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Muon Spin Precession

< Why at magic gamma?
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a)a = ——0 B d, =(69+74)x10"¢-cm
m H Expected to be

d,<(15+£14)x10"e-cm

. . Measured to be 10
<> What if no E-field? d,=(3.7+£34)x10""e-cm

=requires ultra cooled muon beam Ap/p << 1e-5
Ultra-Slow Muon Source at J-PARC MLF?



“Final Report” from BNL E821
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<-E821 at BNL-AGS

measured down to
0.7 ppm for both u+

and u-

<> 3.4 sigma deviation

from the SM

< SM prediction OK?

“New Physics?

<> Need to explore
further

< Preferably
NEW METHOD!
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g-2/EDM experiment

<> To measure

“+g-2 below the level of 0.1 ppm
“+EDM with the improved sensitivity by three orders

of magnitude

Superconducting solenoid with high magnetic field
uniformity is required as a storage ring

< Required specification
% Storage region :
»radius : 33.3%£5.0 cm
»height : 210 cm
< Field strength : 3T
< Uniformity : 0.7 ppm !



SC solenoid for g-2/EDM experiment

< Solenoid with very high uniformity I

— ' | Liquid Helium Cooling with re-condensation by cryocooler
i l — Pressure controller to control temperature of the liquid helium
{PS}
Shield R precise te ure control

Employ MRI technology =R

% 1 ppm MRI at 3T is commercially
available

% could reach 0.1 ppm by modifying
MRI technology

< Items to be studied
< Precision field monitoring system
< Source of error field
»Seismic ground vibration
-> Low vibration cryogenic system
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Field monitoring system with high accuracy

< g-2 solenoid requires the uniformity of 0.1 ppm
-> require the field measurement system with accuracy

of 0.1 ppm -
& NMR probe N
1 ppm NMR probe : commercially available

-> require further fine tuning and modification
“*Require moving stage covering good field region

/<> At the beginning h

<> Purchased NMR probe with 1 ppm
<> Built prototype of monitoring system
< Measured 3 T MRI magnet at NIRS

o /




Measurement at NIRS

< Objective

< build and test a prototype of automatic monitoring
system for g-2 solenoid.

% cross-check between NMR probe and Hall probe

System Overview

Ceramic bearing
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Rotating shaft\

Thermocouple

Rotating disk

NMR probe |y

Timing belt
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rasonic motor
bncoder

.Movmg stage @
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+ Stepping motor Guide rail

3T Solenoid




Monltorlng System Photos @ NIRS

Movmg stage




Control system

Z axis stepping motor driver
PC for control

Z éxis motor
(Stepping Motor)

Stepping motor @

controler

Digital Counter
< @ Angular position

motor driver
Encoder {[{{{ BTN
. ulse -

Angular position motor
3 axis Hall Sensor system NMR system (Um_sfmc Motor)




1.

5.

Measurement Procedure

set probes manually on the rotating disk
% r=35,75,1T15 mm
align the guide rail along the magnet axis using |
line laser and a water level

move the stage so that the sensors are at the
magnet center (z = 0 mm)

run the measurement sequence
1. angle: 45 degree step

2. z position:

-20,20,40,60,80,100,120,140,160,180,200,250
,300,350,400,450,500,600,700 mm

3. read the output of probes 5 times at
each position

change radial position and repeat 1 ~ 5
1 sequence : ~4 hours




Results ~ NMR probe

< rotating axis : X=0, Y=+ 90 mm
< reference field : 2.99967450 T @ X, Y, Z=0 mm r=115 mm

z= -20~140 mm
< output value : very stable (< 0.3 ppm) o
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< Uniformity :~Tppm -> 1ppm could be commercially achieved.



Results ~ Hall probe (1)

Difference from NMR results
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Results ~ Hall probe (2)

NIRSMRIO1 2010/05/28 z =0

—005T :
200 |
” X o
150 | ST R S :
- :
’ ” ﬂﬂ?,?;ﬂ_’*—‘é hd
& . 4 ¥
wotr ., o, 7 "*}
k : . l l
" . k’\: : o J ¥
sof e T Ty
. ¢
~ i =
R P ¥
ob e e RTRCRITRRIIRRY
-50 :

-150 -100 -50 0 50 100 150

X (mm)

NIRSMRIO1 2010/05/28 z = 400

250
—005T |
200 |
150 | ) « V4L A
s wwof o, . A iy 7
= oo v
sop 7 - K‘J )
) o FR A
-50 N L : L N
150 -100 50 0 S0 100 150
X (mm)

< observe Br and Btheta components systematically.

% 0.01~0.05T

< alignment error of hall probe ?




MFM ~ discussion

< Possible error
< Hall sensors are not aligned at right angle with z axis.

> sensors are not mounted at right angle in the epoxy
fixture

> probe is not mounted at right angle on rotating disk

OManufacturer checked mounting angles
O All sensors are slightly tilted
v x:0.4° vy:0.7°, 2:1.8°

O Apparent Bz = cos(1.8°) x true Bz
0.99951




MFM ~ discussion

< Possible error
< Hall sensors are not aligned at right angle with z axis.

» sensors are not mounted at right angle in the epoxy
fixture

> probe is not mounted at right angle on rotating disk

< not check yet : Which is dominant?
<> or any other reason ?



<> reference field : 2.99967450 T @ X, Y, Z =0 mm
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Magnetic Field (T)
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Summary ~ MFM

<> Monitoring system

% successfully built moving stage system and assemble
automatic control system

< NMR probe

% could measure magnetic field with NMR prove below 0.3 ppm
<> Hall probe

< not agree with NMR results

< Next study
% identify the error source of Hall probe measurement
% study any possible sources of error; kicker, detector, -
< design moving stage for vertical superconducting solenoid

% how to calibrate the absolute field value (NMR)

» no standard magnet of 3 T
> can get field imaging map of MRI at NIRS -> cross-check

» check accuracy of main components of NMR
O RF generator, read-out circuit, purity of NMR sample, ....
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Seismic ground vibration

< Seismic ground vibration is closely related to field uniformity and
stability

[ Cryocoolers with vibration dumper I

Liquid Helium Cooling with re-condensation by cryocooler
Pressure controller to control temperature of the liquid helium

» Field quality is sensitive to relativel __="% 3J —
position btw yoke and coll | SR A o s S e o

> random & individual vibration due
to mechanical resonance

-> disturb uniform field

’ with sub-micron stability

B SS— “S—— =

e Started seismic measurement at MLF
for later structural analysis




Seismic ground vibration

< Measurement : for one week every month

Meas: Area ™

o

 Laser accelerometer
v-direct, 0.1 — 100 Hz
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 Servo accelerometer
X, Y, v-direct, 0.1 — 400 Hz



Example of seismic ground vibration

< Data at MLF and KEK

Seismic Vibration
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 vibration is larger than KEK,
especially below ~3 Hz

« wave tide and soft ground
peaks disappear

reason???

 @Ground around J-PARC site
-> mainly sand

Mechanical analysis with ANSYS
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Displacement (mm)

Displacement (mm)

Displacement Trend
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Study of Mechanical Resonance ~ yoke

< Coil design < Yoke model (quadrant)
(study is on going) o
e = OPERASD Outer Radius \
[ron return “ 23 m :
yoke (1/8) ~beam
Inner Radius Height
2.3 m 3.2 m
5 N,_ 1 g Modal and Spectrum analysis
A G with ANSYS



Modal analysis
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<> PSD data for ANSYS are based on

<> These four basic mode are applied

measured data at MLF.

in the following spectrum analysis



Spectrum Analysis

NODAL SOLUTION . ANSYS
total displacement R

1

E-04 .

o
e

"max: 38 um

__/'/-
.156E-04 .219E-04 .282E-04 .346E-04
4E-04 .187E-04 .251E-04 .314E-04 .377E-04

g-2 yoke model, mechanical model

< 38 um : seems to be small enough

< should analyze the influence on the
field uniformity
< good field region
“ Injection region



Summary ~ seismic vibration

< Measurement of seismic ground vibration at MLF
% clearly different from KEK
» larger than KEK; especially below 3 Hz

< First mechanical analysis of Iron yoke
< Displacement of yoke is not so large in the present analysis

< Next study
¢ continue to observe the seismic ground vibration at MLF for a year
¢ check the influence of the field quality
¢ mechanical analysis of coil
 analyze more detail model.
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R&D of Cryogenic System

<Mechanical resonance would affect field quality
< extra vibration source -> may cause large vibration

Present design of cryogenic system = thermo siphon

/<> GHe is re-condensed by cryo-cooler
The system could be operated for the long term
without additional LHe.




Vibration excited by cryocooler

Measured Result (Vertical direction)

- Seismic Vibration in Kamioka Mine
- \\/ithout vibration reduction system

1.2 Hz — \\ith vibration reduction system
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R&D of Low vibration cooling system

< R&D project of low vibration cooling system with
thermo siphon loop has been launched in Cryogenic
Science Center of KEK.

< Ultra-low vibration conduction
cooling system has been
successfully developed in
Cryo. Sci. Center.

In one year:
 build prototype of cooling system

e study how to reduce vibration in
thermo siphon cooling system




Summary

< Magnetic field monitoring system
< built prototype system and did the first test
< Some issues come up <- to be studied
> error source of Hall probe measurement

» design of monitoring system for actual g-2 solenoid
> calibration of the absolute field value

< Seismic ground vibration measurement
% Seismic ground vibration at MLF was measured.

< made spectrum analysis with Iron yoke based on measured
vibration

<+ keep to measure vibration and make mechanical analysis
with detailed model

< R&D of cooling system

< launched R&D project of thermo siphon cooling system with
low vibration

< will start quench protection analysis as soon as coll
parameters are fixed.
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