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Abstract 

In order to increase and survey the long term stability of the PS B-train generator, the 
possibility of using an NMR (Nuclear Magnetic Resonance) based marker system lik.e in tJie 
SPS has been investigated. However it turned out that due to the constraints imposcil by the 
PS reference magnet and the time structure of the PS B-train, this kind of solution could not 
be applied. The reason being that the NMR requires a very homogeneous B-field and also a 
measurement time beyond 0.1 s. Thus the FMR (ferrimagnetic resonance) using 
polycrystalline YIG (Yttrium Iron Gamet) spheres has been applied as it is very insensitive to 
field gradients and the response time is in the order of a microsecond. A YIG-sphere with a 
loaded Q bandwidth corresponding to a field variation of 2 Gauss has been installed in the 
PS reference magnet and the performance was monitored over 3 months. It turned out. that 
this "marker " system shows a good long term stability and is suitable to serve as a point-like 
magnetic reference. Applications for the near future in the PS will cover the range between 
500 Gauss and 2 kGauss, but measurements at higher fields are also possible with a suitable 
synthesizer in the corresponding frequency range (gyromagnetic ratio 2.8 GHz/kGauss). 
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1 Introduction 

With the installation of the Nuclear Magnetic Resonance (Ntm.) System at 

CERN, the precision improvement of the magnetic field measurement became 

better than 10 E-5. The SPS Division replaced the old magnetic flux 

measuring system by the probes of the new mm system inside the reference 

magnet (building BA3). All devices hav·e been working satisfactorily for four 

years in Accelerators Continuous Current (Collider) mode. The NMR system has 

a response time of a few seconds, which is disadvantageous for measurements 

during the pulsed (fixed target etc.) mode, especially for flat tops shorter 

than 2 seconds. For the LEP cycles and for ramps, the PCO/MR and ·co sections 

developed a manually c~ntrolled method (see SPS/AOP/Note 88-S of 8th August 

1988), which gives good results which are precise enough but it takes a long 

time to measure the field values. Only one or two values per hour are 

readable after difficult adjustments. In 1988 the manufacturer of our NMR 

probes, METROLAB, worked on an automatic computer aided measurement system 

for flat tops longer than 2 seconds. The PCO/MR & CO sections tested this 

arrangement at CERN on the Main Ring Magnet and observed very good results 

of the equipment presented. Based on this experience, METROLAB carri"ed out 

an advanced computer aided method to measure the very short LEP cycles and 

ramps. The prototype was tested at CERN and the results are reported in the 

following pages together with a short description of all necessa~ devices. 

2 Principle of Operation 

In order to measure with great accuracy <= 10 ppm) a time variable 

magnetic field, one can use either of the following two different 

instruments: 

a) mm Magnetometer, e.g. METIOLAB model PT 2025 ~ I'~ ~ 
sf( Q. .(1(/ ff I ~'kf{ )' h /T'h-z,p./~t'OO( /l-1'1e U ..C-:> 

b) Fluxmeter, e.g·. ME'BOLAB 11.0del PD 5025, a pi:eciaion digital 

integrator associated with an. appropriate coil system 

The NMR magnetometer can perform measurements of accuracy greater than 

10 ppm but requires the field to be stable for approximately 1 second 

(= 0.8 seconds minimum). 
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The fluxmeter system is optim~ for measuring "on the fly" fields which vary 

rapidly with time. However, the measurement presents a time drift which does 

not allow the required precision. 

The new system proposed by METROLAB can combine the two instruments provided 

that the field cycle features two platforms which are long enough to allow 

for two NMR measurements. The principle of operation is the following: 

the digital integrator continuously provides a number of counts N i 

where "i" indicates a particular interval of time between two external 

triggering pulses of a user~definable sequence. 

N i being directly proportional to the corresponding field •. variations, 

the measurements of the integrator are intrinsically relative • 

. , 
if the field cy'cle features two platforms where NMR measurements are 

possible, the integrator's results can be, a posteriori, "corrected" to 

give the a~-~1ute value field shape. Moreover, the NMR measurements of 

the platforms permit correction of the zero point drift of the 

integrator thus allowing an accuracy of ~ 10 ppm. 
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' I-3 Principe de lecture de la frequence de resonance fpf-fJOf-Afofe__, 

Pt-r I-3.1 A champ fixe 

Il s'agit de rechercher la frequence de resonance qui ne peut etre 
trouvee qu'en la faisant varier legerernent p~r une exploration de 
frequence autour de la valeur attendue. Au passage dynamique de la 
frequence de resonance, la sonde delivre un signal correspondant a sa 
resonance. Habituellernent, cette frequence d'exploration couvre environ 
~ 1 ~ de la frequence attendue, en croissant et decroissant lineairement 
(fonction triangulaire) a basse frequence (30 Hz dans notre cas). Une 
fois dans la bonne zone, il faut alors centrer la frequence "zero" en 
symetrisant !es deux signaux obtenus, au passage par zero de la 
frequence d'exploratlon. 

Photo 1: Signaux typiques NHR a champ fixe 

Signal de la frequence 
d'exploration (triangle) 

Signaux de la sonde (en 
montant et descer~~~~) 

Balayage: 2 ms/div 

La lecture de la frequence "centree" indique le champ mesure (avec les 
constantes appropriees). 

I-3.2 Hesure a champ variable (Methode Pahud) 

Nous avons cherche s'il etait possible de mesurer la resonance lors des 
.. pseudo-paliers" des cycles Leptons, et plus precisement aux instants 
exacts d' injection et d •extraction. En utilisant pour l' instant le 
materiel existant, nous avons synchronise le declenchement d'un 
oscilloscope a memo ire exactement 10 ms avant le point a mesurer af in 
de bien visualiser le signal de la sonde. Comme 1 • oscillateur de 
wobbulatlon ne peut pas etre controle de l 'exUrieU.r, il a fallu de 
nombreuses mesures afin d'obtenir une lecture correcte (le ripple 
deforme egale~ent le signal), tant sur le flanc montant de la frequence 
d'exploration, que sur celui descendant. 

La precision du centrage peut s'effectuer dans une gamine de ± 2 gauss. 
Cetta valeur a bien pu etre confirmee par la mesure de tous les points 
du paller pour lesquels une bonne image du courant (sur oscilloscope ) 
et une lecture dlgitale valable, dans la milliseconde, ont set"Vl de 
reference. 
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Coupling structure of a single-stage 
filter 

·,. 

The essential RF-coupling 
The RF-energy transfer from a 
transmission line (a TEM-line) to/ 
from the VIG resonator is esta­
blished by magnetic coupling from 
the semicircular loops as shown in 
Fig. 2. To prevent unwanted coup­
ling in absence of VIG-resonance 
(off-resonance isolation) the .. loops 
must be orientated orthogonally to 
each oth~r. Coupling of the RF 
field to the VIG resonator is ach­
ieved by concentration of the RF 
magnetic field in the vicinity of the 
sphere. Also biasing field must be 
orthogonal to RF-fields, and·. best 
electrical performance is obtained 
when an uniform RF and bi.asing 
field intercepts in the VIG-sphere 
region. 
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SOURCE: Final Report, Contract DA 36-039 SC-74862, SRI; reprinted 
in IRE Trans. PGMTT (see Ref. 3 by P. S. Carter, Jr.) 

A SINGLE-RESONATOR MAGNETICALLY TUNABLE FILTER 
USING LOOP COUPLING 
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Spurious modes 
Until now we have assumed that at 
normal power· levels only the 
·main" resonance (110 magnetsta­
tic mode) is present. Hower, in all 
VIG-resonators there are higher 
order resonance modes (spurious 
modes) present. In the filter trans­
mission cur\te (fig. 6) these higher 
modes appear as ·notches". 

t 
·' 

210 ..,oc:fe 

The spurious modes are of two 
kinds, tracking off-resonance 
modes having passbands at con­
stant frequency distances from 
main resonance, i.e. they have the 
same tuning sensitivity as the main 
resonance. The spacing between 
the tracking mode and main reso7 
nance decreses with the saturation 
magnetization of the VIG-spheres. 

'30 D~9 { 
per 

.sta.9e --~-
i--~~~~~~~~~--'1--~~~~_,__~·+:-=··=-~·-_.,_ 

There are also other modes, pass­
band spuriouses, tuning at faster 
rates and hence they may cross 
the frequency of the main reso­
nance. These modes are excited by 
non-uniformities in the applied RF­
field, and couple to and distort the 
main mode. Such modes are indi­
cated in Fig. 4 and 6. The passband 
spurioses together with a variation 
of the interstage coupling in the fil­
ter gives a ripple in the passband, 
typically around 2-3 dB. 

;:?-{PV?~ f I f'E L 11 /:. l'-7/S 
/'I{ /ro~c/.r Qu..ot 

/I/'~ l!c c Q fr~ /1-z" le 07 

Fig. 6. Passband transmission characteristic of a YIG-fif: . 
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Y 2.4 Cao.6 [Fe1 .31no.7] (Fe2.1V0.3)012 

4nM5 ::= 1200 Gauss 
~H - 1.5 .Oe bei 3 GHz 

Dies Material mit niedriger Kristallanisotropieenergie von ca. 200 erg cm-3 eignet sich 
gut fur Magnetfeldmessungen oberhalb der Sattigung der Kugel bei ca. 400 Gauss, 
da das fur polykristalline Kugeln typische LiH-Maximum infolge Kristallanisotropie 
beim Eintritt der uniformen Prazessionsresonanz ins Spinwellenband 
(ro = 2/3 ')'4nMs) nicht sehr ausgepragt ist. Bei Messungen < 800 Gauss muB zur 
Vermeidung der parametrischen Anregung von Spinwellen mit der halben FMR 
Frequenz der HF-Leistungsp~gel niedrig bei ca. -20 dBm gehalten vverden. 
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Fig. 5: Measured FMR stgnals of a 
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Agure 4 - Range of 3 dB bandwidths available in Ferretec bandpass YIG filters 

• Instantaneous Bandwidth 

Figure 4 shows the wide range of bandwidths Ferretec 
provides in b~ndpass filters. Both minimum and 
maximum achievable bandwidths are shown as a 
function of the minimum operating frequency of the 
filter. 

Changes in the coupling coefficients occur with 
frequency, and result in the growth of the bandwidth 
near the high end of the tuning range. Ferretec's 
precisely designed structures and proprietary loop 
configurations minimize this growth while maintaining 
the best possible VSWR. 
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Geneva, 17 June, 1994 

MEMORANDUM 

Afro: PPC 

De/From: F. Caspers 

Concerne!Subject: . B-f'reld marker for the PS .B~ttain based on ferrimagnetic resonance (FMR) 

PROPOSAL AND COST-ESTIMATE 

TIIE SYSTEM CONSISTS OF AN FMR FIELD-PROBE ACTING AS A 
1RANSMISSION RESONATOR. TIIlS FIELD PROBE IS INSTALLED ('') 
IN TIIE PS -REFERENCE MAGNET AND GIVES A REASONABLE 
RESPONSE ABOVE 500 GAUSS. AN EXPERIMANTAL SETUP 
USED SINCE APRIL nns YEAR HAS SHOWN SATISFACTORY 
PERFORMANCE (RESOLUTION AND STABILITY ABOUT 0.2 
GAUSS).THE RELATION BETWEEN B-HELD AND RESONANCE -
FREQUENCYISGIVENBY 

F 2.8 GHZJKGAUSS 
IT IS PROPOSED TO USE THE FREQUENCY RANGE 1.5-6 GHZ. 

SHOPPING LIST: 
1 SYNTHESIZER (0-3 GHZ} 
1 FREQUENCY-DOUBLER 
2 MICROWAVE AMPLIFIERS 
2 DETECTOR-DIODES 
2DCBLOCKS 
115VOLTPOWERSUPPLY 
1 LOW FREQUENCY AMPLIFIER 
1 DIGITAL SCOPE 
1 PLOTTER 
2 CAMAC GP-IB INTERFACE 
1 DIVERS 

TOTAL 

15KSFR 
1 
3 
1 
1 
0.5 
2 
5 
2 
5 

. 1 

36.5 KSFR 

(TOTAL) 
(TOTAL) 
(TOTAL) 

(TOTAL) 




