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The methods of infinite multiplets and dynamical groups have been
developed to understand some of the problems of strong interactions; it

is therefore important to see how these ideas work quantitatively in

explaining the properties of hadrons.

The dynamical group approach replaces the atomistic treatment .
based on '"constituents + interactions between them' by a global treat-
ment. A '.system of N bodies is replaced by a single system possess-
ing internal degrees of freedom. In some casesthis is dnly a reform-
ulation {(e.g., non-relativistic H-atom): in other cases the procedure
transcends the atomistic formulation. In particular, the difficulties
of relativistic treatment of N-body problem are completely circumvented,
as the concepts of constituents and their interactions may no longer be
convenient in the relativistic domain 1). The fact that the global approach
is indeed superior in the relativistic domain may be illustrated by the
treatment of the H~atom by a relativistic infinitg-component wave

equation which gives the following binding energies Bn

2
1 - g-é-) (u = reduced mass) .,
n .

This formula also automatically contains, beyond the Dirac values, the

corrections due to the motion of the nucleus:

1 _nla, (5)4
8 m n
‘ p
2
(for the |k| = n levels) ). The equation also gives a closed expression

for the positronium levels (for s =0, £ =n=1 levels):
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As to the structure of the proton, a particular model has emerged
based on the form factors and mass-spectrum of hadrons according to
which the effective constituents of the proton are held by long-range
Kepler-type forces. In this model the analogue of the Bohr radius is
2.4 (GeV)—1 {obtained from the slope of the form factor) and the wave
length of the emitted "'quanta' is 1 GeV-1 {obtained from the slope of
the mass spectrum as a function of the. principal quantum number n)
so that the analogue of the fine structure constant is about a ~2,4.

And one can predict the slope of the diffraction peak of the pp-scattering
which is about 10 (GeV/c)—1 . 3)

Crucial stepsin the development: The starting point of the dynam-

ical group approach was the symmetry-breaking problem in SU(3) and

the successful algebraic calculation of mass differences within an SU(3)

4)

multiplet */, The need was felt then for a unified algebraic treatment
of internal and external quantum numbers and for a dynamical group
that would give the complete quanium numbers and the spectrum of the

5
system ). Later the group SU(6) was proposed which solves this

6)

problem partly and approximately ’. The relativistic version of SU(6)

led to the groups SU(6, 6) R and SL(6,C) 8).. The complete mass

spectrum was still not solved, At this point the mass spectra of well-
known quantum mechanical systems were obtained algebraicallyg).

To solve the mass problem in a general way one had to go from the rest
frame states to states with momentum P,u in order to calculate P#Pu .
Operationally such states can be excited by external interactions, so
that the combination of the rest frame group and the Poincaré group is
physically related tc external interactions 10), 1). On this basis the
problem of mass-spectrum and transition probabilities of the H-atom
was solvedu), At this point the connection with the infinite-component
wave equations was recognized, These general wave equations had

12) 13)

been used by Majorana , Gel'fand and Yaglom . They were used

1
again by Nambu 14), Fronsdal, Budini et al, 5) and Barut and Kleinert 16).



The mass spectrum problem is much easier to solve by means ‘of the

k)

wave equation than purely algebraically but the two methods are

equivalent, There are other related methods using internal co-

18)

ordinates or bilocal theory .

Applications to hadron physics: Any model based on the above

ideas must choose A) a rest frame group, B} a particular répresent-
ation of it, and C) a definite current operator (or wave equation). In

the following I shall discuss a particular model. For baryon states,
after studying first in detail the group SL(2, C), Kleinert and I proposed |
the group O(4, 2) ® SU(3) for the baryon rest frame states 19). The
reasons were: a) the existence of several %+-baryon states requiring a

20), b} the t-dependence of the form factors, With

new quantum number
respect to ~1;he latter point, the group O(4, 2) is probably unique in giving
a form factor behaving like (1 - at)_2 . As to the point B}, the

representation, it seems at the moment that the non-unitary re-

preéentation ﬁmost degenerate 2 %Dkac' of O(4, 2} is the appropriate choice
for at least 1= % nucleon tower 20), Here all states are parity doublets
except the lowest levels 1/2+ , 3/27, 5/2+, «+s asg in the relativistic -
H-atom. Finally, as to the point C) the current, Corrigan, Kleinert
and 121) have chosen j“ = ey P,u + (cr2 +ag S) Pu + i a, L.uv qv where
a, are constants, 1"” , 5, Lm} are O(4, 2) gen'erators, and between

u
two states, P = + p! . = [p! - .
P q = (p p)u

Results: With this model, we can fit mass spectrum, form

21)

as well as some

23)

22
transition form factors ). Partial decay rates can be evaluated .

factors and magnetic moments of proton and neutron

It is an interesting hypothesis that a universal O(4, 2) vector current

24)

also describes weak and strong interactions of hadrons ', In fact,

on this basis the Kﬂs-form factors have been calculated completely in

25)

agreement with experiment ', A contact vector interaction between
two O(4, 2) further explains high s, hight behaviour of proton-proton
interactions, in particular the remarkable lower limit of do/dt for

26)
5 - ,



The model has a number of parameters which,in a composite

particle theory, would be related to the masses of constituents,

Problems: The problems of current interest are 1) the inclusion
of antiparticles, 2) form factors in the time-like region, 3) the inter-
pretation of space-like solutions of the infinite-component wave equa-

tions, and 4) treatment of exchange effects in scattering.

So far we have discussed transitions in a single composite system
due to electrOmagnetic and weak interactions, In scattering problems
and in annihilation problems, we have 'the interaction of two and more
composite systems (e, g., two H-atoms)., Consequently, in addition

26}

to the direct contact terms there are exchange effects, i.e,, ex-
change of a tower of mesons in the t-channel in the p-p-scattering,

The vertex calculated by the form lf(p')julp(p) , where (p) are, for
example, O(4, 2) wave functions, give the same anomalous threshold

as a triangular diagram, .but is more than a triangular diagram: it sums
a lot of ''radiative'' corrections, cancelling the so-called normal thresh-
old singularities in the form factor. For this reason, it is not clear
that one can make another field theory with infinite-component wave
functions and start summing up the corresponding Feynman diagrams
again, Such a process destroys the fact that the infinite multiplet wave
function already describes the {inal non-pertur_bative C-number solutions,
Accepting this point of view, it is also possible to give a physical inter-
pretation to the space-like solutions of the wave equation27). They are
not asymptotic states pecause they have negative norm) but intermediate
states corresponding to singularities in the crossed channel; i.e.,

P“P” is interpreted as s for the normal solutions but as t (or u) for
 the solutions with negative norm, The same interpretation might hold

for the extra solutions of the Bethe-Salpeter equation which has too many

solutions not all interpretable as asymptotic solutions.



1)

2)
3)

4)

5)
6)

7)

8)

9)

10)
11)

12)

REFERENCES

A.O, Barut, “Formulation of quantum dynamics in terms of
generalized symmetries: ICTP, Trieste, preprint IC/68/104

(Lecture Notes),
A.Q, Barut and A, Baiquni, Phys. Rev, (Aug, 1969)..
A.O. Barut,“Springer Tracis in Modern Physics, Vol, 50 (1969).

See M, Gell-Mann and Y. Ne'eman, ""The  Bightfold way' (W.A.
Benjamin, Inc., New York 1964),

A,O, Barut, Phys., Rev. 135, B839 (1964),
F, Giirsey and L. Radicati, Phys. Rev, Letters 13, 173 (1964),

See the review R, Dqlbouirgo, M. A. Rashid, Abdus Salam and
J. Strathdee, in "High-Energy Physics and Elementary Particles'
(International Atomic Energy Agency, Vienna 1565), |

P, Budini and C, Fronsdal, Phys. Rev, Letters 14, 968 (1965);
See also the review G, C, Hegerfeldt and J, Hennig, Fortschr,
Phys. 16, 491 (1969) for further references.

A.O. Barut and A, Béhm, Phys. Rev, 139, 1107 (1965);

A,O. Barut, P. Budini and C. Fronsdal, Proc, Roy, Soc. A291,
106 (1966);

N, Mukunda, L, O'Raifeartaigh and E.C, G, Sudarshan, Phys.
Rev, Letters 19, 322 (1965);

See the reviews in "High-Energy Physics and Elementary
Particles' (International Atomic Energy Agency, Vienna 1965),
in "Non-Compact Groups in Particle Physics' (W.A. Benjamin
Inc,, New York 1966) and in "'Symmetry Principles and Funda~

mental Particles" (W.H. Freeman, San Francisco 1967),
A.O. Barut, Phys. Rev, 156, 1538 (1967).
A.O. Barut and H. Kleinert, 156, 1541 (1967);156, 1546 (1967).

E, Majorana, Nuovo Cimento 9, 335 (1932),



13)

14)

15)

16)

17)

18)

19)
20)

21)

22)

23)

I, M. Gel'fand and A, M. Yaglom, Zh, Experim. i Teor, Fiz, 18,
703, 1096, 1105 (1948); See also
A.O, Barut and S, Malin, Rev, Mod, Phys, 40, 632 (1968).

Y. Nambu, Suppl, Progr, Theoret, Phys, (Kyoto} 38 & 39,
368 (1966); Phys. Rev, 160, 1171 (1967).

C. Fronsdal, Phys, Rev, 156, 1653 and 1665 (1967);
G. Bisiacchi, P. Budini and G, Calucci, Phys, Rev. 172, 1508
(1968).

A,0O, Barut and H, Kleinert, Phys, Rev, 157, 1180 (1967); 160,
1149 (1467),

A, Bohm in "Lectures in Theoretical Physics' Vol, IXB (Gordon
and Breach, New York 1968),

See the extensive review of T. Takabayasi, Suppl. Progr. Theoret,
Phys, (Kyoto) 41, 130 (1968),

A.O, Barut and H. Kleinert, Phys. Rev, 161, 1464 (1967).
A,O, Barut, Phys, Letters 26B, 308 (1968),

A.O, Barut, D, Corrigan and H., Kleinert, Phys, Rev. Letters
20, 167 (1968);

See also the reviews in "Lectures in Theoretical Physics' (Gordon
and Breach, New York 1968) Vol, IXB and in Ref, 3, and in
Proceedings of the Conference on Hadron Spectroscopy, Acta

Phys. Hung., (1969) .

D. Corrigan, Ph. D. thesis (Univ, of Colorado, Boulder, Colo.,
1967);

D. Corrigan, B. Hamprecht and H. Kleinert, Nucl, Phys. Bll,
1 (1969).

A.O. Barut and H, Kileinert, Phys. Rev. Letters 18, 754 (1967);
H. Kleinert, Phys. Rev. Letters 18, 1027 (1967);

A.O. Barut and K. C, Tripathy, Phys. Rev, Letters 19,918 (1967);
19, 1081 (1967); Nucl. Phys. B7, 125 (1968);

B. Hamprecht and H, Kieinert, Fortschr. Phys, 16, 595 (1968).

-10~-



24)

25)

zsj

27)

A.O, Barut and S, Malin, Nucl, Phys, B9, 184 (1869),
A,O, Barut and K, C, Tripathy, Phys., Rev, 178, 2278 (1969},

A.O, Barut and D. Corrigan, Phys. Rev, 172, 1593 (1968)
(scalar interaction); _ |

A.O, Barut and W, Plywaski (in preparation){#Vector interaction
and lower iimit to p-p scattering at high (; nergy"),

A.O, Barut, Letters to Nuovo Cimento 1, 601 (1969),

w-il=





