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!   3 MeV results paper submitted to PR-STAB in 24 August 2015:	



!    T. Hoffman et al. `Demonstration of a laserwire emittance scanner for the 
CERN LINAC4 H- Beam’. 	



! http://arxiv.org/abs/1508.05750	



!   12 MeV conference proceedings invited for submission to NIMA in October 2015:	



!   T. Hofmann et al ‘Experimental results of the laserwire emittance scanner for 
LINAC4 at CERN’.	



!   Linac4 plans for 50 MeV / 100 MeV :	



!   Poster presented at IBIC 2015 last week:	



!   T. Hoffman et al, ‘Design of a laser based profile monitor for Linac4 
commissioning at 50 MeV and 100 MeV.’	



! http://ibic.synchrotron.org.au/papers/tupb055.pdf	





Linac4 commissioning overview	
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Figure 1: LINAC4 facility indicating the beam energy that
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50 MeV laserwire conceptual design	
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Transverse Profile Monitors

were observed, in contrast to what occurred during the mea-

Figure 6: Magnetic field map (in Tesla) and electron trajec-
tories (black) from the laser interaction point to the diamond
detector. White areas are outside of beam-pipe.
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New sCVD diamond detector	
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The electrons kinetic energy is only 27 keV, as can be de-

modify one of these steerer magnets as a simple and cost-
ective solution. By removing the magnet coil on the T-

Figure 7: Expected electrons distribution at the detector
plane, accounting for all laser positions during a scan.
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of a high sensitivity and fast (to cope with the short laser

pulses) detector.

After considering various options, it was decided to de-

sign and fabricate a single-crystal chemical vapor deposition

(sCVD) diamond detector, capable of providing a fast re-

sponse, high sensitivity and radiation hardness. A picture

of the detector that was recently installed in the laser profile

meter tank assembly is shown in Fig. 8.

The front electrode of the detector facing the electron

beamlet is bonded to ground potential all around its perime-

ter to avoid electro-magnetic disturbance from the main

H
−

beam passing just 72 mm away from the detector.

Due to the low range of the electrons (6 µm in diamond)

this front electrode must be as thin as possible in order to

minimize energy loss. Table 1 lists the front electrode layer

materials and associated energy loss. In summary, 3.2 keV

of the electron‘s energy is absorbed in the electrode layers

while 23.8 keV is left to create a signal in the diamond bulk.

Table 1: Diamond Detector Layer Composition

Layer Thickness Energy Loss of e
−

Gold 250 nm 2.3 keV

Platin 120 nm 0.7 keV

Titan 100 nm 0.2 keV

Diamond 500 µm 23.8 keV

The electron signal generation and read out is sketched in

Fig. 9. The 23.8 keV energy deposition creates electron hole

pairs, each requiring 13 eV (diamond’s generation energy).

This means that a charge of 1.5 · 10−10
C is created for the

5 · 10−5
electrons generated by each laser pulse, which

can then be read out via the applied bias of 500 V. Due to

the single crystal diamond material, no internal losses are

expected. The charge is then amplified and converted to

a voltage signal that can be digitized by a 1 GSps Analog-

to-Digital-converter (ADC). A filter circuit, included in the

preamplifier, was designed to separate the high-frequency

signal of the laser pulses from low-frequency background

Figure 8: sCVD diamond detector [12] mounted on the

actuator that is part of the laser monitor assembly for the

50 MeV experiment.

(e.g. electrons from beam-gas ionization occurring in the

drift space upstream the laser IP).

Figure 9: Signal creation and readout of the diamond detec-

tor.

In order to achieve the detector bandwidth required to

resolve the laser pulses, it was decided to produce a detec-

tor with a relatively small surface (4 mm x 4 mm) to avoid

parasitic capacitances. This feature also minimizes elec-

tromagnetic coupling and background due to residual gas

stripping [1].

In order to ensure the collection of all electrons during a

scan (see Fig. 7) with such a small detector, the diamond is

mounted on an actuator that will be moved in synchronism

with the laser. As the laser width is approx. 150 µm, the

electron beamlet will be spread out less than one millimeter

in the Y-plane of the detector. Therefore no electrons missing

the diamond detector are expected.

SUMMARY AND OUTLOOK

A system for non-destructive vertical profile measure-

ments for the LINAC4 H
−

beam has been designed. The

laser system consists of a pulsed laser-source, a 75 m long

fiber-based laser transport line, a scanning and diagnostics

assembly and a laser energy meter functioning as a laser

dump. Tests of the laser delivery with a 75 m fiber have been

performed and the results are very promising.

The liberated electrons will be deflected by a modified

steerer magnet, with the electron trajectory optimization

and the dimensioning of the detector supported by a set of

dedicated electron tracking simulations accounting for space

charge effects.

A sCVD diamond detector was chosen as electron collec-

tor. The monitor design was based on studies to optimize

signal formation and electromagnetic shielding. It was de-

cided to move the detector vertically synchronous with the

laser to achieve a compact design with a fast response.

Figure 10 shows a picture of the system installed at

LINAC4, as part of the 50/100 MeV test bench. Accord-

ing to the present LINAC4 schedule, first beam tests at an

energy of 50 MeV are foreseen in October 2015. The next

tests at 100 MeV will take place in early 2016 and will be

used to gain more experience in operating the novel profile-

meter to feed-in to the design of the final system. This final

system will be installed permanently at the LINAC4 top

energy of 160 MeV and will be designed to monitor both

horizontal and vertical transverse profiles (via electron mon-

itoring) and the transverse emittances (via H
0

monitoring).
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Preparation for installation	
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Stand for laserwire delivery 
system at beam line	



Vacuum chamber and magnet	





Vacuum chamber installation	
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Installation of the laserwire vacuum 
chamber, 26th August 2015.	



	


Laserwire delivery box aligned and 

installed with Thomas during 
Stephen & Alessio’s visit, 24th – 27th 

August 2015.	





Installed, ready for beam	
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Figure 10: Installed system at the LINAC4 diagnostic test-
bench.
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Gary to visit CERN next week to update control and DAQ software.	


Expect first beam at 50 MeV in October (schedule on next slide)	





Linac4 schedule	
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