SLAC-PUB-2435
November 1979

(T/E)

SEARCHING FOR HEAVY LEPTONS *t
Martin L. Perl

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

Table of Contents

1. Beyond the T ?
A, Status of the T
B. Sequential Charged Leptons Beyond the T
C. Other Heavy Charged Leptons at PETRA, PEP, CESR
D. Charged Leptons with Mass X 20 GeV/c2
E. Unstable Neutral Heavy Leptons

F. Stable Neutral Heavy Leptons

2. The z0 and Beyond;
A, 20—t 4 o1
B. Use of R,0 and FZO

C. 1If Heavier z0's Exist

3. (Clashing e+e_ Linacs and the SLAC Linac-Collider Proposal.
A. Comparison of ete” Storage Rings with ete” Clashing Linacs
B. SLAC lLinac-Collider: General Description

C. SLAC Linac-Collider: General Physics
4. Acknowledgments

5. References

*Presented at the Topical Workshop on the Production of New Particles
in Super High Energy Collisions Ys=102-10° GeV;

University of Wisccnsin, Madison, Wisconsin, October 21-24, 1979.
1.This work was supported by the Department of Energy under Contract
Number DE-AC03-76SF00515.



-2-

This talk was presented at the University of Wisconsin Topical
Workshop on the Production of New Particles in Super High Energy
Collisionsﬁ The spirit of the Workshop was speculative and this talk
is in that spirit. The known leptons were discovered in very different
ways and we can only speculate about the ways in which other and heavier
leptons can be found. Indeed we do not even know if there are leptons
beyond the tau.

1. BEYOND THE T

1.A. Status of the t:

The status of the T has been recently reviewed in detaill;
therefore I will give a brief and qualitative discussion. All measure-
ments are consistent with the t having the following properties:

a) spin 1/2, charged, Dirac, point particle;

b) obeys conventional quantum electrodynamics;

c) obeys conventional weak interaction theory;

d) has no strong interactions; and

e) has a unique, conserved lepton number.

Hence the t is a sequential2 charged lepton to the best of our knowledge.

There are three interesting new pieces of data on the T.

a) The Mark J collaboration’ at PETRA has measured the t pair
production cross section olete™ » t7t7) up to Ecm=31 GeV. Within the
statistics, which are still small, the cross section is consistent
with the T being a spin 1/2, Dirac, point particle obeying conventional
quantum electrodynamics. For example in an E.p region near 30 GeV they
find about 20 events and their measured 0(é+e_ > T+T-) in that region

agrees with the t being a point particle, We assume a form factor?



Ft(Ecm) which modifies the theoretical cross section as follows:
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Then the‘Zs.d. limits on the deviation of FT from 1 are roughly * 20%.

b) The SLAC-LBL Magnetic Detector Group has found" the Cabibbo
suppressed decay mode T > K*(890) + V.. The measured branching ratio
of roughly 17 is in agreement with theory.

¢) The PLUTO Group® has done a spin-parity analysis of the decay
T *> po + 7+ v. The pOr Dalitz plot distribution is consistent with
JP2==1+0 or 2°1. The pon mass distribution excludes 2 1 but is consis-
tent with 1+O if an A, resonance is assumed.

There is still a great deal of research to be done on the Tt:

a) The e+e— + T+T— cross section should be measured with good
statistics at PETRA and PEP energies to test the point particle nature
of the .

b) The t lifetime should be determined to measure the 7 - v,
coupling and see if the coupling constant equals the Fermi constant.

c) Experiments should be done with the v .. The most promising
method for producing vT's is to allow a high intensity, multi-hundred
GeV, proton beam to "dump" in a high density target. In this "beam

dump" experiment we expect the following reaction sequence to occur®

p + nocleus —+ F + anything
F > 1+ v, 1)

T > v, + other particles
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Here F is the charm meson. The vT's along with&ve's and v_'s would
escape the beam dump, and a neutrino detector downstream of the dump
would detect the vT's and exhibit their interactions. Thg problem of
separating Ve interactions from Vo, or v interactions may be difficult.®
d) To show that the 1 is definitely a sequential hea

it is still necessary to show that v, is different from V- This can
be done by the V. experiment described in c¢) or by an experiment using
a v, beam.

e) The present upper limit on the v, mass is 250 MeV/cz; either

a smaller upper limit or a non-zero mass should be established.

1.B. Sequential Charged Leptons Beyond the T:

Searches for sequential charged leptons with masses greater than
the T have been carried out at SPEAR and DORIS and are now being
conducted at PETRA. Three search methods are used:

a) e or u+ hadron events from the production and decay sequence

et +e o Lt + L~ 1)
eor g+ v's hadrons + v's
+ -
b) e p?t events from
et+e” » Y+ 1T (2)
e + v's u+ v's
¢) an increase in R from
e +e - Al + L” (3)
anything anything

+_
Events of type a) or b) must, or course, be distinguished from T T events.



In ¢)

R = o(é+e— -+ anything except e+e—, u+u—) €4)

+ - + -
og(ee »uun)

where ¢ is the indicated cross section.

We have comprehensive data from SPEAR up to an E_, of 7.4 GeV.
Allowing for threshold inefficiencies for a lepton with a mass near
3.5 GeV/cz, this data shows that there are no additional sequential
cahrged leptons beyond the t with masses less than 3 GeV/c.

Searches for sequential charged leptons are being conducted at
PETRA up to an E_ of about 31 GeV; and in early 1980 those searches
will be extended to an E., about 38 GeV. No evidence for the existence
of sequential charged leptons has been published; and some evidence
has been presented against the existence of a new sequential charged
lepton in the lower and middle energy range of PETRA.8 Additional
evidence against the existence of a new sequential charged lepton in the
lower energy range of PETRA comes from the Mark J measurement3 of the
é+e" > T+T— cross section near 30 GeV (See 1,A). For example: a sequen-
tial lepton of 5 GeV/cz'mass would produce tau-like events and be counted
in the T pairs cross section, On the other hand a sequential lepton of
say 12 GeV/c2 mass would not give tau-like events at 30 GeV. However,
all these searches are based on low statistics and are somewhat insen-
sitive because the detector triggers used to acquire the early PETRA
data tend to ignore events with low multiplicity and/or low total Visable

energy. Therefore there is still hope that a new charged sequential

lepton might appear in the PEP and PETRA energy range.



1.C. Other Heavy Charged Leptons at PEP, PETRA, CESR:

Since the discovery of the t, search methods for heavy charged
leptons tgnd to emphasize sequential lepton properties. However, one
can devise other types of charged leptons, aome of which might have
properties less sensitive to the search methods outlined in Section 1.B.
Some possibilities are:

a) leptons which decay via Li >t + Y, where £ is an &, p or T3

b) 1leptons which decay primarily with only one charged prong or
with very little visable energy;

¢) 1leptons which decay only to neutrinos and hadrons, not to
other leptons;

d) spin O lepton-like particles such as the scalar, supersymmetry
theory, leptons described by Farrar and Fayet;g’Io

e) stable or long lived leptons..

We note that possibility e) is severely limited by PETRA measurements?3
on the e+e- -> u+u_ production cross section which show that only one
mu-like lepton with mass less than 15 GeV/c2 exists. For example, the
production of a pair of 10 GeV/c2 stable leptons would lead to a pair

- of collinear; highly penetrating tracks; hence the event would look
like a p pair. Such events would be easily observed, and then their
low momentum would immediately call attention to their anomalous nature.

Therefore in searching for new charged leptons at PEP, PETRA and
CESR, it 1s important to.use general and sensitive search methods.

For example, the leptons in b) would have an inefficient trigger, and
in c¢) would appear to be Hadrons. Indeed this brings up the question

of what is a lepton. I define it? as a particle with weak and electro-
‘ p p

magnetic but not strong interactions, which acts as a point particle in



+ - -
e e -~ L+L . Of course higher order weak and electromagnetic interaction
diagrams must be taken into account, if required, as is done in g-2

comparisons of theory with experiment.

1.D. Charged Leptons with Mass X 20 GeV/c2:

In the next few years, searches for charged leptons with masses
2
greater than 20 GeV/c™ must be done at proton accelerators. Three
production methods are possible:

a) Hadron-Hadron Collisions: New leptons can be produced in

p + nucleus collisions in fixed target experiments or in p + p and

p + p collisions in colliding beam machines. Unfortunately there are
no clear signatures for new lepton production in these completed
collisions, and the new leptons will be submerged 11512 ip an ocean
of e's, p's and hadrons. Hadron-hadron collisions are not a practical
search method for new charged leptons.

" 'b) Photon-Hadron Collisions: The Bethe-Heitler process

¥ + nucleus - L+ + L7 + anything (2)

seems to be a somewhat more fruitful way to searchl3:1%  for new
charged leptons, However there are still enormous backgrounds; and
the only feasible search method!* is to select events in which the
"anything" in Eq. 2 has very low multiplicity and s e+ + v's,

L™ > u + v's or visa versa. that is, uie:F is the L pair production
signature. However even this is very difficult as is demonstrated by
the fact that the T has not yet been detected by this method because
charmed particles produce a pie; signal that 1is several orders of

magnitude larger.



¢) v ~ Hadron Collisions: If a new charged lepton couples to

u’ Vg Vg» V. OT GT then the production reaction

+
v + nucleon -+ L + anything 3)

can occﬁr. The cross section depends upon the mass of the L, the v
energy, and the strength of the coupling of the v to the L lepton.
Since in general we expect no coupling between a v and an arbitrary
lepton, this is a very restrictive search method. But if there is a
new L which couples to a v this is a powerful search method. Thus
charged lepton search methods at proton accelerators are either very
difficult or very restrictive. Definitive searches for new charged
leptons with masses above 20 GeV/c2 require new higher energy ete”

colliding beam machines.

1.E. Unstable Neutral Heavy Leptons:

We can conceive of various kinds of neutral heavy leptonszz’16

a) TUnique, Conserved Lepton Number: If the LO has a unique,

conserved, lepton number it can only decay if there is a lighter 20
+
or £~ with the same lepton number. In that case, examples of decay
modes are
0 > O sctre
L0 g 20 + hadrons

_ . (4)
L™ + g +e + ve

L + ¢ + hadrons

If there are no lighter particles with the same lepton number the L0

‘will be stable as discussed in Section 1.F.



-9-

b) Non-Unique Lepton Number: If the L0 shares a lepton number

with a lighter known lepton, such as the e, then decays such as the

following can occur:

2 > v +etee
e
0
L” =+ v_ + hadrons (5)
0

.Y =+ e <+ hadrons

In Section 1.D. we pointed out that it is very difficult to search
for heavy charged leptons at proton accelerators; it is equally diffi-
cult to search for heavy neutral leptons at such machines. Indeed, it
is probably more difficult because photoproduction cannot be used.

Again the exception to‘these statements is the case where the L0 couples

to vy Vs Vg OT V- The only general and powerful search method for

neutral heavy leptons is the e+e_ reaction

et + e > neutral current - 0+ 10 (6)

shown in Figure 1,

We will use Weinberg-Salam theory!8

et Y to estimate this cross section:
ZO
- cZE? v
cm
- + — 0:-0y_

-y Oe, Ve a v Lo O[E e >L'L )— 2
96 E2 _ M2 + M2 r,2
12-79 3741A1 cm 2 Z°Z

Figure 1. 2 2 2 2
_ x [ve+-ae v +ap [Tl (7)

Here GF is the Fermi weak interaction coupling constant (1.02x 10-5/

\ . 0 . 2 s
Mgrotonj’ M, is the Z~ mass which we take as 90 GeV/c™, and PZ is the

20 width. a and v are the coupling constants as defined by Ellis;18
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for example a, = -1 and Vo= -1+ 4 sinzew. [T] is a threshold
factor which takes account of the non-zero mass of the lepton.
Applying Eq. (7) at PETRA and PEP energies (ECm < 40 GeV)

we simplify as follows:

MZ > L )
2 2
["e + ae] s 1 (8)
2 2
[ZL + aﬁ] x 1
Of course the last approximation in Eq. (8) is just speculation.
Then 2 2
GF Ecm
a(ete” » Loio) = — (9a)
96m
F Een
Rete™ 1919 = — & 2x1079 4 (9b)
2.2 cm
12817 a
where E__ is in GeV,
cm
At the maximum PETRA or PEP energy of 40 GeV
+ - 0-0
R(e'e -+ L 'L, max at PEP,PETRA) =~ .005 (10)

which is much too small a signal to detect. For example, a year long

run (200 days) at a luminosity of 1031 cm—z sec_l yields 50 Loif)pairs.

One might observe a few strange events from decays such as

Lo +> L+ e+ + Vo (11)

]——‘4—-{-\, +\’
H u

0
But it will not be possible to establish the existence of this L at

L

PEP or PETRA. The only way an LO can be found at PEP or PETRA is if

o



its production is enhanced through the sequence

et +e” > thar- (12)

L0 + anything

where the L'L™ pair production has R=1 and the branching ratio for
* -0 o
L™+ L" might be 10%.
Thus the only way tc make a general L0 search is to go to e+e-

collisions at energies above the PETRA-PEP range.

I.F. Stable Neutral Heavy Leptons:

The most difficult leptons to detect are stable neutral heavy

leptons. Even the general search method

+ . - 0

e + e -+ neutral current - L + io

1s not useful because there is no way to detect this reaction directly
(see however, Section 2.B.). Indirect production of the 10 via Eq. (12)
can be detected but this is a special case.

A search method for stable or almost stable neutral leptons at
proton accelerators has been proposed by Shrock.19 This method uses a
~ beam dump for L0 production, a neutrino-type detector and precise timing;
0

The sensitivity of such a search method is not calculable since the L

production process is in general not knowm,

2. THE Z0 AND BEYOND

The obvious solution to most of the problems of searching for

large mass charged leptons and any mass neutral leptons is an e+e“
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colliding beam storage ring20221 with

E 2 several hundred GeV
em °

(13)

g?(luminosity) ~ 1032 cm,—2 sec_1

An example of such a machine is the LEP design22 which has aﬁ ultimate
Ecm of 260 GeV if superconducting cavities are used for the radio-
frequency (RF) power. Otherwise the ultimate Ecm is 186 GeV. The
construction of such a machine is a very major undertaking for several
reasons.

a) Cost: The recent LEP proposal22 has a construction cost of

1.3x10°

Swiss francs and a yearly operating cost of 108 Swiss francs.
Half of the operating cost is electric power; hence this part of the
operating cost could increase rapidly in the future,

b) Construction Time: The estimated construction time is seven

years;22 hence we cannot expect such a machine to be working before the
late 1980's.

c¢) Size and Complexity: One measure of the size of the machine

is its diameter of 10 km. Another measure is that it will use 128 MW
of RF power at Ecm==186 GeV (with room temperature RF cavities),

A tremendous amount of very basic elementary particle physics23
can be done with this type of e+e* machine, Therefore it is crucial
that such a machine be built and that it be started as soon as possible,

However, even if construction of this machine is started soon,
we will still have to wait a decade before effective heavy lepton
searches can be made with this machine. 1Is there a way to accomplish

sooner at least part of our heavy lepton search goals? There is a way,

if the Z0 with a mass MZ of about 90 GeV exists! Then we can search
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for all leptons with mass ML where ML < MZ /2 using the reaction

e++e—->zo—>L+I__. (14)

As we sho% in the next sections the ZO has two valuable properties
with respect to heavy lepton searches:

a) A luminosity enhancement of about 100 is obtained. This allows
a simpler and cheaper é+e_ colliding beams machine to be built faster
if its maximum Ecm is just above the Z0 mass.

b) A definitive search for neutral leptons can be made.

Of course such a machine does not have the heavy lepton search
capabilities of a LEP type machine because the latter has twice the

energy range.

2.4, 29141

If M < MZO/Z the reaction (Figure 2)

efve » 20 5 T (15)
et * '
20 has the cross section
- 2 4
G, M r
e- Oe Ve oL VL L o(e+e_ L+L_) - £ Z vz + az]
2 e e
96m T- L
1279 174142 Z
Figure 2, 2 2T
x [VL + a; il (16)

This equation comes from Eq. (7) with Ecm=MZ' We have ignored the

+ - .
L L production via a virtual photon. Using

(17)



2 4
G_ M
o(é+e- - L+L-) ~ F g [T] (18a)
96%T
Z
2 .6
' G_. M
R(e+e‘->L+L’) ~ F_Z [T] : (18b)
2 2.2
12877a"T
Z
Finally using
tl] ~ 1
2
M, = 90 GeV/c (19)
Tz = 2,5 GeV (see Section 2.B)
we obtain
- + -
RGeTe™ > L'L7) =~ 130 (20)

This is the luminosity enhancement factor mentioned at the end of the

last section. Also

olete™ + 1117y &~ 1.4x10733 o (21)

Next we calculate the luminosity required for a heavy lepton
search., We need 100 identified events to establish é new lepton.
Assuming that 5% of the produced new lepton pairs can be so identified,
we need 2000 produced lepton pairs. If the search is to be done in one

year we require

LL pairs . 1 year 1 day _ 10—4 LL pairs produced

year 200 dgys 10° sec sec

2000
Thus we need a luminosity of

@ x 0 %/sec)/A.bx10"33 5
’ (22)

1029 cm'-2 secml

Y
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32 -2 -1
cm

This is much smaller than the usual design luminosity of 10 sec

1 - -
or the expected average luminosity of 103 cm 2 sec 1 of a LEP type
machine. Hence the use of the Z0 substantually eases the luminosity

requirements on such a machine.

2.B, Use of RZO and T20=

At the Z0 we expect palr production of all the fundamental leptons

and quark. For example we expect

e+ +e Z0 -»> e+ + e
etre > 20 5o v +3
e e
etre » 20 S u+ + u
(23a)
etre » 20 5 v 4y
H H
- + -
e+ +e - Z0 > 1T + 7
and
+ - -
e + e -+ Z0 + u + u
+ - 0 -
e + e > Z +> d + d
(23a)
+ - -
e + e > z0 +> s + s

. L] .

0

Each cross section is proportional to V% + ag] where Vf and a. are
the coupling constantsls>for the 2 -f-f

vertex, Here f represents
any of the fundamental fermions such as e, Vgs Hs oo Uy d, S, ...

2
In Weinberg-Salaam theory [%f +a§] is or order one so that all the

cross sections in Eq. (23) are roughly the same size.
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Ignoring QCD corrections and threshold effects, the total cross

0.
section at the Z is!8

2
+ - 0 _ F 2 2 2 2
o(e e +2Z =»all) = 5 [Ve + ae] Z [Vf + af] (24)
Z .

where the sum is over all the fundamental fermions. The total ZO

width is 2
GF M

N W

I‘(Z0 > all) =

= [

241v2 £

Inserting ' from Eq. (25) into Eq. (24) yields

2 2]

121 [Ve + ag
2 2 L .2
M, Z [vf + af]

f

c(é+e— > Zo + all) = (26)

Eduation (25) provides a method in principle of searching for all
leptons with conventional weak interaction couplings and masses less
than MZO/Z. Measuring (Z0 - all) and knowing M, and GF allows us to
calculate zf: [V§ + ajzf]. If the known leptons and quarks do not
explain the total value of [v% + a%] then there are missing
leptons or quarks; and delibirate searches can be made for these
missing particles. Let's estimate the magnitude of this effect.

The average value of [v% + a%] is

<[v§+a§]> N 24x1.4 ~ 36 (28)

or larger if there are more fundamental fermions. The effect of one
additional lepton would be an increase of 1/24 x 47 in I‘(Z0 -+ all).
Unfortunately this 4% effect is not easy to measure; thererare
statistical errors, systematic errors, radiative corrections, and

perhaps QCD corrections.
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. 2 2
Equation (26) cannot be used to precisely calculate 2{: ve + ag
f

because we cannot completely measure o(e+e— > 20 5 all). Reactions
+... - - -
such as e e = veve, vuvu, vTvT contribute substantially to this cross

section; -yet they cannot be detected. We can only measure a lower

1imit on (e+e— > Z0 + all) and hence an upper limit on :E: [}é + ag]
£

0,

2.C. If Heavier Z"'s Exist?

It is obvious that the existence of heavier Zo's allows us to
extend the heavy lepton search to higher masses. Since finding Zo's
is much more feasible than finding leptons at proton accelerators, one
can visualize the following grand strategy for lepton, or indeed quark,
searches:

a) Use p+p or p+p colliding beams machines to find heavier
z0's, These machines are the cheapest way to get to higher Ecm'

Build the cheapest and simplest e+e_ colliding beams machine to
get to that new z01

¢) The required e+e_ luminosity can be estimated as follows,
from Eqs. (18a) and (25),

0 constant

+1LL) = (29)

T

also j{: [%? + aé] is proportional to the number of fundamental
f

o(e+e_ -7

fermions Nf. Hence

o(ete” + 20 » 1f) = <constant (30)

2 2
Mz' Nf
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Using the 2000 produced LL pair criterion that led to Eq. (22)

2 2
- MMl 29 2 g
Z(required to find non-LL pair) = 0| |3z 10" cm “sec” (31)

Thus the required @ increases as sz or Nf increases, so that the
technology for building the required cheap and simple e+e_ colliding

beams machine must be improved.

4+ -
3. CLASHING e e LINACS AND THE SLAC LINAC-COLLIDER PROPOSAL

We return to the question of how to build a relatively simple and
cheap e+e_ colliding beams machine whose Ecm reaches the 70 mass (90 GeV)
and whose luminosity at the Z0 is at least 1029 cm_2 secul. There are
two directions being investigated these days:

a) Moderate luminosity (1030- 103! cn 2 sec'l), E_ =100 GeV
é+e—, storage rings are being discussed at DESY and Cornell. The saving
of money and construction time compared to the LEP type e+e_ storage
ring is obtained by the lower maximum Ecm (100 GeV compared to roughly
200 GeV) and by economies of scale and facilities.

b) The SLAC linac-collider proposal, in which the e+ and e
bunches are not stored and collide just once.

This audience is well acquainted with the general design of
e+e- storage rings; but the linac~collider proposal involves ideas
new to many of you; therefore I will devote the remainder of this talk

+ -
to a general description.of clashing e e linear accelerators and the

linac-collider proposal.
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3.A. Comparison of Storage Rings with Clashing Linacs:

A general review of clashing linear accelerator ideas and theory
has recently been given by Amaldi.2% He also gives a full set of
references to the contributors to the field and its history. A brief
review has been given by Richter.2! Here I will present a qualitative
comparison of the two types of e+e_ colliding beam machines.

a) ofe” Storage Rings: In a storage ring, Figure 3, the lumin-

osity of all interaction regions

combined is

{0 = interaction Region 2
n Nring ring
Lring = A (32)
ring

Here n is the number of inter-
action regions; N_, is the
ring
+ - .
number of e or e in a bunch;
A . is the cross sectional area
ring

of a bunch; and fring==c/(2nR)

where ¢ is the velocity of the

light and R is the ring's radius.

3741A3

For a fixed radius the RF voltage

Figure 3. required to make up for the beam

energy lost through synchotron radiation is proportional to the fourth

power of the beam energy. This means that in an optimum designzo’ﬂ’23
2
R « Ecm (33)
and
2
cost « R « E ' (34)
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+.. —
b) e e Clashing Linear Accelerator: In an e+e clashing linear

accelerator machine, Figure 4, the luminosity is given by

2
linac f1inac (35)
linac s
linac

interaction Region

: JE;E:L¢ — where flinac is the linear accel-

e L —— o L — :

. m erator pulse rate. Note that the
Figure 4.

bunches collide just once. The
length of one of the linear accelerators is L; and the cost is

roportional to E
Pv P cm

cost = L « Ecm (36)

c) Cost Comparison: Figure 5 shows a qualitative comparison of

the cost of a storage ring and a

clashing linac., At present we do

| /

not know where the cross over Storage Rings /

occurs; knowing enough to calcu-

/

Clashing
// Linacs

late that cross over point is omne

of the major objects in developing

CoSsT

clashing linac technology. (See //
Section 3.B.). However, if we /

look at the roughly 2x 109 Swiss //

o

franc cost of an ECm =~ 200 GeV

. 2-% Ec.m. 374145
type storage ring, using Eq. (34)
Figure 5.

(cost « Eim)’ we know that we

must either develop a new technology such as clashing linacs or soon

+ -
reach an energy ceiling in e e physics.
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d) Luminosity Comparison: To give a general idea of the

requirements on a clashing linac we will make a crude comparison with

an Ecn==200 GeV LEP type storage ring. For such a storage ring N

is 5% loll,to 1012 particles per bunch; we will use

ring

o 12 . |
Nring 107° particles/bunch (373)
also
A ~ 41 x 100p x 30y ~ 104nu2- (1 = micron) (37b)
ring ?
3 x 108 m/sec 4
f i 3 = 10 Hz (37¢c)
ring 30 x 10° m
n ~ 10 interaction regions . (374d)

In a linear accelerator purposely build for a chashing linac we expect

N 1022 particles/bunch (38a)
linac

3
fl inac 10° Hz . (38b)

Then from Eqs.” (32) and’ (35)

2
Zlinac | 10! 103 || aTine | 4| aTinE
z = 12 4|| & ~ 10 13
‘ring 10 10 10 linac linac:
For the same &, using Eq. (37b)
linac Aring = T .

If the linac beam has a circular cross section of radius r

Alinac ~ wrz ~ U

and ' ' (39)

r ~ 1lu
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Equations (38a) and (39) state the crucial requirement on ete” clashing
linac technology to obtain a luminosity equal to the total luminosity of

+ - .
an e e storage ring. We must learn to make, accelerate, steer, focus

and collide e and e+ bunches with 1011 particles per bunch and with

one micron transverse dimensions at the collision point. Studies now in

3.B. The SLAC Linac-Collider: General Description:

B. Richter has proposed a very ingenious application of the
clashing linacs principle to the existing SLAC linear accelerator.

This proposal, shown schematically in Figure 6, contains the following

elements:

a) Using the SLED mode?S of
Interaction Region

operation of the accelerator the
accelerator energy is raised to
about 50 GeV.

b) The e bunch and the e+

e* Source bunch are accelerated in the same
e* Booster
L - accelerator pulse, one bunch follow-
nac
SLED T Mode 1 h h 4 h 1
E= 50 GeV |+ e* Transport ng the other one down the accelera-
Line (Inside
Linac Tunnel) tor separated by a distance of the
Y
order of tens of meters.
- +
¢) The e and e bunches are
transported in opposite directions
e by the roughly circular transport
le—e* Damping Rin
e~ Source amping I|g

system to the interaction point.

Figure 6. d) At the interaction point

the bunches, which were of the order of 100 y in transverse dimensions
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as they left the linac, are focussed by the transport system and
interaction regions quadrupoles to transverse dimensions of the order
of one p.

e) -The e bunch with = 5 x 1010 particles is produced by an
improved e source.

f) The e+ bunch with = 5 x 1010 particles is produced in a more
complicated way. Several e bunches follow the primary e~ and e+ bunch-
es through the accelerator. These secondary e bunches are steered into
a positron source. The e+ so produced are accelerated to an energy of
~1 GeV and transported to a damping ring. This ring reforms the phase
space of the positrons so that an e+ bunch with wuitable phase space and
intensity can be injected into the linear accelerator.

The design of this proposed linac-collider is in its early stages.
A number of physicists and engineers at SLAC are working on the overall
theory, on detailed engineering designs of the transport system, on
experiments with the quality of the linac beam, on an improved electron
source, on the design of the damping ring, and on other aspects of the
proposal. Therefore I can only give here very rough and preliminary

parameters for the linac-collider.

E & 2 x50 GeV = 100 GeV

cm
o~ e . 1al0 .
N = 5 x 10"~ particles/bunch
f = 180 Hz (40)
0. = 2y
2 _ -
Z = N fz = 1030 cm 2 sec 1
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Here oL is the root mean square transverse radius of the bunches.
The length of the bunches will be several mm. By further SLED type
improvements, the addition of more klystrons to the linear accelerator,
and other improvements, it is possible in principle to increase the Ecm
to abouf 130 or 140 GeV. The luminosity might also increase through
the focusing effect that one beam has on the other and through the
increase of N, the particles per bunch. The numbers given in Eq. (40)
are for one collision point; additional collision points are being

considered.

3.C. SLAC Linac—-Collider: General Physics:

I have discussed the Z0 with reference to the finding of new
leptons and the study of their properties because leptons were my
assigned topic at this workshop. However, it is obvious that there
is a tremendous amount of physics23 that can be done with the general

process

eFre > 20 everything (41)

One can study quark and hadron physics, look for new quarks, do QCD
tests, study weak interactions, test QED, etc. One measure of the

richness of the physics is the event rate. Using

R(é+e- > Z0 + all, radiatively corrected) =~ 3000

(42)
¢ = 1030 o::m-'z.sec—1

we obtain

Events/hour =~ 100 7 (43)



25~

This is about the same event rate that occurred at SPEAR and DORIS.
It is obvious that a great deal of physics can be done with such a rate.
There is a question that is faced by those who propose this
linac—collider or by those who propose moderate luminosity, Ecm::IOO GeV
e e storange rings. What if the Z0 does not exist or what if its mass
is far beyond 100 GeV? My answer is twofold:
a) If the Z0 does not exist or if its mass is far beyond 100 GeV
then some very strange things are going on in the Ecm==50-100 GeV range.
It will be crucial for physicists to study this region via e+e- inter-

actions as soon as possible.

b) If there is no Zo, R at 100 GeV will be about 7 for

+, - +

e +e > ¥y - hadrons or 11 (44)

This yields about 5 events/day for & = 1030 (:m-2 sec_1 at Ecm==100 GeV.

One can still do very interesting physics at this rate. For example:
1000 events will be acquired in a year; R can be measured to 3%; and
one can definitely determine if new charged leptons or new charge 2/3

quarks have been produced.
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