LCLS-TN-06-03

A Degaussin@rocedurgor the QG01Quadrumle Magnetof
the LCLS Injector Beamline

Achim W. Weidemann
SLAC

January 18, 2006

Abstract

This note describesa degaussingprocedurefor the QG01 Quadrupole Magnet of the
LCLS Injector Beamline and somerelevant obsenations made during the developmen
and testing of this procedure. An important obsenation is that care must be taken not
to causea current spike when the power supply to the magnetis switched o .

1 Intro duction

The "QGO01' guadrupole magnet in the photoinjector beamline is required only for special
studies, and should have a remaining integrated eld strength or integrated gradient of 5
Gaussor lessduring normal operation. Hence a degaussingprocedure was deweloped to
achieve this low remnant eld using this magnet, a quadrupole painted in greenand labeled
GTF. The procedureshould also not require more than a few minutes of time.

The recommendedprocedure is a seriesof ramps with decreasingmaximal currents
alternating in sign, and is described in Section 2.

An important nding isthat turning o the 'KEPCO' power supply usedin thesestudies
producesa current spike of 2.5 A; this spike re-magnetizesthe magnetto producea remnan
eld of about 39 Gaussor more. Therefore it is important to let the power supply stay on
after degaussing.This e ect may not occur in the MCOR power suppliesusedin operation,
asis explained in Section 3.
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2 Degaussing Pro cedure

2.1 Development of Degaussing Pro cedure

The degaussingprocedure usesa seriesof fast ramps with currents of alternate signs and
magnitude decreasingby a factor from the precedingramp. The maximum current for this
magnetis 10 A (at 10.154A, the integrated eld is 0.416T, and the remaining integrated
eld after a simple ramp to O from there is 0.0165T). So, assumingthat this is the highest
previous magnetization, we start the degaussingprocedure with a ramp to +10A. The
complete procedureis then to cycle the magnet many times, with the current reduced by
a factor f from the preceding cycle, starting with 10 A (that is, ramp, in sequence,to
+10A; f 10A[cycle1], +f2 10A; f3 10A [cycle2], +f% 10A; f° 10A [cycle3],..)
and then to ramp to zero current.

Remaining Field for several factors

120

—&— 03
1 : i : ; § : —(0.585

ok RE L L - ST g ==[0.88 H
: : : ; .| —+—0D3

£1\8 : ; : : ;| =gl

1 . T TRTRRIES o RIRRURRR TR P 0o Y
: ; ! : : : 0.95

ux]
O

Remaining Field [Gauss]
[n}]
(]

e
=

0 R ........ ......... .......... ........... ......... -

Pl v S e i
35 40

=1

Cycles

Figure 1. Remaining integrated eld after cyclesof degaussing.

Figure 1 shaws the remaining integrated eld after ead cycle of ramping, for factors f
between0.8 and 0.95. One seeghat after 8-25 cyclesthe remaining integrated eld readtes



a minimum, after a sharp drop, and then increasesslightly to an asymptotic value below
the 5 Gaussrequiremert. Figure 2 enlargesthe portion of Figure 1 belov 20 Gauss.

One may be tempted to usethe minimum to determine the number of cyclesto be used,
however | beliewve that this is not reliable; before the minumum, the remaining eld drops
by a large amourt; sobeing just one cycle short could leave a rather large remaining eld.
Howewer, past the minumum, the remaining integrated eld risesonly slowly, and doesnot
exceedan asysmptotic value (of about 4 Gaussfor factors of 0.85and above).
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Figure 2: Remaining integrated eld after cyclesof degaussing.

A fast ramp at 10A/s, with a 2 s wait after ead ramp was always used. Slower ramp
rates, 1A/s and (1/10 of desired current)/s, had also beenconsidered,but did not change
the results.

2.2 Recommended Pro cedure

From the gures, | concludethat the most desirable degaussingprocedureis one using a
factor of 0.9, and 25 cycles, that is 50 ramps, to +10A, -9A, +8.1A, -7.29A, +6.561A,



-5.905A..... ... -57 mA, followed by a ramp to 0. We usedhere a fast ramp at 10A/s, with a
2 s wait after eath ramp. The total proceduretakesabout 3 1/2 minutes.
From Figure 2, one seesthat the remaining integrated eld is then lessthan 4 Gauss.

3 Current Spikes

In these measuremets, a bipolar KEPCO Power Supply/Ampli er had beenused. When
measuring the remaining eld at the end of a degaussingcycle, the power supply was
normally left turned on, at 0 output; the remaining current was typically lessthan 1 mA
asindicated by the transducer.

As concernhad beenexpressedabout this remaining current?, another measuremen of
the remaining integrated eld strength was also taken with the power supply turned o.
Surprisingly, the new measuremeh gave an integrated eld of about 37 GaussThis e ect
could be reproduced. Looking at the transducer output with an oscilloscog, it was found,
that turning o the power supply createda current spike of 2.5 A amplitude shown in Figure
3, which apparertly re-magnetizedthe magnet. Indeed a ramp to +2.5A, then -2.5 A then
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Figure 3: - 2.5A current spike whenturning o Kepco power supply (100mV  1.25A).

0, also producesa remaining integrated eld of the samemagnitude (39 Gauss,if starting
from a small remaining eld [< 10 Gauss]).

This magnet will be normally powered by a MCOR 12 Corrector Magnet Driver,® so
there is a concernthat turning o this supply might also give rise to a current spike.



Figure 4: Current Spikeswhenturning o Power Supply of MCOR Calibration Stand;
left: peakcurrent -11A, right: peakcurrent -3.75A

Figure 5: Current Spikeswhenturning o bulk power supply of MCOR 12;
left: ripple peak-to-peak 0.5A,; right: a spike with peaksat -0.3,+0.5 A



A rst test usinga MCOR12 Calibration TestStand ( a box with a single MCOR Card)
also showed similar and even bigger spikes, when the underlying bulk power supply was
turned o. ( 11A, 3.75Ain Fig. 4)

As usedin the accelerator, an underlying bulk power supply provides power to many
magnetsthrough seweral MCOR 12 cardsin a VME crate; turning a magneto meansjust
ramping it to O current, and the bulk power supply is never turned o .

We veri ed this in the Power Conversion Test Lab, using the MCOR Stability Test
Stand there, with an ESS30/165 (30V 165A) Power supply; there a ramp to 0 did not give
a visible e ect. Howewer, turning o the bulk power supply did produce someripples or a
spike, as shawn in Fig.5, where a 5mV vertical division correspondsto a 0.5 A current.

Hence it is most important to rememnber that the bulk power supply remain on at
all times, and that whenewr the bulk power supply is turned o, the magnet will be
remagnetized,to possibly tens of Gauss.
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Notes

1. The raw data for this study may be found at
http://www-group.slac.st anford.e du/ met/ Magas/MA®ATA.CLS/quad/ OTF
(in les with extension.ru#, r##, or ### where# ##, or### refersto aRun Number)
2. The concern about the remaining current was unfounded; measuremets at low
currents and elds indicate a slope of about 0.3 Gaussper mA. Thus a remaining eld of
+6 Gausscould be canceledby a small current of -20mA, but knowing this is not helpful
for operation, asthe exact remaining eld is not known without a measuremeh
3. Bira Systems,Albuquerque, NM,
http://www.bira.com/prod  ucts /mcorl2/MC®12Technical _Manual.pdf



