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Goals for this Analysis

1. Understand if our diagnostics are working correctly
a) e.g. Can we trust TCAV calibration and bunch length?

2. Is the machine working as anticipated?
a) Is the measured time-of-arrival jitter consistent with expectations.



Longitudinal Machine Parameters
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Longitudinal Diagnostics

Energy BPM:
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Longitudinal Diagnostics

How do | love thee?
Let me count the
ways. . .

Yrvvece T
22 8nquy TEERY

The TCAV and SYAG diagnostics in S20 allow for “direct”
measurement of bunch length and time of arrival.



EOS Calibration (C. Hansel)

Pixel to fs ConverSion » Femtosecond-to-Pixel Conversion Factor

 18.26 + (.38 fs/pix

e Dataset 1504 adjusted the laser rf delay by

215fs per step for 20 steps, with 10 shots
per step.

180 - ¢ ® data
— fit, slope = —=11.78 £ 0.25 pix/step

160 -

e Signal from some steps were non existent  _ ...
or messy, so | chose steps 7 to 18. <

=
2 120 -
©

* For each of the 10 shots in a step the g 2009
mean and standard deviation is plotted at 50
right, and a linear fit provided the slope in -

pixels per step, which was converted to fs , | ]
per pixel. step




TCA¥ faﬁbration on CAMR:LI20:107 30-Jul-2022 15:38:59 Asymmetric
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Why?

B 5 TCA¥ faﬁbration on CAMR:LI20:107 30-Jul-202/15:36:35 Asymmetric
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TCAYV calibration curves are often non-linear.

1.551
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TCAV Phase Setting and Readback

28

Lol s

<
~

phase (TCAV:LI20:2400:P)
3

- TCAV
—— x=90.0058, 6=0.62797

50 100 150 200 250
time

&

87 88 89 90 91 92 93
TCAV LI120 2400 PDES

The TCAV klystron reads back it's own phase.

It looks stable = Something affects the measurement.
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f (Hz)



Correlation between EOS and upstream PVs (C. Emma)

0(gtorr. between EOS2 T and BSA Scalar PVs DAQ E325 020705

Correlation Coefficient
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also horz & vertical BPMs in LI14/L120
(dispersion leaking out of compressors?)
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Longitudinal Machine Parameters

1510 Laser 1 RF Gun

|
I Room |

LO
TCA

@ =-20 deg

Rs6 = 48 mm
D =-251 mm e
1520 Laser |
Two “backphased” klystrons allow IRoom and !
energy control through BC14 ¢ =0deg ot ! Transport :
Target '_ _ ___ s
CAV
~ UL 1 A X X - 2
BC11 BC14
L1 L2 L3 Main
W-Chicane
@ = -40 deg IP
Rs6 = 36 mm
D =-437 mm Rys = 7 mm
D = XX mm
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Scan of LI14 Energy Setpoint

Energy Offset (%)
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Deliberately changing LI14 energy setpoint leads to drift in S20
Time-of-Arrival. We also see the effects of random jitter/drift.

0.4
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Scan of LI14 Energy Setpoin

Predicted change in ToA [fs]
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Using design machine parameters, we can use the energy BPM

to “predict” time-of-arrival in S20.
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Scan of LI14 Energy Setpoint
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96% correlation between predicted/measured ToA.
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Measurement of EOS ToA jitter (C. Emma)

215 T T 140 T T T
— Single shot [- - Gauss. fit, RMS = 2.80 pix |
—— 10 Shot Mov. Average
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RMS jitter between electron beam and laser = 2.8 pix * 17 fs/pix = 48 fs



z position on TCAV screen [um]

Measurement of TCAV ToA jitter (C. Emma)
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RMS timing jitter between e-beam and TCAV = 61 um = 200 fs.

That’s 4x larger than the laser to e-beam jitter on the same data set
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Conclusion

« Good news: machine appears to follow design parameters and we can
measure that with longitudinal diagnostics.

 Bad news: we are extremely sensitive to upstream parameters in the machine
and we need to “lock-down” S14 energy for stable Time-of-Arrival.

« Future work: How does this ToA jitter translate to bunch length jitter (single-
bunch case) or bunch separation jitter (two-bunch case)?

* Future work: Implement upstream ToA jitter correction in S20 TCAV
calibration procedure.
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Backup
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Numbers to keep in mind

« SLAC s-band RF freq = 2856 MHz
1 degree s-band = 291.6 um =972.6 fs

 SLAC x-band RF freq = 11424 MHz
1 degree s-band = 72.9 um = 243.2 fs

e EOS calibration ~ 20 fs/pixel
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TCAV Phase Scans with DAQ

Dataset 2054
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Upstream Energy Correlates with Time of Arrival
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Upstream Energy Correlates with Time of Arrival
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Upstream Energy Correlates with Time of Arrival

B E325, Dataset ID 2057, Correlation plot
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Upstream Energy Correlates with Time of Arrival
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