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Diagnosing instabilities, HOMs

How to use beam diagnostics to study coherent (mostly coupled
bunch) instabilities

Christoph Steier
Lawrence Berkeley National Laboratory

 Outline:
* Mode Patterns/Multibunch
» Streak Camera Pictures of Instabilities
» Feedback Systems/Multibunch Diagnostics
* Two Stream Instabilities
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Beam Diagnostics: Bunch length

J

*» There are several ways to measure bunch length
« Use emitted synchrotron radiation
« Streak camera
* Nonlinear crystal ...
* Interact laser with bunches
« Measure frequency spectrum

- Advanced Light Source | EE—
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Principle of streak camera
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Figure: 1 Synchronisation of the Streak Camera system

 Convert light signal into electron beam (photo cathode)
* Accelerate electrons

- Use fast deflection to translate time delay into position
difference

* In many ways similar to CRT ...
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Streak Camera
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% Allows fast diagnostic of contamination in all buckets on 0.1% level
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Bunch Length Measurements

@,

+» Streak cameras allow
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- slow measurements (average

bunch length over time or vs
current)

 picture on the right shows bunch
length as a function of current at
1.0 GeV in the ALS, particularly
the effect of intra beams cattering
(IBS)

» Fast measurements (bunch-by-

bunch and turn-by-turn)

* Pictures on the next slide show
the signatures of instabilities,
more in later lecture
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Bunch spectrum

Using a spectrum analyzer with a BPM can yield a wealth of information
on beam optics and stability. A single bunch with charge g in a storage
ring with a revolution time T, gives the following signal on an
oscilloscope -

I(t)= Z qo(t—nT_),

N=—00

where I’'m assuming a zero-length bunch. A spectrum analyzer would
see the Fourier transform of this,

x

(@)=Y q0,.0(@-no,,)

n=—x

f _'Trex*-_ ; _'wrev‘—— [
L a |
Time Frequency

] Advanced nght Source .
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Dependence of Spectrum on Bunch Length

For finite bunch length, the single bunch spectrum rolls off as the
Fourier transform of the longitudinal bunch profile (Gaussian for e-

rings).
Courtesy J. Byrd
g o | I T T T
i mmnnueeae sQuare pulse
| el . L T IBEEEs Gaussian pulse
i , P\\‘\ ’1_',..-’3‘ ~r_ .
3 o | | ul
VRS E ;
- I LT ll‘: F\ |§ 1 1
0 1 2 3 4 5 6
frequency (1/c,)

For SPEAR3 ¢, = 4.5 mm, so c/c,= 67 GHz.

IEEEEEEEEEEEEE——————— A dvanced Light Source
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** Instabilities are coherent processes leading to usually exponential
amplitude growth

« Coherent means that an ensemble of particles is involved
(either bunch, many bunches, cw beam, ...)

 This is different from single particle effects like the interaction of
individual beam particles with external fields (magnets, cavities)

*» Very important topic for any high current accelerator, storage ring,

*» Classification according to
 Single bunch — Multibunch
« Longitudinal — Transverse
* Impedance type: Narrow Band — Broadband

* Higher modes in cavities, resonant structures — resistive wall,
step transitions, tapers, ...

« Shape of oscillation: Dipole, Quadrupole, ...

- Advanced Light Source | EE—
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Image Charges/Vacuum Chamber

BERKELEY LAB

i
—>
—

s Inthe lab system the beam electromagnetic field of a
relativistic particle is transversely confined within an
angle of ~ 1/y.

< |I\)

% Particle beams requires ultra high vacuum pressures,
that can be achieved inside special metallic vessels
called vacuum chambers.

s For the Maxwell equations, the electric field associated
with the particle beam, must terminate perpendicularly
on the chamber equipotential conductive walls. /

*

L)

% This boundary conditions requires that the same amount
of charge but with opposite sign, travels on the vacuum
chamber together with the beam. Such charge is
referred as the image charge.

velocity = B¢

—= \

+t+ttE—>
Negative
Charged Beam
_—
b —>

- Advanced Light Source | EE—
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% The beam and its electromagnetic field travel inside the vacuum chamber
while the image charge travels on the chamber itself.

% Any variation of the chamber profile or the material properties breaks the
continuity.

* The result is that the beam loses a (usually small) part of it is energy that
feeds the electromagnetic fields that remain after the passage of the
beam. Such fields are referred to as wake fields.

Iz
\ S

> > %e

s Vacuum chamber wake fields generated by beam particles mainly affect
trailing particles and in the case of ultra-relativistic beams can only affect

trailing Earticles.
Advanced Light Source 1
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Wake Potentials + Functions

% There are longitudinal and transverse wake fields. Longitudinal wakes affect the particle
energy, while transverse wake affect the transverse momentum. For longitudinal wake fields
we consider only the electric component of the wake fields.

s ltis often convenient to deal with wake potentials instead of wake fields. The wake potential
is defined as the energy variation induced by the wake field of the leading particle on a unit
charge trailing particle.

B% X
qfrm',’ / qfead
=z % —\r (¢c7 = < = AS =V, . ":*
VW (} lead » ! ! - r!end ) - J‘ EW (‘S? Viead > ! 4 - rr’e(m' ) +d s > }rmi,’/ trail il

[+
2ad > ' trail » * trail trail » * trail ife(m’

—c0

S:’ead =V f?ea(f

% The wake function is instead defined as the energy variation induced by the wake tield ot a
unit charge leading particle on the unit charge trailing particle.

V(7 t

W (r]erm’ > ]_ﬂ;mi/ > Yerail tlmrﬂ )
qimrﬂ
s The total wake potential for a bunch with charge distribution / with:

[i(F.r)dFdi=Ng

o is given by V(’lmz/’ fl(lll _[W r ﬂlmz/’ trail ) I(I",f)d rdt

W(rle(m' » rfrm'l ” tfraif - tk?(fd ) =

X/

% Total wake potential = energy variation that trailing

particles experience due to the wakes of the whole bunch.
| Advanced Light Source L
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mpedance

% The wake function represents the interaction of the beam with the external
environment in time domain.

% As in other cases (e.g. resonant electrical circuits), the equivalent
frequency domain analysis can be very useful as well. The frequency
domain equivalent of the wake function is the impedance, measured in
Ohm and defined as the Fourier transform of the wake function:

* " rrail ® > " trail “trail

2(F Ty )= [W(F.F,, . T)e ™ dT with T=1,,,~1

< If I is the Fourier transform of the charge distribution, the Fourier transform
of the total induced voltage is simply given by:

VFFE . 0)=Z(FF

> Utrail » f:'nf]’a)) ](F’ w)

* And the time domain expression can be obtained by the inverse Fourier
transform:

0)=—= [P (7.7, 0) € dao

> U trail

V(F,7

trail

Advanced nght Source .
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Impedance Interpretation

% The impedance has real and imaginary parts:
Z(F. 7 @)= 2o (F T 0)+ j Z(F T, @)

trail » trail »
* There is an analogy between wake field and electronic circuit theories. This can
be used to represent wakes by equivalent circuits.

% The resistive part of the coupling impedance is responsible for the beam energy

losses, while the imaginary part defines the phase relation between the beam
excitation and the wake potential.

% For example, the impedance of a parallel RLC circuit is often associated to the

impedance of the so-called higher order modes (HOM), single resonance wakes
in the vacuum chamber.

Z(w)= R , W, = lj, Q=R\E
1+‘,-Q(w_% LC
w,
0 7<0
— ) 7?20 sin(a) T41-1/4 )2)
(r)=1 ¢ - COS(CE)RTWIl—l/ﬁl-Qz )— a - /4¢ 7>0
,, o1 |
- | Advanced Light Source
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Narrow- and Broad-Band Impedances

% Using the RLC model HOMs can be classified in two main categories:
* Narrow-band impedances.
* Relatively high Q, i.e. spectrum is narrow.
Wakes Iast for a relatlvely long t|me

[ [10] )] Soopemms mpv———" » . | 1 0x10

— — Re[Z] S5 ‘I« 1 00 Ohm
T . - | s Im[Z] =
= 5004 | p
&, = ' ‘l. | 2me2 GHz|
2 = 2 00 \ l | Hf‘ﬁ \NAAMAAAA
= R = 1000 Ol z }] \|1mwaw
2 3 1 |
= 5004 N = =V o [
= w, = 22 GHz 205 1} ([
1000+ i { SSoiemseuigessusansasn R = 2 » .
{ 1 2 3 i x10° 2 | 8 10x1
L Frequency [Hz] Tan [s]
1

 Low Q, i.e. spectrum is broader.
Wakes last for a relatively short time
. Important only for single bunch instabilities.

1000 F=rmennc T
—_ ‘ Re[Z] 0 xx]u'g )
2 5 fsnda Im[Z]] | — ] R 1‘ W) Ohm
I =0 li @, = 2me2 GHz
: : : g ofly = :
3 R {|>4 10 Olun :_-': uu!, }l l‘k/x .
= wy = 2me2 GH P “
= E.0 1[
1M B T S = L ‘
{ | 2 3 i x1 0 2 ] 6 8 10x1
Frequency [Hz] Tau [#]

] Advanced nght Source .
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Vacuum Chamber Cutoff

¢ In real accelerators the vacuum chamber has a very complex shape and
includes many components that can potentially have “trapped” HOMs.

» Not all the wakes excited by the beam can be trapped in the vacuum
chamber. For a given vacuum chamber geometry there is a cutoff
frequency such that modes with frequencies above cutoff propagates
along the chamber:

4

4

L)

L)

C -
fouog =— a = chamber transverse size
Jeueg =7

<

* In summary, when the beam transits along the vacuum chamber it excites
wake fields. These can be classified in three main categories:

« wake fields that travels with the beam (such as the space charge);

» wake fields that are localized in some resonant structure in the
vacuum chamber (narrow and broad band HOM));

 high frequency wakes, above the vacuum chamber cutoff, that
propagate along the vacuum chamber. This last category does not
generate any net interaction with the beam unless they are
synchronous with the beam itself.

- Advanced Light Source | EE—
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Instabilities: Equations of motion

* Harmonic oscillator with driving term

«»  Solution:

= ugexp(jo, 1)

G Gy .G

®, =0y +Ao,and A = —=— _

G G
U =1y exp(j(o()t)- exp(— ]—RIJ exp(+ —L r]
2(1)() 2(00

% Growth/Damping coefficient

o =l = —Im(Am) +i
T 2(1)0

June 16-20. 2008
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Sideband in frequency spectrum "\‘
time domain i i
/P To | T, | 1, : ., tlmel domain
I(t) i - I,(t) : - 7
I(t+T,) (V) \I(t=To) | Nit-7o) O AN=Tom1) | AIt-2To=7)  At-3To—7y)
: | 7 : x
| | | ] 1
- ! — 0 T 2T, 3T, t
) 0 To t
frequency domain
frequency domain o,
I (w)
“H‘H “i’f | |||||"|HHHH||HI NN
lllll Illl|,$ 0 _.,,,'— T 5
0 w
% Oscillations of the bunches show up as additional spectral lines
(sidebands)
« Synchrotron oscillations (Energy — Phase/Arrival Time) on sum signal
» Betatron oscillations (transverse position — angle) on difference signal
% Separation from revolution harmonics is fractional synchrotron tune or
betatron tune
- Advanced Light Source I
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Driving Force - Impedance

< In case of instabilities, driving ‘force’ is normally an induced ‘force’ such as
voltage induced by passage of the charged beam itself.

% Since force is induced by the beam, it can only have components at frequencies
corresponding to the modes of oscillation of the beam itself.

* Thus the force results from the spectrum of the beam oscillation ‘sampling’ the
impedance Z seen by the beam.

T
o

=

E
:

Advanced L’ght Source I
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Examples of instabilities (excited sidebands)

s Specific sidebands being
excited correspond to
specific instability

characteristics: T
* Mode numbe r, di p0|e/ 10 VPRI WPU LTI L WPl W5 LSO PRSP
quad rup0|e/ " i ve 3 9,750V Sec ‘ Delta: 0.0000000 Sec -

arher: D68 2054375 W Delta: 28415000 NI 64,0570 &

* Frequency of the HOM 2 i
driving the instability ]
(modulo RF frequency)

e S e L = W e VANV Y AAAP g

268,135 MWz c e IS ot
Tise 1 109.1060000 Sec Dellal ©.06000000 Sou
Farkor: 362 2634375 Nir 112.704 e Belta: 734235000 NI .10 80

Figure 3: Longitudinal pick-up signal spectrum of 30 bunches
with feedback off - feedback on.

] Advanced nght Source .
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Single Bunch Effects

Broadband impedances have important effects on accelerators.

In electron storage rings in the presence of radiation damping, the
equilibrium distributions at low current are usually gaussian. By
increasing the current per bunch, the wakes become stronger and one
can generate non gaussian equilibrium distributions.

* In LINACS and in heavy ion accelerators, broad band impedances can
generate emittance and energy spread growth.

* In all accelerators, if the current per bunch is increased further, the
wakes can become strong enough to generate single bunch instabilities
that can severely change the characteristics of the bunch and/or
generate particle losses.

* In what follows, some examples will be given.

J L/
0’0 0’0

] Advanced nght Source .
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Potential Well Distortion

121 1 T T T I ) . )
3 — losmA | | - Potential well distortion causes
< {=5-5601mAA current dependent bunch
< =15.11m _ H
3 L2753 A lengthening (as well as shape
= 1=39.80 mA| _| distortion and phase shift)
3 i - Effect is unavoidable, but
2 its magnitude depends on
5 | impedance
Z / f“w’v‘ """"" .
i
350 400
nominal bunch
Time (psec) distribution
45F T T T I :
f=11.5 kHz, E=15 GeV o Tall Head
= —12 7o)
2 =
= 2
£ w0 £
g s @ SR wake
f = |Total potential wake accelerates
E 6 E) (gaussian case) bunch head
15 4 I I I I
0 10 20 30 40
Bunch current (mA)
- Advanced Light Source ' —
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Potential Well Distortion

\/
0’0

L X4

L)

L 4

The potential well distortion mechanism is
very general and common to all kind of
wakes in rings. Remembering that wakes
can be represented by the real and
imaginary part of the impedance, some
common “rules” can be derived.

The real (resistive) part of the coupling
impedance generates asymmetric
distortions and lengthening of the bunch
distribution. The bunch center of mass
moves towards a different RF phase to
Ic:ompensate for the wake induced energy
0SSes.

The imaginary (reactive) part of the
coupling impedance generates symmetric
distortions of the bunch distribution. The
bunch center of mass does not move (no
energy losses). It generates bunch
lengthening or shortening.

June 16-20. 2008

A
Frrererye ‘m

~/ N\

Z=j wL |
ab:>0

o R I
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Microwave Instability )

O E=1.52,Q=7.T1e-3 3
O E=1.52,.Q=6.5e-3 o= (2.28+0.08) x10” (,Q,/E (mA/GeV))
S

A E=1.52,Q=3.8e-3

0.32+0.01)

0.001 p=

RMS Fractional Energy Spread

9
0.01 0.1
L,Q/E (mA/GeV)

o Jﬁo@((E/e)) | T Im

Z/n=0.08 Q

] Advanced nght Source .
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Tunes shift vs. single bunch current

Measured vertical tune shift vs
bunch current since beginning
of ALS operations

da0_ R B
dI  4/m(Ele)o,” o

Vertical tune shift

Zeff vert=250 kQ -

6 dQy (no small gap), dQy/dI=1.71+0.05e-4/mA A m
dQy (one small gap), dQ,/dI=2.29+0.05e-4/mA

dQy (two small gaps), dQy/dI=2.97+0.06e-4/mA

14 Dec 98 (four small gaps), dQ,/dI=3.63+0.07e-4/mA
3 May 99 (four small gaps), dQy/dI=3.65+0.07e-4/mA
) 28 June 99 (5 THCs), dQ,/dI=3.71+0.1e-4/mA

-8x10° H I ] ] I ] ] +

0 5 10 15 20 25 30 35

< 0 + >

Bunch Current (mA)

% Depends on number and shape/size of small gap insertion device
chambers

- Advanced Light Source | EE—
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% If the transverse tuneshift with
current gets large enough a mixed
transverse-longitudinal instability

can occur
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1.0 | — tune shift
- — - growth rate

0.5

(VE—Vpa)/Vs
!

05

0.0 [ ==== ==

* Betatron and synchrotron

oscillation modes couple together

s Happens approx. when the first two
head-tail modes cross, i.e. the

transverse tune is shifted by about

one synchrotron tune

June 16-20. 2008

Advanced Light Source

Bunch Current (mA)

Figure 1: Example calculation of mode coupling mstability
using the MOSES code. The solid lines show the tune shift
of the m=0.+1 modes. The dashed lines show the growth
(and damping) rates of the coupled modes above threshold.

C. Steier. USPAS Annabpolis 25



Dipole, Quadrupole, ... Oscillations

*» There are different shapes of oscillations:
 Dipole — ‘rigid body’
» Quadrupole — shape/size

« Sextupole ...
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A A A A
N 4. l
’-- “ . "' \“ "'.‘ ‘~ - .‘1L\ -
I, \\ L) - ! ‘\ a’ \\
4 » 1 L) A
:c / “. ; -\ : \ . (b ; \ _d
. ‘0 N 3 Hy »° ‘- 'o
S ‘ ‘\ t’ “\ " - -
- "~4L-" )
m =1 m =2 m =3 m =4
dipole mode guadrupole mode sextupole mode octupole mode
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Multibunch Instabilities

% In the case of narrow-band impedances the wake generated by one bunch can
last long enough to interfere with other bunches or with the bunch itself in
subsequent turns. In this situation multi-bunch instabilities can be excited.

% High current accelerators are carefully designed in order to minimize broad
band and narrow band impedances. However, even in the best accelerator,
the impedance is nonzero and there will always be a current threshold above
which the beam will become unstable.

* If the accelerator is required to operate above the instability threshold, active
feedback systems are necessary for damping down the instabilities.

* Properly designed accelerators with low overall broad-band impedance,
carefully damped HOMs and active longitudinal and transverse bunch by
bunch feedbacks can store large numbers of particles. Currents of several
Amperes have been stored in electron and positron machines (PEP 2, KEK-B,
aéng )) and of many tens of mA in proton machines (SPS, TEVATRON,

- Advanced Light Source | EE—
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Multi Bunch Instabilities: Mode Number

A A A A A A LA

<+ Depending on the y

frequency of the i i f i A0
driving impedance, SN AN AL N

instabilities with
different mode A

; : AA AA AA
number, i.e. different .~
phase shift from one { - ;, ot
bunch to the next N ¢ b o M

are driven.

s Example for dipole
oscillations of 4
bunches:

=

AA

n=3
Ap=3n/2

] Advanced nght Source
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Some Streak camera pictures of instabilities

.
o
.r
* "
Y N
- a2 .

Fig.3a (left) : ESRF at low o : bunch length fluctuation
Fig. 3b (r1ight) : ESRF HOMs causing longit. instabilities

- Advanced Light Source | EE—
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Streak Camera ll

ln.”m

Y 0en00000000000 [
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(P " 0050000000000
JnHH 4900000000000
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a ' 0000000000000

2

! 19996 0000000000

¥y 3 99999000000000
1

T 0000000600000
't : 2« « 0 000500000008

s I
‘e
3

;
(%
.

Fig.6a (left) : ESRF five turns of single bunch showing
vertical Head-Tail instability,

Fig.6b (right) : LEP top & side views of bunch over 9
turns showing vertical Head-Tail effects, transverse
motions and bunch length tluctuations,

Fig.6¢c (bottom) : APS horizontal coherent motions at trail

| of the 60ns ﬁlllllg pattern over 13 turns .

June 16-20. 2008 C. Steier. USPAS. Annabolis 30



~

' A
rreereee ‘m

Feedback Systems

s Detect bunch offset
(transverse) or
bunch phase/arrival
time (longitudinal) I

¢ Do detection with Cr o
high bandwidth receiver

s Amplify signal by

horizontal kicker wvertical kicker

beam

vertical
processing

variable
attenuators + i

":-’2 {-’l

large factor (low | |
noise) | _ |

< Feed back with 90 Ly L e v
degree phase shift BN o W B+D)-(A4C) v
(kick instead of Lo B . Receiver | _ _ _ _ |
offset)

- Advanced Light Source | EE—
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Feedback systems (practical)
T () e —
- ___J = :I__ ___J =

1. receiver -
delay line

. o amplifier
2. receiver mixing box

A X —|‘
] s 4 F

system oscillator notch filter

s Stripline kicker (uses electrical and magnetic field) — broadband
¢ Signal processing electronics includes delays, mixers, amplifiers

*» Notch filter to suppress DC response (and response at revolution
harmonics)

IEEEEEEEEEEEEE——————— A dvanced Light Source
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Coupled bunch instability diagnostics

a) Osc. Envelopes in Time Domain
b) Evolution of Modes

_ 0 300  Bunch No. '
Time (ms) Ti ( ) 0O Mode No.
ime (ms

Figure 1: . Grow-Damyp sequence in the horizontal plane from

the ALS. The envelope of the bunch motion shows the free growth
(0 <t < 6ms), then damping under the action of feedback (f > reveal the growth of modes 326 and 327.

6ms)

% Grow-damp measurements with feedback systems allow
quantitative study of instabilities (and feedback performance)

 Growth Rate
 Damping Rate
 Mode Pattern

Figure 2: . The recorded bunch motion is Fourier transformed to
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More diagnostics: Cavity Temperature Scans

ALS main RF cavity 2
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Figure 1. Growth rates (top) and oscillation frequencies
(bottom) of modes 205 and 233 in main RF cavity 2 nor-
malized to 100 mA.

< When the temperature of a cavit%/ is changed, the tuner/matcher loops keep
tr;]e fundamental frequency constant. However, HOM frequencies will
change.

s HOMSs will be swept over revolution harmonics, allowing to measure their
worst case effect (i.e. quantify their coupling to the beam).
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Other Diagnostics

* Diagnostics on the cavities:

« Correlate beam measurements with signals from pickups on the
cavities

* If probes are at the right locations, one can see the excited
HOMSs directly.

» Also can look at power deposited in loads of HOM dampers

*» Any type of very fast (i.e. bunch-by-bunch or at least a few
bunches) beamsize/beam position measurement

Streak camera

Gated CCD camera on synchrotron light port
Photodiodes

Sampling scope on BPM button signals

¢ Diagnostics without Beam:

. Measure Q, R/Q of cavity HOMs on a bench before installing
em

» Calculated precise HOM spectrum with finite element code.

Advanced nght Source .
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Countermeasures: HOM dampers
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¢ Once one has understood, which higher order modes are the most
damaging, one can design dampers to specifically target those
modes.

% Newer developments (both on n/c and s/c cavities) are broadband,
waveguide type dampers, which damp many modes at once.
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Two Stream Instabilities

% In these cases, charged ‘clouds’ (second stream) of particles is
the wakefield mechanism driving the instability

s Potential mechanisms for two-stream instabilities are:
* lon-trapping
« Slow ion instability
« Fast ion instability

« Secondary electron / Multipacting
 Electron cloud instability

- Advanced Light Source | EE—
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Slow lon Trapping |

U V]

“ High energy beam particles ionize residual gas

“* (Mostly positive) ions can be trapped in potential of negatively
charged beam

*+ Depending on charge and beamsize, transverse ion oscillation
frequencies can be of the order of MHz and motion can be quite
stable

 Periodic focusing due to bunch passage
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Slow lon Trapping Il
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% Trapped ions can have many deleterious effects:
Scattering — Lifetime

Tune Shift

* Instabilities (they act as an effective wakefield coupling the motion of

different bunches)

June 16-20. 2008

Advanced Light Source

C. Steier. USPAS Annabpolis 39



~

A
I

Diagnostics of lon Induced Instabilities

< Mode pattern of the instability:

« Typically several neighbouring modes will become unstable at
once

* Mode frequency depends on beam current, vertical beamsize,

L)

S

*%

Instability disappears for long gap in the fill pattern.
Instability depends on residual gas pressure.
Increase in Bremsstrahlung (off the trapped ions).

Clearing electrodes (negative bias of order of 1 kV) improve
instability — current drawn by electrodes correlate with other
instability observations (fill pattern ...)

S

*%

S

*%

S

*%

% Shaking of the beam might help.
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Fast lon Instability

Zo

\ Atomic

Positron Bunch Electrons

* If the electron current becomes very large, enough ions can be
accumulated even single pass to lead to significant size increase
for small emittance beams
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Fast lon Instability — Example at ALS
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Streak Camera image of fast ion instability

\/
0‘0

Streak camera images of fast ion instability in PLS
Vacuum pumps were switched off intentionally

L/
0’0

J/
0’0

Clearly shows that head of bunch train stays stable whereas tail starts to
oscillate

J/
0’0

No problem for nominal vacuum pressure

Can be distinguished from slow ion trapping: Only tail of bunchtrain
becomes unstable; increasing length of fill pattern gap does not help

J
0’0
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Electron Cloud Instability

-incidence at w/4
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¢ beambunch < Synchrotron radiation
striking vacuum chamber
} synchrotron photons produces initial electrons
+»» Get accelerated
P photoelectrons (transversely) by bunch
PE: primary component passage
pS primary secondary electrons o Wlth SEY > 1 mU|tip|icatiOn
s can occur
Secondary Secondary electrons } SE secondary Cornponent

% (Large number of) electrons
then can interact with
positron/proton beam and
drive instability
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Practical aspects of electron cloud

<

L)

» Emittance increase at high currents
» Heat load on vacuum chamber walls

» Erroneous vacuum pressure readings

« Can be used as diagnosics

« Can also use small electron spectrometers, analyzing the
secondary electrons in the vacuum chamber.

L)

4

L)

L)

4

L)

L)

L)

» Countermeasures:

« Surface treatment to reduce secondary electron yield

« Wait for surface scrubbing to occur

» Magnetic fields (solenoidal fields are particularly effective)
« Gaps in bunch train

L)

Advanced nght Source .
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ummary

s Concepts introduced today:
« Diagnostics
« Bunch length
» Spectrum
+ Collective Effects

« Space Charge

» Wake Fields

* Impedance

« Single/Multibunch Instabilities
* Feedbacks

* Two Stream Instabilities

Thanks to Fernando Sannibale for several illustrations
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Further Reading N

% L. Palumbo, V. G. Vaccaro, M. Zobov, “Wake fields and
impedances”, CERN-95-06

< A. Chao, “Physics of Collective Beam Instabilities in High Energy
Accelerators”, Wiley-Interscience Pub. (1993).

< A. Chao, M. Tigner, “Handbook of Accelerator Physics and
Engineering”, Word Scientific Pub. (1998).

% S. Myers “Instabilities and Beam Intensity Limitations in Circular
Accelerators”, CERN
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