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FEASIBILITY OF A PHASE-DISPLACEMENT
ACCELERATION SYSTEM AND A
MICRO-BUCKET TRANSFER SYSTEM

FOR ‘FEEDING’ THE RESONANCE
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PHASE DISPLACEMENT ACCELERATION
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Small empty buckels are creaied at the resonance energy.

The buckets are decelerated through the stack, that Is swept to higher
energy (AW=Ay.u/2%). During the sweep, a AP/P increase eccurs
(stack dilution).

The particles are extracted in small micropulses (not! continwons
process) with a AP/P = 0.1 %.

The speed of the sweep (l.e. of the acceleration) Is lmited by (he
synchrotron frequency.

The bucket dimensions are kept small in comparison with the stack lo
limit disturbancies to a small portion of the stack.

The ¢....action stops if the RF power Is switched off.
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FEEDING THE RESONANCE BY UNSTACKING

ACCELERATION STARTING FROM THE BOTTOM OF THE
STACK.
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The beam is trapped in small buckets created at the bottom of the
stack.

The buckets are accelerated through the stack until the particles are
extracted.

The number of particles extracted at each sweep Is proportional to the
bucket area.

The stack Is swept down by AW=Apea./2n, stack dilution Is not
avolded.

The frequency swing Is constant.

ACCELERATION STARTING FROM THE TOP OF THE STACK.
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The berm fs trapped In small buckets created at the top of the stack.
The buckets do not traverse the stack, thus avolding stack dilution.
The frequency swing |s variable.

Feb. 1996 173

BUCKET CALCULATIONS

stationary bucket areafeV x s]:

hxexV, xW
A =AO0)=16x—P x [AXeXVYy
2xm X f,, xh 2xn x|

stationary bucket helght [eV]:

=(2><Jix|3)thxexv,,xw

h 7t xn|

H,

stable phase and related parameters:

4,(I)

¢,,I'=sin¢,,a()= A, (0)

» Y(I')

bucket area [eV x st

A, = (D) XA,

bucket helght [eV]:

Hl:
2

H, = Y([)x

synchrotron frequency (Hz]:

exV, x2xmn X fre) X h X7 X cos($,)
Wxp?
2XT

Q =

5
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ACCELERATION

frequency sweep [Hz}:

Bomreg = S XM X £, X b

kinetic energy increase per sweep [eV]:

AW“",, = Ay
2XT
number of sweeps (theoretically):
N - AWIOI
Awswezp
maximum speed of the sweep [Hz/s):
. n X ftjl
= xexV, xT
T PBIxWxh /
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TENTATIVE PARAMETERS

® AP/Preee =05 %

limited by the dimensions of the vacuum chamber.

e h=10/100

tentative to provide an as much as possible uniform “feeding” of the
resonance,

o ¢ =15deg
usually chosen between 10/20 to keep conslant bucket area during the
frequency swing,

o V¢ less than 3 kV

need (o keep it as small as possible to reduce the RF system requests,

¢ number of sweeps < 100

need to limit stack dilution to a max AP/Py, = 0.7 %.

o splil time = 250 ms

need to limit the treatment time.

e nr of particles per micropulse ~ 1E9 protons, ~ 1E7 lons.
e nr of particles per pulse ~ 1E11 protons, ~ 1E9 lons.

tenta... < o cope with voxel scanning specifications.
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'l'ENTATIVE CHOICES FOR A PHASE DISPLACEMENT ACCELERATION INTO THE

RESONANCE (b=10)
[ Gncuscnorgypornusioon |- G0Movp | 300MoVp | 130MoVA "C- | 400MoVAI UGS |
_1 18684 | 1: 1.128 1435
] ) | 0.853 0.£33 0.713
1 {pa3) 0.772 0483 | 0875 ’ 038
o [RlH2] 1380 | 35m w20
[ 2575wt (Ap/p beomed 5%) %] (32 %] %] (X}
[ Atemtpfp & Lo n x h (3] 7 X 253 749
h 10 10 10 10
BUCKETS
& Jéog) 15 15 5 15
T'=aong, 0259 0.259 0289 0289
Va[V] 2 170 700 2700
Faltz) 135E407 | 2.88E407 1BIE0T 28407
Abuciat 124E<04 1.78E+05 4.CSE«05 3AE+05
Houchet[oV] 455E+03 T.14E+04 1565405 13TE«06
7.L0E+03 2AGE+04 1.88E+04
|___Ap/p incresse per sweep [%] 38TE08 223505 8.005-03 S.02ED5
[ PHASE DISPLACEMENT
. mesn current (nA) 32 32 388 L5
totainparticies 1.008+11 1.008+11 BOE+09 1.00E+00
_AWiotal [oV] _ 739504 7.805+05 24708 1.41E407
_8Wsweap [oV] 12a] 2045404 7408404 GABE«0S
noweops T B 25
PULSED FASHION _
T 5318 7801 260 [
Tmicropuiss [us] 702 [ 407 108
P >} >1ed »107 »107
Tsplll [s] ! o __on7 0243 0224
maxspeedofswoep [Hz/sec) | 1.30E+08 1.08E+08 2.65E+08 8.63E+05
Ap/p of extracted boam [%] i 0.1 0.1 0.1 0.1
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TENTATIVE CHOICES FOR A PHASE DISPLACEMENT ACCELERATION INTO THE
RESONANCE (h=100)
Kinalic energy per nucleon G0MoV p° 300MaV p* 120MaViu "C"__ | 400MaViu "G |
Y 3 1.054 132 1.128 1426
B j 0.342 0.853 0.483 0.713
n (p=3) 0.772 0.483 0.676 038
1o [MHZ) 1348 2576 1.826 2815
[ ap/p total (ap/p beam=0.5%) [%] 0.7 0.7 0.7 (%]
Algap AP X fpee X 1 X h [KH2) 730 835 ] 749
h 100 1 100 100
BUCKETS
o, [oeg) 15 15 15 15
T=seng, 0258 0.259 0259 0259
ValV] D 3200 =)
Folz] 135E+08 2.50E+00 1.53E+00 282E+08
Abuckst [eV-rad) 554E403 D.00E+04 2.00E+05 155E406
Hbuckal [oV] 222E+03 324E+04 B34E+04 G.10E+05
Bynchrotron Frequency [Hz) 3.13E+04 2.8TE+04 1.10E+05 SS3Ew04___|
Ap/p increass par sweep [%] 4 34E-06 1.00E-05 ILEOE-05 136605 |
[~ PHASE DIBPLACEMENT | _
maesn current [nA] ! 32 32 L3 385 |
totsinparticies 10011 1.00E11 1.00E+00 1.00E+00
aWtotsal (oV] TI0E+04 | 7.008+08 2.4TE+05 | 1816407 |
Aviswesp [oV] 281 1320E+04 —331E+04 2.48E+05
~ noweops = ] 7 _ &
[ PULSED PASHION __
' Toweep [us] 2000 /2 3230 254
- Temicropuses (o] 380 480 407 53
| mporticissperswesp >1e9 >1e9 >ie7 >10
Topil fs] 03385 0232 [T 0244
[ maxspocdotowssp [Huiec] | 260808 | 2188400 285408 1.7BE+08
of extracted beem [X] o1 (X] — 0.1
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" TENTATIVE CHOICES FOR A MICROBUCKETS ACCELERATION TO FEED THE
RESONANCE (b=10, proton case considered)

[ ACCELERATION PROM THE BOTTOM OF THE STACK | ACCELERATION PROM THE TOP OF THE STACK
rets creray. SoMeV p O CTS 360MeV p°
BOE+ 1.008+11 100811 1008411
— =53 = =5
h 0 0 10 10
_9[cog) 18 18 15 15 )
Va[V] 0 W 2 W
Fotz] 138E+07 2508407 135807 2538407
Sp/p tner. Guo 1o trav. bucket%) | 1ATEDS 0L3E00 T 7
|__Synchrotron Prequency [Hr] | 8.366+03 5.74E003 6385403 S.74E+03
[ maxsposdoteweep({Hz/s] | 1.04E+07 [ ! . et
' — T wocp Soweap | MIN isweep | MAX fowesp |
Aleeymdp/p X o, XN X 1 [HZ] | 6358404 7185404 1048408 | G386+04 | 1.10E+D4 | T.10E404
' Avnots foV] B3ME«04 G.G0T+03 G348w08 | G.83E+05
AWoweop foV] R 25TEe04 178 25741
' mumbsrotewesps 3 = % ]
Toweep [u0)] e017__ 213 _10m 017 1389 3
[ Tmicroputes [us] T uas T2 1028
‘ Tepill [ma) 216 3 218 213
[__2p’p of extrected beam{%) 0.1 0 0.1 0.1
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TENTATIVE CHOICES FOR A MICROBUCKETS ACCELERATION TO FEED THE

RESONANCE (h=100, proton case considered)

ACCELERATION FROM THE BOTTOM OF THE STACK | ACCELERATION FROM THE TOP OF THE STACK
kinatic energy | G0MeV P 300MeV p* GOMaV p° 300MaV p
totainparticies | 1.00E+11 1.00E+11 1.00E+11 1.00E+11
nparticiespersweap »109 >109 »108 >108
n T__100 100 100 100
% [0og] 15 15 16 15
Va[V] @ | 280 & 280
FoiMz) 1.35E+08 258E+08 1.35E+08 2.50E08
AP/p Incr. due to trav, " 1ATE-D6 9.056-06 7 i
Synchrotron Frequency [Hz] '+ 2.50E<04 257E«04 | 2.80E+04 2.5TE+04
maxspasdotswoep{Hz/s] 2.08E+00 1.74E+00 ! f 1
MIN tewesp | MAX foweep | BN fowesp | MAX
| AleepmaPp X Lo XN X h [HX] | 625E+05 7.16E+08 ~1.04E+05 | G2SE«05 | 1.10E+05 | 7.16805
AWiotal foV) GI4E+D4 G.80E+05 634804 | [T
AWoweop [oV) T8 1.16E+04 ] 11811
numborctcweeps 80 [i] co []
— Towsop [us) 3008 4108 801 _ 3008 =) 4108
T I 813 378 )
__Tepilifms] 26 238 242 238
Ap/p of extrected beem[%] [X] [X] [X] [X)

i
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BEAM PULSE STRUCTURE (PROTONS W=60-300 MeV)

Phase Displacement and Unstacking from Bottom.

oh=10 Ve=25-170V
le9 pe
- 0.7-1 ms r ‘ f \
- 5.8 ms -~ 30.40 pulses
-~ 150 ms

e h=100 Vi =50-350V

- 3.4 ms ~ 60-80 pulses

~ 250 ms

Unstacking from Top.
ch=10 Ve =20-140 V
1e9 p+

~0.7-1 ms

~1-1.5ms ~ 28-35 puises ~68ms

~250 ms
e h=100 Ve = 40-280 V

e,

 0.8-0.7 ms ~ 60-80 pulses ~34ms

~2%0ms
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RF SYSTEM (h = 100)

Fi=100Mhz Af ~ 1 Mhz = Q = F./Al = 100

Z.1q) z.ia) '

o _O=100

R, " 0=50
A =T\
100 FIMHz| ([ FIiMHz)

Il we decrease the Q [actor we can do the Af swing without tuner.
Q-~50 Z.=R/Q ~ 10002 =R, =5k2
Vi~ 1000V |

P = V,¥(2xR,) = 100 W =>small power (o handle.

t=Q/Rx I/T~160ns =sthe cavity will rapldiy follow the swing.

F (Mi)
10041

10
laﬂFﬂBJIﬂ

Example: a pill-box cavity.

A

Small beam pipe dimensions.
Low dispersion region needed.
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CONCLUSION

POINTS IN FAVOUR

o very few paramelers lo vary: RF voltage, frequency swing.

o unstacking from the top good estimatlon of the number of particles
extracled per micropulse (+ Ay).

pulsed extraction (possible trealment with voxel scanning?)

easy and quick to stop: RF power of.

POINTS NOT IN FAVOUR

o slow micropulse extraction (hundreds of microseconds).

© not continuous beam pulse extraction (not possible treatment with
raster scanning?).

e Il high harmonlc number a “small” dedicated RF system Is needed.

o latlice constralnts: sdditional ~ 0.2/0.3 m needed for the additional
cavity in a low dispersion region.
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