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Outline

* The causes of Beam Breakup (BBU)
* Types of BBU

* Why investigate BBU?
 Possible solutions
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Causes of BBU

« There are four main
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Types Of BBU

Single bunch

— ‘Banana’ beams

— Cured by BNS damping -
increased focusing at the
tail of the bunch

— Beam based alignment

Multipass — Of concern in

syncrotrons

Multibunch — Of concern
In linacs
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Multibunch

* Transverse and Longitudinal

e Two forms:
— Regenerative
— Cumulative

 The beam feeds the HOMs and is kicked by the
HOMs of the previous bunch(es)

* In the longitudinal case this can cause
displacement and loss of energy

 |In the transverse case it can cause beam loss
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Multibunch - 2

Regenerative

Occurs in a single
multicell structure

The cells will have strong
electromagnetic coupling
between them

Gradual phase slippage
can cause the electrons
to be decelerated

Dilution of phase space
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Cumulative

Occurs in independent
cavities uncoupled to
each other.

HOMSs are driven by from
cavity to cavity by their
coupling to the beam
Each successive bunch
gets a larger transverse
Kick

Effect is a function of the

number of cavities and
the number of bunches
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Threshold current
_Zpr
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* This is the highest current at which the beam
can remain stable
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Why??

e« 4GLS will suffer from multibunch BBU

* The threshold current needs to be greater
than 100mA

* Methods of achieving this threshold need
to be investigated now
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Possible solutions

* Design

« Cavity design

« Damping

* Optical

 Beam based feedback
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Possible Solutions - Design

Good beam alignment/limit noiseljitter
Strong focusing

Detune the deflecting modes between the
cavities — may happen naturally

Lower fundamental frequency

Chose accelerating gap that decreases
the transit time for deflecting modes

Decrease bunch charge
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Possible Solutions - Cavities

* Work into SC cavity
design is being
carried out for ILC
studies

) LOW IOSS ’ h ig h e r Figure 1: Geometry of three inner cells.
g rad ie ntS a re bei n g Table 1. Parameters of inner cells

) . Parameter ocC HG LL
| nveSt| g ated Do [mm] 187.0 1805 174.0
0., [mm] 700 614 530
k.. [%] 329 172 149
Fra B -] 256 189 217
B,o/E.. [mT/MV/m)] 456 426 374
R/Q [€2] 965 1119 1288
G [Q] 2738 2655 2803
RIQG [§:€2 26422 29709 36103
21/09/05 Beam BreakUp at Daresbury

ELS RF Meeting Arhus



’i& B Radio Frequency & Diagnostics Group
: —/ B

* Virtually HOM Free
« Lowers Q

 Lowers shunt
impedance by as
much as 25%
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« Damp the deflecting
modes
— Ferrites
— HOM couplers
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Possible Solutions - Optical

Two schemes, based on beam orientation for
the 2nd pass through the linac:
Reflection (x—y)(y—X)

— Suppresses BBU completely if HOM are oriented at
0° or 90°

— Simulations suggest increase in threshold by a factor
of 3 for any HOM orientation

Rotation (x—Vy)(y—-x)
— Theoretically suppresses all HOMs

— Simulations suggest increase in threshold by 2 orders
of magnitude
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Beam Based Feedback

* Acts as a mode by mode feedback system

 After the 15Y/n-1% pass the phase shift and
gain of a HOM is measured

« Before entering the linac for the 2"9/nth the
beam is passed through a stripline kicker
which modulates the beam so that it is
damped on its 2"9/n'" pass
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Summary

 BBU is a problem that can limit the current
in light sources

* But it can be suppressed by a combination
of cavity design, damping, lattice design
and feedback
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