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Requirements

• Image point of the IP 10 m downstream the IP

• QD0 and QF1 as long and weak as possible

• QD0 and QF1 as wide as possible

• l* as short as possible

• Work hypothesis PM made of Sm Co 
( Remnant field 1.1 Tesla, conservative 
assumption)



Quadrupoles: Halbach con!guration

Remnant Field Br 12.2 kG
Coercive ForceHc 11.7 kOe

Intrinsic Coercive ForceHci 23 kOe
Maximum Energy 36 MGOe
Recoil Permeability 1.05

Density 7.5 g/cm3

Electric Resistivity 2.0× 10−4Ω · cm
Temp coefficient of Br −0.1 %/0C
Curie Temperature 310 0C

Table 1: Typical characteristic for NdFeB 36SH.

ri ro Pole Field k
cm cm kG m−2

Front Section 3.35 6.40 9.7 1.64
Outer Section 3.35 7.04 10.7 1.81

Table 2: Quadrupole magnetic strength.

[3, 4, 5]. The permanent magnet pole-pieces are affixed
to a stainless backing plate using high temperature adhe-
sive and covered by a stainless steel skin spot welded to the
backing plate for extra protection. The backing plate with
magnet was then screwed fast to the support shell. The
weight of each quadrupole assembly is about 100 pounds.
At 5.289 GeV, the predicted quadrupole strength is listed in
Table. 2.

3 FIELD QUALITY AND STABILITY

The interaction region quadrupole requires extremely pre-
cise control of magnetic field so the magnet field quality
and stability requirements are especially severe. The per-
manent magnet must maintain a constant flux output over a
long period of time during the operation. Many factors can
affect the magnet and tend to alter the magnet flux which
would change the field quality and quadrupole strength in
our application. These influences have been studied and
the flux change of the magnet have been predicted. The
change of the magnetization of the magnet during the op-
eration could be minimized by exposing the magnet to in-
fluence in advance and rendering the magnet insensitive to
subsequent change in service.

3.1 Resistance to the Irreversible Demagnetization

The permanent magnet maintains its magnet flux because
there are lots of small magnet domains aligned by crys-
tal anisotropy. A very high external magnetic field tends
to disturb the domain alignment. When the magnet pole-
pieces are assembled into the quadrupole, some regions of
the magnet material operate in a very strong anti-parallel
magnet field. For the case of our design, it is found that
this anti-parallel magnet field could be as high as 13 kG

Figure 2: Knock-down ratio vs the applied external reversal
field for several magnet pieces.

according the Pandira simulation. Several different magnet
samples were tested for the knock-down ratio of the rem-
nant field Br with the applied reverse external field. The
knock-down ratio was defined as the ratio of the magneti-
zation change before and after the exposure of the exter-
nal field over its original magnetization. It was found that
the intrinsic coercivity of 21 kOe was sufficient to limit the
amount of demagnetization to a few percent with 13 kG
reverse external field. Fig.2 shows the the amount of de-
magnetization vs the reverse external field for the NdFeB
36SH material we used. It was found that the material we
are using could sustain to 15 kG of the reversal external
field.
The quadrupole magnet will operate immersed in a

15 kG axial solenoid field (perpendicular to the NdFeB
permanent magnet easy axes) of the experimental detector.
Several magnet pole-piece were exposed to external 20 kG
perpendicular field, no demagnetizationwas found after the
exposure.

3.2 Temperature Stability

The properties of the magnet material changes with tem-
perature and time. The magnet can be stabilized by heating
it to the temperature well above the operating temperature.
This process speeds up the initial aging and slows down the
rate of change thereafter.
All magnet pole-pieces were thermally stabilized for

three hours at 100 0C, which was the maximum temper-
ature without the irreversible loss of coercive force. The
losses of the magnetization during this procedure were
measured to be less than 1% of the original magnet mo-
ment. Several thermal stabilized magnet sample pieces
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First Aempt
Name Z face �m� Length �m� G �T�m��B�T� On Type
QD0common� 0.2 0.3 �24.9117 1 Q
QD0common� 0.2 0.3 �24.9117 2 Q
QD0� 0.55 0.2 �24.7335 1 Q
QD0� 0.75 0.2 �24.7335 1 Q
QD0� 0.95 0.15 �24.7335 1 Q
QD0� 0.55 0.2 �24.7335 2 Q
QD0� 0.75 0.2 �24.7335 2 Q
QD0� 0.95 0.15 �24.7335 2 Q
QF1� 1.2 0.1 12.6065 1 Q
QF1� 1.3 0.1 12.6065 1 Q
QF1� 1.4 0.1 12.6065 1 Q
QF1� 1.5 0.1 12.6065 1 Q
QF1� 1.6 0.1 12.6065 1 Q
QF1� 1.7 0.2 12.6065 1 Q
QF1� 1.2 0.1 12.6065 2 Q
QF1� 1.3 0.1 12.6065 2 Q
QF1� 1.4 0.1 12.6065 2 Q
QF1� 1.5 0.1 12.6065 2 Q
QF1� 1.6 0.1 12.6065 2 Q
QF1� 1.7 0.2 12.6065 2 Q

QD0 Common QD0
QF1
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70 cm
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Tracking to the IP image point
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666 eV what the heck???



666 eV what the heck???



666 eV what the heck???



Radiation fans from the QD0
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Backgrounds? Oh my 
gosh!! Again?

“I wish I had an answer to that 
because I'm tired of answering 
that question.”

“If you ask me anything I don't 
know, I'm not going to answer.”
(Yogi Berra)



How it was in SuperB?
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RADIATIVE BHABHA (PRIMARIES ONLY) 
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PRIMARIES LOSS RATE
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CONCLUSIONS
A permanent magnet solution seems viable

Hard to find a solution working over a factor 4 energy span

Synchrotron radiation doesn’t seems a major problem

The shared QD0 can will be a trouble maker for radiative Bhabha 
backgrounds

Same configuration should be viable even with SC magnets

Tapered Double Panofsky (energy span?)

Conical double helix with local octupolar compensation

What about anti solenoids? Do we need them?




