UHCTUTYT AOEPHOHN ®U3UKHU CO AH CCCP

V.A. Alexandrov, A.A. Mikhailichenko,
V.V. Parkhomchuk, A.A. Sery,
V.D. Shiltsev

LOW APERTURE MAGNETIC ELEMENTS
MEASUREMENTS

PREPRINT 91-70

=

HOBOCHUBHUPCK




*i

-

LOW APERTURE MAGNETIC ELEMENTS MEASUREMENTS

Alexandrov V.A., Mikhailichenko A.A., Parkhomchuk VNS
Sery A.A., Shiltsev V.D.

Branch of Institute of Muclear Physics, Protvino, USSR, 142284

ABSTRACT

In this paper two new methods of magnetic field measurements in
low aperture elements are discussed. The -first method uses thin
magnetoresistive bismuth wire and the second - strained wire with .AC.
Principles of measuring used In the last technique are different from
well known SLAC method of vibrating wire. Results of testing 0.38 T/mm
quadrupcle and VLEPP final focus test 3 T/mm lens are presented. Brief
comparing of the lens axis determlnation precision of these methods is
also discussed.
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AHHOTALIMA

B naHHOK paGoTe OOCYMIAWTCA IBAa HOBWX METOfa M3MepeHuH B
MANoOanepTypHeX 3JIEMEHTAX MarHWTHOH ONTHKM. B nepeoM M3 MeTOmNOB
HCNONb3yeTcA 30PeKT 3aRKCHMOCTH CONPOTHBISHMA EHCHYTOBOH NpOBOMOYKH OT
MArHHTHOTO MOJA. BO BTOPOM M3MEDAKIMM DBNEMEHTOM ABNASTCA HATAHYTaA
MPOBOJAWAA HHTbL 0O KOTOPOA TNpONyCKaeTcA fepeMeHHHH Tok. Chegyer
OTMETHTb, YTO METON HATAHYTON HHTH He CXONEH C pasEMBaeMuM B SLAC CIA
METONOM BHOpHpymIeH HHTH. [IpHBefieHM pe3yNbTaTsl H3Mepeuwit TecTomok
KBaJpYTONbHOR MMH3b C rpamMesToM 0.38 T/MM ¥ TecToBOR IMH3W AfA CHCTEMH
¢uHancHo# GokycupoBkr BIIBNN ¢ rpamMeHTOM okono 3 T/MM. O6cyxaeHy
NpenesibHbe TOUHOCTH ONpeReNieHMA MArHMTHOH OCH NMH3W OOOHMMM METONAMM.

INTRODUCT ION

For TeV region of linear colliders the problem of magnetic element
construction of highest strength is very important. For example, in
gquadrupole lenses gradient of about 3 T/mm should be received. If the
magnetic field in the lens would be formed by iron poles then the
aperture of the lens should be equal or less than 1 mm. For such
apertures traditional methods of field measurements can not be used. Two
relatively new methods suitable for the situation will be discussed in
this paper. The first method is based on dependence of bismuth wire



resistance on magnetic field amplitude. The second method is based on
measurements of wvibration amplitude of wire in the lens, when
alternate current ls passed through the wire.

1. BISMUTH WIRE FIELD MEASUREMENTS

In this method we used the Gauss effect - magnetic senslibllity
of the resistance (of bismuth wire In this case). The one of it
attractive pecullarities is a possibility to get the Iintegral
characteristic of magnetic field in low aperture magnetic elements.
Indeed, the minimal aperture is determined by the diameter of wire.
Using of the blsmuth wire is very sultable for lens magnetic axis
searching. And by the parallel movement of the wire the transverse
distribution of the field may be received [1]. In low flelds bismuth
resistance has a squared dependence on fleld, and in strong one -
linear dependence. For example 1n gquadrupole lens wilth constant
gradient B=G:r the reslistance of the wire placed at the center of lens
is equal to :

R '=_ T jn(14A-G+a”) (1)
pn~1~a-53

where p_ - speciflc resistance without field, I - length of wire, a -
diameter of the wire.

At fig.1 one can see the wire resistance vs magnetlc field. With
the help of fourth order polynom approximation value of constant A for
the expression (1) 1is determined A=7.0-10"° 1/G°. However, the
resistance of the bismuth wire also has a strong dependence on the
temperature. It's thermosensibillty is egual tlo 4.2+10 ° 1/degree. We
tried to opvercame this obstacle by the help of impulse feeding with
stabllization of the average power, using measuring resistance and
taking into account nonlinear dependence from field.

A construction of the probe that was used in test experiments is
schematically shown at fig.2. Wire with diameter 0.1 mm was made from
polycrystalize bismuth and placed intoc the glass tube. After stretching
the wire has been pressed and scldered at metallic ends of tube. For
the soldering HRous’s low temperature alloy was apply. In general,
measurement has realized according to following scheme. Bismuth wire was
inserted at cne of the arms of the bridge scheme. Measuring lens, wire
and alsoc heat element, which provide the initial wvalue of the wlres
temperature, are placed at the thermoisolated container. Impulse voltage
from the stabllity source ls supplied to the bridge scheme. After the
delay time for the elimlnation of contact’s noise (approx. 2 ms) bridge
signal 1s measured. The total Iimpulse time is 80 ms, time between
measurements s 5 s.

Transverse fleld distribution in test lens is shown at fig.3, Two
constant SmCo magnets and four iron poles are used 1in the lens
construction. Diameter of the lens aperture is 2 mm, length- 40 mm.

2. FIELD MEASUREMENTS BY STRAINED WIRE

If electric current I 1= passed through the strained wire and if
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part 1 of wire 1s placed in the magnetic field B, then Lorentz force
F=I+[{1xBl/c would act on the wire, leading to Iits displacement. This
displacement contains an information about wvalue and direction of
magnetic field. Another way is to measure the wire resonant  frequency
shift in magnetic field which is proportional to magnetic field gradlient
b2l

For the test lens field measurements thin (diameter 28 microns)
tungsten wire with length of dozens times grater than lens size was pass
through the lens parallel to it's axis. An alternate current with low
frequency Fw ( 20 Hz, 10 pA ) was passed through the wire. In magnetic
field of the lens this current leads to vibration of wire. Value of
vibration amplitude in x direction (for example) is proportlional to the
integral of field By along the lens.

The wire vibration can be measured with accuracy better than 0.01
micron [3] by the next way (see fig.4). On the wire a voltage with high
frequency Fc (few hundreds of kHz) was supplied. The wire was passed
through heorizontal and wvertical pickup-electrodes. The pickup signals
have been multiplied at first with high frequency Fc and then with low
frequency Fw reference signals. This procedure gave us value of
vibration amplitude at frequency Fw and thus the integral of magnetic
field along the lens.

Calibration was carried out by using magnet with constant field.
Moving the lens we could measure field By versus coordinate x.

Field By dlstribution in x-z plane of the test lens is shown at
fig.5. One can see, that field distribution is slightly unsymmetrical
due to errors in poles mounting. :

This technique was used for measuring another 3 T/mm quadrupole
lens for linear collider VLEPP final focus system [4].

3. VLEPP FINAL FOCUS TEST QUADRUPOLE

The test lens with high gradient was designed and constructed (see
fig.6). This lens has Bore radius and a gap equal to 0.5 mm. The lens
was 10 cm long. It was constructed using low carbon steel. The lens has
two copper coils. It seems to us that colils rather then permanent
magnets are more sultable for the final lens because the precise tuning
of gradient in wide range does not demand mechanical efforts. The lens
has four correction coils that gives possibility to displace quadrupole
axls in some limlts.

The measurements of lens fields by using of strained wire technique
have been performed. During the measurements the vibration amplitude of
wire was about of few micrometers.

At the fig.7 field By in the plane 2z-x versus x when current
feedlng the lens was 0.13 A and 0.52 A. The maximum gradlent of about
2.83 T/mm was reached in the lens (see fig.8). Nonlinearity of magnetlc
field in this lens doesn’t Exceed the value of : -

E[ﬁBnﬁHd} ST e [0 R
0. Taperture

It 1s big but not vary dangerous value because transverse beam sizes in
the FF lens will be smaller than 10% of the lens aperture.

4, ULTIMATE ACCURACIES OF LENS AXIS MEASUREMENTS

For low aperture elements of future linear colllders the problem of
axis position definition is wery lmportant. What accuracy can these two



For the bismuth wire method there are some effects which result ap
accuracy limitation. At the first, diameter varliation along the wire an
leads to uncoinclidence of it's effective and geometric axises. If 215
diameter variation &a/a=1% , displacement of axis can reach 0.01:a = 1
microns. 810
At the second, if we are measuring lens with gradient G and —
sextupole S, then effective axis would be displaced on &X = a+*(S/G) from E
the true lens axis. Suppose, quadrupcle lens poles is installed with 5 8.05
error A , then sex%fpgge harmonic SaG-A/R° should appear, leading to : T
axis shift d¥=A+a” /R » where -R - lens aperture. This effect, £.00
however, is not strong: for A=1 micren, a=100 micron, R=500 micren we get
d¥=0. 04 micron.
AEz the third., dependence of bismuth resistance on temperature i
a=4+10 l/degree made us to keep stable average temperature of wire. >
variatiﬂn_ﬁof temperature &T/T=10" results resistance deviation 7.90
SR/R=4#10 ~. For lens with G=3 T/mm wire resistance versus position is
determined by expression ﬁRfﬁﬂﬁ*GE-{xfa} » thus errer in axils e R e e ke o B
definition would be about 2-3 micran. " BOD 1000 1500 2000 2500 3000 3500
As to vibrating wire methed, it accuracy of axis definition depend B(Gs
on size variation along the wire only. Using wire with dlameter 2a = 30 : : . .
micron and das/a = 1%, the precision can be made as low as 0.1 - 0.3 Fig.1 Bismuth wire resistance vs magnetic field
micromn. :

8.25
methods of fleld measurement give? }
E|
0

g Fig.1 Bismuth wire resistance vs. magnetic fleld

Bismuth wire and strained wire methods are very sultable for leow
aperture element measurement. By these methods lens axis can be found
with micron accuracy or better. ;
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Fig.2 Cross section of bithmuth wire probe
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Fig.6 The 3 T/mm final focus lens layout
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Fig.7 Transverse fleld distribution in 1 mm aperture
3 T/mm final focus lens measured by stralined
wire method for feedig currents 0.52 A and 0.13 A
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