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Introduction 

Previous studies of magnetic field dccay1.2 in model sse 
dipoles due to changes in magnetization currents caused by nux creep 
have used the assumed sse injec tion energy of ITcV, or 0.33 tcsla 
ccntrnl dipole field, ami an excitation to the s torage field of 6.6 IC51n. 
More recently. it has been decided to injec t at 2 TeV , orO.661c51a 
and so more reccnt tesls have been carried out al the /lew injection 
field, or at both the new and old fields. Additionally. the effee! of 
temperature changes and excitation cycles 011 the field dccay have 
been studied. 

Temperature Effect 

A scxtupolc decay ctlfve, at an Injcction field of 0.33 tesla, fOf 
dipole magnet D- t 5C-3 Is shown ill r.ig. l. The curve is roughly log 
linear with a slope of 0.6 unit/decade. The tempera ture is estimated 
10 be 4.3K will,," ± 0.05K. 
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Figure 1. Sextupole Decay of Dipole D-Ise-3 at 4.3K 

• Work supported by the Director, Office of Energy Rcsearch. 
Office of Iligh Energy and Nuclear Physics. Iligh Energy Physics 
Division, U.S. Department Of Energy, under Contract No. DE­
AC03-76SrOOO98. 

Onc suggestion to pre.vent or reducc the field decay is to reduce 
the temperature anCf the excitation cycle has set up the magneti7.atlon 
sextupole field3. After selling up the injection field at 0.33 tesla 4.3K 
and allowing a half hour dcc.'ly at 4.3K, we then cooled the magnet at 
Ihe rate of OAK/hr. for the ncxt four and a half hours. this is shown 
in Fig. 2. Fig. 3 is the bath temperature record. Not only did the 
decay stop, but the sex(upole increased due to the increase In the 
critical current density at tlie lower temperature. We did not have the 
cryofcnic control needed to quickly reduce the balh temperature a 
smal amount and hold it const.1nt at that lower temperature. 
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l~ig ure 3. Temperature Record of Dipole D- tSC-3 



There arc arg uments", ba.o;ed o n tests of wire samples, th allhc 
flll x creep is activated by temperature fluctua ti ons. The experiment 
ciled used a temperature rise of O.SK nner the magnct.i7..alion Clln"enls 
have heen sci lip and the au thors observed a decay increase of n faelpr 
o f three. Our temperature monitors in the helium bath and in th e 
magnet body only lIldicale a temperature varia ti on of ±O.OSK over a 
one hour period. Thcrcrore. we doubt that this is a pri ncipal ca lise of 
the observed field decay in the dipole magnets . Fig. 4 shows the 
temperature variation of OIiC of the carbon glass sensors In the helium 
bnlh. The excursions between 25 and 35 minutes arc due 10 the 
i ni tialioll of the I lell cooling cycle. 
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Figme~. Initial Temperature Record of D- t5C-3 

We also have decay dala on a SSC-model quadrupole. j:lg. 5 
shows Ihe 12 pole decay wilh time. The decay is similar, though 
smaller in magnitude, 10 that seen in the dipoles. In Ihis casc, we 
havc Ic mpcrture data taken during the decay, both inside the magnet 
and in the helium bath. 30th sensors are carbon glass. The helium 
ba th is couplcd to a helium refrigerator and fluctuations in the 
compressor rcturn pressure resul t in changes in the hath temperature. 
This bath temperature rccord is shown as Fig. 6. The temperature 
sensor inside the magnet seems to lag the bath temperature by several 
minutes. and is shown as Fig. 7. Short term fluctuations are in the 
few millikelvin range, and over the longer limc the maxim uill 
temperature change was less than 50 mi1likelvin. Fig. 8 shows thc 
temperature inside the magnel for a portion of the set up cycles, 10 
6.6 les ln, for the first 35 minutcs; and fOf the decay betwccn 35 and 
60 minutes. 
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Figure 6. 1)ccay Bath Temperature QSC-~02 
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Figure 7. MAgnet Ternpcrtaure Sensor QSC-402 
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[{((eel o( Maximum Magnel !;icld 

It was observed, fit DESy5,6, that the observed field decay wns 
innuellccd by Ihe max imum field the magnet was cycled to be(ore the 
injec ti on field was measured for field decay. In our dipole D-1513-2, 
we cycled at 4.3K to di(fercn t peak fields be(are measuring the 
decays al 0.33 tesla. The se lup cycles are lis ted 011 Fig. 9. The 
maximum currents for the various cycles were 750, 1500,3000, & 
6000 amperes (6 les la). The decay curves arc shown as rig. 9. The 
curves arc nol very good log linear, bllt i( we assume straight line 
fits, we arrive at the decay ralcs o(Table I. 
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Figure 9. Sextupole Decay of D-15U-2 at 320/\ 

Table I 

0.33 Tesla In.l ec (Jon Field 

Maxi Decay rate units/decade 

750 0.25 

1500 0.30 

3000 0.90 

6000 1.25 

Fig. 10 shows the same type behavior (or the 2 TeV injection 
energy, or 0.66 tcsla. The decay ratcs are shown in Table II . 
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Table II 

0.66 T.,I. InJ.clIon i'leid 

. .• 

. .• 

... 

Max I Decay rale units/decade 

750 .07 

1500 .10 

3000 .18 

6000 .40 

Cienriy, we sec that (he decay rate is larger when the peak 
current, or peak fi eld is hi ghe r. Also the decay rate, and 
rnagnetiv\lian, nre less when the higher injection field is used. 

rig. 1 t shows the sextupote field decay for a larger Sem aperture 
dipole, D-16B -l with peak current vaJues of 3000 and 6000 amperes 
and nn injection current of 640 amperes. In this particular magnet, a 
passive sll pcrcondllcting corrector was installed ttl the bore tube so a 
large portion of the magneti7-,,1. ti on sextllpole and decay were corrected 
ou t. Even so, we sec Ihal the decay for the 6000A setup cycle was 
almost douhle that o( th e 3000A sex tu pole, 0.27 unit/decade vs . 0.14 
unit/decade. 
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Figure 11. SexlUpole Decay of 0-1511-1 

Summary 

The ro ughly log linear decay of magnetization current llluhilXlle 
fi elds has been demonstra ted in several new dipoles. A suggested 
mechanism of thermall y induced ac ti va ti on ill the additiona l 0.5 
Ke lvin range has been effe ctively countered by tempera HIre 
measuremen ts that show temperatllre Ouctuati oll ten to thirty limes 
lowcr, over a ninety minu le time period. Decay of dipole fields still 
do not appcar to quantati veiy agree wi lh magncti za ti on dccay in wirc 
samplcs. 

It was found that multi pole field decay ill dipole magnets 
depcnded on the maximum field rcached 0 11 magnet cxci tation, with 
the decay faster for the greatcr field reached. 
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