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Table 1.1.2.1

TRIUMF Beam Properties
!

The cyclotron energy range is 180-520 MeV with an energy spread of 0.12 (FWHM). The
unpolarized intensity is 150 pA, and the polarized intensity is 1 yA; the
polarization is 75-82%. The BL4/BL1A split ratio is 1/10%. The phase width is
variable from 0.5 to 6 ns. The pulse separation is 43 or 217 ns. There are plans to
upgrade various performance levels.

Primary Beam Lines

Energy Momentum spread Polarization Spot size
Beam Particle (MeV) Intensity FWHM (%) (%) HxV(cm)
BL1A p 180-520 150 pA 0.2 0 0.2x0.5
(500 MeV)
BL4/1B P 180-520 1 A 0.2 70-80 0.2x0.5
BL4A a 160-500 108/sec 1.0 40-75 6%6
BL2C P 65-100 10 pA 0.2 0 1

Secondary lines

The M8, M9 and M20 fluxes are for full momentum acceptance with 100 pA of protons on
a 10-cm Be target. The Ml1l, M13, and M15 fluxes are for full momentum acceptance
with 100 pA of protons on a l-cm C target. Beams of n and y~ have the same
properties as the n" and nt beans, except fluxes are about 5 times lower.

Momentum Particle flux + at Momentum spr. Polar. Spot size

Beam Particle (MeV/c) (per sec) (MeV/c) FWHM (%) (%) H>x¥V(cm)
M8 ™ 0-220 1.3x108 180 13 - 1x2
M9 T 30-150 106 77 14 50 8 x8
nt 30-250 2x108 120 14 —_— 102
M20 ut 30-200 2.5x106 30 5 >90 4x3
2x106 85 8 75 8x8
M13 »t 30-130 5x107 130 10 - 3x2
wt  30(surface) 1.3x106 30 10 >90 IR
M1l nt 90-470 5x106 200 3 - 2x3
M15 wt  30(surface) 1.6x106 30 12 >90 2x1
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3.2 Beam Properties

3.3

Energy range: 183-520 MeV
Beam current:
Unpolarized 140pA
Polarized ~600 nA
Polarization (reversible) ~75%
Split Ratio (REaD ime ¢ Variable down to 10~5
Beam micropulse width (max) Sns(FWHM)
(min, split selected beam) 0.5ns
Macropulse separation 43ns
with 1 in 5 selector 217ns

Duty Factor:

Microscopic (ion source pulsed) 0.1%-99.9%
Microscopic (max) 7% (3/43 us)

(min, phase selected beam) 1.1%

Cyclotron Transmission 85%

Fraction of dc beam to 500MeV 50%
Energy Spread: Normal 2x10~ 3 (FWHM)
Slit selected beam <1x10~3 (FWHM)

Emittance:

Internal 1 to 27 mm mrad (90% of beam)
External 2 to 37 mm mrad

Beam Time Structure

The normal beam microstructure is a 3 nsec beam pulse every 43 nsec.
Both the microstructure and macrostructure of the beam can be changed by
a number of devices in the ion source injection line and the cyclotron
centre region. These devices are summarized below.

Variable duty cycle pulser: This device in the ion source terminal

allows the macroscopic duty cycle to be varied from 0.1% to 99%Z. The
variation is done at a frequency of lkHz. For instance, in the 10% mode
the beam would be present for 100 usec every 1 msec. Normal operation

III - 3 31 July 1987
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ANNUAL BEAM DELIVERY
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HOURS OF OPERATION FOR 1987




DBX1: 1 0PS, BACH. STATSI PERF_BETHFPIE. DMGs 1 17-JL-98 11:10:39

1ST—HALF 1988 OPERATING RECORD
( HOURS )

Beam to Experiments
( 21982 )

T Stortup (3735)

Cd

Ty
“s0sg,

L Other (374)
Tuning ( 69.3 )
Overhead ( ©9.15 )
Development ( 225.45 )
Shutdown Maintenance ( 239.55 )

( 1285 )

Downtime ( 302.1) >|< SEE BELOW

DSK1s{ OPS, BRCH, STRTS] OPRECB8! HFPIE. DUG: @  18-JUL-88 17: 58: 32

k DOWNTIME FOR 1ST HALF OF 1988

( IN HOURS )

7/ /

Z // //
/ % ///
- C. PLATES o3
SAFETY 206
INFLEC 225
VACUUM 28
OTHER 29

TRIPS 30
TARGETS 33

BLINES
29.25

DSK1 ¢ [ OPS, BACH. STRTS! DOUNTIME_881 HFPIE, DUG 7 17-J0-90 0% 36 80
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KAON Factory: PROJECT DEFINITION PHASE WORKPLAN
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Appendix 1

* Thousands)
1. Engineering Design Project Management ........$ 650
2. Accelerator DeSign .ceeececsccccscccscscscacsesesd 550
3. RF SYStemS ....ceececssccccsossccsscscccsscaccseed 1,360
4. Magnet Development ....ccceccecccceccccccccsced 890
S. Power SUPPliesS ..ccceeccecccccscenccncsncscese$: 1,150
6. Vacuum pipes & SYStemS .cececescsscscscccscses$ 960
7. Kicker Magnets ....cceeecececcssscsscscsccssesel 420
8. Cyclotron beam extraction .cc.ceececcccccaccece$ 900
9. Shielding & safety ccceceeccccccccscscscscsosel 200
10. TArgets eceeeeeeoce. AP S €10
11. Control systems ....... cecssssvavesasacancacss $ 240
12. Building design ...eeececscecscocscscacscncaes 900
13. Tunnel desSign ...cceeeecscscccscsssscacssacsasel 760
14. Service & power distribution ....cccceeeeeans .$ 420
15. Industry development ....c. cecocecccoscscsccel 270?
16. International negotiations ....cccceeecccacess$ 200?
17. Economic assessSment ....cecescocccccsoscsccsasel 1007
18. Project ServicCes ...eceeecee cseccsccsscscceaased 5507
19. Environmental Impact Study .c.ccececcccccaaces$ ??
20. Assessment Of Legal ISSUES .cvceccccocccaccnss$ ?2?
21. Engineering Design Contingency ..cccccceececsecs$ 200?
TOTAL ....$ 11,000
Notes:

1. Items 15 to 21 require final adjustment.
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4.0 ACCELERATOR SYSTEM

4.1 Introduction

To accelerate the 100 uA proton beam from the TRIUMF cyclotron to 30 GeV. a chain of § fast-cycling
synchrotrons and dc storage rings is proposed. 450 MeV H" ions from TRIUMF are injected by stripping into
the Accumulator ring. A 50 Hz Booster synchrotron then accelerates the proton pulse to 3 GeV, where the
frequency swing is almost complete. In the main tunnel (170 m radius) are the Collector ring. which collects 5
Booster pulse trains, the 10 Hz Driver synchrotron and the dc Extender ring, where beam is stored for slow
resonant extraction. The accelerator designs have various features, such as H™ stripping injection, high
transition energy, and bucket-to-bucket beam transfers which will avoid or reduce beam loss. Dual frequency

magnet power supplies provide a 3:1 rise:fall ratio, reducing the peak rf voltage requirements to 600 kV for the
Booster (46— 61 MHz) and 2400 kV in the Driver (61—63 MHz).

4.1.1 Main Accelerator and Injector

The specifications for the KAON Factory call for the accelerator to provide 100 » A proton beams at 30 GeV.
This choice of energy satisfies the desire for intense fluxes of high-energy kaons as well as stopping kaons,
antiprotons and neutrinos. The 100 uA current (6 x 10" protons/s) is chosen to provide a significant (80-fold)
improvement over beams which have been available in this energy region (<8 x 102 p/s—see Table 4.1.1), and

» make possible experiments which have hitherto been impractical.

In light of these specifications the KAON Factory accelerator system has been based on a rapid-cycling (10
Hz) 30 GeV proton synchrotron. At lower energies other types of accelerator could be considered, but above
about 15 GeV asynchrotron is the only practical choice. The fast cycling rate keeps the charge per pulse down
to N = 10uC (6 x 10* protons) and restricts the time available for instabilities to develop. The circulating
current, a measure of the likelihood of beam instability, is 2.8 A, not quite double the 1.5 A at which the CERN
PS operates and only 20% higher than that delivered in the Argonne IPNS. Intensity-dependent effects, such as
tune shift, instabilities and beam loading, should therefore lie in a well-understood region.

Table 4.1.1

Some High Intensity Proton Synchrotrons

Duty Protons Circulating Rep. Average
Name Energy Factor  perpulse  Current Rate Current
(GeV) (%) (x 109) (A) (Hz) (1A)
FNAL Booster 8 0.0024 03 0.3 15 7.2
KEK PS 12 18 0.4 0.6 0.6 (2).32
26 0.00014 2 1.5 1.67 1
CERNPS [ 26 50* 2 1.5 1.38 1.2
28.5 0.00018 1.64 1.0 0.67 1.8
BNL AGS { 285 50 1.2 0.7 0.38 0.73
ANL IPNS 0.5 0.00057 0.17 2.3 30 8
RAL SNSt 0.8) 0.0032 (2.5) 6.1) 50 (200)
TRIUMF K Factory 30 100/0.0036 6 2.8 10 100
SIN II 30 100/0.011 1.2 04 25 1%
7 0.0053 1.75 2.5 48
LAMPF I { 5 50 7 25 3 34

* No longer available for experiments
1 At present being commissioned




Table 4.1.11

Synchrotron Design Parameters
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Booster Driver
Energy 3GeV 30 GeV
Radius 45R,; = 34.11m 22.5R; =170.55m
Current 100 uA = 6x10"/s 100uA = 6x10%/s
Repetition Rate S50 Hz 10 Hz
Charge/Pulse 2uC = 1.2x10%ppp 10 uC = 6x 10%ppp
No. Superperiods 6 12
Lattice Focusing FODO FODO
Structure JL Bending OBOBBOBO BBBBBOBO
No. Focusing Cells 24 48
Maximum S, x 8, 158m x 15.2m 38.1m x 37.5m
Dispersion n,,,, 40m 9.09m
Transition y, = 1/\'y 9.2 oo
Tunes v, xv, 5.23 x 6.22 11.22 x 12.18
Space Charge Av, -0.15 -0.09
Emittances |[ ¢, x ¢, 1397 x 62w (um) 377 x 16w (um)
at Injection}{ Clome 0.064 eV-s 0.192 eV-s
Harmonic 45 225
Radiofrequency 46.1 - 61.1 MHz 61.1 - 629 MHz
Energy gain/turn 210 keV 2000 keV
Maximum RF Voltage 576 kV 2400 kV
RF cavities 12 x S0 kV 18 x 135kV

TUNNELS

AO
IBD
I‘—5m—>—

BOOSTER

NEUTRINO
FACILITY

? EXPERIMENTAL
HALL

Figure 4.1.A. Proposed layout of the accelerators and cross sections through the tunnels.
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To allow time for injection or for slow beam spill for counter experiments, it is conventional to “flat-bottom”
or “flat-top” the magnet cycle of a synchrotron. In the present case, however, starting with 100 uA beams from
the TRIUMF cyclotron, such a procedure would result in average beam currents at 30 GeV of only 50 u A for
neutrino production (fast extraction) or 33 uA for counter experiments (slow extraction). Instead, it js
proposed to follow each of the three accelerators by a relatively inexpensive dc storage ring, so that the
TRIUMF cyclotron would be followed by a chain of 5 rings, as follows:

A Accumulator : accumulates cw 440 MeV beam from the cyclotron over 20 ms periods
B  Booster : 50 Hz synchrotron; accelerates beam to 3 GeV

C Collector : collects 5 Booster pulses and manipulates beam longitudinal emittance
D Driver : main 10 Hz synchrotron; accelerates beam to 30 GeV

E Extender : 30 GeV storage ring for slow extraction.

As can be seen from the energy-time plot (Fig. 4.1.B) this arrangement allows the cyclotron output to be
accepted without a break, and the B and D rings to run continuous acceleration cycles; as a result the full
100 1A from the cyclotron can be accelerated to 30 GeV for either fast or slow extraction.

\
\
10 Hz \\
\
\
0k \/ /1 oSt VLAV
} | { | . [ 1/ }440 MeV
23 Wz |||||l||||ll||H| iR
I
0 100
Time (ms)

Figure 4.1.B. Energy-time plot showing the progress of the beam through the five rings.

The Accumulator is mounted directly above the Booster in the small tunnel, and the Collector and Extender
rings above and below the Driver in the main tunnel (Fig.4.1.A). Figure 4.1.C shows schematically the
arrangements for beam transfer between rings and the location of rf stations. Identical lattices and tunes are
used for the rings in each tunnel. This is a natural choice providing structural simplicity, similar magnet
apertures and straightforward matching for beam transfer. The practicality of multi-ring designs has been
thoroughly demonstrated at the high-energy accelerator laboratories, and new projects such as HERA, LEP
and SSC use ever-larger numbers of stages.
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BEAM

<> Dipole Magnet
—{ Quadrupole Mognet
¢ RF Stotion

Figure 4.1.C. Arrangement of rf cavities and beam transfer lines (schematic).

The need for the Accumulator ring would of course disappear if, instead of the TRIUMF cyclotron, a
high-intensity pulsed H™ linac were used as injector. The cost of such a machine, rivalling LAMPF in
performance, would, however, be formidable, over $50 million even for 440 MeV, based on recent SSC
estimates. By comparison, the cost of the Accumulator is estimated below (Chapter 7) to be about $5 million.

) The Collector ring could also be dispensed with, as in the LAMPF I proposal, although this option is not
"CC! to the choice of a linac as injector. Whatever the injector, the lack of a C ring necessitates flatbottoming the
Mmain synchrotron (D) magnet cycle for collection of the Booster pulses. Maintaining the same final average
Current (100 4 A) then requires increasing either the repetition rate or the number of protons/pulse (and hence

€ magnet apertures) for both B and D rings. The costs involved in such changes would considerably exceed
any savings achieved by eliminating the C ring, the cost of which is $13 million.
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