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) The breakdown problem &

Strong Accelerating fields (~100 MV/m)

\ 4

Problem of Break Downs (BD): Very fast (10 ns — 100 ns) and
localized dissipation of stored energy in the structure.

Undesired effects:

Loss of acceleration
Kick in the beam
Damage in the structure
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Beam Loading modifies the gradient
distribution along the structure

Average gradient 100 MV/m
30

m yd

r
CLIC no niry
60

=

7

P input, MW

.

a0
Y@d
40

0 0.3 1 13 2

I drive beam, A

J.L. Navarro. CLIC Project Meeting, 16 December 2014

Gradient, MV/m

i) Beam loading effect &
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i) Beam loading effect &
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i) Beam loading effect &
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Beam Loading modifies the gradient
distribution along the structure
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Beam Loading modifies the gradient
distribution along the structure
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i) Beam loading effect &
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i) Beam loading effect &
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i) Beam loading effect

Beam Loading modifies the gradient
distribution along the structure
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] Experiment layout

Dogleg / \
12 GHz RF:
v' 90 MW RF power "
v ol
Up to 50 Hz rep. rate XBOX1 u
12 GHz RF )
"\l J |2
XBox1 o
CTF3 Injector <
Q)
Beam: é
e v" CTF3 Drive Beam modified =
v' 3GHz beam at ~1.2 A ®
v’ Pulse length up to 250 ns Structure (T24):
MKS02 v ~ * 24cells
3 GHz RF Energy ~125 MeV at structure _
\S v' Up to 25 Hz pulse rep. rate * Tapered linearly
* No HOM Bamping
[ MKS03 ][ MKS05 [ MKs06 || MKso7 &
H N
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(] Control and DAQ system

Klystron Pulse |
50 MW compressor

FETINESTRT |

Log
detector

Bl
B

o EE

Bunker
PXI NI unit: Collimator
. . . - Accelerating
= Real time interlocking ; BPM 24oi> structure . [P| BPM 280 —5
. eam
= Data taking and storage

= 12 GHz RF control
=  User interfaced with Labview

J.L. Navarro. CLIC Project Meeting, 16 December 2014



lic] Big improvements in hardware/software

Mermarize lewvel

Big effort was done improving acquisition and control

system:
- Implementation of beam control

- Modifications of tuning algorithm (pulse compressor)
- Debugging control and data logging
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Thanks to A. Degiovanni, D. Gamba, J. Giner, J. Tagg, F. Tecker and
B. Woolley for the efforts debugging and improving the software.

Still room for further improvements: Automatic flattening, beam loading feedback, ...
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i) How do we detect breakdowns?
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] First Results
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Plot provided by A. Degiovanni
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i) The loading effect for the T24 structure
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i) Measure at constant input power
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i) Measure at constant gradient

120
_—
— Unloaded
— Loaded /

100 M
E 60 / / 120 —
0 y ~ £ 110
T / / > 100 _,%\ ------------

o 40 5 90 ]

/ S G g N

X
o/ £

/ / 0 0.1 0.2

Length, m
0 | | |
0) 10 20 30 40 50 60
Input Power [MW]

J.L. Navarro. CLIC Project Meeting, 16 December 2014



i) Experiments performed
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(dic) Firs

t Results: BDr
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] First Results: BDr at constant input Power
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(] First Results: BDr at constant input Power
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Break down cell distribution for unloaded
data.

WARNING: Cell distribution still under
analysis.
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(lic] First attempt at constant average

—_
©
N

© =
w —
= - o
L -
g L
“'-0—;1 0-5 e, s
© - 100 \
h . —
a r s
m — E\ 80
O g —
-6 <
3107 ¢ S
O — 5 60
s
0p] B 40 . |
0 0.1 0.2
1 0-7 R Length’ 2.0 T PO S
1 0'8 ] | ] | | ] ] | ] ] ] | ] ] ] | ] ] | | ] ] | | ] | ] | | ] ] | ] | ] x1 O6

0 2 4 6 8 10 12 14 16
Accumulated RF Pulses

J.L. Navarro. CLIC Project Meeting, 16 December 2014



] First Results: BDr
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i) BDr dependency with input power

107

N

-
o

—
Q
(o))

Structure BD rate (BD/pulse)

—
Q
~J

108

@® Unloaded
B Loaded

I IIII|II| [ T T TTTTI

.

14 16 18 20 22 24 26 28 30 32
Power (MW)

J.L. Navarro. CLIC Project Meeting, 16 December 2014



<] BDr dependency with gradient
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v' Breakdown rate measurements in heavy loaded high gradient structures was a
missing block in the high gradient program.

v" CTF3/CLIC collaboration has successfully set up an experiment to measure the
effect of beam loading at nominal CLIC gradients.

v The experiment has started collecting data from end of September.

v" Preliminary analysis shows that the beam presence does not have a harmful effect
on the breakdown rate at constant input power while at constant gradient the
breakdown rate is dominated by the input power.

v More measurements should be done to validate the results.

v A long-term program of test under beam loading conditions of new structures with
a different tapering should be considered.

v" More detailed analysis will be done to draw further conclusions.

We are ready for a exciting 2015 running!!!
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ScandiNova Modulator:

Designed for 400kV,
300A, 3.25us HV pulse
width FWHM, 1.5us RF
pulse width at 50Hz
repetition rate

A

CPl VKX-8311A klystron:

- 50MW, 1.5us rf pulses

- 50Hz repetition rate at
400kV, 300A, 5kW avg.
power

- Working frequency
11.994GHz

The 12GHz RF source &

SLED | type pulse

compressor:

- Power gain of 2.82
= Quuageq = 2-375x10%,
- Beta=4.27,

- Q,=1.31x10°

- 5% power loss

J.L. Navarro. CLIC Project Meeting, 16 December 2014




BPM240

095+ i
09¢ ]
085¢ i

08¢ i

075¢ i

0.65 : -
0 50 100 150

x10" INC
3 |

257

1.5}

0.5¢

10

-G
*x10

0957

09+

0.85¢

08¢

0757

07t

06571

BPM280

x10°

50

100

150

025}

02r

015+

01

0.05¢

D 1
0 100

200 300

Typical loaded Breakdown

TRA

10
*x10

J.L. Navarro. CLIC Project Meeting, 16 December 2014

18

16+
141
12}

1

R R N R

«10° REF

7 8 g
x 10

80

257}

15+

057

10
0

TRA phase

100 200 300

x 10

10
x 10



) Closer view to some signals &
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Closer view to some signals
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) Closer view to some signals &

BPM240 BPM280 BLM TRA phase
0.9988 . . 1.001 . . 0.2 100 . .
0.9987 | 1 — 0.18 T
0.16 ]
00986 0.999 | o 50 | ]
0908} a |
0.9985 012t J
0.997 | 0t ]
00984 017 1
0.996 |
0.9983 008 |
: 0995} 0061 | =0 ]
0.9982 0.004| 004l |
0.9981 : : 0993 : : 0.02 - ' 100 : '
0 50 100 0 50 100 100 200 300 0 100 200 300
Selected in this analysis but in the limit
%10 INC TRA REF «10’
3 14 : 6 3
25} r’ 121 h 51 251 f)ﬂ
10}
2t 4t 2t
8 L
150 3t 15}
6 L
11 2t 1}
4 L
05} 5l 1} M 1 05} M
O ! . O L D i TP /‘J D ! T
7 8 9 10 7 8 9 10 7 8 9 10 7 8 9 10
x10° x10° x10" x10"

J.L. Navarro. CLIC Project Meeting, 16 December 2014



) Closer view to some signals &
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ic] Closer view to some signals
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(i) First Results: BDr at constant input Power
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ic] First attempt at constant average gradient

Main goal: Measure loaded and unloaded breakdown rate at same gradient

§ 100
S ___ 215BDs/4.6 M pulses
o : 5
2 —_— BDr: (4.6 + 0.3) 10
fE \
o
® 80 <
—___ 2BDs/10.7 M pulses
2 el \ BDr: (2.3 £ 1.6) 107

. AN

o \ 12 BD/1.4M pulses | Warning!!

BDr: (9 + 3) 10°® Not clean conditions

40 [ [ [ [ 1
0 0.05 0.1 0.15 0.2 0.25
Length, m
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sradient [5

c] First attempt at constant average

1
Normal Pulses 6/ Normal Pulses
0.8¢ BDs 5l BDs
0.6¢ 4r
0.4 3
2_
0.2 I I jl
0 [ | - L ! [ ] -
29 30 31 32 33 34 35 26 28 30 32 34
Power (MW) Power (MW)
1 BD; <P>=30MW 12 BD; <P> =29 MW
1M pulses; <P>=30MW 1.4M pulses; <P>=29.3 MW
BDr: (1.6 +1.2) 10° BDr: (9+3)10°

Loaded measurement with different cuts in power
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% = 215 BDs/ 4.6 M pulses
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] First attempt at constant average gradient [0

x10°



v e W e W e

Calbrated data
S0M -

Break down cell distribution for unloaded
data.

45 =

. Cell distribution for loaded periods still
B under analysis.

Acknowledgement: A. Degiovanni
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(tic] Current limitation &

Last Event Signals collected
by A. Degiovanni

Pulse is chopped after the
circular waveguide

- o ' '
4E-7 4.5E-7 SE-7 5.5E-7 6E-7

Bmrel

High activity in the RF network near a
RF valve above 31 MW (at the
structure)

High power is real!

; /.
. e &
v -
‘ S
= # | S -

- \ _—

Courtesy of A. Olyunin and I. Syratchev

s
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Backup: CLIC Nominal parameters

Average loaded accelerating gradient 100 MV/m
Frequency 12 GHz

RF phase advance per cell 2n/3 rad
Average iris radius to wavelength ratio 0.11

Input, output iris radii 3.15, 2.35 mm
Input, output iris thickness 1.67, 1.00 mm
Input, output group velocity 1.65, 0.83% of ¢
First and last cell O-factor (Cu) 5536, 5738
First and last cell shunt impedance 81, 103 MQ/m
Number of regular cells 26

Structure length including couplers 230 mm (active)
Bunch spacing 0.5 ns

Bunch population 3.72x10°
Number of bunches in the train 312

Filling time, rise time 67 ns, 21 ns
Total pulse length 244 ns

Peak input power 61.3 MW
RF-to-beam efficiency 28.5 %
Maximum surface electric field 230 MV/m

Maximum pulsed surface heating temperature rise 45K
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i) Optics design

Objective: Transport the beam trough the Linac up to the structure requiring...
- Full transmission efficiency
- Minimum beam size on average inside the structure

Beam enlelope

Bx(m), By(m)

o))
©

a1
©

N
©

00 2. 4. 6. 8 10. 12. 14. 16. 18. 20.

Structure . : :
— Maximize relative distances between aperture and

beam size (M. Dayyani). MAD model by F. Tecker.
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s (m)
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i Phase | Results: Running of May 2013

4 ! | | 5 ?
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y [ E—— ................................ s ..........
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Accelerating gradients achieved in tests.
Status: 4-9-2012
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Backup (l. Syracheuv. CLIC Workshop 2013)
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Figure 10- Boad-pulling at 1100168 GHz
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Calibration (I. Syrachev. CLIC Workshop 2013)
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61

Dog-leg waveguide line installation status.

v All the components are installed.
v" Connected to accelerated structure and closed for vacuu
v Vacuum leaks checked (tight).

Ready to be connected to XBOX1



62
RF power transmission measurements

S11 data Transmission (simulated)
’ S21 Reconstructed 2
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T
—40
 The measured RF power transmission efficiency is 80%_.51}]/ \

* Reflection is below -27dB.
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* The group delay time is 75 ns (~23.5 m). time, ns
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Overall power transmission efficiency

One way loses in the WG line. From just after PC to the -3dB hybrid in CTF#2

Valve closed Valve opened

0s 0.953 o —f— ™ / Reflection <-30d
0.87 o1

0.5

Power
Power

0.4

0.01 ¥
04 l
02 01 2xdelay time: 78 ns ||
d \/‘-‘\*

0 200 400 600 0 00 40 go 0Ty 200 400 500

time, ns tme, ns time, ns

0.87 0.8

A

A
A 4

Xbox1

wall

CTF2 CTF3 .

The overall measured RF power transmission efficiency is 67%.
The round group delay time is 230 ns (~35 m).
To provide nominal CLIC RF pulse, XBOX1 klystrons needs to deliver 36 MW x 1.5)
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Phase | Results: Running of Dec 2013

And from the RF side:

Theoretical model
fits within
experimental
uncertainties

—_
o

Data from

____________________ May 2013 =2.62 |2
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