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1. General

Start : 28/04/94

End : 10/06/94

Modifications

Beamline: - gun moved back to make room for the 4 cell booster

- spectrometer BHZ385 with MTV 386 and Faraday Cup (FC)
- added TCM390 behind the gun-booster

- added TCM445 behind TRS, removed TCM630

- line for testing CLIC Beam Pick-Ups ( BPM's ) - see fig. 1

RF-network: via two 3 dB splitters power to LAS, gun and booster - see fig. 2

RF pulse:  the pulse length set to 2.5 us.

Gun: the same (n° 3b ) as used during the last run

Booster: a large water leak has been collimated but we hope to have soon another
booster

Photocathode : Cu for the initial rf conditioning

Cs2Te for the e-beam, constructed in G. Suberlucq's photocathode
lab; one cathode used during the whole run, thickness of layers :
Te 12.7 nm
Cs 8.5 nm
diameter 12 mm
QE in lab 4.1% at 266 nm
0.9% after run

Photocathode transfer system : re-positioned,
introduction cathodes into gun difficult due to too tight
tolerances on rf-spring (changed for next run)



Laser :layout as during last run but optics improved with relay
imaging and spatial filtering laser pulse 8 ps FWHH;
new HV pulser for Pockelcell

Pulse train generator : as during last run.
Again a train of 24 pulses was most effective for generating 30 GHz power by
the CLIC structure. A robust laser pulse selector : the 'Lino select’ brought in
use (made by M. Frauchiger) P.32

Vacuum in chamber downstream of gun : VGI04 2.0 10-9 T with rf.
2. Objectives of the run. (as written in PS/LP Note 94-09)
- Test the gun-booster ensemble

- Study the lack of charge in bunch trains('memory effect) In the first instance
this implies a comparison between the UMA and the FC

- Study the discrepency between the measured 30 GHz from TRS and the
computed one using UMA readings.

- Make a suitable beam for the BPM's tests
- Increase the 30 GHz power from TRS and find a stable high-power regime
- Measure beam characteristics as bunch length,transverse emittance.

3. Gun

To measure the momentum of the gun beam we put the attenuator in the
waveguide to the booster to its maximum.(about -23 db) The field in the booster still
can contribute to the momentum. By varying the phase between gun and booster and
changing the current in BHZ385 to centre the beam on screen MTV386 one finds for
the gun beam 3.8MeV/c. ( fig.3 and page 12,13 of logbook). Expected for the 30 MW
at the klystron output : 4.5 MeV/c. Later it was found that the power meter was
reading about 10 % too low and the losses in the network are -1.3 dB instead off
-1.0 dB. (p 65,66)

Taking this into account the expected momentum is 4.0 MeV/c and the max.
field in the gun 89 MV/m.

4. Booster

The construction of the booster suffered from many mishappenings and the
cavities had to be cleaned chemically. Nevertheless, the rf conditioning went without
any problem. The p of the gun + booster was found by putting behind BHZ385 a
1 mm wide vert slit made of Pb 30 mm thick and followed by a FC. The booster phase
was set for min. energy spread. Result: fig.4 , P.28. During the calibration the power
into the gun and the booster was 4.8 MW.

Expected p =9.4 MeV/c. Fromfig.4 :av.p =9.5MeV/c, max9.9MeV/c



5. Comparison UMA - FC

The FC is put behind BHZ385. Its calibration is done by J. Durand. Note that a
similar cup is compared in the beamline of the photoemission lab with a WCM.

Sirigle bunch.

The charge measured with the UMA agrees with the FC up to 13.4 nC, see p. 29
and 39. The FC gives about 5 % less. Above 13 nC the beam dimension becomes too
large for fully entering the FC (checked on screen MTV386).

Train of 8 bunches with intra-pulse spacing of 333 ps

FC : the total charge of the train (54.7 nC ) is 6.4 % less than the sum of the
individual bunches. Page 53

UMAZ3Y75 : the total charge is 50 % less than the sum of the bunches given by the
digital readout but the peak value of the analogue signal, seems to compare well with
the FC, Fig..5

We looked during the bunch-adding experiments as well at the streakcamera
picture from TCM390C and saw no effect by adding/removing bunches. P.50

Conclusion : the gun has no 'memory' defect for a 8-bunch train up to 7 nC per
bunch. The defect observed previously is instrumental.

Train of 24 bunches spaced at 333 ps

The laser energy was varied and the charge measured with UMA375 and the
FC, Fig. 6 , p. 82/83/84. UMA digital agrees with the FC up to a total charge of
30 nC. Note that a record total charge of 146 nC was achieved at UMA375, P. 84.

6. Single bunch performances

As the UMA digital reading agrees with the FC at least up to 13 nC, we can
now validate the results found last year on the relation laser energy on the cathode -
charge behind gun. (PS/LP Note 94-07,Min, fig .6).

We did not try to get the highest possible charge through TRS but achieved
with a large laser spot on the cathode, about 11 by 15 mm, for UMA375/395/406/455 :
4.51 / 4.38 / 4.35 / 3.87 nC (av. over 100 pp) and a bunch length before TRS of 15 ps
FWHH,

a mean 30 GHz peak power of 340 kW , max. peak power 500 kW, P. 39.

Taking the charge at the TRS input - 4.35 nC - we find that 340 kW is generated
if the spectral factor F = 0.78, corresponding to bunch length is 8.7 ps. The peak
power is more difficult to relate to the charge as the measurements are not correlated.

L



7. The 24 bunch train performances

For optimal 30 GHz power generation the intra-bunch spacing must be set to
333 +-2 ps. The position of the mirrors of the laser pulse train generator (ptg)
determines this spacing. The ptg is checked by making a phase - charge scan for each
of 12 bunches.

As a final check one measures the 30 GHz power from each bunch alone and
then sees if each bunch adds its power to that of the reference bunch 1.

To find the sensitivity of the timing adjustment for the 30 -GHz power
generation the following experiment was made. The power from bunch 1 and from
bunch 9 alone and both together were measured. Then the timing of bunch 9 was
changed by a mirror shift in the laser path keeping the position on the cathode
constant.  For a 0.5 mm shift which corresponds to a timing change of 3.3 ps the
power from bunch 1 + 9 changed by 2.7 % only, see fig. 7 and note the effect of phase
compression in the gun at low phases.

The position of each of the laser pulses on the cathode has to be checked and
adjusted. Before entering the beam chamber a fraction of the laser pulse is deflected
to a screen acting as a virtual cathode in air. Each laser pulse is adjusted with the
screen/TV monitor Laser spot on cathode: diam. 10 mm

Results : typically UMA375/395/406/455 - 42.9 / 43.2 / 43.1 / 32.7 nC generating
over hours between 35 and 44.5 MW peak power at 30 GHz, p. 78-81, see fig. 8.

Power calculated with charge entering TRS (UMA406 ) :
54.2 MW for F=1, implying a bunch length of 0 ps

and 40.0 MW for F=0.86, A oI

and 15.8 MW for F=0.54 s o 14Pps

Power calculated with charge leaving TRS (UMA455): 31. MW for F=1

It seems we need more data and analysis for explaining the above results. Also,
is there a systematic error in the TCM bunch length measurement? Note that the
bunch train behind TRS ( TCM452T ) is very much disturbed. (photo's next time)

The '93 record of 34.5 MW was beaten and is now 44.5 MW. Due to the
beneficial effect of the booster, of the improved laser beam, of the better overall beam
tuning or a mixture of all that ? The laser contributed with a good position and
amplitude stability, with its large and more uniform spot size.

8. A long laser pulse

From the ptg two pulses are selected and one of them shifted in time. In this
way two double pulses were created : one with a spacing of 6.5 ps the other with
24 ps.

The 6.5 ps pair : each alone gave in the FC 15 nC; the pair : 23.3 nC

The 24. ps ,, : the first alone 15 nC, second 16.5 nC; pair : 26. nC

X



The 24. ps pair gave a bunch seen with TCM445C with a length of 23.5 ps
FWHH. Fig. 9: a single bunch !

Next time we shall observe the bunch behind the gun-booster with TCM390C
to see if the rf bunching has then taken place already. Note that with a laser 'pair
pulse' (or by bypassing the stretcher) we hope to make a bunch suitable for the
magnetic bunch compressor. We know now that more charge can be obtained in a
single bunch by increasing the laser pulse length.

9. Comparing results from beam simulations with experimental data

PARMELA predicts a bunch length of 6.3 ps , TCM390C gives 14 ps FWHH,
page 73. We can and should suspect the TCM measurement but we should remember
that a similar detector gave for the micro bunches in LIL the expected value.

The beam momenta from gun and booster agree well with the simulations but
the p behind LAS, measured with BHZ430,is 59.6 MeV /c while predicted by L. Rinofi
:69.3 MeV/c, p.73. However, we found earlier already that according BHZ500 the p
is 1.15 times higher....thus 68.7 MeV/c.

There is a discrepancy as well between the theoretical optics and the

experimental settings, p. 68.
Theory : SNF350/370 : 61 /72A or 63 /93 A
Exp. : ,, :51/53A

This problem has to be solved as the settings for the bunch compressor optics
will largely be theoretical. (too many knobs for fiddling).

10. The beam line for the BPM's testing

At the input of the line is a W-collimator with 1 = 20 mm, diam = 30 mm and a
1 mm diam hole on the axis. Due to the good alignment of the collimator a beam
could be set-up with the help of MTV510.

First result : fig. 10 ,measured by J. Sladen, I. Wilson and W. Wuensch.
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