Beam instabilities (I)
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What is a beam instability?
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What is a beam instability?
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What is a beam instability?
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Why study beam instabilities?
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Why study beam instabilities?
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Types of beam instabilities
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Example of multi-bunch instability
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Instability loop
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Some examples of
beam-environment interaction
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Electro-magnetic
beam-environment interaction
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Wake fields (general)
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Vi Wake fields (general)
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AW Longitudinal wake function: definition
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AV Longitudinal wake function: properties
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The energy balance

E
WH(O): — q21 S:+8&:+PP6,G&8)&8:6&6,6 7TF@&0)G8&T@&8:6&G). 75
1

— L,&8:6&F0)T+0&6,67F@&T+0+,56;&8:6&6,67TF@&0)G8&T@&8:6&G)|756&G
0 206587)/+F,6W5&6,67F@&)VER368:+8&76/+(,&87+PL&8HB&)TN658&
Bl O+780@&<(GG(PHR6repi® )7&(,8)&P.7P)G60@&<6G(F,6<&(MHIISG &) 7&
absorbers
B0 O+780@&87+,GVOVYBRIEGR+7W5@DG7&8:6&G+/6&P+7W506&)*67&
G.556GG(*6&8.7,G];&P)GG(TO@&V66<(,F&(,8)&+,&(,G8+T(0(8@" &

0 206587)/+F,6W5&6,67F@E)B&8:+8&P7)P+F«HB&8:6&T6+/&5:+/T67&
Y+T)*6&5.8h)e];&E:(5:&E(00&T6&6%*6,8.+00@&0)G8&) )G BB.36FOG&&

&

3

W e M—

A%&

i

Longitudinal impedance
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AV Longitudinal impedance: resonator q
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Longitudinal impedance: cavity
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Single bunch effects

Single bunch effects
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Single bunch vs. Multi bunch
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AV Energy loss of a bunch (single pass) q
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Av Energy loss per turn: stable phase shift
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The Robinson instability
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The Robinson instability
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AV The Robinson instability q
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AV The Robinson instability q
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The Robinson instability
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The Robinson instability
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Figure 4.4. lllustration of the Robinson stability criterion. The rf fundamental mode is detuned

so that wg is (a) slightly below hwq and (b) slightly above hw,. (a) is Robinson damped above
transition and antidomped below transition. (b) is antidomped above transition and damped

below transition.
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AV The Robinson instability q
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AV Other longitudinal instabilities q
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AV Coupled bunch modes q
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AV Coupled bunch modes q
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AV Coupled bunch modes q
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AV Single bunch modes q
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Single bunch modes

L,&+&G(/SO+7&V+G:(),;&+&G(,F06&T. ,5:&6X:(T(8G&+&<).T06&(,a,(8@&)V&,+8.7+0&/)<6G&)V&)C
7+8:67&5)/P0(5+86<&P:+G6&GP+56&P)787+(8GB&
/S);:%%;67&P678.7T+W),&),&8:G&T. ,5:&P:+G6&GP+56&<(G87(T.W),&5+,&T6&6XP+,<6<&+G&+&(C
<
5,6&)V&8:6G6&/)<6G&)7&+&5)/T(,+W),&)V&8:6/&5+,&T65)/6&.,G8+T06&.,<67&8:6&6€658&)VE&+4&
7+,F6&E+D6&ab0<
L,&P+7W5.0+7;&8:6&V76i.6,5(6G&)V&8:6G6&/)<6G&G: (t&E(8:&(,86,G(8@;&+,<&8E)&)V&8:6&/)<
+T)*6&+8&5678+(,&8:76G:)0<;&5+.G(,F&+&/(57)E+*6&%,G8+T(0(8@"
&

Observations in the CERN SPS in 2007

stable bunch dipole osc. quadrupole osc.

A

25 5

0.5

profile (norm.)

dd&

@

Macroparticle simulation
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AV Macroparticle simulation q
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