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This note draws attention to the technique of the ANTARES Collaboration to
shield large PMTs in a spherical mesh of y-metal wire. Such a shield improves
the single-photoelectron peak-to-valley ratio by 50% and renders the PMT
gain essentially independent of orientation.

The effect of the Earth’s magnetic field, whose typical strength is 0.3-0.5 gauss, on the
performance of a photomultiplier tube (PMT) is twofold:

e The trajectories of photoelectrons are affected such that the collection efficiency at the
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first dynode is a function of the orientation of the PMT relative to the magnetic field.

For example, an unshielded 8" Hamamatsu R5912 PMT showed +6% gain variation
as a function of orientation relative to the Earth’s magnetic field in tests conducted by
the Auger Collaboration [1, 2, 3|, shown on the left below.
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Note that the gain of a well-designed PMT such as the Hamamatsu R5912 is largely
unaffected by magnetic fields large than ~ 1/3 of the Earth’s field, as shown in the
figure on the right above.
The trajectories of secondary electrons in the dynode chain are affected such as to

increase fluctuations in the PMT gain. This causes a lower “peak to valley” ratio for
single photoelectrons, and increases the average transit time for the signal.

For example, an unshielded 10”7 Hamamatsu R7081 PMT showed a 30% lower peak-
to-valley ratio and a 1-ns long transit time for single photoelectrons compared to a
shielded PMT, in studies by the ANTARES Collaboration [4, 5, 6].
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These effects are not large, so that many experiments, including LSND [7], and mini-
BooNE [8] and the Pierre Auger Project [9], operate large PMTs with no magnetic shielding
(since the classic technique of shielding a PMT with a g-metal cylinder is awkward for large
PMTs in tanks of liquids). Other experiments, including Super-Kamiokande [10], SNO [11],
KamLAND [12] and BOREXINO [13], surround the entire detector with field-compensating
coils to cancel some components of the Earth’s field.

This note draws attention to a variant of the classic p-metal shield that is well suited to
large PMTs in liquid tanks, as pioneered by the DUMAND Collaboration [14] and also used
in the NESTOR [15] and ANTARES [4, 5, 6] experiments. Namely, a quasispherical cage of
~ 1-mm diameter wire, whose permeability is ; &~ 10°, encloses the PMT so as to block only
~ 8% of the incident light (NESTOR), or ~ 4% (ANTARES) as shown in the figure below
(from [4]).

The ANTARES shield reduces the magnetic field strength on the PMT by a factor of
~ 3 (and ~ 8 for the NESTOR shield), with the resulting improvement in the single-



photoelectron peak-to-valley ratio and transit time as shown in the figures at the top of the
page. The variation of PMT gain with orientation is almost completely eliminated, as shown
in the figure below (from [4]).
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The suppression of the magnetic field by the wire-mesh shield is not fully effective at
radii within about one mesh spacing of the mesh itself, and indicated in the figure below
(from [16]).
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In the Appendix we deduce that a solid shell of high permeability u, radius @ and thickness
da < a provides a shielding factor of,

~14+ —— (1)

where Hj is the (uniform) external magnetic field and H;, is the (uniform) field inside the
shell. If the shell is replaced by a wire mesh of thickness da such that the effective area of
the mesh shell is fraction f of a solid shell of radius a, then the shielding factor is roughly,

Hy 2uda f
N1+ ——. 2

For example, the ANTARES mesh has p ~ 10°, a = 150 mm, da = 1 mm and f = 0.04, for
which eq. (2) predicts that Hy/H;, = 2.78, in good agreement with the observed result.



Appendix: Permeable Shell in a Uniform External Field

We consider a spherical shell of inner radius a and outer radius b made of a material
of relative permeability p that is immersed in an otherwise uniform external magnetic field
By = Hy = —Hyz, where we use Gaussian units. The magnetic field H can be deduced
from a scalar potential ® according to H = —V®. The scalar potential corresponding to
the external field is,

$y = Hor cos = ByrPy, (3)
in a spherical coordinate system (r, #, ¢) whose origin is at the center of the permeable sphere.
The potential of the perturbed field will contain only angular functions Pj(cos#), and can
be written as,

ArPy (r <a),
=4 BrP +CP/r* (a<r<b), (4)
HoTP1+DP1/T2 (7">b)

The magnetic field for r < a is H;, = A, so we wish to relate this quantity to the external
field Hy.
Continuity of the potential at » = a and b requires that,

A = B+C/d*, (5)
B+C/¥ = Hy+ D/b. (6)

The Maxwell equation V - B = 0 implies that the radial component of the magnetic field
B = pH is continuous at the boundaries at » = a and b, and hence,

A = u(B-20/d), (7)
W(B —20/6%) = Hy—2DJV?. 8)
From egs. (5) and (7) we find, writing A = H;,,,
2 1
B— iHm, 9)
34
and then,
—1
c=1""om,. (10)
34
Equation (6) now gives,
2 1 —1
D= | e Bl — b, (11)
3 3
Inserting egs. (9)-(11) into eq. (8) we have,
2u+1 u—1a? 2u+1 u—1a?
3H, = Hi - Z )42 p
0 [,u( 3 3 b3> 3 i 3 b3
Hm a3 1 bg — a3
= 5 l5+4b—3+2<u+;> s ] (12)



As expected, this form implies that H;,, = Hy when either =1 or a = .

For a thin, high-permeability shell with b = a + da and u > 1, eq. (12) becomes,*

H 24 da
~1+——. 13
ngn + 3 a ( )
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