FIELD MAPPING THE “TWIST” SOLENOID
Mike Barnes, Doug Evans and Dave Morris, TRIUMF

A large bore 2.2 Tesla Superconducting Solenoid must be field mapped for
the TWIST experiment at TRIUMF to an accuracy of 1 part in 10,000 over
a 36 cm. diameter and a 1.2 meter length. Preliminary measurements were
carried out at 10% excitation using a hall probe mounted on the 3-D survey
table in the Magnet Measurement Area, without B shielding in place.
Additional measurements were carried out at 50 % excitation with the
solenoid in it’s final position on the beamline with B shielding in place,
using a six-way Hall probe array. These results will be presented and
compared to 3D predictions. An automated survey system with two rotating
arms and 12 Hall probes mounted on them is being built to complete the
field mapping. The hardware and software of this system will be discussed.



MAGNET SPECIFICATIONS

Weight: 7800 kg.

I(max): 242 amps

B(max): 2.1 T.
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TWIST - The TRIUMF Weak Interaction Symmetry i est

A collaboration of KIAE (Russia), Texas A&M, TRIUMF, University of Alberta,
University of British Columbia, University of Montreal, University of Northern
British Columbia, University of Regina, University of Saskatchewan, Valparaiso
University :

TWIST is an experiment which is designed to
measure the decay distributions of polarized
muons to high precision. Distributions which are
differential in energy and angle will be determined
to a precision of 1 part in 10,000, allowing a
determination of the parameters of the standard
model which characterize the muon decay to a
precision 3 to 10 times higher than previously
achieved. The ultimate interest motivating the
experiment is the need to better understand the
left-right asymmetry which has been artificially
incorporated into the standard model. ‘
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The Experiment
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The experiment is being assembled at the
TRIUMF cyclotron facility in Vancouver,
BC. The "M13" beamline is used to produce
a beam of muons with a well-defined
orientation of their spins. The beamline is
shown at left, with the TWIST magnet and
detector shown at the right-hand side of the
figure.

The measurements will employ a large bore
superconducting solenoid magnet (surplus
from a Magnetic Resonance Imaging (MRI)
company). Polarized positively charged
muons produced at TRIUMF will be
directed into the magnetic field where they
will be stopped at the centre of a precision
detector package.
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I)  MEASUREMENTS AT 1=10% (0.2 T.) WITH NO YOKE STEEL

- measurements done in Magnet Measurement area using the 3D
positioning table with a hall probe mounted on the boom.

EQUIPMENT:

a) DECstation 5000/240 computer (Unix based)

b) HP 3458A. DVM

c) HP 3488A. Multiplexer

d) Siemens SBV-613 hall probe

e) Boron fiber and Kevlar wrapped probe arm (3 meters long).
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3D MAGNET MEASURMENT SURVEY TABLE



Axial Center Scan for E614 Solenoid at I=24.2 amps.
12-Nov-1998: Input Data File = 111098.2 : Xm=0, Ym=0
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- B higher at +Z end of grid (survey table end) regardless of magnet
orientation.

- Steel from survey table affecting B inside solenoid?



-1I)  MEASUREMENTS AT I=47% (1.0 T.) WITH YOKE STEEL

- Magnet moved to M-13 area and measurements done using the 6-way
hall probe array.

EQUIPMENT:

a) Pentium PC with GPIB card and Network card

b) HP 3497A Data Acquisition Unit (DVM, 20 channel mux and digital
10).
c) 6 Bell BHT-910 hall probes

d) G-10, 6-way hall probe mapper

Computer

GPIB

HP3497A
Data Acquisition Unit

Field Probe

Field Probe

Field Probe




JACAQ - Java Acquisition System
David Morris - TRIUMF

Introduction
An automated system was needed to collect data during the
mapping of the Twist Superconducting Solenoid. Several
commercial tools were available that could be adapted to the
task, but an interest in investigating the Java language
resulted in the use of an in-house program.

The measurement system runs on a Microsoft Windows 98
based PC with a National Instruments PCI-GPIB interface.
The control and acquisition equipment includes a Hewlett-
Packard 3497A Data Acquisition Unit, and a TRTUMF built
motor control system using an Oregon Microsystems PC68
Stepping Motor Controller. The motor controller
communicates using a serial port and allows four axes of
motion.

The software is written in JAVA using the Sun Microsystems
JDK 1.3. The development tools include Sun’s Forte for Java
CE and Microsoft Visual C++ 6.0. It is object oriented, and
was designed using the standard object oriented
methodology, employing use cases, class diagrams to define
the static class relationships and sequence diagrams to define
the dynamic model. An interface layer was written in C to
link JAVA to the existing device driver library for GPIB
communication.

The acquisition system was originally developed for
measuring characteristics of the Super Phenix Charge
Booster at ISN in Grenoble, and generalized to allow easy
conversion to other uses.
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E614 SUPER-CONDUCTING SOLENOID (PREDICTIONS)
Bz versus Z for various currents (Displacement in Z-of +0.5cm)
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Field (Gauss)

Twist Bz along Z: comparison of predictions (model long_half_sym) and Measurement

10600
10575 i- SRR WU ENUUURNN NN USSR N S— i A U R 1
10550 , —
10525 - - U S —
10475 —— - o

10450 I e . o
10425 """"ﬁkah_r_.-——!&x

10375 »/ : 15 DU B

soazs [ |
10300 ~ B . }

10275 J sremsiea—— .
10250 |- B : T
10225 o f ot

10200 /- ¢ : | : S B R

10175 == M—
10150 ,/ o1 N D S s . e e, o S G

10125 .7 | e Prediicted BZ*113.85A/245A (245A)

10100 4l e Predlicted BZ (113.85A)

10075 Lo 3 e Preciicted BZ (113.85A, & coils displaced by +3cm in Z)

10050 Y+ & Measured Bz (113.85A)

10025 | 5- - - Predicted BZ/1.0265 (113.85A, & coils displaced by +3cm in Z)

0000 [

1 + T T R 1 1 H il 1

60 -55 -50 -45 -40 -35 -30 -25 -20 -15 10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60
Z coordinate




RESULTS:

a) B is 2.5% lower than predicted.

b) B is 0.6% higher at downstream peak than at upstream peak.

c) B is shifted in Z about 3 cm.downstream from physical center of mag.

d) The 4 probes at R = 20 cm., spaced 90 deg. apart at the same Z, are
uniform to 0.06% for Z = +/-40 cm.

QUESTION:

Are coils moving to give Z assymetry and B shift?

ACTION:

After much discussion we decided to take the magnet apart and look for any
mechanical problems which may exist.


















found one longitudinal rod missing and the others loose. Helium vessel
was easy to move inside outer chambers! Obtained new rod.

installed new rod, along with 4 strain gauge bridge modules to measure
the direction and amount of stress at the four outer rod connect points.

tightened all rods to spec., centering coils as well as possible.

move magnet back to M-13 experimental area and install it in the yoke
steel in preparation for powering to check stresses on rods.



Fz (kg/cm)

1600

1400

1200

g
(=]

g

600

E614 SUPER-CONDUCTING SOLENOID.(PREDICTIONS) |

Total Fz (kg/cm) for all 12 cails, for a +0.5cm displacement of the coil assembly in Z

S~

vl

0 25 50 75 100 125
Current (A)

200 225 - 250

R



N
—

MUSE  MEASUREMENT  CORR

PRECISION FLAT WASHER FORCE SENSOR

M7000 MODEL
STAINLESS STEEL WELDED CONSTRUCTION
BOLT SIZES # 10 THROUGH 1"(OTHER SIZES AVAILABLE)
CAPACITIES: #10 @ 3.4 K, UP TO 1" @ 81K LBS.
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III) FUTURE MEASUREMENTS UP TO I=100% (2.2 T.) WITH

YOKE STEEL IN M-13 AREA.

- Magnet will be moved back to M-13 area and measurements done using

the automated dual rotating arm survey equipment.

EQUIPMENT:

a) Pentium PC with GPIB card and Network card
b) HP 3497A Data Acquisition Unit (DVM, 20 channel mux and digital
10).

c) 12 Bell BHT-910 hall probes

d) Custom built automated dual rotating arm magnet survey mechanism.

e) Dual stepping motor system

Computer

Field Probe
HP34974
GPIB Data Acquisition Unit Field Probe
|
i TRIUMF 0929 Motor
RS-232 Drive Unit ,
Field Probe
Stepper Stepper
Motor Motor
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