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The efficiency of the longitudinal matching of the 
low energy proton beam with a double drift harmonic 
&ncher !I)DHB) depends on the correct setting of RF le- 
vels of the first and second.harmonic buncher cavities 
and their respective phasel. The adjustment is done by 
means of a retractable destructive broadbend probe si- 
tuated in front of the Linac input. It is essentially a 
piece of a well matchfo 50 \; line intercepting the beam 
perpendicular to its axis (Fig. I). At the beam side it 
is an asymmetric double strip line, forming a 1 mm gap 
between a highly transparent grid (90%) and a tantalum 
insert atopping the incoming beam on the inner-conductor. 
Cne side of the line is open ended, the other smoothly 
tapered over a length of 30 mm into a coaxial line, con- 
tinued outside the vacuum with a flexible low loss cable 
to observe the bunch signal on a I.? GHz real time os- 
~Illoscope. This signal should give the longitudinal 
proton density distribution and permits to optimize the 
bunchin:; efficiency and tO adjust the phase between the 
two buncher c,ivities co about lo at 200 MHz. For high 
intensity beam; the interpretation of the bunch shape 
requires some precaution as secondary and thermal elec- 
trcns modify considerably the form of the expected 
signals. 

Design Criteria of the Broadband Probe 

General 

'The choice of the probe parameters needs some com- 
promise among several requirements as there are e.g. 
the useful b.lndwiclth, a liinited temporal resolution due 
LO L< :~~gl:ly -on-rel;itivj:;tic be,m, the required aper- 
pure AS well ~b i:x.voidable mismatches and mechanical 
tolerances. 

For example, to hold safely a bias of 1 kV requires 
the ga[, for the incoming beam to be about 1 mm, leading 
to d transit time of 80 ps for 750 keV protons.The size 

Open . 

of the aperture allows to intercept a large amount of 
beam for an acceptable uncertainty (25 ps) caused by 
different signal propagation along the line. 

Signal Symmetry - 

With earlier bunch form measurements the analysis 
of the bunching efficiency, as well as the precisephase 
adjustment, suffered from signal asynvnetries, as normal- 
ly caused by reflection'. 

The present design intended to eliminate as far as 
possible errors introduced by imperfect transmission 
line matching ,ind it has profited from the experience 
gained with a higher bandwidth device designed for mea- 
surements at 10 MeV during the commissioning of Linac 2. 
One essential difference is the bias of the entry gap 
via an easily removable d.c. block, connected beyond the 
vacuum Eeedthrough in the transmission line to the os- 
cilloscope. This avoids to insulate the grid with a by- 
pass capacitor, suspected to introduce reflections and 
signal asymmetry. 

Transmission Line Matching 

Further one tried to limit all possible reflections 
from the line itself to be a magnitude smaller than the 
bandwidth of the oscilloscope, corresponding to less 
than 30 ps in the time domain. In fact the open ended 
structure introduces reflections of the same order. In 
addition the line contains two unavoidable mismatches, 
the first is a MACOR support at 40 mm from the beam 
axis, necessary to center mechanically the inner con- 
ductor and thus defining the 1 mm gap for the incoming 
beam. lhe second is the high frequency, ultra high 
vacuum coaxial feedthrough (usins a thin ceramic dia- 
phrngm brazed to titanium), followed by another tapered 
section to match a C-connector at the output of the 
probe. Both mismatches have been designed to have an 
electrical length of 30 ps or less and cause below 2% 
reflections at 2 GHz and 5% at 4 GHz. Tne overall design 
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Figure 1 - Cross section of the probe head, transmission line, vacuum fredthrough and output connector matching. 
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thus permits a signal observation practically free from 
transmission line dependent distortions. 

One observes that the sigqal asymmetry reported in 
earlier publications is caused by electrons emitted from 
the entry grid and accelerated by the bias voltage to- 
wards the center conductor of the line (See next par.). 

High Intensity Considerations 

Thermal Electrons 

When measuiing high intensity, especially highden- 
sity beams, the protons are not the only particles to 
contribute to the signal received on the probe. In the 
case of CERN Linac 2, beam densities of several A/cm'or 
MJ/cm'.s have been measured around the bunching section 
of the low energy beam transport system. This leads wi- 
thin a few i-is to very high temperatures and an important 
electron emission, 
vices. 

eventually melting the measuring de- 
The bias, normally applied to retract secondary 

and thermal electrons escaping from the inner conductor, 
causes electrons produced on the aperture defining grid 
to reach the inner conductor within less than one nano- 
second after the real bunch signal. This results in a 
negative signal between bunches and disturbed bunch 
forms (negative blacklash) already for medium intensity 
beams (%50 mu). If the bias is reversed one observes as 
expected a long decay of the bunch signal caused by the 
thermal electrons emitted from the hot parts of the in-' 
ner conductor, hit by the center of the beam (Fig. 2). 

a) bunch slgnal 

thermal elec- 

Figure 2 - Influence of the polarization voltage across 
the entry gap. 
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In both cases the observed bunch signal does not at 
all correspond to reality. Bunch measurements were con- 
tinued without an external bias, leaving the electrons 
to be influenced only by the few volts produced by the 
proton signal. The electrons from the grid move then 
only within a few nanoseconds, and highly dispersed, to 
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causes beam neutralisation and the observed signals do 
not exactly correspond to a non-neutralised bunch. To 
avoid this problem adding a strong electron trap in the 
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unfortunately limited longitudinal space in front of t!;e 
probe is being investigated. 

Results of Measurements 

The two purposes of the measurements were: i) to 
study the benching efficiency by measuring the longitu- 
dinal particle distribution as a function of the two 
buncher voltages for all operational intensities, and 
ii) to adjust the correct phase between the two buncher 
cavities and see the influence of phase errors, 

At medium and high intensities there are some in- 
conveniences concerning the analysis of the true bunch 
form, as described before. But the important adjustment 
of the phase between the two buncher cavities can al- 
ready be done at rather low beam currents as it remains 
valid for higher intensities provided that the signal 
obtained with the probe is sufficient for the vertical 
sensitivity of the scope. 

Procedure 

The signal obtained with on:y the 200 YHZ cavity 
(Fig. 3a) is centered between bunches obtained with only 
the 400 MHz buncher (Fig. 3b) to within _+5". The re- 
quired stable repetitive display of the signals on the 
scope is obtained by triggering the time base with a 
precise RF phase locked device3. The final adjustment to 
within lo of phase is then done by optimizing on the 
symmetry of the resulting 200and 400 MHz signal. 

Misadjustments of a few degrees give immediately a 
noticeable change in the bunch signal, but it is inte- 
resting to note that for phase errors as high as ?20" a 
still important amount of particles remains near the 
center of the bunch (Fig. 4 compared with computations). 

This is confirmed in practice by the fact that the 
accelerated beam intensity drops only by a few percent, 
and a change in emittance or energy distribution is not 
perceptible with the instrumentation available at the 
50 MeV output. This proves the broadband bunch probe to 
be a useful instrument for optimizing the performance of 
Linac 2. The DDHB turns out to be a less critical ele- 
ment than thought initially. 
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a) 200 MHz cavity only b) 400 MHz cavity only 

Figure 3 - Separate influence of each buncher cavity (vert. = 1 V/div - horiz. = 500 psidiv). 
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Figure 4 - Influence of a phase shift between the two buncher cavities. 


