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This session was planned when the orgenisers heard of the progress
of the Indo—Japanese experiment on proton's possible instability. The
session will include a report on this and also on other experiments, presently

. being readied for cbservations during this year.

It is particularly gratifying .to me that Professor Sreekantan ,
Director of the Tata Institute, Bombay will speak on the Kolar Cold Field
Experiment. "1In November 1973, Professor M.G.K., Menon - then Director of the
Tatn Institute — and I were attending a United Netions meeting in Geneva.

. In the sumerl)

Pati and I had extended an earlier suggestiona) of placing
quarks and leptons in the same multiplet of a unifying symmseiry SUc(d.)

_to a gauging of this symmetry. This gave &s gauge-particles lepio-quarks,

'ut'xich couple to {B-L). Since no massless gauge mesons carrying euch a

quantun number were known, we had been forced to’ bresk the symmetry spontaneously

(A(B-L) £ 0) in order to give masses to lepto-quarks. This meant that the

prica of gasuging quark-levton symmetry was proton-decay. )

Since proton stadility i:s a notion for which our Ee:perimental
colleagues like Goldhaber and Reines had been princip&lly'_ responsible, we
were naturally very kean to interest experimental groups to test this
stability more stringently. One of the first comverts (in November 1973)
was Menon, who persuaded the Indo-Japanese group to build a dedicated experi-
ment at Kolar Gold Fields. It is good therefore that this group is reporting
the first few ca.ndida.t'e-events‘ for proton decay, &3 Professor Sreekantan

will tell us.

With a true thecretician's extrapolation I shall proceed bty assuming
that protcin decay does ocour; .my main purpose in these remarks is to re-
;mphasisa that, potentially, proton decay oi‘fers one of the most impertant,
and. for some purposes, an absolutely unique window on high energy physics,
Thus I wish to emphasise the long-term ‘aspecis of this experiment, in

particular its potential:

(1} For Investigation of High Mass Scales, inaccessible elsewhers in

Physics.

¢

(2} Por Distinguishing betwsen Preonic versus Crand Unifying Models

of quarks and leptons.

(3) And finally, for discovering which Grand Unifying Symetry (if any)

may be operative: is it for example Georgi-{flashow SU(5) or S0(10)

or the maximal SU(16), which guuges all possible quantum mumbers,

that can be associated with the sixteen members (g, 4, 4, E)L of each

family.

Mass Scales in Proton Decay

It can be shown that proton decays may be classified: into four

categories, with the following associated mass scales:

- Decay Mode

Mass Scele Invglved and its
Atcessibility3

(1) Py 3 (am - &%)
(example, P e_"'f'? +¥ 4%
(2) P 3¢ (O3 - -8

(example, Hp o +V+v+0)

104 = 10% cEv

'H-u'.s mags—scale is alge explored in:-—

{a) N ~ ® oscillation experiments presently

being mounted;

(b) Highest-energy Coenmic Rays
(200 events/year at 10° GEV
3000 events/year at 104 GEV);

(e) 10% cev may become available with a super—

conducting P~P or P~¥ collider which may
e installed in the 27KM tunnel to be
buil_t for LEP in Gemeva. But this may
not happen until 2000 A.D,

(a) Por réfereﬁce, no‘t. that 4 ye+¥ at
i)resent levels of accuracy probes down to

107 ¢xv.




(3} P24 AB-- AL 108 - 10" cmv

{example N ¢ +w") Fven with a laser accelerator of a future
design such energies will need an accelerator

at least 9000 KM long.

(4) p>I OB~ AL 104 = 107 cEv
(example P-» s*+n?) Accessible only in early cosmology when the

Universe was 10~ gecs. from the big bang.

‘Cl'early proton decay experiments provide a unique window on high mass scales¥.
Where do these maas scales cowme from? These were first encountered in the

‘context of Grand Unifying theoriess

Decay Wode Mesa Scale Blectro-nuclear (Graz-:-&[ Ilmifying Models
AB = AL 10*% = 10}% ¢ev | As emphasiced by Weinberg snd Pati.(VPL.

Codiference 1980), this follows TProm” grand

unifying medels G whieh invelve )
just one mass descent from G —¥5U(3) x su(z2f

x u(l)., This incluciea“ su(5), 50(10) and

: +
su(16); the predicted t'ozloal' 1.5 yoars.

AB = ~ AL 108 - 101° cav A musber of electro-nuclear models motivate
AB =2 %Na 10% - 107 cmv these decays sither through gauge (V) or

poalar Higge (5) exchanges. One particular

unified trestment is given by the maximald)

sU(16).

An alternative dimensional derivation of these mass scales which does

not rely on any particular Grand Unifying Model is given Dy Weinber.gs) {and for

% To be sure the value of Sin20 doen provida a Becond.window for high mass
scales, but unlike proton decay where one is studying the vast numbers of decay
modes and their implications for the underlying dyrnamics, Sin“@ is just one

parameter.
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AB = AL case by Wilczek and Ze'an). Assuming SU(3) x s{(2) x U(1), and
= - Q .
only "light" particles (g, £ ), (WT, 2 '7)'¢}iiggs one can easily compute

the form and dimension {d) of typical Lagrangians for praton decayt—~

BB« AL Lo o 32 aqal d=6
AB = - AL o F3 qciqi'gé a=7
AB=-A% = Fv6 aaaZil. =10
AB=+AI§ ol l-liw* 7 qqeeep? a =11

The empirical lower limit on proton life gives the masses M, M', M'T,

N*'' jin the ranges already indicated,

The important experimental questions which now arise are the

following:—

(1) Can the four modes listed above co—-exist; are there selection rules;
" what are the relative rates?

(2) . Can they co-exist together with ¥ « ¥ oscillations (AB « 2) at

the present level of experimentation?lo)

The answerg differ; depending on the assumptions madwe,

Spontaneous Versus Explicit Symmetry Breakingz

One of the major theoretical sources of contragting selection rules

is explicit versus sgon‘ta!ieous breaking of baryon and lepion numbers.

Assuming that baryon~number is explicitly brakem, Wainbergs) g for
axample, would pemmit only two out of 4 modes listed above to co-exist —

AB =« AL and one other mode ~ but no ¥ ~ ¥ oscillations. In the maximal

“5U(16)} gauge wodel, where baryon-number violation is Bponta.neou35) s 8l

modes of decay may simultaneocusly occur, together with ¥ ~ ¥ oscillationa.
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This- contrast can be traced back to the second motivation (besides

the gauge unification of leptons and quarke) for baryon—decay viz the observed

baryon asymmetry of the Universe. This was first remarked upon by Hein'bergs)
in his 1954 Brandeis Lectures, and independently elaborated by Sakha.rova) in

1967 (Sakharov actually considered the decay mods AP = + Lg (P33l );
thia.rline of work remained unknown until it was rediscovered in the context

of electro-nuclear grand rmifica.tiong) in 1978,)

The point about explicit versus spont;.neous symmetry breaking is that
with explicit breaking a rise in itemperature does not — unlike the case for
spontaneous breaking — obliferate the decays theﬁselves. In SB(5) or
50(10) gauge theories for example where the baryon-violating current is of

the form (q q + §Z), the gauge-boson may indeed make a transition to mass—

in the maximal SU{16) theory where there are two distinct gauge mesons, one
coupling to (¢ q) and the other to (), the decay ocours through a
spontaneously induced mixing of these two types of gauge bosons. Beyond the
transition temperature, the mixing is obliterated and m.th it alao the
baryon=decay mode. The successive proton decay modes Aﬁ = AL with mass

mGEV, and AB.!Q%

scale 1014 - 10% GEV, AB - - AL with 10° - 10
and AB a2 (N -% oscillations) with mass scales 10% = 107 GEV, occur
at different epochs in the evaelving history of the expanding universe. The
requirement that the baryon asymmetry due to the eaﬂ:i.er node does not get
vashed out when the tranzition 'tem‘pera.ture corresponding to the next decay
mode i9 reached leads to different selection rules, depending on the two
scenarios of explicit versus égonta.neuus breaking of symmetries. Clearly,

-it is escential that we have experimental jnfoma.tion on the frequency of

all the modes listed.

Preons versus Grand Unified Theories

Are quarks and leptons elementa.x:y up to the mass smales indicated,
or are all or some of them composites of preons? Does the prevnic hypothesis

entail ite own selection rules? The answer i& yes:

Examples; The composite model of Harari and Saibergll) pasdists only
O(B-L) # 0 decays; the "hyperunification™ model of ﬂl]'z) (where

(dR’ e vL)'s are composite and other quarks and leptens elementary),
predicts that nucleon decays produce only charged antieleptons (e+) _and
that their polarisation is 100%. Thim is in contrast to mmn-composite

mur.lelal3) where the d.egree and universslity of polarisatiom (for ets and

. p'a) depends on whether the basic couplings of elementasy quarks and leptons

is gauge vector (V) or Higgs (8). Hote that in somd presmic models the

mags scale for nucleon deéays can be as low14) ags  .5~L TEV.

In this context, another distinction between V and S couplings
is provided by the expected predominence of p and h mesens among e
X i
micleon two-body decay pmductslS) for the mode AB = AY, for the scalar

(3) caze.

Which Gauge Theory?

Thus far we have talked of distinctions, which sssentially are
independent of which (if any) unifying gauge model there may be. To decide
which gauge theory is operative, one can devise tests; some, which have

been suggested are the following16)

eXDT(Poa™) =T (P>l =% F{N->we?)
2 1+ (N9n°T) |

F(P> et + anything) = (1+7%) I (N> )
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r =2 Tree level B5U(5) (plus renormalization corrections which have
been evalnated) -
r=0 For 50(10), with the assumption that nucleon decay is mediated
by bosons which are net in SU{5). -
r=1 350(2} x SU(2) x U(1)} in the firet approximation, if this is the

electroweak theory much below 10}'5 CEV.

It is important to stress once again that as.a rule the larger symmetry,
for example SU(16), may give the results of its subgroups S0(10) or
sU(5)}, and $0(10) may give the results of SU(5) depending on the chain

of symmetry breaking adopted. The converse, howevar, is nat true.

I hope I have convinced you that the proton decay experiment must
Be looked upon as a ‘continuin_g long-range experimer.ﬂ:. I 'hop'e I have con=
vinced the enterprising experimenters to conter;lpla.te acquiring long temm
leazéa for occupancy of the Kolar Gold Fields or the Mont Blanec tunnel,
I hope I have. convinced you that new groups should feel encouraged and
that generous funding should be provided for these experiments. Since I
fdee Professor Schopper in front of me, I hope he will kiﬁdly take note of

this last remark.
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