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The magnet measurement methods for a multipole superconducting wiggler using the Hall probes and stretched
wire are described. The results of magnet measurements for the 63-pole superconducting wiggler are presented. The
measurements have been carried out in the bath cryostat (with the Hall probes temperature 4.2 K) as well as in its
own cryostat using a special scanning room temperature antechamber.

PACS: 07.55.Ge

1. INTRODUCTION

The superconducting wiggler under discussion was
designed and fabricated in accordance with the contract
between Budker INP and Canadian Light Source,
Saskatchewan, Canada. The superconducting wiggler is
an array of alternating sign dipole magnets immersed
into liquid helium. The vacuum chamber is a part of a
liquid helium vessel and is inserted into a pole gap. A
copper liner with a temperature 20 K is inserted inside
the vacuum chamber to prevent heating of the liquid he-
lium vessel excited by an electron beam. Space avail-
able for the electron beam is defined by the copper liner
and equal to 50%9.5 mm.

The wiggler magnet system should satisfy the con-
tract requirements for field quality to predict an influ-
ence of the wiggler field on a beam dynamics. The simi-
lar work was done by Budker INP for other supercon-
ducting insertion devices for various SR centers [1,2]. In
order to check the field quality during the wiggler fabri-
cation and after wiggler assembling inside its own cryo-
stat, magnetic field measuring systems were used. The
main problems during the magnetic measurements are a
low temperature (4.2 K and 20 K) and a very small
space for the magnetic field probes. The magnet and
cryogenic design of the wiggler are presented in [3].

2. MAGNETIC MEASUREMENTS
IN THE BATH CRYOSTAT

After the fabrication and assembling of the wiggler
magnetic system, it was tested in the bath cryostat. The
magnetic measurements have been carried out by using
an array of five LakeShore Hall probes which were
placed inside the liquid helium at 4.2 K. The Hall
probes were mounted on a rotating disk with a rotation
angle of 90 degrees. In spite of that the Hall probes were
previously calibrated at 4.2 K and high level field value,
there is no guarantee that calibration will be the same
after subsequent cooling down. In order to increase the
field quality measurements, a relative calibration proce-
dure was performed first. For the calibration procedure,
the Hall probes array was rotated in such a way that the
probes are going in one way following one another for
the relative probes calibration. The next measurements
have been carried out when the probes are placed per-
pendicular to the motion direction. In this case, during
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the probes movement, the magnetic map in one plane
has been measured.

3. MAGNETIC MEASUREMENTS IN THE
OWN CRYOSTAT

The magnetic measurements of the wiggler assem-
bled within its own cryostat have been done with the use
of a special scanning measuring system. The assembled
wiggler length from flange to flange is about 2.2 meters.
As was mentioned above, the accessible space for the
magnetic measurements is 9.5%50 mm and is defined by
the copper liner (at the temperature about 20 K).

Thus, to make the magnetic measurement conduct-
ing at a room temperature, an antechamber has been
used inside the copper liner. This is a titanium tube with
an internal diameter of 6 mm (see Fig.1). This tube is
movable and is a part of the scanning system. There are
two types of the measurements that can be done with
this tube — the magnetic map measurements with the use
of the Hall probe inside the tube and the field integrals
measurements with a wire with a current placed inside
the tube. The scanning range of the tube is =15 mm in
the horizontal plane and £1 mm in the vertical plane (at
the central horizontal position only). The photo of the
one part of the system is presented in Fig.2.
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Fig. 1. The copper liner and the tube positions

All control and measuring equipment is produced
according to the VME standard.

3.1. WIGGLER MAGNETIC MAP MEASURING

Due to a small internal size of the tube only two Hall
probes are used for the magnetic map measurements.
These two probes were mounted perpendicular one an-
other to measure simultaneously the vertical By and hor-
izontal B, magnetic field components. 3-D magnetic
field map is a result of scanning of tube ends in X and Y
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directions and the Hall probes movement inside the tube
with appropriate steps.
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Fig.2. Photo of the scanning part of the system m n ﬂ A ] L
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Simultaneous measurements of the magnetic field
components By and B, give a possibility to make correc-
tion to the magnetic field strength in the median plane in
case of the Hall probes rotation as whole during longitu- oo \l U f l } 1 /

dinal scanning. The minimum step between the mea-
surements along the wiggler is 0.1 mm.

Fig.4,a and Fig.4,b show B and B, field components o511 o
behavior along the wiggler at 2 T magnetic field. The V U U U U V V U u
angle and the full magnetic field value taking into ac-
count both the field components are presented in Fig.4,c
and Fig.4,d, correspondingly. An overlapping of 5 lon- - nnn e o ann “nnn #onn
gitudinal passes of the Hall probe with the horizontal 30—
coordinate at -10 mm, -5 mm, 0 mm, 5 mm, 10 mm at
the field of 2 Tesla are presented in Fig.3.

20

il
3.2. FIELD INTEGRALS MEASUREMENTS W W ‘ Y j

A stretched wire method was used for the magnetic
field integrals measurements. This method has been al-
ready applied for previous wigglers measurements [4]. '

In the proposed wiggler field integrals measure- M ﬁ
ments, the Hall probes were replaced by a wire with a
current. The DC current of the wire is 2 A. The wire N\
was stretched with force of 19N for modeling of
2.9 GeV electron beam. The AC current with
1.125 MHz are used for wire position monitoring during =2 =1 =1 T [ T
the measurements. The measurement precision of the + Zmm
1 mkm corresponds to the 2 Gs*cm of the first field in- c)
tegral and 500 Gs*cm?® for the second field integral. 21 ﬂ
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The scheme of the wire method is presented in Fig.5.
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Fig.3. Overlapping of 5 longitudinal passes of the Hall . .
probe with the horizontal coordinate of -10 mm, -5 mm, Fig.4. Results of the magnetic field measurements at

0 mm, 5 mm, 10 mm at the field of 2 Tesla 2 Tesla magnetic field: (a)B.field component,
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(b) B, field component, (c) rotating angle of the Hall tions of the very low temperature and small available
probes (degree), (d)full magnetic field space. The results are in good agreement with the calcu-

lations and the contract requirements.
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Fig.5. The scheme of the stretched wire method
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Fig.7. Second field integral behavior during ramping

A dynamical stability of the first and second integral up of the wiggler field
during ramping up and down of the wiggler field with
the help of the stretched wire method was tested. The REFERENCES

results are shown in Fig.6 and Fig.7.
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MAT'HUTHBIE U3BMEPEHMUS 63-ITIOJIIOCHOI'O CBEPXITPOBO/JSAIIEI'O BUTTJIEPA C ITIOJIEM 2
TECJIA JJI1 KAHAJCKOI'O HCTOYHUKA CHHXPOTPOHHOI'O U3JTYYEHUS

E.A. bexmenee, M.B. Kyzun, C.B. Xpywies, H.A. Mezenues, E.I. Muzunckasa, B.A. llxapyéa, B.M. I[ykanos

OmnwncaHbl METObI MArHUTHBIX W3MEPEHHH [UII MHOTOIIOIIOCHOTO CBEPXIIPOBOASAIIECTO BUITIIEPA C UCIIOIH30Ba-
HHUEM JaTYMKOB XOJja U HATSHYTOH MpPOBOJIOKU ¢ TOKOM. IIpuBeneHs! pe3ynbTaTsl MAarHUTHBIX U3MEepeHHi 63-1o-
JIFOCHOT'O CBEPXIPOBOJISIIETO BUTTIIEPA B ITOTPY>KEHHOM (TIpH Temneparype narunkos Xoiuia 4.2 K) u coocrBeHHOM
(c ncnoIp30BaHUEM CIIEIMATIBHON CKaHUPYIOIIEH aBaHKaMepbl KOMHATHOM TeMIepaTypbl) KpHOCTaTaXx.

MATHITHI BUMIPH 63-IIOJTIOCHOI'O HAJIMMPOBIAHOI'O BIT'TJIEPA 3 IIOJIEM 2 TECJIA JJIsA
KAHAJICBKOT' O 1) KEPEJIA CUHXPOTPOHHOT'O BUTIPOMIHIOBAHHS
€.A. bexmencs, M.B. Ky3in, C.B. Xpywivos, M.A. Me3enuyes, €.I. Mizincoka, B.A. IlIkapyoa, B.M. Ilyxanoe
OnucaHo METOOM MAarHITHUX BHMIpIB Ui 0araTOMONIOCHOTO HAATIPOBITHOTO BITTIIEpa 3 BHKOPHUCTAHHSIM
JMATYUKIB XONy W HATATHYTOrO JAPOTY 31 cTpyMoM. HaBeneHO pe3ysbTaTH MAarHiTHHX BUMIPIB 63-IOJFOCHOTO
HaJPOBITHOTO Birriepa B 3aHypeHoMy (Tipu Temrepatypi naruukis Xoiry 4.2 K) 1 ocobrctomy (3 BUKOPHCTaHHSAM
CIeIiagbHOI CKaHyI0Yb01 aBaHKaMepH KIMHATHOT TeMIIepaTypH) KpiocTaTax.
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