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1. INTRODUCTION

I shall glve an overview of th; situstion of Particle Physics up to
mid-1987.

Bafors 1 do this, however, let me msy that physics is sn ineredibly rich
dlscipline: it not only provides us with the basic understanding of the Laws
of MWature, it aleso 1is the basis of most of modern high technology. This
remsrk 1s relevent to the developing countries. A fine exsmple of this
synthesis of a basic undecstanding of Nature with high technology is provided
by the recent excitement in China, Jepan, Switzerland and the USA of the
discovary of high tempsrature superconductivity.

Bacause of this Intimats connection with important sections of high
technology, physics is the “science of wealth creation™ par excellence. For
developing countries, Physics sust supplement chemistry and biology. In
development terms, chemistry in aspplicstion is concerned with fertllisers,
pesticides sand envirommeant; blology in application {s concerned with
sgriculture. Chemistry and blology provide the essential basis of food
production and pharmaceutlcal expartise. Physics takes over st the next level
of sophistication. If s nation wants to become wealthy, in the condltions of
today, it must acquire a high degree of expertise in physice, both pure and
applied.
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II. OVERVIEM OF PARIICLE PWYZICS

In the past, Particle Physlcs was driven by a trelka which conslsted of
(1) Theory, (2) Experimeat, asnd (3) Accelerator and Detection-Devicas
techiology. To this troika have been sdded twe mors horses. Parcticls Physics

is now aynonymous with (4) Early cosmology (from 10-“

see, up to the end of
the first three minutes of the Universe's 1life) and (3) it iz stromgly
interscting with Pure Hathemstics. One may vecall Res Jost whe mede the
statement (towards the end of the 1930's) that all the methemstics which a
particle physicist needed to inow was a rudimentary knowledge of Latin snd
Greek alphabets so that one cen populata onss’ equations with indices. This
is no longer trus today.

Tha situstion in this rvegard has changed 0 drastically that a
theorstical particle physicist must now Inow algebrale geometry, topology,
Riesmann surfece theory, index theorems and the like. Nore mathemstics that
one knows, the desper the insights one mey aspire for.

In the last decade or so, in particle physics, we ars axperiencing an age
of great synthesis and of grest witality. At tha ssme time, this iv an age of
grast dangsr for the future of the subject in the sense that we need highar
and higher saccelerstor snergies, and more costly non-accelucator and passive
underground axperipents (which teke a greater injection of funds as well s
longer experimentation times), for discovering new phenomens or for testing
the truth or the insdequacy of theoretical concepts. This is in contrast te
the time when I started ressarch (late forties and early fiftles) when we had
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sver-increasing guantities of undigested experimental dats, snd theoretiecsl
vignettes of great basuty snd power, but little gcoherent corpus of concepts.

1II. THEER TYPES OF IDEAJ

Wes shall divide cur remarks into threa toples: A) 2deas which have besn
tosted or will scon be tested with accelerstors which are in existance o
presently being constructed; B) Theoretical 1deas whose time has not yet
come (so far as the svallsbility of sccslerstors to test them goes), But
hopefully the situation may change before the year 2000 AD; and C) Passive,
non-accelerator experiments which have tested - but not conclusively so fear -
soms of the theories of the 1970's. To glve s brief susmary, consider each of
thess three toples in turm.

A)  Idess which have been tested or will soon be tested. These include

(1) the standsrd modsl based on the symmetry group ﬂle(” = IUL(Z) x
U(1), with which thers is no discrepancy known at the present time.

{(11) Light Higge which may be discovered at SLC during 1988 or at LEP during
1989. (i11) Tha fourth family which may be easily incorporated inte the
standard model. (iv) Preons of which gquarks mmy be made up. (Light preons
(if they exist) may b discoversd at HERA (after 1991) and may fetch 3 new
slant on the Family problem, and on the problem of quark slementarity). (v)
¥ = 1 supargravity For "light” supscsymmetric particles below 100 QeV.
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3 deas ] ) oms _(from rs t o
Theory of Bverything [T.0.E.}); basically because sccelerators to test them
are not yet commissioned. These 1deas inciude (i) N = 1 supersymmstry and N
= 1 supergravity. (The lower limit for supscsywmetcic partners for presently
¥nown particles sppesrs to be rising and may now be as large as 50 GeV.)
Persuasive theoretical scguments would lesd us to expect that supsrsymsatric
partners of quarks and leptons may axist below 1 Te¥. To find thess (if they
are more massive than 100 GeV), we shall need LHC (large hmdron collider in
the LEP tunnel), or ESC (supacr-conducting supercollider being considered in
the USA), or sn e's  collider with centre of mass snergy in the Te¥
range. (i1} The ssme remark goes for heavy Higss.

Other ideas in this category which also nesd higher enerziss are
(iii) Ppight-handed weak currents, (iv) The massive axial colour gluons in an
BUL(3) x B8U,(D) extension of the strong intecaction sector of the stendsrd
model, (v) The mirror quarks nesded to cancel the axial-colour SU{3) anomaly
(or other heavy quark multiplets needed for the same purpese) and (vi)
Superstrings. (The axial colour gluons interfering with v-cr.or gluons may
give the simplest explanation of the epin dependence of scattering of
polacised protons as well ss of the left-right asymmetry observed by Keisch
and collaborators in pp scattering up to 30 GeV.)

There ls no dsarth of theoretical idess to test.

¢) slerstor apsi round

ts ve ted hese jdeas nl o _to
grand unified theorles, teutrino mssses snd astro-particle physics). These

are mostly concerned with neutrino physics and the grand unification of
slectroweak and strong forces in thelr multifarious ramifications and include
(1) proton decays, (1i) dark and shedow matter, (iil} neutrinc wmasses and
possitle oscillstlons, {(iv) solar neutrino problem (v} neutrino sstrophysics

with supernova and (vi) double f-decay.

Let us now consider esch of these toples in turn.

Since we shall be concerned with the early availebility of particle
accelerators, I shall starct with Table I which gives & 1ist of already

existing, or soon to be comaissioned, as well as tha proposed accelerstors.
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Yea: Hachine v (0aY) Constituent Luminosity | Locslity
/T (peak-tlax, Ga¥) | (cnZsee™))

1987 spie 900 100 - 300, o w;: cemx

1987 Tevatron 2,000 200 - 600 o mu PERNILAB

1987 TRISTAM 0 0 8 x 10 Jepen
ot

1987 e 100 100 ¢ x 103 Stanford
(e*s7)

1987 Bepe ’ a s x 10%° Baljing
te*e™)

1989 LEP (D) 100 100 1.6 x 106% crax
totey

1995 LEP (11) 200 200 5 x 103! cemn
te'eT)

1991 UMK 3,000 300 - %00, o n:: Serpukhov

1991 MERA (op) 320 100 - 170 5 x 10 Nasburg

t  LiC (pp) 20,000 2,000-3,000 103 cem

t  msc (pp) 40,000 4,000-S,000 16 vza

t  cLic catemy | 4,000 4,000 103%-10% cen

?  wvius (eteT) | 4,000 4,000 10%2.10% Serpukhov

t  morsammou(ep}| 100,000 | 10,000-12,000 10-10% siclly
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An Example of Discovery Potential

TABLE la

Comparison of accelsrators proposed for CERN

cuc LHC
INTERM. MASS HIGGS  YES NO
Mg <y < 200GeV Vs~ ITeVALSOGOOD (SSC:NO)
H-QQ L~ 1032em 25}, '
(GOOD UP TO MARGINAL
my < 300 GeV) L~10%3 oK)
HEAVY HIGGS YES YES :
tgg > 200GeV H — djess H-ZZ-vwv etepty”
H—WW myy <0.6-08TcV myy <06 TeV
H-2Z (F L= 1032y (gg < TV with
my < 1-12TeV quark tagging)
LUMINOSITY CRUCIAL)  SSC:my<l - 1.2TeV
Vs CRUCIAL
CHARGED HIGGS DIFFICULT NO
Ys=2MeV Gleventslyear  (SSC:NO)
V3= 1TeV 250cvems/yesr
H* MAY BE POSSIBLE FOR
My <myy <0.8 Epep
Large myy better
LUMINOSITY CRUCIAL
HEAVY LEPTONS oy < 0.8 Epeyr POSSIBLE  POSSIBLE
Lo vw ¥i'= {TeV: BETTER S/B mp <0.5TeV
' (55C: 0.TTeV)
HEAVY UDQUARKS  YES(EASY) 6 Jets : NO .
mo <08 Eyeppy 4j + Iv : PROMISING
Q-qW (LARGE mgy BETTER) mg <0.8TeV
(SSC: 1TeV)
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thiles we are discussing the svallability of futurs accelerators, one sust

remsnabar the following.

1) Por ths circular sccelerators, the bending magnet may be improved by
Buperconductivity Technology, but the resl limitation is dus to synchrotron

radistion « (!‘). The cost and size of the saccelerator increase as lz.

2) Por linear accelerators, the highest Ejectric Field gradients achievadle
with to-day's technology, ars at most asround 1/10 GV per metre. * Twanty
yoars hence {when, for exampls, we may have mastered the technology of laser
beat-wive plasma accelarators) this gradlent msy go up by a factor of 1000 -
i.8. 1710 TV par metre. This may mean that s 30 Xm long accelerator would

produce tentre of mass Energy (vVe) = 10‘ Te¥.

* To be crszy, sn accelerstor around the moon may generate m‘ Te¥; an
accelerstor around the sarth - as Perml once conceived - may be capable
of V3 m 107 Ta¥, while =an accelerator sxtanding from esarth to the

sun would be capable of vs = 10it

In the sase crsxy straln, for an accelecstor to be cspable of generating

s = 10“ Te¥ (the theoretically favoured, Plenck Enargy) one would

nead 10 1light years.

Te¥ (with B = 1/10 TV/metre).

3) Chen and Nobla have shown that 1f ons can uss longitudinel slectron plasma
wvaves in a metal, the electron denslty is of the ocder of 10220::3
13

{versus

normal plasma densities of the order of 10“ - 10 e-’} and we gain a

2

factor of  vn = 10107 (with the maximm enecgy limited to

10°

Te¥, on account of channeling radistion).
4) Simllar estimates have besn made by T. Tejima and N. Cavansgo, who have
considered the crystal X-ray aceslerators,

Clesrly one must eventuslly Fall back on the highest enargy cosmle rays
- to study, for exasple, the likes of the recently discovered high energy muon
signals in the Wusex (Mont Blanc) and Soudan 1 experiments. Thewe muons
(produced in the atmosphers), can apparently be traced back to a cosmological
nceslerator associated with Cygnus I3 - an X-ray source discovered 1in 1966,
some 37 thousand light years distant from us, which has & duty cycle of 4.8
hours and an integrated luminosity of 105 suns.

From the muon signale, tvecent Kisl, Busex and Noudan experiments have
clalmed that Cygnus X-3 1s beaming to us high-ensrgy radiation of neutral
varlsty. If this experimental evidence 1s taken at its face value, how iz the
radistion besmed st us by Cygnus X3 generated? Cygnus I-3 has been called the
HERA of the aky. One spsculative 1des is that the Cygnus system may consist
of a binary stsr - a conventional sain sequence star plus s pulsar or a
black-hole, Hattsr from the conventionsl star accretes around the compact
pulsar or tha black hole, forming a disc. The protons thus sccelerated go
into a besm dump, whereln is created the mysterious radlation, which hits our
atmosphere snd makes the observed mucne. The secondary besms from this dump
will contain photons and neutcinos (Mo-by and Poetey ).

~10=
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A new gensrstion of cosmic ray experiments can messure photoproduction
for y-enargies exceeding 100 TeV, using tagged photon beems emitted by
cosmic sccelerstors. It has been estimated that Cygnus X-3 could emit es many
as 10° photons/im?/year with energies exceeding 100 Tev.

According to Halsen, “Thase expeciments, although motivated by asteonomy,
should be of interest to particle physles as they are unliksly to be ever
perforwed with accelerstors in the esrly future. They also avold the
¢lassical pitfalles of present cosmic ray experiments in thie energy range as
(1) they can achieve rewasonsbls statlsticy with good signal/nolse, {11) they
use & besm of Xnown composition (i.e. photons) snd (11l) they observe showers
whose development in the alr ie dictated by QED and therefore calculable mo
that unusual phenomens e¢sn be unaabiguously interpreted as new physics. They
can at the least, provide us with a first look at the energy regime probed by

future supercolliders”.

Are there llkely to be avsilable more intenss and more snergetic sources
than Cygnuas I-3 in the sky?

.11~

oy ——————_ v T——_

1. The standard wmodel of to-dsy's particle physics descridbes thres
replicated families of quarks and leptons. The first family consists of the
so-called up and down quarks (u, d,) and (uy, 4,) quarks (L and R
stand for left snd right “chirslity™ of spln 1/2 particles). BRach quark comes
in thres colours: red, yellow and blue. Thare are, in addition, 3 colourless
leptons, (o‘.. vl_) and oy Thus this famlly has 12 quarks and 3 leptons
{altogather 1% two-component objects).

The second family has charm and strangs querks (e,s) (replscing the up
and down (u,d) quarks) while the electron and its neutrino are replaced by the
msuon and its neutrino. Like the first famlily, there are 15 two-component
objects. The third family llkewise consists of top and bottom (t,b) quarks
plus the tauon and its neutrino.

In addition to these 43 = 3 x 15 {spin 1/2 two-component] objects thers
are the 12 Yang-Mille-Zhaw gauge spin 1 mediators corresponding to the
symetry SU(3) x U (2) x U1} - the photon v, ¥ , 37 end 1gnt
gluons. Wing of these { v and elight gluons) ace messless. In addition,
there should bde at least one physical spin-zero Nigge H° giving = total
minimm of 110 degrees (118 = 3 x 13 x 2+ 9% 2 + 3 x 3 4 1) of freedom For
the particles in the standard model. All particles except tha top quark and
tha Higgs in this 1list have bdeen discoversd and thelr masses and spins
determined. In_ this context it is worth remarking that CERN data from Sppd

bave confirmed the theoreticsl (tres disgcem) expectaticn of w', 2°

masses to within 1%. Experiments give 81.8 t 1.3 Gavy for ilt and 92.6
t 1.7 Gev for z° masses. The model 1s ssmi-unified in the sense that

-12-



although the ¥y and 7% mix, the magnitude of the nixing is expressed as a

paramster (sin’8) in the theory to be fixed by expariment. The
uniflication happens on Ferml mass ecales which, according to the standerd
cosmological model, occured when the Universe was 10°1% gecs. old. Befors
this phase transition occurred, there were three fundsmentsl forces
{slectroweak, strong and gravitationsl). Afterwards, the electrowask Fforce

separated into electromagnetism asnd the wesk nuclesr force, with Ht and

° being massive.
2. o lsptons
The quark families cen mix. A messure of the smixing is provided by the

Cabibbo-Kobaysshi-Haskews (CKM) mixing matrix ¥ with experimentally determined

satrix elements given as followsy

Re¥
d ] b
u L9754 ¢ ,000A 2206 t 0011 0000 ¢ .0076
‘e | -.2203 £ .0019 L9743 £ L0008 0A74 £ 0066
.0104 & .00735 -. 0462 + .0087 .9989 £ .0003
ImV
4 b
u o 0 0t .0076
* c 0 + .000k 0 + .0001 0
0+ .0075 0+ .0017 0

The imaginary part of V, gives a measure of CP violation.

-13-

If V 4 = Cos@Cosf, end ¥ip = CosBCosy, then @ = (12.7Th .11)0,

B=(0r 4%, ya={(a.72 .03 Note that,

val? # v, B ¢ lv [ = 10014 which 16 1n good accort witn
u us ub

the prediction of unity for this number. "This must be considered a
significant triumph for the standard model one-loop radistive corrections,
since without thess corrections unitarity would be wviolated”. (Marcisno,
Berkelsy Conference, Susmer 1986.) As we shall see later, the major problea

within the standard model is to find & theoretical basis for tha CYM matrix.

3. The Limits on the Fourth Femily

A lower bound on msss of 3 new sequential charged lepton L in a fourth

family bas besn sxperimentally given as
n > 41 Ge¥
obtalned by UAl from mlssing l.r sanple (W =+ LvL. assuming " is
massless). This would provide s constraint on new sequential families; for
exumple, pspuming
l.fl'l = lbll1 = ab,llt.

ws would obtain ., > 120 Ge¥. If wa further assume that
]

t
agreempant of Pun with presant experimental dsta.

+ > my, then such a further femily would already be excluded by the

~1h-



4. The Hisse Story

So far as the Rigge particle ls concermed, theory doss not specify its
mase, Defining with Xane, = light Higxp as an object with s mass <1/2 u,
an fntermediste Higgs with a mess « 2llz. a hesvy Higge with mess up to 700
Ga¥ and an obegy Higgs with a mass bDeyond, one may remark that certainly for
an obese Higgs, the concept of s particle would be lost since it would have &
large width., (In this case, the ¥ and I would interact strongly. One would
than sxpect & nww spectroscopy of bound states and Regge trajectories, which
may include spin 1 resonances. WNo one likes this possibility, but 1t eould
happea.)

In 1985 G. Kane showed the possible simeals of
the standard model Wiggs. As one can sea, bayond a mass of §0 Ge¥, ona would
nesd the LEP I1 sccelerstor to datact these and eventually the LHC and the 23C
supsrcollider if the mass is higher still. This analysis has recently been
refined by Xane and collabérators (1987) {with the possible
detection wechanisme indicated}.

-15-

COVERED IF
W POLARIZATION
OBSERVABLE

OBSERVABILITY OF A
STANDARD MODEL H'
‘7 * Standard
model HO + May be
and {ts uvbservable
effects may ’Ilnducnd
be completely strong
unobservable interaction
effacts
1
I
i
11414 TR BN X AN TET! RN S i
2 4 6B 20 40 60 WO 200 400 7001000 2000 4000
z E* ONLY AT A SUPER COLLIDER
My (Gev) LIGHT ¢ INTER: SHIGH

Expecteation of discovery of Higas (G, Kane, 1985)
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I AFTER
1995

light L intermediate | heavy Lt obese
i1 T T
2 Mz 2M; ~700 my
GeV
T w—-.._,\_,_..-—-\.—_.___/ Mt —— S
SLC/LEP (probably) essy at SSC @ "ust study scattering
need at ggc or high & pp of longitudinal W's
P 1062-0 c-rniniy collider @ theory understood
Ok _at ote” Use H » 22
1f V3 » 325 Gev, se Nty
L5107 cn? gec? . te
L'

Expactation of discovery of Higgs (C. Xana, 1987)
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S. The Top Ousrk The “discovery” of the top quark claimed during 1985 has
been furthar questioned,

Lower Limits to the mass are provided by w, > 23-25 Ge¥V (PETRA, TRISTAN) and

by the “direct” (UAl) Expeciment which suggests -

level). Assuming a Standard Modal with three familias, a mumber of snalyses

> 41 Ga¥V (9%% confidence

of the ARGCUS sxperiments on BB nixing appesar to indlcate . > 45 - 100 Ce¥.
Thus the top mass is being pushed up. Upper limits of course exist (<220 CaV
from the smallness of radiative corrsctions of the p» parameter of neutral

currents.

4. gonsolidation of the Standapd Model

This year (1987) at the Uppsale Conference, there bas besn a further
consolidation of the wstendard model (mee Altarelll’s report, Uppsala
Conference, 1987).

The examples of relavant axperiments reported are:

{(a) BSecond class currents in 1 decay feroclously killed - Slwarmicki

(b) Equal sign dimuons in v-¥ dizessed - Sciutll

(¢) 20 snomaly in e'e” + u*y”™ ssysmetry (1f sny) reduced

with statistics - Grunshe.

~18-



7. Jusbep of 1isht neutrinog

One of the measursments which was first reported during 1983, relevant to
the mumber of famlllies Sn the standacd model, is the estimate of the mmber of

lizht neutrinos which may couple to the I° particle. This nusber was

estimated from the collider measuremsnts (on 27 width) to be < 5.4 £ 1 -
consistent with the 3 or 4 which cosmological data would appear to favour.
(3ee alpo datas from SHs (1987), (ses parsgraph IX, 1)). To longer can one say
with Landsu “"Cosmologists are seldom right, but never in doubt”. They could

be right this time?

A better determination of thls mmber is eagerly mwalted at B1C end should
be one of the first experiments Lo be carried cut ducing 1988,

6. Redistive Corrections
A sst of experiments which would ba carried ocut at SLC and LEP concern tha
radiative correctlons to the tree level predictions of the standard model in

the slectrowssk sector have been ssphasised by Lyna:

As an exsmple, in Table Il are presented predictions due to Lynn, Peskin
and Stusrt relevent to thess radiative corrections.

-19-

TAME 11
Iom-m Physics § o = 8 Ay 4 a8 s Ay & Womn)
G Electroweak Theory
m = 30 -0.03 -0.01 .008 =180
Wy = 100
Hsavy Top Quark
m = 180 CaV 0.03 0.0075 0,004 80
Haavy Riggs = 1 Te¥ -0.01 -0.004% | -0.002 ~18Q
Heavy Quark Palr
a) Large I Bplitting 0,02 0.01 0.007 300
b) Degenarste -0 .004 ~0.002 -0.001 «42
Heavy Lapton Pair
a) Large I Bplitting m = © 0.012 0.006 0.004 300
b) Deganearate ~0,0013 ~0.,0006 | -0.0004 -14
Heavy Bquark Pair
s) Large I Splitting 0.02 0.01 0.00?7 300
b) Degenerats ] ] 0 ]
Neavy Blepton Palr
s) Large I BSplitting 0.012 0.006 0.004 100
b) Degenerate ] 0 ] ]
Winos
a) my 9 < 100 Ge¥ 0.003 0.002% 0.001 100
b) my_ 2 > 100 Ga¥ <0.001 <0.001 <0,001 <10
Technicolour
S0y x HUg -0.04 -0.018 -~0.012 -500
016 -0.07 ~0.032 | -0.021 ~500
Strong Intecaction
Uncecteinty £.00313 £.001¢ 4+.001 $25 NV

1. ‘Ll a Longltudinal Polarisation Asymmetcy
2. Agy - Porward-Back Asymmetry : atetanyty”
3. ‘1?0!.!.

= Pinsl t Polacisation: eta™s ¥y~
4, "l! : Transvetrse Polarisation Asysmetry: o"t' + u“u'

B. Lynn, K. Peskin, R. Stuart SLAC-PUB-3172%5; the notation is as follows:

~20-




Assuming that zo mass will be messured with extreme accuracy st SLC or LEP

(up to 50 MeV or possibly better), ons could then proposs clean tests of the
slactroweak theory at the one loop lasvel. Thess could consist of ssasurements
of one loop level Ilongitudinal polarization, messursment of W wmass and
msasurement of neutrino o(ve)/a{ve} ratlo.

Consider the case of the longlitudinal polarization in Ag: On top
of the zo resonsnce, the one loop prediction is uf:' « -.03 for
- 100 Gav, o 30 Ga¥. A (new) heavy quark pair would contribute

4+.02, s heavy scslar lepton palir another +.012 and 30 on. Thus ons may hope

to _detersine from the comparative _measursments of uu . lll‘l ete. ,
. 1 1] -x ce of new hea .
t on.

Recently, Blondel, Lynn, Renard and Verregnassl (1987) have proposed to
consider new Xinds of asymmetries - for example, polarized Forwvard-backward
ssymmetries "prgl(f) for the flinal (f) hesvy quark hi.ci state. The
combined use of these, and of the longitudinal polarization assymmetry Au.
would allow radistive corrections of different origin (heavy quarks, new
nsutral gauge bosons ste.) to be sepacately identifled and msasured since
thess correctlons are. in gemeral, different for the different asymmetries.

Ons could thereforw, in principle, determine from these combined precision

messuremsnts vhether, for exsmple, new neutral gauge bosons exist or not.

21w

¥I.  IDEAB WHOSE TIME HAS ¥OT YET COMK

V) The most important ldea in this category is: ¥ = 1 supsrsymmatry and

¥ a 1 supergravity. N = 1 supersymmetry 1s the hypothatlcsl sysmatcy
(batween formions and bosons) which decrees that a spln 1/2 must be
accompanied by a spin zero particle: s spin one gauge particle must be
accompanied by a sassless spin 172 particle (gaugino): s massless spin 2
graviton must be accompunied by one (N = 1) massless spln 3/2 gravitine, and
g0 forth. (For B = 2 aextended supsrsymmetry, one would growp in one
multiplet, two spin zeros, two spin 1/2's snd one spin 1 object. Such s
theory would contaln two gravitinos. Thus, the nomsnclature ¥ = 2.) Por the
naximal ¥ = 8§ extended supecsymmetry, thars is just one super-miltiplet
contalning one spin 2, accompanied by sight wpin 3/2 gravitinos (W = 8), 28

spin 1 gauglnos, 56 spin 1/2 and 70 spin O states.

Supersyssetry is asn incredibly besutiful theory - a compelling theory
it there i» one, sven though thers 1is no physical svidencs of the existence of

any supacsymmetry partners to the known particles.

Ons aspect of lts compellingness lles in Sts  superior

renoraslisability properties and the possibility which these opsn up of
understanding why the hierscchical large mumbers which oceur in particle

physics could arise "naturally”.

-25-




TABLE 111

Consider as an example one of the "large tumber™, Ry/my = lo"
-2 IMITS: - LEp 1(1960) LEP II(1
where m, ls Planck mess. ((Planck mass)™~ is the measure of the Newtonlsn FHESENT LIMITS:
constent; Planck mass thus occurs naturally for gravity thworles. Large - 21 Gev + 15gev + B85 cev
™usbers similar to my/m, can howsvar occur in all grand unlfication by
theorlax which syntheslze eisctrowsak with strong foress.}) Tow in e €7 Gev (tr '*; = ) + T00e¥ <+ 90 GeV
supersysmetric theories one can demonstrats that such a mumber, once fixed st 2 50 Gev {if m m10 Ge¥} + 60 Qev
Y
the tree level., would be unaffected by radlative corrections. This ls one of
23 Gev {1 i) + v -+ B0 Gev
the virtuss of supersymsstric theorles. n\,‘; 3 23 gev (1f ”“‘; =0} 60 ce

60 Ge¥ + 90 GeV

+

-%;%oev {1f m, =10 QeV)
. Y
But supersymmetry sust be a highly broken symmstry. What is the

supsrsymsatry breaking msasst Or more physically, where do the missing

supersymmetry partnecs of quarks, leptons, photons, N' and 2% liet The PP 1 B, 2 T0 GeV (ACOL + 100 + 130 GeV)
9
thaoretical expsctation seems to be: Below 1 Te¥, Lf pupersymetry ig

m, 2 60 GeV (TEVATRON + w 200 GeV)
relevant to the slectro-wesk phenomens. 3

Present 1imits and future expectations on the masses of the
supersymmetric partners of known particles,
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If such psrticles lie beyond 100 Ce¥, it is expected that supersysmatry
say make itself manifest with highly luminous accelecators (e.g. LHC, BSC or

an ot linear collider of > 1 Tav).

About supscsyasetry, note the following points:

1) The N = 1 supersymmstrisstion of the standard model will need two
multiplets of Kiggs pscticles, 1.e. five physical Higgse, Il1 .Ilz N Il3 .
K*  (of which H, is light scalar, N, la beavy vealar and Ry, 1s
pseudo-scalar),

2) The Signaturs of supersymmetry is the R qusntum number which is +1 for
al! known particlies and -1 for their supersymmetric pactners. Thus (with
basms of “old" particles) the new pasrticles must be produced in palrs. Among
the sxpescted supsreymmetry partners therefors, thers must be a lowest mase
stable object whlch must be neutral in order to survive the Blg Bang.
Further, it asust be weakly coupled otherwise it will be concentrated In
condensed form in the gslaxies. The favoured candidates for this object arse
scalar neutcinos » , photinos y, Higgsinos or gravitinos - the spin 372

pactners of the gravitons.

~25.

1) If ¥ = 1 supersymmetry comes, N = 1 supergravity cannot be far bahind.
The argument goes as follows: the major theoreticel problem regarding
supsraysmetry is supersymsetry bmk.in;. The one decent mown way to break
supersymsetry is to break it spontansously. For this to work, one starts with
a gauge theory of supersymmetry - i.e. & supergravity theory which (for the

N = 1 case), would contain one spin 3/2 gravitino for evecy spian 2 graviton,
One would then postulate s super-Higgs effect - L.e, a spin 1/2 snd spin gero
matter multiplet (of “shadow" matter which interacts with known pacticles only
gravitationally). The spin 1/2 meaber of this sultiplet would be swallowed by
tha spin 3/2 gravitino - the latter becoming messive in the classic Higgs
fashion to break suparsymmstiry spontanecusly. Thae (un)z of the gravitine
~ in analogy with the standard Higgs sffect - could then be of the order of

the gravity coupling parsmster (Ua:

) times the expsctation walue of the
supersymmstry bresking potentisl (-§ n" ll"l: <0|¥ o).

One of the major unsolved problems of ocur subject 1ls thst of the
cosmological constant and its wvalus, which is esplrically wary near to cero

-120.:)- For § « 1 supersymmetry, this mumber 1is identfcally

(=10
zero, but supersymsetry is manifestly broken. How can we understand the tiny

valus of this constant?

-




VII. UNIFICATION OF GRAVITY WITH OYHER FORCES

80 far we have considered (N = 1) supergravity, as following on the
heals of (N = 1) supstsymmetry in order to provide for an orderly breaking of
supecsymmetry - there was no true unification of gravity with other forces.
Let us now discuss a true unification of gravity with the rest of partiele

physics.

1.  History of Unificetion of Uryvity with Other Forces

The first physicist to concelve of gravity unifying with
slectromugnetion and to try to look for experimental evidence for such »
phenomenon wes Nichasl Farsday. In a symbolic drawing - due to Alvaro de
Rujuls, ons may ses the equipmental set-up. (The asctual equipment which
FParsday used {s on axhibdition at Lthe Royal Inetitution In Plecadilly,
London.) The fallure of this attempt 414 not dismay Parsday. Fresh from his
trivmph with unifying electricity with magnetism, he wrote: “If tha hope
should prove well founded, how great and mighty and sublime in its hitherto
unchangeable character is the forees I am trying to deal with, snd how large

nay be the new domain of knowledge that may be opened to the mind of men.”
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2. Compactificstion from Hisher Dimensiony

The first seml-successful theoretical attempt (in the 1920's) to unify
gravity with electromsgnetion was tﬁlt of Kaluza (and following him that of
Klein} who showed in a theory bessd on s 3 disensions]l spece-tims, that the
sppropriate curvature component Iin the fifth dimension, corresponds to
Further, Iif the fifth dimension happens (somshow) to de
compactified to a scale R, and charged mstter is introduced into the theory,

slectromagnetisa.

one can show that the fine structure constant » snd Bewton's comstant ©
mist be related ss & = O/R°. Incredible sudscity - Flrst, to conceive
of a fifth dimension, secondly to suggest that, unlike the other four
dimensions, the fifth must be compsctified to & scale of langth R as small as
= vo/a = 10707 cms. Thess ideas were beautifully generslised in an
extended supergravity context, when Cresmer and Julia diseoversd in 1979 that
the sxtended N = 8 supergravity in 4 dimensions emarges s the tero mass limit
of the compsctified B = 1 supergravity in 11 4dlsenslons. Technlically, thls
was an astounding achisvement. Since 1979, sll supergravitors have lived In

higher dimensions.

At that time, this theory was halled eas the first T.0.8. (Theory of
Everything). If this could be physically motivatad as a spontanecusly-induced
phase trsnsition the compactification of eleven dimensional Kaluza-Kiein
supargravity down to Four dimensions should give, in its zero mass sector,
gravitons as well a3 gauge pacticles like spin - one photon v, It and Z,

as well as the 5¢ fermions ~ all part of the unique multiplet of B = 8
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supergravity. Unfortunstely, the N = 8 theory and thls particular multiplet
suffered from two fatal defects: the fermions were not chiral and the theory
did not have the content of the standard model so fsr as quarks, leptons or
even the W' wers concarned. And, {n sddition to the zero mass wsector,
thers would, of course, bhe thigher Ph_nek mass particles ((nu)z =
multiples of 1/8% - the so-called pycgons} - praviding encther embarrassment

of ciches.

Can one ever obtain direct evidence for the existence of higher
éimensions? The answer is, possibly yes. IFf the extrs dimensions happen to
have been compactified through a spontanecus compactification mechanism
{which, 1ldeally, should be a part of this thsory) - why should they remsin
compactified for evert Why should these extra dimensions not share the
Universal sxpansion? Could Ré0O? Bince a , G and R are expected to be
telated to asch other - 1f we are fortunate and if a/a end/or G/¢ should
turn out to be non-tero at the present sxperimental level, such an affect
night most simply be expluined by postulating extra dimensions and their
expansion st the present epoch. The experimental limits happen to be lese

than 1 x 10 nu-l'1 for a/a while G/C is less then 1 x tol!

yura'l at present. A definita non-zerc answer would be most welcomes.

3, Ancwaly-free BypsrEfavitjes

Strictly for supergravity theories, whers do we stand theorstically
to-day so far as higher dimensions are concerned? It would appear that the
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only theories which msy cosbine ¢hicsl fermions and gravity are the N e 1 in
ten dlmensions or B = 2 supergravity in elx (or in ten d4lmensional)
spacetimas, In order that such thesories contain the known chiral quarks and
leptone (as well as the W's and I and photons and gluons) the most promising
§s the ¥ = 1 supergravity in ten dimensions, bDut 1t would have to be

to the_superxravity multislet. Thus s purs Ksiuts-Klein supergravity wiil
never be sufficient. Higher dimensions, maybe yes; but to generate the known

gouge theories of electrowsak and strong forces, we nesd in sddition (higher
dimensional) super-Tang-Mills.

An if this was not trouble enough, both d = ¢ or ¢ = 10 thworles were
shows to be snomalous snd slso replete with gravitstional infinities. This
impasse wus broken only in Autusn 1984 by Green snd Schwars who showed that
¥ = 1 supergravity in ten dimensions with sn added Yeng-Nills in 20{32)

(or &y x '6) could be made anomsly-free by the sdditlon of a certsin musber of

new terws.

Green and Sthwars further showed that thess esdditional terms were
already present in the supersymmetric string theories (ses Sec VIIY) in ten
dimensions. And this brings ue to the new world of superstrings and the new
version of A THEORY OF BVERYTIHING (T.0.%.).

VIII. SPINNING SUPKRSYMSETNIC STRINGE

A. A closed etring 1s & (one—-dimensionsl) 1loop which may 1live In a
d-dimensional space-tima (d=4, .........0r 10, ......... or 26). The string

=31

replaces the point psrticle (in d-spsce-time, with which conventional field
theory works). 7The quantum oscillistions of the string correspond to particlas
of higher-spins and higher masses, uitleh may be strung on a linear trajectory
in a nln—nm-«-uz {(Regge) plot. If the slope parameter of this
trsjectory -~ the only parsmater in the theory - 1s sdjusted to equal Newtonian
constant, one can show that there is contained in the spectrum of the cloped
string theory, the spin 2 graviton, with serv mass,

In ite first moderm vecsion, the theory wes ¥ « 1 supersymmatric and
was formulated in 4s=10 dimensions. This supersymmetrie version of string
theory could exist in a “"hetsrotic™ form (descended From d¢«26) and was
invented by Gross end his collaborstors. The theory has a bullt-in Yang-Mills
gouge symmetry. The gsuge group G must be of of renk 14 which could unlquely
b O = n(az)nz or By x l' The theory 12 chiral snd asnomaly-free.
The descent from 26 to 10 dimensions Is accomplished by a compactification on
& sixteen-torus (268 - 10 = 16) which - using the besutiful results of Frenkal
and Knc -~ reproduces the full complement of 4% Yang-Nillis massless gauge
particles assoclated with ltb(::)l‘l2 or B, % l' evenn though we astarted
with only 16 geuge particles corresponding to the lé-torus. The remaining 480
gauge particles are the solitons in the theory - & purely "stringy” effect.
The hope is that such a theory may also de finite to sll loop orders - the
only finite theory of physics contalning quantum grevity. It 13 these
remarkable festures of superstring theories which made the string-theorist
"purc” with deserved pride.
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Can we procesd from 10 down to & physical dimensions? EZarly in 1985,
Witten and his collaborators showed that the 10 dimensional theory can indeed
be compactified to 4 dimensional Ninkowski spacetime x an internal
six-dimensional manifold with 85U(3) holonomy (a Calabi-Ysu space} which
preserves & chiral residusl ¥ « 1 supersymmetry in A-dimensions. A nusber of
familins emerge; their count is equal to 1/2 of the Ruler numbar of the
compactified space. The Yukawa couplings allowed in the theory are swpected

to be topoleoglcally determined.

But could the heterotic string theory be formulated in four-dimensional
space time in the first place. The answer is YES, as we shsll ses.

5. String Theory as the "Theory of Everything™ (F.0.%.).

Could the heterotic theory be the long-awaited unifled theory of all
low snergy phenomens in Nature? The asmazing part of this story is that - on
account of its conformal properties, the equivalence principle of Einstein
smerges from the theory, and does not have to be built in.

Would such a theory be a T.0.E. - a Theory of Everythingt The answer
in =y opinion ix WO. As remarked hefore, all theorles which descend from
higher to lower dimensions must contain msssive particles with mssses in
multiples of Planck mass .Pclll-v'clc. Bince no direet testa of
axistence or interactions of such objects can bs feasible - (with sccelerators
of less than 10 light years in length) - there will always resain the

sxperimentally unexplored sres of thess higher mssess and energles. What we
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are saying is that before mny theory csn be called & T.0.E., one must prove,
at the least, a ynjqueness theorem - one which states that 1f a theory fits
sll kmown phenomens at low energies, it can have only gne extrapolation to
higher energies. Frow slil past exparience, this is unlikely - even as cagards
the framework. (Think of the Fvamework of Newtonlan gravity versus that of

Einstein's gravity.)

But spart [rom these matters of interpretation, the one cruclal
question which our sxperimental colleagues are entitlad to ask, is this: what

sre the compelling experimental consequences of string theorlest

The smergence of (necesssrily a supersymsetric) standard model with the
right nusber of families may, of course, be & triumph, (likewise of Einstein's
gravity) but will it establish the superiority of the gtring attitude? Can
ons predict the Cabibbo-Kobayashi-Maskaws ntl_-ix and the Yukawa couplings? At
preasent, there are few unsabiguous new predictions. One of them concerna the

axistence of one or two new zo'-.

Unfortunstely, the masses of the new 2° — even their existence - are
not flremly predicted by the theory. 4 poasibly firmer and more spectacular
prediction (st least so far as Calabl-Ysu compactification Ls concerned), ls
the possibility of the existence of fractionslly charged non-confined dyons
which would, of course carry the appropriste integrsl magnetic monopolarity in

accordance with the Dirac formula.
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c. Strings Formulsted Directly in 4 Dimensiong {Schellekens)

™what 1s weant by a consistent (clowed, fermionic) string theory in &
dimsnslons, iz 3 theory dased on a two-dimensional fleld theory with the
following properties:
(1) reparamstrization invarlance
(11] conformal invariance
{111) modular invarience
{{v) world-sheet supsrsymmetry snd supecconformsl invacisnce
(¥} the presence of 4 right- and left-moving scalars (5.5,

vhoge _gerv modes sre the space-time coordinates™.

"The existing ways of satlefying conditlon (il) ere most easily
classified by the left= and right-moving ghost contribution ("I.’ e‘)'h"t
to the central charge of the ¥Virasoro algebra. The possibilities rslevant for
four dimensions aere (-26,-24) (bosonlc strings), (-15,-13) (type II etrings)
and {(-26, -15) (heterotlc strings). The "matter” flelds cancelling these
conformal snomslies wers traditionally chosen to be 26 hlﬂl;l (e=28) or ten
bosons and ten Majorana-Veyl fermions (e«13)".

How the art of econstructing consistent string theorles for dwd is
simply to find the golutions to the conditions listed above, particularly of
item (v). The case of d=2¢ for Boss strings and 4=10 for the supersymmetric
strings corresponds to the case whers ALL the Bose flelds in the 2-dimensional

underlying theory possess zeto wmodes. This is clearly not necessary and the
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modern art of constructing consistent thecries for ded 1s simply to postulate
only four scalsrs (I's) possessing zero modes to cortwspond to de4 space-Lime

coordinates.

Ons of the promising lines of development is to couslider Internsl
grbifolds for the remsining 6 degrees of freedom in the case of the

supersymmetric conformally invariant heterotic theory.

"orbifolde were [lrst discussed as singular ilmits of Calsbl-Teu
manifolds, and later started to lead a life of their owm. Thelr constructlon
has recently been generslized in several ways, by adding background fields
("Wilson lines™) or by allowing left- and right-movers to live on different
otbifolds (“asymmstric orbifolds™)",

“Modular Iinvarisnt theorles (ll_l) are obtalned by twisting boundary
conditions of an alresdy modular invariant theory, lmposing (st least for
Abelian orbifolds) & “level mstching” econdition to ensure that modular
invariance is not destroyed™.

1t sppears that one can construct & mmber of theorles with thres
fanilies and which praserve the standard mode]l symmetry group
W) x 8U(2) x U". The use of Wilson's lines is particularly
important in this construction, especlally in limiting the nusber of famllties.
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Put even so, there are hundrads of thousands, if not mlllions, of such

theories claimad.

*If all these thecries are in fact just different vecus of the seme
theory, we are still faced with a bewildering choice of vacus. Nevertheless,
one should not lose sight of the superlority of string theory over fleld
theory in thiz respect. 1In fleld theory, one can chooss arbitrary gauge
groups, arbitrary (anomaly-fres) repressntations for all Fields, and arbitrary
coupling constants. In string theoty, one can chooss world-shest boundary
conditions. In the space of sll possible fleld theories, the ones thst can
come -from strings are a subset of messurs zerv. Most of the mors exotle Grand
Unified Thecries that have been proposed In the past cannot come from string

theory”.

THUS SPAKE ZARATUSTRA.
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Next ws come to the pasaive non-accelerator experiments which smainly test
slectronuclsar grand unification. Prom the asymmetry of matter versus

antimatter in the Universe this unification is expascted to take place at

scales of the order of lo%* _ 101®

19

Ca¥, much balow the gravitation scale
of 107" Gev. It is fully concelivable that this unificstion corresponds to a
gauge group llke Bé -+ 8(10) =+ Blle(t) x sub(zl x BUL(2) + BU_(3)
x u(l)’_L x SUL(H x U(1) =+ IUG(S) x BULQI) x uW(l) - BUe(SJ x

"l " {1). The magnitude of sln.za is predicted by the theorv,

A)  grand Unified Theory Predictions
Ona set of such experiments is concerned with testing gauge sspects of

grand  unification theories (unifying electrowesk and strong nuclear
interactions). These are the tests for (i) monopoles (topologlical defects in
a technical sense). Though, in the sarly universe, the monopole formation is
predicted (by the gasuge theories concerned) in the conditions prevailing, one
would not 1like too meny monopoles around now; otherwiss there will be
problems with the magnitudes of the cosmic megnetic flelda. ({11) cosmological
gtringy which are good for galaxy ssedlng and (i11) domain walle which
spparently would be a cosmological dissster. Surely, this set of predictlons

pressnt & mixed bag of desicables and undesirsbles.
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Prospects of grand unification with one intermedista line

a7 (u)

My 10"Gev

Bince the thres lines do not intersect at the same point, clearly we
nesd more than one intersediste length which may be provided by

another U(1) or by an imposition of supsrsymmstry or the importstion
of gravity.
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B) In addition there is the question mark on wvaristiss of resnant hot
(relativistic) wsnd cold (non-relsativistic) dark (weakly Iinteracting) and
shadow matter (which interscts only grsvitationally), endemic to most of our
theories snd whose svar-lengthening list is given in Teble I¥. (I shall not
dwell on the role of inflatlon in cosmology, which spparently resolves the
problem of ovsr-abundance of monopoles and may help in making these esarly

remnants rathac scacce.}

"A varlety of detection principles such sz superheated superconducting
granules (55G), bolometers, bsllistic phonons, rotons in superfluld helium,
transition asdge therwometers and supsrconducting tunnel junctions have
recently been (theorstlcally) investigsted for BS85G devices. BSincs the
involved energy quanta for these detectors are so such sasller (~ 1/1000 e¥
for bresking s Cooper pair in s superconductor for exsmple) than for
conventlonal lonisstlon (~ 20 #¥) or semlconductor {~ 1 e¥) detectors, in

principle very low anergy thresholds and very good energy resolution can be

"For solar neutrino detectlon, the cohersnt neutral . current

neutcino-nucleus scattering method 1s used. This method has the advantage
that ths cross section 1s three orders of magnitude larger than the cross
vection of other processss, like, for sxample, inverss beta-decay., Thus, an
858G detector with a weight of & few kilograms would msasure the sems event
rate as a multiton detector bused on other processes. The second advantage in

that the £3G detector responds to all neutcino flavours equally”. (X. Pretzl)

1

TABLE IV

EXPECTED DARK MATTER

Predicted Possible Origin in Time
Hass after the Bang
Invisible Axion 10 30y 1072 gec
v 15 av 1 sec
Light 7 , gravitino, axiano xov m“ et
Heavy vy , gravitino, axiano GeV
Nonopoles 10'* cov 1074 gec
Faluga-Klein Particles (Maximons,
Pyrgons, ete) & Shadow Matter| 10'%-10'%ev 107%? gec
Quark Muggets 1013 KTams 10~ secs
Primordial Black Moles ’1015 grans )1012 sec

~b2~
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C) Among the most celebrated paspive and non-accelerstor experiments is
proton decay. A limit on P =+ ot o 'o » 2.5 x 10" yoars partlal
decay-time is suggested by the INB collaboration. There are, however, claiss

for (seven) candidate—ewents for P =+ o* 4+ Ko asnd R+ ¢ & ‘0 and

¥ + +° + ©° modes, by the Kolar Gold Plelds ecollsborstion, Kuaickande
and Musex. (A Firw detection of K's would signal supsrsysmetry and also
sxplain the longer life-tims.) A worriscms background is due to atmospheric
neutrinos which would make it difficult, om sacth, to be sure of & real signal
for proton decey if its 1ife much excesds 107 years. Pati, Sreskanten and
Sslmm have suggested experiments on the moon whers even though the primary
flux of cosmic rays iz unhindered by the uu-w of an atmosphere or
megnetic flelds, an wxperiment carrisd 6ut in a tunnel or & cavern with 100
metres of wmoon-rock surrounding it on all eides, would eut dowm the
backgrounds - in particular of v
of the background on earth. 1If proton 1ife-time lles within the range of

ndutrinos ~ to a figure less than 1/100

1034 end 1033 yoars, experiments on the moon may become necessary for its
unambiguous detsctlon.

The cost of such moon sxperiments consists in taking around soms 30 to
100 tons of detecting duyim to the Ioon..pln. the cost of the making of the
cavern; it may come to sround ome billion dollars. Such outlays would Decoms
fessible 1if moon colonization programmes ars pursusd setiously. Se have mo
doubt that this will happen if there 1s s benning of nuclear wespons, slnce
technologleal, sdvanced soclieties asust spend funds on high technology
projscts, in order to keep the overall economy healthy.

b3
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D) Thare sre the on-going expeciments for solar neutrines, reactor neutrine
oscillstions, and double B-decay. “Ihe prodles with solar neutrinos is that
thers seam to be too few of them, at lesst near the top end of the spectrum,

since the »

Cl detector finds only asbout 35% of the stenderd predicted
flux. Verious kinds of explanation have been offered: (a) the standsrd golar
godel is wrong. There are dark matter candidates - the cosmions - which
scerote onto the sun and make its tespersture lower; (b) neutrinos decay,

(apparently w_ dosas not decsy, see E) below); (c) neutrinos have magnstic

[ ]
momente; and (d) neutrinos oscillate, Hasses of the order of lo*n would
give oncillation lengths of the order of sun-sarth distance”.

Oscillations in matter have recently (1986) been considered by Nikheyev
and Bmirnov, following on the earlier work of Wolfensteln - the MSW effect.

Bautrine masses of the order of 1072

ev sllow for asplified resonances
within the sun. Mssses of the order of ¥ - models with Wembu-Goldstons
bosons (Majorons) - sllow for decays while neutrinos arrive at the earth. A
number of techniques are belng wused to Adistinguish between these
poseibilities. These include: Water Cerenkov detectors, Gallium detectors,
Indlum detectors, Bromine detsctors, Heavy latsr detectors and Liquid Argon

detectors.
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k) 3SES8l s

Pinally, thers is the most celsbrated of all non-accelerator happanings
of this year which opens up the prospects of Neutrcino Astrophysics from
Supernova. “The observation, in large-volume undecground detectors, of short
bursts of neutrinos several hours bafore the visual observation of the
associated supernova explosion, has provided data of considerable wignificence
to both astrophysicists and high energy pacticle theorists. Lisits on the
neutrine mass snd 1ifetime have been calculated, from different points of
view, by a number of authors (m ve € 20 oV, comparsble to the lsboratory
lisit and typleslly v, > 10°y) vhlle the limit on the number of
neutrine species iz given by thasa sxperiments as & ¢ H{v) < 12. (If
"invisible axions", particles with ultraweak intsractions, wers emitted
together with the noutrinos from the supermova core, one can also oicludc the
possibility of such light pseudoscalar bosons with coupling to the slectron

<1l.1lx 10"27 Eor an assumed wupsrnova temperature T = 5.1 Me¥.)

"The first ceport of e neutrino burst preceding the visual obssrvation of
the southetn hemisphere supernova came from the Soviet-Itslian LSD neutrlno
detactor under Mt. Blanc on the Bwiss-French border. The axperimenters saw a
burst of 5 avents in a 7 sec interval beginning et UT 2 hr, 52 ain, 37 sec on
23 Fabruary of this yesr. The Kamliokande II detector in Jspan did not observe
a signal at the time reported from Mt. Bianc, but instesd observed s burst of

11 neutrinos in 13 wseconds beginning at 7 he, 35 min, 35 sec UL. The

«hy5a

rsmickands observation is supported by data from the IMBE deatector located in a
sslt mine under Lake Erie, which observed 8 neutrino events in & seconds

starting at 7 hr, 35 min, 41 sec UT,

This concludes our brief overview of particle physies up to the summer of

1987.
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