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Main Linac

5-7 GeV
approx. 500m Dump
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Injéctor

Accelerating Bunch
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SRF for ERLs

| Abell with this Q
~ would ring for a year.
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[ B E = 20MV/m

® Very low wall losses.
® Therefore continuous operation

Normal conducting cavities

is possible.
® Significant wall losses.
® Cannot operate continuously with
* Energy recovery becomes appreciable fields.
possible. ° Ener%)I/ recovery was therefore not
possible.
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Current limit due to BBU

--------
-----------------
. L]
......

Horizontal
k HOM 1
Vertical _
Offset Horizontal

Beam breakup instability (BBU) in one dimension
(originally a major concern for current limit)

Kick
XY d
_ Coupling
320 identical cavities mmmmmp Current limited to 25mA
Randomized frequencies with rms of 10MHz mmmmm)p- Current limited to 500mA
Polarized Cavities and x to y coupling mmmm)p- Current limited to 2000mA >> required 100mA

Now the current limited by a technical choice:
Cooling capacity of the HOM Dampers

bellows

ferrite tile'
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BBU for ERL@CESR

Randomlzatlon of frequenmes x/y frequency se paraion
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() Isolation of modes
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BBU problems for
multiple turn ERLs ...

-

) B

o 3 . .
=) Cornell University

)

Beam-Breakup Instability Theory for Energy Recovery Linacs,
G. H. Hoffstaetter, |. Bazarov, Physical Review ST-AB, Volume 7, 54401 (May

2004)
0 erRL: I g6 1

ne turn gy T - ,
(approx.) e(%),\ Q \w) Ty sinw,t,

Nr turn ERL:

(approx.)
N, _ 2C2 1

I —
. e@r Qa3 S sin(w[f — )TV

Approximation: in an Nr turn ERL, the threshold current
goesdownas Nr(2 Nr-1)
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BBU problems for
multiple turn ERLs

]

Cornell University

Recirculating BBU thresholds for polarized HOMs with optical coupling,
G.H. Hoffstaetter, |.V. Bazarov, C. Song, Physical Review ST-AB 10, 044401
(2007)

2¢? 1
One turn ERL: Iy, = —
(approx. for polarized modes.) e( )/\ QAwA T12 smwAt

¥, = T1pc08%0 + (T4 + T3;) sinf cos + Tzsin’6.

Problem 1: For a polarized mode, there is usually another,
90degrees rotated mode close by. These together improve
threshold currents by often less than a factor 10.

Problem 2: For multi-turn ERLS, after two turns, the x-to-y
coupling couples back to x, directly coupling to the originally
excited mode.
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Beam Breakup Current «#
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Non-fundamental Mode Resonances ¥

-

Fundamental mode is ‘trapped’ 10

= i I
® 4 !l!.l'
S ey
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Higher-order modes propagate out — o ir :
beam tubes to absorbers ES %
g i
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BBU Parameter

Bl X TR T T

2500
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oo 10+
(na]
3000 3500 4000 4500 5000 19500 2000 2300 3000 3500
frequency [MHz] frequency [MHz]

o HOM properties with no fabrication variation
x HOM properties with 1/16 mm variation

4000 5000

Band 1.8GHz 19GHz 25GHz 27GHz 3.1GHz 34GHz
Baseline Design 192 95 31 277 55 10
New Design 188 73 107 227 47 20
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Intrinsically a non-analytic problem
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Accelerating Structure Overview ¥

Goal: Maximize |;, > 100 mA
(under constraints)

Center cells
» Geometries are (nominally) identical
* Responsible for general properties of HOM spectrum
* Controls frequencies of HOM passbands and dispersion relations
* Determines cell-to-cell coupling and how sensitive HOM spectrum is

to variation in cell shape
End cells

* Asymmetric design helps prevent trapped modes
* Responsible for coupling HOMs to HOM absorber

* Directly controls quality factors of HOMs
Beam Pipe

* Should be short to improve linac fill factor but long enough to avoid
dissipating too much power from the fundamental mode

HOM load
* Absorber material properties determine specific mode losses.
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Loosened machining tolerances
increase relative cavity-to-cavity
HOM frequency spread

(good!)
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Design Well Exceeds Cornell ERL Threshold Current Specification!
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Accelerator Physics @ CESR
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Accelerator Physics @ CESR
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