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Neutrino Factory Magnetic Systems Quench Protection

DESIGN CONSIDERATIONS FOR QUENCH PROTECTION AND POWER SUPPLIES

Data for Russian Design of the SC magnetics for 4 Channels of Neutrino Factory

Channel ID# ] 2 3 4.1 4.2
PARAMETERS:
_ Length m 50 40 100 100 100
Total Stored Energy MJ 12 72 19 1830 7310
Excitation Current KA 6 6 6 6 6
Total Inductance H 0.67 4 1 102 406
Total Number of Magnets # 5 20 83 90 Q0
Magnet Inductance H 0.133 0.200 0.013 1.130 4.512
Number of Power Supplies # 1 1 1 1 1
Power Supply Voltage KV 0.1 0.1 0.1 0.1 0.1
Total Power Supply Voltage KV 0.1 0. 0.1 0.1 0.1
RampTime sec 40 {240 | 63 {6100) 24367 \
- Number of Dumps # 1 3 2 6 6
Max Voltage Stress KV 0.5 0.5 0.5 0.5 0.5
Total Dump Voltage KV ] 3 2 6 6
Du me Consta sec 4 8 3 {102 [406)
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Mu SR Kicker System

The Muon Storage Ring has need of an injection kicker
system that will deflect the incoming beam on orbit. The
main parameters for the system are:

Type - Horizontal

Clear Gap - 308 mm(w) by 246 mm(h)
Integral BL - 0.6 TeslasMeters
Field Flattop - 2.0 psec

Field Fall - 4.0 psec

Field Variation - 10%
Rep Rate - 15 Hz

The proposed system has two engineer defined limits
that will be treated as design criteria. Qug experlence
has suggested that the maximum system voltage should “be
Timited to 50K volts and the maximum switch tube current
should be Iimited to 5k amps. These two requirements imply
the system impedance of 5 ohms.

The above constraints are such that the peak field
will be:

B = Ho* B =0.0255Tesla
And the total length of the magnet system will be:

4[,«21'1‘5'13’1:-:[E @i = 23 .5 Meters !
Bm

On a per meter basis the inductance, capacitance and
the field drift time of the magnet is:

L:yoxlx% L=1.573uH / meter
L
C=—x C = 62.93nF | meter
ZO
drift = JLxC drift = 0.315u sec/ meter
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From the above numbers, we are tempted to install two
12 meter magnet strings each driven by a pulser. We will
take a conservative approach at this point and assume that
the kicker system will be made up from four & meter magnet
strings each driven by a pulser. T

——

Figure 1 is included as a proposal for the cross
section of the magnet. The mechanical design for the
support_structure and vacuum vessel is non-existent and
will need to be addressed for the next_level design. The
actual magnet length and number of pulsers will need to be
nailed down at that time.

" The PFN that will be used to drive each magnet will
have:

Z, =35.0Q Length =2.25u sec

A SPICE simulation of both the PFN and magnet has been
completed and the normalized magnet input/output voltage
and normalized integral of field is included for reference.
Figure 2 is a simplified schematic of the kicker system
that was modeled in SPICE.

i
12 1860 (398250

S 665D (244000

Figure 1 - Proposed Magnet Cross Section
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PFN Parameters:
Ci - Cw = 0.0253uF, Lo - L = 0.451BuH
Coupling Coefficient, k = 0.2, {20%)
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Transmission Line T: is to be made up
of 10 - RG220 cables installed
from PFN/Pulser to Magnet.

Ze = 5.0 chms

MAGNET Parameters:
Ci - Cu = 0.01573uF, C:s = 0.007865uF

In - Lau = 0.39325uH, NO Coupling
R: = 10 ohms, Field is the sSum(L: - Ta}

L, L, ' L, L, L,

, ' YY Y JTTW
’ R
I‘ I: Iu —_ T :u toud
<, c, : Cn Cy Cu 18 s
T[T VAR T

Figure 2 - Simplified Diagram of Mu SR Kicker System

{used for SPICE Simulation)

———T
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Spice Simulation of Mu SR Kicker System
PPN, 16 Cell {(20% Coupling), Zo = 5.0 ohms,
Magnet, 24 Cell (MO Coupling) Zo = 5.0 ohms,

6 Metera, (RELTOL = 0.00001)
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The cost of the system at this point will need to have
a large contingence that can be refined at the next stage
of design with the input of mechanical support personnel.

The magnets are larger and longer than the MI 52
extraction kickers built in ‘93 - '95. These magnets cost
about $90k per meter. An initial quote (for budget
purpose) from our ferrite vendor put the ferrite at a
little over twice the cost of the MI 52 ferrite. Therefore
with inflation and the larger size I am putting the cost of
the magnet at $200K per meter.

The pulsers should be similar to MI 52 pulser with the
exception of rep rate. Since the MI 52 pulser cost $400k
in the same ‘93 - 95 time frame, I am putting the cost of
each pulser at $500K.

Therefore 24 meters of magnet and 4 pulsers puts the
cost of the system at about $6.8M.
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NEUTRINO FACTORY STORAGE RING POWER

@D POWER SUPPLY
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Space Requirements

1.5°
o' . DIPOLE POWER SUPPLY. ' 3
|
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NEUTRINO FACTORY STORAGE RING POWER SUPPIES
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