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Motivation
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Characterize LCLS Slice Energy Spread (SES) growth due to MBI

1. Implications for LCLS: Quantify/reduce SES growth for potential
harmonic lasing, external seeding schemes, etc.

2. Implications for LCLS-II*: Additional 2 km bypass needs more
careful characterization/design compared to LCLS to preserve SES

* See M. Venturini’s Monday morning talk
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Outline
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Experimental setup

- LCLS linac layout

- Diagnostics

Microbunching spectrum analysis

- Analysis methodology
- MB spectrum @ varied current and LH power
- Effect of BC2 R,

Slice energy spread measurements

- Systematic corrections
- SES results @ varied current and LH power

To-do list and summary



LCLS Linac Setup
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« Undulator is removed (no lasing effects)
 TCAVO to measure z-o0 at LH
« XTCAV to measure final z-o0



LCLS Laser Heater & Injector Diagnhostics*

* Increase E-spread at injector, damp growth downstream
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- Nominal heating improves FEL intensity 20-100%

* Z. Huang, et al, PRST-AB 7, 074401 (2004) & Z. Huang, et al, PRST-AB 13, 02073 (2010)



XTCAV
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Result: <1 yumrms @ 4 GeV, can now directly investigate final MBI impact




XTCAV vs. Laser Heater
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Experimental setup

- LCLS linac layout

- Diagnostics

Microbunching spectrum analysis

- Analysis methodology
- MB @ varied current and LH power
- Effect of BC2 R4

Slice energy spread measurements

- Systematic corrections
- SES results @ varied current and LH power

To-do list and summary



Analysis Methodology

Getting b(k) from images
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Analysis Methodology

Getting b(k) from Images Up to 50% modulation @ 500 A
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Final MB Spectra vs. LH
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approach nominal heating (~20 keV)

Interesting phenomena ~10 keV...
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Finer Structure
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BC2 R, Effect (~no LH)
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BC2 R, Effect (~no LH)
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Experimental setup

- LCLS linac layout

- Diagnostics

Microbunching spectrum analysis

- Analysis methodology
- MB @ varied current and LH power
- Effect of BC2 R,

Slice energy spread measurements

- Systematic corrections
- SES results @ varied current and LH power

To-do list and summary
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Panofsky-Wenzel Effect
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Heater Scan

LH calibration similar:
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Heater Efficacy
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Still appears high, but LH doing its job.
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BC2 R, Effect (~no LH)
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* Images suggest SES reduction at higher R56

« Could be explained by significant BC2 damping of
Incoming MB competing with higher BC2 MB gain

 Insufficient PW data to verify
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To-do List
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« Careful investigation of fine LCLS dump optics matching
(energy & trans.) impact on phase space images

* Reuvisit with alternate, “trickly” LH matching
* Modeling of MB competition between sections

« With laser heater, further explore adjusting/increasing
BC2 R, to reduce nominal SES (+ corrections)
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Summary
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* Full compliment of S2E diagnostics are completing the
empirical picture of MBI dynamics at the LCLS

« Evidence of MB competition between sections for specific
LH settings

* Potential MB point of optimization found in final transport

* Direct observation of LH-induced SES reduction at linac
end (though the FEL already told us that)

Thank you!
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