoff of p, of second-
aries!®). At first glance, one might be tempted to
expect no similar effects for weak interactions in
the present energy regime since the critical weak
temperatures 7Y are known"? to be much higher

than the strong ones T §.

However, this point of view might be misleading
since at the same energy E, in weak interactions
much higher energy densities ¢,=E/V,~E/R,}
are reached than the energy densities €, =E/V
~E/R 2 in strong interactions; here V and R are
the interaction volume and radius, respectively.
Since R, ~m, ™" and R;~m,™" one has

3
€ m
Sw o (ZEWY 5 q ,
ES mm

where m,, and m, are the masses of the interme-
diate boson and pion, respectively. It is reason-
able to assume that the local temperature obtained
in high-energy reactions is an increasing function
of € so that 7> T°. This is confirmed by the
experimental observation that the average mo-
mentum transfer (g% in the weak reaction

vip—~p+X (3.1)

is much larger than the corresponding {¢?) in
strong reactions. For (3.1) one has found' for
E <12 GeV,

(¢°)=0.21+0.22E
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where E is the neutrino laboratory energy in GeV,
and ¢? is in GeV2. Since {p,) is expected to in-
crease with (g®) it is reasonable to assume that
(DL)weax™ (P1) strone- O the other hand, it is easy
to see that (p,) is proportional to the temperature
T. Indeed we have

po = Fdp.pdp, 3.2)

where for f we take a Boltzmann distribution

fexpl = (p2+p 2" /T1/ [ Fapupidp,

and where we neglect the (lepton) mass. An ele-
mentary calculation yields

(=g [ PR .)

Thus we conclude again that 7¥> T°. By using
Egs. (3.3) and (2.21) we get the following relation
between the symmetry-restoration parameter 6
and (p,):

1/2

- 2T(n+2) X (p, )
6_1—[1_.——-—512—1\4”2— ] . (34)

If we define by 6, the experimental upper limit
of 6 we find for small 6 a lower limit for M,/x:

My [27Ge+2)]H2 (p))
X 32 (6axp)' %"

At CERN an experiment'® is in preparation in
which the polarization of muons produced in reac-
tion (3.2) by high-energy neutrinos will be mea-
sured. If parity is a spontaneously broken sym-
metry, we predict a parity restoration propor-
tional to the 6 of Eq. (3.4) and hence a decrease in
the polarization @ of the muon with (p,). This de-
crease can be parametrized as follows:

(3.5)

R, =

1/2

“1-6= ZL("M]
_1_5_[1_ | (3.6)

It is interesting to compare this prediction
with that of models containing V+A currents.'
In those models one has

_ m?—q?

R,=1- m , 3.7
where m, and m, are the mass eigenstates of the
intermediate W, and W bosons; the V —A limit
corresponds to 7771/m2 - 0. Inorder to make a com-
parison possible, we assumethat @ ({(p,)=0)
corresponds to a pure V —A theory. The main
difference between the two types of theories re-
lies upon the fact that parity is completely re-
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stored in V+A theories (R, —~0) only at g%~ =,
while in the temperature-dependent model this
happens at finite

6 \/216 M
(Pﬁc:(m—z) g'—f (3.8)

corresponding to the phase transition at T,.
Assuming spontaneous violation of CP, strange-
ness, etc., one expectsrestoration of these symme-

tries atlarge (p,) along the same lines as in Eq. (3.4).

In particular the restoration of strangeness con-
servation in weak interactions would correspond
to the vanishing of the Cabibbo angle at large
(p.), i.e., the ratio

_o(v+p—~p+A)

2T o(v+p—~KL+n) (3.9)

should decrease with (p, ).!1°

Some of these effects are striking, and an ex-
perimental test is highly desirable. A positive
result would confirm not only the spontaneous
character of the symmetry breakdown but also the
applicability of a statistical approach to weak
interactions. Both these assumptions are at
present only conjecture.

IV. DISCUSSION

Although for the sake of definiteness we con-
sidered a global O(z) symmetry, our approach to
the restoration of spontaneously broken symme-

tries is general and applies also to gauge groups.
In this way through relations of type (3.5) direct
experimental information about M,/ can be ob-
tained which at present is not available by other
methods. This is in particular true also for uni-
fied models of weak and electromagnetic inter-
actions with the exception of the standard SU(2)

X U(1) model where there is one single Higgs
field with {p)=M,/A~Gz1/2=~300 GeV (Ref. 16)
and where there is no restoration of parity sym-
metry anyway.'” This last model, however, is
apparently in difficulty because of the smallness
of the parity-violation effect in atomic physics.
Indeed, in order to cope with this problem in a
very recent paper Georgi and Weinberg® consider
a larger symmetry group and postulate the exis-
tence of at least two intermediate neutral vector
bosons, the mass of one of them being smaller
than the usual value m ,~80 GeV. In this way the
atomic parity effect becomes much smaller. To
achieve this one has to introduce another Higgs
field with a vacuum expectation value smaller than
300 GeV. This leads to smaller values M,/
which could make the parity-restoration effect in
neutrino reactions, as discussed in this paper,
observable.
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FIG. 1. Dependence of ¢*¢)/¢*(0) on t* according to
Eq. (2.19) for n=1. The dashed parts of the curves cor-
respond to the region of #* where the deviation from the
linear approximation (2.19) is still important. However,
the scale is here much increased.



