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* ACCELERATOR DEPARTMENT LECTURES #*

Some Beam Related RF Topics

by

Dr. Daniel Boussard
CERN, SPS RF Group
Time: 11:00 s.m., .September 8-14, 1983

Place: Snyder Seminar Room, First Floor, Bldg. 911

1. Longitudinal Phase Space for Beginners (Thursay)
2. Phase Space Manipulations (Friday)

3. Beam Control Systems (Monday)

4., Instabilities (Tuesday)

5. Two Examples of Beam Loading Compensation at CERN (Wednesday)
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Longitudinal Phase Space for Beginmers

Stable amd unstable points, trajectori
Stationary amd accelerating buckets.
area, adiabaticity, filamentation.

es in phase space. .
Conservation of phase space
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5 GCLERR
18 SCALE -3.5.3.5,-25,
15 %AXIS B..5
28 YARIS 8.5

. 25 wo=1 ‘
38 INPUT X
35 IHPUT ¥
33 MOVE ¥, Y.
49 K=-.081
45 VY=YBXSINCK)
58 Y=Y+y
52 PLOT %Y
55 ¥=R+KEY
65 GOTU 45
78 END
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END
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2.

Phase Space Manipulations

Debunching, capture, transition, controlled blow=up.
Normal modes of oscillation. Beam signals, beam transfer functions.
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XAXIS 8, .5
YRAXIS 8.3
Yg=1

INPUT ¥
INPUT ¥
MOVE X.Y
K== .61
Va=Ug-. aa1
V=UBXSINCH)
Y=Y+

PLOT .Y
R=R+KKY
GOTO 42
END
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Tadle | - Main Ring Parmmeters for Antiproton Production
Protow beam tinetic energy at extraction 120. Ge¥
Iumer of Booster batohes acceleratad 1 :
Lmoer of proton dunches -4
Total mmoer of protons per Satch 2.x102
Main Ring Cycle Time 2.0 L
Longitucinal emittance, 953 of beas it 120 Gey [ 211
Momentum aperture, ap/p it 120 GeY {full wideh) & T
BF hrrmonic aumber {x) t 1113 be RF frequency at 120 Gev £3.1038 . 3
Rewlution period st 120 Gev 20.96 (1
Scoster batch length 1.5 us-
Transition qums (T?) 18.75
Mizing ‘factor, neyptoyT? 2T 120 Gey .
Maximum RF voltage 4.0 1ol
F woltage, start of debunching . 1.0 "
¥ wltage, end of dedunchiag 2.0 kY
Time required for dedunching B N 100. . ns
Time required for rotation l.ug ns
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Table [1-Debuncher Parsmeters

Linetic energy

Aumber of antipeoton dunches

Total number of antiprotoms (ap/p=33)
Homentism aperture, Ap/p (Full width)
dunch width (fuil) .
Transition,y 828}

Mixing factor, nh'.?-y"

R frequency

% harsonic numder (h)

Rewolution pericd -

Raximm ¥ ol tage

¥ vaitage, end of rotation

RF woltage, end-of debunchi

Time required for rotatiom

Time required for detanching
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Beam Control Systems

Damping of dipole oscillations: description of various schemes
(multibunch, single bunch). : :

Low frequency corrections:
zation loop.
Quad rupole mode damping.

radial loop, frequency loop, synchroni-
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Instabilities

-Coasting beam, microwave, negative mass.

Robinson instability, coupled bunch instabilities.
Coupled loop instabilities. Lanmdau damping.
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5. Two examples of beam loading compensation at CERN

— Narrow bamd (CPS) against coupled loop instabilities.
-~ Broad band (SPS) against coupled bunch instabilities.
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Transient response of the system (RF voltage at the gap)

Top trace Ip =2 % 10%2
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Photo Ji
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Photo 2

With compensation
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Compared to the normal case, compensation modifies
the Gpp, Gpy» Gap» Gaa and Hy, transfer functions

and introduces an extra connéction (Hapl-
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Lo COMPENSATION PERMANENTE - RESULTATS DU 28.3.79
TENGION RELEVEE SUR LE "GAP' DE LA CAVITE 96
13

I =~1.1-10
. » PPP

Sans compensation

X : Trigger €235 - 20 ms/div

Y : 50 mV/div

Avec compensations fixes
(Injection = 1 GeV = 10 GeV)
X : Trigger C235 - 50 ms/div
Y : 10 mV/div

Avec compensations fixes

. + compensation permanente
X : Trigger C235 - 50 ms/div
Y : 10 mV/div

Folrer 10GeY
EESEstes E}ﬁ%ﬁﬁiﬁﬁ Avec compensation fixe 3 l'injection
et ol e e T S TS .
& gi.a;.-. S R 1 %,,, =5 Ry 3 Iy + compensatlon permanente
- 2 g, i o) S, e e
R IRETT Ay " F ST R R . .
/17 w%’“‘ar ? k- ;5;;;5? X : Trigger €235 - 20 ms/div

10 mV/div
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