
APPENDIX B

SUMMARY OF SOIL STUDIES TO DATE

In the summer of 1973, when engineering studies for a large, colliding-

beam storage ring started in earnest, soil studies were begun to determine the

nature of earth materials where tunneling might be undertaken. The initial ring

concept, a 2100-m oval, was investigated by drilling seventeen test holes with a

truck-mounted 15-em auger drill rig. These holes were roughly logged to

determine the general nature of the site's materials, but no laboratory testing

was undertaken to determine engineering characteristics. The drilling indicated

a heterogeneous, unsystematic arrangement of gravels, sand, clay, claystone

and shale in the upper levels, with sandstone occurring at depths 6 to 20 m below

the surface.

In an effort to determine systematic arrangement of the site's sedimentary

deposits, the 1973 drilling program was followed by seismic refraction geophysi-

cal surveys. 40 Such surveys, by measuring velocities of seismic waves at

varying depths, can indicate densities and competence of subterranean formations

and can provide some indication of the speed of tunnel advances. The survey

indicated that upper levels have relatively low compressional wave velocities

between,360 and 540 m per second. These are in desiccated adobe and sandy

clay. Underneath these surface materials, wave velocities varied from 700 to

1000 m per second in fine-grained sandstone, shale and clay with gravel. These

velocities, comparable to earlier refraction studies of SLAC materials, indicate

materials having bearing values of at least 20,000 kilograms per sq. m. Struc-

tures below these materials showed wave velocities in excess of 1500 m per

second. Thus, the refraction surveys, as might be expected, indicated increasing

C0111petence of materials with depth.
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In 1974, five more deep holes were drilled in order to determine the nature

of materials at key points where the ring (by now conceived as hexagonally

shaped) was anticipated to be located. No unusual differences from those of the

ear lier samplings were disclosed by these borings.

The geologic composition of the SLAC site consists of materials of three

geologic ages: Eoc.ene, Miocene and Pliocene-Pleistocene. SLAC's original

construction had disclosed that Eocene formations could be troublesome, some-

times being composed of expansive clays, shales and siltstones. Miocene for-

mations, although younger than the Eocene, are more dependable, being composed

generally of fine-grained, loosely-consolidated sandstones having excellent

engineering characteristics. Little contact with Pliocene-Pleistocene formations

occurred in the original construction. 41, 42, 43

Subdivision developments immediately north of the PEP site in Menlo Park

have experienced serious construction problems caused by highly-expansive

Eocene clays. In that area, such clays are generally overlain by adobe soils.

Areas of Regions 12, 1 and 2 of PEP's ring (Fig. 1 of the design report) are

likewise overlain with expansive adobes. In that same PEP area, a 1967 geo-

logical report 43 postulated a Pliocene-Pleistocene formation which could create

engineering problems for construction. Because of this, a detailed geologic,

soils-mechanics study of Regions 12, 1 and 2 was undertaken in the summer of

1975.44 Trenching, drilling and materials testing was done in order to ascertain

accurately the geologic structure and engineering characteristics of soils and

rock. It was found that the Eocene formations so troublesome to the north do not

extend into PEP's construction area, and that expansion characteristics of the

claystones found should not create serious difficulties. That same summer, an
. 45

interim report of the general geological structure of the entire PEP site was made.
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A test-drilling program continues, with extensive materials testing along

the perimeter of the PEP ring. This program should provide the information

necessary to determine methods and design of tunnels as well as basic design of

the interaction area research halls.

'J
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APPENDIX C

CCCPf.RATIVE~ASIC AGRf.E~:~~i~T

BET\'IEt:N

THESOAP~OF TRL;S,TEESOF THELELAi~DSTAiiFORDJUNlOR u:-nVERSITY

AND

THE REGEHTSOF THEU~n\iERSI1Y OF CALIFOR;nA

This Ccoperative Bas;c Agreerr.€nt is entered into effective this ~~'It(, day

of February, 1974. by and between the BOARDOFTRUSTEESOFTHELELAND

STANFORDJUj~raR uNIVERSITY (hc:reinafter called "Stanford II) and THE REGENTS

OF THE UNIVEtiSITY OF CALIFORNIA (here-inafter called "UCII)..

RECITALS

I. II~TROD\JCT I Oi~

A. The Ernest Orlando Lawref'\ceBerkeley Laboratory (LBl) is a i~ational\

lahlJrat(\ry op~rated by UC unde;- cC:'1tra:t ~'J.74a5-E!:G-4~~;ith the U.S.

Atomic Energy Cornmisc;ion (AEC). The Ui rec tor of LBL reports to the

President of uC. The Stanford Linear Accelerator Ce~ter (StJ\C) is ~

.National Facility for High Energy Physics Research oper-ated by Stanford
. .

under co~tract AT(04-3)-5l5 with the AEC. The Jirector of SLACreports

to the President of Stanford.

B. For several yea'rs LBl and $lAC have been collaborating in the study of

a novel high-energy particle accelera.tor system cdnsisti~g of a r1f19

containing counter-rotating persistent beams of ele~trons and positrons,

and d second intersecting ring cont~inlng a persistent rotating beam of

protons.. Col~i5ion between these bear.i5 will perm1:t studies of ~l~m;;l'tar'y

pa rt i c1esCot high ere 11er gy. and t 11ere f~re i n f 1ner de t ail t han eve r J e for p.
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C. The concept of th,e system. call ed PEP for IIproton-e 1ec tron-pos; tr on. II

h.s been developed to the point where design aud constructi"on of an

accelerator can take place. It appears des irable to aecompli sh the

realization of this concept in stages. The first stage \'/i11 consist

of a single ring of approximately 300 meter radius able to contain

counter-rotating beamsof electrons and positrons with energies up to

15 GeV at full interaction rate. Thes'e particles will be injected

1n~o the ring by the e~isting lin~ar accelerator at SLAC. Provision

will be made in the construction of. PEP to maintajn full compatibility

with the later addition of a superconductiog proton ring for protons

of energies up to about. 200 GeVand/or a second electron ring to

provide for collision of electrons with electrons and positrons

with positrons. Provision will also be made fQr the foture

installation of experimental ficilities for the full PEP Project..

Meanwhile, the sin~le ring will c'omprisea unique tool forcor.ducting

experiments invo.lving electron-positron collisions. and by itself will

1».the-basis for a front line experim~ntal program for manyyears.

for ea.se of referenc.e. the term "PEP Project II as used herea fter 'j n thi s

Agreementmeansthe design, con$tructior. and operation of the PEP

~;~~elerato1'" system as finally funded, b~i1tt and Gperated.

D. In ton~ideration of the Tur'eyoing facts. a.nd being keenly aware of

the potentialities of the PEP Project for adv~nc.ing mankind's knowle1ge .

of t-he ~cn5titution and nature of mattl'r. and ina:ppreciation that ,t:1e

task is cf such challenge as to warrant the matshallingof the comtinp.d
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re sou rc e 5 dnd tal en t s 0 f Sta n f 0 nJ d i\(1 ~JC) \f I l ij a con s e que n t s ens e 0f

the historical importance of this dct the parties hereto enter intd

this Cooperative Basic Agreement,

AGREEMErfl S

II. COi~STRUCTIOi~PROPOSAL-~-'

A. !t is agreedthat LGL and SLACwill collaborate in the preparation of

a cons truct ion prop.osa1 to be submitted to the Ator.1ic Enet <;j [,omm;S5 i on

for commencementof construction in Federal fiscal year 1976 of a

high energy electron-positron ring to be constructed at SLAC and to b~

operated jointly by SLAC and LBL as a national physics facility as

described in Articles III. and IV. of this agreement. Provision

will be made in the construction of PEP to maintain full compatibility

with the later addition of a superconducting prolon ring for protons

of energies up to about 200 GeVand/or a second electron ring to

, provide for collision of electrons with electrons and positrons

with positrons. Provision will also be made for the future

installation of experimental facilities:for the fu11 PEr Project.

B. The technical and scientific justification fJr this construction

proposal will be based specifically on the electron-positron col1i~-

1ng beamdevice. The parties agree that both scientific interest and

current technical knO\'Iledgeare such as to justi fy the construction of

an electron~positron storage ring in its own right; they also emphasize

that the scientific goals of the full PEP Project provide good reasons to

include in the design those features ess€nti~l to permit realization'

of the full PEP Pro~ect in the future~
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c. As contained in the "5-yearBudget Assumptionn for 1976'-1980which

Wissubmitted by LBL and SLACon November13. 1973 to the AEC. the

construction cost of the first stage of the PEP Project is estimated

to be between ~50 and ~60 million.

III. r~NAGEf:tEi~TPLAi4

A. It is a~reed that the goal of the project managementis a true

tol1aboration between LBl and SlAC. the PEPProject will ~ave a

senior scientific and technical staff drawn in a balanced way from

the two Laboratories. These person~, while worki~g on the PEP

Pr~Ject, will remain employee$ of their respective Laboratories.

In particular the P.roject Jirector and Deputy Director will be

oppointed by the Directors of LBL dnd SLACso that one comes from

.~ch Laboratory. The Project Director will report to the Directors

qf LBL and StAC.

B. The two Laboratory Directors will be advised in relation to the

project by a single PEPProgramCOntnittee (PPC)having a majority of

non-SLAC,non-LBLmembers. This Convnittee wi_ll be appointed jointly

by the Uirectors of the Laboratories. This Committee shall advise

the Oirectors on all major phases of the PEP Project such as

experimental facilities construction. and storage ring modification

projects. Such projects shall go forward only af.ter authorization

bl both Laboratory Directors, irrespec-tiveof the source of funding.

The Committee shall meet as often as required but not less frequently

than t.wice each year ~

- 246-



0 O~J U ~~4,,:; U J 0 2 i~

Cooperative Basic Agreeme~t StanfordjUC

c. It is intended that the PEP Project will be operated as a ~ational

Physics Facili~y. Steps are in progress to involve the national

high-energ'y-physics conmunity in planning for the physics ut;lizaticn

as well as in setting up appropriate advisory mechanisms. In

particular, it is agreed that an Experimental Program Committee (EPC) will

be constituted to revi~w exp~rimental proposals under procedures

designed to assure" equitable access to the entire high-energy physics

community. Jetailed scheduling decisions and coordination of PEP

Project experiments with SLAC operations shall be made under

SLACprocedures.

u. The Presidents of Stanford and UCwill be advised of the status of

the PEP Project through, respectively, the Directors of SLACand

lBL. In addition, the Scientific Policy Committee (SPC} of SLAC,

advisory to the President of Stanford'University, and the Scientific

Educational Advisory Committee (SEAC), advisory to the President of
. .

the University of California. will schedule joint meetings when

deemedadv;$able;f it is believed that further advice on scientiffc

policy governing the conduct of the PEP Project should be made

Ivailable to the Presidents of the collaborating universities and,

through them, as appropriate, to the Atomic Energy Commission.

E. Stanford and UCmay enter into modifici'tions of this agreement or into

.agreements implementing this agreement as may be necessary to carry

out the PEP Project.
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IV. r.tANPOUERAilD FISCALARRA~lGENEilTS

A. Preconstruction research and development work is now under "lay

tt both laboratories. supported by the operating funds of each

institution undE:t the'financial plans of their contracts with AEC.

B. The construction proposal described in Article II. PI. ~:il1 set forth

the scope and estimated costs of major elements and components of the

des;gn and construction phase af the first stage vf the PEP ProJect.
:

c. It is agreed that Stanford and UCshall seek to h~ve the constructiGn

of the first stage of the PEPProject performed by Stanford ~nder a

contract bet\oJeen Stanford and the Atomi.c Energy Commission. Requests

to the Atomic Energy Commission for construction directives to

proc~ed with stages of the construction of the PEPProject shall be

approved by both Laboratory Directors 9 It is agreed that the health

and strength of the technic~l hi9h~energy support ~fforts as well

as of the research programs of the two Laboratories must be

ma1nt~inedj and this goal will be used as a guide jnd~termining

- howthe personnel and faci 1ities of each laboratory are to support

th~ design, preparat~on of specifications. and c,onstruction of the

PEP Preject.

D. After compleLi~ln of construction t~ the satisfaction.of botn L~borator.>'

Directo,"s, SLACand lBL will participate in. the operation of the PEP

Fac11it¥ as follows:
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1. SLAC will be responsible under the terms of'Article III. for

managing and coordinating accelerator operations. Funding

support 'for accelerator operations will be through the SLAC

operating contract with AEC.

2. The operation of each experimental facility b~ilt with SLAC

and/or LBL funds shall be the responsibility of SLAC or LBL

and shall be s~pported with their operating funds in the manne~

most advantageous to the conduct of the national high-energy

physics program.

3. During the operational phase of PEP, accelerator research and

development and facilities research dnd development pertaining

to PEP. a~ we11 as prcconstruct~cn work for the full PEP. will

be supported by the two Laboratories, using their operation funds.

4. Experimental facilities construction and PEP storage ring

modification projects may be supported separately or jointly

in 'accordance with funding provioed to LBL and SLAC.

5. The Laboratcries will participate in the physics re$p.arch

program of the PEP Project using operating funds from their

separate contracts in a manner similar to that of other

laboratories or universities performing research at the PEP

Nat;o~al Physics Facility.
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v. SETTLEt1EUTOF 0 I SAGREEf\iEi~TS

Should the two Laboratory Oirectors be unable to agree on a substantive

issue relating to this Agreement. "it shall be referred to the Presidents

of St&nford and UCfor resolution.

VI. TERMANDTERMI~ATION

This Agreementshall continue in force from"year to year from date of

execution. provided, however:
~ "J

A. $h,?uldfederal or other funding flot be obligated for the construction

Of the PEP Projec t by June JO. 1980 ~ thi s Agreement shall termi na te.

B. This Agreement shall continue so long as Federal or' other funding is

provided for the operation of SLACand LBLand for the construction and

Qperation of the PEP Project.

IN WITHESSWHEREOF.the parties hereto have executed this Agreelneot as of the

date first above written.

THEREGENTSOFTHE
UHIVERSITY"OFCALIFORNIA

By: tftid:L.
Charles J '-~
Presi d

. ~l~ch

C . eot. Vfl "

al1fornid ,verslti of

fm' 1
/,- ~ q'" J "

By: " " . /. / /
"Ma:l#i~{t(>l~'-If: ',. /

See 'r . IH,aol'llan
--"~ '1._.~e-

retdry ./ ~-

THEBOARDOFTRUSTEES
OFTHELELA:~uSTAi'WORO
JUNIORUNIVERSITY

BY~rdMna~
Pre s"iden t. Sta nford Uni ve r sit y

By:

APPROVED AS TO FORJ\r\~ -,

/,,/7/. /} /'/~,'- J)
,G-/ c.~ ~'=4-.:,-~"'-rr-~.t//

,~l;:,;{/\ ~t ",!.':'JS :;2..' 1-"1..- 7'1'"
A5SIS1ANl C""L;:~~l lif TJ,t:.I<lGltHS
. Of THt: tJNlvtl(~lT( Of CALlt0ltl'4jA
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A High-EnergyProton-Electron-Positron
Colliding Beam System

A Model for a High Energy Proton-
Electron-Positron Colliding Beam
System: SPEAR plus a Proton Ring

Inelastic Electron-Proton Scattering
with SPEAR plus a' Proton Ring

(PEP Note #4 was a piece of the
Isabelle report)

Feasibility Study for a 15-GeV
Electron-Positron Storage Ring

Electromagnetic Backgrounds and
Photon Tagging

How Much Free Space Can We Provide
for Experimental Apparatus?

On the Use of Isabelle in a PEP
System and Other Related Topics

Proposed NAL Photoproduction
Experiments and Some Comparisons
with PEP Capabilities

A Question of Duty Cycle

Angular Distributions for Hadrons
Produced in PEP Electroproduction
Experiments

PEP Kinematics - Deep Inelastic
Scattering -- Two Exclusive Reactions
as Examples

Brookhaven HEDG Meeting of December
10, 1971

Check on the Equivalent Radiator
for PEP

Radiative Processes in Electron-
Proton Collisions at PEP
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The Kinematics and Possible Dynamics
of Inelastic Lepton Scattering in PEP
(15 GeV electrons on 70 GeV protons)

PEP Kinematics -- Additional Remarks
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PEP Parameters

Limitation of the Transition Energy
in Large e-p Colliding Beam Facilities

On the Calculation of Luminosity for
Electron-Proton Colliding Beam

High Voltage Rf Systems for the PEP
Rings

The Self-Destructive Behavior of
Stored Electron Beams: The Disease

Patterns, Symptoms and Cures

PEP Model One -- A Machine Design
Example

Conceptual Design ofa Hybrid
Detector for Electron Physics at
Isabelle and PEP: Solenoid +
Quantameter + Hadrometer (Calorimeter)

Further Consideration of the Rf System
for PEP

Multiple Coulomb Scattering and
Multiple Gas Bremsstrahlung at SPEAR

-A Correction to Formulas Computing
the Touschek Lifetime in Storage Rings

Strongly Turbulent Collective Motion
and the Anomalous Size of Stored
Particle Beams

Variable Pro ion Momentum at PEP

Noise in Proton Accelerators

PEP LatticeDesign
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Parameters

An Update of PEP
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Beam Loading in High-Energy Storage
Rings
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-Scaling of FODO-CELL Parameters

Closed Orbit Beam-Beam Effec~ for
Crossing Beams

Space-Charge Effects at Transition
Energy: An Attempt to Scale from the
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The Excitation of Non-linear Resonances
by a Displaced Elliptical Beam

Bunch Lengthening and Widening Effects
Due to the Combination of Rf Noise and
-the Presence of Inductive Wall Elements

The Beam-Beam Limit in SPEARas a
Single Resonance Effect

Bunch Lengthening

Proton Beam Enlargement by Gas
Scattering

Synchrotron Radiation Integrals for
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Enlargement of the Electron Beam Cross-
Section in a Storage Ring Due to an
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Damping Time Constant
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Negative Mass Instability

Physical Picture of the Electromagnetic
Fields between Two Infinite Conducting

Plates Produced by a Point Charge

Moving at the Speed of Light

Shielding Requirements for Radiation
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PEP Experimental Areas -- Winter 1975

The PEP Electron-Positron Ring -- an

Update

The Radiation Dose to the Tunnel Lin-

ings and the Production of Nitric

Acid and Ozone from PEP Synchrotron
Radiation

Higher Order Multipole Magnet
Tolerances

Control of Closed Orbit Deviation

Due to Synchrotron Radiation

The PEP Injection System

Vacuum System for the Stanford-LBL
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Beam Energy Loss to Parasitic Modes
in SPEAR II
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Implications of Shorter Cells in PEP

Parasitic Loss of a Gaussian Bunch

in a Closed Cavity

Differential Energy Loss for a Particle

in a Square Pulse of Charge Traveling

between Infinite Conducting Plates

Design of an Electrode System for Beam
Tranverse Excitation

The Behavior of Betatron Oscillation
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Structure R~sonances

Beam Induced Transit Time Signals at
SPEAR

Stored Current in PEP at 125, 200
and 358 MHz

High 'Performance Magnet Power Supply
Optimization

Control of Beam-Size and Polarization
Time in PEP

Bunch Lengthening and Bucket Distortion
Due to Cavities

PEP Initial Design -- Injection Transfer
Line Coordinates

PEP Ring Coordinates -- Configuration E

On the Horizontal Shape of an Electron
Bunch

Stationary Solution of the Fokker-Planck
Equation for Linearly Coupled Motion in

an Electron Storage Ring

Transient Particle Distribution for

Linearly Coupled Motion in an Electron

Storage Ring
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Particle Distribution and Beam Lifetime
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1974 Summer Study

Introductory Remarks

The PEP Electron-Positron Ring
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Measurement of the Total Cross Section
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Precise Measurement of the Total Cross
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Process in the Measurement of crT at PEP
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Strange Particle Experiments at PEP
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in e+e- + Hadrons

Polarization Group Coordinators' Summary
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Two Methods to Measure the e- Polarization
at PEP

A Pulsed Polarization Monitor for PEP

A First Look at a Polarimeter for EPIC
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An Alternate Way of Measuring Beam Polari-
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New Particle Searches at PEP
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Comparison of Jet and Phase Space Models
at E = 30 GeV

cm
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APPENDIX F

STORAGE RING PARAMETERS

Main Storage Ring Parameters

Nominal maximum energy

Minimum energy

Maximum current per beam (at 15 GeV)

Design luminosity per interaction region

Maximumluminosity at 15 GeV
Below 15 GeV

At 18 GeV

Beam lifetime

Number of interaction regions

Available free length for experimental setup

Circumference

Symmetry

Average radius

Largest diameter
Smallest diameter

Average radius with normal periodic cells

Magnetic radius .

Bending magnet filling factor in cells

Length of interaction straight section
(IP to center of Q3)

Length of bend section (center of Q3 to center
of 9QF)

Length of symmetry straight section (center of
9QF to center of sextant)

Orbital frequency
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18

4

92

GeV

GeV

ma

1 x 1032 cm-2sec-l

1032(E/15)2 cm-2sec-l
31 -2 -11.5 x 10 cm sec

2.5 to 5.7 h

6

19.0 m

2200.0002 m

sixfold

350.1409 m

710.8429 m

677.7638 m

219.9240 m

165.5177 m

75 %

58.54335 m

121.96000 m

2.83000 m

136.2693 kHz
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Lattice Parameters for Standard Configurations Used for Operation with

Wiggler Magnets from below 5 GeVto up to 15 GeV

Focusing structure in bend section
Total number of cells

Number of normal cells

Mechanically identical

Electrically identical

Number of matching cells

Length of normal cell

Length of matching cell at symmetry point

Length of matching cell at interaction
straight section

F-O-D-O
96

72

48

24

14.35

14.90

20.96

m
m

m

Maximumbetatron function:

S (m)x

sy(m)
t~aximumeta function:

llX(m)

lly(m)

1.81

0

1.98

0

1.15

0

Phase advance per normal cell 1Vx= 470
1Vy = 360
Vx = 18.77
Vy = 19.26

Vs = 0.064

ac = 0.00415

Betatron oscillation tunes

Synchrotron oscillation tune

Momentumcompaction factor

Transverse acceptance of the storage ring for
ideal orbit and on-momentum particles

A = 30 7rX
A = 14 TI
Y

mrad mm

mrad mm
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Beamdynamics function values in

Normal cell Matching cell
Interaction
straiqht section

26.5 33.5 190

33.1 32.3 530



Maximumenergy spread acceptance relative
to beam energy .

Horizontal beam emittance

. Natural energy spread

Transverse damping time

Uncorrected chromaticity (8 = ~p/po)

Variation of damping partition
number with energy

~ 1.4 %

a2/B = 0.231 TI mrad mmx x
a lE a = +0.100 %

E -

T = T = 8.2 msec
x y

~ = ~v 18 = -34 0x x .
~y = ~vyl8 =-100.3

~J/8 = 462

Beam dynamics parameters at interaction point:

Betatron function

Eta function

Crossing angle
Maximumbeam-beam tune shift

Optimum coupling
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B* = 3.707 m
B = 0.184 m
y

11 = -0.653 m
11* = 0 m
y

X = 0

V = V = 0.06
x y

K = 0.27
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PEP Main Ring Bend Parameters

Magnet Designation

Number of-Hagnets..

Field @ 18 GeV

/Bdt @ 18 GeV

Pole Width

Gap Height

Cone Length

Magnetic Length

Width 'of Useful Field (0.1%)

Lamination Height

Lamination Width

Packing Factor (min)

Core Weight

AmpTurns per Pole @18 GeV

Turns per Pole

Pancakes per Pole
Conductor Cross Section

Cooling Hole Diameter
Conductor Cross-Sectional Area

Current @18 GeV

Iilductance

Resistance @400C

Power @18 GeV

Voltage Drop @18 GeV

Stored Energy @18 GeV

Coil Weight

Number of Water Circuits

Water Flow Rate

Water Pressure Drop

Temperature Rise

70C5400

192

0.3£25 T

1.957 T-m

0.21 m

70 mm

5.33 m

. 5.40 m
100 mm

0.496 m

0.53 m

96 %

8580 kg

10409 A-turns

16

1
. 265 x 9 mm

2 @5 mm

546 mm2

650.6

19.6

17.9

7.58

11.6

4.15

242

2

9.45 x 10-5 m3/sec

1.38 MPa

. 19. °c

A

mH

mfl

kW

V

kJ

kg
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PEP Standard Quadrupole Parameters (18 GeV)

(Low Impedance Design)

Magnet Designation

Nominal Peak Gradient

Gradient

12OQ640

20 Tim

12.61 T/m

O.757 T

8.07 T

60 mm

34.4 ronl

0.580 m

Pole Tip Field

Gradient Length Product

Inscribed Radius

, Minimum Gap

Core Lnngth

Magnetic Length
Width of Useful Field

Laminate Height
Laminate \Vidth

Packing Factor (min)

Core Weight

Amp Turns per Pole

Turns per Pole

Pancakes per Pole

Conductor Cross Section

Cooling Hole (s) Dianleter

Condu.ctor Cross-sectional Area

O.64 m

120 mm

365 rom

402 mm

96%

1700

18062

12

1
2

9 x 72 mm

2@5mm
2

609 mm
..,

1505 A.
2

2.47 A/mm

5. 14 mH

4.47 mQ

10. 1 kW

6. 73 V

5.82 kJ

'150 kg
1

35.4 °c
-5 3

6.85XIO m/sec
1. 034 ItvIPa

'.I

kg

A-turns

Current

Current Density
Inductance

Resistance @400C
Power

Voltage Drop

Stored Energy

Aluminum Weight

Number of Water Circuits

Temperature Rise

Water Flo1.-vRate

Water Pressure Drop
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PEP Standard Quadrupole Parameters (18 8eV)

(High-impedance Design)

Magnet Designation
Used for

Number of Magnets

Nominal Peak Gradient TIm

Operating Gradient TIm

Pole Tip Field @Operating Gradient T

Gradient Length Product T

Inscribed Radius mm

MinimumGap rom

Core Length m

Magnetic Length m
Width of Useful Field mm

lamination Height
Lamination Width

Packing Factor (min)

Core Weight

AmpTurns per Pole

Turns per Pole

Pancakes per Pole
Conductor Cross Section

Co'o1i ng Hole Diameter

Conductor Cross-Sectional Area-

Current

Current Density
Inductance

Resistance @40°C

Power @18 GeV

Voltage Drop @18 GeV

Stored Energy

Aluminum Weight
Number of Water Circuits

Temperature Rise
Water Flow Rate

Water Pressure Drop

mm

mm

%

kg

A-turns

2
mm

mm
2

mm

A

A/mm2

mH

mn

kW

V

kJ

kg

°c
lO-5m3/sec

MPa
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120Q750

QF, QD, 2QF, 3QF,
8QF, 8QD, 1QD

180

20

10.76

0.646

8.07 -

60

34.4

0.690

0.750

120

340

378

96

1700

15412

57

1

12.7 sq.
6.3

121.3

270.4

2.23

56.4

112

8.17

30.2

2.06

150

2

24.6

7.95

1.034

120Q1000

Q3, 1QF

24

20

10.76

0.646

10.76

60

34.4

0.940

1.00

120

340

378

96

2316

15412

57

1

12.7 sq.
6.3

121.3

270.4

2.23

75.2

140

10.2

37.9

2.74

187.5

4

10.2

18.4

1.034

120Q380

9QF

12

20

10.76

0.646

4.09

60

34.4

0.32

0.38

120

340

378

96

788

15412

57

1

12.7 sq.
6.3

121.3

270.4

2.23

28.6
68.4

5.0

18~5

1.04

91.6

2

11.4

10.5

1.034
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PEP Insertion Region Quadrupole Parameters

Magnet Designation 160Q2000 (Q1) 160Q1500 (Q2)

Number of Quadrupo1es 12 12

Rated Gradient T/m 6.6 (:to.4) 6.6 (:to.4)

Rated Pole-tip Field @18 GeV T 0.53 (:to.03) 0.53 (:to.03)

Inscribed Aperture Radius mm 80 80

MinimumGap Between Poles mm 53 53

Core Length m 1.95 1.45

Magnetic 'Length m 2.0 1.5

Useful Field Width (B/B 10-4) mm 168 168

Turns per Pole 26 (16) 26 (16)

Rated Current A 660 (:t65) 660 (:t65)

Current @15 GeV A 542 (-16) 542 (+9)

Current @18 GeV A 651 (-5) 651 (+22)

Coil Sections per Pole 2 (1) 2 (1)

Conductor Cross Section mm2 23 x 20 (6.5 x 6.5) 23 x 20 (6.5 x 6.5)

Cooling Hole Diamejer mm 6.5 (3.5) 6.5 (3.5)

Conductor Area
2

426 (32) 426 (32)mm

Rated Current Density @18 GeV A/mm
2

1.54 (2.0) 1.54 (2.0)

Resistance @400C m 36.5 (260) 29.1 (200)

Rated Voltage (max.) V 24.1 (16.9) 19. 2 (13. 0)

Rated Power (max.) kW 15.9 (1.1) 12.7 (0.9)

Stored Energy @18 GeV kJ 9 ('VO) 7 ('VO)

Inductance @.18 GeV mH 42 (16) 32 (12)

Core Weight kg 9000 6700

Aluminum Coil Weight kg 594 474

Number of Water Circuits 4 (2) 4 (2)

Water Temperature Rise °c 20 20

Water Flow Rate m3/sec -4 1.52 x'10-41.90 x 10 5
(1.3 x 10- ) (1.0 x 10-5)

Water Pressure Drop t1Pa 0.82 (0.60) 0.46 (0.30)

Values in parentheses are for auxiliary windings.
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PEP Standard Sextupole Parameters

Magnet Designation

Number of Sextupoles

Peak Design Gradient

Design Gradient at Pole Tip

Pole Tip Field @Design Gradient
Inscribed Radius

Core Length

Magnetic Length

Weight of Iron

AmpTurns per Pole

Turns per Pole

Design Current

Conductor Size (square copper)
Conductor Area

Current Density

Resistance @40°C

Power

Number of Water Circuits

Temperature Rise

Water Flow Rate

Water Pressure Drop

'.1
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140S250

162

15.0 T/m

7.91 T/m

0.277 T

70 mm

0.20 rn

0.25 .m

205 kg
5655 A-turns

49

115 A

5.8 x 5.8
2

mm

24.7 rnm2

4.7 A/mm
2

91.6 mn

1.22 kW

2

9 °c
-5 3

1.6 x 10 m /sec
1.03 MPa



PEP Wiggler Magnet

Magnet Designation

Number of Magnets
Peak Field

fBdi @2T

Gap Height
Pole Width

Core Length

Magnetic Length

Width of Useful Field (~B/B < 0.1%)

Magnet Height

Magnet Width

Core Weight

AmpTurns per Pole @2T

Turns per Pole

Pancakes per Pole

Conductor Cross Section (sq. aluminum)

Cooling Hole Diameter
Conductor Cross-Sectional Area

Current @2T

Inductance

Resistance @ 400C

PO\'Jer @ 2T

Voltage Drop

Stored Energy

Coil Weight
Number of Water Circuits

~Jater Flow Rate

Water Pressure Drop

Temperature Rise
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50H1200

9
2

2.40

50

240

1.15

1.20

130

500

960
3360

44210

96
3

12.7 x 12.7

6.3

121.3
460.5

968. - -'

184 -

39.1

84.7

102.7

123.4

6

3.26 x

1.38

28.8

T

T-m

mm

mm

m

m

mm

mm

mm

kg

A--turns

2
mm

mm
2

mm

A

mH

mQ

kW

V

kJ

kg

-4 3
10 m /sec

mPa

°c
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Low Field Bend Magnet

Magnet designation

Number of magnets

Field @18 GeV

J13dl @18 GeV

Pole width

Gap height

Core length

Magnetic length

Width of the useful field

Amp-turns/pole @18 GeV

Turns/pole

Conductor cross section

70C2000

24

240 G

480 G-m

O.19 m

O.07 m

1. 93 m

2.0 m

.080 m

Cooling

Current @18 GeV

Resistance

Power @ 18 GeV

Voltage drop

690

23

26.7

Air

A-turns

2
mm

30 A

0.172 n

154 W

5.13 V
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PEP Magnet Power Supplies

Ring and Injection Choppers

Magnet Circuits
Total Power No. of 600V Current Locations No. of Magnets

Required (kW) dc Choppers Rating (A) per Circuit

B+Ql+Q2 1850 6 700 4,8,12 192+ 12+ 12
Q3 134 1 300 8 12

lQF 185 1 300 8 12
lQD 114 1 300 8 12
2QF 252 1 300 8 12
3QF 196 1 300 8 12
QF 430 3 300 4,8,12 48
QD 420 3 300 4,8,12 72

8QF 130 1 300 8 12
8QD 116 1 300 8 12
9QF 99 1 300 8 12

Wigglers 180 1 700 8 9
SD 53 1 300 8 48
SF 26 1 300 8 48
HI 160 1 200 Sector 30 15

H9S 80 1 200 Sector 30 8
H9N 80 1 200 Sector 30 8
QlS 36 1 100 Sector 30 9
Q1N 36 1 100 Sector 30 9
Q18S 28 1 100 Sector 30 7
Q18N 28 1 100 Sector 30 7

Magnet Total Power No. of Circuits Rating (V/ A) Location

Ring Corrective Elements (not choppers)

Special Sextupoles 60 5 8
Q1, Q2 Trims 48 24 ::I:: 30/100 2,4,6,8,10,12
Steering Coils (transitions) 160 48 ::I:: 30/100 2,4,6,8,10,12
Steering Coils (arcs) 30 96 ::I:: 30/10 2,4,6,8,10,12
Low Field Bends 7 24 ::I:: 30/10 2,4,6,8,10,12
Rotated Quad 20 2 ::I::120/100 8

Remaining Injection Supply Requirements (not choppers)

Q6N, S thru Q17N, S 64 16 + 50/100 Sector 30
Bumps 40 8 + 50/100 Sector 30
Trim Tl 3 1 ::I:: 50/100 Sector 30
Vertical Bends 36 3 + 120/100 Sector 30
Trims T2S, N thru T18S, N 12 10 ::I::120/10 Sector 30
V and H Steering 29 24 ::I::120/10 Sector 30
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Rf Parameters (15 GeV)

Orbital frequency

Radiofrequency

Harmonic number (25 x 34)

Momentumcompaction factor

Synchrotron radiation loss per turn

Energy loss into parasitic modes per turnl

Peak rf voltage

Quantu'm 1i feti me

Circulating current per beam

Particles per beam

Synchrotron radiation power per beam

Total active length of accelerating structure

Total shunt impedance
Number of accelerator sections

Number of cavities per accelerator section

Fundamental mode dissipation per cavity

Power loss to parasitic modes1

Total available rf power

Number of vacuum pumps (500 t/sec) per accelerator section

Number of klystrons

Klystron beam voltage

Klystron beam current

Klystron beam power

Klystron drive power

Klystron output power

Klystron efficiency

Maximumenergy, limited by rf system
9 MW, 38.2-m accelerating structure

9 MW, 76.4-m accelerating structure

9 MW,152.8-m accelerating structure

Bunch length (theoretical, without bunch lengthening)

Total rf bucket height relative to beam energy

136.2693

353.21016

2592

0.00417

27.056

,3.7

48.8

50

92

4.22 x

2.5

38.2

715

18

5

36.7

0.7

9.0

3

18

62

11.5

713

15W

500

70

18.4

20.5

22.8

cre = 2.3
~ 1.4

kHz

MHz

MeV

MeV

MV

h

mA

1012

MW

m

MQ

kW

MW

MW

kV

A

kW

kW

%

GeV

GeV

GeV

cm

%

. lEstimated for a bunch length of 4.5 cm and a parasitic-mode-loss impedance
of 40 MQ.
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Vacuum System

1. Vacuum Components in One Bend Arc

Average pressure

Desorption due to synchrotron radiation
at 15 GeV

Total pumping speed

Number of distribution pumps

Pumping speed uf distribution pumps

Number of holding pumps

Pumping speed of holding pumps
Material for bend chamber

Length of bend chamber

Numberof bend chambers

Material for instrument module

Length of instrument module
Number of instrument modules

Number of isolation valves

Number of ion gauges

In situ bake-out temperature
(hot water, 18 atm)

2. VacuumComponents in One Interaction Straight Section

Average pressure

Total pumping speed per straight section

Number of pumps (pumps at rf cavities
not included)

Pumping speed per pump
Number of fast valves

Number of isolation valves

Material for vacuum chamber

Number of ion gauges

In situ bake-out temperature

3. General Vacuum Components

Number of roughing pumps (portable units)

Quadrupole residual gas analyzer

Temperature-monitoring system with 100
thermocouples (movable unit)
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5 x 10- 9

4400

20

Torr

i/sec

i/sec220

2

2

304 Stainless Steel

8

200 °c max.

6

3

1

-8 Torr2.2 x 10

10-5 Torr /sec/ma

27,400 /sec

32

800 /sec

18

100 i/sec
Al 6061-T4

13.92 m

32

304 Stainless Steel/Copper
0.43 m

18

4

4

185 °c
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Injection System

Injector accelerator

SLACbeam parameters for

Energy

Momentumwidth

Emittance

Positrons

Electrons

SLAC

injection into PEP

4 to 15

:to.5

GeV

%

,Pulse length

Particles per pulse
Positrons

Electrons

Repetition rate

Injection time

Injection System Magnet Parameters
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0.2TI x (15 GeV/E) mm-mrad

O.02TIx (15 GeV/E) mm-mrad

1 nsec

1.3 x 108

1.3 x 109

up to 360 pps
4 to 10 min.

1. Pulsed Switching Magnet (29PM1)

Maximumfield 3.3 kG

Effective length 0.96 m

Bend angle (15 GeV) 6.3 mr

Clear aperture .!:- 12.5 mm

Wave form Single 600-Hz sinusoid

Repetition rate 360 Hz

Peak voltage 3.8 kV

Peak current 420 A

Average power 3 kW

Weight 725 kg

Number required 1



2. Splitter Iron-Septum Magnet (29Bl)

Maximumfield

Effective length

Bend angle (15 GeV)

Gap height

Clear aperture
Vertical

Horizontal

Ampere-turns
, Power

10.9

3.0

65

30

Weight

Number required

.i 12.5
+115

34,000
22

9,000

1

3. Horizontal Bend Magnets (28B2 to 28B16; 30B2 to 30B16)

Maximumfield

Effective length

Bend angle (15 GeV)

Gap height

Clear aperture
Vertical

Horizontal

Ampere-turns
Power

Weight

Number required

12.6

2.6

65

30

+ 12.5

+ 25

32,000

12

2,700

30

4. Quadru20les (28Ql to 28Q23; 30Ql to 30Q23)

Maximumgradient

Effective length
Inscribed radius

Clear aperture

Ampere-turns per pole
Power

Weight

Number required

3.0

0.4

30

25.0

12,000
7.9

225

46
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kG

m

mr (3.750)
mm

mm

mm

A-t, d. c.
kW

kg

kG

m

mr (3.75°)
mm

mm

mm

A-t, d.c.
kW

kg

kG/cm

m
mm

mmradius

A-t, d.c.

kW, max.

kg
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5. Vertical Bend Magnets (28B17, 30B17)

Maximumfield 7.3 kG

Effective length 3.0 m

Bend angle 44 mr (2.50)

Gap height 45 mm

Clear aperture

Horizontal + 20 mm-
Vertical + 35 mm-

Ampere-turns 28,000 A-t, d.c.

Power 10 kW

Weight 2,250 kg

Number required 2

6. Injection Iron-Septum Magnets (28B18, 30B18)

Maximum field 7.3 kG

Effective length 3.0 m

Bend angle (15 GeV) 44 mr (2.50)

Gap height 35 mm

Clear Aperture
Horizontal + 12.5 mm

Vertical + 25 mm-

Ampere-turns 21,500 A-t,d.c.

Power 8.2 kW

Weight 2,250 kg

Number required 2

7. Pulsed Kicker Magnets (28PM1 to 28PM3; 30PM1 to 30PM3)

Maximum field '\.. 0.6 kG

Effective length
1.0 m (28PM1 & 28PM3)
2.0 m (30PM1 & 30PM3)

Clear aperture
Vertical '\.. + 40 mm-
Horizontal '\..+ 40 - + 80 mm-

Wave form Half-sinusoid, damped, 3 s long

Peak Voltage 12 - 19 kV

Peak current 10 - 15 kA

Repetition rate 360 Hz

Number required 6
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8. d.c. BumpMagnets

Maximumfield

Effective length

Gap height

Clear aperture
Vertical

Horizontal

Ampere-turns
Power

Weight

Number required

(28Al to 28A4; 30Al to 30A4).

4.7

0.5

140

+ 25 - + 40 mm- -
+ 50 - + 80 mm

23 - 50

2 - 5

f\J 225

8
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kG

m

mm

kA-t

kW (max . )

kg
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PEP Power Requirements at 18 GeV (kW)

NOTES:

aprojects overall magnet power supply efficiency of 85% and overall rf system fS efficiency of 60%.

bDipoles and insertion Quads, Q1Q2, are in series.

cBased on 120 mm design for normal cell quads. (The potential 100 mm bore design being studied can
provide ",700 kW power reduction. )

dFor operation at 15 GeV.

eActual demand per area can be 3 x 850 kW with the total power for all areas constrained to 4350 kW.

f Assumes power from existing substations.

gPower for lights, electronics, cranes, convenience outlets. etc.
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Total Totala

Region Location 12 2 4 6 8 10
Sector I

Demand Demand
30 by to

Components Power Supply

SYSTEM
I

1. Magnets and Buses

Main DiPOleS} b

500 500 500 I 1890 2224
Q1 and Q2 130 130 130

Ql-Q2 Trim f
10 10 10 10 10 10 60 70

QF's and QD's 280 280 280 840 988

All other Quads 1250 1250 1470

Sextupoles 300 300 353

Wiggler (180) 0 0

Correction Elements 30 30 30 30 30 30 180 212

Injection Magnetsd 760 760 895

(Magnet Subtotal) (950) (40) (950) (40) (2500) (40) (760) (5280) (6210)

2. Rf System 3000 3000 3000 9000 15000

3. Experimental Equipniente 850 850 850 850 850 "'100f I 4350 5120

4. House Powerg

Tunnels 40 40 40 40 40 20f 50 270

Interaction Halls 35 35 35 35 45 10 195

Surface Buildings 100 60 100 70 110 50f 20 520

MCR 50f 50

(HP Subtotal) (175) (135) (175) (145) (245) (80) (70) (1035) 1035

5. Mechanical Utilities

LCW Systems 400 60 400 60 420 0 150 1490 1490

Cooling Towers 1200 1200 1200

TOTAL 5375 1085 5375 1095 8215 220 980 22345 30055
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PEP Power Requirements (18 GeV) by Area

. Maximum(1) Approx. (2)
Power Line

Region Demand Requirement
Location System -( kU) KVA Area Sub-Station Transfers

12 ( Magnets 1120 1315 - One 1500 kVA (12.5 kV - 480 V)

and. I R.F. 5000 5880 - 12.5 kV Step Regulators
Exp. Equip. 1000

1175 }

- One 1500 kVA (12.5 kV - 480 V)
4 , '\ House Power 175 205 One 300 kVA(480-208/120

Meche 400 470 Two 75 kVA(480 - 120)
. Utilities

2 ( r4agnets 47

551
- One 1500 kVA (12.5 kV - 480 V) I J

and Exp. Equip 1000 1175 One 300 kVA (480 - 208/120)
} House Power 140

165J
Two 75 kVA (480-120)

6 1 t,1ech. 60. 70
Utilities

Magnets 2940 3450 - Two 2000 kVA (12.5 kV - 480 V)
8 J R.F.. 5000 5880 - 12.5 kV Step Regulators

Exp. Equip. 1000

1175}

- Two1500 kVA(12.5 - 480 V)
House PO\4/er 245 290 One 300 kVA (480 - 208/120)
Mech. 1620 1900 Two 75 kVA (480 - 120)
Utilities

{ Magnets

47

55}

From Existing Sub-station
10 Exp. Equipment 120 140

House Power 70 80

{ Magnets

895 1050! - One 1500 kVA (12.5 - 480 V)
Sector House PO\er 70

80 ]

Two 100 kVA(480-208/120)
30 1ech. 150 175

., Utilities

(1) Includes power supplies where applicable

(2) Assumes average power factor of .85.




