3-187 ¢
MOJEJIMPOBAHUE METPOJIOIT'MYECKHUX U CIIEKTPOCKOITUYECKHX
UCCJIEJOBAHMI HA OCHOBE OHIYJISITOPOB C INEPECTPAMBAEMOI
D®A30U

Koxernukos A.B., Mexsenes A.®.
HHH aoeprou gusuxu TITY, 2 Tomck.

O6cysxnatorcs BO3MOKHOCTH OHAYIATOPOB ¢ MEPECTPAHBACMOl asoit qus cnexrpockonna n
METPONIOTUH, KOTOphIC Oa3upylOTCs Ha KOMMIBIOTEpHOH 06paGoTKe CHEKTpOB OHAYIITOPHOrO
HM3yYEHHs, MOMYIEHHBIX NPH PasaMuHBIX (asax omaynaropa. Pasmocts crexTpanskol miorHoCTH
HMITYSCHHA U3 OHAYIATOPA AN ABYX €ro (pasOBEIX COCTOAHMIH, HA3BAHHAS PA3HOCTHBIM SAPOM, HMEET
CYWICCTBCHHBIC TPCHMYIIECTBA MO CPaBHCHHIO C OOBIYHBIM OHAY/ISTOPHBIM H3ITyYeHHEM: Gomee
BBICOKHC HANPABICHHOCTb, CHEKTPaNbHAS JOKANH3ALMA, CTENEHD MOMIPH3ALUME H METPOIOTHYECKOE
kauectso. BO3MOXHOCTH OHAYIATOPOB C TepecTpaHBacMOM (asolf HILTIOCTPHPYIOTCS METOIOM
KOMIBIOTEPHOT0 MO/ICTHPOBAHMS HA TPEX KOHKPETHBIX PAMEPAX.

Anaromii Kosxesrnkos kozhev@mail tomsknet.ru
SIMULATION OF METROLOGY AND SPECTROSCOPIC RESEARCHES BASED ON THE
ADJUSTABLE PHASE UNDULATORS

A.V. Kozhevnikov and A.F. Medvedev

Nuclear Physics Research Institute of the Tomsk Polytechnic University,
Tomsk, Russia

The capabilities of adjustable phase undulators for spectroscopy and metrology are considered.
They are based on computer processing of spectra of the undulator radiation obtained at different
phases of an undulator. The difference of a radiation spectra from an undulator for its two phase
condition called as an difference core. It has essential advantages as contrasted to by usual undulator
radiation: higher a directivity, spectral localization, degree of polarization and metrology quality. The
capabilities of adjustable phase undulators are illustrated by a method of computer simulation on three
particular examples.

Anatoly Kozhevnikov kozhev@mail. tomsknet.ru
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CTATYC PABOT 110 U3TrOTOBJIEHHIO Y UCTIOJIb30BAHUIO CUJIBHOIOJIEBBIX
CBEPXITPOBOJSAIINX BUITJIEPOB B USI® CO PAH.

Barpaxos A M., Boposuxos B.M., Kapnos I'.B., Kyaua M.B., Mesenues H.A., Penxor B.B.,
®enypun M.I'., Llkapy6a B.A.

Hrcmumym soeproti usuxu um. I H. Byoxepa CO PAH, 630090 Hoeocubupck, Poccus

B MA® CO PAH B mocnesnne rofibl aKTHBHO Pa3BHBACTCSA TPOH3BOACTBO CBEPXIPOBOAAIIHX
BHAIT/IEPOB C BBICOKOH MHAyKUHMeH MarmutHoro moms. B 1999 6wita sasepmena pabora Haa
CO3JAHHCM OJHOBPEMCHHO ABYX  CBEPXNPOBONAINMX BHITNEPOB Ui YCKOPHTENbHBIX LEHTPOB
BESSY-II (Germany) u SPring-8 (JAPAN). Mcrmons30BaHHE CHIIBHOIIONEBBIX BHITNIEPOB JaeT
BO3MOXKHOCTh CMECTHTB CIEKTP H3TYYEHHS YyKe MNOCTpoeHHmXx wucrounnkos CU B Gonee
KOPOTKOBONIHOBYIO OOMAacTh M 3HAYMTENBHO YBENMYHTh MOUIHOCTH H3IYGCHAS. JTO 3HAYHTEIBHO
PacUIMpPACT BO3MOXKHOCTH cCymecTByromnx wucrounnkos CHM u mossomser npoBoanTs HOBHIE
aKcrepuMeHTl, Kaxasiii M3 BHITIEPOB HMEET CBOH XapaKTepHBIE OCOGEHHOCTH M IPOEKTHPOBAICA
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CMENUANBHO AN KAXKAOTO0 KOHKPETHOTrO HakomurenbHoro xonena. B Tabmune 1 npeacrasneHsr
OCHOBHBIEC XapAKTCPHCTHKH 3THX BHITIEPOB.

Haxonurens BESSY-II SPRING-8
Topoxm, Bepmun, XuMeTKH,
Crpana (CepManms) (Amonms)
Craryc Cobpan u Cobpan u
TECTHPYETCH Ha TECTHPYETCA Ha
BESSY-II SPring-8
MaxkcuManbHOe 1ojie Ha 7.5 10.3
LEHTpaJbHOM Tomoce, T
ITone 6oxosoro momoca, T 1.4 1.9
MarHuTHas JJIHHA, MM 1000 1042
BeprukansHbiit 51 40
MATHUTHBIH 3330, MM
3amacensas sHeprus, kJhk 140 400
["abapuTe! BAKYYMH. KAMEPEI
BEPTHKAJILHBIE, MM 32 20
TOPH30HTAIBHbBIE, MM 90 90
«XomoaHasm» Macca , Kr 1000 1000
Otknonesue opoHTHI, MM 0(20) 6
Yron BeIBOIA +/-70 +/-25
H3IYHCHUS, MpaJ
[Tonxas MOIHOCTH 13 100
Hznyaenns, kBt
Dueprus nyuka, B 2.0 8.0
Tox nmyuka, MA 500 100
Tabamna 1. XapakTepHCTHKH CBEPXTPOBOAIIMX BUIT/IEPOB, H3TOTOBICHHEIX B 1999 1.

Puc.1. CeepXnpoBOAAILHiA BUTTIIED Puc. 2. Burraep ¢ monem 10.3 T mms Hakomurens

s BESSY-II. SPring-8 (AmoHus)

k

J‘ YaukaneHO#H ocobeHHOCTRIO cBepxmposoasiero sBurraepa ams BESSY-II (puc.l) sBasercs
4? BBICOKHH ypOBEHb CTAOMIBHOCTH H OJHOPOAHOCTH MATHHTHOrO MOJsA. BelHYMHA MArHHTHOTO IMONA B
surrinepe maMepserca AMP-aarunkom. Ha ocHOBammmH 3THX H3MepeHHH cHCTeMa 00OpaTHOM CBS3H
KOPPEKTHPYET TOK B 0OMOTKax BHIT/IEPA W BOCCTAHABIMBACT HEOOXOAMMYIO BETHYHHY MArHHTHOIO
oM ¢ TOYHOCTHIO Tyume, dem 10°. Bricokas ronepeyHas OAHOPOAHOCTh MO (Ha ypoBHE 10* npu
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mone 7 Tecna) AOCTHracTcs C MOMOLIBO IIMMMHPOBAHMS LEHTPATBHOrO momroca. Touka H3TyYEeHHs
sauKCHpOBaHA B LEHTPE BHITIEPA IPH MOGOM YPOBHE TONS GIArOAaps CMEUIEHHEO opbuTE ¢
NOMOIIBKO  CHICHMATBHBIX KOPPEKTOpoB. Hcmonb3oBaHHe CBEPXNPOBONAIMX KIIOYCH MO3BOJSET
OTKIIOYATh BHELIHAEC HCTOYHMKH TOKA ¥ paboTaTh B pexuMe 3aMKHYTOrO TOKa. [aHubiii BurTiIep Gyaet
UCIONb30BATECS B KAYCCTBE OTANOHA Ui abCOMIOTHBIX KanMOPOBOYHBIX sKcmepumenToB (PTB-
naboparopusi) 1 Matepuanoseseaus (BAM). -

B macroammii MomeHT Havanace pabora mo cosgaEmo 13 momOCHOro BUrTIIEpa ¢ 1onem 7T,
nepuooM 140 MM 1 MarHATHEIM 3a30poM 21 MM. Dtor BErrIep npenHasHavaerca ans Hahn-Meitner-
Institute HMI (I'epmanms) u Oymer ycranoemen B 2002 ma xomsue BESSY-IT  mus NPOBEICHHS
9KCHEPHUMEHTOB 10 JUPpaKiHy,

B panHOM cTaTbe ONHMCHIBAIOTCA OCHOBHEIE OCOGEHHOCTH KOHCTPYKUHH, PEKHMBI paboTel |
TEPCHEKTHBE HCIONb30BAHMA KAaK Y)KE CO3JaHHBIX, Tak W paspabateiBacmeix B USD CO PAH
BHITIICPOB.

Huxkonaii Anexcanaposna Mesenues — mezentsev@inp.nsk.su

STATUS OF THE ACTIVITY ON FABRICATION AND APPLICATION OF THE HIGH-
FIELD SUPERCONDUCTING WIGGLERS IN BUDKER INP

A.M.Batrakov, V.M.Borovikov, G.V.Karpov, M.V.Kuzin, N.A Mezentsev, V.V.Repkov,
M.G.Fedurin, V.A .Shkaruba

Budker Institute of Nuclear Physics, 630090 Novosibirsk, Russia

Fabrication of the high-field superconducting wigglers is actively developed at Budker INP in
the last few years. The work on simultaneously creation of two superconducting wigglers for
acceleration centers BESSY-II (Germany) and Spring-8 (Japan) was finished in 1999, The application
of high-field wigglers gives the opportunity to shift the radiation spectrum of the already built SR
sources to the area of shorter wavelengths and increase significantly the SR power. This considerably
extends the possibilities of the existing SR sources and allows to conduct new experiments. The
wigglers has the peculiarities and was designed specially for each concrete storage ring. The main
features of these wigglers are presented in Table 1.

Storage ring BESSY-II SPring-8

City, Berlin, Himeji,

Country (Germany) (Japan)

Status Assembled and| Assembled and

being tested at being tested at

BESSY-II SPring-8

Max field at 7.5 10.3

the central pole, T

Side pole field, T 14 1.9

Magnetic length, mm 972 1042

Vertical magnetic gap, mm 51 40

Storage energy, kJ 140 400

Aperture of vacuum chambe

vertical, mm 32 20

horizontal, mm 90 90

Weight of cooled mass, kg 1000 1000

Orbit deviation, mm 0 (20) 6
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Orbit angle, mrad +/-70 +/-25

Total radiation power, kW 13 100
Beam energy, GeV 2.0 8.0
Beam current mA 500 100

Table 1. Features of the superconducting wigglers manufactured in 1999,

Unique feature of the superconducting wiggler for BESSY-II (Fig.1) is high level of stability
and homogeneity of the magnetic field. The value of magnetic field in the wiggler is measured by
the NMR-probe. The feedback system based on these measurements corrects the currents in  the
wiggler coils and restores necessary magnitude of a magnetic field with the accuracy of better than 10"
* The high transversal homogeneity of the wiggler field ( 10* at 7 T) is obtained with the help of
shimming of the central pole. The point of a radiation is fixed at the center of the wiggler at any field
level due to a displacement of orbit with the help of special correctors. The using of superconducting
persistent keys allows to disconnect external power supplies and to operate with closed current mode.
The wiggler will be used as a standard SR source for calibration experiments (PTB-laboratory) and
for material science (BAM).

The wiggler with a maximum field of 10.3 T for SPring-8 (Japan) (puc.2) is a key element for
created now source of slow positrons. Specially for creation of the wiggler a technology of
manufacture of high-field windings of Nb;Sn wire was developed and tried successfully. In the design
of the wiggler it were used low temperature cooling machine instead of liquid nitrogen for cooling of
heat shields, high-temperature ceramic superconductors as the current leads, superconducting
persistent keys and recondensers of liquid helium for minimization of liquid helium consumption.
The work on this project are financed by ISTC. In 1999 the wiggler was manufactured and tested in
the own cryostat and delivered to SPring-8.

In the present moment the work on creation of 13-pole wiggler with a field of 7T, period of 140
mm and magnetic gap of 21 mm was started. This multy-pole wiggler is intended for Hahn-Meitner
Institute HMI (Germany) and will be installed in 2002 on BESSY-II for diffraction experiments.

Fig.1. 7 Tesla wiggler for BESSY-II.  Fig.2. 10.3 Tesla wiggler for Spring-8

The main features of design, operational modes and perspectives of using of already created
wigglers and developed ones in Budker INP are described in this article.

Nikolai Mezentsev mezentsevi@inp.nsk.su
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CONCEPTUAL DESIGN OF 14 CM PERIOD MULTIPOLE WIGGLER AT PLS

D.E.Kim, H.G.Lee, H.S.Suh, Y.G.Jung, K.H.Park, J.S. Bak

Pohang Accelerator Laboratory, POSTECH
San 31 Hyojadong, Namgu, 790-390 Pohang, Korea
FAX: +82-(562)279-1899

Pohang Accelerator Laboratory (PAL) is developing a Multipole Wiggler (MPW14) to utilize
high energy (~30keV) synchrotron radiation at Pohang Light Source (PLS). The MPW14 is a hybrid
type device to achieve maximum peak flux density and wide beam fan that can serve two beam-lines.
PLS MPW14 features period of 14cm, minimum gap of 14mm, 20 full field periods, maximum flux
density of 2.02 Tesla, 3036mm total magnetic structure length. The peak flux density is very high
compared to the other wigglers of similar pole gap and the period. The high peak flux density was
possible using advanced new magnetic material and optimized magnetic geometry. The MPW 14 will
be used in hard x-ray region of 10 keV to 30 keV at 2.5 GeV electron energy. The total photon power
is 6.19 kW and the peak power density is 5.27 kW/mrad® at 2.5GeV, 150mA. To withstand the big
magnetic loads with minimum deflections, H-type support structure is designed with detailed FEM
structural analysis. In this article, all the conceptual design efforts for the PLS MPW 14 wiggler will be
described.

Dong-Eon Kim dekim@postech.ac.kr
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CONCEPTUAL DESIGN OF A SLOW POSITRON SOURCE BASED ON A MIRROR
MAGNETIC TRAP

Volosov V.I., Mezentcev N. A., Meshkov O. 1.
Budker Institute of Nuclear Physics, 630090 Novosibirsk, Lavrentyev av., 11

A unique 10.3 T superconducting wiggler was designed and manufactured at BINP SB RAS.
The installation of this wiggler in the SPRING-8 storage ring provides a possibility to generate a high-
intensity beam of photons (SR) with energy above 1 MeV [1]. Conversion of photons to positrons on
high-Z material (tungsten) targets creates an integrated positron flux of up to 10" particles per second.
The energy spectrum of the positrons has a maximum at 0.7 MeV and a half-width about 1 MeV [2].

The traditional methods of positron moderation have the efficiency €= N, / N, between 10
(metallic moderators) to 10 (solid rare gas moderators) [3]. The high flux of primary positrons
restricts the choice to a tungsten moderator that has € ~ 10 only [4]. The aim of our project is to

obtain the moderation efficiency € = 107", We propose to moderate the positrons inside a multi-stage
magnetic trap based on a several (3-5) mirror traps that are connected in series. Magnetic field of the
traps grows consecutively from stage to stage.

The employment of a magnetic trap for positron moderation requires solution of the following
problems:
» Release of the positrons from the converter
e Accumulation of the “fast” positrons inside first stage of a trap
* Transport of positrons between trap stages
e Isotropic positron cooling
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We propose to release the positrons from the converter with the use of an additional relativistic
electron beam passing in synchronism with the SR pulse in the vicinity of the converter. The average
clectron beam energy and current are 1-2 MeV and 100 mA, respectively. The electrical field of the
beam has the strength £ ~ 100 kV/cm, which is enough to distort the positron paths by an amount
comparable with Larmor radius. The further drift of the positrons to the trap axis will occur due to the
strengthening of magnetic field. The magnetic field amplitude of adjacent traps varies with time in the
antiphase and increases from 0.9 T in the first stage to 6T in the last one. The positron transition from

To recuperator

— -

The first stage of
the trap Inlet of Xe

H£0.3-0.9 T
H£0.9-3T HE 3T

[SR/'-— \’ 2 S

TP e ARG o o
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Xof N o
3 A o

P£107

500 ————|

-8
P£10 The layout of the capturing

and trapping of positrons

stage to stage takes place at the moment of the field equalization. The removal and longitudinal
confinement of the positrons is provided by the electrostatic switches that separate the stages. Mixing
of the positron velocity components occurs due to the scattering on the neutral gas. The gas pressure is
sustained at the level of 10° mm Hg inside the third stage of the trap and the positron energy decreases
down to 1 keV here. The last stage of the device is the Malmberg-Penning trap with a 6T stationary
magnetic field [5]. The positrons accumulate inside it in 1 second approximately and cool down to
energy less than 1 eV.
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