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magnet stability of a cyclotron has been in dispute
at AGOR, Osaka, JAEA

Paper presented ar Cyclatrons and their Applications 98, Caen, [4-19 June 1998

TEMPERATURE DE?ENDENCE oF THE AGOR MAGNETIC FIELD

L. B, Roogot, 5. BRANDENBURG, aN0 H. W, SCHREUDER

Kernfystsch Versneller Tnstiust, Zernikelaan 25, NI-977 A4 Croningen, the Nelherlonds

It hag bean found pocessary to change the magae: currents pradually during loog berm operation of the AGOR gy-
clotron die to temparaturd chasgen [a the on, which are cwsed by the comection cuils, Thess changes infloence the
magmetization |n variom ways: through a change in suscapiibality, satarstion magmetization, and through a change [
metal deasity. Baded oa loog temn measurements of the magnelic feld as funciion of tomperature, & thermal model
has been made, which i compared with thesretical witimata,
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Figmare 3: Temperature drift in more detail.
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Figure 2: Feaponse of the ceatral feld to s step in temperature,

:ﬂar:hu:l: For 'I'.ED:I.pI:'.f-ﬂt-lLl'ﬂ well below T., the tempera-
ture dependence of this process was found by Bloch:

AM(T) = My [l - c% [kgT]I:]m]

Here My is the magnetization at zero temperatbure, n s
the [number) density of the spins, 5 the value of Lhe spin,
T the temperature, and ¢ a material constant, depending
on the (lattice) structure of the material and the coupling
betwean the spins.

Faor iron, we hawve

e - R -6 pe—372
—_—k = 3.4- 107" K
ng 8
so that the room temperature coefficient of My is 9- 1075,
We have done messurements at owr 130 AdfeV proton
field, where the iron contributes L.2ZT T, so that we expect
a temperature dependence of -0.11 mT/ A




once there was a standard theory:

1) Bloch Equation for magnetization

of iron:

M(T)=Mo (1-3.4 10-6¢ K-1.5 T15)

My magnetization a zero temperature
dB/B/dT= -90 ppm/K

2) Volume effect: spin density
M, (T)= M, (Ty)(1- 3.6 107 %(T-T,))

dB/B/dT=-36 ppm/K
3) Physical change of Gap length and Magnet length:

for gap,linear expansion temp.coefficient= -12 ppm /K
for axial length= +12ppm/K
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field chanees while current is stable @SPICE
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BO=1.496746T

detail study @spice
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field difference (micro gauss)

BO=14096746 Tesla
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conclusion

e Under good air conditioning,the amplitude of the
magnetic field is strongly correlated with coil temperature.

e The observed temperature coethicient of the iron core
electromagnet is about +14 ppm/degree. It is positive and
can not be explained by the standard Bloch theory:.

e Note hysteresis effect is larger than the temperature effect.
We would monitor B magnet and Q magnet by the NMR.

e |.ocal thermal insulation is economical and recommended.




