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ABSTRACT

In a first part, I review the general theoretical arguments
leading to new physics and new particles beyond the Standard
HModel, either in terms of supcrsymmetry or compositeness.
Speculations sbout new particles expected within these schemes
are then discussed in the light of recent anomslous events
from the pp collider and from PETRA,

In a second part, I specifically try to evaluate the potential
of g¥F* and ea"colllmons at PETRA/PEP and LEP energies with
respect to new particle searches. Some interesting possibili-
ties, ineluding searches for spinless composite bosons, non-
standard enhanced Higgs particles, scalar electrons (€} and
77 —»'nothing' emerge,

1. New Physics beyond the Standard Hodel

The Standard Model of electroweak interactions 1)

[su@yxum] .,

is certainly in excellent health. It describes charged and neutral
current reactions with ease over a wide energy range end has predicted
the W™ and Z° vector bosons in the correct mass range. In addition to
the spectacular discovery of the weak boions , evidence for the top-
quark has even been announced recently 3 Thus, only the Higgs warticle
is missing from the Standard Model point of view,

{1)

Let me motivate in this section why, nevertheless,a wealth of addi-
tional particles as manifestations of new physics may be expected.

The point is that besides providing a successful description of
electroweak pheromena, the Standard Model also leaves open & number of

important questions:
i) Which is the origin of the Fermi scale

(vi 6,Y% ~ 250 Gev 2 (2)

On the one hand, Agis cne of the three fundamental and conspicuously
different scales we know of today
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%300 MeV, Ap=250GeV and Ap, 510 GeV. (3)

The W,Z, Higgs, guark and lepton masses are all proporhtional ko this
single scale AFof electroweak interactions. On the other hand, in the
Standard Model, it arises very much ad hoc, as that value <¢> of the
scalar (Higgs} field ¢ for which the scalar potential V{¢) happens to
have its absolute minimum.

ii) How can we hope to reduce the large number of free parameters
(0(20)!) in the Standard Model? In a basic theory of slectrowveak
interactions it should be possible to compute e.g. the quark and lepton
masses in terms of AF= as well as the various K¥-mixing angles.

iii) Which is the origin of the mysterious quark-lepton connecticn in
form of families, with lepton e.m. charges being integer multiples of
the quark charges?

iv}) Why are there three (or more?) replicas of families, the genera-
tions?

Because of this inherent large degree of indetermination it is
widely believed that the Standard Model only represents an effective
theory in the wider sense; i.e. one expects that somewhere above the
Fermi scale AF there exists a n=v scale Anew, characterizing the onset
of more fundamental physics. The general idea is then to relate the
Fermi scale and the associated electroweak interactions to this new
scale Ahew and the new underlying vhysics.

Important clues for such a view come from the Higgs sector of the
Standard Model,

Consider first the 'canonical' way of embedding electroweak Iinter-
actions in schemes of grand unification (GUT), with

Amew = Agur ~ 10'% Gev. (1)

As was first realized by Wilson 4} and subsequently emphasized by
't Hooft , such a large gap

Ahew AF » 4 N (5)

combined with the requirement of perturbabtion theory being applicable
all the way up, poses the problem of an unnatural finetuning of para-
meters in the scalar sector. The problem originates in the guadratig
divergence of radiative corrections to the Higgs mass. With Anew=Agyr
acting as a cut-off the loops invelving the fermions and the bosons of
the theory individualy give a large contribution (Flg. 1)

2 d  boson ¢ ¢ fermion™, ®

Fig. 1: Quadrarically divergent radiative corrections to the Higgs mass
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On the other hand the validity of perturbation theory requires

2 2 2
my + §my s O(AR) (1)
Thus, 2 tremendous finetuning of the input parameters is required at

each level of perturbation theory, unless:

A) there is a symmetry, which enforces an almost
perfect cancellation of the large loop cerrections

or

B) the new scale Apgy is asctually close to Ap such
that possible radiative corrections of itype (6) are
automatically smali.

These two options have found their realization in form of two popular
classes of schemes of very different underlying vhilosophy.

6)

(A} Supersymmetry ' (SUSY): As is well known SUSY relates fermions
and bosons with AJ = 1/2, It turns out that by making the theory
supersymmetric one exactly effects the cancellation between bosecn

and fermion loops T}, needed to avoid 'finetuning' 1f Anew Ap »4.
The 'perturbative GUT sgi.rit' can thus be consistently maintained.
Models of supergravity (SUGRA}, involving SUSY in its local form,
ambitiously hope to even relate the Fermi scale /\F directly to the
'ultimate’ Planck scale

Ae e Npranck ~ 10" GeV. (8)

An important implicetion of these ideas is, of course, that a wealth of
new particles, the SUSY partnersofq, 1, W, Z, 7%, g,¢, must exist (tablel},

Table 1: Particles and their SUSY partners

J =2 J = 3/2 J = 1 J = 1/2 J =0
Q@ %(squark)
1 ¢——————3 T(slepton}
g ——y g (gluinc)
¥ «——» 7 {photine)
L — E (wino)
Z 4—‘-+$Z ’%zino,'t
(higgsino) ¢
SHGRA +1 Y. ¢+ Jd)"

graviton ¢ gravitino — 2T _ g (go1asting)

Whereas the interactions of these new particles are essentially fixed
from the requirements of gauge invariance and SUSY, their messes are
quite uncertain, since SUSY cennot be an exact symmetry at low energies.
llowever, in order not to spoil the required cancellation of divergences,
Le.f. eq. (6)] the mass splitting must not be too large

2 2 2
| M particle = M sparbicle ' < U(AF) . {9)

Some SUSY particles, such as the % are usually expected to be light, of
the order of a few GEV, say.Intensive searches for SUSY particles are
under wzy at PETRA/PEP and the pp ¢>llider. The familiar reaction

ey ——+eX (10)

which traditionally serves to extract the photon-structure functions
plays an important rcle in this context, as wiil be discussed in sec-
tion L.2.

Next, let me turn to the second possible solution of the 'fine-
tuning' problem in the Higgs sector corresponding toAnew~ 0(1+ 5)AfF.

(B) Compositeness:

The basic idea is that in scme analogy to QCD, there exists a new gauge
force { "technicolor', 'hypercolor', ...) which becomes strong in the
vicinity of the Fermi scale AF' Composites are formed from a set of
new, strongly interacting constituents ( 'technifermions', 'preons', ...\
Depending on how the new composite sector is thought to be interlocked
with present physics, various possible scenarios emerge. Let me remind
you of the essence behind the most popular schemes, proceeding in

order of increasing 'radicalness'.

A crucial feature in all cases is that the Fermi scale Ag appears
to be directly related to the confinement scale Aypcof the new under-
lying gauge theory. HC

i) Composite Higgs (Technicolor 9)): Only the Higgs scalar ¢ in the
Standard Model is replaced by a boundstate

d) -—-—z-—‘F'lE (1)

of socalled technifermions F  which, apart from the new technicolor
forces, experience the same weak [_SU(E)L x u(1)] csy gauge interac-
tions as the (elementary} quarks and leptons. The essential point is
that the required spontaneous symmetry breaking in the Standard Model,
is now effected dynamically through formation of technifermion conden-
sates

_ 3
LFFy = Aye, (12)

3
in analogy to the quark condensates, £qg > = AC, being formed in QCD
during the process of confinement. Simple rescaling from QCD gives

AC/fﬂ, ~ ATe Ag o7 A~ YA~ 1 TeV, (13)

The Geldstone beson analogues of the pions are subsequently 'eaten' by
the W,7Z bosons,whereby the latter become massive as required.



Important possible signatures of such a technicolor mechanism at
much lowey energies, E <& Aqc, are extra light {pseudo) Goldstone
vosons 107, Some may even carry color {e.g. leptoquarks!).

ii) Composite guarks and leptons 1)
Here, the idea is to consider the quarks and leptons as composites of &
common set of constituents { 'preons’ ), strongly bound by the new gauge
force ( 'hypercolor') at E ~ Aje & Ap . By treating quarks and leptons
as boundstates one hopes toc eventually compute e.g, their masses as well
as to understand the origin of families and generations.

There are two drastically different ways of how the weak interac-—
tions are incorporated. The first, more conservalive possibility is to
view the weak interactions as fundamentzl gauge interactions like in
the Standard Model. Spontaneous symmetry breaking then has to be effec-
ted aleng the lines of technicolor via a dynamical Higgs scalar being
also a composite of preons. Accordingly, the hypercolor scale is as in

(13) :
Aye ~ 4 TeV, (1)

The second possibility is much morer&dicdliz). The weak interacti-
ons are not associated with a fundamental gauge force and there is ne
Higgs mechanism at all. Instead, the weak interactions are viewed as
residual hypercoler interactions among composite quarks and leptons
just like the strong interactions ameng composite hadrons are known to
be residual color interactions. The W* and Z° bosons are, correspon—
dingly, interpreted as prominent composite vector bosons not unlike
the f mesons in strong interactions. Since in this case

Auye ~ Ag = 250 GeV, (15)

this scheme is usually termed 'nearby’' compositeness. As an important
experimental signature of 'nearby' compositeness one expects a possibly
rich spectrum of new composite particles with masses related %o the
Ferm: scale. There should be further fermions, both colored and un-—
colored {q¥, 1*) as well as nevw colored and uncolored composite bosons
of verious spins. When discussing 'compositeness' in relation to experi-
ments I shall mainlyrefer tc this scenavio, simply because the new
particles are supposed to be relatively 'nearby'.

Finally, let me point out that despite intensive searches no sabtis-
factory 'Standard Composite Model' has as yet emerged. This applies
both for technicelor and for composite medels of quarks and leptons.
Henece, 'predictions’ in compositeness are mostly of gualitative nature
and heavily rely on the analogy to QCD and strong interactions.

2. Anomalous Events and New Particles?

A variety of socalled anomalous events has been reported from the
UAT and UAZ2 detectors 13,1L) at the CERN pp collider. But even at the
much lower engsgies of PETRA (DORIS) some surprises have been claimed
to exist 123190 In view of the meagre statistics, some of these evi-
dences presumably are fluctuations. On the other hand, the chances are
not so small, that at least some of the unusuel events will be con-
firmed and then might provide a first glimpse on the new physics expec-
ted in the vicinity of the Fermi scale,

There has been a fleood of thecretical papers trying to interpret
the anomalous events as evidence for new particles from either of the
two competing schemes: supersymmetry and compositeness, Let me shortly
summarize the most intriguing experimental findings (as of summer 198L)
along with some representative theoretical speculations.

i) Rediative Z° decays (UA1/U42)}
Three out of 12 Z° events found ?y UA1/UA2 involve besides a lepton
pair a hard photon in addition 2), Taken at face value this would mean
a radiative rate

TQl.i',q»l/u,qg‘ ~ 20%25% (16)

being in excess by about a factor 10 over the normal fraction for brems-—
strahlung expected theoretically . If to be interpreted in terms of
new physics, these events are hard for SUSY. In contrast, there is a
whole variety of suggestions from (brave) members of the compositeness
camp like

8)

o
{1) a new composite J = 0 partner A of the W,7 bosons of mass

m, = m (€€) = 42 + 50 GeY , (17)
causing Zc-——b XO T ‘
L e, 6,

(18}

I shall come back to this suggestion in sect. 3.2, since here is a case
to illustrate how cruclal, complementary information can come from the
two-photon channel

-}-—
ee . ¥y (19)

at much lower energies 19) {(PETRA),

o)

{2) new (composite) excited leptons 2 of mass

mg¥ = m({y) = 80 Gev, (20)
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21)

{3) new {composite) states X degenerate with the Z°

causing

X —Z°% . (22)
s et

It should be noted, however, that none of these proposals seemsen-
tirely s?tlsi‘actory. For instance, suggestions {1) and {?) have pro-
blems to account, for the 'distribution' of the {YL™ Y events in a
Dalitz plot of m#{ E"'ﬁ" Y, w¥(€7#) ana m?( e,

ii) 'Monojets' and 'monephotons’ {UAl)
5 + (1) ‘monojets’ and 1 + (1) 'monophotons' have been reported 13) by
UAl:

R hm{get,} + (jetlets)s E z3SG~eV (23)
¥V Erz 356ey
This time the SUSY advocates are much more happy. 'Monojet.s can a.rise

in SUSY schemes as signels of the productlon and subsequent deCﬁ.yg
SUSY-partners such as giuinos 23 (g) or - preferably-squarks

I—DP_’?{?*"' ;9 9 P FLETSS . e

The way how this process ends tlS) fitting the experimental monojet dis-
tribution is somewhat tricky . It happens through the combined
effect of experimental cuts and 'jet merging'ﬂcaused by the UA1 l}ﬁt
trigger and jet algorithms. As a result, the'q mass is claimed to
be in the range (Fig. 2)

mg ~ 25+ 40 GeV, (25)

with some griference for me o 40 GeV. A gquite different possible SUSY-—
mechanism for monojets“and monophotons arises if SUSY hags)ens to be
spoentaneously broken. In such case SUSY may be realized 20} (non-
linearly) in terms of only one {massless) neutrsl fermion (7 , the
goldstino being the Goldstone particle of broken SUSY ¥.

&)

*
note, however, that in the popular SUGRA schemes the goldstino is

‘eaten’ by the gravitino (Super Higgs effect) whieh, in turn, gets a
3/2:

mass m

-8 -
whe . T | " 3
E MISSING p, 5
o UA 1 - monojets
L UA 1 - trigger and & @ cut 4
7 w—— m§= 20 GeV -
g e mif = 30 GeV ]
'c‘;’u mi = &0 GeV ]
g F AN mj = &S GeV i
z 1
£
=3 1
10 —
. LI ™ i 1
0 1000 2000 3000 4000 5000
ta, ™ (Gevd| 38222

13 P
Fig. 2: Missing P7d1str1but1on of UAl-monojets )compared to predl_.ctxcms
from squark (@) production in SUSY. From J, Ellis et al. in ref.
24,

The goldstino G is pair produced 25) but not detected (P mLsEy

FP '—'—’Je{: + G+G + . {monojets)
(26)
PP — P T+ G+G + .. {monophotons) .

The rates and distributions can be made to roughly sgree in terms of
one parameter, the SUSY breaking scale. Of interest is a%so the re-
sulting parameter free prediction for ete” collisions

- 6 -2
6 (ete —s 3+ G+6)={V5/356eY) 10 “pb (em
corresponding to ~ | event for a typical PETRA experiment.

In sect. 3.3 I shall speculate on possibly interesting implications
of such a mechanism for two-photon physics.

Nearby compositeness {technicolor} schemes zlsc like monoJjets!

One proposal is to consider, in ?orrespondence to excited leptons
in {21), heavy (composite) quarks 27! (' starks')

[ R V| VS SR -~ R i su - - L - . B N
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A further class of suggestions involves colered composite bosons which
should naturally exist in nearby compositeness 28), Consider first co-
lored vector bosons (being the colored friends of W and 2) with mass

my ~ O(Ag), (29}

(1) color cctet 29} Wg,Bg:

— o
99 '_"ES —’ivy?&wn' {30}

They ar? expected in composite models of the Fritzsch-Mandelbaum
type 307,

On the one hand, upon reconstruction according to (28} or (30} all
monojet events indeed correspond to a mass, clustering around 1

ng(q*)”‘TGO GeV. (31)

On the other hand, the mechanisms {28), (30) predict a specific number
of corresponding events with 3's replaced by charged leptons. Appa-
rently, they are not seen, which seems to put these proposals on some-—
what shaky ground.

{2} coler triplet leptoguark bosons 28,32) A

caying as Cf —
Y
V3 e==b ?_73+£+. {32)
28)

3 with @ = 2/3 de-

Monojet signals arise from the subprocess

9 q% — Vi ¥ N N {33)
F]
Mo Qau+Y , ptreT.
Leptoguark vector bosons of this type are expected in the class of
Abbott-Farhi initiated composite models 33 , characterized by the
global 'hyper'-flavor symmetry [ o(c (AF) ; of ~ OJ

SUM i salam 2 SUB)pp 2 U0y 08

It remains Lo be investipated in detail whether the constraints from
rare decays invelving A5 # 0 neutral currents (e.g., K - lle, 3ﬂ 35)
s

allow composite J = 1 leptoquark bosons to be sufficiently light

- 10 -

As a further possible source of monojets let me finally discuss
spiniess leptoguark bosons X of the (pseudo-) Goldstone boson type 36),
They arise in schemes of compositeness (technicoler) involving a spon-
taneous breaking of the Pati-Salam type 'hyper'-flavor symmetry (3b)

sul) Pati-Salam éé?"‘" SU(B)Color X U(')T . (35)

As their vector partners (32) they are color triplets, have charge
g =2/3 and dgﬁay as in {32). In nearby compositeness they are expected
to be light 3 )

m ~V “CTEAF) Ae~ Tli06eV)« A, (6
{

(give or take a factor two) .

For spinless composite leptoquarks of the Goldstone boson type there is
virtually no problem with rare decays since the% typically couple very
weakly to quarks and leptons of one generation3 )

IpqT ~ <rf\q,e}//\p «< 1. (s1)

They are, however, copiously pair-produced via color and electromagnetic
gauge interactions, just like squarks (§)

gluon gluon -—-).fx in pp collisions {38)
and e+e~——>’3“ ——#X? in e'e” collisions. (39)

As to monojets, it is amusing to note, that the signals due to such
leptoquarks are indistinguishable from those due to squarks 3 )

{eq. {24)}. The production cross sections and expected mass ranges are
virtually identical. Due to (37}, the dominant decay of a leptoquark,
assoclated e.g. with the second g~1 generation is

— (2} -+
J((9,)“_2"C:1'_)) (»)(;5"'}-"), (40)

which 1s indistinguishable from squark decay in SUSY schemes

Ei —-y-q“l‘ "j:" (1)

Hence, to the extent that monojets are evidence for SUSY ah) they are
also evidence for leptoguarks. However, in contrast to sguarks, lepto-
quarks elso decay sybdominantly into chaggeg)leptons,eq. {40}, giving
rise to anomalous 1 jet - 17 jet events 38,3 {Fig. 3c). This brings
me Lo

iii) Anomalous p.:,jet - u jet events (CELLO/UAT) 15)
One strikingly planar ptjet - u~jet event was reported by CELLO
at PETRA and very recently twoquite similar ones a7) by Ua1 (Figs.3a,b)
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Fig., 3: Evidence For spinless leptoquark boson%ffrom }i}et-qjiﬁet events
(a): CELLO event (ref,15)
(b): one of two UAl events (ref,37)
{c): diagrams for)(pair production in e and Pp coliisions
(d): consistency of}iijet invariant mass with ?)crzo T 22 GeVv
according to fig., 3c¢).
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As displayed in Fig. 3d, all three events are compatible 36) with

m (ptjety) ~ m(pljety) » 20 +22 GeV. (u2)

Hence it is tempting to assoc?a&e them with paif production 38) of the
sbove spinless leptoquarks J( 2}, This means 17

m)cu,) ~ 20.5t4 GeV. {43)

Such a mass 1s still compatible with the rough estimate (36) and also
marginally within the mass range (25) needed to explain monojets along
the lines of Ref. 24). The kinematics of the CELLO event (75 = U3.45GeV)
would correspond to ajf)[ pair being produced almost at rest. Then each
X decays into a s-p* pair approximately back to back. Since two in-
tersecting lines form & plane this mechanism naturally accounts for the
almost planarity of the CELLO event 39). Overall compatibility of the
CELLC and UAT1 ptjet - p~jet event rates is found for 36)

’B"P’ ( y(L)—>S}L+) ~ 0.2 , (44)
leaving Br- ( x(l‘)__ﬁ)cg) ~ 0.8 {Ls5)

- . . . + - .
for menojet type signals and acoplanar two-jet events[m e e colli-
sions] . :

iv) A narrow state T(8.3) in Y (15) = ¥ X (CRYSTAL BALL)
The j;(B.B) was announced at the Leipzig conference 10/ by the
CRYSTAL BALL collaboration. It had caused great excitement, e.g. as a
possible candidate for a (non-standard) Higgs. Unfortunately, further
runs with comparable statistics could not confirm this state 397, I
have correspendingly skipped the discussionon its implications for two-
photon physics from the written version of my talk.

In conclusion, I feel it is certainly a good time te think about
new particles. But, beware of inflation! Presently, more new particles
have been proposed than there are 'anomalous' events. The results from
the fall-run of the pp collider are certainly awaited with excitement.

3. MNew Particles in Photon-Photon Cellisions

The preoblematic aspects of two—photon collisions in the context of
new particle searches are guite obvious: relatively small cross sections
and a strongly decreasing flux at large values of the g*gmm energy W.

As ocutlined in the preceeding sections, thecretical arguments lead
us to expect new particles with masses somehow related to the Fermi
scale Af:‘ A pessimistic guess would be

m > mw,z- (46)

hew

In such a2 case there seems to be very littlechance for two-photon



_13..

physics in the Toreseeable future, Even at the level of a disfavoured
subprocess, e.g. .

gluon + gluon wnew particles {at)
the I_Jp collider, in contrast, reaches gg energies
W~ 0(100 Gev), {u8)

It may be instructive to compare the 'potentiel for new physics’ in the
gg subprocess (U7} at the pp collider with that in two-photon collisions

¥+ Y ——b new particles (49)
e* et P
Y gluvon
new
physics g;;ics
Y gluon
e e
P

Fig. 4: J versus gluon gluon collisions

at PETRA/PEP and LEP in a more quantitative way {Fig. k}. For this
purpose, consider the Frand gg luminosities déf/d_z

d6 ety _ dof g—gg» & (50)
alpp) = G o)

i

with z (51)

WS,

computed via the equivalent photon approximation ho) and the gluon
structure functions of Ref. bi,respectively. Since one expects

& < 4 g‘ “Cl (52}

it seems fair to compare the quantities

2 9
A

with the dimensions of a cross section as function of W. The result 1s

~ 1h -

displayed in Fig. 5 and locks somewhet depressing for two-photon

vy VERSUS gg LUMINOSITIES

10* T T T I T T T T YT

PP, V5 = 540 GeV
gy =al rwl

LEP, V5 =120GeV
oy « atiw?

G d& fdz [nb]
3,
T

PETRA/PEP
2 ¥5 =3uGeV
O geaw? B
o= -
o B
16‘ L M BT It
1 2 S 10 20 50 100

WIGeV]

Fig. 5: Comparison of Ty and gluon gluen luminosities

rhysics, even at LEP,

On the other hand, both in SUSY and {nearby) compositeness it is
quite possible that some of the new particles are exceptionally light

m << A, (54)

and - most importantly - that their two-photon couplings are substanti-
ally enhanced. For obvicus reasons {(Fig. 5) I shall concentrate on such
possibilities.



-~ 15 =

3.1 Enhanced Non-standard Higgs Scalars {SUSY)

First of all, it is worth recalling that the twe photon {gluon)
width of a relatively light Higgs scalar

( Higes -7 L391) , (55)

is an extremely interesting quantity. It involves the familiar triangle
graph in Fig. 6. The point is that heavy intermediate particles excepti-

Y (g)

light Higgs |- heavy
particles

Yig)

Fig. 6: Decay of a light Higgs inte ¥ ¥ (g &)

Lo 43)

- The usual loop suppression from heavies

1

o
m#D > (56}

is compensated by the Higgs coupling

onally do not decouple
of mass mh

= ML {57)
3”«'.335 >heavies Agp

which is a consequence of spontanecus symmetry breaking. In fact h2,43)
: r v ' 2 charged
F (HL335 +ag) counts’ the number © of ( colored (58}

heavy particles (mh > mHiggs) in the theory which is remarkable,

The problem is that for a ﬁt?ndard GSW Higegs P(Higgs —>T¥) turns
out to be hopelessly smell 2,43 . The result for 3 generations is dis-
played in Fig. T, to which I shall return repeatedly . Also shown are,
for comparison, realistic lower limits achievable at PETRA/PEP and LEPD
for the quantity

F'_(R-—e-'ra’) Br({R—x) KeV (59)
Mg3 Gev 3|~
as a function of the mass M, of a given spinless particle. The region

above the limits corresponds to more than 20 events at an assumed in-
tegrated luminosity

- 16 -
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Fig. 7: Predictions for
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D-enhanced Higgs S° hanced Higgs and compo-
i - site scalar X compared

to lower limits at PETRA

/PEP and LEP (see text).

U- enhanced Higgs $° .

l

=5
107 GSW -Higgs o
166 PR R S| 13 N S S |
Q 10 20 30 40 50 60

Mg [GeV1

38231

100 pb ' at PETRA/PEP;
féfat{: = o (60)
20 pb " at LEP; E = 60Gev

and a typical no-tag efficiency of £ = 5% for a certain final state X.
Again the equivalent photon approximation was used.

The purpose of this section is to examine, how the situation may
change for Higgs particles in SUSY extensions of the Standard Model.

In the minimal, non-supersymmetric case with one complex Higgs
doublet , gives mass to up quarks, whereas gives mass to
down quarks and charged leptons via spontaneous symmetry breaking <G

QO . Im SUSY, however, ¢ and % cannot be both mempers of SUSY
multiplets and hence at least two [complex) scalar doublets ¢+ and ¢_

must exist Za4%) ¥
(17 —r ¢+ ; d’ r ¢_ e
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Of these 2 x 2 x 2 = 8 real scalar degrees of freedom, three again serve
to give mass to Ht,Z". Therefore, in SUSY extensions instead of one neu-
trel, physical Higgs scalar H®, there are now (at least) five physical
Riggses, including two charged ones!

HO; S‘: Pf St' (62)

The Yukawa couplings of these Higgses to fermions now involve two addi-
tional parameters, a H°-5° mixing angle @  as well ‘as the ratio of
the two vacuum expectation values

‘:’_@LE- < oo,
0 < <¢_>=tgcx (63)

Since ® , a priori may have any value, bthe Higgs phenomenclogy is,
correspondingly, much richer. In particular, dramatic enhancements of
certain Yukawa couplings may arise if

tgo(«’! or tgax 4. (64)

Specifically, one finds for the three neutral Higgses, H®, 3° and P°,
contributiﬂﬁ via the triangle {Fig. 6) to ¥¥ , the following general
couplings ) to up quarks U = (u,e,t),dovn quarks D = (d,s,b) and
charged leptons L™ = {e,u,T)

+
= me . - Hi hoc.h (es)
Dwak.Pf'U,D.EAF X4 {£L£R Sl O

Of central interest in (65) are, of course, the 'enhancement' factors
XU,D I~ Wwhich, as functions of the parameters X snd @ are displayed
. * . . - -

in table 2. Note, in particular, that Xp- = X33 1 implies X<« 1 and
vice versa.

Table 2 Enhancement factors Tor Yukawa couplings of neutral Higgses in
minimal SUSY extensions, compared to the single Higgs case
{H®) in the Standard Model {GSW)

SUSY-G5W XL— = XD XU
ue cos®/ cosel sin 8/ sin&
50 sin @/ cos o - cos @/ sineg
P° ~1isineX/ cos e -1icosex/ sine
GSW
He 1 1
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In addition, the masses of the Higgs particles also depend on

tg o =<¢+> ((f)_) and they are related among each other b4), For large
classes of (broken) SUSY schemes one finds in case of enhancement of
either the U-sector (Xp¥ 1) or the D-sector (Xp = Xp-3% 1)

Mgo ms  Mpo arbitrary, but probably light (66)
and Mo 3> Mgo o Mg B> M. (67}

Fote that the mass of (S°,P°} is not even bounded from below by the
Weinberg-Linde bound 45)

Meiges 2 10 GV, {68)

since it only applies to the single Higgs csase!

Hence, it seems, there is a characteristic signature of BUSY exten-
sions of the Standard Model, worth being looked for in ¥ ¥ collisions.
The (8°,P°} Higgses could both be possibly light and strongly enhanced in
¥ via the fermions in the triangie (Fig. 6). For instance

F(S°»r7) 4 (GSw) e X 2 (69)
m S°3 {gr:’tr}fi?:;fion £ '

Furthermore, in SUSY, all the charged {heavy) SUSY partners (q, 'i.,, ete)
contribute via the triangle. According to (58), a measurement of P(s", PE)H')
could thus in addition provide informaticn on the existence of SUSY
degrees of freedom, too heavy to be accessible directly!

An enhancement of the type

L= Xy D> {70)

would be most favorable for two-photon collisions since it implies a
large branching ratio of {5°,P°) inte charged leptons and thus a good
detection efficiently, &£ > 5%: On the other hand, (70) requires
© o ~ 9.46 GeV (r1)
ms , P > m 'Y' 6 2

else (5°,P°} would probably have been seen in

Y — ¥ X (12}

{see Fig. 8}. The {8.3), which was unfortunately not confirmed 16,39}
(see sect. 2), could have been, of course, an exciting application for
the type of exercise presented in this section.
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B T~ light enhanced
Higgs 5°.P°

Fig. 8: A light D-enhanced Higgs inY decay

Finally, as a warning sgeinst too much optimism, let me point .out
that the crucial enhancement factors X. cannot be toc large if one
insists on perturbation theor{ to remain velid. Then, in analogy to the
perturbative unitarity bound for the GSW Higgs mass

VW Ap s 4.2 TeV (3)

there is a corresponding limit bT)

My - Xg & V2l Ap = 640 GeV (75)
from g —_— (}hggs) __,__’Pf s WW (786}

Using my & 5 GeV and m o= L2 GeV, one finds
1 = Xp % 430 and Xy €45 (77}

The corresponding upper limits for nbﬁ$lg: from (77) (ignoring contri-
butions from SUSY partners) are dlsplay%d again in Fig. 7. Unfortunately
they are still small. It should be emphasized, however, that the per-
turbative bounds {73), {175) are not sacred. In fact, related te the
anomalous pp collider events the possibility of a strongly interacting
Higgs sector {violating (73) and/or (75)) has received much attention
recently

3.2 Enhanced Scalars X° in Nearby Compositeness

In this sectlon I want to consider 'nearby’ COMDOSLteness,l e. the
weak W and 2°bosons ere viewed as prominent composzte spln 1 besons
along with composite quarks and leptons 12), The issue is then to look
for possible composite J = O partners X° of the W,Z veetor bosons. By
playing the-role of J = 0 'ground states', they might well be lighter
than their J = i counter parts W and Z°. As a basis for the discussion,
let us consider a tentative mass range

30+ s0 GeV <« myeo < My, {78}

If such X° bosons were to exist in form of (pseude) Goldstone boscns
(in analogy to TY®) they could of course be even lighter.

T T S

i
38l
<

The essential point I want to make is that the Yy and Z°Y channels
offer some unigque possibilities to detect such boscns - if they exist -
even though they are a priori not expected to be very light.

(1) If X° is a member of a wesk isospin triplet like WX,Z°, it does
not couple to two (or more) gluons since those are iso-singlets.

(2} If X° is an isospin singlet its coupling to two gluoas is still
very weak 1f its constituents carry no color, like it is the
case for WY,2° in a variety of popular models.

(3) The coupling of X° to light gquarks and leptons is probebly
strongly suppressed

gX ff o< ____:f_ « 1, {719)

for reasons of chiral symmetry h9 50)

The two photon channel then remains as a dominant 50) decay mode
of X°!

Next I want to argue that the X°T ¥ and Z°X°¥ couplings are strongly
enhanc?d for & composite X° particle as compared to en elementary sca-

lar 9!). The crucial difference becomes qualitatively obvious from
Fig. 9. - Whereas an elementary Higgs-type scalar couples to ¥§ and 2°%
| NEARBY
GSW- type : COMPOSITENESS
X X
z° g !
i Z
Y I \{
|
v oo
! Y
X | X
I
Y | Y

Fig. 9@ X }J‘and z°x J couplings for a composite scalar %° and an ele-
mentary, Higgs-type scalar x° , respectively

only via strongly suppressed loops (ignoring possible enhancements 4 la
sect. 3.1}, there is a direct coupling of photons to the common charged
constituents of X® and Z° in case of compositeness! In order to obtain
estimates of these coup11n§s one mey employ either methods familiar
from onium-bound states or the concept of W-dominance 52) (Fig. 10)
which I prefer. The results happen toc be quite similar, though.
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Fig. 10: Analogy of W- dominance to vector — meson dominance

W-dominance is pictured in direct analogy to vector-meson dominance 53)

of the electromagnetic current in strong interactions (Fig. 10). The
corresponding direct coupling of the photon to the composite Z° is

e/ﬁw = 8ih@, ~ Vo2 (80}

It is comforting that the requirement of W-dominance in its stronger,
operator form 28) ( 'current-field identity'}
em Y

2
p| = Mw. . w PN | (81)
/s T /a M

gives very sensible results as to the effective weak interactions of
composite W's, quarks and leptons. Following and generalizing the
classical, analogous construction by Lee and Zumino 5 for composite

's and nucleons one finds s result 28) closely mimicking the
standerd GSW model for E £ !

unitary gauvge

weak )
-3 - Wlf}\OUt .
Ofeﬁ (W, ?)er r)= IGSW physical Higgs {82)
Now, let us estimate T'(X’9—>U;L As depicted in Fig. 11, W-dominance
Y Y
X XLT
WAL > 70
Enhancement
Y Y

Fig., 11: Enhancement of the x°y¥ coupling in'nearby’ compositeness
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relates gyoyy 1o an effective X°ZZ coupling among composites for
vhich cne may naturally assume

?XOEZ ~ ngf = 3zww = gw’.‘: 0.64 . (83)
One obtains a very large width
P XO—Q'TF) ~ i P(Z"?é’.e—) ~ O_’b kev {81)
Mo 3 T3 T mgs GeVv3 -

As becomes apparent from Fig. 7, there seems indeed to be a good chance
for two-photon physics, in particular at LEP,up to masses

meo A 50 GeV. {85)

Even, if nothing is found, the resulting limits could be of great im—
portance, Here is an instructive illustration, involving experiments
at PETRA in particular also the two photon channel

efe™ —ry. (86)

We return to the proposal mentioned in sect. 2, that the ancmalous
radiative 2Z° decays .

o g -
Z2 T8 ¥4 (87)

seen by UA1/UAZ2 are mediated by a spinless composite boson 18) e
(Fig. 12} of mass my = mt.= o h5-50 GeV.

Fig. 12: A composite scalar ®° mediating radiative z° decays

The UA1/UA2 rate (16} then implies

0., o, %
P(a%eEy) -g (E X"'{) PX€E) | 0 (45Mev) (o)
. xo

In eq. (88) £ = 1 applies for % single spinless boson and & = 2 for
a (degenerate) paqéjy doublet !9/,
W-dominance gives (Fig. 13)
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Y
yo
z* X 7
S — z°
Z Related
Y Y

Fig. 13: Relation of ZOXOT and X°0Y couplings from W- dominance

2 2.3
M{z%X°n . 2 (mi‘- "MX) _L_E’T’N J(’PO). (89)

N (X% »77) 3 mz my Sin®Ow

Thus, the radiative 2° decsy rate directly constrains searches for the
X° vosen in the e*e sy channel via the relation following from

eqs. (88), (89} +
e r.,(xo_,.a.a.) i"'(}(;eﬁ-),\, LE_!E”EL/ a A5 MeY. (40
["xo v |

A search was performed by all PETR@ groups, but ne comparable signal
was seen {(Fig. 1ha), implying 55-58)

mye > b¢.2 GeV. {91)

°
Since r'(x ed X )/ rl)(o = 4 y ea. {90}, moreover provides the
lower bound!

g M{x°—e%e) 2 4.5 Hev, (92)

involving only W-dominance and the UAT/UAZ results. It turned out to g?

in strong contradiction to the upper bounds from all PETRA groups 5-5

for Mx® & 46.8 GeV (Fig. 14b). In view of the bound {92}, Bhabha

scattering ,
+ - + -

ee —ee (93)

is also very restrictive (Fig. 1kc).

a)

b}

o)

- o -

ey

L B B B
[ JADE

T licos B1&076)/QED

L

) it .#,.__

L1t
428 436 444 452 460 L68
W {Gev] 38221

1 T T T T T ] T T T T
TASSO ;ﬁ

" Allowed Region for [gavs [, CELLO,

Elga {Mev)
2

a779q

¥5 { Gev) av224

(a}: e+e- —» ¥ data from ref.55,

: Typical results of PETRA searches for a composite scalar %°.

{b): summary of PETRA bounds for ["(X“sete-) vs, Pxo (ref,53),

(c): ete- —pete—~ data from ref,56.



- 25 -

For X° boson masses above the PETRA energy range a sizeable contri-
bution is still expected in reaction (93) due to ¥ -X° interference!?).
The solid line in Fig. l4c displays this contribution for

Myo = 49 GeV, € I"(X—re.e)z 4 Hev , PXOSSOOHGV. (9h)

Such an X? boson is ruled cut at the 95% confidence level.

Alltogether, the experiments performed at PETRA have provided strong
evidence against an interpretation of the observed radiative £Z° decays
in terms of a composite X° boscn. First of all these results, certainly,
represent an encouraging illustration that crucial information on new
physics can also come from a two—photon channel at comparatively low
energies. Furthermore, it is important to reaslize that these results do
not at all rule cut the existence of a spinless composite X° boson with

mye £ 50 GeV. (95)

On thﬁ congrary, they merely tie in with the mentioned theoretical argu-
ments which suggest an extremely weak coupling of X° to light
fermions as a consequence of chiral symmetry {c.f. egs. (73) and (92)).
Thus, in view of these results and the expected large coupling of X° to
two photons, eq. (84}, it appears worthwhile to lock for it in ¥ Y
collisions (LEP).

3.3 ¥ ¥~ 'nothing"?

The content of this short section is admittedly very speculative,
but nevertheless potentially interesting. I just would like to stimulate
some thinking about the 'impossible' reaction

TY —~— 'nothing', {96)

Here are some reflections on two obvious questions

i}  Why could reaction (96) be interesting?
ii) Is there a chance to isolate it experimentally?

(i): The only conventional source, ¥§ —» V37, is extremely small,
since W 's carry no electric charge. What about possible uncon-
venticnal sources? Here, SUSY comes to mind, since a priori there
are various possibilities to turn twe photons into a pair of
( ~ massless) invisible SUSY particles:

TY -GG {@oldstinos [gravitinOS] } (97)
T — '_a,' ? {photinos), (98)

As discusse%s%n sect. 2, goldstino pair production within a nonlinear
realization of (spontaneously broken) SUSY has beer suggested in

Ref. 25 as a possible explanation of the monojets and monophotons ob-
served by UA1 at the pp coilider {c.f. eqs. {26)). In this scheme one
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may evern compute the rate (97) without free parameters, vhich seems
worthwhile. On general grounds (lov-energy theorem) one expects a very
strong dependence of 6'(3'3‘46-6—) on the Y ¥ energy W, analogously to
eq. (27).

(ii): If possible at all, an experimental isclation of reaction (96),
is certainly going to be difficult, In e*e” collisions, it
corresponds to events of the type

- +
e+e w2 & 4 'nothing', {59)

Double tagging at large angles should at least strongly reduce
the probability that photons radiated from the scattered elec-—
trons are lost in the beam pipe and fake reaction (99). However,
selectron (¥) pair production with subsequent decay

e e +%, (100)

represents another possible SUSY 'background' to relation {96)
with a similar signature (99). More promising seems to be an
attempt to extract reaction {96) from direct 3‘et collisiens in-
volv1ng real photons. As has been discussed in the literatur
Tren 1e “eollisions might be realized at the Stanford Linear
Collider (SLC) with “ye energies £ G0 GeV and good luminosity
by means of a laser beam,

i New Particles in e’y Collisions
4.1 Photon Structure Functions

Deep inelastic scattering of electrons on a (quasi-real) photon
'target' represents the standard process from which the photon structure
functions Fo ¥ (x,Q?) and Fp ¥(x,07) are extracted.

Modifications of the familiar QCD predictions for an’ and FLU will
arise, 1f new particles exist.

For the case of SUSY, the effects due to squark (Q) and gluino (F)
production hage ge?n calculated explicitely for the structure functions
of the photon (LEP), [ as well as of the nucleon®3} (HERA)] . In
general, of course, the results strongly depend on the masses of the
new particles under consideration.

Lgt ge remind you here of a characteristic effect related to their

spins . The peint is that the longitudinal structure function of

the photon Ff, ¥ (%,q2) turns eut te be quite sensitive to the presence
of spinless particles such as

squarks q' in BUSY {Fig. 15)

ar (101)
leptoquarks in 'nearby' compositeness .
X° bosons (c.f. sects. 2 and 3.2)
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It is well known that in QCD, with only J = 1/2 quarks and J = 1 gluons,
Fr, ¥ exhibits no scaling violations both at the parton and 0o{ Xg) levels
for large Q23 ma'

T—L'D,(X,ij = ;’—}{(X). (102)

Transieat Q® dependences will, of course, arise if new, heavy quark
thresholds are crossed, e.g. around

2 2
Q" = l}mtop. (103)

In contrast, new J = Q particles give rise to an asymptotically survi-
ving, qualitatively different behaviourb!,62)

T 2
TL /:1=OOC eog a, (104}

as a consequence of simple helicity conservation arguments (Fig. 15).

+ usy
Yo " Y &
\M‘x____ \\\r v g
q +- o+ K| + q a\\
~ A Y
SCALING £ « logQ?

Fig. 15: Spiniess squarks (?f) cauging a log Q scaling V].OE{IE].OH in
the longitudinal photon structure function FL(X,Q }

However, in order to be able to explore this discriminating effect much effort
will have to go into an experimental isolation of F. 9 at LEP energies.

4.2 Hunting for Selectrons (&)

A detailed computation of ecross sections with general couplings
[and polarization states ] for exclusive e* ¥ collisions

e*y —+boson + Fermion (105}
was performed in ref. 6k,

An exclusive SUSY process of speeial interest is (Fig. 16)

R VP GRS S " - .

Fo— S —— T L

- 2R —

Fig. 16:; Single selectron &) production in e¥ scattering

ey — e T (106)

\’ ~
ey
In contrast to pair production of selectrons (%) in e'e” collisions
{Fig. 17}

et éo

v -
— +
e 8-

Fig. 17: Selectron ) pair production

ete —» &7
W oefe s '«noﬂwir\al , Lren)

it offers an opportunity to search for selectrons with mass higher than

the e*e” beam energy. The % which radiates the gquasi-real photon in
(106} goes mostly along the beam direction, and is not observed. Thus,
the final state to be cbgerved in (106) consists of a single electron
coming from the ©.»e + ¥ decay , with no other visible particles.
The cross section for this process (1106) was first calculated in ref.
65 for a massless photino. A generalizatiog Eo massive photinos may be
found in ref. 66. Fig. 18, taken from JADE®T) illustrates the type of
bounds on selectron and photino masses one may achieve at PETRA. Note,
the selectron mass bound

e =
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The limit on the masses of & and ¥
T T T T =

JADE
20F {stable ¥
) Mg =Mz,
{GeVic?) {95 CLY
n @ : i
My E = .
ol P ) |
. ete—eedy
-_ ——y
4 |
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o . L '
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M& (GeVich) :

aried

Fig. 18: Lower limits on selectron (&) and photino (¥) masses (ref.67}
{A): from e+e—-—»e+e— with m(e}?xn(w)
(B): from ete- —sB+8- with stable &, m("‘)<m(a’),
(C): from et+e- —» 3’ 63' ~
(M: fromey —»€ 3‘ , e e + ¥

mé’ = 25.2 GeV Hor m%‘=0, {108)

essentially coming from the e ¥ process (106). For comparison, the
MARK-TII and MAC collaboratlgss obtained lower € mass limits of 22.2
and 22.% GeV, reSpectlvely
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