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ILC parameters

M |t is most important to demonstrate the operation under ilc specifications.

B goal: to achieve the ilc requirements (beam current, pulse width and

field gradient).

TAELE 2.6-2

FF nnit parameatars.

TAELE 2.6-1 Parameter “Walue Urits
Mominal beam parameatars in the ILC Main Linacs.
Ilodulator overall efficiency 228 | W
Parameter Yalue | Units Mlazamn klyston output powser 10 N
[rutial beam energmyr 15| Gy Elystron effi cency BE | %
Final besm ENErEY 280 | 2 B distmibution systerm power loss ’F il
Farticles per Bunch | 2 % 101 Mumber of cavities i
; Effective cavity length 1.0%8 | m
=y 2 Mominal gradient with 22% tuning overheacd sl R
Bunch spacing 569 | ns Power limited gradient with 16% tuning overhead 230 | MV /im
Bunch train length DED | pm BEF pul=e power per cavity 2087 kW
Fhuanber of bunches 2BZH RF pulse length 1,868 | ms
Pulze repetition rate 5 | Hz Average B F power 1o 26 cavities 05 | kKW
Average power transferred to beam 36.5 4

B proposed measurements:

Beam current (9mA), beam width (800us) and cavity gradient (>31.5MV/m?)
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,',E Perturbations and overhead

B goal: to obtain the proper lIrf overhead under the certain perturbations.

B These perturbations should be monitored synchronously with lIrf
measurements.

B For instance, the beam current (by beam monitor), HV applied to the
klystron (by HV monitor) and rf field (by llrf monitor) should be monitored
in the same rf pulse.

B The long time operation is proposed to obtain the long time drift of the
operational rf power.

perturbatibn specffratbn measurements
r m pensaton
b 20 €0 be >4 +/— 40H z rf phase
m crophonts
beam current +/=1% beam current
klystron HV +/-0.5% HV

klystron saturatbn

_ K0 _ 0 .
w&w /o Inearlzatbn 5% or ~10%

B proposed measurements:
Beam current, cavity detuning, HV regulation v.s. klystron output power
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Pout (MW)

,',IE Non linearity

M goal: to operate near the klystron saturation.

BThe present operation point of the klystron is -5% from its saturation
(the worst case?).

BThe llIrf performance should be evaluated under the circumstance and
compare with the case of -10% or more.

LLRF FB
Wil

O—— * RF power budget cavity input 8.02 MW (33 MV/m * 1.038 m * 26 cav. * 9 mA)
a) reflection from waveguide system 1% (VSWR~1.2)
b) non-optimal coupling 2% (if over-coupling x1.3)
(We should also consider the rf-output reduction due to the rf reflection to klystron)
- c) rf loss 8.54% (should be minimized!)
— d) beam fluctuation 1% (should be compensated by fast feedforward)

e) modulator ripple 2.5% (pulse-to-pulse +/- 0.5%HV ripple)

f) cavity detuning 2% (40 Hz peak of Lorentz force and microphonics)
Remained rf power:
Note: 10:1 ¢ hange in - 10 MW —8.02 MW#*(1.01 * 1.02 * 1.01* 1.025 * 1.02)/(1-0.0854)=0.47MW

. . LLRF feedback overhead

the klystron gain slopel” 8.02* (1.01* 1.02 * 1.01 * 1.025 * 1.02* X )/(1-0.0854)=10

| | l X=1.049 (5%) (2.5% in amplitude)

0 50 100 ;50 200
Pin (W)

B proposed measurements:
Field regulation under the rf operation near saturation (-5%, -10%, -20%)
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1 Perturbations and stabilities

B goal: to measure the rf stabilities under the certain perturbations.

B |n principle, noises can be 1/G (G: proportional gain).

B Confirm the performance

B Effects of vector sum calibration should be also evaluated.

TABLE 3.9-1

Summary of tolerances for phase and amplitude control. These tolerances limit the average luminosity
loss to <2% and limit the increase in RMS center-of-mass energy spread to <10% of the nominal energy
spread.

Location Phase (degree) Amplitude (%) |limitation
correlated | uncorr. | correlated | uncorr.
Bunch Compressor 0.24 0.48 0.5 1.6 | timing stability at IP
(luminosity)
Main Linac 0.35 5.6 0.07 1.05 | energy stability <0.1%

B proposed measurements:
Beam current, cavity detuning, HV regulation v.s. field stabilities (amplitude,
phase) and beam energy under some feedback gain (50~100)
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HTA Cavity field flatness

ESince the mismatch of Q’s introduce the additional rf power, this is
also important to evaluate the rf power margin.

BGoal: to evaluate the flatness of various loaded Q variation,
operational gradient and beam current

Variations in Loaded Q
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B proposed measurements:

Change loaded Q (via 3 stub tuners) and evaluate the cavity performance
with various beam loading.
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ip Exception handling

BPresent lIrf operation point is not considering the cavity failure. (If llrf
had enough margin, we can continue rf operation in case of cavity
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B proposed measurements:
LLRF performance at sudden one piezo failure
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,',IE Some other preparation before study

B RF power monitor calibration

In order to compare and evaluate the overhead, fine calibration of rf power
(or amplitude) is necessary. (also for evaluating rf losses at waveguide,
circulators and so on.)

B Decision of operational gradient for study

Due to the quench limits of the cavities, it looks difficult to operate 31.5MV/m
average. (and the operational gradients have wide variety.)

It will be desirable to make a decision about operational gradient in advance.

B Strategy for have flat fields with long bunches high current
Some proposals have been made for flattening the cavity fields under
various quench limits (such as QlI, rf distribution controls).

FLASH (especially ACC6) will be operated at different rf input power and
operational gradient. And maybe rf distribution will not variable.

Thus some strategy will be decided before study.
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ip Summary
o

HB|LC parameters
Beam current (9mA), beam width (969us) and cavity gradient (>31.5MV/m)

BPerturbations and overhead
Beam current, cavity detuning, HV regulation v.s. klystron output power

BNon linearity
Field regulation v.s. rf operation point (saturation -5%, -10%, -20%)

B Perturbations and stabilities

Beam current, cavity detuning, HV regulation v.s.

field stabilities (amplitude, phase) and beam energy under some feedback
gain (50~100)

HCavity field flatness

loaded Q variation (via 3 stub tuners) under various beam loading v.s.
field flathess

BEXxception handling
LLRF performance at sudden one piezo failure
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