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INTRODUCTION 

The energy range opened by LEP will permit a clean and direct study of 
the weak interaction. Of particular importance are those effects resulting from 
the interference between the weak and the electromagnetic (EM) currents : we 
shall see that they give access to the basic couplings which can be measured 
unambiguously. Most of the relevant phenomenology and experimentation has already 
been discussed^^ and I shall therefore focus on new aspects studied for the 
Les Houches Summer Study. 

The first and major section deals with the weak interaction experi
ments. Most of the calculations and estimates rely on the Weinberg-Salam model as 
a realistic guide of what might happen. In particular, the consistency of all 
possible measurements with the model is discussed. However some alternatives can 
be proposed and their effects on experiments have been studied. In addition it 
should be pointed out that even if the Weinberg-Salam model is correct, we still 
do not know how many generations of fermions exist : LEP can provide definite 
clues on this question and the problem of finding new leptons has been carefully 

(3) 
examined (search for new quarks is discussed in K. Winter's report ). Finally 
there are still two subjects well suited to experimentation at LEP which are 
fondamental to our understanding of the weak-EM structure : the 3-boson couplings, 
as measured in W W production and the existence of Higgs particles. 

The second section is devoted to 2y processes. On one hand they 
constitute an interesting physics study which has been assessed both from theory 
and experiment and appears promising. On the other hand, they can generate 
background to many annihilation channels and we have studied this aspect in 
detail. It appears that -in all cases we have considered- the 2y background can 
be handled, although it is sometimes present in the raw data at a subtantial level. 

In the last section we give a brief look at short distance tests of 
Quantum Electrodynamics (QED) - a restricted, but important area of research at 
LEP. 
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I. Weak-interaction experiments 

Weak—EM interference is a clean and powerful way to study the basic 
structure of the weak interaction. Present "low-energy" experiments yield impres-

(4) 
sive evidence for the Weinberg-Salam gauge theory . LEP will permit to probe 
the basic theory of the weak and EM currents on a mass scale of order ^ 100 GeV 
where intermediate bosons are expected to lie. Since it is so far successful, we 
have used the Weinberg-Salam theory as a guide to make estimates for the LEP 
experiments under discussion. 

Therefore the basic facts of life at LEP are the peak luminosity^ 
(Fig.l) and the total visible annihilation event rate (Fig.2). For this latter 
estimate we have used 3 multiplets of quarks and leptons (e, u, T and u, d, s, c, 
b, t). The effect of radiative corrections is important and will be discussed 
below. While rates are very large at the Z° peak permitting very detailed studies, 
one sees that life is harder in the low and high mass ranges and experiments in 
particular at high energy will bear a different character. 

1. Weak couplings of basic fermions 

For any fermion-antifermion ff final state, the observables are the 
total rate R., the forward-backward asymmetry A f and the f polarization P_ (or 

+ 
experiments using longitudmallv polarized e- beams) . Denoting by aç and v.. the 

- (1) axial and vector couplings of ff to the neutral weak current we have at the 
Z° peak : 

R f = 
, + -o(e e ff) 
point 

<A > Forward-Backward _ 3 ae Ve 3f Vf 
f Forward+Backward 

<Pf> 

(a2+v2)(a§+v2) e e r f 

2a fv f 

a 2+v 2 

both averaged over 
) forward and 

backward hemispheres 

with g = 
8 /2 

4.4 10~ 5 GeV~2 

It is clear that R and <A > measure a and e e 1 e' [v I separately and 
experiments with polarized beams are needed to disentangle their relative sign. 
This is fortunately not true if one can measure the polarization of a final 
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BEAM ENERGY (GEV) 

Figure 1 : Assumed LEF maximum luminosity as a function of beam energy 



- 65 -

Figure 2 : Total e e annihilation rate as a function of CM energy /s 
using the Weinberg-Salam theory with sin 29 w = 0.20 and 
3 multiplets. The dashed orea corresponds to the onset of the 
process e e + W S 
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lepton, like M or x because 

<pf> 
a v e e 
a 2+v 2 

It is therefore crucial to measure P or P in order to sort out the relative sign 
T U 6 

between a and v . Once this is done the measurements of any R r and <A_> will 
e e. . . . + - + - * f 

render a^ and v^ m sign and magnitude. Since e e ->• e e also proceeds through 
t channel exchange, we have to apply a correction to this method : however at 
the Z° pole the effect is very small. 

Table I summarizes the various possible measurements (x) with leptons 
and quarks : 

Table I 

f R f <Af> <Pf> 

e X X polarized 
beams 

u X X X 

T x X X 

qi 
SR x 

Ii 
R hard 

qi 

hard 
very hard 

or 
polarized 
beams 

Therefore, as far as leptons are concerned, the measurements of 
R , <A >, R , <A >, R , <A > and <P > (at the Z° pole, where the statistics are 
large) will yield all lepton couplings in sign and magnitude. Such a program is 
obviously an important task to be undertaken at LEP - a unique study of neutral 
weak couplings to be compared to gauge theories and to test lepton universality. 

We do not discuss e +e -*- e +e which has been examined previously^ 
and on which no new work has been done. 

(a) e e •*• p p 

Fig. 3 shows the expected asymmetry using the standard Weinberg-Salam 
model with sin 28 w = 0.23, yielding a small value of v^ = v^ and consequently a 
small <A- U

> a t the pole. From this measurement alone (at the Z° pole) and assuming 
e-p universality, one may deduce |-| for e, p as shown in Fig. 4. Therefore the 
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Figure 3 : Average forward-backward asymmetry <A ) J> in e e y y assuming 
the Weinberg-Salam model with sin26 = 0.23. Each "data" point 
corresponds to 100 h of running 
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Figure 4 : Model independent measurement of —^—(assuming p-e universality) 
from forward-backward asymmetry in e +e -> p+y at the Z° pole 
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y+y angular asymmetry will be an easy and powerful experiment to measure the 
vector coupling of the charged leptons with good accuracy. 

We also recall the possibility of measuring the y polarization in the 
forward and backward directions by slowing down the fast muons in a 30 m — long 

(2) 
toroidal iron magnet followed by a Polarimeter to observe y decays . While it 
is straightforward on paper, the experiment may be hard and possibly one should 
think of another way to measure lepton polarization. This has been studied and 
is presented next. 

+ - + -
(b) e e -*- x T 

T decays are a good way to analyze the T helicity. This can be 
achieved in the leptonic m o d e ^ 

y v v 
e v v e T 

or even better the simplest 2-body hadronic m o d e ^ 

T - » • TT V 
T 

As it is well-known these parity-violating decays are a powerful way to measure 
the T longitudinal polarization through the angular asymmetry of the decay 
products. This angular asymmetry is,then reflected into a modification of the 
momentum distribution in the e +e laboratory frame. 

Also owing to the fact that the produced T ' S are very fast at the Z° 
peak (y ̂  25) the decay products (e, p, TT) are very collimated along the T + T 

line of flight. This is important for the identification of the T + T events : 
other heavier leptons might be produced at this high energy but they would lead 
to larger opening angles. Typically the acollinearity angle between e and y in 
the process 

+ - + 
e e ->• T 

L + L -
4- e vv ^ y 

is 100 mr at the Z° peak. 

Therefore T + T production is a very useful tool to measure both the 
angular asymmetry and the final fermion polarization. A fully-correlated analysis 
is possible taking into account both T decays, but so far only uncorrelated 
decays have been examined. 

As far as the leptonic decay is concerned the best way is to select 
nearly collinear ey events and measure accurately the shape o.î '.he momentum 
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distribution of the electron or the union. 

2P 

The ratio p defined as 

number of events (x > x ) c 
number of events (x < x ) 

is related to the x longitudinal polarization. 

The method using the itv decay mode is even more straightforward 
can select events of the type : 

(7) One 

+ - + e e ->• T 

L + L -
4- e vv ¥ v 

+ 
p vv which are again nearly collinear. The energy distribution of the pion is then a 

direct measure of the x polarization : 

E - 5 
ËL „ x + < p „ tt 2 
dE x E 

Then, simply, the slope of the spectrum yields <I' T
>. In the Weinberg-Salam model 

the sign of the slope indicates whether or not sin 2 6 W < 0.25 
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Ett (GeV) 

Figure 5 : Energy spectrum of pions from T + or T •+ T T V in the Weinberg-Salam 
theory for 2 values of sin 26 w. The pion energy is measured in a 
calorimeter with a resolution AE ^ .5/E(GeV) 
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Fig. 5 displays simulated spectra where the expected distributions are 
folded with the calorimeter energy resolution. 

Due to the simplicity of the detection and the good statistics 
{y 200 ey and <v 200 (e,u)n events/day on the Z°) the T + T experiments will cer
tainly teach us a great deal about weak-EM interference. 

(c; e e -» qq 

Weak-EM interference with quarks are important, but difficult experi-
ments. The basic problem is of course that only hadron jets are observed in the 
final state and one should infer from them the identify of the initial quarks. 
This is in general quite hard but methods can be developed to measure quantities 
sensitive to the quark weak c o u p l i n g s . This type of approach has to be 
refined when hadron jets are better studied at PETRA energies. 

+ 
2. W~ production 

+ 

One may look at W production at LEP with two points of view : first 
of all what is the capability for discovering the W boson even though everyone 
would bet at present on forthcoming pp experiments. In that case a process with 
a not-too-small cross-section at the lowest possible energy is best suited. 
Secondly, W production dynamics may provide unique tests of the group structure 
of the weak-EM interaction. 

(a) Single W production 

The most economical process with a non-negligible rate is 
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With sin28 = 0.20 the mass of the W boson is set at 83 GeV in the w 
Weinberg-Salam model. The cross-section rises logarithmically with energy as for 
a 2y process and with luminosities as discussed in the design report^ , it 
appears that already a center-of-mass energy of 140 GeV is sufficient as shown in 
Table II. 

(GeV) 
7 = 1¿ 

2 max -2 -1 cm s 

a (cm ) 

(W++W~) 
events/day 

140 510 3 1 -37 
4.5 10 J / 1.9 

200 31 210 J i 1.2 10" 3 6 2.1 

Table II 

The detection of this reaction has been examined and one should pay 
attention to possible background from 2y processes giving large p^ jets. Requiring 
that theWdecays into 2 hadron jets with p̂ , > 10 GeV and that the forward-going 
electron or positron is at an angle larger that I o, results in a detection effi
ciency of 0.65. The experiment would then yield 1.2 event/day with a constrained 
W mass reconstructed from the 2 hadron jets. The 2y background under the W peak 
is typically 2 orders of magnitude smaller than the signal. The situation is 
therefore not subtantially better than the proposed pp searches, except for the 
mass constraint. 
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(b) VMJ production 

W pairs are expected to be produced in a straightfoward -way vhich can 
be calculated using the assumed gauge couplings . From the point of view of 
experimentation the main problem is the maximum energy of LEP : the estimated 
cross section rises sharply above threshold (166 GeV for sin20 = 0.20) - typical-

W 

ly the maximum of the production rate lies about 30-40 GeV above threshold. There
fore if sin29 is ̂  0.20 one needs Phase II LEP to have a good rate and in any 

w _ 
case LEP 70 is not sufficient to produce W W pairs if sin29 < 0.25, as indicated 

w 
by present experiments. 

Using sin29 = 0.20 the peak of the cross section occurs at 
/s ̂  200 GeV with a value of 1.8 10 cm in the standard Weinberg-Salam model. 
It should be emphasized that despite the fact this is not a large cross-section 
it still represents a sizeable fraction (over 30 %) of the total annihilation 

3 1 - 2 - 1 
rate at that energy. An average luminosity of 210 cm s at 200 GeV, yields a 
W +W event rate of ̂  30/day. 

Assuming B(W •> hadrons) = 0.8 and B(W ev, yv, T V ) = 0.2 we get the 
rates of the following final states : 

4 hadron jets ^ 20 events/day 
1 lepton + 2 hadron jets *v 10 events/day 
2 leptons ^ 1 event/day 

Again, the hadronic final states constrain the W mass using calorime-
try : this is a different situation than the pp experiments where the large p^ 
hadronic background precludes the observation of the W hadronic decays. Here the 
situation is much cleaner with 4 hadrons jets with a total energy equal to the 
total CM e 
in Fig. 6. 

(9) 
total CM energy and the mass correlations for the di-jets . This is illustrated 

The cross-section for e +e -*• W +W is crucially dependent on the gauge 
group structure of the electro-weak interaction^^^ : large cancellations 
occur between the possible diagrams : 
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40 50 60 70 80 90 

Di-jet invariant mass (GeV) 

Figure 6 : Di-jet invariant mass distribution in e +e -> W W , each W decaying 
into 2 hadron jets. Jet energy and angles are measured in a fine-
grain calorimeter and only the combinations with total energy equal 
to the beam energy are plotted 
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Therefore it is a fundamental test of the gauge structure to experi
mentally observe this cross-section and measure it. Large deviations could occur 
if the couplings turn out to be different (W magnetic moment or Z°W+W couplings 
different than predicted by gauge group). As an example, ̂  1500 W +W events are 
expected in a 50-day run for the standard model while ^ 3000 would be produced 
if the Z°W+W coupling turned out to be zero. 

± (11) The usefulness of e - beam polarization has been stressed to 
separate the 3 amplitudes corresponding to the production diagrams. Here longi
tudinal beam polarization is important and right/left - handed electrons and 
positrons can select different exchanges : 

x. e 
+ \ e \ L R 

Y 
R Z 0 

V 

L 0 
Y 
Z 

It should however be noted that at the peak of the cross-section 

LR v 

RL a „ "v a a Y,Z v 0.1 

Since the unpolarized rate is : 

°unpol = Z (°LR + °RL + °RR + aLL } 

the cross-section for LR polarized beams is larger 

(1+P)2 + a(l-P) 2 

pol 1+a unpol 
(1+P)2 

1+a unpol 

For a beam polarization P = 0.8 in the e+„ e mode the cross-section is enhanced 
by a factor of ̂  3. This could lead us to dream about a polarized LEP with 

31 -2 -1 
100 GeV peak energy and a maximum average luminosity of 510 cm s : such 
a machine would produce over 500 clean W decays per day ! Unfortunately even in 
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the present design, there is not much hope for beam polarization at the maximum 
(12) 

energy 
3. How many fermion multiplets ? 

Even if the gauge group is confirmed to be SU(2) @ 11(1), we may still 
ask how many multiplets of fermions are active over the energy range of LEP since 
this is not predicted by the theory. 

(a) Charged leptons 

They can be essentially searched for up to a mass close to the maximum 
beam energy. Obviously for masses less than M lï a good source is the Z° itself : 

z + -for example one would expect about 100 eu events/day per each L L pair assuming 
branching ratios : 

B (Z° -> L +L~) = 0.03 

B 2(L -> e vv) = 0.04 
V 

An experimental difficulty is to separate several leptons, all giving 
eu final states (T, L, L'...). If they are not too close in mass, the acollinea-
rity angle between the electron and the muon has very different distributions for 
different masses and hence can be used to identify several leptons. 

For the mass range above the Z° peak the sensitivity is reduced but is 
still adequate for a meaningful search. A 50-day run at /s = 140 GeV with an ave-

31 - 2 - 1 + -
rage luminosity of 510 cm s would yield the following states of L L pro
duction up to >L *v 60 GeV : 

{ e u (+ 4v) 40 events 

lepton + hadrons (+ 3v) 500 events 
hadrons (+ 2v) 300 events 

An experiment at /s - 200 GeV with -t = 210 cm s would have a 
sensitivity 5 times smaller. Therefore it is important to use hadronic decays 
for the identification of new leptons : this can be achieved using visible energy 
(transverse momentum and acoplanarity must be used to fight 2y qq background), 
sphericity and multi-jets. 

(b) Neutrinos 

Stable low-mass (or massless) neutral leptons can play an important 
role since they are coupled to the weak current and yield an "invisible" final 
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state. Since so far neutral leptons are much less massive than their charged coun
terparts (for ex. m(v^) < 250 MeV) they can contribute significantly at the Z° 
peak if many multiplets still exist at higher mass. 

The total Z° width is : 

z ¿_ vv ¿_ Il ¿_ qq 

Within a given model -for example the Weinberg-Salam model- one can 
compute all the partial widths of leptons and quarks known to be excited at that 
mass since relevant couplings are determined independently in interference expe
riments. Any "missing" width can be attributed to neutrinos. 

Better still, it can be determined experimentally in a direct way by 
iting 

peak : 
integrating the "visible" cross-section and the u +u cross-section over the Z 

d/s 
r r . 
ee vis o . d/s - _ vis T 

a d/s 
r 2 

ee 
UP r z 

Since T is measured directly by the line shape, T and V . can be extracted in z J J ^ ' ee vis 
turn. The difference V - V . is then^i~r - and the number H of neutrinos can 

z vis ¿_ vv v 
be deduced. Taking into account normalization uncertainties and radiative correc
tions, one expects to be measured to a few percent, i.e. < 100 MeV. 

In the Weinberg-Salam model, we have 

F z = 0.17 N + 0.09 N„ + 0.32 N + 0.40 N. 
(GeV) V 

where N^, N^, N^, are respectively thenumbersof neutrinos, charged leptons, 
up and down quarks. Therefore, if this model is correct, tieutrinos can be counted 
accurately at the Z° peak : 

if N = N = N = N, = 3 T = 2.9 GeV v Ü u d z 

if N = 10 N„ = N = N, = 3 r = 4.1 GeV v l u d z 

The frustrating case of a large number of neutrinos wiping out the Z° 
. . . , , . (10)(13) resonance is discussed elsewhere 
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(c) Quarks 

This complementary search for new multiplets has been examined throu-
(3) 

ghly and in presented in K.Winter's report 

4. Which gf.uge group ? 

We cannot of course discuss this question on completely general grounds 
and we choose to simply offer two distinct points of view : in the first case we 
assume the Weinberg-Salam theory to be correct and we ask to what accuracy this 
can be tested. In a second part we investigate a different group still not ruled 
out by present experiments and we examine how it could be tested at LEP. 

(a) Consistency of all LEP measurements in the Weinberg-Salam model 

In SU(2)i§ all couplings and boson masses are determined by the 
mixing angle 8 : therefore if the theory is tc hold, consistency should be w 
achieved between a large number of experiments. Most of these measurements involve 
couplings and they have already been discussed above. There should also be con-

o + o 
sistency with the mass values of the Z and W~ bosons : the Z mass can probably 

-3 
be determined to a relative accuracy of 10 from magnet measurements alone. 
It has also been suggested than the spectrum of synchrotron radiation could 

(14) 
provide an absolute calibration of the machine . The W mass cannot be measured 
accurately by calorimetry because of the relatively small statistics involved ; 
however measurements of the cross-section as a function of energy should permit a 
good determination. The situation is quite similar to that encountered with the 

-3 
T at SPEAR and DORIS : one could expect a relative mass uncertainty of "v 310 

We can then summarize some of the possible determinations of sin z 8 
K w 

with LEP with the correspondingly achievable precisions in order to test the 
model : 

some of the measurements 

A(<=in28 ) w 
near sin¿6 = 0.20 

leptons 
T 

TT V 

0.002 
0.007 

0.005 
0.005 

Table III 

quarks 

R A <Q >(up/down quarks) 
A (uu/dd) 

Tt 

A S s K 

M 

0.02 
0.02 
0.015 

0.001 
0.001 
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To summarize, we have seen that the Weinberg-Salam theory can be tested 
extremely well : essentially an order of magnitude improvement in precision is 
achieved for leptons over present experiments and hadron couplings can also be 
determined. 

(b) Another scenario 

Tt could be that the gauge group is larger than SU(2)®u( 1) : experiments 
at present energies are consistent with the Weinberg-Salam minimal model, but 
they cannot rule out some of the larger groups. This aspect has been looked at 
carefully for the SLf(2)T ® SU(2) D © U(l) group in the context of the LEP 
physics : such a left-right symmetric group is characterized by two 2° bosons 
and parameters can be adjusted to agree with present experimental data. This 
usually leads to a lighter Z° not far in mass from the Weinberg-Salan one and a 
heavier Z° which can be anywhere above a mass of *v 130 GeV. 

The standard experiments on weak-EM interference are powerful tests of 
such a behaviour : if the two Z° bosons (Z° , Z° ) are in the mass range of LLP, 
interesting interferences occur which are sensitive to the basic couplings. Since 
maximum beam energy is at a premium for LEP, it is important to see if visible 
effects can still be noticed even though the Z°y mass is not accessible directly : 
it is found that in this model -keeping the consistency with present experiment-
the measurement of <A > at /s = 140 GeV over a 50-day run is sensitive to a y 
second Z° up to a mass of 260 GeV, well above the center-of-mass energy. Going to 
/s = 200 GeV at reduced luminosity yields only a modest increase in mass, up to 
275 GeV. 

Fig. 7 shows a typical situation for <A^ > with M(Z°^) = 79 CeV and 
M(Z° ) = 214 GeV, illustrating the power of the LEP experiments to elucidate the H 
precise structure of the weak interaction. 

5. Higgs particle 

It is usually remarked that finding Z° and W~ bosons is not a proof of 
the gauge theory : unambiguous proofs lie in the Z°W+W coupling -as discussed in 
section 2(b)- and in the existence of Higgs p a r t i c l e s . 

Besides their mass there is a large uncertainty concerning the decay 
modes of Higgs particles - a difficult point when we come to design experiments. 
It is usually expected that Higgs mesons will decay into pairs of heavy leptons 
or heavy quarks : this liking will also prevail for the production process where 
Higgs particles will presumably be accompanied by heavy objects. Therefore a 
particularly attractive reaction is : 
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< A ^ > e-e-—-¡u+fU-

i i i , i i 

50 100 150 200 

VT(6eV) 

Figure 7 : Two different scenarios for the weak-EM gauge groups, both of them 
being consistent with present experimental data. The muon asymmetry 
can distinguish them at high energy and sets limits on a possible 
heavier Z° . The experimental points correspond to 1000 h running time. 



The Z° can be tagged by its e e and y y decays (and may be its qq decays mea
sured in a calorimeter) and H can be reconstructed from the missing mass. Having 
identified a peak, one can then proceed to study its decay modes. 

This beautiful experiment is however limited in the mass range acces
sible for the Higgs particle. The peak of the cross section occurs for 
/s* <v M z + /2 My and the following rates can be estimated (for the ee H and 
yy H final states only) : 

My = 10 GeV /s 'v- 100 GeV -v. 10 events/day 
50 GeV 150 GeV <\- 1 event/day 

If a large fraction of the Z° decays can be retained for this search, 
it seems that a mass range up to ̂  100 GeV can be looked for with a 100 GeV LEP 
with half-luminosity. 

6. Experimentation 

(a) Radiative corrections 

It is well-known that radiation by the incident particles play an 
important role in e +e reactions. The effect is most striking when resonances are 
produced with a large cross section - the expected picture at LEP in the standard 
scenario. 

Radiative corrections should be applied in particular to the lepton-
( 18^ 

pair final states. A calculation has been done for a difficult case - a 
priori : T + T production where the final state does not constrain the CM energy. 
Large effects are found but they are calculable in a straightforward way once the 
experimental conditions are known. It would be interesting to carry out some 
detailed computations to see how radiative corrections affect the accuracy of the 
coupling constants determination. 
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The effect of radiation on the total annihilation rate is demonstrated 
in Fig. 8 in the Weinberg-Salam model : at Js = 140 GeV about 80 % of the raw 
events are in fact Z° production. Collinear (e+e , u +u ) and nearly—collinear 
( T + T ) events are easily studied because events with radiation will show a dis
tinct acollinearity in 6 (polar angle), but not much in <J> (transverse to the 
beams). Hadronic events will be probatly more contaminated : it is clear that in 
this case the impact of radiative effects should next be evaluated. 

(b) Detectors 

îlost experiments we have described so far can be performed with a 
straightforward extension of existing detectors at PETRA : this is the case for 
+ - + - , + - + - + - + - + - + - „ , e e , p u and x T -*• e e , p p , u-e+, e - T r + , p - T t + . Such a detector has been 
briefly described^^ . 

However the range of this set of experiments would be greatly extended 
if detailed hadron calorimetry is incorporated in the design, in particular for 
the hadronic decays of x. Such a fine-grain hadron calorimeter is of course 
needed for heavy lepton searches especially above M z/2 and W production - both 
singly and in pairs. 

Such experiments are probably feasible in a large-size "universal" 
apparatus if it can be designed to performed all tasks with reasonable compromises. 
While this is doubtful, we believe that in any case there is room for smaller 
experiments with a more focussed - yet important - goal. This argument is of 
course greatly strengthened in the orthodox model where the large rates at the Z° 
pole permit a wide spectrum of experiments. 

II. Two-photon physics 

Despite the fact that hardly any experimental information exists on 
them it is widely expected that 2y processes should play a significant role in 
higher energy e +e colliding rings. We have examined this area in some detail 
because of its own physics interest, but also because of the possible danger in 
contaminating (or even swamping ?) annihilation data. 

1. Two-y processes as physics 

(a) 0^, (YY hadrons) and low p̂ . hadronic production 

The bulk of hadron production in YY collisions should occur at low 
transverse momentum for.the hadrons like any hadronic (?) process. In such 
reactions the photons behave like any ordinary hadron and their propagators 
should behave according to vector dominance as observed in low-q2 electroproduc-
tion. More precisely one may assume^^ : 
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-2 , _ 2 ,-2 

This results in a strong suppression of the YY effective luminosity by 
<v 1 order of magnitude for z =\JñXt > 0.8 and <v 2 orders of magnitude foc z < 0.5, 
for a standard tagging scheme detecting electrons at angles larger than 10 mr. As 
a consequence it seems very unlikely to study in detail low p T hadronic YY physics 
- hence o (YY hadrons) — unless it is possible to tag at still smaller 
angles in order to minimize q 2 effects. 

(b) Point-like processes 

For QED processes + + 
e e 

and for point-like interactions as for example (22) 

• 2 hadron jets at large p 

The tagging efficiency is not affected by q 2 effects and can reach 
values ̂  10 % for angles larger than 10 mr. In that case the YY~event kinematics 
is fully reconstructed. 

The large p T qq process is quite interesting since it measures the 
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sum of the fourth power of the quark charges and thus is a new test of constituent 
models - in particular it will test whether quarks have indeed non-integer 

(10) 
charges 

We have estimated counting rates in Table IV for this process with 
3 doublets of up-down quarks. Tagging efficiency is not put in since it is not 
clear that it is really needed. 

+ ~ + - - /s~ = 140 GeV e e e e qq 
P I 25 days at cC = •= J 2 max 

PT(jet) > 4 GeV 

Ss (GeV) 
YY 

10 - 20 20 - 40 40 - 80 

events 2580 660 80 

Table IV 

(c) Deep inelastic ey scattering 

This situation is realized when a large q 2 photon scatters on a low 
q 2 almost-real photon : it will test the quark-antiquark content of the photon -
a situation quite different from the nucleón. Unfortunately rates are not very 
high : in a 25-day run at /s = 140 GeV about 1100 events are expected for 
10 < /s < 50 GeV and 1 < q 2 < 25 GeV2 while the yield drops to ̂  25 events for 
q 2 > 25 GeV2. 

(d) Detectors 

Photon-photon detectors represent an experimental challenge because of 
(i) the necessity of electron tagging as close as possible to the beam pipe and 
(ii) because of the forward-backward collimation of the produced hadrons due to 
the Y ~ Y C M motion. Thus a yy spectrometer has to measure fast particles at small 
angles and is therefore quite orthogonal to annihilation detectors. A very preli-

(23) 
minary design has been studied in order to get a feeling on how it could be 
accomodated in the experimental halls. 

2. Two-y processes as background 

The bulk of yy hadronic production is at low p_ and we have seen that 
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their tagging is very unpractical : fortunately most of the energy flows along the 
beam pipe and little energy is deposited at angles larger than 10°. Thus despite 
their large number the low p̂ , yy events are not dangerous for the foreseen LEP 
physics. 

The large p^ di-jet production discussed in the last paragraph is 
potentially more of a nuisance. Fig. 9 shows the spectrum of "visible" energy, 
i.e. the energy sum for particles at angles larger than 10°, for these events. 
Comparison is made with the annihilation spectrum assuming R = 5 (a pessimistic 
value at /s = 140 GeV) obtained in a calorimeter with an energy resolution of 
0.5 /E(GeV) . First of all we see that imposing a 10° cut on the produced par
ticles does not bias in a serious way the annihilation data, since only <v 2 % 
of the events have a measured visible energy less than 100 GeV. It is clear that 

v. 

the YY background can be very well separated out : the situation is of course 
much better for the larger expected annihilation rates, in particular near the Z° 
peak. 

+ — + — 
The situation is worse for the process e e -v L L -v hadrons (+ 2v) 

with an expected rate about < 1 order of magnitude smaller than the total rate 
shown in Fig. 9 and a peak in the spectrum a little lower because of the 2 unseen 
neutrinos. Even in this case the background is still an order of magnitude smaller 
and can still be reduced further using angular distributions. 

The most dangerous case we haVe studied occurs for the like-leptons 
• * • — . . . . + — + — + — pairs from L L pairs with the background originating from e e -v (e e ) £ Ä : 

eu events are a better signature but it will be important to compare ee, pu and 
ye yields to have a handle on the leptonic number of a new lepton. 

+ — + — + -
The yield for e e + L L p v (+4v) with = 40 GeV is shown on a 

visible energy distribution in Fig. 10 : this signal is completely buried under 
the 2y background. However, leptons from heavy lepton decays have large p̂ , (also 
the lepton pair has a large p̂ ,) : leptons from the 2y background may also have a 
large p^ but this will correspond to a large p T eler "on which can be easily 
tagged (an efficiency of > 99 % is needed still for a good signal/background 
ratio). 

In conclusion, 2y processes give a negligible background at large 
visible energies (> 0.6 fs). At lower energies more elaborate cuts must be used 
to decrease their contribution to a tolerable level. At any rate the background 
should be checked by tagging and measurement of low visible energy events so 
that it is properly understood. 
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9 : Visible energy spectrum of 2y large p̂ , processes and annihilation 
(R=5) at = 140 GeV for tracks at angles 6 > 10° (measurements 
are made in a calorimeter with a resolution AE = CO/EÍGeV) ). The 
integrated luminosity is 10 3 8cm 2 
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Figure 10 Visible energy spectrum of p p production in 2y processes and 
annihilation at /s = 140 GeV for u~tracks at 6 > 10°. 2y events 
have an invariant mass cut /s > 4 GeV. The L L spectrum corres
ponds to a heavy lepton with admass M L = 40 GeV : the large back
ground can be reduced by ^ 2 orders of magnitude by tagging. The 
integrated luminosity is 1038cm 2 
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III. Tests of quantum-electrodynamics 

This area of research appears to be rather restricted at LEP energies 
since it is plain hard to test QED in a process not "contaminated" by the weak 
interaction. 

The electron propagator can be tested to a very large momentum transfer 
+ -

using e e -> yy 

e
+ A A A A ^ y 

q 2 

e" "\f\J\JXP Y 

It has been shown that weak contributions to this process are small (< 10 ) 
and consequently this is good QED testing ground. The cross section behaves 
like sin 26_^ and restricting angles to 30° < 9^ < 90° for an easy experiment 
yields a cross-section equal to "v 3.5 x point cross-section. A 1000 h-run expe
riment at /¡T = 140 GeV would give 2700 clean events for q 2 up to 2i0^ GeV2. 

As far the muon propagator it seems that the process e +e -> e+e u+p 
is a good candidate but it has not yet been looked at in any detailed way. 

file:///f/J/JXP
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Conclusions 

Experiments on weak-Ell interference are powerful tools at LEP to probe 
the structure of the electro-weak neutral current with accuracy and discrimina
tion : 

(1) if the Ueinberg-Salam theory is correct on the 100 GeV seal", it can be 
tested through lepton and quark couplings and bosons masses M ). A typi
cal precision is A(sin20 ) = 0.002. 

1 w 
(2) if nature is different, measurements can disentangle the various couplings 

and investigate possible "Z°" structures up to ̂  275 GeV in mass. 
+ - ± — 

(3) e e ->• W e+ v is measurable. 
+ — + — 

(A) e e •> W W is a fundamental process which can test gauge theories in a 
unique way. By itself it calls for the highest LEP.energy (> 100 GeV per 
beam). 

(5) new charged leptons can be searched for reliably up*to a mass of ^ 80 GeV. 
(6) the number of low-mass stable neutral leptons can be measured. 
(7) Higgs particles can be searched for efficiently in a missing mass experiment 

up to a mass of 'v 100 GeV and their decays can be subsequently studied. 

(8) Two-photon processes can he handled and may provide interesting physics 

(9) QED can be tested to q 2 ^ 2X0k GeV2 

* * * * * * 
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