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In this papcr a new invariance priiciple is introduced for the
relativistic quantum thcory of fieclds. It is assumed that the results
of such theories should be invariant under the change in sign of the
mass term ir: the Dirac cquation. This invariance holds indeed both
for.dﬁantum Electrodynamics and i‘cson Thcory. If several Dirac parti-
cles interact with several Boson fieldé this principle introduces sé-
lection rules against certain interactions. The consequences for the
Universal Fermi Interaction are that only such mixtures as scalar,
pseudo~scalar and tensor (S,P,T) interactions or mixtures of fector
and axial vector interactions (V,A) are possible., If also the inter-
actions of 17 mesons with nucleons and with./Lmesons are known we may
be led to the exclusion of one of these posgibilities.
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Finally, the consecquence of further imposing a symmetry princi-
ple of the kind proposed by Purscy is examined. It is found that even
considerins other possible symmetry principles the only possible Fermi

interactions are the following rmtually excluding ones:

(S+P-1), (A-V), (s+P+L); (s+p+1), (4 +V), (S+P-'§);‘

w

(3,P), A, V and T.

I. Invariance of {uantum Electrodynamics under mass reversal.

It is known that all physical predictions in quantum electrody-

namics are independent of the sign of the mass m in the Dirac equation:
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Most authors use the positive sign and then the two upper components
of Y (in the usual representation of the Sirac matrices) are the
"large” ones. Others use the negative sigm and the "large" components

are then the lower ones.

This is the same as to say that Quantum Llectrodynamics is in-

variant under the transformation
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We shall call this transformation "ilassg Revergal', after Peasleel
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who used it in a somewhat different manner than in the present paper.
The above result can be stated in a more general way as follows:
if We have several spinor fields'tyr (in what follows q)r may be con-
sidered as one particle wave function or as field overators) with mas-
ses mr, in interaction only with the electromagnetic potentials, the -
equations are invariant under "mass reversal' for any of the particles

(r,), say, under the transformation:
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72r in these transformations are arbitrary phase factors:

In general the phases 1qr(r # ro) are not essential.,
In what follows Lyr will refer to the positive particles; the

corresponding anti-particle field

4 —
q}r-.; = C(‘Pr s

(say the negative particles), will transform then as
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IT. Invariance of the meson theory

The Dirac equation for nucleons in interaction with the 1 i,Tro

meson field ¢i are assumed to be (pseudoscalar theory , pseudoscalar
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interection):
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wuere f; is the isotopic spin operator for the nucleons whose wave

onerators are \%@
F : r
v TN
This equation is invarient under both the "mass inversaln trans-
formetions: v
. 5 el . et
M- =M e b/5 uf Cb{' % d&(
) ) (5)
and
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T | ‘he W s —_ >
Iere Y ""9*3’5 63 Y is the saume as: “}'P > 3(5 Wps W Xg wN .
Then we see that if the T meson interacts (with pseudoscalar coupling)
clso with another spinor X (say the/w f ,1) fields), then, in opposi-
tion to the case of the clectromaznetic fields, the ecuation for
K{//\L
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cannot be kept in zeneral unchanged just by allowing vhase factors
changes for Lﬁu and 9“V . We can overcome this difficulty either by
assuming that this interaction (which leads to the W~4deecay) is not
an elementary interactionZ but a secondary ones. Another possibility is

to assume thatlonly cherged ™ mesons interact with the X field (con-
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sistently with the eXperimentally observed cases). In this case the
phase factor change for the ,(-( and 3 fields should be the‘same, if we
use transformation (6) for the mass reversal of the nucleon field, or

they should have opvosite sign if we use (5).

o =y e
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How the referred interaction of (fl,l)) with the Tt £ field will not be

invapiant under mass reversal of the (4 field unless a similar trans-
formation is also performed for the V ficld; this implies the assump-
tion that t« and ¥ form one field in the sense that (P,N) form the nu-
cleon field. 1In this paper we shall assume, for the sake of simplicity
that the neitral particle produced in theTT-—b,Q decay is nof a neutri-

no but a particle /Yy with small mass:

qﬁu\ X ue,/x-+f40 .

S0 the field X = \y' will transform under mass reversal in a way sini -
|

lar to the nucleon field ¥, as given by (5), (5a).

The extension of the above results to other forms of interaction
is straightforward. In ﬁhe case of several fermions interacting with
several boson fields, restrictions of the type above referred to and
relation rules for elementary interactions (similar to the exclusion

of interaotions'of/x and with??o field) will appear.

+II. Invariance of the Universal Fermi Interaction.

The well known fact’that the interactions which lead to fg—decay,
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fk-decay and/U-capture have practically the sameistrength leads to the
assumption that the Fermi interaction is Universal for particles of
spin 1/2 and thus is symmetrical in éll particles. If all particles
are considered different the complete symﬁletry3 leads to the Vigner-
Critchfield interaction (S = A = P) which is unsatisfactory in many re-
snects. In particular this interaction does not obey the mass reversi-
bility princinlec. If we assume that all particles appear in pairs,
such as (P, W), (/A,/uo), (e, ¥) then the symﬁetry between these (pair)
fields coes not introduce any rcstriction. .e¢ shall adopt this point

of view. So we assume the interaction schemes:

P—>1 + 67 + v (/3 decay) (72)
(=gt + ot 4 v ( M decay) (7b)
- N ! - )
S (p-omtuze) (7o)
-t 4 /q; (7Y - decay) (7d)

The mass reversal transformation should be made simultaﬁeously for both
particles in a pair, as in (5), (6).
If, now, we assume that the theory should be invariant under mass
reversal for each particle (pair) we arec led to the following result:
The only possible forms of Fermi interaction which are invariant

under mass reversal arc either a linear combination of vector and pseudo-

scalar interactions, or a lincar combination of Scalar, Tensor and

Pseudoscalar intceractions.

Both cases arec consistent with transformations of the types:

Vo,

—y - . -~
a) M, Hp; My — - My ‘VPN Ig Yoy

the other pairs of particles which interact with (P W) transforming
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witn equal phases for (V,A) interactions, and with phases of oppositc
signs for (5,P.T) intoractions (such as in (5),(6) ).

Bl Mp—>- M, g yp i Y W,

i B
the other pairs of particles transforming wi th equal phases for (5,P,T)
and with opposite phases for (V, A) interactions.

The extension to the case of non-Universal interaction is im-
mediate. In this case we find that all Fermi interactions which corre-
spond to the processes (7a,b,c) should be of the same type (either (V,A)
or (S,P,T) ) the only arbitreriness being in the coeficients of the
linear combinations.

We see that the consequence of the invariance under mass rever-
sal is to exclude interactions which lead to Fierz interferences h,
which appcer when intcractions of tiro group (A,V) are mixed with those
of (S,P,T). This could be seen Trom the beginning by observing that
these interference terms, say:hlﬁdeecay, are lincar in the mass of
the electron; so they change sign under mass reversal for the (e,¥) field.

« Now If we consider sinultancously the i -nucleon interaction
and those which lead to processes (7) wo may be led to a choice between
{8,7,T) and (V,A) theories. Indeed, if we assume pseudoscalar coupling
of TV ~mesons with both (P;N) and (/Q, fb) then the transformations used
for (P,N) imply the relations between the phases of (/Q,/ob) given by
(5a) and (ba) which are correct, for the invariance of the Fermi inter-
action, only for the (S,P,T) theory); So a definite knowledge of the
9T meson interactions may lead to a choice in favour of (S,P.T) or (A,V)

Fermi interaction.
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IV. Unique determinations of the Universal Interaction,

Now that we are loft with only (3,P,T) and (A,V) mixtures, we
may atteript to a dd a furthsr Principle to obtain the coeficients of
the lincar corbination. A natural assumption is to imﬁose symmetry
anong the several particles. The complete symmetry which led to the
wigner-Critchfield theory is known to be unsatisfactory. Less strong
symuetry pronerties have already been proposed by several authors, Thus
Pursey 5 has proposcd to assume symmetry between the anticommuting
operators for the ncutrel particles (and then also for the charged ones).
S0 he 1s led (in the usual ordering of /@ -dccay interaction.gg u&‘ié\K),
to a linear combination of (S + P - T), (A ~V) and (S - A = P)s. Now if
we impose invariance under mass reversal we are restricted to either
(S+P -T) or (A - V): A fimal selection between them could result as
referred in sec, IIT.

This is, however, corrcct only if we assume anticommatation not

only between the wave functions for two particles of the same pair (P, N:
(/4,‘/%) (e, ¥) as it is necessary for the Hamiltonian formalism but

also between particles in different pairs, If we suporess the last re-

striction, say, if we assume that the wave operatofs for two particles
in different pairs comute (say N and V) then the interaction which is
symmetrical between neutral particles is now a linear combination of 1
(S + P + g) and (2 S - 2P + A + V). Thus the principle of mass reversal
leads us to the unique possibility, (S + P + g ) e

Pursey's symnetry principle can be expressed in a formal way by

stating that the Universal Formi interaction Hamiltonian is given by
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where kP]?,er are anihilation operators for the positive and neutral

!
th kind. ¥ and 50' arc the charge conjugate opera-

particles of the r
tors. OI represent the 5 kinds of covariant operators. According to
vhether \Vr and Lys anticommute or commute, we obtain Pursey's result
or the other one referred to above.

Another possibile symmetry. principle is that of Ysymmetry be-
tween particles and between antiparticles" ( or between emitted partis.

cles and between absorbed particles). In this case we write:

H=2T 6 S0 (Bt BNRY Y o)+ e @

Fs Kk

Here we find that if W anticommutes with ¥, then H is a
linear combination of (S + P - % ) and (28 - 2P + A ~ V):

Thus, if we impose again the mass reversal invariance we are
restricted to the 3 unique p0351bilit1es. (8 +P+1T), (A+ V), 1n the
intercommuting case, and (S + P - 3 ) in the commuting.

Finally, we could impose symmetry between particles in the same

pair:

H= é%G 8 m(ﬂ:—&r A ((Pv\//a 70)"“ o
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In this case, as q} and 90 anticommute necessarily, we find

that H is of the type (8, P, A) if the plus sign is taken in (10), and
(V,T) if we use the minus sign 6. So the mass reversibility principle
leads in this case to the mutually excluding possibilities: (s,P), A
V and T. 1In this case/B * and/Q'- emission would be completely sym-
metrical 6 except for the Coulomb distortion. These interactions are,

however, known to be unsatisfactory for /A3 -decay.
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easlee, Do C., Phys, Rev. 91, 1447, 1953:

A similar situation occurs for the interaction of nucleons writh the electro-
magnetic field. Here, if ¢ introduce in the Iamiltonian a Pauli term a XwF ‘
together rith the usual term i.e. g ,‘A/‘* (for protons) we rind that the
theory camnot be made invariant under mass reversal, If e start s however,
from a theory rithout the Pauli term but involving a meson field (in a ay
invariant under mass reversal) it is lmom that the Pauli term may result as
a secondary effect.
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