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m Relevance to CLIC decelerator
= Summary PETS run 2008

= Simple model for recirculation
m Correlation beam and RF measurements
m Pulse-shortening / break down

= Beam energy loss
m Correlation RF and beam measurements



s Reminder: PETS is the generator of the CLIC RF power

= In each Decelerator sector the 100A CLIC Drive Beam
pass through ~1500 PETS, 21 cm long, each producing

136 W RF power I. Syratchev, D. Schulte, E. Adli and M. Taborelli,

"High RF Power Production for CLIC",
Proceedings of PAC 2007
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m The CLICeceIerator beam dynamics has been studied

extensively, e.g. E. Adli,D. Schulte and I. Syratchev, “Beam Dynamics of the CLIC
Decelerator”, Proceedings of XBAND Workshop’08

m TBTS: provides the first beam tests of the 12 GHz PETS



CLIC PETS

Loets =0.21m, 1=101A

TBTS PETS

L =1m

pets

P~ (1/4) L, 2FF2(R/Q) o / v, = 136 MW

Would need 22 A to produce CLIC power. Max. in CTF3 this year ~ 5A

Solution of I. Syratchev:
recirculator

Problem 2008 run:

Splitter: stuck in undefined position

(not remotely controlable)
Phase-shifter: stuck in undefined

position (not remotely controllable)
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Apart from PETS parameters (tested with RF), the power should depend only on
the form factor, the current?2 and eventual phase detuning.

Manual adjust of phase-shifter: in order to check power

production for nominal operation
Reminder before we analyse recirculating mode
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We move to last day of operation:

4-5 A with recirculation. e
Typical power, subsequent pulses :

Power: PETS out (red), to load (blue), reflected (purple)
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assume the following simple field model (we ignore the fill-time here):
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r : the ratio of the field being recirculated

n : estimated ohmic losses around the circulation

¢ : the field phase change after one recirculation FE.., - FE, (x— 1]E N iE
A =r xn x exp(jo) : field reduction factor after one At T At A"

recirculation
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m  Challenge a-priori neither the recirculation phase nor the split-ratio is known
(stuck at unknown position)

m  Ohmic losses: prediciton n~ 0.9 (in model: lumped rx n )
= Form Factor not known to precision
= Bunch phases (detuning) not known
= Some uncertainty in calibration

After trying with many pulses, trying to get
both shape, e-folding and amplitude right
we ended up with the following
parameters :

Assumed: no detuning
rxn=0.90x0.75 (expected 0.9 x 0.9 )
¢=15 deg (larger would lead to too quick
fall-off — but ... in principle ~10% chanche
to "by accident" be at this position ?)

FF ~ 2.5mm bunch (NB: equivalent to
constant factor)

Splitter ratio can be estimated :
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(we note that both these break downs have quite flat initial current -> rapid rise time)



Random phase-shift of ~45 deg, over a period of 50-100 ns can
lead to similar curves as the measured

Power: PETS out (red), modelled PETS out (upper blue), with
random phase-shift on 4 steps :
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m Basic principle to estimate beam energy loss: energy into system
must come from beam. We try the following model:

f Pbeam{t)dﬁ = Pp pwg‘?'chm—Ff Py pwg{f}df—l—f Pp REF{:f}di—l—f EﬂSSES{f}df
0 ] 0

o

d
= Picam(t) = - Pp rwp(t)T + Pa rwp(t) + Pp rer(t) 4+ losses(t)
ot

We ignore here the reflected power (not clear yet where it is going) and
neglect losses, using only largerst contributors.

T.har - SMaller than t_recirc - here we used a factor 0.5

. . . ( Unforunately: we do not have spectrometer
The we compare predICted dISperSIVe data in front of the PETS to compare beams)
orbit with the horizontal reading in the
spectometer line :
( Depmos2o = 6L = 0.2 m,

<U>=P/<I> )

CM.BHB 0800

15.DUM 0840 = CADUM 0200



Pt

Dispersive orbit: measured (red) and predicted from model via power

measurement (blue) (Real system bandwidth not included in model)
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Dispersiv orbit: measured (red) and predicted from model via power

(Real system bandwidth not included in model)

measurement (blue)
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= Improve models / accomodating missing factors

s Combine energy measurements with kick-
measurements

m Prediction versus measurement of transverse
Kicks (dipole modes)

= \We have not exhausted data taken yet



m Phase-shifter and attenuator in order will help

greatly

m [iIme-resolved spectrometer measurements
before and after PETS (in CLEX before PETS)

m No R&D effort needed (dump in 10 reproduced)
(A.Dabrowski)

s Smaller pulse to pulse jitter
s MTV data
s Energy measurement using dog-leg



m The TBTS has proven to be a great tool for the
first verification of interations beam/PETS

m Still a lot of work ahead, but we are on good way
to understanding beam and field in the TBTS
with recirculation

Thanks and acknowledgments: many valuable discussions
with |. Syratchev and D. Schulte at CERN are gratefully
acknowledged, and a particular thanks to the Uppsala
TBTS-team for inviting to help with measurements and
analysis, and to R. Ruber for all TBTS assistance.
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Measurement on Spectrometer 10, 76 MeVic
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