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Final-energy sum rules are used to calculate the proton coupling constant A, with
an interpolating proton current. The coupling constant 4, can be used to calculate
the matrix elements for proton decay in the grand unified SU(5) model. The proton
lifetime is calculated tobe 7, = 107X (M /10" GeV)* yr, where M is the mass of
the X boson. '

PACS numbers: 12.10.En, 11.50.Li, 11.30.Ly, 14.20.Dh

Some experimental data just published show evidence of an instability of the
proton; the lifetime of the proton estimated from these results is' 7, ~(5-7)x 10 yr.
The grand unified models, as we know, predict an unstable proton.” To calculate the
proton lifetime in the grand unified models is currently one of the most important
problems of the physics of elementary particles, since a search for the decay of the
proton is in fact the sole experimental test of the philosophy of grand unification.
Furthermore, recent experimental data' have greatly intensified interest in the prob-
lem of the proton lifetime.

The Lagrangian describing the decay of the proton in the standard grand unified
SU(5) model is,? if Cabibbo mixing is ignored (this approximation is eminently justi-
fied, since the Cabibbo angle is small, sin® 6, = 1/25),
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where G, /\2 = g*/8M?, g is the gauge coupling constant, and M is the mass of the X
and Y bosons. The factor £ = 3.5-4 allows for renormalization of the strong and
electromagnetic interactions. The problem of calculating the proton lifetime in the
SU(5) model (or in any grand unified model) is broken up into two steps. The first step
is to determine the parameter G, /1/2 in effective Lagrangian (1). The second step is to
evaluate the matrix elements for Lagrangian (1).

In this letter we calculate the matrix elements for proton decay through the use of
a pole model (see Ref. 3, for example), working from final-energy sum rules. It should
be noted that the matrix elements have been calculated previously in the nonrelativis-
tic SU(6) model,* in the bag model,” and through the use of the technique developed by
the team at the Institute of Theoretical and Experimental Physics.? Since the estimate
of the proton lifetime is extremely important, we feel it worthwhile to derive some
numerical values for the matrix elements of Lagrangian (1) by a new technique.

The two-point current function with the quantum numbers of the proton is’
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where C is the charge-conjugation matrix.

This expression is derived in the chiral limit, m, = m; = m, =0, and incorpor-
ates only a few of the leading terms in the expansion in 1/4%

.The function 7 (g) can be written in the Kallen-Lehmann representation:

Q) = f %ﬂ ds — subtractions,, Q%=-—q%. (3)

Equation (3) yields sum rules by the standard technique® '

So
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where the p'",(s) are given in approximation (2) by
2

2 -
+ =<0 Yy 10>?8(s),

th /o) =
pifs) gn(2m)® 3

a

A a
)% Gl v 10>

N

th /-
P2 (s) Q)

- 1 -
<0|¢w|o>—2(?52gs<0|xpau

Saturating the right side of sum rules (4) with a one-proton state, we find equa-
tions for the parameters s,, M,, and /1p:
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where the coupling constant of the proton with the interpolating current, 4,,, is deter-
mined from

<OVP (0) Ip(k,7)>= N u,(k,7). (7)

A numerical value of the matrix element of the operator g—ﬁaﬂv% “YG, was found
in Ref. 11; it is
— 2 L
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where m,>~0.5-1 GeV> For these numerical values, this operator has only a minor
effect in Egs. (6), and we will ignore it below. A solution of Eqs. (6) is

S0 =3965 1<0| Yy 0> 23 = L6M2
>\;=4<01W!0>2=0.26x10'3M;, (8)

Mp=4.98|<0!w|o>|“3.

From (7) and Lagrangian (1), which describes the decay of the proton in terms of
quark fields, we find the effective Lagrangian

3G
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which describes the transition proton = positron. We have calculated the constant 4,
already [Eq. (8)]; it is

A, = 1.8X107* GeV©. (10)
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Our result differs markedly from the result found by Ioffe® (1, = 1.2X107* GeV®),
which Beresinsky ef al.* have used to evaluate the proton lifetime in the SU(5) model.
By analogy with the case of mesons,”? it seems extremely likely that the averaging
interval s, in (4) should lie between the square of the proton mass and the square mass
of the next radial excitation, N(1470). We thus have a natural limitation on sy
M?<5o<M % 1470)- Alternately, using (6), we can write this limitation as

0.33X107*GeV°<A 27X 107* GeV". (11)

The quantity g°/8M, has been calculated by many investigators in the SU(5)
model (see Ref. 2, for example). Most of the uncertainty in the estimate of g>/8M, >
stems from the uncertainty in the choice of the scale for the strong interactions, A ;-
Analysis of experimental data yields A ;- =0.1 — 0.2 GeV (Ref. 12). This value of
A 4 leads to the following range for the mass of the X boson, where all the other
uncertainties are also take into account:

M,y = (1-5)x 10" GeV. (12)
The quantity a,(My) = g*/4n is known quite accurately*:
ag(My) = 1/41.

In the pole model we have>
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where g, is the pion-nucleon coupling constant, which satisfies g7 /47 = 14. Taking
the basic uncertainty, (12), and estimate (10) into account, we find, with £2 = 10,

7, = (My/10" GeV)*10%® yr.

With My = 5X 10" GeV we find 7, = 6X 10° yr, in agreement with the experimental
results' on the lifetime of the proton lifetime: 7, ~(5-7)X 10°° yr.

To estimate an upper limit on the proton lifetime, we adopt 4,% =0.33x10™*
GeV®, in accordance with inequality (11), and My, =5X10" GeV; we find
7, <4x 10*" yr. [Beresinsky et al.* derived an upper limit 7, <2X 10 yr, which,
along with the recent experimental data, rules out the standard SU(5) model.]

Our estimate of the proton lifetime is similar to the estimates based on the nonre-

lativistic model, is seven times larger than the estimate of Ref. 3, and 3-14 times
smaller than estimates based on the bag model.
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