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Overview

* System Layout

* Diagnostics

 BD detection and response

e Structure conditioning progress

 100MV/m results for 26 cell accelerating structure
* Klystron vacuum/arcing issues

* Future developments
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ey Xbox-1 Layout AT

Clockwise from top-left:

» Modulator/klystron
(50MW, 1.5us pulse)

» Pulse compressor
(250ns, ratio 2.8)

« DUT + connections

» Acc. structure (TD26CC)

ASTeC

The Cockcroft Institute
of Accelerator Science and Technology



m LANCASTER
oy System Layout and diagnhostics )\

Pulse
. Hybrid Acosierating |
forming el B U — R | Sl
network ‘ E@ H e N ;
= D.U.T
S } 1 HLRF
| RF LEGEND
= = L | e —
Detecto Lo —— Control
% e P16 L H High Laval R
Interlock R e |- ‘ = PC tuning
systems * == piston control
PROFIBUS ‘ LowkeverRe
l | A -\
o ] 2 =
w.c:-lgi ‘ | v '
WATER  ojga] 250 MSPS
RF Enable & status P"?ncgu To-:f:m c;":h 500MHz T
fom modatr¥] i jﬁ‘:;?::zers FT:] ' ' - e
Digital F [
Ija Conttrol
[i Distribuion 4 4
E i
& | 12 GHz TEST STAND
Claek tan-out Ciock fan-out Ciock fan-out FUNCTIONAL DIAGRAM
' Trig.And *—— A Kovermanm, L T SRey - BERE
: = o ===| Clock A
7 T T e e

ate
ol



%B Accelerating Structure Diagnostics ﬁm"%ﬁ%
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=y 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.
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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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= Breakdown: Steps taken
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ﬂ" Pulse: 50ns 100ns 150ns 200ns 250ns
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Comparison of the TD24R05(KEK); TD24R05(CERN) and TD26R05CC (CERN)
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@B BD cell location: TD26CC

TD26CC BD location probability as function of Pulse Length

025 T T T
2
S 02} i
]
=
g 015+ .
-
g 01} .
[
[+]
2 oost I I II I I ul
=]
o
OD 5 10 15 2 )
Cell#
TD26CC BD location probability as function of Pulse Length TD26CC BD location probability as function of Pulse Length
025 T T T T 025 T T T T
2 2
3 02t E 8 02+ -
) ]
- =
g 015k 4 g 015| .
| =4 [ =4
S o1}k - S o1t .
® ®
[*] [*3
[=] =]
8 2 [oeooni] ol Oeonfol 0 A0ns
0 5 10 15 20 25 0 5 10 15 20 .
Cell # Cell#
TD26CC BD location probability as function of Pulse Length TD26CC BD location probability as function of Pulse Length
0.25 T T T 025 T
2 | 2 | | |
a o2} 4 B o2t .
] ]
-] =
g 015k . g 015| .
=4 [ =4
S o1}k - S
® ®
[*] [*]
L post H H H °
Q [=]
2 | o dizn nimssBEmimniEelen. | @
0 5 10 15 20 25

Cell # Cell #

ﬂ%fE;EARc> “I:::"

— The Cockeroft Institute
of Accelerator Science and Technology



=
C\ERN i i

BD cell location: TD24R05

TD24R05 BD location probability as function of Pulse Length
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Phase measurements
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Reflected phase are grouped and separated by 27/3
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. * Dark current signal has
. been split and sampled at
e ° 1.25GSPS. Also we've
N B added incident RF signal
< diode. Used to collect data
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Recent 100MV/m run

LANCASTER

UNIVERSITY

60- -LOE-4  -110M
58- i
-105M
56- .
: . ; ; e s —100M
54- " " a b " =
* i
. * . .
52- -95M
Kx o X -
50- ) i
>< %, ¥ -90M
48- . . . I o I
x
15- | = -85M
k3 . X
44- . « I o
42-
-75M
40-
8- -70M
36- 65M
H-E ]
2- 2 . . N X -60M
> i M 4 ! -
N
- 2 . i S-55M
E +
8- 3 . +
: * * B -50M
%- & . x + + .
N .
-45M
24- -
9
-
- ¥
Ex o It -40M
.
20- \ i
. -35M
18- . - N
N
+
16- " J -30M
e . -25M
12- | i -1.0E-6
% .
H + -20M
10- *
L
+ + -
- + '
6 . N N * ; - -10M
=
4- + + + * ++ +
& & -
-5M
9e = ¥ T *
0- . . . . o— . . . . . . ‘ . — . 05T 0
80M  90M\ 100M 110M 120M 130M 140M 150M 160M 170M 180M 190M 200M  210M 220M  230M  240M  250M  260M  27.0M
# Pulses

Large BD triggers period of lower
BDR but increases dark current.
Also after this period there are less
cluster events 45% vs. 25%.

[wya] 3usipeig

REF
KREF

LID]

Average Gradient
BDR

DCl Average
DC2 average
Cluster REF

[C] Beam AxisIPs
[T Manifold IPs
Peak Gradient
[] Loadside win

[ 1P before PC

B
2|
|
]
1
|
4
1]
|
[~

[T 1P after PC

[T Cire WG gallery

[ Gun

[T Collector

[T Tubeside win

Equivalent

# Pulses hours @ 50Hz
26.85M 149

REF breakdowns cluster BD

60 38
EDR Total BDR cluster
22E6 14E-6
Start End
11:00 07:30
09/12/13 17/12/13
delta BD (s)
oL
KREF breakdowns
29
BDR maving average period (s)
3 30000

The Cockcroft Institute

of Accelerator Science and Technology



g, L%NCA_STER}
Q) The big picture '

O-124
TD18
T18
S-1D24
TD24r05
w| {9=TD26CC |

TP ””.?””” e .”E] HHE..”...._.”...”...””..””.Ej”” e E”” POt SOOI RUE P ORRRIO C) _ F{faf;(:falfa(j t)\/ pulse
width

1e-06

log(BDR) 1/pulse/m

]
)I
¥9- -
L

x - Rescaled to
100MV/m

3e-07

1e-07 RO SRR .””..uué..”...”._..._..._.” _.”...””..””.;””. ST SO

| | i
80 90 100 110 120
Unloaded Accelerating Gradient MV/m

o
7 EUCARD ¢.>

~ The Cockceroft Institute
—— of Accelerator Science and Technology



LANCASTER

Results: TD26CC UP-TIME 7\
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o Klystron Vacuum + Gun Arcs
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) Klystron Vacuum + Gun Arcs ———
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Klystron Vacuum + Gun Arcs
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We will remove the XL5 from XBOX-1 to look at the gun ion
pump. Regardless of the conclusion it will be moved to XBOX-
2 for system testing and conditioning at low powers <20MW.

The new CPI XL5 tube (arrival in 2-3 weeks) will be put into
the XBOX-1 test stand.

The new tube will be tested up to full power and pulse width
using the new load tree (pictured, vacuum leak checked and
LLRF tested OK, now prepping for bake-out).

The load tree will be moved to CTF-2 to condition the rest of
the WG network.

Connect klystron to dog-leg WG in order to start dog-leg
waveguide commissioning in preparation for the beam
loading experiment.

See Alberto Degiovanni’s talk later today for:

Continue to develop phase measurement analysis.

Utilise other methods for BD cell location: dark current signals
and X-rays emitted during BD.

Soon to have installation of dark current energy spectrometer
-> Should give better indication of the energies involved in
accelerating electrons and ions during a BD. As yet unclear if
this will run on XBOX-1 or 2.

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

Continue conditioning of the TD26CC structure?
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Heater Cathode terminal

Heater terminal

e 4turn-key 6 MW, 11.9942 GHz, 400Hz power stations
(klystron/modulator) have been ordered from industry.

« The first unit is scheduled to arrive at CERN in October
2014. The full delivery will be completed before July
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 TD26CC structure is conditioned up to 103MV/m for required
CLIC pulse shape and BDR.

* Gun arcs in the klystron have slowed progress.

 Work and planning to greatly expand our testing capability is
well underway.
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Thank you for your attention!
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