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The previous version (v4, July 4) had a big mistake in the assumption for detection of 
cavity misalignment in a test linac. The mistake was pointed out by P. Tenenbaum.

In the previous version, I had assumed the sensitivity of the beam size increase by 10% 
of nominal and which corresponded to 
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Assuming the sensitivity of 10% beam size increase, then, it correspond to

Compare with the previous (wrong) result, we need 4.6 times larger position change of 
the bunch tail, and 21 times longer linac. (We could increase the assumed required rms 
misalignment (0.26 mm), bur not changed here.)
This new version corrected this mistake.
PT also noted difficulties related to large energy spread increase in the no-acceleration 
test linac. I think this needs to be considered carefully.
The conclusion is: it will be very difficult to detect cavity misalignment using beams.

Comment on mistakes in the old versions.



Testing Cavity Alignment (offset)?

Detecting wakefield effect 
as beam size increase



Cavity offset - Wakefield - Two particle model
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Position change of following particle at linac end due to i-th cavity: 

Expected Position change square of following particle: 
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Position change at linac end: 

assume all cavities have the same wakefunction, rms misalignment, acceleration
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Estimation of expected orbit deviation from random misalignment of cavities.



Requirement for Main Linac
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(Roughly)



Test Linac-1
no acceleration for sensitivity to wakefiled

Injector Test Linac (no acceleration for cavity alignment test)

diagnostics-1 diagnostics-2

Measure beam size (emittance) at diagnostics-1 and 2 and estimate 
emittance dilution in the Test Linac.
Assume no acceleration in the Test Linac for good sensitivity to wakefield 
effect.
No or small acceleration, but, beam loading should be compensated to 
keep the energy spread small.

Injection beam energy : E
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Requirement for sensitivity to cavity offset
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P. Tenenbaum did tracking simulation, with slightly different, but basically 
the same condition, and got consistent result with this estimation.



Testing Quad vibration?

Detecting orbit jitter 
induced by the quad vibration



Beam position change due to quad offset

Final beam position is sum of all quads’ contribution. Assuming 
random, independent offset, expected beam position offset is:
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Estimation of expected orbit change from random offset of quads.



Requirement in Main Linac
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Test Linac-2
High gradient acceleration for good sensitivity to quad vibration

Injector Test Linac (High gradient acceleration)

diagnostics-1 diagnostics-2

Measure beam orbit at diagnostics-1 and 2, then evaluate jitters induced in 
the Test Linac. (subtract injection jitter effects.)

High gradient acceleration is desirable for 
big ratio of position change vs. beam size
reducing injection jitter effects

Strong quad field.
Many quads: every cryomodule 



Requirement for sensitivity to quad vibration in 
Test Linac - orbit change/beam size ratio
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Need to measure position jitter much smaller than beam size (<%)

(Every cryomodule has a quad)



Requirement for sensitivity to quad vibration in 
Test Linac - example: 30 CM
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360 nm should be measured, if Nq=30 (30 cryomodules).



Summary
• Assumptions in this report should be reviewed 

carefully. If the assumptions are correct,
• For testing cavity alignment (rms offset 0.25 

mm), about 600 cryomodules will be needed. 
This number looks unreasonably large for a test 
linac. 

• Test linac with about 240 cavities (30 
cryomodules, 10 RF units) can be useful for 
testing quad vibration (rms about 20 nm). If 
injection orbit is stable, or its effect can be 
subtracted accurately.


