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Spectrometers 
and beam dumps

Two-beam Test Stand is constructed by Uppsala University with support from the Swedish Research Council and the Knut and Alice Wallenberg Foundation.
Drive and probe beam parallel over almost 20 meters at 75 cm distance.
Drive beam from the CTF3 linac and delay loop plus combiner ring.
Probe beam from CALIFES.
Experimental area with PETS for power generation and accelerating structure plus a lot of instrumentation.



Drive Beam Line Commissioning

• First beam on 3rd Sep. 2008

• PETS installed October

• First beam in PETS 14 Nov.

experimental area

PETS tank
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probe beam

drive beam

Top left photo shows the PETS tank with in front the variable attenuator and phase shifter for the RF recirculation loop, which will be explained in a few slides.
Bottom left photo shows the PETS inside the tank. In this view we see the RF power output coupler.



Drive Beam Generation

Mode #1 #2 #3

Recombination - x4 x8

Current [A] 4 14 28

Pulse length [ns] 500 240 140

Frequency Linac [GHz] 3 3 1.5

TBTS [GHz] 3 12 12

PETS power [MW] 5 61 280

15 A

#2

4 A

#1

DBA CR
DL

TBTSCLEX

CTF3

CTF2
tail clipper

NOTE:
• PETS length 1 m (0.215 m in CLIC)
• To adjust the pulse length,

a tail clipper is installed between CR and TBTS
• To increase power at low current long pulse length,

PETS equipped with RF recirculation loop
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PETS power [MW] 5 61 280

30A

#3

There are 3 base modes for the drive beam generation in CTF3.
From the linac straight through to the PETS. Gives low current, 4A, but long pulse length of 500ns. Operation frequency 3GHz.
Using the combiner ring with 2x or 4x recombination. Higher current, shorter pulse length.
Full recombination with delay loop and combiner ring. Highest current of 28A, short pulse length 140ns.
With a PETS length of 1m a power of 280MW can thus be reached.
The pulse length can be adjusted by a tail clipper installed after the combiner ring.
To increase PETS internal power during commissioning at low current it is equipped with an RF recirculation loop.



PETS Power Recirculation

• Electron bunch generates field burst

• Field burst returns after 
– roundtrip time   tr = 26 ns
– attenuation
– phase

• Output after n+1 turns
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ϕ
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PETS

variable
phase 
shifter

variable
attenuator
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• Output after n+1 turns

• Accurate prediction generated power

• ccal from bunch length, coupling, 
ohmic efficiency → data fit

• 180o phase shift kills recirculation
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To achieve the nominal PETS power level at lower beam current, a RF recirculation loop has been implemented.
Kind of “flat top” is reached in the 7th recirculation, i.e. after ~156ns.
For a given gain and phase error the generated power can be accurately predicted.



Power Production with Recirculation

19 MW

6x step 5
16.4 MW
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recirculation
steps (~26ns)

3.5 MW

2,2 MW

3.1 MW

16.4 MW
5.3x step 1



12GHz PETS Conditioning

• Run 0
November/December 2008:

– ~28 h beam time
– Mode 1: 1.8 A, 5.2 MW
– Mode 2, 2xCR: 5.3 A, ~30 MW

• Run 1

13-Oct-2009 Roger Ruber (CLIC'09) First Year of Operation in the TBTS 7

• Run 1
July/August/September 2009:

– ~60 h beam time, 2x105 pulses
– Mode 2, 4xCR: ~10 A, >170 MW

→ reached CLIC nominal power

Details Thursday 09:50 (WG4: RF structures)

135MW for CLIC

First operation with beam in November and December 2008. Some 28 hours of beam time with max. 5.3A, reached 30MW.
Continue in July. Some 60 hours of beam time till September, reached 170MW at 10A.
Thus the nominal CLIC power of 130MW has been demonstrated. The nominal pulse length at flat top has not been reached yet.
Details will be presented on the talk Thursday morning at 9h50 in WG4, RF structures.



Power and Phase as Breakdown Indicators

measured

model

measured = model
current

g = 0.84, φ = -9°,
ccal = 0.78, cI2E = 0.6

g = 0.84, φ = -5°,
ccal = 0.78, cI2E = 0.6

13-Oct-2009 Roger Ruber (CLIC'09) First Year of Operation in the TBTS 8

Difference between measured and model energy is a good indication for breakdown.
Simple algorithms can be used both online and offline to select pulses with breakdown.
Pulses that do not exhibit pulse-shortening have a constant or constant changing phase at constant beam intensity.
Change in phase has been observed for all breakdown events, thus good indication for breakdown.
A MATLAB algorithm has been developed to select pulses with breakdown. This required some specific programming to take into account phase oscillations.



Behaviour Reflected and Load Power

• Prefl,output not linear with Pforw

• Pload not linear with Pforw

• suspect variable attenuator
→ replaced by waveguide

08-S
ep-2009 14:25 (g

= 0.50, φ
≈ -1
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16°)
08-S

ep-2009 14:38 (g
= 0.22, φ

≈ 0°)

08-S
ep-2009 11:50 (g

= 0.96, φ
≈ 0°)

The bottom left figure shows that the measurement of the reflected power at the PETS output is not linear with the forward power.
Note that this are three consecutive pulses.
The two figures at the right show the PETS output forward and reflected as well as the forward power into the load.
The measured power into the load, i.e. the power not reused in the recirculation loop, is not linear with the forward PETS output power.
This leads us to suspect that this might be due to activity in the variable attenuator. 
Either breakdown or multipacting, which would display a logarithmic build-up with the power.
For the next run, starting after the workshop, the attenuator has been replaced by a straight waveguide. Thus fixing the recirculation at 100%.



Beam Kick Measurements

• 4 BPMs for incoming angle & offset, kick angle

• dipole + BPM5 for energy measurement
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• PETS beam kick estimate:

B0620: x5

B0330: x1B0370: x2B0510: x3B0550: x4

dipole

beam kick
[θ,δ]



Beam Kick Measurements
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No clear correlation b/w
kick and position

Horizontal kick vs. position:
-0.54mrad/mm → 20x prediction



Beam Energy Loss Measurements

Energy loss estimation based on (same example pulses)

• BPM position measurements (blue)

• Beam intensity and PETS output power (green)

• Beam intensity only (black)

→ suspect energy variation incoming beam
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→ suspect energy variation incoming beam



Kick Determination with Initial Energy Variation

To adjust for incoming beam energy variation:

• Add incoming beam energy: δ1

• Now included in measurements, data to be analyzed
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Probe Beam Line Commissioning

• First beam end of line on 9th April

• Excellent integration with CALIFES:
August restart: emittance measurement,
set quads → immediate full transmission

• Installed extra MTV last week

• Recalibration BPMs for lower current
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• Recalibration BPMs for lower current

Details in the next talk by Wilfrid. 100mA

10ns



Improved Data Acquisition & Monitoring
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Conclusions

• Two-beam Test Stand up & running!

• Promising results,
– started to study details of power production,

beam kick and beam dynamics

• During winter shutdown, installation
– accelerating structure
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– accelerating structure
– additional beam & breakdown diagnostics

• Keep an eye on our web site http://cern.ch/ctf3-tbts

• Thanks to all colleagues
especially maintenance, operation & control teams!


