
CTOF Magnetic Shield Test Plan with FROST Magnet

D.S. Carman, Jefferson Laboratory

A. Ni, Kyungpook National University

shield-test.tex

May 21, 2015

Abstract

This document outlines the test plan for the CLAS12 Central Time-of-Flight PMT
magnetic shield studies using the FROST superconducting solenoid magnet in the Test
Lab High Bay at Jefferson Laboratory. The test-specific safety considerations are also
detailed. The tests will take place in the period from June 8 to 12, 2015.

1 Overview

The Central Time-of-Flight (CTOF) system for the CLAS12 detector is used to measure
the flight time of charged particles emerging from interactions in the target in the angular
range from 35◦ to 125◦. The system specifications call for an average time resolution for each
counter along its full length of σTOF =60 ps. The CTOF detector surrounds the experimental
target at a radial distance of 25 cm and consists of 48 92-cm-long scintillation bars having
a trapezoidal cross section that form a hermetic barrel (see Fig. 1). The barrel will be
positioned inside of the CLAS12 5-T superconducting solenoid magnet. Each counter is
read out via a PMT on each end through long light guides to position the field-sensitive
PMTs in reduced field regions. However, even in these positions, the PMTs will reside in
inhomogeneous fringe fields from the magnet at levels as large as 1 kG at the location of the
upstream PMTs and as large as 400 G at the location of the downstream PMTs. In order to
allow for operation of the PMTs in this environment, they must be enclosed within specially
designed multi-layer magnetic shields.

The full details of the design and performance considerations of these shields can be
found in Ref. [1]. The CTOF PMT magnetic shield system includes three passive layers and
one active layer. The passive layers are made up of an external heavy shield made from 1006
steel, an intermediate layer composed of the ferromagnetic Hiperm-49, and an inner layer
composed of the ferromagnetic Co-netic. With these three layers, the shield is designed to
reduce an external 1 kG field to below 1 G at the position of the PMT photocathode. To
reduce the field levels to below 0.5 G necessary for optimal PMT timing performance, an
active shield layer known as a compensation coil is provided. The active shield consists of
two sets of coils that are wrapped in two positions about a mandrel that is positioned just
outside of the inner shield layer. Note that the shields for the upstream and downstream
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Figure 1: View of the Central Time-of-Flight (CTOF) system for CLAS12. The scintillation
bars form a hermetic barrel and the PMTs are attached to the ends of long light guides. The
beam enters this detector from the lower left side.

PMTs are identical in their designs. Fig. 2 shows a “cut-away” drawing of the different parts
that make up the CTOF PMT shield system.

The main purpose of these tests is to verify the performance of the CTOF magnetic
shields and quantify their field reduction factor in a field environment that closely matches
that of the CLAS12 superconducting solenoid in which they will ultimately reside (see Fig. 3).
The shields must reduce the 1 kG external field to a level below 1 G at the location of
the photocathode of the PMT. The shield design has been checked through extensive 2D
POISSON and 3D OPERA/TOSCA calculations, as well as with tests using the FROST
magnet with a prototype shield several years ago. Fig. 4 shows the results of a 3-D magnetic
field calculation for the three-layer passive CTOF shield system in a 1 kG external field.
The calculation plots the field profile as a function of coordinate across the shield system
showing field levels below 1 G at the photocathode location.

2 CTOF Shield Test Plan

The measurement approach is to position the CTOF magnetic shield in the fringe field of
the 5-T FROST solenoid at a location where the field strength and the field gradient match
closely to that which they will experience in the fringe field of the CLAS12 superconducting
solenoid. The field inside the shield system will then be measured and recorded at multiple
locations using a 3D Hall Probe with readout module (Metrolab Three-Axis Hall Teslameter
model THM 7025). Fig. 5(left) shows a photograph of the CTOF magnetic shield and
Fig. 5(right) shows the support stand in one of its measurement positions next to the FROST
magnet in the Test Lab High Bay.

There are five phases of the CTOF magnetic shield measurement program that will be
completed with these studies using the FROST superconducting solenoid magnet. They
include:

• Measurements of the residual magnetic fields inside the CTOF shield assembly with
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Figure 2: Schematic of the CTOF PMT magnetic shield showing the three passive shielding
layers and the active compensation coils. In this drawing the shield system is attached to a
light guide that enters on the right side. Reference drawing B00000-01-04-2200.

Figure 3: Calculation of the fringe field about the CLAS12 superconducting solenoid. The
CTOF PMTs reside in fringe fields at the level of 0.5 to 1 kG.
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Figure 4: 3-D magnetic field calculation using the code suite Opera [2]. The calculation
plots the field profile (in G) across the transverse coordinate (in cm) of the CTOF three-
layer passive magnetic shield system. The different curves correspond to different coordinates
along a line perpendicular to the counter axis. For this calculation the external field lines were
at an angle of 40◦ relative to the shield axis of symmetry to reflect the expected operational
configuration of the shields.

the shield positioned in the FROST magnet fringe field in a location that best matches
to the nominal fields expected in its position within the CLAS12 solenoid fringe field.

• Measurements with the shield positioned closer to the magnet bore in fringe fields as
high as 1.5 kG to understand the limits of the CTOF shield assembly performance.

• Measurements varying the axial and transverse fields experienced by the CTOF shield
assembly. These will be carried out by rotating the CTOF shield support stand relative
to the face of the FROST magnet.

• Repeat of all measurements energizing the compensation coils to understand the coil
current settings to eliminate the internal remnant fields and to allow for optimal PMT
timing performance.

• Repeat of all measurements with a PMT installed into the shield to understand pulse
shape distortions as a function of the remnant field. The PMTs will be set to its
nominal high voltage and its signal will be readout via an RG-58 cable attached to an
oscilloscope located in the field-free region.

Fig. 5(left) shows the PMT insertion end of the CTOF magnetic shield. For the mea-
surements with the 3D Hall Probe, the PMT will be removed and replaced with a system
that allows for insertion of the 3D Hall Probe along pre-determined axes along the central
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Figure 5: (Left) Photograph of a CTOF PMT magnetic shield assembly. The wires emerging
from the end of the shield are the connections to the inner compensation coils. (Right)
Photograph of the CTOF PMT magnetic shield assembly in its support stand positioned in
the fringe field of the FROST magnet.
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shield axis and along an axis at the wall of the inner shield. Measurements along each axis
will be recorded at three different depths, including at the nominal location of the PMT
photocathode, at the nominal location of the first PMT dynode, and at the nominal location
of the middle of the PMT dynode chain. The measurements will take place with one oper-
ator stationed at the end of the shield positioning the 3D Hall Probe and another operator
reading the hand-held probe readout module that will be positioned roughly 1 m away from
the face of the FROST magnet.

The active coil included within the CTOF magnetic shield assembly actually contains two
separate windings positioned along the nominal extent of the PMT position. Each winding
is powered by a separate power supply channel. The compensation coils are connected to
an Weiner MPOD Mini low voltage power supply system (crate with an 8-channel OMPV
8016 module, 16 V, 5 A, 5 W) operated through a Windows laptop computer using manu-
facturer provided software whose performance has been extensively tested by the JLab Fast
Electronics Group. The power supply can deliver up to 5 A per channel and we plan to
study the performance of the compensation coils over their full dynamic range. To monitor
the temperature of the coils a thermocouple has been attached (Fluke 80KB-A Integrated
DMM temperature probe) and the temperature will be tracked and recorded regularly.

During studies with the Hamamatsu H2431 PMT/divider assembly installed into the
shield assembly, the PMT will be powered through a NIM high voltage supply (Ortec 554)
using a 50-ft-long RG-59 SHV cable. The power supply will be installed in the electronics
rack located next to the magnet in a field-free zone. Fig. 6 shows the layout of the equipment
in the test area.

Figure 6: Schematic layout of the components of the CTOF magnetic shield tests in the
FROST magnet test area.
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3 Safety Considerations

In preparation for the tests of the CTOF magnetic shield in the FROST magnetic test area,
a number of safety concerns were considered and addressed. These include:

• Given that the CTOF shield contains roughly 35 lb of steel, the support stand was
constructed to be able to bear this weight but also the roughly equivalent magnetic
loads. The design and construction of the support stand has been reviewed by Bob
Miller. The magnetic force calculations were completed by Renuka Rajput-Ghoshal.
Note that the test stand will be rigidly clamped to its support table whenever the
FROST magnet is energized.

• The shield test plan will be performed so that when the magnet is energized, the
shield will be properly secured to its support structure. Any time the shield needs
to be removed from its support stand for repositioning, the FROST magnet will be
de-energized.

• These tests will be supported by members of the JLab Target Group to ensure that all
magnet operations are performed according to established procedures.

• Authorized CTOF personnel will be present at all times when the FROST magnet is
energized. The magnet will be de-energized and secured at the end of the each work
day.

• All personnel involved with the CTOF shield tests will be required to read all safety
documents that are part of the TOSP (both the test-specific documents and those
regarding magnetic operating and safety procedures. All personnel will also receive
a briefing in FROST operating and safety procedures from the JLab Target Group
before the start of the testing period.

• CTOF personnel authorized to work on these shields tests:

1 Daniel S. Carman (JLab)

2 Gegham Asryan (JLab)

3 Andrey Ni (KNU)
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