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DTL (Drift Tube Linac) cavity, which is supposed to 
accelerate the beam from 3 MeV to 12 MeV. The new test 
bench structure, as installed in the LINAC4 tunnel, is 
shown in Fig. 1. 
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The emittance meter installed on the movable test 

bench consists of a slit-and-grid system for a direct 
sampling of the transverse phase space. For both planes, 
the slit is made of two graphite blades mounted with a 15° 
angle with respect to the beam axis in order to dilute the 
energy deposition. The wire grids, placed about 3 m 
downstream the slit, consist of 48 graphite wires with a 
diameter of 33 m and a pitch of 0.75 mm. The emittance 
measurements performed during the Test Stand 
commissioning were described in [4]. Three upgrades 
were implemented before the installation in the tunnel: (i) 
the slit aperture was increased from 200 m to 300 m, in 
order to achieve higher beamlet intensities with a beam 
current of only about 10 mA (compared to the nominal 
60 mA); (ii) read-out electronics channels were connected 
to all the 48 grid wires in order to increase the emittance 
meter acceptance in the presence of large beamlet 
divergences; (iii) biasing voltages were provided to the 
metallic frames placed upstream and downstream of each 
grid, at about 5 mm distance, in order to suppress 
secondary emission from the wires and to repel secondary 
electrons emitted by the downstream beam dump. The 
biasing voltage level and polarity were carefully 
optimized through extensive tests, supported by CST 
Particle Studio tracking simulation. A negative 
polarization of -700 V, applied to the grid frames, was 
found to be essential in order to get the correct phase-
space reconstruction. The measurements obtained were in 
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good agreement with phase-space simulations and 
confirmed by the agreement between the measurements 
performed with different field values of the quadrupole 
magnets placed downstream of the slit. As already 
mentioned in the Introduction, the additional quadrupoles 
were introduced to measure the emittance of the 3 MeV 
beam when set-up to match the DTL1 tank acceptance. 
An example of the phase space acquired by the emittance 
meter in this case, and reconstructed according to the 
quadrupole field correction, is shown in Fig. 5 for the 
vertical plane. This measurement was considered 
fundamental for the final 3 MeV beam validation [2], as it 
could then be considered ready for acceleration to 
12 MeV by the DTL1 tank. 

 
A Bunch Shape Monitor (BSM), developed at INR in 

Russia [7], was used in the test bench to measure the 
longitudinal intensity distribution of a micro-bunch (one 
of the bunches filling the 352.2 MHz RF buckets within 
the 400 s linac pulse). In this device the secondary 
electrons generated by the interaction of the H- beam with 
a 100 m tungsten wire are accelerated by the 
polarization voltage applied to the wire, deflected by an 
RF deflector whose RF pulse is synchronized with the 
accelerating RF, and finally amplified by an electron 
multiplier. By scanning the phase of the deflecting field, 
the longitudinal intensity distribution of the incoming 
beam was measured with a phase resolution of one 
degree. The BSM was extensively used to set-up the 
bunching phase of the three bunching cavities of the 
LINAC4 chopper line. The method relied on the fact that 
at the correct bunching phase the measured bunch size is 
modified by a change in RF amplitude, but the bunch 
position (the average phase) is not affected. A typical 
BSM acquisition is shown in Fig. 6, where the three 
MEBT bunchers are all phase tuned. The bunch shape is 
shown all along the beam pulse while sampled with a 
time resolution of 1 s. 

The buncher phase tuning procedure performed with 
the BSM was validated by extensive measurements 
performed in parallel using the spectrometer magnet and 

the horizontal-plane wire grid placed at the end of the 
spectrometer line. While varying the buncher phase, the 
dipole magnetic field needed to keep the beam centered 
on the grid was recorded. As the change in the dipole 
field is proportional to the change in the average beam  
energy, the sinusoidal modulation of the beam energy 
could be reconstructed as a function of the RF phase. A 
negative polarization of -700 V applied to the grid frames 
proved to be fundamental in order to suppress secondary 
emission from the wires and from the downstream dump, 
as was the case for the emittance meter grids. 

 
   The beam instrumentation devices used to characterize 
the LINAC4 3 MeV H- beam, installed both in the MEBT 
line and in the temporary movable test bench, have all 
been successfully commissioned in the LINAC4 tunnel. 
Their very good performance was essential in order to 
validate the 3 MeV H- beam dynamics. The beam is now 
ready to be accelerated to 12 MeV by the first DTL 
cavity. 

 
The authors wish to thank G.Bellodi, A.Lombardi, 

J.B.Lallement, V.A.Dimov, M.Y.Satri, as well as the 
whole team in charge of the LINAC4 commissioning, for 
their fruitful collaboration. 
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