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* A C W B B T O B  DEPARTMENT LECTURES * 

Some Beam Related FS? TODiCS 

Dr. Daniel Boussard 

CERN, SPS RF Group 
c 

Time: 11:OO a.m. , .September 8-14, 1983 

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

1. Longitui inal Phase Space f o r  Beginners (Thursd ay) 

2. Phase Space Manipulations (Friday) . 

3. Beam Control Systems (Monday) 

4 .  Instabilities (Tuesday) 

5. Two Examples of Beam Loading Compensation at CERN (Wednesday) 



1. Longitudinal Phase Space fo r  Beginners 

o Stable ani unstable points ,  t r a j e c t o r i e s  i n  phase space. 
o Stat ionary a d  accelerat ing buckets. Conservation of phase space 

a rea ,  ad iaba t i c i ty ,  f i lamentation. 
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2. Phase Space Manipulations 

o Debunching, capture, transition, controlled blow-up. 
o Normal males of oscillation. Beam signals, beam transfer functions. 
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3. Beam Control Systems 

o Damping of d i p o l e  o s c i l l a t i o n s :  d e s c r i p t i o n  of var ious schemes 

o Low frequency correct ions:  r a d i a l  loop  frequency loop  synchroni- 

o Quadrupole d e  damping. 

(multibunch, s ing le  bunch). 

za t ion  loop. 
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4. I n s t a b i l i t i e s  

o 'Coasting beam, microwave, negat ive mass. 
o Robinson i n s t a b i l i t y ,  coupled bunch i n s t a b i l i t i e s .  
o Coupled loop in s t ab i l i t i e s .  Landau damping. 
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5. Two examples_,of beam load ing  compensation a t  CERN 

- Narrow bard (CFS) a g a i n s t  coupled loop  i n s t a b i l i t i e s .  - Broad bard (SPS) a g a i n s t  coupled bunch i n s t a b i l i t i e s .  
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RF cav i ty  - 

M o d u l g t o r u  

Fig. 1 The RF l o o p s  i n c l u d i n g  compensa t ion  
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Fig. 2 Vector d i a g r a m  o f  t h e  compensated czse . 
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Transient response o f  the  system (RF voltage a t  the gap)  

Top trace rp = z x I O ~ Z  

Bot tom trace Ip = 7.t x 1 O I 3  
Sweep 50 us/dfv 
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Fig. 3 Small s i g n a l  model w i t h  compensation. 
Compared t o  t h e  normal case, compensa t ion  modi Ties 
t h e  Gpp, Gpay  G a p ,  G,, and  tipp transfer functions 
and i n t r o d u c e s  an e x t r a  connection (Hap). 
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!: CO?PENSATIOX P E R W H T E  - RESLTTATS DU 28.3.79 
TEXSION RELEVEE SUR E "GXT" DE LA CXVITE 96 

13 I = 1.1.10 ppp 
P 

. ... 

Sans compensation 

X : Trigger  C235 - 20 ms/div 

Y : 50 mV/div 

Avec compensations fixes 
(Injection - 1 GeV - 10 GeV) 

X : Tr igge r  C235 - 50 msfdiv 

Y : 10 mV/div 

€ 

1 I 

a 

Avec compensations f i x e s  

. + compensation permanente 

X : Trigger  C235 - 50 msldiv 

Avec compensation f i x e  2 l ' i n j e c z f o r  
+ compensation permanente 

X ; Tr igge r  C235 - 20 cs/div 
Y.: 10 m!I/div 
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