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4 Technical design issues

4.1 High longitudinal brightness
e High Np/ez, due to:

— High beam power, a few bunches — large Ny

— Short bunch length — small €,
o Minimize €7 dilution:
— Avoid transition (lattice design)

— Avoid microwave instability

— x Keep beam below transition
* Keep resistive wall impedance small (uniform beam pipe)

— Avoid coupled bunch instability (low Q cavity )
~p — Inductive insert for compensating space charge
— Minimize filamentation during early acceleration (rf parame-
ters optimization)

— Longitudinal damper

-3 4.2 High intensity bunch compression
e Microwave instability during debunching;
e Beamloading during debunching;

e 7-spread (or a-spread) effect:

— due to higher order momentum compaction factor az

— due to space charge tune spread AQ
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Table 5: Longitudinal Brightness of Proton Machines

Machine EBrax | Niot Ny €5, Ny/fer
(GeV) | (10%2) | (10*) | (eV-s) | {101%/eV-s)

Eristing: _
CERN SPS 450 46 | 0.012} 0.5 0.024
FNAL MR 150 20 0.03 0.2 0.15
FNAL Booster 8 4 0.05 | 0.1 0.5

| PETRA II 40 5 0.08 | 0.12 0.7

KEK PS 12 36 .| 04 0.4 1
DESY III 7.5 1.2 0.11 | 0.09 1.2
FNAL Main Inj 150 60 0.12 0.1 1.2
CERN PS 14 25 1.25 0.7 1.8
BNL AGS 24 63 g | 4 2
LANL PSR 0.797 | 23 23 | 1.25 18
RAL ISIS 0.8 25 | 125 0.6 21

Planned:
Proton Driver PhaseI | 16 30 7.5 2 3.8
Proton Driver Phase 11 16 100 25 2 12.5
Japan JHF 50 200 12.5 5 2.5
AGS for RHIC 25 04 | 04 | 03 1.3
PS for LHC 26 14 0.9 1.0 0.9
SPS for LHC 450 24 0.1 0.5 0.2
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J.Griffin 3-1-00
Welren:

Here are couple of 'final' comments regarding bunch rotatior in a space charge dominated latticc.
The 'fan' effect I showed earlier can be demonstrated in an interesting way by starting with a uniform linc
charge distribution with very small, or zero, momentum spread. If the distribution is divided randomly
(in time) and each group rotated under the influence of a different set of lattice parameters, one gets a set
of five clearly defined results. The result with a real distribution would, of course, fall within these .

boundaries.

550 turn bunch rotation starting
with a 60 ns uniform line charge

distribution at 15.97 GeV with i
zero momentum spread. The initial i i J
charged is divided into five groups. J ‘l H
Each group is rotated with a Vi lrf
different set of o, ; o, latdce Vi
parameters. e ...
16 GeV §
é $ = 65 deg
ah
...... starting
distrib.




5.2 Machine experiments

1. Beam test of Finemet cavity (Fermilab/MI, BNL/AGS)
2. Inductive insert (LANL/PSR, ANL/IPNS)

3. Lab “contest” on intense short bunch production:
e Six labs: BNL, KEK, Fermilab, CERN, Indiana U. and GSL

¢ Two experiments:

— bunch compression;
— p-wave instability below ;.

e Three competing items:

— Max Ipeak
— Max Np/eV-s

— Max compression ratio
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Inductor in Section 5

Los Alamos Neutron Science Center




July 1999 Results from Inductor and Sextupole Tests
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Effect of Heating the Inductor Ferrite

s Ferrite Inductor (2 modules) at m Ferrite at 130°C
room temperature s 3.3 uC accumulated
k] 3.3 l-lc accumtﬂated ™ Lonai b inal signal at cavlty
resonance down 30db from

room temperature case

Wall |
Current
Monitor
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Los Alamos Neutron Science Center
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BNL E-932 (T WNorem ot ad)

6 = 2 ns Bunching was Demonstrated at the AGS

The bunch rotation was done by dropping % to the beam Y.
« Fairly realistic parameters
£, AGS ~ & collider drivers
charge ~ 1/10 required for muons
Some bunch spreading with rf before rotation improved O
Other options and better tuning are possible
short bunches were stable

Lower f and Vs than proton driver (bunching is harder)
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Bunching was done “below” (or at) transition.

« AGS was run in the following mode:

lo | | ] ¥ 1 ] |
9 - Ve l y -
1
8 .
/-/ Y
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f
S 1 e
4t v-——ee -._.,..'.,...‘.‘-..Np,m;.z_
3 B l: ) [I B
2 k- . ," -
1 b N A, Veeec .
0 - i T, N SR E—-—Il
00 01 02 &3 04 &S 0.6 07

Fumne, .

« An attempt was made to run with K(E) ~ Yocam» DUt
the AGS power supplies would not run this high.

8.65
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Results:

Time evolution of the bunch was stable.

v T ———,

“After all these years camegﬁuﬂgc avoiding transition
it looks like the beam is stable thege. T

Measurement of ‘%
% = 8.34 £ 0.05

Phase flip

synchrotron freq % = 8.43 £ 0.05
previous data 1 = 8.45
Debunching % = 8.45 = 0.04

Measurement of o
beam loss vs freq a;=35+15 @I =100A

bunching simulations o =0. =1L

Simple bunch rotation gave bunch lengths of &~ 2.7 us,
however after spreading the bunch by modulating the rf
at the synchrotron frequency, the shortest bunch was achieved.
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