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I. INTRODUCTION understanding of 1ife and we have not the slightest idea about the nature of

lacunae in our knowledge'l). I believe that precisely the same applies te

A conference so vest snd many-sided is impossible to summarize in forty- particle physies. As I would like to stress in the course of this talk, the
five minutes, and I will not even sttempt to do so. My major themeis a gauge- remarkable successes of the gauge principle and the understanding of the
theorist's appreciation of the developments in particle physics reported at fundsmental forces it has given us should not obscure from us the fact that
the conference, In particular I wish to address myself to the question before we believe cur vast extrapolations,we must fill in some glaring lacunse in our
raised by Professor Zichichi in his opening address: Can we now indeed chart _ Knowledge. There is something fundamentally essentisl missing in our under-
the course of t;; subject nearly up to Planck energies, of the order of 2 x 10 standing of the nature of the [flavour and colour) charges with which the
grams {1.2 x 10°” GeV)? If so, is there likely to be & long stretching Crand gauging starts. In this respect, not till ve match, st the very least, the
Plateau, unbroken by any high pesks of new physies, which is predicteble on type of understanding reached by Einstein {when he comprehendsd gravitational
the besis of the gauge revolution of this decadet charge in terms of space~time curvature), can our quest in particle physics

There is no question as to the fact that the central feature of acquire the qualitative depth attained for example by gravity, nor more
particle physics of this decade has been the recognition that the fundamental importantly, its quantitative freedom from some of the vrasently ad ioc
forces of nature appear to be governed by a universal gauge principle - a parameters.
principle which made its first appearance with Maxwell and Einstein, whose I shall divide my remarks sbout the conference into five parts:

hundredth anniversaries of death and birth, respectively, we celebrate this .

1 St f th -
year, This principle has not only provided us with a quantitative theory of ) atus o e Three Families of what we conslder to-day as
the elementary entities of matter;

2) Status of the electroweak 5U(2) x U(1};
3) Status of QCD ~ the gauge theory of colour;

wegk nuclear forces; 1t has also forced upon us a unification of the weak with
the electromegnetic, in the electrowesk 5U(2} x U(1). Combined with the hope
that the strong nuclear force ls controlled by the gauge group SUC(3). one

has been led to an eleboration of & standard model. There is then the natural 4) From the electroweak to the electro-nuclear(grand unification);

- int
and tantalizing hope that these weak nuclear, strong nuclear and electromagnetic 5) Post-Planck prysics and Einstein's dresws, i.e. a unification of

geuges (sU(2) x U{1) x SUL{3)) will combine, perhaps in & direct extrapolation, gravity with matter:itg?g a comprehension of the nature of (flavour
into the ELECTRO-NUCLEAR gauges of & grand unified theory and eventually perhaps and colourlcherges [  space-time geometry or space-time topology.
into (gauged) super-gravity. As we know, it is this vest extrapolation which,
within the context of particular grand unifying schemes, appears to lesd to the
"plateau" syndrome, And central tc these schemes is the clreular

hypothesis that essentially no new forces (besides those deacribed by 1. THE THREE FAMILIES
su({2) = W1} x 8U,(3}) will manifest themselves,before ne reaches the end of the 1. The physics of the two

plateau, deduced on this basia to extend nearly up to Planckian energies.

familiar Families comsisting of 15 {or if the
n - .
eutrinos ere magsive, 16) two component obJects (ve, EL' eR. UL' “H' dL. dR;

Now in this half century, in the science of biology, the analogue of quarks in three colours)plwdvu, “L' uR, €rs Cpa Bps aR) 18 in good shepe. In
our universal gauge principle was found in 1953 with the discovery of the particular:
double helix. Likewise in sncther scientific discipline, nearer to ours, a . &) Charm is produced by hadrons es demonstrated both by indirect
standard model was elaborated with the discoveries of the expanding universe (prompt e Wy v, eu) and direct (bump hunting end emulsion) methods. (The
and the big bang. However nelther of these (admittedly intellectually inferior!) _, Pirst paper presented st the conference vas the emulsion picture of
dleelplines of science have on the basls of present knowledge entertained the A:'+ pt+x-; m, = 2.29 ¢ 0.15 GeV and (theoretically expected) lifetime

death~wish for an unrelieved wasteland for all tomorrow. In fact, the e =l
' tw (7.3 % 0.1) x 0 3 8,) The production mechanism is not

universality of the double helix principle has not obscured from th
¥ X p P e e quantitative yet, but presumsbly socu will be.

blologiat the fact that far from being the 'end of molecular biology",
this was only a beginning. "Bcomething quite essehtial is mlaeing in our basic
-
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b) The detailed knowledge provided by e e annibilation of <o states
(5/y, w*, $",..., P states x) is hovever matched by the new preblems of the

charmed pseudoscalars reportedly missing at 2830 eV and 3h55 MeV.

2. Regarding the Third Family, assuming that it elso follows the pattern

of the first Two Families:

+
&) There is no evidence for toponium up to the centre-of-mass ¢ e

energies % 27.l4 GeV at PETRA.

b) Naked beauty has most likely been seen by the fortunate few in
the SISI collaboration in B » (J/¥) + K + n [incident 7 's (150-170 GeV),
BR.o = 0.8 nb, and estimated B production =100 nb,if B.R. =1% for the

channel gquoted].

The status of the Third Family is thus at a tantalizing stage. It
may not follew the pattern of the first Twe Families ({though after the
observed b-decay, the case for a (t=b) doublet has become stronger)- If it
does, I would coasider 1t evidence - in enalogy with the universality of
the double helix = that neture h88 discovered a dynamical stability about
the gystem of the 15 (or 1€} oblects which constitute the first Two Families

and that elmost certainly there is & more basic layer of structure underneath.

I1I. THE ELECTROWEAK SuU(2) x u{1)}

After the beautiful presentations of Dydak (who emphasised the degree
of precision achieved now in measuring the model independent parameters in
neutrino neutral-current physics) and of Prescott, there is little that
I can add about the agreement of the SU{2) x U(1) theory {conteining one
thecretically undetermined eoupling, sinze = 0.230 + 0.015) with all the 2

currently measured weak and electromegnetic phenomens helow 100 GeV or so.

Perhaps the most remarkable measurement in this respect is that of

the parameter p = which is currently determined from the ratioc

my, coab
of neutral to charged current cross-sections. The predicted value p = 1
for weak lso-doublet Higgs is to be compared with the experimental

p=1.00 £ 0.02. Presumsbly like (g=2) in QED, the radiative corrections to

-3

THE NEUTRAL CURRENT GOUPLING CONSTANTS (Dydak)

p * 1.00 £ 0.02

h

! 1
Experiment su(2Y ~x t(1) ’ "
sin" 0 = 0.03
W 0.32 + 0.03 L_2.is% 0.7
L . ' 273 W :
1,1 .,.2 5. kn
dL -0.43 ¢ .03 -5*3 sin aw 0.L23
o
uy -0.17 ¢ ©.02 - 5 sin‘oy -0.153
) 1 2 0.0
dR -0.01 £ 0.05 §-sin Bw LOTT
1 ?
&y 0.06 ¢ 0.08 -t 2 sin", ~0.040
g -0.52 1 0.06 -1 -0.500
A * 2 -
o -0.72 t 0.25 -1+ 2 sine, 0.5k
2
sein"@ = Q0,230 % 0.01%



e from BU(2) x U(1) will provide important information, not only on the
basic theory involved, btut also shout the masses of charged elementary
fermions - and in particular leptons - which contribute to the radietive
corrections 3 of p . (According to Ellis, the present accuracy of »p

appears to suggest mlep 4 160 GeV for a one-loop caleulation.)

But why does nature favour the simplest suggestion of 5U(2)} x U(1)
theory of the Higgs being iso-doublet? TIs there dust one physical Higga?

Of vhat mass? Could the Higgs phenomenon be a manifestation of & dynamical
breakdown of the symmetry?

Feraonally I see no theoretical reason for a prejudice - against an
elementary spin-zero cbject, The real problem with Higgs - and this
is one of those unresolved problems which I mentioned earlier and ome which
calls for greater depth in our theories - is the large number of parameters - 21
out of 26 in the standard 6-quark, (K-M) sU{2} x U(1) x SUA(3) model - attributsble
to the Higgs sector . What 13 needed is an extension of the gauge (or a
similar} principle to embrace the Higgs sector.

Iv. THE HIGGS SECTOR

I shell briefly comment on some of the ideas exprassed in the
theoretical sessions of the conference relating to the Higgs sector,
particularly as I shall need some of these 1dees later.

1) Higgs mass: BJjorken discussed in detail the attractive suggeation (Gildener

and Y:inbarg; Ellis, Gaillard, N’énopoulos, Sachrajda) to use the Coleman-Weinberg
mechanism to generate Higes masa {one~loop) radiatively. With the assumption of one
iso-doublet with bare mass zero, a low physical mesa L is predicted

m; = (38.53) B% { + sec” ]1/2

gin ®

%5.35 Ge¥ (sinZ0 = 0.23)

—
8r 2

2) The rivel suggestion that 1f m, & J 34
. F

2 1 TeV, partial

wave unitarity is not respected at the tree level, and the Higgs sector is

truly a strong intermction sector, has its owm attractions for Isabelle and
This has been mede quantltative
Assuming thaet

other accelerators in that energy range.
by Grisaru and Schnitzer in a contribution to the conference:
su{2) x {1} is made part of a larger non-Abellan gauge group, and assuming
that o, » 300 GeV, one mmy expect Regge recurrences of Hi s 2 and the
photan oceourring arcund 2-h Tev, If LI 100 GeV, these recurrences would
still occur but regrettably near Planck energies ez m, exp c_a_ .

3) To reduce the arbitrariness of the Higgs couplings and

to motivate thelr iso-doublet character, one suggestion ls to use supersymmetry 5).
Recsall that supersymmetry is a Fermi-Bose symmetry, so thet 1lso-doublet leptons
for example must bLe accompanied in the same multiplet by iso-doublet Higgs.
Unhappily the conerete realization of supersymmetry has always necessltated

adding in of further {(heavy) multiplets.
su(2) x U(1) supersymmetric model that I know of, the three leptons (uL,

e en) mist be sccompanied by 9 new leptons before a realistic theory emerges.
Likewise for quarks and other leptonic familles., Frightful inflation!.

For example, in the simpleat

4k} And finally in the context of the Higgs mechanism emerging as
dynamicel symmetry breaking (Dim{:ou].ou. Susekind, Weinberg) (with sssumed
non-zero expectation values of billinear productz of Fermi fields ((W) ¥ 0},
there 18 the attractive idea of technicolour.
One introduces & set of technicoloured quarks (end in extended versione of the
theory, technl-gauge fields)but no Higgs, The techni-forces are new forces
of which we have noc cognizance at present low energies; these end the
corresponding particles manifeat themselvea in the 1-100 TeV range. Once
agein, like supersymmetry, there is a vast inflation of new particles. For
example, the three leptons (“L' & € ) must appear as humble members of a set of
S+5+5+ 10 multiplets of SU(5)|t on ~ 89 inflation nenrly three times

worse '~ &8 that for supersymmetry.

Clearly, there is no fear of any "desert" of new particles or of
new forces, in the few TeV ragion if these or similar ideas (devised to
diminish Higgs and theirarblirary couplings) mske physical sense.

6=



Y. STRONG INTERACTIONS AND GAUGED COLOUR

The bulk of the Conference was occupied by the parton model and the
theory of gauged colecur, with a specisl session on the status of QCD,
addressed by de Rujuls and Freparata. So I can be brief,

To one ¢coming BS an outsider to the subject of strong interactions the
first reesction is one of profound wonderment at the sureness of touch displayed
in the initiesl formulation of the parten model. The second reaction is again

of wonderment at how remarkable a theory QCD is - principally on ac¢count of
its unique property of asymptotic freedom (shasred possibly only by Einstein's
The third reaction is
still of wonderment, but this time at how little impress, quantitative QCD

gravity, as surmised by Fradkin end Vilkovisky6)).

of quarks and gluons has yet made on the broad spectrum of strong interection
physics, in spite of a large number of exceedingly brilliant contributions
made to the subject, particularly during the last year.

The present rcle of QCD 13 essentially one of perturbatively
renormalizing the quark (and gluon) parton model, with which QCD is compatible
but which it does not yet predicate, As Preparata and de Rujula both agreed,

this situation will not change till QCD solves:

i} The provlem of confinement of quarks and gluons in hadrons;
11} The converse problem of hadronizetion of quarks and giuons)
1i1) And the problem of determination of the spectrum of physicasl states
(though we heard from de Rujula of the exciting prospect of
qualitative considerations of E, Witten who haes shawn in the
context of an %—expansion in an N colour SUC(N) that baryons
for exsmple mey be understood as E-analoguea of "monopole

N
sciitons"),

5.1 Theoretical considerations

The next tuble summarizes the elucidation achieved of the inter-
relation between the 1deas built into the parton medel esnd trsz guantitative
8 (This is after the
perturbative expansion 1s summed either through the operator product expansion

impress made on these by perturbative QCD.

method,or more generally, through the solution of an appropriate Bethe-
Salpeter equation.)

Parton model:
Bullt-in features.

Perturbative QCD and the manner of its
"renormalization” of the bullt-in features
of the parton model

Factorization

e e i

{Flx) = Dl2))

F{x): Hadronic structure

function

p{z): Parton fragmentation
function

Scaling

Jets are soft

Hadronization of partons:
soft tranafer of quantum

numbers

QCD repiaces {F{x) x D(z)} by
{?(X,QE) x F(z,Qz)} or more precisely, in

terms of moments by
2 2
2l @
Fgarton[g- fn AE] Dparton{g n A2

2 2
fN[EE: in QE] x dM[gzs in ﬂ__}

=
+ 0(32)

QCD gives e perturbative calculation of the
FN‘a and the DM's. In the leading log order
these scale-breaking factors behave like

2y ~dy :
[ln 9—} "y though

A2

the theory does not predict the megnitude of
AE. The fN'a and dM'a are QCD non-celculable
probability aﬁplitudes, universal in the seme
senge as the parton model's F(x)'s and D{z}'s

are.

1} Jets are characerietically hard:

2) There is the complementsry theoreticul
development of "safe" jJet varisbles, following
the pioneering work of GSterman and Weinberg.
Here one attempts to define such measurable
quantities for which & relisble perturbation

&

2y-1
-?
expsnsion exiats in terms of § -x[kn A2]

rather than for thg mass-singularity-contelning
&

2

m

parameter 22 in

Domaine of perturbative 4CL and of confinement

10
phenomens shown {0 be distinct 9)s ).

-8-



5.2 Tests of 3CD
The tests of QCD, discussed at the cenference, fall into three

categories:

1} The giuon: Since SU(3)| is a theory of spin-one gluons

eolour
and thelr mutual self-interactions, the most positive evidence for QCD would

be: discover the gluon G and test for & + 2G, G -+ 3GC.

2} XNepative tests:
{a) .3 emvhasisad at tha Confersnce, D nredints

(ray =l &

This is unlike most other tests which depeud on log QE. If \Pg '+ does not

eventually exhibit a rising trend with Q2. QCD must ke discarded.
{p) Likewise, it should die if in hadron-hedron collisicns, the
cross~sections fall eventuelly to exhlbit & behaviour like p,}h (rather
-8
than the{once)empirical Py }. Both these sre negative tests.

3} Indirect tests of perturbative GCD: 1.e, scale breaking,
Qe-depend.eace of the structure and fragmentation functions and thelr moments.
These tests include

{a) The (Reya-Gluck) characteristic prediction for coloured QCD:

i.e. J Fa(x.Qa) dx must decrease as QE increase;

(b} Log moment versus log moment plote for both structure and
fragmentation functions;

-1/2 2
(¢} Corresponding plote of (moment) versus log G°;

(d) And predicted GCD corrections to Drell-Yan,

-9-

The status of these indirect tests buve been diScussed in detail at
the conference by Gaiilard, de Rujuls, Preparsta and (for Drell-Yan) by
Altarellf, Battles have raged over the significance of singlet versus non-
singlet structure functions, over higher than leading loy corrections, over
higher twist and resonence regime effects - over whether the present
tests really do test QCD fulrly. I make no comment,
except to express, as always, s theorist's profound sdmiration to our
experimental colleagues in making the theory commit itself by extracting
significant numbers from dirfficult data.

5.3 The direct test; Discovery of the gluon (G}

Fig.l shosm by Brandt exhibits the status af T + 3G versus phase-
space Monte-Carlo (plots of thrust, triplicity and other let parameters). As
Professor Schopper told us, in the next few months, the statistics on these
Jets are likely to improve vestly, but if we accept tentatively that T -+ 3G
is the likeliest decay mode, one could in principie determine gluonm spin,
using ideas of Koller, Walsh and Kraseman who define a function (a(T))

(T = thrust of the fastest jJet)eand plot the thrust axis angular distribution
relative to the besm direction in terms of this.

Fig.2 shows the sharp distinctlion tbvetween spin-one and spin-zero gluons.

The paucity of statistics makes an experimental comparison with theory
difficult at present. Ae stressed by Gaillard, however, one may compute
thruat averaged <u[‘1‘)) s and plot the corresponding angular distribution
(Fig.3). The results favour spin-cne.

One does not wish to rush inte a conclusion, whlch tne cautious
men{and vomen) from PETRA themselves have not drawn. Howevar, one might
predict, that with the Cornell accelerator scon coming on stream, and more
statistics from DORIS, the gluon is likely to be discovered sconer then

the Ht'n and the ZO.

To test for the G-+ 2G and O + 3G vertices, cheracterlatic of
QCD, one of ths clesrest tests will be the comparison of tne evolution of
gluon Jets and in particular the moments of the gluon fragmentation for
T + 36 versus the t§ — 3¢, once t} is discovered (Fig.h) (Xoller, Walsh

and Zervas).
“10=-



5.4 The negative tests

Figs.5 and 6 are plots of <P§‘> presenzed to the conference by
Gabathuler and Altarelli consolideting the date on e, u, v, (e+e') and
Drell-Yan. As Cabethyler remarked, there is no agreement whether <p§>
varies with H2 or log wE; all one may infer at present is that
<p§> is pot flat, but rises. QCD lives. Flg.T waa presented by Jacob,
showing the progressive transition trend from p; to p; in inclusive =0

yleld, when pT inereases from 3 to 195 GeV/c. Again prognosis for

QCD's life ana health is good. 17

To eonclude:

1) &QCD ;s a remarkable gesuge theory, particularly on account of its

agymptotic freedom;
2} It is not yet a theory of strong Interaction and will not be

ti1ll the problems of confinemwent and hsdronization are solved;

3) Tts present successes (or otherwise) lie in the field of
perturbative QCD. However, there are serious prcblems st present
in estimating corrections to the verious predictions.

L) The gluon mey have been discovered, together with its spin

determination.

A gauging of this group ¢ will assure asymptotic freedem 13)

2}
fer the full ELECTRONUCLEAR theory, previded the numbers of fermion fields

{and Higgs) is restricted.

3) The gauge theory based on a technically "simple” (or with appropriate
discrete symmetries, a “"semi-simple") group contains one baslc gauge constant,
M

which manifests itself physically above the unification mass exceeding all

particle masses in the theory.
4)

mechanism, which breaks the symmetry through one or more mass stages down to

su{2) = u{1) = S\b(3) for lcw energies u «2 100 GeV. Given the pattern of

These particle messes must be introduced through the familiar Higgs

synmetry breaking and these mass stages lh), the magnitudes of the cbserved

ccuplingslS) us(p}. alu) 1.e. why, 5U{3) forces are strong and SU(2) forces weak
at low energies) as well aa the ratio of the two electroweak ccupilngs

2
(sin”6(y)} can in principle be determined by the renmormelization group equations 377,

5) Clearly grand unified theories must treat leptons on par with

quarks. This psychologicel breek was first implemented in 1972 by grouping
quarks and leptons {n the same multiplet of the unifying group 6. From this
follows (through the processes of gauging) the prediction of the existence of
lepto~-querk gauge bosons - necessarily heavy, since they willi induce exotic

phenomena, particularly proton deceys intc leptons. The foliowing two tebles

swmarize the development of these ideas

Buark-lepton unification

VI. GRAND UNIFICATION, THE ELECTRONUCLEAR FORCE AND THE ISSUE OF THE
GRAND PLATEAU
6.1 The electronuclesr force Seml-simple groups *} GL* [E], GR + {E]R Exotic geupe particles | Proton decay
Besides QCD, the second mrea of intense revival this year has been {with left-right GL x GB L <% R | Lepto-guarks + {gqf) Lepto-quarks + W +
the attractive extension of the ELECTROWEAK unification to embrace atrang symmetyy) {Higgs} or
forces as well - 1.e.the emergence of the ELECTRONUCLEAR unification (of Proton = qgq + Lil
the wesk nuclesr, the strong nuclear and the electromagnetic forees), Related
to this - as Professor Zichichi told us ~ is the issue of the possible Simple groups q diquarks + (qq) aq + qk
existence of & GRAND PLATEAY with no high peaks of new physics to be scaled, c -+ & dileptons (1[3 or B
except near Planck energies. t), leptoquarks + (Q%), (a2} Proton P = qug »+
The main stages of the ELECTRONUCLEAR unification which go back to

the yeara 1972=-19Th are the following:

1) Embed su(2) = u(1) » sucta) into & simple (or a semi-simple) non-

all quantum numbers {flavour, colour, lepton and

Abelian gauge group G;
12)

quark nurbers) are then autometically quantized.

~11-

a - - . RN

)
Grouping (g and %) (Pati et al. 1972} together, implies traating

lepton pumber

as the fourth colour, i.e, SUc(B) extends to Suc(h).

-12-



The emergence of the grend unifying groups

1) Three couplings In the beginning was + SUL(Z} x U (1) x 58U, (3)
£l
2) Two couplings {L+&sR); SUL(E) % SUR(E) x suc(h)
lepton number treated
as the fourth colour
3) One coupling f O/
su(s5} s{10} Eg (BUL(K) x 8U(4) ] x (Lo R)
FamIzy *) crours with Fer e
L) POSSIBLE TRIBAL 3
GROUPS (including all su(11) {or [sul(5))7) Eg [suF(en) x suc(zn)]L x Led R
families) ‘ ' ‘
Trival fermions (561) (248) {4p%) (n = 3 for
S A oy
Three Families
») The representations (2 + 10%) and (Jzé)- reapectively, of the family groups
SU{5)} and 30{10) each descrive One Family, while the basic representationa 16) of
EG and [SU{h)]I‘ describe Two Families ((e,...) and {u,...}).

€) An unresolved mystery ls the replication of families, if this indeed
im what 1is happening. 13 there a larger "TRIBAL" group (ms distinct from the
smaller FAMILY groups) whose basic representation contains, all the famflies? (Note

tre !a*m.\.on-vinflanon for Tribal sroups,. )}

6.2 Tests of grand unification

The moegt characteristic prediction from the existeéence of the
ELECTRONUCLEAR force is proton decay, first discussed in the context of grand

unification at the Aix-en-Province Conference of 1973 - and if memory serves

right = in the sams session in which the first experimental discovery of the
electroveak neutrsl currents was announced. It 1s indeed deeply gratifying

that both in Eurcpe and in the United States thers now is intense intereat

in improving the half-life limits for the protoo.

For unifying groups with

multiplets containing quarks and leptons only the lepto-quark masses are, as

e rule, rather moderate '\‘lﬂh -*-—2|.O5

~13-

GeV. For such models tie characteristic

proton decays {proceeding through exchanges of three lepto-quarks) conserve

quark number + lepton number, i.e. P = qgq + &L, (P + 3v + o~ 8of%;

By b a b b NS85, N 2u e + ot~ Bok; 1 ~1029-103h years).

On the contrary, for the "simple" unifying groups like SU{5), 30(10) and Ee

(with multiplets containing anti-quarks and anti-leptons as well {q,%,a,f))

and decays proceeding through an exchange of one lepto-quark, the decay of the

proton is to an anti-lepton, with P+ £ or 32 f{orbidden ]'T). (p~ e+ 10,

PR INE T PR VR TR I S ANPAPVE T SR S U S CT |
An intriguing possibility in this context is that investigated recently

by Pati et sl. for the meximal unifying group SU(1l6} - i.e. the largest group

to contain g 16-fold fermionic multiplet {g,%,q,%). This can permit (irrespective of

quark charges) the decay modes: P + 3t as well as P+ & , P+ ¢ [e.g.

Pae +1 +1)and P+ 3% (e.g. P+ 3 + 110, N+2U+e +17), the relatlve

magnitudes being model-dependent on hov precigely 5G{16] breaks down to 5U(3) =

su{z) x U(l) Quite clearly, it is the central fact of the existence of the

proton's decay {rather then precise details of its decay modes} for which the

present. experiments must be designed. 18)

Finelly, grand unifying theories predict mass relatione like:

ly
2
n m m [ el u-3t¢
_d - -l a2 2 2 8
. n ™ usfM)
for 6 (or at moet B) flavours {f) below the unificatiocn mass. The importunt

remark for proton decay, for mass relations of the above type (or for buryen
excess) 19 , 1a that ‘these are esgentially charscteristic of the fact of grand

unification - rether than of epecific models.
It is alsc worth remarking that even for the simplest of grand unlfying theories

{Georgie & Glashow's S1{%) with just two Hipus (a oonnda /h)) the aumber of ad hoo

parameters nood.ed(mosgA l%l%ributlble to the Higgs aector) is 3till unwhclesomely

large - 22, to compare with 26 of the gix-querk Kobayashi-Maskeve model based

on the humble SU{2) x U{1) x SU,{3). We cennot fesl proud.

6.3 e unifying masa sinae and the zrgnd plasesu 20

As digcuesed by Iliocpoulos, the decoupling thecrem &f Appleguiat and
Carazonne, as applied by Georgi, Quinn aad Weinberg to grand unificstlion,
relates the cbsarved low-energy couplings afu) and uﬂ(u) (: = 100 GeV)
to the grand unifying mass M and the cbserved value of 8ln 8. The
demonstration that this leads inevitably to a grand platesu, :tretching up
to nearly Planckian energies, depends, very sensitively (qualltatively and

quantitatively) on a number of assumpticns which are strong extrapclation:
from present trends. In view of the lmportance of the subject, T wish to

exanine these assumptions critically, even thouwh this makes thls part of

the talk heavy. "



The detalls of the demonstration of the statements below are
My conclusions {stated more fully lster} are first: that given in the Appendiy. Here I s L2e the vesulte. .7
even extrapolating from present theoretical ideas. the uwnifying pass M (and HmmAr

6.5 Summe. )
thus the stretch in energy 2cale for which new physics may not manifest {tgelf) Summery ;

depends critically on the assumptions made by particular unifying models and A) fhe gauge plates: ls the consequence of two assumptions:
may vary between 10 2107 to 1043-10" GeV. Second, that even for those
models which eall for M ~10 1310%% Gev there is an inevitable breaking up 1) That there is a gouge platesu! - more soberly, of the assumption

that no new gauge forces except those represented by SU(2) x U(1) = SU (3}

of the plateau by newer "heights"of physics at intermediate energy scales.
exist, until we reach the grand unifying mass.

This last result follows from the (rather high) value of sin % ~ 0.23 suggested

by the present dats st this Conference. 2) ¥or certain grand unifying family groups (1like SU(5) snd S0(10))
theeuniﬁring mass M does edge towards the Planck mass 39) (M %3.013 GeV, for
8in”¢ = 0.23). This happens because together with sssumption (1), we have also

6.4 The measure of the plateau problem (Qccam's razor): essumed that ell fundamental fermions - past, present snd future - (including any
. superheavy ones, to be discovered with masses 210 13 GeV) belong to thst ¥
1} Given s grand unifying group @G, there can, in genersl, exist a representation of the eventual tribal group for which sin o = sin a{Mz) .
succession of stages of ita descent, down to the low-epergy gauge Symmetry equals . Q ‘t
su(2) = u(1) x SL!C(3), with a hierarchy of masszit):ages M1 >M, > ... > 26) '
and corresponding stages of symmetry breaking. This sssumption mey be correct {and one of the goels of particle

physica is to find this out 2"”), but one should appreclate its full import

Clearly, at each stage, new physics enters, with the corresponding in determining M

new gauge particlea, new sets of interactions, new Higgs, new selection rules,

22
new Begges, new moncpoles ) and new dycns. . B} There are other tribal grand unifying groups for whiech ainzﬂ
sinzﬁ(Mz) is different from g- (e.g. for the 6-flavoured [SU(ﬁ)]h with

2
is the more common practice, simply mssume) that such hierarchies, either do gin BD - g—E ). For these the unifying mass M ¢an be much vmaller. For

3 N
not exist or - if they are forced upon ue by experimental dats = (SU(6)]" 1t 1s =10 GeV. If there are eignt flavours i.e. [30(8)]", M

+
that they are few and far between.

To spesk of a plateau, we must prove from internal consistency (or as

is even smaller xloh GeV. The plateau has shrunk vestly.

e) A family group like SU(S5) may be currently disfavoured on the basis

thet it cannot easily accommodate the experimental ninzﬁ o 0.23 unless a‘ P
stages may not be rejected out of hand. i} The Family stage: The low- is ‘é‘ﬂ““"ﬂﬂbly small <« 0.0T, mee Appendix). Ev;gn 1f SU(5) gould ‘accomodate ‘
energy SU; (2) may have descended (a8 the dlagonal sum) of suf(2) = sull{a) sin’8 == 0.23,1t gives & proton lifetime estimate (TP 210 ? years) wnich may be

x SUIII(E) X ..., where I, II, III,... refer to the various families 23) too small, unleas there are 15 Higgs doublets. The "aimple" 50{20) may overcome these

(ey.iu)y (...} &nd (7,,..). 1i) The Chirml stage:  The low-energy SUC(3)
may, likewise, have descended (as the diegonal sum} from the chiral colour

2) However = for this descent, from @ down to SU{2} x U(1} x SUC(B) -
even if other compliceted 2nintermediate gtages are eschewed, two types of

disgbilities; however, st the price of introduclng intermediute symmetry-bresking
stages, But then, by deflnition, new physics does appear for energles conciderably

symmetry SUCL(j) x SUCRU) ag well 88 from the diverae families 21‘). The lower than the grand unify{ng mass. The pleteay {5 not & platesy after all,

physics of this situation is profoundly different from the physics of & To conclude, I do not think any experimental physicist, who is

straightforvard descent to SU{2) x U(1) = SUC(3) but only for energies well still with me, need sericusly worry about an unbroken plateau where there

sbove the (posaibly high} masses of the fields orthogonal to H‘t . ZO and are no new physics helghts to be scaled. I have trled to saow that this

G's. QUnce again, the neglecting of such possibilities implies sesumipg from holds even within the theoretical framework represented by a direct ¥

the stert that the corresponding peaks of new physies simply do not exist: extrapolation of the prefent ldeas to the higheat energles. In some of the

{OCCAM'S RAZCH). remalning parts of the talk I shall be questioning two of the notions which ("
3) Figally &n absclutely crucial role in have gone into this direct extrapolation - first, do quarke and leptons ‘

detamining M and oin®8 is played by the parameter lin290 = ain e(Me) - represent the correct elementarg-.” fields, which should appear in the matter

T - 5u(2) /Z Q , and the conventional ssaumptica that for fermions Lagrangien, and which are structureleas for renormalizability; second, could

— some _of the gauge flslds themselves be composite?

(including any superheavy ones with mesees near M) 23]

lineﬁo - g— v
=16




. The guest for elementarity, preauarks (precns and pre-precns)

While the rather large number {Eg) of elementury flelds 'for exarjle,
for the family sroup SU(5); already mexes one feel scmewhat queusy, the
nusler zg;, for the three=ramily tribval group SU{11) (of whieh presumably
3 = 15 = U5 opjects are of lov and the rest of Planckiun mass) is distinezly
turegue.  Is there any basic reason for one's instinctive revulsion when

faced Wwith these vast numbers?

The numbers by themselves would perhaps not matter so much. After all,
Einstein in his description of gravity, chose to work with 10 fields (guv(x))
rather than with Just one (scalar field) as Reiszner and Nordstrom had done
vefore him. Einstein was not perturbed by the multipliicity he chose to
introduce, since he relied on the sheet.anchor of a fundamental principle -
{the equivalence prineiple} - which permitted him to relate the 10 fields for
gravity guv with the 10 components cf the physically relevant quantity, the
tensor Tuv of energy and mementum. Zinstein knew that nature

was  not  ecorcmical cof siructures; only of principles of fundamental
P

applicabllity. The question we must ask curselves is this: Have we yet
discovered such principles in our quest for elementarity, to justify having

flelds with such large numbers of components as elementary.

Recall thet
and a family number). Should one not, by now, entertain the notions of guarks

quarks carry at least three charges (colour, flavour

{end possibly of leptons) as being composites of some more basic entities
(PRE-GQUARKS or PREONS}, which each carry but one basic charge. These {dess
have been expressed before but they have become more compulsive now, with the
growing multiplicity of querks and leptons. Recall that {t was similar icdeas
which led from the eight-fold of baryons to & triplet of (Sakatcons and) gquarka

in the first plece.
amonyg others,

The preon notlon is not new, In 1975.‘Pat1 et a1, introduced 4 chromons(the
fourth ceolour corresponding to the lepton number) and 4 flavons, the basic
group being SU{8) - of which the family group SUF(h) % SUc(h) wes but a
subgroup: (With the preon stage, the gauge group does not change; the
fermicnie multiplet chansea-) As an extension of these ideas, we now believe these
Preons carry magnetic charges and are bound together by very strong short-—

range forces, with quarks and leptons as their magneticslly neutral composites.

In another form the precn ides has been revived this year by Curtright and

Freund, who motivated by ideas of extended supergravity{tc De discussed in the next

aection), reintroduce an sd(é) of 3 chremons (R,Y,B), 2 flavons and 3 familons
{horrible name}. The family group SU{5) could be & subgroup of this SU(B),
{Recall that of the two representations used by SU(S) to deseribe quarks snd
leptons, the 10" could in amy case be considered ac a three-fold anti-symmetric

“17~

compesite of the Fundamentnl‘Z = though unfortunately the gquark-lepton number:s
do not quite match. In & sense then, the preon idea is implicit im Bu(s).)

In the Curtright—Freund schems, the 3 x 15 = E? fermions of fU{S) ean Lo
found among the §'+ 2? + 56 of SU(B) {or ulternatively the 3 x 1o = 4 or
S0(10} among the vectorial 56 fermiens of GU(8)).

A second contribution on preons is due to Harariand{indesendent 1y Cebupe,
In his gquest for elementary entities, Harari has fellowed the approach of stoartine
with two objects, Tohu's (charge %) and Vohu's (churge zero), making up
the set of what he calls Rishons ("basic entities" in Hebrew){the "chiefs"
in Arsbic). The eight b-component fermiocns in a typicsl £0(10) {or su(l)
suf{2) = SU{4)) multiplet {e.g. u, d, u, €) are composed us follows! 28

TTT> e VYV
TTV~u VYT d
TVT > uy VTV~ EY
VI T u TYY~+ EB .

The other Two Families sre assumed to be orbital excitations cof these (with

~2h

radii of composites £ 10 cms., deduced from upper limits on uw + e *+ ¥,

s +d +‘y ).

I would personslly like to interpret larari's ideas es referring not
to the three families but to pre-preons. In the ebove table, read f{lavons
in plece of e and v; chromons (R,Y,B) instead cf Wy Uy Uy and familons
for dR' gY, dB. The objection that cne is trading space-time ldeas for
internal quantum numbers (with colour a "composite' quantum number - & new
notion! @nd  gluchs as "composite” geuge fields - suggested alsc by Dirr
and Saller) can possibly be met in the manner of the converse generation of
spin from 1sospin for dyonic ?ompoaitea diacussed szveral years ago by

2
Goldhaber, Hasenfratz, 't Hooft, Jackivw end Rebbl. Splendid craziness. 9)

Bafore I conclude this section, T would like to make a prediction
regarding the course of physiza in the next decade, extrapolating from our

past experience of the decade3 gone by:

~18-



DECADE 1950-1960 19€0-197G 1970-1980 1980 +
Siscovery In The strange The B-foléd [onfirmation] W, 2, G,
early part of particles way, o 57 neutral Proton decay
the decade burrents
Expectation for 5U(3) Grand Unificatfon,
the rest of the resonances Tribal Groups
decade
Actual Hit the next May hit the preon
discevery level of level, composite
elementarity atructure of quarks,
with quarks and composite
l gauge flields
‘ _
30)
YII. POST-PLANCK PHYSICE, SUPERGRAVITY AND EINSTEIN'S DREAMS

T now turn to the problem of a deeper comprehension of the charge
concept {the basis of gauging) - which, in my humble wview, is the
Einsteln, in the lest thirty-five years

real quest of particle physics

of hie 1ife lived with two dreams:
photon} = he wished to see the "base wood" (as he put it} which mekes up the stress
tensor Tuv on the right-raend side of his equation Ruv

1
3 €

cne was to unite gravity with matter (tphe

R=-T
uv [T

transmuted through this union, into the "marble” of gravity on the left-hand

side.

The secord {and the complementary) dreem was to use this unification

to comprehend tre nature of electric charge in terms of space-time geometry

in the same manrer as he hed successfully comprehended the nature of

gravitationsl ckarge in terms of space-time curvature,

some
In caaedone imagines 3l

that such deeper comprehension is irrelevant

to quantitative phyelcs, let me edduce the tests of Eilnstein's theory versus

the proposed medifications to it (Brans-Cicke for example).

Recently (197h),

the gtrong equivalence principle (i.e. the propoeition that gravitational
forces contributa equally to the inertial and the gravitaticnal masses) was

tested to cne part in 1012 {i,e. tc the same accuracy as achleved in particle

-19=-
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i

prysics for (g-?)c) througl lunar-leser ranging meusurement:. These meagires-
ments determined depurtures rrom Kepler equilibriwe distances, of the moon,
the earth and the sun to betler than * 30 ems. and triurphantly viodicated
Einstein.

There have been four malor development:s iv reulizine ¥instein's Jresms:

1) The Kuluza-Klein miracle; An Einstein Legrangian {scalur

curvature} in five-dimensional spuce-time (where the [firth dimension is
compactified in the sense of all fields being explicitly independent of the pireh.
co~-ordinate) precisely reproduces the Einstein-Mnxwell theory in tour

dimensions, the (¥=0,1,2,3) components cf the metric in five dimepsions

.4
k5
being identified with the Maxwell fleld Au
Maxwell's field is asssoclated with the extrs components of curvature implied
32)

From this point of view,

by the (conceptual) existence of the fifth dimension

2) The second development is the recent realization by Cremmer, Scherk,
Englert, Brout, Minkowski and others that the compectification of the extra
dimensions - {their curling up to sizes perheps smaller than Planck length
610_33

cms. and the very high curvature associated with them) - might arise
~l
through & spontaneous symmetry breeking {in the first 10 3

seconds) which
reduced the higher dimensional space-time effectively to the four-dimensional

that we apprehend directly.

3) So far we have considered Einstein's second dream, l.e. the
unification of electromagnetism (end presumably of cther geuge forces) with
gravity, giving a space~time significence to gauge charges as corresponding
A full realizution of the

firet dresm {unification of spinor matter with gravity and with other gauge

to extended curvature in extra bosonic dimensions,

fieids) had to await the develcpment of supergravity - and an extension to
extra fermionic dfmensions of superspace {with extended torsion being brought
into play in sddition to curvature}. I discuss this development later.

L) And finelly EED

that electric charge may be associated with space-time topology - with worm-

there was the alterantive suggestion by Wheeler

holes, with space-time Oruyére-cheesiness. Thils fdea has recently been

developed by Hawking and his collaborators.

=20=
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Extended supergravity, SU(8 reons ané copposite geuge tields

Thus far the developments in respect of Einstein's dreams as reported
at the Tokyo Conference of 1978. A remarkable new development was reported
et this conference by Julla {Julis and Cremmer} which started with an attempt
to use the ideas of Kaluza and Klein to formulate extended supergravity theory
in e higher (compectified) space-time - more precisely in eleven
dimensions. Thus development links up, &s we shall see, Gith preons and

composite Fermi fields - and even more important .~ possibly with the notion

of composite gauge fields.

Recall that simple supergravity 1s the gauge theory of supersymmetry —
the gauge particles being the {(helicity i2) gravitons and (helicity % )
gravitines. Extended supergravity gauges supersymmetry combined with SO(N)
internal symmetry. For N = B, the (tribal) supergravity multiplet consists
of the following S0{8) families.

Helieity = 2 1
3

t3 B

+ 1 g§

2 56

A

0 10

As 1s well known,50{8) 1a tco small to contain 8U(2) x U(1} x BU3). Thue
thie tribe hes no place for W {though 2°
place for y or 1t or the t guark.

and y are conteined) and no

This was the aituation at Tokyc. This yeer, Cremmer end Julia attempted
to write down the N = 8 supergravity Lagrangian explicitly, using an
extension of the Kaluza~Klein ansatz which states that extended sypergravity

(with SO(8) internal symmetry} has the same Lagrangian in 4 space-time
dimersions as simple supergravity in (compactified)} 11 dimenaions. This
formel - snd rather formidable ansatz - when carried through ylelded m most

agreenble bonus. The gupergravity Laprangian possesses an unsuspected SUﬁB!

“ocal"internal symmetry 35) elthough cne started with an internsl S0{8) only.

2]l

The tantalizing questions which now arise are the following.

1) Could this interral SU(8) be the symmetry group of the § preons

{3 chromons, 2 flavens, 3 familons) introduced eariier?

2) When SU(8) 1s gauged, there should be 63 spin-one flelds. The
supergravity tribe contains cnly 28 spin-one fundamental oblects which are not
minimally coupled. Are the 63 fields of SU(8) to be identified with composite
gauge fields made up of the 10 spin-zero objects of the form ¥V -1 3 ¥;: Do
these composites propagate, in analogy with the well-known recent result in
cp” -1 theories, vhere a composite gauge field of this form propagates as a

consequence of quantum effects (guantum completion}?

The entire development I have described - the unsuspected extension
of 50{8) to SU(8) when extra compactifieq space-time dimensicns are used -
and the possible existence and quantum propagation of composite gauge flelds -
is of such crucial importance for the future prospects of gauge theories that
one begins to wonder how much of the linear extrapolation which went into
extrapolating SU{2) x U(1) x BUL(3) to the grand unifying gauges 1s likely to
remaln unaffected by these new ideas now unfolding.

But wvhere in all this 1{s the possibility to appeal directly to
experiment? For grand unified theories, 1t was the proton decay. What is
the snalogue for supergravity? Perhape the spin % massive gravitino, picking
ite maes from a super-Higgs effect provides the answer. Fayst has shown that
for a spontenecualy broken globally supersymmetric weak thecry the introduction
of & local gravitational interaction leeds to a super-Higgs offect. The
gravitine acquires a mass and ap effective interaction, but of conventional
weak rather than Just the gravitational strength - an enhuncemant by & fector
of 103“ One mey thus search for the gravitino among the neutral decay
modes of J/y . Notwithstanding the enhancement, this will surely tax
all the ingenuity of Sam Ting, Burt Richter and thelr colleagues,

I would like to conclude, as at Tokyo, with & quotation from
J.R. Oppenheimer which zmore than anything elpe expresses in my view the faith
for the future with which this greatest of decades {n particle physics ends:
Phyaics wlll change even more ...... If 1t is redical and wnfamiliar .....

We think thet the future will be only more radical and not leas, only more

strange and not more familisr, and that 1t will have its own new insights for
the inquiring human spirit,"

JR. Oppenheimer
Reith Lectures BBC 19573,
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APPENDTX ON GRAND UNIFICATION

Here are stated the results used in the text which relate grand
unifying mass, singe, and the intermediate symmetry-bresking stmges.

My
In the sequel, I shall assume that G -+ [5u(2)]% x u(1)

* [s0,(3)]F TQ su(2) = u(1) = su_(3) 5 v SU4(3), where p and q

are the possible stages referred to in 2) of Subsec. 6.4 correlated for example with
family or chiral symmetries. For simplicity, and without much loss of generality,

T shall assume that Mleu ME:: M *> u, so that all fields nect contained in

su(2) = Ul1) x SUC(3) are very heavy and the psrameters p and g make their
explicit appearesnce only through how the physical a and o normalize in

terms of the grand unifying coupling 2;“

Theorem M

M

1 2

Asswne thet G <+ [8U(2))% x U(1) = [SUL(3))7 + su(2) x u(2)
u .
x SUC(3) + U(1i) = SUC(B) (and assume for simplicity that My = M, - M),
One finds from Egs.(B) and (C) of footnote 37
" (ain290 - sinee}

En-ﬂ_ B rr————— R 1}

305290

1

-

a

l

L

Using (A) of footnote 37 and (1) above one geta:

(3q -~ 2p) ain280 + s—‘(2q) e05290
o N ¢:)
(3q - 2p sin eo}

sinae(u) =

From this one deduces that

2
sin BD - 51528

2 a
P - pelnd - q —
coséa 39-2p [ usJ
of
Ml a M2
TE M, £ M, , the laft-hand =ide ¢ (1) reads 11a/3m dn [[ =] = , with
1 Fe Wyl ®
aimilar smenth limit “'j . Garwen e o0

e

1} tiote the crucial result: If lin29 is given, &n % depends only

el
gt B
¢n sin BC {and not explicitly on ). On the contrery, the expression for

ain20 does depend explicitly on the ratios 5 . %— &8 well as on sin230 .
8 -]
2) lor zy(5) amd SU(10), p= 1= q 3 ), Einaeo = % and we

obtain

13

2
sin“8 = = + g §~ and #=1.2 x 1077 fev,

|~

This value of M is obtained from

Eq.(1) if sin®6 = 0.23 und
1
sin290 = g—. It differs from the conventionally stated value of -2 10 > CeV,
which is usually derived by substituting sin20 = %’4 2-2—- into the expression
8

for in % . The fcllowing remarks are in order:

1) HNote the extreme sensitivity of M on the presumed value of

2
singe {the conclusions below depend on sin 8 % 0.23).

4i) The empirically indicated value of sinee is compatible with the
su(5} formula (%+ g-EH) for an a, which appears to be swall
(asxO.UT). ®

13

111) With M as small as 1.3 x 107~ CGeV (small compared

with 1019 GeV of Planck energles), one finds that the

proton half-1ife Tp as estimated by Marclano 9) 45 -0 6 x 10
years -~ gerhaps already excluded experimentally. (Fifteen isodoublet
Higgs 39) are needed to remedy this.)

3) For the seml-simple tribal group [SUF(S) x SUC(G)JL x (SUF(G) x SUC(6)]R
(with p = 2, g = 3) describing six quark flevours 2

23

)
and colours, s5in 6. = . Thus
M +-10° GeV and sin‘e = 2, + 32 % (. 0.23 for a_ = 0.16) ’ 0"
2 3 us - - s~ . .

Note the enormous difference between the predicted values for the

3 GeV) for the two cases of the

grand unifying masses (106 GeV ‘versus 100
"simple” versus the "semi-simple” groups considered. The size of the plateau

has_considerably shrunk for the latter cagse. Tt ¢ould shrink still more, with
L0) Iy

1
more flavours and colours. (For [SU(B)]‘, M~ 10 GeV.)

b} For the family groups SU(S) and S80(1C), we have noted that a
stralght descent to SU(2) x U(L) x SUc(3) (p=gq=1}) gives & small
(for comfort with the proton's life) and tao small a_ (. 0.07) if s1n8=0.0%.
Now SU(5) cannot sdmit any intermediate stsges but S0(10) is larger and can,

as noted by Georgl and Nanopoulos and Shafi and Wetterich (CERN “h.PAET (1979)). b1

Could such stages help in resolving the problem of the "large” .inas
and the "small" MF  (Clearly the existence of such stages would meun that the
plateau ie broken up with peaks of new physica.) To ecncretize - and clmply

&8 an illustration - consider Just one stege, 1.m, take the simple case I“".)uf

M.
M 1
g ~ sw{(2) x u(1) =« suln) + su(2) = U{1) % 5U.(3). Formulae {1} and (2)
for in % and ain29 5t11l hold; however p must be replaced by

M

{3p) L ¥
npli-z) + 32 where z n i ] / n [u]

For 80(10), with n = & (four colours) and SUC(b) » A1) = SUP(3J, onu my

2 1 h3) v
indeed secure ¢in 9 = 0.23, for Gg " T s provi ded Moo 10 e,
1

ol
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In the preparstion of this report I had essistance from: Y. Amajd! .
Altarelll, D. Ameti, J. Augustin, E.L. Berger, J.D. Blorken, S.J, Erodsky,
Chadwick, M. (onversi, N.9. Craigie, V. Elias, J. Ellis, P. Fayet,

w 4 O

. Ferrara, G. Fiiugge, H. Fritzsch, S. Fubini, E. Gabathuler, M,K. Saillard,
R. Gatto, I.C. Halliday, J. Iliopoulos, M. Jacob, H.F. Jones, K, Koliler,
C.H. Llewellyn Samith, L. Maiani, B. ¥egel, D.V. Nancpoulos, J. Nilsscn,

J.C. Pati, D. Perkins, J. Prentki, G. Preparatsa, S. Pajpoot, C. Rubbia, A. de Rujula,
L.M. Sehgal, W.G. Sectt, P, Soding, B. Stech, J. Steinberger, P.M, Stevenson,J.Schwarz,

D. Storey, B. Tallini, J.G. Taylor, D. Treille, R. Turlay, 5. Weinberg,
B. Wiik, K. Winter , ¢. Wolf and A. Zichichi,

FOQTROTES

1} "The End of Molecular Blology", by A. Sibatani, Trends in Blochemical
' Sciences, Internationa) Union of Biochemistry (Elsevier, North-Holland,
1979}, Vol.k, No.T.

2) The situstion for atoemic physics was sumnarized bty L.M. Barkov who

R

gave —R—“&z = 1.07 ¢ 0.14 a8 the ratiec of tha Wovosibirsk
theor.

bisnuth measurements of atomic parity viciation compared with the

predictions of SU(2) = U(l}. 1Into this comparison is folded the atomic
theory calculations of Khriplovich et al. for the complicated bismuth
atom. Since the Oxford group contest (emong other thinga) this atomic

theory, which has gone into Barkov's comparison, the issue of atomic
parity violation is a problem for mtomlc physicists, rather than &
problem for particle physics,

3) While on the sublect of radistive ecorrecticns, 1t 1z worth mentioning
that Marcianoland independently Goldmann and Ross)have examined the
renormalization group corrections to the fine structure constant and
find

8

3 128.5

aXm) = o7Ho) -
Here a{0) is the Josephson value, while u(mw) is the quantity
relevant for present low energy neutrino experiments. This 6%
correction in u-l reflects iteelf in the revised mass formulae for
w, and m, which, according to Marcieno (C00-2232-B-1979) register
» surprising 3% increnge; surel{ ¢f some concern t¢ the running of

LEP at the ty peak. -

m, = 223 ]

m, = 17 = 84 Gev 1
4.25 » sin°6 3 0.21

m, . 89 = 9% Ge¥ J’
L ™ J

The 26 dimenslonless parameters of the stancerd model are: 3 gauge
couplings, 6 quark + 6 leptonic masses (assuming m, ¢ 0}, b+
mixing angles, L and two "instanton" angles corresponding to
non-Abelian SU(2) and SUC(S).

A different, somewhat more economical suggestion to motivate iso-doublet
Higga is the use of dimenszional reduction. (I shall have cccasion to
mention this idea later in the context of extended supergravity.) Start
with n gauge theory in 6 dimensioms (xu » Xg» Xgi M = 0,1,2,3}. Reduce
6 dimensions to 4 in the sense of mssuming that all fields are
independent of the extra co~ordinates xs and xge On reducing to

4 Qimensione, the 6-component vectoriasl field (Au + Ags A6) in 6

dimensions comprises a conventional epin-cne geuge field Au plus
a doublet of spin-zero Higges fields A5 and As.

Por one concretization of these ideas {due to Y. Ne'eman,
D. Fairlie, J.3. Taylor and others) embed SU{2) x U(1) into & graded internal

symmetry SU(E]l) ANY work in 6 dimensions. The combination of higher
dimensions end the higher internal symmetry {1} makes an iso-doublet
Higge compulsive, (2) specifies the Higgs-Higgs coupling uniquely es pert of

the basle gauge coupiing, (3) predicts sin%g = i— and (4) predicts

ny = 2m“. This is fine; wunfortunately, the theory as developed so
fer is not setisfactory, since to avoid ghosts characteristic of an
internal graded SU(E!I}. this symmetry must be broken explieitly. The
hope however is that a more agreeable version mey emerge where the
desirable features like & compulsive "gauge™ iso-doublet Higgs and
ninaa - }].-‘mw remain, without the undesirability of the explicit

symnetry breaking.
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This statement refers to the sign of the cne-loop computation of the
analogue of QCD's B function im gravity tleory. Since gravity, .on
present ideas) is non-renormalizable, higher loops are (es yet)
intractable, though they may not long remuin so. If gravity is indeed
asymptotically free, there may be no initial big »ang singularity due
to the progressive weakening of the effective Newtonian constant with
diminishing radius of the universe,

While on the subject of perturbative QCD, I would like to quote a
remark made by Bes Jost at the Sienna Conference of 2963: “"To my
mind, the most striking feature of theoretical physics {n the lact
thirty-aix years is th§ fact thet not a single new theoretical idea
of a fundamental pature has been successful. The notions of
relativistic quantum theory, so clearly ir need of improvement, have

been in every instance stronger than the revoluticnary ideas of - as

the saylng goes - a great "numher of highly talented theoretical
physicists". We live in a dilapidated house and we seem to be unable
to move gut. The difference between this house and a priscn is
hardly noticeable". To Jost's words "relstivistic quantum theory"
in this quotstion I would llke to add "perturbative”, for surely it is
ironic, that ig fifty-two years since Dirac's invention of QED, we
have no quantum solution for QED (or for QCD) except the perturbative.

Note the 1ndependenc5 of the FN's and DM'a from mess {m - 0}
singularities {in ﬂg)- These are Junked into the primordial
{empirical)parton " fectors fn. a®,  The parton medel factorization
survives up to the leading order ({F = D} -+ {rﬂ % dM}} but bresaks
down in the next to the leading order (i.e. for terma of order O[EZ)
in the { } ‘brackets)., As & rule this non-leading order is large
for Drell-Yan processea and may necesaltate a different type of
resummation of perturbative QCD. Evidence relating to the "non-

"

factorization”™ in non-leading loggs was presented et the conference,

This will purely bs & malor area of progress in the coming year.

A drametic example of the independence of the domaias of perturbative
QCD and phenomgna attributable to confinement has reczently been
provided by Davis ard Elias and Rajpoct. Davis has.defined a safe
Jet variable (to all orders of perturbation theory) which has the
remarkable property of measuring charge (including fractiomal charge)
in final states within a phase space "horn". The experizental
failure to detect fractional cherges must then imply at the very
least that “perturbetion theory apparently gives no signal of its
own failure".

-27-

If confinement is indeed & non-perturbative éynamieal phase (and has
no status as an absolute selection rule), the question arises: is

it under all circumstances absolutely exact? Using appropriate Higgs,
could SUC(3) be broken spontanecusly, with massive gluons, and with
confinement only partial, in the seuse of as Archimedes effect,i.e. QCD with
Higgs may solve in such a way that quarks and gluons mey exhibit

an effective mass varlation; light and

partially confined within an interaction zone; heavy, unconfined

and liberated outside it. Practically nothing would need changing

in the conventional parton model ideas and in their QCD perturbative
renormalization, except for an additional type of "fragmentation”
function, describing mess barrler penetration and the probability of
finding massive physiecal quarks and gluons in the final states.

(Even without the heavy non-perturbative theory needed for confinement,
one may understand the growth of the running gluon aand quark masses as
momenta diminish, as a consequence of the renormalization group. The °
Archimedes effect suggests that this growth is non-perturbatively

sharper than logarithmic though not infinite as for full confinement.}

An 1llustrative mass formula for quarks and glucns exhibiting
the Archimedes effect has been suggested by de RuJule, CGiles and Jaffe
on the basis of a string model of gluonic interactions {mass outside -
mass inside) ol {gluon masa inaide)-l times an essentiglly group~theoretic
factor. For zero inside gluon mass {exact SUC(3)) the quark and glucn
nmesses outslde mre {nfinite wnd exact confinement smawes. For inside
gluon masses of the order of 20~30 MeV, the outelde quark messes could be
in excess of geveral Gev. Bjorken deascribed to the conference & quark
model of this varlety within a spontanecusly broken QCD, to explain the
high density hadronic droplets accreting around a liberated fractionally
charged quark., {Such droplets are needed in his
explanation of the pecullar Centaurc events discovered in cosmic rays.)

Such ideas of eventual quark and gluon liberation and the
Archimedes effect are unconventionai but in view of the lack of any basic
understanding of the confinement mechaniam, I would like to rephrase
for the remembrance of our experimental colleagues what Iliopoulos
remarked in enother context! “A test of querk-gluon liberation is too
important to be left to vagaries of theoreticel dogmma®.
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Eariier than this, Pati et _al. had used the Archimedes effect
and partisl confinement to propose another unconventional verslon of
spontanecusly broken QCD. This is the geuge theory of {Han-Nembu) .

integer-charge quarks and gluons (Q = Qg o .+ qcolour)' Here the

excitation of Qcolour in lepton-hadron ¢ollisions is automatically

suppressed by a factor of the type

2(q2l
(C1 (6 + ofe®))

Jlepton Jcolour

for flavour-charge

fiavour

. 1
{compared with the usual factor ——5? Jlepton J

19

interaction with a mass relation of the type mi g CH exp I -
(Using disﬁeraion relations for e+e- - u+u s Okun, Voloshia andi Zakharov,
have attempted to show that in a spontanecusly-broken SUC(3) with integer
chaerges, the gluck mass muet be § 1 GeV. Unfortunately this demenstration
teakes no account of the ideas of partial confinement and the Archimedes effect
associated with the contribution of the intermediate gluonic state in this
model, and thus has no bearing on what the (non-perturbative} physical mass
af the gluon is. B

In the context of the parton model, one of the important results presented

at the conference copcerns the efficacy of anti~quarks relstive to quarks -

{plons versus protoms ) producing Ti (a1l > T)/(op + T) » 30 {Cern NA3;

200 Gev *'; (a-Blp = 2.10" cnz). This sugurs very well for the
prospects for zo and w‘ production at the PF collider as emphasised
by Rubbia. ’

The proton charge thus equals the positron's, without further hypotheses,

The necessity of requiring asymptotic freedom for the EL?STRONUCLEAR force
on its own, lor energies beyond Planckian (mr,a 1.2 % 107" GeV) ham been
questioned by Cabibbo, Maianl, Parisi and Petronzio. They argue that

by then gravity would profoundly affect the entire discussion. On this
basia, they sugzest (working essentlially to a one-loop approximation) that
the nusbers of familiesz below Planck mass must not exceed eight. They

also glve bounds on the expected Higgs and fermion masses. On the
contrary, Oehme and Zimmerman (EF1/79/28) have deduced (from the
positivity of the transverse gluon propagator) & lower bound on the
number of quark flavours.

Ideally one would wigh all these mass stages to emerge &s radiatively
genersted multiplem of the Flanck mass - possibly with magnitudes

~-am_, u2m 3 uBmP..... or alternatively of pagnitudes like mp exp - ;2
(cn'u are conatants). The problem of a "natural” generation of such mass
hierarchies is another aspect of the unsolved probiem of Higgs.

~20~
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Likewise (from the renormalizetion group equations for the fermion
mass ratics) one may hope to daduce the ratios of the phyelcel guark
to the lepton masses, the ratlos at the grand-unifying M being
specified by the Higgs couplings assumed.

The topless version of E6 predicts b-guark decays to chermless quarks
(B. Stech, private conmunication). The observed b-decaya involving
‘charm may thus imperil Eg . {The suggestion of SU(11) as ths tribal
extension of CGeorgl and Glashow's simple SU(S) im due to Georgi;

the suggestion of Eg extending (irsey at al 's ES is due to
Achiman and Stegh,)

These decey modes have been dbrought intc prominence during the last
year through an improvement in the renormelization group estimates

3)

(for example, of u-l(m“) - 6% diminution from u'1(0) and a

corresponding diminutlon in the estimates for rp which are now
typically n41029-1033 years I1f wnification messes range between
5 x 0™ and 3 x 1087 Gev and s1n®6 ranges 3 between 0.210 and

0.20),

"Proton decsy is too important to be left to theoreticians alone.” -
Iliopoulos.’

The one really new feature of this year's work has been the estimation,
within the context of grand unificetion, of baryon excess in the
universe - more preclsely an estimate of the ratio of the photon number
NB' which is empirically known to be r:loﬁ-log.
The suggestion that baryon excess may be s consequence of baryor-

“Y to the baryon numbers

non-conservation plus CP vioclation wae first made by Yoshimura st the

The present quantitative estimates (which by and large
models
- more "py" and less large - agree with data)were reviewed by Mohapatra[with

supermaseive multi-Higgs and lepto-guarks (10 15 Ge¥) and "hard" CP
vioclation; a8 well as for models with low-mass lepto-quarks
(f»io"-lo5 GeV) and CP violation vhich is "soft".

Tokyo Cenference.

et each man kills the thing he loves
By each let this be heard

Some do it with & bitter look
Seme with s flattering word
The coward doea it with a kies
The brave man with & sword.

Obcar Wilde - The Ballad of the Resding Goal,
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For example, for the Family group 50(10} of Fritzsch, Minkowski and

Georgi, there is the posgible chain (see Appendir)
My .
so(10} pt sup (2) * sU(2) = suls) -~ su (2} SUp(2) x 1 (1) x
i .
SUC(;.;) 142 suL(z) x Ul1) x SUC(3) + U{1} x SUC(B).

According to 't Hooft's thecrem, a monopole corresponding tc the SUL(Q)
gauge symmetry is expected to possess & mass of the order of
Even if such monopoles are (conveniently Jeonfined, their indirect

effects must manifest themselves, if they exist.

This is assuming thut the concept of "families" which make up a
" ribe", makes sense for ultimate grand unification.

Similar remarks spply to the U{1) in SU{2) x U(1} x suc(3).

Even 1f It is assumed that =all fermions are singlets

or doublets of SU(2) and singlets or triplets of SUC(S}, there is no
reason for sin280 to equal % . To see this note that with thiu
assumption - which ineidentally excludes supersymmetric geuge fermions
in the adjoint representetions - s1n200 = (QNq + BNR)/(EONq + 12”E)’
where Nq and Nl are the numbers of quark and lepton doublets,
respectively. Only If we meke the further agsumption that Nq = ﬁz,
from snomaly cancellation between quarks and leptons, do we receover
sin260 = % . This sssumption however is not compulsive; for exauple,
enomalies cancel if (superheavy) mirror fermions exist, without the
need for assuming Nq = K,. This i3 the case for [SU(En)]h. ( The

anomalles alse sutomatically cancel for the adjeint representations of

the supersymmetric gauge fermlons.} Note however that if [sut3)1P = (su{211? «

U(1) is embedded within s non-Abelian symmetry and the manner of descent

specified, one can express sin290 83 a function of p and gq.

The universal urge to extrapolate from whet we know to-day and tc
belleve that nothing new can possibly be discovered, is well expressed
in the following:

"I come first, My name i{s Jowett

I am the Master of this Callege,

Everylhing that is, I know it

If T don't, it fan't knowledge" -

The Bailiol Masque.

So leng as we work with the concepts of elementary fieclds and fur lament.al
Lagrangiens, it is clear that some day we must Lit the level of «.ementary
fermions. Thus it dces not dismay me that the succes:ion of flavours
and colours {or families) may end. But we cannot really argue about these
matters on the basis of cne-lcop approxinaticns.

-3l.
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I would here ke to quote Feyumen in & recent interview to the
"Omi® magazine: "As long as it looks like the way things are built with
vheels within wheels, then you are looxing for the innermost wheel - but
it might not be that way, in which case you are lcoking for whstever the
hell it iz you find!" In the same Interview he remarks, "a few years
ago I was very sceptical about the gauge theorles..... I was expecting

mist, and now it looks like ridges and valleys after all'.

Zero mass neutrincs are the hardest objects to concelve of as

composites.,

Harari was kind enough to send me & pre-copy of his peper. He
vondered if I considered his ideas were crazy enough in the sense of
Niel Bohr's famous remark., I am afrald I hed to express some
reservations; from a follower of the world's first great monotheistic

religious tradition, I would have appreciated one pre-preon rather than two.

I have called this "Post-Planck" physics, assuming that the thrust of
the ideas discuesed will be felt at and beyond Planck energies (1019
GeV}. But let us make no misteke - the ideas are quite general and
their import might be felt much earlier.

The following quotation from Einstein ls relevant here. "Experiment
alone can decide on truth ...... But how wrong are those theorists

who  believe thecry comes inductively from experiment = and this
includes the great Newton with his "Hypotheses Non Fingo"." 1 believe
this is the only place where Einsteip departed scmewhat from

his total veneraticn for Newton.

Whet la electric charge in thia theory? To snawer this, one must
introduce charged matter - and in the last analysis, fermions. Kaluzae
and Klein foreshadcwed the answer - charge corresponds to the variable
conjugate to the rirth dimension - quantized if the fifth dimension curls

onto itself. Perhaps the most detailed mnd elegant working out of

thia ides is due to Olive and Witten (reported by Olive at the cohferance ).
Conaider a supersymmetric Georgt-Glashow model in asix-dimensional
compactified space-time. One can ahow that all objects in this theory
(elementary fields, monopoles, dyons) satisfy a light-1like mass

relation (exact, including quantum corrections):
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Here P5 and P6 are the momente conjugate to x. and Xg ar.d >cne
7

shows bty an explicit calculation that P5 = m x electric charge,

topologisally defined - 31 Fm d3x and PG = m » magnetic clarge
on the particle, defined similarly. Thus by an explicit construction
one demonstrates that morenta conjugate to the extre dimensions

correspond to (topologically defined) electric and nagnetic charges,

An attractive suggestion pursued recently by Budini and Raczka
ascribee the existence of higher internal symmetries to the Cartan

reflections in conformal space {projectively realized in 6 dimensions).

The Finstein Lagrangian sllows large fluctustions of metric and
topology on Planck-length scale. Hawking has swmised that the
dominant contributions to the path integral of quantum gravity come
from metrics which cerry one unit of topolcgy per Planck volume.

On account of the intimate connection {de Rham, Atiyah-Singer) of
curvature vith the measures of space-time topology (Fuler number,
Pontryagin number) the extended Kaluza-Klein and Wheeler-Hawking
peints of view may not be so different after all.

An example of the possible relevance of topeiogicel ideas is
a result of Kiskis, who shows that under certain conditions a spa:e-
time with handles would permit global viclations of cnarge. One wonders
if this result extends to other {violated) charges (like I-spin,
hypercharge,...) and what its significsnce for the topology of our space-
time may then be.

In a very d4ifferent context, I might mention a recent topological
result of Witten. In & Yang-Mills theory, he shows taat for a theory
with a non-zero "vecuum" angle 8, dyons must carry (possibly
fractional or even irrsticnal} electric charges = [n + g; e . DPhysies,
a8 we have known it, mey be made to stand on its head by an infusion
of topology.

The full result is this: The Lagrengian in [l1]-dlmensions possesses
glohal * SU(S)llocal. The analogy 1s
with Weyl's verston of Einstein's gravity theory which has the
invariance GL(h,R}lBlobal x SO(B.I)]lOcal. Row the graviton in

Weyl-Einstein theory with its 16 - € m 10 components lives in the coset

E
space 47 g § with 1ts 10 generators.  Likewlse the coset epace §ﬁ%§7
1

an invarisnce as large ag ETI

with its 133 = 63 = T0 generators can carry [0 spln-zero objects which
are the "gravitone" of the internal space. These are Just the TO epin-
zerc fields in the N = § supergravity tribe.

-33.
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Fayet estimuates, for a light gravitine, a rate 10'5-10- to compare with

- + - _2
T{y ~ uncbuerved neutrals) -+ 7 = 10 3 und g +e’e ) =(Te1) x10".
Ee has made the assumption that the (spontaneous) breakdown of super-

)
symmetry oucurs at misses x Ty = T exp(-c/p°). (There is the

alternative proposul of A linear progressicn from grand unirfication to
extended supergravity which suggests that the characteristic mass for
the breakduwn of supersyrmetries - and ror all the unwanted superaymmetric
partners of Wt . ZO. , ete - as well as for the gravitines - is of

the order of Planck mass mP.]

Thie follows from the standard one-lsop renormalization group equutions:

ugl(u) = p(hng_z(M)) - 3. %% in % . {a)
u-l(u) sinza(u) = q(hwg_Q(M)) - 2. %% n % . (B)
a ) cosee(u) = q(hng'2(M)) cotzeo . (c)

For simplicity we have ignored the effects of the fermicnle {and the
Higgs) loops on the right-hand side. These are discussed by Marciano 39).

These family groups are too small to permit p, @ » 1. The tribal group
3U{11) however may accommodate larger p's and q's.

W.J. Marclano (C00-2232-B-173) who gives the same result for

10
g in ¥ , as sbove, except that the factor 11 is replaced by i§2 if one
3 u
takea fermlion and cne Figge loops into account. For NH Higge isodcublets,

110 - NH

2 ~
replace 11 by . Thgs for NH ~ 15, 8in“6 = 0.23 is
compatible with M 31015-101 Ge¥. The extreme sensitivity of M on

assumptions relating to renormalizations should be stressed once again.

For the semi-simple group [SU(En}]h deseribing 2n flavours of quarks
{eand hn2 - 6n leptons; the majority possibly superheavy), Eliss and

2 - bl
sin 90 E‘(—L—‘”n g
2 In-k a n-8 .
s1n°0 = W(n-17 ' o 18- 1)

s M bya
- {(n=1) in il 1-(2na=~ 3) 5

Rajpoot give:

~3h-



ul) Cansider one rore exarple Jf the introduct!:n of int rmedinte cner oy

scales - ani the plateau-treaking peaks - which may have thelr loouaticn

uimost anywhere, o far a2 the internal locic of the

isvconcerne?: Tre example is that 57 the trival group PLUTO T*Sgluons -.....hadrons
sut(5) x 2ut (5 x ..uH {5) corresponding to the Three Families. Acrume

esch Su(5) breaks te [sU(2) x U{1) x cugf3NT, 4 = 1, 7L, DL vl THRUST TRIPLICITY

mass scales M. ° +lerect L agluon v T T

The final breaking stage corresponds to the emergence
. g T+IT+IIT a —— L \ —*
of the diagonsl sum [GU(2) * U(L) x 5UL(3)) * %o« 51,031 off resonance phase SPICC L

el Ty =t ren:

o

N

with the agsociated scale M. The results of the computations of -, ~--Feynman - 7 )
2 . b
sin"8 and the unifying masses are: -
| : 54 15 4 1
+4a
2, _ 1 5a N = -~
sin"® = & + = =— (i.e. the same result as for the Family group 1= .
6 9 a : o <40 \
s . su(5)); and =2 J2 2 b
I1I IIT < BES }
e _8 1lla MM "M - \ _1: \
a CIPo R T o :
oM 0 | 0
. 05 06 07 08 0970 07 08 09 Ta 10
For M = MII = MHI = M, we recover the well-known Family SU{S5) result. T T T T T T T T T T v —
£
Now MI may be restricted on amccount of proton decay, but the !"-EARGEST ! li SMALLEST -~
[
restrictions on the locations of ML and MY need not be toc ""'EFENERGY ?’ l
» - 1 17
stringent. (Elias has conjeectured that the ratios of fermionic misses 3 / #. %
among the three Fermi Familles may differ on account of the three %4' =
—_ b
differing mass scales MI, MH, MHI. The point 1s that not till we E =
ool —
e -

understand the deeper relationship of the Family and the Tribal groups

can we reject such possibilites,

42) This analysis is relevant also if there exist new forces of which we IIG 07 0.8 0.9 xJ 10

may, at present, have nc apprehension — for example the techni-colour

T Y T P
forces of Dimopoulos and Susskind, with G = 8U(10) - SuU{2) x U(1) = SMALLEST
ﬁ
suU(8) » su(2) = u(L) =x sU (3) x ‘%Ut h {5), (The Higgs needed to break the 4"’ET Y \ 1 oo / \
symmetry this particular way have to be specially chcsen.) ENERGY / ll ) —~ . A \
/
\
43) In Shefi ang Wetterich's analysis the intermediate stage is thraugh?‘reakmg ":-?3 | ?Q”
s (2) at around 10° GeV, i.e. (V+#A) forces make their appearance then. g \ oo
I beliéve both types of stages may be necessary to shore up sinze, 22 %
= )
as well a8 M and 1_. =
P = =00
1 =

PEEFIFIE T D SRy A | I
(+] 0 J
0 035 x! 07 120 150° &’ 180°
Experimemal distributions of lhtuull’ Jtriplicity T, reconatucted: gluon snergiss

and reconstructed analue 93 betwesn gluons, compated to Monte—Carlo
calculations based on varicus models

Fig1

&
x'ng

-36-



GLUON SPIN TEST
T==3 GLUONS
THRUST AXIS ANGULAR DISTRIBUTION

1 d%g

039 dT

F1+¢(T)cos’0,

O

1.0
0.8
0.6

0.4

GLUON
a(T) SPIN =

1

0.2

a(T) SPIN=0

GLUON

THRUST AVERAGE
ANGULAR DISTRIBUTION

GLUON SPIN=1

() =039
(a(T)) = = 0.99 GLUON SPIN=0
(a(TI))=0 | NAWE PHASE SPACE
A PLUTO
af UPSILON DECAY
QCD
- 1+0.39cos®a_

¢

0 02 04 06 08 10



Measuring presence
of 3 gluon vertex

9

M’ Evolution of Gluon Jets
Fragmentation function Moments

Dg(n,M?)  na2,34.
A 2 a2
Dg(n,M*)/Dg(n,M3)
n:4, 10
N |
3.0 R -
AN 1

no 3g vertex

1.0

- 4
i .S-\:"’u‘ 6
3t ‘~..J8 .
0.3 ~ioM
I § 1 j_lL 1 2 8 Al b a2 l N L 2 >
10. 30. 100. 1000. 5000, 2
' ' GeV
2 2 2
MfP M')“ Mt
Figa “39-

TR R R TSEERTE WA R i

«o o,
:
(2] o - ~
> > A~
v D >
G O aﬂd <0’ 4
5237 oN whg 9
Te-9 00 +°|-|-|<
oY o gﬁ oo o
<2Z2 1o - S
ONON =]
* 8
\
v \
A \H
.\
o \
- Q
. \'n O
-\ \
\
o
*
\
o
W
\
¥ QL
- v
NA
a
(o] o (o] o o
< I ] ] ] ]
1
=ho-

e

e .“Wﬁ:ﬂ‘,. ,(3.1 .

) with respect to W?

2
T

Variation of {p

Fig5



)  { T T T

| 3-0{' (P) GeV - -

200 300 400 2000
2.0 / {.—d
1.0 1/3’! (P )=0.6+0.22s .
1:) 210 310 4!0 ELO 6'0
' Vs GeY
CFS and CCOR (p Jvss
Figs

-h1-

1 0-37

O CCRS
% ® CCOR
o) ® ~8 -4
QXN . R =P
b % \\ [ ]
TN




1¢/19/20

10/79/21

10/19/22
INT REP *

1c/79/23
10/79/24

1c/19/25
IXT,REP."

10/79/26
INT .REP,*

16/19/21
INT.REP,*

10/79/28
IN? . REP.*

1¢/19/29
INT REP,*

1¢/19/30
INT,REP,*

16/79/31
INT,REP.*

16/19/32

10/79/33‘

REP,

16/79/34

1¢/79/36
INT REP.*

16/79/31
INT . REP.*

1¢/79/38
INT REP.*

1¢/79/39
INT REP,*

16/19/40

16/19/41
INT.REP.*

CURRENT ICTP PREPRINTS AND INTERNAL REPORTS

J.T. MacMULLEN and M,D, SCADRON: Low-energy photo- snd electroproduction
for physical pione - I: Ward identity and obiral breaking struociurs.

J.T. MacNULLEN and M.D, SCADRON: Low—energy photo~ and electroproduction
for physical pions = II; Photoproduction phenomenology and extraction of
the quark mass.

B.K. PAL: Charm fragmentation function from neutrinc data,

K,D. SRINIVAS:
RIAZUDDIN end PAYYAZUDDIN:
deoays,

H.,P., NITAL and T, WARAIN,
sleoctronlc sequenoe.

MUBARAK AHMAD and M, SHAFI JALLU; Oel'fand and Teetlin teoknigue and
heavy quarks.

Collapee postulate for observables with continuocua apeota.
Qluon corrections to non-leptonic byperon

Dieleantronic recoubinetion in sodium ieo-.

Workasbop on drift waves in high teupsrature plasmas -~ 1-5 Septembar

1978 (Reports snd susmsries).

J.Q. ESTEVE and A,F, PACHECO; Rsnormslisstion group approach to the
phase diagram of two=dimensional Heisenberg spin eystems,

E, MAEDAVI-HEZAVEE; Produotlon of light leptons in arbitrary beans

via many-vector bomon exchange.

M. PARRINELLO and K.P, TOSI: Ansalytio solution ofthe mean spherical
approximation for s multicomponent plssnma,

B, AKGAY: The leading order behaviour of the two-photon moattering
saplituden in QCD,

¥.3. CRAICIR end E,F, JONES: On the interfans between asmall-p
perturbative and large~angle periurbative phyaiocs in QD and tha
parton model. -

J. LORENC, J, FPRZYSTAWA and A.P, CRACKNELL:
sudduction oritsrion,

N.A, NAMAZIE and D, STCREY:
supergravity,

non-

A comment or the ohain

Supereyumetric guantization of linearised

J. TARKI: Remarke on a conformal-invariant theory of gravity,.

L, TOTH; Additive quark model with six flavours.

IE §0§DOR and T. TEMESVARI: C,loulation of oritical exponents to
oil/n").

A,0, BARUTy Hadronic multiplets in terws of absolutely stable
partioles: An slreedy-unified theory.

A,0, BARUT; 3Stable partiocles aa building blocks of matter,

A, TAQLIACOZZ0 and E. TOSATTI:
ocbarge and apin density waves,

Effacte of apin-orbit coupling om

*  Tnternal Reporta; Limited distribution
THESE PREPRINTS ARE AVAILABLE FROM TBE PUBLICATIONS OFFICE, ICTP, F,0, BOX 586,

7-34100 TRIESTE, ITALY,

-l

S e mlﬁéwﬁﬂm"‘ ﬁ:&t"ﬂ-t R e il it ek A

10/79/42

1¢/79/43

1¢/19/44
INT .REF *

16/19/45
16/79/46

1c/79/47
INT ,REP,*

16/79/48
INT . REP.*

1¢/79/51

16/79/52
16/79/53

1¢/79/54

1¢/19/56
INT .REP.*

1c/79/57

16/79/59
INT . REP.*

16/19/61
INT .REP, . *

1c/79/62

1¢/19/63
INT .REP,.*

1¢/19/66
INT .REP.*

0.C, CGHIRARDI, C. OMERQ and T. WEBEH:
sequential decay processes,

g.C. CHIRARDI, C. OMERO, A, RIMINI and T, WEBER; 35mall time behaviour of
quantum non-decsy probability snd Zeno's parsdox in quentum mechanlga,

Quanium versus olaseical laws for

RIAZUDDIN and FAYYAZUDDIN:
paeudoscalar mesona pair,

FAYTAZUDDIN snd RIAZUDDIK:
¢ =0, x [sU03) x U(3)] .
N.3, CRAIGIE and ABDUS SALAM: On the effeot of scaler partons at short
dietances in unified theories with aspontanecusly troken colour symmatry,

4,0, BARUT: Infinite-component wave equatione desoribe relativietie’
composite systems, '

T.N. SHERRY;

uark mass ratios due to Coldstone

A model bamsed on gauge symmetry group

Comment on the question of geuge hierarchies,

4.0, BARUT; MNagnetic resonsnces betwesn masaive snd massless epin-f
partioles with magnetic moments,

V. BLIAS: Qsuge invariasnce and fermion mass dimensions.
RIAZUDDIN and FAYYAZUDDIN: {1 non-leptonio decays as & test for gluon
porreotions to non~lepionio hyperon deonys.

RIAZUDDIN and FAYYAZUDDIN: Non-leptonio radiative denays of bhyperons
in & gauge-invariant theory,

D, ROBASCHI¥, O, TROGER and E. WIECZOREX: Light-oons sxpansion of matrir
elaments of current commutators,

%. GAVA, R, JENOO snd C, CMEROs CP,_, models and their non-abelian
veraion HPpo31 A study of tbe quantua properties,

¥.¥V. KOLOTKOV and I,P. TODCROV: Frame dependence of world lines for
diractly intersoting olassiocal relativistic partioles.

G, SENATORE, M. PARRINELLO and M.P, T0SIH
solutions of metals in molten ealts,

L., BERTOCCHI and D, TRELEANI: Effeot of the large intermediate masses
on the badronio properties of the photon.

M. YUSS0U¥: 4 possible realigation of Eingtein'e ceusal theory under-
lying quantum mechanios,

Optical abeoxption of dilute

WP, XOTXATA, E.A, NAEMOUD and M. K, EL~MOUSLY: Kinetias of‘uryatll
growth in amorphous soclid and supsrcocled liguid TeSenn using DPTA and
d.0. oconduotivity measurements,

-ii=

JUT—



1c/79/68
1¢/79/69
1¢/79/10

16/79/71

16/19/15
INT REP.®

1¢0/79/11
I¥T .REP.*

10/19/78
INP .REP,*

16/19/60
IFT REP.*

1¢/79/81

1¢/19/83
INT.REP,*

18/19/84
INT.REP.”

1¢/19/86

1¢/19/87
1c/19/68

1c/19/89
INT .REP.*

10/19/95
InT .

16/19/96
INT .REP %

16/19/91
IFT.REP.®

1¢/79/98
INT .REP.*

1¢/19/9%
jm R

'S, MANOFP:s BEqustions for the gravitstional field and local conserved
quantities in the general theory of relativity,

¥.,P, FROLOY and G4, VILKOVISKY: Quentum gravity removes classicel
singularities wnd shortens the life of black holes,

M.A. RASEID: A new expression for the Talmi-Moshinsky harmonio
osoillator braoket.

FANG LI ZHI and R, RUFFINI; On the dopplaras 353433,

T.D. TODOROV: Asymptotic numbers, asymptotic funotions snd distributions.

1.5, EL-SIRAPY:
of spirsl plate,

A, SADIQ, M.,A, XKHAN and N.A. BHATTI;
unoorrelated percolative syntems,

First and second fundamental boundary value problems

Clustering in correlated and

A.,0. BARUT, I, RABUFFO and 4, VITIELLO:
ternal fermionio excitations,.

A.J, PHARES:

On slectrodynamics with in-

Sur rules over generalized hypergeometric functions.

I.H, EL~3IRAFY) Anslysis of s boundary value probles of & ciroculmr
annular elastio plate.

I.H, EL-SIRAFY; Boundary value problems of the linearised non=-
bomogensous Navier-Stokes squetions for the azisynmetrical slow motion.

G, CALUCCI, R, JENGO, F. LEOOVINT and ¥, PAVER; P and T violating
electromagneiic intersotion of the quark in the instanton field,

W. MECKXLENBURG:
P, BIDINI:
3, FERRARAj

Aspects of seven dimensionsl relstivity,
Quarks as conformal semi-apinors.
Formulstion of supergravity without superspace.

L.¥, SHEEATA;
condugtors,

A. MOOXERJEE and S.C. AGARWAL:
apin glasses?

8. FERRARA:

Boundaries of astastable atates in iype II super~
Are amorphous (e and 51 frustrated
Spontansous superayssstry tresking in supergrarvity,
V.E. OODWIN and E. TOSATTIy Loosl field corresctiona to the binding
energies of core ezcitons and shallow impurities in semiconductors.
M.F, MOSTAFA, N.A, SEMARY and M.i, AHMED: _Magnetio susoeptidility

investigation of some antiferrosagnetio Pe“" coaplexes.

~iii=~

16/79/100
INT,REP,*

16/79/101
INT.REP.*

1¢/19/108
INT.REP.*

16/19/109
INT ,REP %

16/79/111
18T ,REP.*

18/19/113
INT .REP.*

1¢/19/114
INT REP.*

1c/19/115
INT .REP,*

1¢/19/111
INT .REP.*

1¢/79/118
INT.REP.*

16/79/119
INT.REP.*

16/19/129
INT .REF.*

16/79/130
INT.REP.,*

I.A. ANIN: The exchange property of modules.

A, T.XN. BASSAN and H M M, MANSOUR: Ralativistic caloulation of polarised
nuclear matier.

M,Y.M, HASSAN and 5.3, MONTA3ISER:
matter witk neutron sxoess.

J.8, FKOMA: Theory of absorption by exciton polaritons in s mpatially
disparsive media.

On the thermal propsrties of nuclear

8, FERRARA: Superspace aspecte of supereymmetry snd supargravity,

K.3, SINOGWI and M,.P, TOSI: Relation between bulk compresaibility and
surfaoce snergy of eleotroum~hole liquids,

A,R. HASSAN; ‘Two-photon transitions to exoiton polaritons,

3. AKDENIZ and A.0, BARUT: _Gsuge-invariant forsulstion of dyonium
Hamiltonian on the sphere g3,

7.8, WXOMA; Linear photon and two photon absorption by surface
polaritons.

A, VISINESCU and A, CORCIOVEI; Dechenneling in the WXB spproximation.

N. APOSTOL:
slectron gas,

N.58 TONCHEV and J.0, BRAFKCV: On the s=d model for coexistenoe of
ferronagnetiss and superocnductivity.

B.D. KANDILAROV, M,T, PRINATAROWA snd V, DETCHEVA: Interface stataes
in » class of heterojunctions betvesn distomic semigondustors.

Finite sige effects on the plasma frequancy in layered

~iy=



U wldp

e ke e e




