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OPERA TION OF LIL IN 1989

A proposal

R. Bossart, K. Hübner, J.H.B. Madsen, P. Pearce, A. Riche, L. Rinolfi

1. INTRODUCTION.

We now have got the experience of running for the LEP Injector Chain in an operational way in 
Summer 1988 and we did a number of experiments at the end of 88. This was not academic 
research but it was undertaken to deepen our understanding. All the work [1 ... 7] is now ana
lyzed and has been discussed [8]. Furthermore, we know now very well the LEP requirements 
[9, 10] which can easily be satisfied with the nominal number of e+/e_ in a LIL pulse 
(N+ = 6 x 10®, N- = 3 x 109 both in ± 1%). Hence, a proposal how to run LIL can now be 
formulated to provide an ordered basis for start-up and running. Since there is no immediate 
demand for performance exceeding the obtained peak performance, the emphasis is on consolida
tion at 500 MeV, i. e. reliable, reproducible operation up to say 50% above nominal performance.

Running at 600 MeV is not recommended because it would disrupt the more important 500 MeV 
consolidation work.

The second point in this note deals with the configuration proposed for the start-up in May 1989. 
It is recommended to use the settings we had during a good, well-documented e+ MD run in 
December 19881), where the nominal e+ charge was produced with a 50% safety margin and the 
Q + /Q“ curve did now show any saturation. The LIL operation procedures being written by 
H. Kugler (LIL-V) and by A. Riche (LIL-W) propose the same parameter as given under point 2 
in order to be consistent. For LIL-V, we propose the same klystron settings as in December 88 
with klystron 03 at about 12 MW and klystron 13 with 23 MW. For LIL-W, we do not suggest 
the settings of December 88 as they were odd and klystron 35 was not working properly. It is 
proposed to run LIL-W at uniform energy gain per section, namely 43 MeV per section. 
Although only about 16 MW are needed for that, wc have selected experimentally verfied settings 
of the focal currents for a higher power to have some margin. The actual power is to be adjusted 
by lowering the high voltage. We hope to have enough input power even with the LAL booster 
to saturate the klystrons.

The third point lists items requiring special attention during start-up, some of these items are also 
mentioned in the LIL procedures by Kugler and Riche.

The fourth point gives a list of possible improvements which should be implemented at a later 
stage.

2. START-UP CONFIGURATION

It is identical to the configuration used on 12. 12. 1988 with P( 13) = 23.3 MW [1]. This leads 
to a LIL-V non-load energy of Eo = 0.26 GeV and an energy spread of ▲E = ± 16 MeV for 
Q- = 30 nC at VL.UMA15. This configuration showed a constant conversion efficiency as far 
as we measured. We had N+ = 9 x 108 per pulse in ± 1% at the maximum. The e+ energy 
spread was 1.1% FWHH.
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The proposed klystron settings are shown in Table 1. They provide an adequate power reserve; 
they are either data from Thomson or are tested by J.P. Perrine. It is very likely that the 
klystrons can be saturated. The required power in LIL-W given in column 6 corresponds to 
516 MeV [3,13]. Note that the klystron 03 should provide 14.7 MW in order to give the peak 
power of 11 MW to buncher V. Since the buncher is at present not conditioned for this high 
power, we prefer to limit the power to 12 MW at the klystron.

In order to see the difference to the klystron operating conditions in December, Table I must be 
compared with Table II, which gives an estimate of the klystron input and output powers used in 
December 88 based on the U (Box C) measurements. The rf powers are derived using the follow
ing fit to the box C characteristics

Pc(W) = (U/(V)/ ll)1/0,572

and by taking into account the attenuation given in the cable list which is based on former mea
surements. Although the precision of this procedure is not very high, it is the best estimate we 
can produce. The output power of KLY 35 is very low. An error in the reading of U (PLI 35) is 
excluded as it is indeed consistently low on both rf logs made independently. Both logs show also 
as further evidence a very low U (PSI 35—1) and a low klystron voltage. Table II gives also the 
calculated energy gain per section. For the sections connected to LIPS, this value is the maxi
mum obtainable with optimum timing. Adding up all the energy gain in LIL-W would give 
570 MeV, if LIPS 27 and 31 had optimum timing. Since we had only 500 MeV, the timing was 
certainly not optimum and/or we possibly overestimate the klystron power. Since we have no 
timing measurement,, we cannot disentangle the two effects. Table III gives the focal currents of 
the klystrons used in December according to P. Pearce. Klystron 35 has been replaced in the 
meantime. The Thomson booster was used during the relevant tests [1, 11].

Table IV gives the other parameters [11] and the c+ phases [1] used in December for reference. 
The table gives for completeness the manual settings of the klystron voltages which are now under 
computer control. The phases for e+ operation arc given because they might be useful starting 
points for the new adjustments. New e+ phases must be found in LIL-W as the operating points 
of the klystrons are different.

The gun parameters are 
U (HV) = 
U (polar) = 
U (pulse) =

70 kV
900 kV
3 kV

The settings for the pulse length is 25 ns yielding a pulse length of 20 ns (FWHH = Q/Î ). The 
prebuncher settings proposed are 56 for the phase and the setting 160 for attenuation. These are 
the optimum values [5].

Table V gives the currents in the magnetic elements [12] in the form: measured value (value set 
by control). The currents in bucking coil VL.SNA01 and in the solenoid VL.SNB02 after the 
anode are set to provide the same number of Ampere x turns in the new solenoids as we had with 
the old ones. It is suggested to start with all the steering in the quads of LIL-W switched off for 
e+ and e- because the accidental misalignement of the quads will be different after the recent 
repairs in LIL. A new steering configuration in LIL-W must be established.
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Table VI gives the typical LIL-V transmission during e+ production with an electron charge of 
30 nC at the target, which is the value eventually to be reached during start-up. The number of 
positrons per pulse should then be 6 x 108 (resolved in ∆ ∆E/F = ±  1%) and 8 x 108 unresolved.

Since no 500 MeV electrons have been run in this configuration, also new e- phases must be 
found and the correct timing of the phase jump of RF 31 to get to 500 MeV with the e- has to 
be found. If the difference between the timing of this phase jump for e+ and e_ becomes uncom
fortably big, the timing of the RF 13 phase jump can be made different for e+ and e-, a possibili
ty not used until now (hardware and software exist).

3. ITEMS DESER VING SPECIAL ATTENTION

♦ Stable klystrons in saturation (including 03!), Interlock levels correct;

• Iterate a, b, c:

a) UMA tests (watch especially the timing);

b) Make AX (UMA) / (Al corrector) tests using existing LIL-V TRANSPORT;

c) Correct LIL-V trajectory to eliminate steering by quads.

• Find reason for systematic off-set of L (UM∆  25) during e+ production (backscattered e_ 
from target ?)

• Beam size at target must be around 1 mm (FWIIH at WBS 25) at Q- = 30 nC;

• Make ARCHIVES and ALARM really operational by subjecting it to systematic, rigorous
tests, e.g. switch off and on repeatedly to find weak points;

• Teach operators how to make complete logs regularly and to analyse them critically. LIL 
e+/e- energies and energy spreads are essential parameters including the number of e+ in 
± 1%. Why not put eventually the log on a VM file of the user LP1?

• Make operators able to "fly alone" by training and by providing them with documentation. 
Give them clear, written instructions.

4. INTRODUCTION OF NEW THINGS

To be done later when time available:

• If not done already during start-up, adjust the klystron power in LIL-W (see Table I) such 
that all sections have really the same energy gain of 43 MeV, yielding a total gain of 516 
MeV. Adding the e+ input energy of 4 MeV gives 520 MeV which provides an adequate 
margin of + 4%. The energy is reduced to 500 MeV by changing the LIPS phase-jump 
timing of 31 as usual. This will do away with the very unusual energy gains in the sections 
and the spread in the klystron powers which crept in over the years for unknown reasons.
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All klystrons must be in saturation. KLY 13 is left at 23 MW. By the way, this is the high
est power needed in LIL-W for running it at 600 MeV (51 MeV/ACS) permitting us to gath
er experience with this power level.

• Optimise the tuning of the LIPS cavities

• Optimise the water temperature of the ACS by taking into account the cross-coupling due to 
cooling stations (LIPS 27, 31 is cooled by cooling station 25, 27).

• Check whether the currents in the solenoids between gun and prebuncher are optimum [14].

• Introduce and test the LIL-W energy feed-back using the AX-signal from HIx.UMA 22 to
control the timing of LIPS31 phase jump. Priority e+ but eventually also e-.

♦ Test LIL temperature stability by varying temperature of klystron gallery.

• Test the remote reading of the klystron output power via HP peak power meters. Include the 
booster.

♦ Introduce and test software for energy spread measurement. LIL-V: automatic trajectory 
alignment before spectrometer and adjustment of quadrupoles for focus on MSH15; LIL-W: 
automatic moving of collimators in HIP to ± 1% and measurement of resolved intensity; 
automatic trajectory alignment before BSHOO could be included later.

• Logging and monitoring by ALARM of LIL water temperature (ACS and LIPS); check 
whether present T are optimum;

• Test off-line TRANSPORT in LIL-W as being prepared by A. Riche;

• Test the new slits installed in LIL-V (water cooling o.k.?);

• Check the steering in LIL-V including the earth-field compensations;

• together with EPA:

♦ check the betatron matching to EPA;

♦ define software for computer-assisted matching measurement (at present, the measurement 
is so complicated that we have performed it only once in three years)

♦ shorten the LIL pulse to At = 15 ns or 10 ns to give it a bigger margin in the EPA buck
et. Will reduce sensitivity of accumulation in EPA against LIL energy fluctuations. Proce
dure: keep charge constant and increase current from gun. At present, for 30 nC at UMA 15 
gun V delivers I = 3.3 A according to table VI. The gun is built and tested for 12A. The 
conversion efficiency is independent of the current [2]. The effect of the variation of the gun 
parameters on the current for e- operation must also be observed because the proper modu
lation of current must be maintained.
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Table /: Preferred LIL Klystron settings for start-up on May 1989

MDK

03

13

25

27

31

35

Tube

VA05

VA06

TH04

TH05

VA04

TH08

Focal

Ia
A

196

174

159

174

170

175

Currents

A

87

124

132

157

126

135

A

85

91

156

165

83

145

required measurement

pkl
MW

12

23

16.5

14.6

14.7

16.4

MW

12

23.3

20

18.1

18.4

20.1

kV

188

257 a)

226

225 b)

219

216

A

167

256

208

210

211

198

P in
kW

0.25

0.16

0.14

0.25

0.21

0.15

Date by

11.3.88 J.P. Perrine

and MD [1]

Thomson data

11.3.88 J.P. Perrine

9.3.88

2.3.88 Thomson data

a) reference [1] claims 276 kV (38 kV ref. voltage)

b) TH05 was also run with 233 kV x 216 A at that time but without power measurement.
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Table II: Estimated input and output power of klystrons;energy gain per section in
December 1988

KLY

U (PPI) (V)

Attenuation (dB)

Pin(kW)

U (PKI) (V)

Attenuation (dB)

AE/section (MeV)

03

0.84

43.5

0.25

2.1

83.2

11.6

31

13

0.68

43.4

0.17

0.82 b)

93.4

23.3 c)

54

25

?

37.6

0.30 a)

1.95

85.9

18.9

46

27

1.9

37.7

0.27

1.9

87.2

24.4

56

31

1.7

37.9

0.22

1.85

87.3

23.8

55

35

1.5

37.8

0.19

0.7

86.1

3.3

19

a) measuurement spring 88 (R. Bossart)

b) calculated from Pkl measured

c) measured by peak power meter connected directly to coupler PKI 13.

Table III: Klystron focusing currents in December 1988

KLY

I (focal A) (A)

I (focal B) (A)

I (focal C) (A)

Meas. date in 
MDK log book

03

197.8

87.9

86.7

13

173.9

124.0

91.0

27

162.8

157.1

141.5

27

173.4

157.0

165.5

31

170.0

125.9

82.9

35

186.8

124.5

157.4

28.9.88 21.9.88 16.11.88 16.11.88 16.11.88 16.11.88
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Table IV:

RF parameters (rf log 11. 12. 88 complemented with rf log 10. 12. 88)

MDK/KLY

MDK Setting

Vkl (kV)

RF phase [1]

T (°C)

05

800

19.5

03

2+64

+ 128

188

140

31.6

13[1]

258

340

29.9

25

2+8

+ 32

239

155

29.9

27

2+8+

64+128

243

128

30.6

31

2+8+

32+64

232

72

29.9

35

2+16+

32+64

172?

267

29.0

Table VI:

Transmission in LIL-V at about nominal e- charge (P13 = 23.3 MW)

Monitor

ECM 01
WCM 11
WCM 12 
UMA 13
WCM 14 
UMA 15 
UMA 22 
UMA 25

Particles/pulse 
x 10-11

4.13
2.25
1.85
1.81
1.87
1.72
1.82
1.50

Charge/pulse 
nC

66
36
30
29
30
28
29
24

Relative to UMA 15 
%

236
129
107
104
107
100
104 
86
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