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The deDonder gauge of gravidynamics is the analog

of the Lorentz gauge of electrodynamics. With any
other gauge the graviton propagator is more singular,
and gives rise to extra divergences in the theory. How-
ever, these are spurious divergences which cancel one
another owing to gauge invariance. Just as in electro-
dynamics, the cancellation is an intricate one, involv-
ing all diagrams of a given order and not the ladder
diagrams only. Moreover, as Feynman has pointed
out (unpublished), in gravidynamics a previously un-
suspected set of diagrams must be included, involving
fictitious vector particles interacting with the gravitons
only. [See B. S. DeWitt, Phys. Rev. Letters 12, 742
(1964).] Since the present investigation is restricted
to the ladder graphs the results obtained are not gauge
invariant. It is believed, however, that if the methods
of references 2, 3, and 4 have any validity at all, their
use in the present case in conjunction with the least
divergent gauge leads to a modified scalar propagator
[Eq. (20)] ~hose general analytical properties do not
differ greatly from those of the correct propagator.
As for justifying the restriction to ladder graphs, al-
though it is true that when the rungs correspond to zero-
mass quanta these graphs dominate all others at low
energies, unfortunately we can say nothing about the
high-energy regime which is important here. In this
respect the present investigation suffers from the same
defects as those of the cited references.
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According to the strongest version of the boot-
strap conjecture of Chew and Frautschi, ' it
should be possible to rule out all strong inter-
action symmetries other than the observed one,
SU(2)QY (Y is hypercharge, baryon number plus
strangeness) by requiring all particles to gener-
ate themselves self-consistently. Present knowl-
edge of dynamics, however, still permits the
construction of a wide range of higher symmetry
universes which are self-consistent in first ap-
proximation. ' About SU(2) dynamics it is known
that pion-pion scattering and pion-nucleon scat-
tering with production of p and (32, ~) N* reso-
nances, respectively, can be made self-consis-
tent in first approximation. '~ Now suppose one
replaces m, p, N, and N* by multiplets II, V, B,
and 8*, still J =0, 1, &, and -,'+, respec-
tively, but now (except for 8*) transforming as
the adjoint representation of a compact simple
group Q. ' Simultaneously, in the scattering cal-

C(V', V) = 0, C (S, V) =+I =-C (S, V), (2)

where V' is any other channel capable of support-
ing a vector-meson resonance and S is the scalar
representation, i.e. , the vacuum Regge trajec-
tory. Hence the presence of crossed resonance

culation, one replaces SU(2) crossing matrices
by G crossing matrices. Then the IIII problem
is still self-consistent, and, at least for G =SU(n),
the IIB problem is also. Let Ct(X, Y) [or C„(X,Y)
denote the crossing matrix element giving the
force exerted by crossed t (or u) channel Y on s
channel X. Then for IIII scattering in which V
bootstraps itseU, the relevant elements are
Ct(V, V) and C„(V, V), which Cutkosky has shown
are always attractive'.

c(v, v) = c(p, p) = —,'. (I)
[If Ct(X, Y) = C„(X,Y), we drop the subscript. ]
Further, '~'
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V need not imply the presence of any additional
multiplets V', and the force exerted by V on the
vacuum trajectory is not so great that unitarity
will surely be violated in a crossed channel, as
happens in a case discussed by Chew. '

Now let G =SU(n). In IIB scattering, crossed
channel B supports B*, and reciprocally B~

supports B. Each of the states 1„8„8'„10„10,~,

27, occurring in the decomposition of the SU(3)
direct product IIQB =83(R83 has its generalization
to an SU(n) state 1, 8, 8', etc. g a couples to
some linear combination of the HB states ~8 and
8 '(D and F states in the notation of Gell-Mann):

S) = sin8 1IIB;8 ') + cos& ilia; 8 ). (3)

8 is Cutkosky's mixing parameter. '0 The choice
of 6) determines which channel B*will resonate.
6, in turn, is not determined uniquely by the self-
consistency requirement, at lea,st in first order.
It must be fixed by appeal to experiment. %e
want B*= lo„which necessitates'0 8= 33' (for
8 0, a*=10,+10 *; for 8=-'v, a*=27 +8 ').
The relevant crossing matrix elements are, for
alln and &,

"
C (B~ = 10,B) = 2 cos'8(n' 4) '-

u —n'

+2 sin8 cos8(n'-4) "', (4)

C (B,8*= 10 ) = ~ cos'8 +-', (n'-4)"' sin8 cos8. (6)g n

Since
c (a*=lo, a) =o,

B couples to the linear combination of I' and D
states given by Eq. (3), while B* couples to a
similar combination with 8~ replacing 8. C„(a',
B) follows from Eq. (6) by interchanging 8 and
6) fo

c (a+, B)=c (B,a*}. (7
Q Q

For large n the square bracket in Eq. (6) is
negligible; maxima are attained for sin8 = sin8*

the choice +*=10 will not work for large n

(similarly for the choices B*=~10 + 10„~,8~=27„).
What does work is either B and B*both ~8 (D) or
B and B* both~8' (F). Again the mechanism is
a reciprocal bootstrap, B* supporting B, and B
supporting 8*:
C (B,B*)= 2(sin'8- cos'8)(sin'8*- cos'8*)

Q

+
2 [(n'-l2) /(n'-4)- I]cos'8 cos'8*. (6)

=1 (both E) or cos8 = cos8* = 1 (both D). Thus a
first-approximation SU(n) universe of the famil-
iar type (0 mesons and ~+ baryons) exists for
every n.

On the other hand, we may expect that, in the
normal course of progress in the understanding
of higher symmetry crossing matrices, the boot-
strap requirement will succeed in ruling out,
even in first approximation, a very large class
of universes: those in which the baryons and
mesons are assigned to multiplets of dimension
much greater than that of the adjoint representa-
tion of the group. From an approximate calcula-
tion of the crossing matrices for scattering of
large-isospin particles in SU(2), it follows that
the formation of large-isospin states in an SU(2)
Y universe is much less favored because the
relevant crossing matrix elements are going to
zero as I increases. &'~ The expressions in ref-
erence 7 follow from quite general group-theoreti-
cal principles applied to SU(2), and it would be
amazing if similar results did not hold for the
higher groups. That is, for all groups only low-
est dimensional representations should be of
dynamical significance. ' Indeed, the greater
simplicity of adjoint- representation scattering
in SU(n) for n large suggests that this principle
may apply with even greater force to the higher
rank groups than to SU(2) (for n large one can
get the adjoint representation of baryons 8* but
no B*multiplets of higher dimension).

So far we have been emphasizing how similar
the crossing matrices of low- and high-rank
groups G are. To the end of demonstrating a
difference, we consider the I=O vacuum Regge
trajectory. The mechanism proposed by Balizs"
for generating the vacuum trajectory, p exchange
in mm scattering, generalizes unchanged to IIH
scattering in G in virtue of Eq. (2). Therefore
every G-symmetric adjoint-representation uni-
verse will possess a vacuum trajectory. Also,
it will lie high in the ReJ vs momentum transfer
plane: The V-exchange mechanism is sufficient
to cause the S trajectory at zero momentum trans-
fer to pass through ReJ= 1, the highest value per-
metted by unitarity. "

First let us consider the force exerted by other
particles on the vacuum trajectory. This force
probably varies but little with rank of the group;
for particle-antiparticle scattering of a d'-dimen-
sional representation of G,

c,(s,x) =d /d, (8)x
where dz is the dimension of X.' As pointed out
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above both d„and d are likely to be small: d„
—=d =—O(d R }, d R the dimension of the ad joint rep-
resentation. Hence Cf(S,X) is never likely to be
much different from 1. On the other hand, the
inverse force, that exerted on all other particles
by the vacuum trajectory, varies in more inter-
esting fashion. For elastic scattering of any two
representations of G having dimension d, and

17 1S
2y

C (X,S) =(d,d, ) "'.
For general G we anticipate d, -d, -O(dR). For
adjoint representation scattering in SU(n), dl
=d2 =4& =n'-1; the force exerted by the vacuum
trajectory is falling off as 1/3, 1/8, 1/15, " as
one goes up in the series SU(2), SU(3), SU(4), ~ ~ ~ .
There is a marked difference between SU(2) and
even the lomest rank higher symmetries. There-
fore it would be highly desirable to design pro-
jected dynamical calculations with the vacuum
trajectory in such manner that the crossing ma-
trix elements, and with them the rank of the
group, become part of the input information.

The same remarks, of course, mould apply
not only to the vacuum trajectory but also to any
other singlet. For example, the presence of
two J =1 singlets &u and y(1040 MeV) '~ in the
SU(2) limit suggests the presence of a singlet
Vo in addition to the octet V in the SU(3) limit;
and since the crossing matrix elements (8) are
relatively insensitive to the rank of the group,
Vo may be present in 6 as well.

Should the strong-interaction symmetry ob-
served in nature be described as a broken SU(3)
symmetry or as a broken SU(4) symmetry'?
Present theoretical calculations cannot distin-
guish between SU(~) and SU(3), let alone SU(4)
and SU(3), so that some experimental informa-
tion on this question mould be desirable. " U the
universe is a broken SU(4), then there should
exist an additional hypercharge quantum number,
call it I'~ to distinguish it from the familiar
hypercharge I'~ =S~ (strangeness}+baryon num-
ber', and particles carrying this quantum number
should exist at higher energies than have up to
now been studied. Experimentally, this quan-
tum number mould manifest itself as a new asso-
ciated production rule, similar to the familiar
one for 8 . The more probable circumstance
a priori is that the particles Ype0 should lie
higher in mass than the particles Yp =0." Con-
sider first the way SU(3) symmetry is broken.
Most probably, the necessary condition for a

given SU(2) multiplet I to lie lowest in the broken
SU(3) multiplet is that there exist a suitable SU(2}
mechanism to bootstrap the multiplet I. By an
SU(2) mechanism is meant one which would work
even in the absence of the other members of the
broken SU(3) multiplet. Certainly mechanisms
for bootstrapping p and N*, the tmo lowest-lying
members of the V and B* multiplets, were known
before SU(3) symmetry appeared on the scene;
and it is at least in line with the conjectured
necessary condition that the two lowest lying
members of the B and 0 multiplets are just those
required for the p and N~ bootstraps; in addition,
since both N and m are S~ = 0 particles, the uni-
verse observed from the low-energy end looks
like a purely SU(2) universe. If we extend the
idea from a broken SU(3) symmetry to a broken
SU(4) symmetry, it follows that SU(4) would
break so that the universe observed from the low-
energy end would look like a self-consistent SU(3)
universe, mhile the particles Ypx0 would lie
higher in mass. "~24 [Whether SU(4) symmetry
exists or not, the requirement that the lomest-
lying states form an approximately self-consis-
tent subset is useful in understanding the way
SU(3) symmetry breaks. ]

The universes SU(5), SU(6), " become succes-
sively less attractive theoretically because, were
particles Y c 0, Y&e0, -.- present, they would
act to produce a regular representation of bary-
ons B~ in the SU(5), SU(6), " limit; this repre-
sentation mould break to give an octet of ~+ reso-
nances lying lowest, rather than a decuplet. Of
course if singlet trajectories have anything to do
with the stability of the low-lying states, one
should not expect an exact SU(4) symmetry [or
an exact SU(3) symmetry for that matter], since
Cf(X, S) =O(1/15) [or O(1/8)] is practically zero;
but rather a badly broken symmetry so as to give
C, (X, S) = O(1/3).
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-1 BeV and -1.5 BeV, say) in II and B could decay to
Em, Nn. , Am, Zm, or "x final states. For comparison,
known lifetimes, for E& 2z, A Nw, " Am, all
(O, l, ~) processes, are O(10 sec) (see report by
Gregory, reference 23, pp. 783, 839). If the selec-
tion rule were (1,1,~), some mesons would decay pre-

dominantly by leptonic modes; known lifetimes, z—l v

and E lv, are O(10 sec). As is well known, of
course, one must be prepared for factor-of-ten errors
in extrapolations of weak decay lifetimes because uni-
versal Fermi interaction is so badly violated.
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