
a^ 
Positron ~ ^Electron 
Beam D u m p ^ \ / ' B e a m Dump 

Electron Seam 
Transport 

0.2 GeV Accelerator 

Positron 
Production Target 

33 GeV Electron 
Seom Transport 

Electron Dampinn 
Ring 

5 0 GeV Accelerator 

Positron Beon 
Transport 

— 0-2 GeV Positron 
Beam Transport 

Positron Damping 
Ring 

1.0 GeV Accelerator 

0.2 GeV Accelerator 

Electron Source 

OVERALL SLC LAYOUT s7?;.'Ji7 

Figure 1 MASTER 
fflsrweurioH iv •?. 

/ -> 



0 . . 
S L A C - PUB - 4 4 3 7 
October 1687 
(A) 

© 
THE STANFORD LINEAR COLLIDER POSITRON SOURCE 
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ABSTRACT 

A description of the positron source used in the Stanford Linear 
Collider ia given. The performance to date is reviewed. 

1. SLC 

The Stanford Linear Collider (SLC) is an accelerator construction project 
which upgrades the Stanford Linear Accelerator and adds components to bring 
about head on collisions of low emittance beams of positrons and electrons. The 
energy of each beam is adjustable up to over SO GeV and will be set to investigate 
production and decay properties of the Z° particle at a center of mass value about 
94 GeV. The machine construction is now complete and machine commissioning 
is in progress at this time. 

2. OVERALL DESCRIPTION 

The positron source is just one of several new components required for 
SLC |l | . Principal items are indicated in Fig. 1. 
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Two single bunches of electrons with charge up to 8 nanocoulombs and 
time separation of about SO nanoseconds are produced by an electron source at 
one end of the accelerator. A 100 meter section of linac accelerates these beams 
to 1.21 GcV before injection into a storage ring. The storage ring holds the 
beam between linac pulses which occur at rates up to 120 Hz. The synchrotron 
radiation damping in the storage ring reduces the emittancc of the beam during 
this period. The resulting small emittance electron bunches are extracted from 
the ring and sent down the linac together with one low emittance positron bunch 
from the corresponding positron storage ring. The positron bunch and the lead­
ing electron bunch go to the end of the linac being accelerated from 1.21 GeV to 
about 50 GeV. Two transport lines bring the beams around and into collision. A 
special final focus produces a small transverse size of 2 micron sigma in order to 
obtain high density beams and a sufficient number of interesting collisions. The 
second electron bunch is deflected out of the linac 2/3 of the way and targeted 
at an energy or 33 GeV in order to produce positrons for the next machine cycle. 

3. POSITRON SOURCE REQUIREMENTS 

The intensity of a linear collider is limited by wake field effects in the 
accelerator structure. Both longitudinal forces which cause energy depression 
of the trailing parts of a bunch and transverse forces which cause disruption 
of th« beam perpendicular to its direction of motion are present. The limiting 
currents are the same for positrons and electrons. Thus in the absence of other 
constraints, a positron system is required to produce as many positrons as there 
are electrons in the accelerator. As in most accelerator positron, sources, positrons 
are produced by targeting electrons thereby Initiating an electromagnetic shower 
cascade of positrons, electrons and gamma rays. It is required therefore for the 
yield of the system to be at least one produced positron for each electron incident. 
The design intensity for SLC is 5 x 10 1 0 particles in each single bunch. The bunch 
length distribution is parameterized by a Gaussian with standard deviation of 
1.5 mm. This short a bunch implies a large instantaneous current and peak 
power to be absorbed in the target. 
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4. POSITRON SOURCE COMPONENTS 

The essential components in the SLC Positron source [2] are a beam trans­

port to bring 33 GeV electrons to a target room, a high power target, a pulsed 

magnet to produce a 5 Tcslasolenoidal field near the target, a dc solenoid magnet 

of 0.5 Tesja to provide extended focusing while the positrons are being acceler­

ated, and an high gradient accelerator. In addition a 200 MeV beam transport 

brings the positrons 2 kM to the far end of the linae for acceleration and subse­

quent damping in a positron storage ring. 

5. TARGET 

The target must be capable of withstanding a rather large pulse energy 

U«^'T of 200 joules in a small area of 1 mm square in a very short time of order 

5 picoseconds. In addition the cycle repetition rate of 120 Hz gives a beam 

power of 24 kWatt of which about 25% h absorbed in the target. The target 

length 13 chosen to be 6 radiation lengths, or about 20 mm, corresponding to the 

cascade shower maximum for the beam energy of 33 GeV. Optimal yields are 

obtained from high Z materials which results in high volume energy deposition 

and temperature rise. 

Two types of targets have been designed and built for SLC. The first is 

a six inch diameter rotating wheel of Ta-10%W alloy. The wheel is cooled by 

water fed though concentric passages on the wheels shaft. The target is in the 

vacuum system of the downstream accelerator. Drive motion for the wheel is 

accomplished utilizing a ferro-nuid rotary vacuum seal. 

The second target design is a stationary target and has been used only 

for low repetition rate running. This target is a 6 mm diameter, 20 mm long 

rod of Ta-10$6W alloy or W-25%Re allow brazed into a Copper holder which is 

cooled by water. All the beam running to date has been with the fixed targets 

at repetition rates less than 40 Hz. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government, Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use* 
fatness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe­
cific commercial product, process, or service by trade name, trademark, manufac­
turer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



to 1.21 GeV and reduced in cmittance in a damping storage ring before accel­

eration to SO GcV. To economize on active accelerator length, the positrons are 

transmitted to the electron source end of the linac and co-accelerated with the 

electrons. This transport includes ISO degree bends to turn the beam direction 

around. Again so as to not dilute the longitudinal or transverse phase spare 

density of the beam, the transport system must be isochronous a.'id ;irhrom;ilic. 

This is accomplished to first order with appropriate quadrupoU? and dipole el­

ements. Second order correction of the path-lcngth/momentum corn-hit'iun is 

accomplished using two scxtupoles. 

9. P E R F O R M A N C E T O DATE 

The SLC positron source has been operating for 9 mouths at a cycle rale 

of 5 Hz. Hcam intensities of the target arc typically in the range of I to 3 y If) 1 0 

electrons. The positron yield is 2 positrons/targeted electron at 200 MrV arid 

1 positron/targeted electron at 1.21 GeV for delivery to the damping ring. The 

damping ring has a through put of as much as 80%. 

10. IMPROVEMENTS 

Several components of the SLC positron source will be changed to meet 

specification and provide a greater number of positrons. The high gradient ac­

celerator was originally tested op to a gradient of 13 MeV/m, but suffered R..F. 

break down later and is presently is limited to 20 MeV/m. This component will 

be replaced is several months with a new accelerator section which is expected 

to achieve 40 MeV/m. The sotenoidal guide field is presently running as 0.39 

Tesla due to a inadequate cooling. It will be replaced as well. The changes are 

expected to improve the yield nearly a factor of two. 
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G. FLUX CONCENTRATOR 

1'ositrons produced in the target arc hot in the sense of occupying a large 

l>!t;iM! sji.ifc volume, both in transverse angle and longitudinal energy. This 

.LiiHiihir divergence introduces the need for a strong magnetic lens of short focal 

length near the target to collect a good fraction of the positrons and match to a 

down stream transport system. This is accomplished in the SLC positron source 

liy tiding an Kddy current transformer pulsed magnet called a flux concentrator. 

Tlio Mux concentrator is driven by a half wave sinusoidal shaped current pulse 

of 10 k/>ni[> to produce a peak field of 5.8 Tesla a few millimeters from the 

target. This magnetic field is aligned parallel to the beam direction. Additional 

DC magnets supply a guide field tapering from 1 Te&la at the target to G.& 

TI:JH downstream. This solcnoidal guide extends to 5 meters from the target-, at 

this point the beam is of sufficient energy and sufficiently monochromatic to bn 

focused by a magnetic quadrupalc array. 

7. HICH GRADIENT ACCELERATOR 

The longitudinal energy distribution from the target has a very large spread; 

for energies over 2 MeV the distribution is roughly inversely proportional to 

energy. The SLC positron source is designed to capture energies between 5 and 

20 McV. Since a single short bunch is needed for collisions and injection into the 

damping ring, any large amount of drift of a beam with a spread in velocities 

will cause a longitudinal increase in the size of the beam. Too long a positron 

bunch will not be accepted fully in the downstream systems. The solution is 

to accelerate the positrons quickly before longitudinal dispersion occurs. A 1,5 

meter long S-Band (2856 MHz) accelerator section is driven by a 50 MWatt 

Klystron to provide an acceleration gradient of 40 MeV/m. This is followed by 

9 meters of accelerator to provide a beam of 200 MeV mean energy. 

8. TRANSPORT LINE OPTICS 

The 200 MeV positron bunch has an energy spread of ±5% and a, trans­

verse omittance of 25 x 10~ 6 meter radian. This beam needs to be accelerated 
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