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ESR Field Meter Measurement of SSC Magnets

Introduction

SSO requires large numberof magnetsto be measuredin a short time. In the
presentplan, we would like to eliminatethe cool test for most of the magnets.
Electron spin resonanceESR methodhas a possibility of measuringmagnetic
field very accuratelyat low currentwithout cooling it down.

Measurementmethodsbasedon rotatingcoil hasbeenusedin thepastmagnet
developments.Though theywould be still effectivefor the SSC measurement,an
alternatemethodwhich usesESR could showsomeadvantages.It doesnot need
any mechanicalmotion. It gives "absolute"result independentto the geometry
of the probe. It measureslocalizedfield ratherthan the averageover thelength
of the pick up coil. This note describesthe first attempt to useESR for SSC
magnetfield measurement1at Fermilab.

ESR and NMB.

Magneticmoment, ji, with angularmomentumbehavesaccordingto the equation:

1

under static magneticfield .U, where ‘y is a constantrepresentingthe gyro-
magneticratio. . This is written in a coordinatesystemrotating with angular
velocity &,

dji=d’jZ+GhltxjZ 2

as:

3

Distribution: R.Bossert, J.Carson, S.Delchamps, S.Gourlay, T.JalFery, W.Koska,
M.Kuchnir, M.Larnm, G.Pewitt, R.Sims,J.Strait, talk on MSIM, January7, 1992.

1The work partly supportedby Japan-U.S.collaborationfund.
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Obviously, the magneticmoment looks static if w = 7H. In the static coor
dinate systemmagneticmomentmakesprecessionaroundthe externalfield axis
at the angularvelocity cv. If a rotating field 2 H1, with frequencyii = w/2r
is applied perpendicularto the static external field, the magneticmoment ro
tatesin the rotating coordinatesystemaround H1, which meanstheflipping of
the magneticmomentin the static coordinatesystem. This happensonly when
the applied magneticfield frequencyis the sameas the precessionfrequency,
hencethis is a resonancebetweenelectro-magneticfield and spin state. There.
fore hi.’ = 7hH/2ir shouldcorrespondto theenergygap of thespin state,ypH in
quantumtheory. Differnce of electronmassandprotonmassmakesa threedigit
differncein theresonancefield at the samefrequency.

Observationof the phenomenacanbe mademeasuringthe Q of atank circuit
which contains a sampleunder external field. A solution of detailedequation
of motion madeby Bloch gives the imaginary part of the susceptibility,f, at
angularfrequencycv as

X 1+wlH2T?’
4

whereT3 is the spin-spinrelaxationtime constantandM0 is the static mag
netization. Sinceelectron spin has muchlargerM0 andmuch shorter 2’2, it can
havevery largesignal comparedto that of NMR. On the other hand, the shorter
T2 causedby the long rangedipole interactionbetweenspinsmakesthe resonance
signal more broad. The absoluteaccuracyof the measurementbecomeslesseasy
becauseof this fact. Dipole broadeningof the ESRsignal is so largeas to make
it almost uselessfor field measurement.But in somechemicalcompoundswhich
have overlaps in electron wave function havemoderatelylonger T3 becauseof
the exchangeof electrons. Crystalline organic radicals such as diphenyl picryl
hydrazylDPPH arethe typical m terial which arerelativelystablein this kind.
Although ESR signalhasline width of a few tenth of gauss,the clear line shape
without wiggle makesit possibleto definethe centerof resonanceby electronics.
The comparisonbetweenESR and NMR is summarizedin thefollowing table.

oscillating field is consideredto be a combination of two rotating field in opposite
direction.



ESR NMR

resonancefrequency hr.’ = 9e/LBH hr.’ = 9NILNH

magneticmoment PB = j-
0.92732 x1023

=
0.50504x1026

usefulsample DPPH
2804.424kllz/G

H3O
4.257608kllz/G

1320
0.653569kHz/G

relaxationtime
signal form

view modulation

-.-‘ lO8sec

10Hz

r.s 104sec

30 Hz
practicalmodulation 10kHz field modulation

for PSD lock
10 kHz frequencymodulation

for PSD lock

Measurement Equipment

The measurementequipmentfor ESRobservationmeterconsistsof voltagecon
trolled rf oscillator,amplifier, phasesensitivedetector,and a probe which hasa
tankcircuit, modulationcoil andsample.A viewing oscilloscopeand a frequency

counteris necessaryto measurethe field. A set of type EFM-3OAX ESR.field

meterfabricatedby EchoElectric wasbrought from KEK to Fermilabas a part
of collaborationprogram. This field meterusesDPPHg = 2.0036asthesample
and the samplesize is about 5 mm cube. The probemeasures10mm x 20mm in

cross section.
Field meter wasconnectedthrough EIG-488A unit .o a HP98563computer3

called MLT2 on the networkaddress131.225.45.12.A 11P3457ADVM andashut

was used to measurethe current during the measurement.A current of about 4
A was given to the magnetusing K pko B0P72-6M aspower supply.

Initial Measurement Results

Fig.1 is thefirst measurementmadein modelmagnetDSA324whichhada curious
transferfunction changeover the length observedat low temperature.Though
the measurementwasrough andespeciallyhad difficulty in maintainingconstant

current in themagnet,it was possibleto seethe collar packageperiodicity of the

magnetandthe locationof the pressuregauge.

3Softwareunderdevelopmentby Donna Kubik
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Application for long dipole magnetswere attemptedin DCA317 collard coil
andDCA316 yokedcoil. Fig2 and Fig3 are theresultsof themeasurement.Field
shapeat the end part looks different from that of model magnet.Reproducibility
of the measurementwas good to the 6th digit as shownin Fig4.

The powersupply was found to be ableto supply currentstablyaftera long
warm ups if we do not use the externalcontroller of the current. The major
sourceof the fluctuationcomesfrom the noiseof the current measurement.Fig4
showsthe measurementmadefor 1 hourat the sameposition.

Thesemeasurementaccuracymaybe good enoughto measuretheintegration
field of the magnetat room temperature.The problemfor the collared coil is
that the measurementis sensitiveto the irons in the environment. Fig 5 is an
exampleof the cranepassover themagnetwith nothinghanged.

Measurementsfor yoked magnetis shieldedfrom externalobjectsbut hasthe
effect of hysteresisof the yoke. Fig6 is the measurementresultswith different
polarity of current.Enlargedview in Fig.7 showsthe hysteresisis as largeasin
the 4th digit. If the magnetis measuredafter cold test the magnetis expected
to haveabout7 gaussof magneticfield without current.

Conclusion

Theuseof ESRin themeasurementof SSC magnetswasattemptedin success.To
makethis measurementreally useful, it is necessaryto establishthetransporter
of the devicein themagnet.A corelationstudy betweenwarmmeasurementand
cold measurementhasto be madein a hurry.

‘-4--.



U 0 Ic
U In

Cl V C’

a-

7
V

H

13

4
C

I
‘p
In
I-

Q

L

0
If

0

C
Y

iiC*J

M

Sn

0

0
0
Y

C
0

V

ftJJ



-10 0 10 20 30 40 50 60 70 80 go

t*itI.ovt Ltv* -r

RCtt4%

1.04

1.02

1.00

0.98

0.96

*11
-Y



I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

_.fl q5[j. jp jflpu .o.J1UIAaAr

0.78 -

a
0

C

jo.76 -.

J 0.74 Co/

0.72 -

070 I I I I I I I I I I I I I I I I I I I

-10 0 10 20 30 40 50 60 70 80 90

C tv

4-
Li



EI5E.

0.800 I I I

DC3I’7

O..7Q5 c6iia_c Ca

t 0

.taSL.pt‘V

S
Li. -

ao..7g0
J NU

w
U

N

0.785
- D

- I I I I0.780 I I

70 75 80 85 90
Pt’strn C’

*7-*,

-A



1.0007

1.0006 -

1.0005

1.0004

St’p4 Plkctk.4th,

I I I I I I I I I I I I

-x

x
-5 x

$1 xxX
x

MN
xxtr Xx xNC

- ‘Sc x *x

IC
- x

x

x’1

x c
.,x

X
xxx XXXXX3kXX xix x

XXX Xx Xx cIx
5$ xx

x IC

xx ,c
x XXX! X X

ic xx xx x.
,c c

x

I__I I_I I I I I I I I I I I I I I I I

0 0.2 0.4 0.6 0.8 1

a

a
0

LI



0.80450

0.80445

0.80440

0.80435

0.80430

0

I
4

5 10

Z2

15

C-.-- !oi-t-

20 25



II I I I J I I I I I I I I I j I I

D
99W 922 92W 9992

1.0- 9

$ N
7 N

9 0.9
2
4 0

II x
I.L.

‘C
4 0

1- -

I 0.8_x
-o

U

D

$

0.7

0.6
- I I I I I I I I I I I I I I I I I I I I -

0 2.5 .5 7.5 10 12.5 15



1.05

1.04

A
1.03

1.02

1.O1

1.00
6 8 10 12

D

0

D

0 D 0 0 0 0 o 0 0 0

x
x

IC
IC X X X IC 3C X X X X

D

D

DC6JI ku

51

1"
‘S

PosrttC

14


