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%B RF Processing of CLIC Structure ﬁw%ﬁ%

High accelerating gradient 100MV/m -
200-300MV/m surface fields.

Long conditioning period needed
>2000hrs to reduce breakdown rate
toward 3x10°/ for CLIC.

A. Grudiev, W. Wuensch, CERN

* The established method:
— Start with short pulse length (50ns).

— Ramp to nominal power(100MV/m,
~42MW) keeping BDR~10.

— Increase pulse length by 50ns, drop
gradient by ~10% and repeat.
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Clockwise from top-left: R TS

« Modulator/klystron .
(50MW, 1.5us pulse)

» Pulse compressor
(250ns, ratio 2.8)

« DUT + connections

» Acc. structure (TD26CC)
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~ Accelerating Structure Diagnostics ﬁwﬁ“%

RF hybrid splitter Directiqnal coupler ~ Vacuum valve

lon Gauge  faraday Cup
lon Gauge (behind metal support)

Structure input Temperature Structure output
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i 3. press Reset RF
2. Toggle and then turn OFF RT amplitude control P! 1. Turn OFF Pulse Width Monitor

8. Increase voltage of attenuation in Amplitude 5. Deactivate PC tuner
Control.vi 4. Reset and Trig the modulator at 250 V 9. If tuning is good activate PC tuner (press Set Zero position when dip is good)

6. Tune pulse compressor to cold state (step 1000
then back to 20)

7. Ramp modulator voltage while checking gun vacuum level

10. Switch ON pulse width monitor(1) and RT amplitude control(2)
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* Transmitted pulse
follows the incident
pulse but with ~4dB of
attenuation.

e Reflected signal is
~20dB lower than
incident pulse.

* Only afew mV seen on
the faraday cups. DC2-
Upstream sees 1/10 of
the signal compared to
downstream.
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= BD Detection: Normal Pulse
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* Transmitted pulse drops as the
arc is established.

* Reflected power increases to
the same order as the incident
pulse.

* Faraday cup voltages are
saturated: 100-1000x increase
in charge emitted.

 We can use the difference in
time between the transmitted
power falling and the reflected
power increasing to find the
BD cell location.

 The phase of the reflected
signal is used to pinpoint cell
location.
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BD Detection: Breakdown
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et Breakdown: Steps taken
=1 |
* We stop the next pulse i
from occurring and wait  _ Ereetiy |
2 seconds to let the o

vacuum level recover. el

* All the signals are
logged to file for later
analysis.

* Over 20-30 seconds we
ramp the power from
zero back to the power
set-point. o
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oy Cavity Conditioning Algorithm

 Automatically controls
incident power to
structure.

* Short term: +10kW steps
every 6 min and -10kW
per BD event.

* Long Term: Measures
BDR (1MPulse moving
avg.) and will stop power
increase if BDR too high.

7 EUCARD

R —

\

i3 power Setpaint Control.Ivlib:Power Setpeint Contrel.vi Front P mp... S =

File Edit View Project Operate Tools Window Help

o [@| @[] [15ptDialog Font |~ |3~ [~ |[ &~ | [6B~ |[+/ Search o | B
max EDR. BDR Gain vs Time
= |3.00E-5 | |1.50E-5 | [ 20000+
Power Setpoint Tirme since last Bl E
|a2.88M | Jos || g 10000
Conditiening Goal Pattern Time é‘: ﬂ—:
w -]
48.50M | os | | :
o ]
Pause -10000 -
¢ B Reset Pattern
- x 4 -20000 - ] ]
L : 0 ] 200 250
. Stop Tirme (s)

Power vs Time
4 90588E+7 -
4.8E+T7 -

46E+7 -

AAE+T7 -

Power [W]

4.2E+T7-

4E+7-] I I 1 | | | I I I I
133k 134k 134k 135k 13.5k 13.6k 136k 137k 13.7k 13.8k 13.8k
Time (m)

i
k ! Last Dip Triggered ~ Write Pointer  Read Pointer
FM Period (h) Dip Length (s}  Decrease 18:37:31.896 30 14

4 A 09/10/2013
1000 120 10.0MW — i
J )l Soft KREF Breach? ll?ower count ) [\Jumerlc Cc-ntrc-l
- ames0 || |[o
short terrn BDR '8.6E-5 : =F
| [RF Monitor RT.lvpraj/My Computer| < 0 '

The Cockceroft Institute

of Accelerator Science and Technology



=3 a iD m
el KREIRIEEEOE tg 8 & |8 g
“ [ -
. R R EE s &
. b " & F2ia ShE s 5 o = (O]
D.H... =2 [ T - < c w =] i =3
£ DBy A Esy = B g K 5 53
— 9 B fEEZFgds T 5o g I8 1B 2E
— e B2 fef2s883 8 s ¥ 3 a ap g d o8
Lo @ o o3 s §E®m e a8 w® ¥ 5 = g I i B n E-]
STE BEIBE88 3823 iaa83s 7 mmmummnmm cE
5
o FOCDCSEOCDEDOOD $8 58 &35 82 =8
] © Qg
i 1] 5%
- Gradient [Wim] mm
5
= _ 22 2 = = = = = s = = = = = = 3 =3 3= = 3 = e}
52 § &z 2 § 3 & & 3 & ®» = § & &% 2 B & 7 3 = 8
nqut = - o L] & = = ] w ] = = M Al B = n = [@F]
= i , q g ; : ; ; { : , , , , i 7 ; B ] ; ; 7 <
BDR . (o8
- = m T o @ c
[y [*¥) [y [} T
= =] = =
= = = Ss
A . e , R . =
2
2

R,
X

ety e
xxM%w&w 3

e

Faae

TD26CC

n
=
-
n
QU
o

7 EUCARD

T 1 T T
M_)_,.D (=R |

[T= =1 Ja ' T 1 ]
S 2 2 g = 2
s 9 7 s =2

[Layogsin] uzng eg
ER T E O O T T T T S E O R F R S R O R T R O N T S R S R S R
o o oo oo o0 o000 00000000000 0000000000000 000000
ERSEFEREREREREREEE8REEE8Re3ERSFER 2 ERERERER
S B & S5 5 82 & 258 & S5 R a2 & 8 SR ] s E5 s R R
mggg 0 0 e O M~ M~ M~ M~ O W0 9O LA T BT B TA R T o B s R B Y LI I B
#




MV/m
120

100

80

60

40

20

Comparison of the TD24R05(KEK); TD24R0O5(CERN) and TD26R05CC (CERN)
processing histories.

#BRD: | } L
i Total: 6950 #990 i 4900
#2150 i : ' ; i
#3090 #600 | 4700 | #2201 res
~ °
o”
$od,
@
* : ~50 ns r,vw-\i " A R - onF
° / o 71 ) i i )
i f \ o 7 e \‘a o - ; _* f[ T
N / | i m 3 I A e |
-1 i ] Hi 1 : E [ il 2o f \
o / . p }f ~100 ns b f ~150 ns 1|| : / ~200 ns {
S — s Y O i v e C
' - 1{ — '
0 200 400 600 800 1000 1200
RF ON Time (hrs)
10.10.2013

“50Hz vs. 60 Hz included



&/!3 Results: TD26CC BD Location ")\

7z
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Corrupted files and no powered periods have been removed from the record
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m LANCASTER
= Results: TD24R05 BD Location”"")\

7z
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Hot cells (5 and 6) have appeared from record #50
The very high peak values are an artifact of the normalization (if only 2 BDs
during a record these cells will result very active)
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o) Initial Phase Measurements

 We expect to see reflected
phase grouped into 3 bins
separated by 120°. Need more
data to reaffirm this.

* Accurate reflected phase
measurement should take into
account the incident phase
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Results: TD26CC UP-TIME
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~; Xbox-1: Future Developments Jk

~NAL

* Try to solve the issue with the klystron arcs.

* Continue to develop phase measurement analysis.
— Increase accuracy.
— BD cell locations.
— BD drifts.

* Dynamic range on DC measurements to be increased along with faster
sampling. (Use logarithmic amplifier or split signal in two with low and
high dynamic ranges respectively.)

* Soon to have installation of dark current ene(rjgy spectrometer = Should
give better indication of the energies involved in accelerating electrons
and ions during a BD.

e Quicker/better method of calibration to be devised (less downtime).

°
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Thank you for your attention!
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Summary LQNE%TE%

Phase signals are opening a very interesting new field of
investigations

Still some improvements in signal acquisition to be performed
Many BDs show REF phase drifts (more or less by steps of 120° and
240°): BD#: 1-2-5-7-13-15-17-20-34-35

These BDs are mainly associated to location drift from BD ignition
to BD extinction

Some stable location BDs are mainly associate with no RF drifts,
BD#: 8-9-18-26

When REF phase drifts it is always decreasing

INC phase is also affected after a BD, this effect is to be subtracted
from the measured REF phase

New BD diagnostics would help in BD evolution understanding
(optical or RF plasma probes)

7 EUCARD ¢>

S —— The Cockeroft Institute
of Accelerator Science and Technology



cllc Future LLRF Generation and LANWE%
:j Acquisition for X-band test stands
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