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Abstract

During the month of June a number of MD seSS1ons were devoted to gaining experience with the elec
tron cooling device installed at LEAR. The main emphasis was to check the hardware in order to 
determine which components needed a major upgrade. We also performed a number of tests on differ
ent poSS1ble modes of operation at lower momenta.
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The LEAR electron cooler is designed to operate between 370 MeV/c and 100 MeV/c, but until 
now has only been used to show the cooling process at the proton injection momentum of 308.6 
MeV/c and also at 138 MeV/c during the 10 MeV injection tests performed in March. It cannot be 
regarded as an operational apparatus in its present form as cooling can only be performed at a fixed 
momentum where all the necessary corrections needed to inject a beam have been previously applied.

In order to test the use of the cooler at the standard LEAR 'flat tops' during the deceleration of a 
proton beam to 105 MeV/c a number of major hardware changes were made for the control of the 
apparatus. Eirstly a GED (digital function generator) was installed for the control of the solenoid and 
the LEAR timing was distributed to this GED for its synchronisation with the LEAR machine. 
Another function generator was used for the high voltage power supply when cooling was only 
required for a fixed period of time. This GFD had its own external start trigger which could be con
nected later to a timing decoder module. The rest of the apparatus was controlled in the normal man
ner via a dedicated LSI/11 and the electron cooling CAMAC loop.

1. Electron cooling at 308.6 MeV/c

Before any cooling was performed a number of measurements were made to see and to compen
sate the effect of the electron cooling solenoid. The electron beam is bent into the cooling section via 
36° toroid magnets which have the effect of deflecting the circulating beam by an angle of approxi
mately 10 mrad. The solenoid also causes a coupling of the horizontal and vertical betatron oscillations 
but this can only be corrected with additional solenoids which will be installed in LEAR in the near 
future.

The deflection was corrected by two horizontal dipole magnets E4DEH31 and E4DEH32 which 
both had to be bumped by 55 Amps. The corrected beam orbits can be seen in Figure 1. Tune shifts 
of — 11×10-3 in the horizontal plane and —8×10-3 in the vertical were also measured and after com
pensation the working point was found to be ( Qh,Qv ) = ( 2.310,2.733 ) .

Cooling of the proton beam was observed as expected with cooling times of the order of a few 
seconds for 2×109 particles. Beam instabilities however were not seen and we managed to cool beams 
of 4×109 without any beam loss. Figure 3 shows the transverse and longitudinal Schottky scans of a 
cooled beam of 2.2×109 protons that was kept in the machine for 20 minutes without any losses. The 
longitudinal scan showed the usual two peak structure with a width of about 5 kHz, but transverse 
emittance measurements seemed to indicate that the alignment of the electron beam with the proton 
beam was not correct. Careful adjustment of the vertical dipole E4DEV32 showed that the cooling 
process depended greatly on the vertical orbit ( Figure 4 ) but due to the lack of vertical correctors in 
LEAR we were unable to align the circulating beam correctly.

As in previous experiments with the electron cooling device the high voltage power supply was 
found to be extremely unstable. High voltage breakdowns were frequent and jumps of a few hundred 
volts caused beam to be lost due to excursions outside the acceptance of the machine.
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Figure 1: Horizontal orbit correction at 309 MeV/c with ECN30 solenoid on.. the
thicker line shows the perturbed orbit with the solenoid at 1/6 of its nominal 
current.

Figure 2: Electron cooler settings for 308.6 MeV/c operation.
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Figure 3: Schottky scans of a cooled beam of 2.2xl09 at 308.6 MeV/c.. (a)momentum
plane (b)horizontal plane (c)vertical plane
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Figure 4: Dependence of transverse cooling on the vertical orbit., (a) and (b) show the
horizontal and vertical Schottky scans with E4DEV32 at —0.4 Amps and (c) 
and (d) with E4DEV32 at 0.2 Amps.

2. Election cooling at lower momenta

Eor cooling at lower momenta the necessary orbit corrections were interpolated from the values 
used at 308.6 MeV/c and the correction dipoles were bumped accordingly on the respective flat — tops. 
A cycle for the solenoid was created and loaded into a GED for synchronisation of the cooler with the 
EEAR machine. Once this had been done we were able to measure the beam characteristics at each 
flat —top and to perform the necessary corrections. Table 1 shows the applied corrections and Figure 
5 the solenoid GFD cycle.



Electron cooling tests at LEARpage 6

Table 2: Corrections applied at the different flat — tops

Flat — top momentum ΔI DEH31 ΔI DEH32 ΔQ(H,V)[10-3]
1. 308.6 MeV/c 55. A 55. A -11.,-8
2. 609.0 MeV/c 55. A 55. A 0., 0
3. 308.6 MeV/c 55. A 55. A 0.,-7
4. 200.0 MeV/c 35. A 35. A + 5., 0
5. 105.0 MeV/c 18. A 18. A 0., + 7

Figure 5: GFD cycle for the electron cooler solenoid

Once the proton beam had been decelerated and debunched, the cooler was ramped up to the cal
culated operational values of the steering and correction coils and the high voltage power supply was 
bumped using a second GFD. A number of tests were also performed to ramp the power supply as 
quickly as poSS1ble in order to avoid increasing the vacuum pressure with the unguided electron beam. 
It was shown that at low voltages ( < 12 kV ) a rise time of under 100 ms was poSS1ble and that the 
overshoot of power supply was only of the order of a few tens of volts, thus enabling the cooling pro
cess to act almost immediately. A first test at 27 kV seemed to indicate that the recorded loss current 
was much too large for us to envisage this method for effective cooling at 308.6 MeV/c.

Figure 6 and Figure 8 show the longitudinal Schottky scans of a cooled beam at 200 MeV/c and 
105 MeV/c. No attempt was made to precisely measure the cooling times or the emittances of the 
beam but at first sight it would seem that cooling times of the order of 1 second were obtained for a 
few 108 particles. The high voltage power supply was also much more stable at these momenta and no 
breakdowns were recorded.

During all these tests the quality of the vacuum remained within acceptable limits with average 
pressures of 6x10-12 torr measured on the gun side of the cooling section and 1x10-11 torr recorded
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Figure 6: Electron cooling at 200 MeV/c with 1.1x109 protons.. the stored trace shows
the beam after deceleration and the brighter trace shows the beam with elec
tron cooling on.

Figure 7: Electron cooler settings for 200 MeV/c operation.
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Figure 6: Electron cooling at 105 MeV/c with 8xl08 protons., (a) shows the beam after
deceleration to 105 MeV/c and (b) shows the beam after 3 seconds of cooling.

on the collector side. Beam losses never exceeded 2.5%o during the normal cooling procedure even at 
308.6 MeV/c where the electron beam current reached 2.5 Amps.


