
IEEE Transactions on Nuclear Science, Vol. NS-26, No. 3, June 1979 

SENSITIVITY OF AN ENERGY DOUBLER DIPOLE TO BEAM INDUCED QUENCHES 

B. Cox, P. 0. Mazur, and A. Van Ginneken* 

ABSTRACT 

In a series of tests in the Fermilab P-West 
proton beam an Energy Doubler dipole, model E22-12, 
was exposed to various intensity 400 GeV/c beams with 
several types of spills. Results are presented for 
the sensitivity of this magnet to beam induced 
quenches I A Monte Carlo beam shower calculation was 
performed to predict the energy deposition in the coil 
by the hcnm and these predictions are compared with 
quench d,lta. In one case (4.75OK, 3500 A, 15 x 18 mm 
beam spot), the beam required to induce quenching for 
microsecond spill was 0.5 to 0.7 x 108 protons per 
pulse. The Monte Carlo prediction for these condi- 
tions is 0.8 x lo8 protons per pulse, corresponding-t30 
an energy density in the superconductor of 10 m,J cm , 

INTRODUCTION 

The question of the amount of beam loss which 
will quench a superconducting magnet has taken on 
special importance at this time because of the plans 
for the 1000 Gel’ Energy Doubler. Previous studies 
have been performed on dissimilar1 magnets and on a 
very early prototype Doubler magnet*. For a period 
of three months an Energy Doubler dipole3, model 
E22-12, was operated in the P-West beam line with 
proton beams in the range lo’-1012 per spill passing 
through it. During this time a special series of 
tests was conducted to determine the amounts of micro- 
second, 1 millisecond, and 0.5 second slow spill beam 
loss that would induce quenches in this magnet. 

EXPERIMENTAL AKRANGEMENT - 

The installation was situated in the P-West line 
and the Doubler dipole in normal operation performed 
the function of bending the incident 400 GeV proton 
beam 10.375 mrad onto the High Intensity Laboratory 
target. The nominal current required for this stan- 
dard operation wds approximately 2300 A. The sche- 
matic of the helium refrigeration system used to cool 
this magnet is shown in Fig. 1. The he1 ium refrigera- 
tion for this magnet was provided by a CT1 1400 
refrigerator which produced 30-40 liter/hour into a 
450 liter dewar pressurized to 4.5 psig. The dewar 
pressure was then raised to 8 psig and liquid was 
transported from this dewar via a 100 foot transfer 
line to a counterflow heat exchanger (s&cooler) 
before entering the dipole coil region as a single 
phase fluid. In standard operation the pressure of 
this region was 23 psia corresponding to a saturation 
temperature of 4.73’K. The helium was subcooled by 
Q 0.05°K. The single phase liquid then passed through 
the magnet to a Joule-Thompson valve into the two phase 
region, which is in thermal contact with the single 
phase region, The helium, at this point a boiling two 
phase mixture, passed back through the subcooler and 
to the refrigerator cold return, The Joule-Thompson 
valve was operated in both manual and automatic modes. 
In automatic mode, the valve was controlled using the 
temperature difference between the gas returning from 
the subcooler to the refrigerator and its saturation 
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Fig. 1. Schematic of the Helium Refrigeration System. 
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Fig. 2. Beam Impact Geometry. In Geometry I the beam 
enters the coil from the bore tube at an angle 
of 10.75 milliradians. In Geometry II the 
beam strikes the coil directly in the end 
turn region. 
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Fig. 3. Cross section of Energy Doubler magnet E22-12. 

battery of ion chambers and secondary emission moni- 
tors upstream of the dipole for slow spill. A cali- 
bration of the loss monitors was made for the slow 
spill and the loss monitors were then used to provide 
beam intensity information for the fast spill data. 

MEASUREMENTS 

Figure 4 shows the response in Geometry I of the 
loss monitor vs. the 400 GeV proton beam intensity. 
As shown in Fig. 4, the quench points of E22-12 were 
measured a number of times for our different types of 
spill: 0.5 s slow spill, 1 ms fast spill, 20 micro- 
second spill with four 1.6 1~s booster bunches spread 
uniformly around the main ring and 4 microsecond 
spill with two 1.6 IIS booster bunches adjacent to one 
another. A Monte Carlo shower calculation was per- 
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Fig. 4. Beam intensity required to induce quenching in 
Geometry I. 

formed to estimate the energy densities of the hadronic 
and electromagnetic showers caused by the impact of the 
beam in both Geometry I and II. An elliptical beam 
spot of 18 x 15 mm with a gaussian distribution along 
the principal axis was used in the calculation. 
Approximately 95% of the beam was contained within this 
ellipse. This profile was consistent with the beam 
profiles measured on the beam monitors during all 
phases of the tests. For Geometry I the largest energy 
density is predicted to occur in the inner turns of the 
coil at the midplane and is approximately .75 GeV/cm3 
per incident proton. Tt is estimated that the energy 
density is accurate to approximately 25%. The temper- 
ature of the single phase (coil) region was monitored 
to be 4.18 i ,05’K before beam impact for all the 
quenches. The magnetic field in the region of maximum 
energy density at 3500 amps is estimated to be 3.5 T. 
The variation of short sample limit with temperature 
for the superconductor is such that at 6.2’K the criti- 
cal current will be exceeded for this magnet at 3500 
amps. This corresponds to an allowable i?T of 1.4*K 
which in turn corresponds to an allowable energ! 
density4 of 9.8 mjoules/cm3. From the results of the 
shower calculations the maximum beam that could strike 
the coil without quenching (in the absense of heat 
transfer mechanisms) would be approximately 8 x 107 
protons. As shown in Fig. 4, slow spill quenches 
occur at approximately 4 times this level at 3 x 108 
protons per 0.5 seconds. When the millisecond fast spill 
was measured we saw a marked increase in the sensitivity 
of the magnet with the quenches occuring at lo8 protons. 
Finally for the microsecond spills we saw a slight in- 
crease in sensitivity with the quenches occuring typi- 
cally at 5-8 x lo7 protons. As shown in Fig. 4 there 
was a small increase in sensitivity when the microsec,ond 
spill structure was changed from four 1.6 LIS bunches 
spread evenly over 20 11s to a “faster” microsecond 
spill with two 1.6 1:s bunches adjacent to one another. 
While this change is probably not significant there 
still may be some heat transfer effecqts present <It 
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this level. The dashed line shows the upper limit 
on acceptable targeted beam in this geometry which is 
predicted by our simple calculation. 

A second measurement of the sensitivity of 
E22-12 was done in the beam impact geometry shown as 
Geometry II in Fig. 2 with the .5 second slow spill. 
The results of this “perpendicular” impact measurement 
are shown in Fig. 5. The major observation is that 
the quench point occurs at a factor of 10 higher 
intensity (nJ 2-3 x lo9 protons at 3500 A). This is 
because the beam is initially striking an island and 
not a coil region in the dipole. This interpretation 
is approximately supported by the result of a shower 
calculation for Geometry II which predicts a maximum 
energy density roughly a factor of 10 less than the 
maximum density calculated for Geometry I. This 
shower calculation is analogous to that performed for 
Geometry I. The maximum energy density in the coil 
region is calculated to be 30-40 cm into the magnet 
and was . :iiR GeV/cm3per incident proton. This energy 
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. Beam intensity required to induce quenching in 
Geometry II for 0.5 second spill vs. magnet 
current. 
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