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PEP NOTES
FELLOWSHIP OF THE RING

The competition for second-round proposals

for PEP detectors which began last October (see

the November-December 1977 Beam Line) concluded

on the last Sunday in January as the Directors

of SLAC and LBL acted upon the recommendations

of the PEP Experimental Program Committee.

The results were three nods of approval, a

smile and encouraging words for five of the ten

proposals considered.

The High Resolution Spectrometer (PEP-12),

the Free Quark Search (PEP-14), and the Monopole

Search (PEP-2) were approved. The Crystal Ball

(PEP-18) was deferred, with the proponents ex-

pected to continue planning for its use at PEP

while the detector's capabilities are demon-

strated in its scheduled running at SPEAR. The

Muon Polarimeter (PEP-16) was deferred, with en-

couragement to resubmit as high luminosity is

obtained at PEP, as the detector components are

demonstrated, and as the early lie of the phys-

ics landscape is seen.

There are no present plans to call for anoth-

er formal round of proposals for PEP detectors.

Instead, the Committee will receive new propos-

als whenever submitted, and will schedule con-

sideration of these as seems appropriate.

The next step for these new approved detect-

ors is the same as that already followed for the

four approved in April 1977. Negotiations will

begin to prepare budgets and schedules, and to

assess other demands upon the PEP experimental

program. The EPC is scheduled to meet again in

September to review the agreements that have

been developed in these negotiations.

Although it has not yet been firmly decided

which detector will go where at PEP, and when,

much can be said about the illustrious group

referred to in the title of this article. PEP

will have 6 interaction regions where the beams

will collide. One of these (Region 10) will be

small and hard to get to, and another (Region 6)

will be left wide open at the beginning so as not

to cramp the style of the more expansive facili-

ities. Both extremes can be found among the

total of 7 approved detectors.

There will be a tried-and-true general-pur-

pose workhorse in the shape of the Mark II,

which will move from SPEAR to PEP with a detect-

or that was born of the device, the Mark I, that

discovered the psi particles and the new charm

physics.

There will also be an avant garde facility,

the TPC, which is now being built at LBL. With

a powerful superconducting magnet, and with a

detection chamber that can identify particles

more completely than any other, this device will

inaugurate a new generation of refined colliding

beam experiments. Coupled with the TPC will be

the Two-Gamma facility, whose special magnets

and detectors will study the important and dif-

ficult class of events in which the beams inter-

act by photons instead of neatly annihilating.

The MAC facility will surround its interact-

ion region with 500 tons of iron and counters,

and will measure the energy carried by all of the

particles in every event. This will provide a

picture that is complementary to the view of the

general detectors.

Built around the superconducting magnet of

the 12-foot bubble chamber at Argonne National

Laboratory, the High Resolution Spectrometer

will provide an incredibly large volume of very

strong magnetic field. One application of this

analyzing power will be to sort out new states

of several particles that would escape the

"smaller" devices.

The Free Quark Search should provide a defin-

itive answer to the question of whether quarks

are produced in a reasonable way within the new

energy range that PEP makes accessible. Al-

though the question itself is simple, it is not

a simple matter to recognize quarks among all

the other particles that will be created at the

same time.

Perhaps even more bizarre than quarks would

be the discovery of a magnetic monopole--a bare

North or South magnetic pole--which is something

like the physicists' sound of one hand clapping.

Such a strange animal would show up in a unique

way in microscopically analyzed layers of plas-

tic sheets. This results in an experiment that

could fit unobstrusively into the small region

that has been reserved for PEP machine studies.

In total, the seven approved PEP experiments

form a comprehensive physics program, and also

one that has broad national participation by

U.S. experimental groups. PEP is certainly ready

to start fooling around with Mother Nature. Now

if it would only stop raining.
--Bill Ash
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SLAC WOMEN'S ASSOCIATION

EMPLOYMENT DISCRIMINATION: WHAT TO DO ABOUT IT

Cynthia Mertens, Attorney and Professor of

Law at Santa Clara University, addressed the

SLAC Women's Association on December 5, 1977, on

the subject of employment discrimination, which

is her specialty.

Professor Mertens explained that the primary

vehicle for discrimination law is Title VII of

the Civil Rights Act of 1964. This is a very im-

portant law, because other laws that one might

have thought could be invoked in dealing with

discrimination are not in fact relevant to many

cases. For example, the Equal Protection Clause

of the Constitution (the 14th Amendment) can

only be applied to cases where a State is in-

volved in the discrimination.

Up to now, the Supreme Court has not scrutin-

ized discrimination based on sex as closely as

they have that based on race, color or national

origin. This has been indicated by the Court's

ambivalence in their rulings where sex discrim-

ination has been charged. For example, the

Court does not consider many kinds of discrimin-

ation against pregnant workers to be illegal,

even though it clearly affects only one gender.

The Equal Rights Amendment, if passed, would

remedy some of the uncertainty in this area of

Constitutional Law.

Because of these factors, Professor Mertens

concluded that a woman who believes she has suf-

fered discrimination should file her claim under

Title VII.

Title VII (42 U.S.C., Sec. 2000, as amended

by the Equal Employment Opportunity Act of 1972)

makes it illegal for most employers to discrim-

inate with respect to any condition of employ-

ment, or against any applicant for employment,

because of race, color, sex, religion or nation-

al origin. Professor Mertens told the meeting

how people who feel they have suffered discrim-

ination can proceed with filing a complaint un-

der this law.

The Equal Employment Opportunity Commision

(EEOC) was set up by the Congress in order to

administer employment discrimination claims. It

has district offices throughout the nation. The

office nearest to SLAC is in San Francisco, and

they will send a "Charge of Discrimination" form

(OMB No. 124-R0001) to anyone who phones in for

one [(415) 556-1775]. In order to initiate a

complaint, you must fill in this simple form,

which asks you "to explain what unfair thing was

done to you and how other persons were treated

differently," and also "to list the employer,

labor organization, employment agency, appren-

ticeship committee, state or local government

who discriminated against you."

You must send the completed form to your

district EEOC office within 300 days of the in-

cident in question. The employer, etc., whom

you filed the complaint against will be notif-

ied of your complaint by the EEOC within 10

days of its receipt. The EEOC will also for-

ward your charge to the California Fair Employ-

ment Practices Commission (FEPC) for further

action. The FEPC then has 60 days in which to

try to resolve your complaint without litigat-

ion. After that time, the responsibility for

dealing with the complaint returns to the EEOC

(although the FEPC may also continue to work

on it). The EEOC then investigates the charge

itself. If the EEOC finds the complaint valid,

they will either try to resolve the matter by

conciliation, or file suit on your behalf, or

issue to you a right-to-sue letter.

In the latter case, your next step would be

to hire an attorney and file suit within 90

days. This means that you would have to find an

attorney who could either afford to foot the

bill or to accept a small retainer until your

case is resolved, which may take as long as

three or four years! (For more information on

Legal Aid, see the article "Women and the Law"

that appeared in the October 1977 issue of the

Beam Line.)

Professor Mertens pointed out that it is

illegal for a company to retaliate against an

employee who has filed a complaint against the

company. Unfortunately, however, this still

happens, and in more underhanded ways than just

the immediate firing of the employee. For ex-

ample, the supervisor might be asked to spy on

the employee and to keep a record of even the

slightest transgressions, which would then be

used later as reasons to fire the employee. In

order to avoid having such things happen, it is

essential that all workers at every level with-

in an organization be educated about the law

and their rights under it.

In Professor Merten's opinion, Title VII is

having some effect in combatting employment dis-

crimination: people no longer say directly that

we won't hire you because you're a black or a

woman; instead, they now tend to use more sub-

tle, indirect methods to keep blacks and women

out of traditionally white-male jobs.

Professor Mertens gave an example of how

job requirements that are not actually related

to a job can effectively discriminate against

women. Suppose that 80% of men can lift and

carry 80 pounds but only 20% of women can do

so. If the employer requires that his employ-

ees be able to carry this weight, but in fact

none of the employees is ever actually required

to do so, then the employer would be guilty of

sex discrimination.

Another subtle form of discrimination can

occur during the hiring process. According to

psychological tests, job interviewers tend to

hire people like themselves because they be-

3
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lieve they will feel more comfortable with such

people as co-workers. So if an interviewing

group consists wholly of white males, qualified

female or black applicants may be at a disadvan-

tage, and people are going to have to make a

conscious effort to overcome these discrimin-

atory attitudes.

The last example of indirect discrimination

cited by Professor Mertens was the fact that

employers generally prefer to hire the most

qualified person for a job. Because women have

only recently begun moving into traditionally

male jobs, they often have less experience than

the other applicants, and for this reason they

may not be hired even though they are fully

qualified for the specific job in question.

Thus women often wind up taking jobs that do not

fully use their qualifications. The courts are

presently dealing with several cases of this

kind, and are trying to find a reasonable bal-

ance between how useful one expects a new em-

ployee to be and the impact of these expecta-

tions on the number of minorities and women that

are actually hired.

In summing up, Professor Mertens stressed
the fact that women and minorities still have a

long way to go before they achieve complete

equality in the workplace, and that we must all

be committed to the aims of affirmative action
if equality is to be achieved in the foreseeable

future.

The Women's Association would like to thank

Professor Mertens for her interesting talk on

employment discrimination. --Cherrill Spencer

The atomic bomb is the biggest fool thing

we have ever done. The bomb will never go off

and I speak as an expert in explosives.

--Adm. William Leahy to President Truman, 1945

The sign in this photo by Bob Hanselman says,

"View Point, Lake Rees, El. 273 Ft."

LAKE REES

Many SLAC employees may not have had the

opportunity to take in some of the more entran-

cing vistas around the site. We do have a

changing panorama, at times, in areas that are

not on the normal scenic-tour routes.

The accompanying photo of such a vista was

taken from the Loop Road, near the entrance to

the Main Control Building. The level of Lake

Rees rises and falls as the rains come and go,

and rumor has it that one water skier and 6

trout have been pulled out of its crystal clear

waters during the past several weeks.

Another pretty site, Gould Falls, was pres-

ent in all its glory for about a week, but some

large metallic earth-eaters eventually converted

it into a series of smaller rapids.

--Bob Hanselman

In science, one must search for ideas.

If there are no ideas then there is no sci-

ence. A knowledge of the facts is only val-

uable is so far as facts conceal ideas:

facts without ideas clutter up the mind and

memory.
--Vissarion Grigorievich Belinskii

[From The Harvest of a Quiet Eye, a selection

of scientific quotations by Alan L. Mackay.]
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THE STATE OF SLAG
W. K.H. PANOFSKY

Note: This is the text of the annual "State

of SLAC" talk that was presented to the staff on

February 7, 1978. Several of the illustrations

used in this written version of the talk are

different from those presented verbally.

A. THE BUDGET FOR FISCAL YEAR 1979

Today I am continuing what has now become an

annual custom, that is to talk with you about

the prospects for SLAC in view of the Federal

Budget that President Carter presented to the

Congress on January 23. In the past I have us-

ually tried to give a brief indication of how

the budget news is likely to affect SLAC's for-

tunes--good, bad, or somewhere in between. This

time such a simple description wouldn't really

apply to what is actually a very complex situa-

tion. I suppose the best short description is

that the proposed SLAC funding for Fiscal Year

(FY) 1979, which begins on October 1, 1978, con-

stitutes a "transition budget" between the way

of life that we're familiar with at SLAC and the

new situation that will exist once the PEP stor-

age ring comes into full operation.

1. Total U.S. Funding For High-Energy Physics

We had proposed to our sponsoring agency,

the Department of Energy (DOE), that the new

PEP program be treated as a straightforward add-on

to our present work at SLAC. However, the

FY1979 funding levels contained within the Pres-

ident's Budget imply that the PEP project will

be carried out partly at the expense of our on-

going activities. This is consistent with the

overall premises of the support for high-energy

physics nationwide, which is illustrated in

Figure 1.

From this figure you can see that the total

U.S. support for HEP, when measured in terms of

actual purchasing power* underwent a steady de-

cline from 1970 to 1975. There has been some

recovery from that decline during the last two

or three years with the initiation of PEP as a

new construction project. The President is also

proposing for FY1979 the start of construction

of the very large 400 GeV proton-proton storage

ring called ISABELLE at the Brookhaven National

Laboratory on Long Island. Even so, however,

when corrected for inflation, there is a small

fall-off in total funding from FY1978 to FY1979.

The general expectation in Washington

seems to be that the funding level set for

FY1979 is likely to remain more or less con-

stant for the next few years--that is, growing

enough to offset the effects of inflation, and

hopefully even a bit more. Thus on the one

hand it has been been encouraging to have the

new PEP and ISABELLE construction projects get

under way, since they will provide important

research opportunites in the years ahead. On

the other hand, it appears that there will also

be continuing austerity in utilizing the exist-

ing facilities and stiff competition between

different aspects of the overall program.

*Throughout this article, funding levels are

often given in terms of "Constant" or "Equiv-

alent FY1979 Dollars." These are based upon

the SLAC Cost Index (Table I below), which

accounts for the effects of inflation from year

to year on the specific mix of goods and serv-

ices that SLAC purchases. It is not strictly

accurate to apply the SLAC Cost Index to total

U.S. funding for HEP, nor to such cost categor-

ies as construction or certain kinds of equip-

ment. Nevertheless, the Index is applied to

these categories, simply to avoid having sever-

al different standards of comparison.]
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By the end of FY1979, the ZGS accelerator

TABLE I: SLAC COST INDEX at Argonne National Laboratory will have shut

down, and this will leave only three major DOE-

SLAC Cost Percent funded laboratories as centers of HEP research:

Year Index Increase Brookhaven, Fermilab near Chicago, and SLAC.

(The smaller laboratory at Cornell, which is

1970 113.7 5.2 funded by the National Science Foundation, is

presently converting its electron synchrotron

1971 121.0 6.4 into an 8 GeV electron-positron storage ring.)

1972 126.7 4.7 2. SLAC Recurrent Funding

1973 138.0 8.9 I would like to discuss the funding outlook

~1974 149.2 8~2 82 |for SLAC in two different ways. The first of

1974 149.2 8.2 these is "recurrent" funding, by which I mean

1975 167.8 12.4 the regular annual funding that supports all of

1976 177.6 5.8 our ongoing activities connected with the SLAC
197. .. linac and with the SPEAR storage ring. In the

19771 191.1 7.6 next section we'll turn to the special, non-

1978 207~.~2 8 .4 |recurrent funding associated with the Positron-
198 27.2 .4 Electron-Project (PEP). (The two figures that

1979 est. 229.0 10.52 show the difference between recurrent and total

SLAC funding appear together on the next page

lFY1977 covers a 15-month period. to make it easier to compare them.)

2Based on 1/4/78 Index projection. The recurrent funding proposed for SLAC in

the President's Budget is shown in Figure 2,

along with the funding levels from earlier years.

As can be seen from this figure, and also from
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the comparison given in Table II, SLAC's recur-

rent funding for FY1979 represents a decrease

in actual purchasing power of about 5% compared

with FY1978, even though the FY1979 dollar fig-

ure is about 5%, larger. We have not yet had

the time to analyze this situation in enough

detail to see what effect it will have upon our

regular program. It may turn out to be necess-

ary, for example, to cut back on accelerator

operations for FY1979--either in the number of

manned shifts we can afford or perhaps in the

number of beam pulses per second at which the

machine is run. Another possible response to

this funding decrease would be to reduce the

levels of support that we can provide to exper-

imenters in operation and development of re-

search facilities.

3. Total SLAC Funding

The total resources available to SLAC during

FY1979 will include a large amount of non-recur-

rent funding associated with PEP. When this is

added to the regular funding just discussed, the

overall picture looks dramatically different.

Figure 3 shows this quite clearly, and Table II

indicates in a little more detail how the total

funding for FY1979 is divided into its various

TABLE II: TOTAL SLAC + PEP FUNDING FOR FY1979

(Dollars in millions; excludes LBL PEP funds)

Financial President's
Funding Plan Budget

Categories FY1978 FY1979

RECURRENT FUNDING

Operations $31.225 $32.900

Capital Equipment 2.700 2.950

Gen. Plant Projects 0.900 0.900

Accel. Improv. Proj. 1.500 1.500

TOTAL RECURRENT 36.325 38.250

TOTAL in Equivalent 40.135 38.250

FY1979 Dollars

NON-RECURRENT FUNDING

PEP Pre-const. R&D 1.225 0.750

PEP Construction 29.400 14.700

PEP Pre-operations 0 4.000

PEP Exper. Equipment 7.000 17.000

Transformer Const. 1.700 0

TOTAL NON-RECURRENT 39.325 36.450

TOTAL in Equivalent 43.455 36.450
FY1979 Dollars

GRAND TOTAL SLAC 75.650 74.700

GRAND TOTAL in Equiv- 83.580 74.700
alent FY1979 Dollars

categories, and also how these compare with

the present FY1978 funds.

The two largest categories of PEP funding

for FY1979 are the $14.7 million earmarked for

construction work and the $17 million dedicated

to the preparation of the initial complement

of research equipment for PEP. In the next two

sections I would like to consider each of these

activities separately.

4. PEP Construction Funds

As you may remember, the construction of the

PEP storage ring facility jointly by SLAC and by

the Lawrence Berkeley Laboratory was initially

scheduled as a four-year project, with complet-

ion expected around April 1980. We have subseq-

uently found it possible to shorten this period

by about 6 months, but only if arrangements can

be made to have some of the total funding of $78

million advanced to an earlier fiscal year. This

would be a most desirable goal, for several reas-

ons, but at the present time it has not been det-

ermined whether the funding advance can be made.

Negotiations are presently in progress with the

responsible persons in the DOE and in the Con-

gress on this matter. We hope that the admin-

istrative arrangements needed can be worked out

to make possible the October 1979 turn-on date.

5. PEP Equipment Funds

Although all of the funding for the construct-

ion of PEP flows through the SLAC business office,

only a relatively small fraction is actually

spent here or is used to pay the salaries of SLAC

people. The reason is the obvious one that the

great majority of the work of constructing PEP

is necessarily done by outside contractors and

sub-contractors (even sub-sub-). This same

situation is also true for the other large com-

ponent of PEP FY1979 funding--for experimental

facilities--but to a much lesser degree. PEP

will have six interaction regions where the

counter-rotating electron and positron beams

will collide with each other head-on. One of

these (Region 10) is deep underground, and will

generally be reserved for machine studies of the

storage ring itself. The remaining five regions

will each be occupied by experimental apparatus

of varying degrees of complexity, which will be

designed and built by the particle physicists

who want to study the new phenomena to which

PEP will provide access.

During the past year, we have completed, in

two phases, a strong competition within the

physics community to determine just which

groups will have the first opportunities to

build and use the new research instruments for

these five interaction regions. The second

phase of this competition was just completed

on January 29 at the meeting of the PEP Exper-

imental Program Committee, which advises the

Directors of SLAC and LBL on the merits of the

SLAC Beam Line, February 1978S-4
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competing proposals. The proposals that were

accepted at both the January meeting and the

previous meeting last April will be listed later.

The total DOE funding that supports the

construction of these experimental facilities

is about $7.6 million for FY1977-78 combined,

and is planned to be the $17 million figure

noted earlier for FY1979. Some additional fund-

ing in FY1980 will also be needed to complete

the work on all of these facilities. More mod-

est support will also be available from the 
Nat-

ional Science Foundation and some institutions.

It is very difficult to judge, before the

development of detailed plans, just how much

of the work required to build this equipment

will actually be carried out at SLAC. This is

a matter that has to be worked out individually

for each case between members of the PEP and

SLAC staffs and the physicists who are respon-

sible for getting these new facilities into 
op-

eration. Such discussions eventually lead to

formal agreements that spell out in considerable

detail what part of the work is going to be done

where and by whom.

PEP equipment funds will also cover much of

the related costs of engineering and designing

the facilities, as well as their eventual in-

stallation in one of the interaction regions 
at

PEP. The joint responsibility of SLAC and LBL

in PEP also extends to collaboration in fabric-

ating and installing some of this equipment.

In view of the intricacies that I've just

described, it is difficult to give anything

more than a ballpark estimate of how the PEP

equipment funding for FY1979 will affect the

actual workload at SLAC. My very rough guess is

that something like 1/3 of this equipment funding

may wind up being spent in direct support of 
the

of the work done by the SLAC shops, technicians,

engineers and physicists.

6. Manpower Implications

I am sorry that time has not yet permitted

us to make a careful study of the possible per-

sonnel implications of the proposed SLAC funding

levels for FY1979. Clearly the total SLAC head-

count will not decrease, since the overall activ-

ity at SLAC will be growing. If we were to judgE

the matter purely in fiscal terms, and using the

two rules of thumb that 70% of operating costs

are payroll costs and that about 1/3 of the PEP

equipment work will involve SLAC staff, then the

apparent answer would be an increase in total

payroll of about 15% or, allowing for inflation,

a headcount increase of perhaps 5%. But I must

emphasize that this is really a seat-of-the-pant

first estimate. It will take a good deal of time

before enough information has been gathered and

analyzed to make the manpower picture become

clear.

Perhaps the knottiest problem in this area

is the question of how well the talents and

skills available at SLAC match those that will

be needed. Much of the increased activity at

SLAC will be originated by outside users, which

means that conceptual design will be done in

many cases before SLAC even becomes involved.

Some of these outside groups do their own detail-

ed engineering and design; others do not. For

this reason it seems clear that a large fraction

of whatever staff increase is needed during FY

1979 will be in the technician and craftsmen

areas, and much less in the engineering and

drafting areas. I should note again, however,

that the funding for the regular parts of the

SLAC program has actually decreased in terms of

equivalent purchasing power, and I am not yet

able to say how we shall have to adjust to that.

7. Summary

In giving you this total picture I do not in

the least intend to be pessimistic. On the con-

trary, the overall picture of SLAC is that of 
a

creative and expanding laboratory. But I do want

to try to present as realistic a view as possible

after learning so recently of the proposed SLAC

funding levels contained within the President's

Budget. I also want to give the usual caution

that the numbers I have shown here are not the

final budget figures that we shall actually get.

The budget has to pass through a long review

process in the Congress, and the Executive Branch

always has the right to make changes itself as 
a

result of further studies. Nevertheless, I do

feel that the chances are fairly good that any

changes that may occur will be relatively minor.

(I have been known to be wrong before.)

This completes what I have to say about

the funding outlook for FY1979. In the remain-

der of this talk I plan to discuss the following

three topics: (1) Some highlights of the PEP

program. (2) Why are there so many different

kinds of research instruments at SLAC, SPEAR

and PEP? And (3) some of SLAC's long-range

plans.

B. PEP HIGHLIGHTS

1. Interaction With The Regular Program

Let me begin by discussing the interaction

between PEP and the regular SLAC program. As

you may recall, the SLAC accelerator was shut

down for a period of about 3 months last summer,

and during that time the PEP beam-injection tun-

nels were spliced into the accelerator housing

at a point just ahead of the beam switchyard.

This work is shown in Figure 4. During this

same shutdown period several other important

e tasks were accomplished, including the install-

ation of the new Mark II detector at SPEAR, and

the installation of a very effective new inject-

or for polarized electrons on the main acceler-

ator (PEGGY II). All those who participated in
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these and the other tasks should be congratulat-

ed for getting near all of the work done with-
out delaying the turn-on date for the acceler-

ator.

During the coming year we will have almost
a repeat performance of this pattern. The ac-

celerator is scheduled to run continuously be-
tween now and the latter part of June, after

which a 12-week shutdown will begin. The major
tasks to be accomplished during this next shut-

down period are the following: (1) Installation

of technical components into the junction be-

tween the accelerator and the PEP beam-injection
tunnels. (2) Removal of the very successful

DELCO detector from the East pit of SPEAR and
installation in the same pit of the new Crystal

Ball detector. (3) The numerous installation
projects associated with the addition of more

synchrotron radiation beam lines leading from

SPEAR to the SSRL facility. Needless to say,
some careful planning will be needed to accom-
plish these three installation tasks in the

relatively brief allotted time.

2. PEP Construction Schedule

The major earth-moving work associated with

the construction of PEP got off to a good start
last fall. However, we greeted the heavy rains

that came in late December and early January
with rather mixed emotions, since they did

cost us some time in getting started with the
excavation work on the east side of PEP.

The tunnel-boring machines are scheduled to
begin their work within the next week or two

(even if it rains again!), and the first sec-
tion of the PEP housing is expected to be ready

for occupancy in the latter part of this summer.

Figure 4--The beginning sections of the two beam-injection tunnels for PEP were spliced onto the

main accelerator housing during the 3-month shutdown last summer. (Photo by Dick Muffley.)

S-6 SLAC Beam Line, February 1978
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The first of the interaction regions to be com-

pleted will probably be Region 4, which should

be ready to start receiving experimental equip-

ment by about October of this year.

Figures 5 and 6 show the status of the site

earthwork as of late January--two weeks ago.

If all goes well, the first beam collisions

might be observed at PEP by October 1979, less

than two years from now (assuming the advance

of funding mentioned earlier). This is a very

ambitious schedule, but it presently does appear

to be attainable. Let me emphasize again that

we fully expect that the total estimated con-

struction cost of PEP, $78 million, will not be

exceeded.

As you probably know, PEP is not the only

new electron-positron storage ring that aims

for an energy greater than that of SPEAR. Spur-

red on by the spectacular physics results that

have been obtained at SPEAR and at the similar

DORIS machine at the DESY laboratory in Ham-

burg, the Germans are presently building a PEP-

like facility called PETRA. As noted previous-

ly, at Cornell University in Ithaca, New York,

the 12-GeV electron accelerator is being con-

verted into a 7-8 GeV colliding-beam machine

that will have one, or perhaps two, interaction

regions. And at Novosibirsk in the Soviet Union

a machine called VEPP-4 is being built in the

same energy range as the Cornell facility. As

plans and progress now stand, it appears that

Figure 5--This photo shows some of the earth-moving work that had been accomplished on the PEP

a- an4-,, no- nf T-%.l 9 1 Q7R /Photo hib7 Joe Faust )

_ __ __ �_
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the Cornell machine will be ready at about the

same time as PEP, while the German machine will

turn on about one year earlier. The schedule

for VEPP-4 is somewhat less certain, although

the work there seems well-advanced.

Just to complete the picture of how SLAC's

machines--the linac, SPEAR and PEP--will fit in-

to the world scene, Table III lists the major

accelerators and storage rings now in existence

or presently being built.

3. PEP Experimental Program

Of course, the scheduled completion dates

for the new machines, and even their eventual

performance, are not the only things that matter

What is really important is the physics research

that can and will be done with these machines.

As is the case with the present SLAC accelerator

and the SPEAR storage ring, PEP will be a nation-

al facility, available to any qualified scientist

or group of scientists on the basis of the scien-

tific merit of the proposed work. As we noted

earlier, all of the steps necessary to decide

upon the early experimental program for PEP have

now been taken. These decisions were reached in

two stages--the first round in April 1977, and

the second round just last month. The proposals

that were accepted in each of these rounds are

listed in Table IV. Let me expand upon the sim-

ple listing given in that Table by making a few

S-8

Figure 6--Another aerial photo of the PEP site taken on January 23. The shadowed region beyond

the curved roadway is one of the portals that mark the changeover from cut-and-cover construction

to construction by tunneling. (Photo by Joe Faust.)

_ I
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remarks about these experimental facilities.

The Mark II detector (PEP-5) and the MAC cal-

orimeter (PEP-6) are both expected to be ready
at the time PEP first turns on. The Mark II

will have had the advantage of the experience
gained during more than a year of operation at

SPEAR before it is moved to PEP. The other two
detectors that was chosen last April are the TPC

(PEP-4) and the Two-Gamma facility (PEP-9); these
two will work together as a single, combined

facility that is expected to be ready perhaps 6
months or so after beam turn-on. Although this

schedule means that the TPC/Two-Gamma combined
detector will not begin operating until some 18

months after the first experiments at the PETRA
ring in Germany, this facility will be able to

obtain results that are totally inaccessible to
any of the other instruments at either PETRA or

PEP. In particular, the TPC incorporates a new
technology that is designed to permit separate

identification of particles with unique accur-
acy *

The proposals that were accepted last month
include one major new experimental facility and

two smaller experiments. The major facility is

*A description of the proposals accepted in Ap-

ril 1977 (PEP-4, 5, 6, 9) appears along with
other PEP information in "PEP: An Introduction"

in the April and June 1977 issues of the Beam
Line.

the High-Resolution Spectrometer (PEP-12), which

will make use of the very large (1800 ton) magnet
that is presently a part of the 12-foot bubble

chamber facility at the Argonne National Labor-
atory. This powerful superconducting magnet

will be moved to SLAC, along with a 100-ton
crane, where it will be outfitted with a set of

detection chambers. Figure 7 shows this new
major facility, in simplified form, as it will

appear at PEP.

The two smaller experiments approved last
month have very specific objectives. PEP-2 will

be a search for the very elusive hypothetical
particle called a magnetic monopole, and PEP-14

will be a search for the better-known but no less
hypothetical particles called quarks. These ob-

jects have been looked for many times in exper-
iments at lower energies. The higher energy

searches that PEP will make possible are certain-
ly speculative, but it would be difficult to ex-

aggerate the importance of the discovery if eith-
er the monopole or quarks were actually found.

The experiments and facilities listed in
Table IV will constitute the PEP research pro-

gram for at least the first two years of oper-

ation, that is, through most of 1980-81. We

have taken some care to choose our experiments

so that for the most part they will complement
the program that is planned for the PETRA machine

in Germany. This does not mean that we and our
European friends will be looking at Nature doing

TABLE III: THE LARGEST PRESENT-DAY ACCELERATORS AND STORAGE RINGS

ENERGY
MACHINE LOCATION KIND OF PARTICLE N E RGV

(GeV)

KEK Tsukuba, Japan 12

Argonne ZGS Argonne, Illinois, USA 12
CERN PS Geneva, Switzerland 28

Brookhaven AGS Brookhaven, LI, NY, USA proton 32

SYNCHROTRONS Serpukhov Serpukhov, USSR 76

CERN SPS Geneva, Switzerland 400
Fermilab Batavia, Illinois, USA 500 (1000)

DESY Hamburg, Germany electron 7

LINEAR
ACCEEATOR SLAC Stanford, Calif., USA electron 22
ACCELERATOR

ADONE Frascati, Italy 1.5 + 1.5
DCI Orsay, France 1.8+ 1.8
SLAC-SPEAR Stanford, Calif., USA 4 + 4

DESY-DORIS Hamburg, Germany 4+4
COLLIDING-BEAM (VEPP-4) Novosibirsk, USSRelectron + 7+ 7

STORAGE RINGS (Cornell-CESR) Ithaca, New York, USA 8+ 8
(SLAC-PEP) Stanford, Calif. USA 18+ 18

(DESY-PETRA) Hamburg, Germany 19 + 19

CERN-ISR Geneva, Switzerland 30 + 30
(BNL-ISABELLE) Brookhaven, LI, NY, USA proton+ proton 400+ 400

( ) Now under construction.

__ I __ __ I I_ _I __
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different things. Rather, our research instru-

ments are chosen so that the classes of phenom-

ena that we can pinpoint at PEP will only have

a small overlap with the areas of study at PETRA.

C. WHY SO MANY DIFFERENT INSTRUMENTS?

Let me digress here to try to explain the

reasons for such a diversification of experiment-

al facilities.

1. Creation Of Particles

What happens at SPEAR or PEP when an elec-

tron and positron collide? The particular kind

of collision of most interest is called anni-

hilation, and it occurs as a two-step process.

In the first step, the electron and positron

disppear, leaving behind a dense bundle of

electromagnetic energy (a virtual photon):

e+- -- e-

Then the energy bundle rematerializes into, or

TABLE IV: THE PEP EXPERIMENTAL PROGRAM

PEP EXPERIMENTAL PROPOSALS ACCEPTED IN APRIL 1977

PEP-4: TIME PROJECTION LBL Clark, Dahl, Eberhard, Fancher, Galtieri,

CHAMBER FACILITY Garnjost, Kenney, Loken, Kerth, Madaras,

("TPC") Nygren, Oddone, Pripstein, Robrish,

Ronan, Shapiro, Strovink, Wenzel, Urban

UC-Los Angeles Buchanan, Hauptman, Slater, Stork, Ticho

Yale U. Marx, Nemethy, Zeller

UC-Riverside Gorn, Kernan, Layter, Shen

Johns-Hopkins Barnett, Chien, Madansky, Matthews,

Pevsner

PEP-5: GENERAL SURVEY OF SLAC Alam, Boyarski, Breidenbach, Dorfan,

PARTICLE PRODUCTION Feldman, Fischer, Hanson, Hitlin, Jaros,

("Mark II") Larsen, Luke, Martin, Paterson, Perl,

Richter, Schwitters, Tanenbaum, Taureg,

Weiss

LBL Abrams, Broll, Carithers, Chinowsky,

DeVoe, Goldhaber, Johnson, Kadyk, Pang

Shannon, Trilling

PEP-6: LEPTON/TOTAL- U. Colorado Bartlett, Ford, Nauenberg, Smith

ENERGY DETECTOR Northeastern U. Faissler, Gauthier, Gettner, Gottschalk,

("MAC") Mallary, Moromisato, Pothier, Potter,

von Goeler, Weinstein

Stanford/SLAC Ash, Gustavson, Ritson, Rich

U. Wisconsin Aronson, Johnson, Morse, Prepost, Wiser

U. Utah Groom, Loh

PEP-9: PEP FORWARD DE- UC-Davis Klems, Ko, Lander, Pellett, Lander

TECTOR FACILITY UC-San Diego Lyon, Masek, Miller, Vernon, Wallace

("Two-Gamma") UC-Santa Barbara Caldwell, Eisner, Morrison, Yellin

PEP EXPERIMENTAL PROPOSALS ACCEPTED IN JANUARY 1978

PEP-2: A PROPOSAL TO SEARCH FOR UC-Berkeley Price

HIGHLY IONIZING PARTICLES SLAC Fryberger

PEP-12: PROPOSAL FOR A HIGH- Argonne Nat. Lab Cho, Derrick, Jaeger, Loos, Shreiner,

RESOLUTION SPECTROMETER Singer, Ward

AT PEP Indiana U. Gray, Neal, Ogren, Rust

U. Michigan Akerlof, Kahn, Meyer, Nitz, Thun

Purdue U. Loeffler, McIlwain, Miller, Rangan,

Shibata

PEP-14: A SEARCH FOR FREE LBL Pun, Vuillemin

QUARKS AT PEP Northwestern Uo Gobbi

Stanford Litke

U. Hawaii Parker, Yount

S-10
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creates, a number of new particles that go fly-

ing off in all directions.

The problem, then is to try to detect, meas-

ure and identify each one of these newly created
particles so that each creation event can be re-

constructed, or so that a "census" can be taken
of how often certain kinds of events have occur-

red. Ideally, each major experimental device
would be able to do all of these things, but it

is extremely difficult to perform all of these

functions of detection, measurement and identif-

ication equally well within a single instrument.

Thus the different physicists who propose to

build experimental facilities for a machine like

PEP try to use imaginative combinations of var-

ious kinds of devices that will perform one or

two of the functions especially well, while

either ignoring the others or just settling for

a mediocre system.

2. Particle Detection

To see some of the problems that arise, let's

look first at the subject of particle detection.

The electron-positron annihilation process cre-
ates new particles of all kinds--some with posi-

tive or negative electric charge, some neutral;

some traveling rapidly, some slowly; some that

can penetrate through several feet or iron or

concrete, some that are stopped by only a thin

aluminum foil. There are also particles that

disappear when they interact with another atom

but leave behind characteristic footprints in

doing so. Others spontaneously change (decay)

into entirely different particles after a brief

period of time. Because of this rich variety

of behaviors, there is no such thing as a uni-
versal "best" detector.

Charged particles. Particles that carry an

electric charge can make their presence known

in several different ways as they pass through

matter. In traversing a gas they can knock el-

ectrons loose from the gas molecules, and the

resulting ions can be collected to give an elec-
trical signal. If a high voltage is applied

between electrodes in a gas-filled chamber, then
the tracks of charged particles become luminous

and can be photographed; this is what happens in
spark chambers and streamer chambers. When a

charged particle passes through a liquid that is
just ready to boil, it leaves a row of bubbles

in its wake that can also be photographed--a
bubble chamber. Finally, there are some mater-

ials called scintillators that emit flashes of
light in response to the passage of a charged

particle, and these flashes can be detected and
amplified by photo-electric devices.

Neutral particles. Particles that do not

have an electric charge can generally only be
detected if they change into other kinds of

particles that do have an electric charge. One
example if that of high-energy X-rays or gamma

rays, which can be converted into pairs of el-
ectrons and positrons by passing them through

any heavy material. The resulting electrons
and positrons are readily detected as charged

particles. However. this method has the disad-
vantage that the heavy material that is used to

convert the X- and gamma rays reduces the accur-

acy with which the other charged particles in
the event can be measured. A second example is

HIGH- RSOLUTION SPECTROMETER
(INmTAL INSTRUMENTATION)

- -----. .... ..

-=1

0 1 2 3 4m
0 1 2 3 4m

Figure 7--The High-Resolution Spectrometer (PEP-12) recently accepted for the early PEP program.
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that of certain kinds of neutral particles, such

as K mesons, which travel only a short distance

before they decay into two charged particles of

smaller mass, which are again readily detected.

The old Mark I and the new Mark II detectors

at SPEAR are examples of devices that were de-

signed to favor the detection of charged partic-

les over neutrals. The lack of a superior de-

tector for neutral particles at SPEAR will be

remedied this summer with the installation of

the Crystal Ball, which many of you know about.

In this device, gamma rays are stopped in a seg-

mented sphere of very heavy crystalline material

(sodium iodide), and the light flashes that are

emitted can be recorded and analyzed to deter-

mine both the energy of the rays and the direct-

ions from which they came. There is a possibil-

ity that the Crystal Ball may eventually be

moved from SPEAR to PEP.

3. Energy Measurement

The measurement most often wanted is that of

a particle's energy. The problem here is that

the total energy of a particle can only be de-

termined unambiguously in either of two ways.

The first method is to stop the particle com-

pletely within the detector, so that all of its

energy must be given up in the process of stop-

ping. In the second method, we have to measure

either the particle's velocity or its momentum,

and in addition we have to know the particle's

mass (which is equivalent to knowing its iden-

tity).

The approach taken by the MAC detector (PEP-

6) is to measure total energy by completely

stopping everything that comes out of an inter-

action. This means completely surrounding the

interaction point with a massive detector, which

in the case of MAC consists of about 500 tons of

concentric steel shells interlaced with counters.

The price paid here for superior energy measure-

ment is that it becomes somewhat awkward to do

other functions.

The Mark I and Mark II detectors used at

SPEAR are able to measure the speed of relative-

ly slow-moving particles quite accurately, and

they can also measure the momentum (mass x speed)

by observing how "stiff" they are--that is, how

much their paths are deflected by a magnetic

field. The result is that the energy of a part-

icle can be determined if we know its identity.

Remarkably enough, this works reasonably well.

Sometimes an actual identification can be made,

and at other times it is possible to make likely

guesses.

The PEP-12 facility accepted for the PEP

program will be able to make very precise deter-

minations of particle momenta because of the

strong, large-volume field that the huge Argonne

magnet will produce (which is why it is called

a "high-resolution spectrometer"). Some of the

other detectors will sacrifice momentum resol-

ution for other functions, or will trade-off

precision for cost.

4. Particle Identification

There are several useful methods for ident-

ifying particles, but rather than describe them

here let me just say that even the best of such

methods often turn out to be ineffective in an

actual experiment because the particular partic-

le we are seeking to identify is often hidden

within a haystack of a thousand--or even a mil-

lion--other particles that we couldn't care less

about. Thus to identify we must not only be

able to get a handle on the nature of each part-

icle but also be able to call a needle a needle

even if it's in a haystack.

The DELCO detector now at SPEAR is a partic-

ularly good identifier of electrons, and the

most powerful tool for particle identification

at PEP will be the TPC detector. DELCO is shown

in Figure 8, and the combined TPC/Two-Gamma fac-

ility is shown in Figure 9.

5. Covering The Angles

Detectors also differ from each other in the

important property of coverage in angle. The

electron-positron annihilation process creates

debris that can go off in all possible direct-

ions. Some detectors come close to providing

full spherical coverage around the interaction

point, with only small holes at either side to

let the beams pass through. More generally,

however, the large magnetic detectors tend to

have the form of a hollow cylinder, often with

"caps" plugged into the ends to fill up the

large escape holes. Particle detection usually

becomes more difficult as one gets closer to the

path of the beams. However, there is a special

class of experiments expected to be of interest

in which at least some of the particles will

emerge close to the beams, and the Two-Gamma

(PEP-9) facility is especially designed to

"reach in" and detect such particles within a

few degrees of the beam path. This is one of

several PEP detectors that will have no counter-

part in the initial research program at PETRA.

D. SLAC LONG-RANGE PLANS

Since the period of the next several years

will be a time of transition for SLAC, we have

now begun a rather systematic effort to try to

define how the laboratory will evolve into its

future program. One fortunate factor is that

the new Division of Energy Research, to which

SLAC reports within the Department of Energy,

has declared its intention to establish a firmer

long-range planning basis for its support of

high-energy physics. Such a development will

certainly prove most helpful in making SLAC's

own long-range planning more realistic.

_·
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1. The Future Program

We expect that SLAC's future experimental
program in high-energy physics will develop
along the lines indicated in Figure 10. There
have been one or two minor changes made in this
figure from the very similar one I showed to
you last year. Before describing these changes,
let me first remind you of the general features
of this long-range plan. We consider the fut-
ure program to have three main parts:

(a) Stationary-target experiments carried
out with the SLAC/SLED linac.

(b) SPEAR colliding-beam experiments.

(c) PEP colliding-beam experiments.

Each of these three programs is expected to
continue productively for the foreseeable fut-
ure, and one of our most important tasks will
be to try to determine how the effort of the
laboratory is likely to be divided among them
in the years ahead. The exact balance will of
course be controlled by the relative scientific
merits of the proposals we receive from the
physics community. For planning purposes, how-
ever, we have made the following assumptions
for the period, starting in 1980, when PEP is
fully operational :

(a) PEP operates on a maximum schedule,
which would be more or less continuous opera-
tion except for perhaps 1-2 months of shutdown

S-13

Figure 8--Jasper Kirkby of SLAC Experimental Group G is shown here with the DELCO
detector which is presently installed at the SPEAR storage ring.
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during a year.

(b) SPEAR operates at about 50% of maximum,

with the remaining 50% used for dedicated run-

ning by SSRL. Some interruption might occur

for the installation of new detectors.

(c) SLAC/SLED operates at a level between

35% and 50% of maximum for stationary-target

experiments (and at near-maximum as injector

for the storage rings).

The total cost of operating such a three-

part program will be substantially larger than

that of our present operation, but its physics

potential is very strong, and I have some de-

gree of confidence that the required funding

may be possible. An important component of all

future costs at SLAC will be that associated

with electric power. Our power consumption will

increase by at least 1/3 when PEP comes into

operation, and for various reasons the cost im-

pact of this increase could be much larger than

1/3. This subject is receiving very careful

study, to see how our power costs might be re-

duced, for example, by scheduling more off-

hour running in the evenings and on weekends.

2. PEP II

The principal change made in the long-range

plan since last year is that we have begun to

consider somewhat more specifically than before

the possibilities for upgrading the energy of

PEP once it has been in operation for some time.

At present there appear to be three main possib-

ilities:

(a) To increase the maximum energy from

about 18 GeV to 24 GeV per beam through the ad-

dition of more RF power and more accelerating

cavities of conventional design.

(b) To increase the maximum energy from

about 18 GeV to 30 GeV per beam through develop-

ment and eventual installation of superconduct-

ing cavities, which would allow the power ordin-

arily dissipated in the cavity walls to be fed

into the beams.

(c) To add a separate storage ring for pro-

tons, comprised of superconducting magnets, to

the existing PEP tunnel, thus permitting elec-

tron-proton collisions with proton energies of

200 GeV or somewhat higher.

We believe that one of these energy-upgrad-

ing schemes for PEP can eventually be accomodated

within the DOE's long-term plans, but on a sched-

ule that will probably be slower than we might

have wished.

3. SLED

SLED is the "SLAC Energy Development" pro-

gram, which is designed to increase the maximum

beam energy available from the SLAC linac by a

--- 2------- 2y ----- 2y ------- TPC
rlw - Oi

XBL775-972

IIDC=Drift chambers

Figure 9--A sketch of the combined TPC/Two-Gamma (2y) facility that will be installed at PEP.
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factor of about 1.4 to 
= 32 GeV. The first SLED

components were actually installed on the linac

back in 1975, but the expected completion date

for the work has had to be set back several times

for budgetary reasons. (SLED is funded entirely

from Accelerator Improvement moneys.) The pres-

ent estimate for completion is sometime in 1980.

Recent tests of the accelerator with 18 of the

30 sectors operating in the SLED mode resulted

in a beam energy of 27 GeV, which is the highest

ever attained at SLAC and is within 1% of the

value predicted for SLED operation. The higher

beam energies provided by SLED will give a new

lease on life to the program of stationary-target

experiments with the linac.

4. SLAC In-House Research

Our expectation is that the experimental act-

ivities of SLAC's own in-house research groups

will remain at approximately a constant level

during the next few years. During this time,

however, the range of research opportunities

available at SLAC will expand significantly with

the advent of PEP. In addition, we expect that

the close collaboration between the Lawrence

Berkeley Laboratory and SLAC will continue be-

yond initial PEP construction to include joint

responsibility for carrying out any future PEP

upgrading programs.

These several factors taken together add up

to the conclusion that a substantially larger

fraction of the future experimental program at

SLAC will be carried out by outside user groups

than has hitherto been the case. Thus our own

in-house research groups will find themselves

in a somewhat ambivalent position: although the

same wider spectrum of research opportunities

will be available to them as to any other user,

they will be less likely to contribute as large

a fraction of the total future scientific out-

put of the lab as they have in the past.

This circumstance is not surprising--in fact,

it is the inevitable consequence of the gradual

reduction in the number of laboratories at which

"forefront" research could be carried out. Ten

years ago there were about eight such laborator-

ies in the U.S. But with the shutdown of the

ZGS accelerator at Argonne next year, the number

will have been reduced to only three--Brookhaven,

Fermilab and SLAC--who will then share the res-

ponsibility for supporting nearly the entire

U.S. experimental program in high-energy physics.

The chart below illustrates what has happen-

ed to the largest DOE-sponsored accelerators

during the past decade.

5. The General Outlook

Let me conclude this talk with a brief sum-

mary. The next several years are likely to be

a time of transition at SLAC, and there will

probably be some growing pains as we evolve in-

to the period of full PEP operation. By 1980

or 1981 I believe we will have begun a period

of steady productivity that will continue for

many years. During this transition period, our

plans, proposals and execution of new projects

will continue as they have in the past. I can-

not foresee in detail how everything will work

out during this time. There may be dramatic new

discoveries that both change the directions of

our program and confirm its value. There may

also be some bad things, such technical problems

or a squeeze on funding levels more severe than

can now be anticipated. However, I find it diff-

icult to be anything but optimistic about the

long-range future of our laboratory. We have

done good work in the past, both in our technic-

al achievements and in uncovering some of Nat-

ure's deepest secrets. We have both the facilit-

ies and the people to extend that record to even

greater accomplishments in the future. So unless

someone can show me that my rose-colored glasses

are really cracked beyond all repair, I am again

projecting a great future for SLAC.

--W. K. H. Panofsky
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