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The superconducting wiggler magnet with the maximum field
of 75 kG will be installed on the electron-posityon storage
ring VEPP-2M [1] for eignificant enhancement of the colliding
beams luminosity in the energy range from 2 x 200 MeV fto
2 x 700 MeV. In addition to the high energy physlcs program
purposes the wiggler will be operated as a synchrotron radia-
tion source.

The wiggler parameters were optimised to attaim the lu-
minosity of about 2 ° 10°1em%8ec™! in the energy range of
P _meson (2 x 510 MeV) without serious changes in the storage
ring magnetic structure and design. The accepted version con-
gists of three central 75 kG dipoles and two side 45 kG di-
poles. The wiggler is placed in one of the experimental straight
sections which enables the exit of the synchrotron radiation
from both the electron and positron beams to both existing
SR laboratories.

The limitation on the wiggler length of 60 cm and the
gide dipoles field of 45 kG are put by the possibilities to
compensate the perturbations from the wiggler in the VEPP-2M
magnetic structure and by thaf3z growth on either side of the
atraight centre (jbsn' 6.4 em) to the adjacent quadrupoles
(fJ2%%a 550 cm). The beam injection conditions the vertical
beam stay clear sige of the inner chamber of the wiggler of
15 mm.

VEPP-2M luminosity with the wiggler

The elesctron-positron colliding beams luminosity is given
for 83{))62 by the well-known aquiﬁinn [2,3] H
- % L]

£ = I 62-8x - B (1 "'fjﬁ&@ &x
where EXand $Z are the nl;?m e ;-E- parameters fnr#x”andkz”

motion where of the maximum is limited by the beam-beam ef-
fecta;ﬁ}man& Q‘:m are the beam r.m.s. sizee at the collision
point; &x  is the horisontal beam emittance; ‘fn is the re-
velution frequency: JBED is the J3 -function value at the
collision point; I"e@ is the electron classical radius and U
is the relativistic factor.

It is evident from the equation that the maximum lumino-




sity is proportional to the horizontal beam emittance. The
attempte to benefit from this dependence for the higher lumi-
nosities have been made on VEPP-2M by means of blowing the
horizontal betatron or the synchrotron oscillations with the
noise excitation. However the controlled colliding beams sizes
and horizontal emittances growth seemed to be precluded by
the coherent component in the oscillation epectrum, Apparently
employing the quantum fluctuations of the synchrotron radis-
tion gives the perfect means for the controlled build-up of
the transverse emittance in the electron-positron storage
rings.

Incorporating the wiggler into the storage ring magnetic
structure will result in the luminosity snhancement dus to
enlarged horizontal emittances of the beams that the higher
values of the parameters EX and EZ  will be obtained
due to the stronger radiation damping and the corresponding
reduction of the beam-beam effects.

There is also the way to higher luminosities based on
reduction nfﬁ ~function at the collision point. The storags
ting VEPP-2M is operated with “mini—ﬁxo" of about 2.7 cm at
the energy of 510 MeV since the end of 1982 and thus gams
a factor of 1.7 in luminosity as compared with the four-fold
mirror-symmetric lattice ( = 6.4 cm). The further reduction
ofﬁzodnea not result in luminosity raising because theﬁ -func-
tion at the collision becomes less than the bunch length.

The horizontal beam emittance Eo]wv with the account
of the wiggler field H, can be written in the following form:

b= bx - 2 . 1+ SlHw(S) T Il ImS)-ds

Txw 1+ *dg

where &X is the horizontal emittance with the wiggler field
aff;:}c:Gxﬁiz is the ratic of the damping rates for the hori-
zontal and vertical betatron oncillatium:ﬁ@,ﬂ#&?ﬁ%@%ﬁ?
are the Courant-Snyder "invariants”™ for the horizontal disper-
sion function ?xﬁ : If]{(s') ; .,Lx(s) : jﬁx{s) are the Twise pa-
rameters; Hm is the field value in the storage ring bending
magnets; the subscript "w" relates to the magnetic structure
with the wiggler field on.

For the case where the contribution of the wiggler field
into the excitation and demping the horizontal betatron cascil-

lation smplitudes dominates over that of the bending magnets,
the horizontal emittance is approximately written am follows:

- Jx I[Hw!  <{Iw>

Exw= & * Fl * THMI * CIm>
it is practically independent of the wiggler length. Here
{Im is the average of IM{B) over the length of the bending
magnets of the storage ring. Note that the horizontal emmit-
tance control can be effected both by variation of the fleld
value H_ and by variation of I&(g} averaged over the wiggler
length { Iw) at H, nax kept constant,

At the emergy of 510 MeV and H =75 kG we obtain Gxwix=5,
(<Iw>=66.4m,<1~£?=19.?m. Ux=U.616,dxw=U.664). For the wiggler
field off we have Iw- 35.7 cm over the the straight section.
The further increase of (GXW within the existing magnetic
aperture is limited by the experimetally observed reduction
of (Ex}max on VEPP-2M for the rgtio of aperture to the to-
tal horizontal beam size Af@x tot™~ 8 due to the beam-beam
interaction.

The higher threshold values uf@)&mrmand(ﬁz}mwﬂl ad-
ditionally gain a factor of 1.7 in luminosity, anming(fp()rm
and(ﬁz)mux 2 ,"'l.:x,z standing for the damping time [31 .
Thua the luminosity will increase by a factor of 8.5 over the
energy range 250¢ E-L510 MeV.

Por the energies lower than 250 MeV the beam emittances
are determined by the multiple intrabeam scattering (MIS) [J]
and the gain in luminosity comes from the increase in the ra-
diation damping ratee only. In figs 1 and 2 the computed de-
pendence of the luminoeity and the proposed variation of the
wiggler field on the energy are shown. The lowsr curves cor-
respond to the limited positron production rate of::1DTe+fsec
on VEPP-2M at present. After implementation of the new booster
storage ring BEP [4] which will give the positron production
rate of 105e*/sec, the luminosity on VEPP-2M will come to
T x 10° lem™2sec™! at 700 MeV. This value is the upper limit
for the mean luminosity on VEPP-2M because the rate of the
particle losses due to the single bremsstrahlung on the op-
posite beam N7 will practically match the rate of the po-
sitron accumulation .
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Table 1. Beam parameters with the wiggler field
off and on
Energy E = 510 MeV,
20 = 3.0 cm units Hw= O H,=T5 kG
emittance coupling ratiodf=0.1
Horizontal emittanceéﬁ{: 10° cm.rad 1.08 5.0
R.m.s. beam sizes at Giﬂj st 0.007 0.014
the collision point ®x0 0.27 0.059
TCx 12.41 6.85
Radiation damping times ‘Cx | msec 20.00 7.92
Ts 5.17 3.20
Beam lifetime due to MIS sen 178 2000
Current 100 mA,(AE/E) __=0.5%
Radiation energy loss per turn| keV 5.0 9.07
R.m.8. beam energy sgruad 0.36 0.60
G (AE/E) x 10
Beam currente limited by mA 18 100

the beam-=bheam interaction

Focusing in the wiggler field

The particle beam paseing through the alternating (ap-
proximately sinusoidal) wiggler field is subject to the ver-
tical edge focusing. For the horizontal motion the edge de-
focusing is totally compensated by the sector focusing in the
horizontal bends., At the energy of 510 MeV and the wiggler

field Hw' 75 kG the vertical tune shift comes to A

~1 and

the vertical motion becomes unstable when crossing the integer
stopband ‘35-4. To avoid this the compensation of the wiggler
focusing is envisaged with the gradient corrections in the

main quadrupoles of the storage ring.
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Fig.3 showe the lattice of the Btorage ring VEPP-2M which
is mirror-symmetric with respect to the wiggler centre. The
four-fold mirror symmetry of the initial lattice though broken
by the wiggler insertion is restored by the corrections fairly
good as one can see from the graphs of ﬁz = ﬁx and @x "
Here AG/Gg* 100% are the needed values of the gradient core
rections in the quadrupole lenses. '

This lattice is wanted for the beam injection. To control

at the collision point another lattice is envisaged with
the double mirror symmtry (see fig.4)., Switching the lattice

to the four-fold symmetry for each injection takes about 4
seconds,
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The field decomposition (HE%E having sextupole and de-
capole components and the design orbit traversing the alter-
nating wiggler field with the variable horizontal displace-
ment =x £ 0, the additional focusing arises and also the be-
tatron tune dependence on the amplitude.

To cancel the quadrupole component of the field integral

§ﬂﬂﬂg@&§l«ds along the orbit the dipoles are shifted in
the horizontal plane so that in each dipole the orbit passed
with the displacement x > 0 (with reapect to the dipole's
sentre line) in one part of its length end with % £ 0 in ano-
ther one. Such shifts also result in the suppression of the
nu%éc non-linearity over each dipole's length. The values

0 -4 =2
and —m =y are of the order of 10 "em = and do

no %flusnu thua g’}m dynamics within the storage ring aper-

ture. The horizontal shifts of the neighbouring dipoles for
the specific configuration of the VEPP-2M wiggler comes to
2x{ X>=9.4 mm(fig.5). The computed three-dimensional field
patterns were used as obtained from "MAG-3D" computer code [5]
which accounts for ssturation in the iron cores and yokes.



The initial optimization was based on eimplified calculation
of elliptic dipoles with iron cores assumed totally saturated
and uniformly magnetized.
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Features of the VEPP-2M wiggler design

The wiggler design ie shown in fige. 5-7, its parameters
are listed in tables 2 and 3. The lower and the upper poles
of the dipoles are housed in two separated helium vessels
which are joined with an accuracy of quﬁm to form the block
of superconducting magnets. The inner vacuum chamber kept un-
der nitrogene temperature is Placed in the middle of the SC
magnet block with the spacing of 1.5 mm. The replacement and
assembly of the SC magnets can be performed with the storage
ring vacuum retained. The doubled helium vessel with the di-
roles is fixed to the nitrogene tank via the leaf supporte,
and the tank is hang on the support arms mounted on the outer
shell base. The support type employed provides for the stable
position of the SC magnet block with respect to the median
plane in cooling and against the magnetic forces. The const-
ruction is housed in the removable vacuum-tight housing ser-
ving also as a stray flux yoke.

For the independent supply of the central and ai&e dipo-
les three feedthroughs are used., The liquid helium ie supplied
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by the separate dewar tank of 145 1little capacity similarly

to [6].
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Fig.6. Vertical cross-section of the superconducting
wiggler magnet for VEPP-2M,
1 - vacuum chamber, 2 - cooled absorber for synchrotron ra-
diation, 3 - liquid introgene duct, 4 - iron core, 5 - inner
winding section, 6 - outer winding mection, 7 - wire binding,
8 - stainless steel helium vessel, 9 - shunt resistors.

The half of the synchrotron radiation power generated

by the wiggler does not escape the inner vacuum chamber thus
urging the special cooled absorbers for synchrotron radiation

{I



to be developed. The absorbers are made of copper tube with
inner diametres of 4mm and wall thickness of imm, they are
mounted on both sides of the vacuum chamber on thin heat-in-
sulating cramps (fig.6).

To these tubes the absorber plates are brazed on_the
sides exposed to radiation which have the vertical catcher
grooves 3 mm deep and 2 mm wide for reduction of the reflected
synchrotron radiation that heats the nitrogene-cooled vacuum

t
chamber. The mixture Hzﬂ + E2H50H is used as & cooling agent.

With the flow stopped for a long time it can freeze below
-60°C causing only elastic deformations in the absorber cop-

per tubes.
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Fig.T7. VEPP-2M straight section with the :supercon-

ducting wiggler magnet. Q and Qz are quadru-
pole lenses, Ei and Esz are sextupole correctors, 1 - stray
flux yoke and housing, 2 and 3 - leaf supports, 4 eand 5 - armn
auppurta; 6 - helium vessel, 7 - nitrogene vessel, 8 - lnner
vacuum chamber, 9 - assembly of heat insulation and esbsorbers
feedthrough. Synchrotron radiation ports and lines are shown

schematically.
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Table 2, Design parameters of the superconducting
wiggler magnet on VEPP - 2K

Maximum field on the beam orbit kG 75
Fumber of supereonducting dipoles 5= 3 +2
SC dipole length along beam orbit cm 12.0
Pole gap in the dipoles om 2.65
Verical aperture of the vacumm cm 1.50
chamber

Horizontal aperture of the vacuum | cm 4.2
chamber

Maximum orbit displacement in the cm 1.6
wiggler

Total length of magnetic field cm 58
Maximum bending angle in the mrad ¥168
wiggler

Supply current for central and A 200,220
side dipoles

Maximum energy stored in the kJ 150
wiggler

lManufacture technology and
testing of SC dipoles

Similarly to the stress calculation technique for super-
conducting solenoid windings presented in ref.7, the computer
simulation of the oval ahapad windings of the VEPP-2M wiggler
dipoles was carried out for the stages of winding the super-
conducting wire over the iron core, applying the bind, cooling
down liquid helium temperature and powering the current. The
enalysis was made of the tangent stress in the wire, compres-
sion of each layer of winding and radial strain of the layere.
The main purpose of the simulation was to reveal beforehand
the poseible reasons of superconductor degradation so as to
avoid them before winding manufacture. Optimizing the dipole

winding techmology we conjectured the mechanical originms of
degradation.



The most serious were the apprehensions of the following
faul*s:

- loecal concentration of tangent stresses along the azimuthal
direction in the winding;

- stepwise change in the wire strain in the neighbouring lay-
ers of windings and between the sections;

-~ rise of large strains from thermomechanical forces during
cooling.

Pre-tensioning of the wire during winding it up was found
out to be insufficient by itself to prevent degrading which
results from mobility of turne when the field is raised up to
75-80 kG, Therefore epoxy monolyth cementation of the winding
is necesssary.

The oval shaped core having two different curvature ra-
dii Hmax36.25cm and Rminuz.ﬂcm, the acceptable uniformity of
tangent stress in radial and azimuthal directions put the up-
per 1limit upon the winding thickness of 3 cm.

The difference 1in the integrated thermal comntraction co-
efficient of the winding and the core (made of armco iron)
being g:1x1n'3 in the range from the room temperature down to
that of liquid helium, an elastic spacer is neceseary between
the core and the innermoet layer of the winding, The spacer
was made of lavsan film 20 m thick wound in 10 layers. The
lavean film compensates the unwanted breaking action of the
core in radisl direction and provides for thermomecanical
stress relief in vertical direction.

The adhesive for impregnation is the hot-hardening epoxy
ecompound composed of epoxy resin "ED-16"(100 parts by weight)
+ triethanolamine (10 p.w.) + AIEDB(?D P+W.)s, The polymeriza-
tion is performed in two stages: 10 hours at 80°C then 10
hours at 120°C, Such a condition for polymerization is aimed
at the minimum shrinkaze of the compound and ite maximum re-
sistance against thermal shocks.

The layer-to-layer insulation ig made of three layers of
glaes veil 20 m thick. The winding impregnation was conti-
niously done by pulling the wire through the epoxy compound
container., The needed thickness of the adhered compound layer
whs . controlled by varying the outlet diameter in the contai-
ner spinneret. The core and the adhesive compound were ther-
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mally stabilized at 55°C,

The windings were wound by the superconducting wire mide
of Nb-Ti alloy NT-50 in copper matrix with enamel insulatuion.
The wire tension in winding up wae sutomatically contrclled
with an acourscy of ¥ 0,05kg(f) snd for each layer the compu-
ted value was applied, Maximum tension was 7.Tkg for the in-

ner section and 4.0 kg for the outer one. The bind of stain-
less steel wire of 1.0 mm in diameter was wound in four lay-
ers with the temsion of 23.5 kg.

Table 3 Parameters of the windings and the super-
conducting wire
inner outer SC winding of
section| section side dipoles
Winding height  (mm) 74 - A T4
Winding thickness(mm) 12,25 16.65 - 14.20
Number of turnsa 785 2014 1216
Hb-T1i/Cu wire diameter 1.0 0.7 0.85
(mm)
Space factor of the 0.475 0.485 0.470
SC alloy ¥
Number of SC filaments 54 54 60

During the period from late January to March 1984 12 su-
perconducting poles were manufactured of which 8 were for the
central dipoles and 4 for the side ones. For testing they were
assembled by couplees to form a dipole block with the pole gap
of 26.5mm(see fig.6). The blocks were plunged in the helium
cryostat and powered with current. After 30-35 cycles of quen-
ching the field in the gape of all the central dipoles was
raised to =~ 77kG. The further field rise was limited by ap-
pearance of the critical current of short sample at Hha:-ﬂ1kﬁ
in the inner section of the winding (namely, 98 per cent of
I, for short sample for the specified field at 4.2°K). Fig.8
shows the short sample characteristics for the two types of

I5



wire used and current dependencies for Hmax in the inner and

outer sectioms of the winding. In fig.9 one can see the pro-
gress and mumber of quenching cycles for ome of the central

dipoles.
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For the three central dipole blocks several additional
quenching cycles were performed with pumping helium down to
pressure = 35 torr in the cryostat (corresponding to.£2°K).
This resulted in raising the field up to 78-80kG in each of
the dipoles. For field value of 80kG in the gap the field in
the winding inner sections comes to B6.5kG at the current

I2 = 240A.

In the side dipoles the gap fleld reacheda 52,.5kG after
several quenching cycles which is aleo close to the upper -~
limit.

During the tests the magnetic field was measured in the
centre of the pole gap with the Hall probe at liquid helium
temperature. In the wide range of the field from low values
up to B80kG the Hall probe signal was linear with the accuracy

within 0.7 per’'cent.
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The detailed analysis of SR characteristics for the wig-
gler source can be found in ref.8. Here only a few SR characte-
ristics are presented calculated by the formulae from ref.8
with the account of specific parameters of the VEPP-2M wigg-
ler.

The total radiated power is given by the equation:

\’V[w]=2.691-1(53- EQ-[GeV]- H%;rmx[ue] =1 [mA]

The radiation e¢ritical wavelength is

Aco[A]= EZ[Ge‘\;]!??‘Iﬁmax [«G]

i
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Maximum bending angle in the wiggler im

= = Hwm KG
cl.ﬂ[mmtj] i E[GeV
Spectral and angular distribution of the photon flux is

. 3 r
i e =2.45710 -Eaaevl-xtm@-[sm@(w)]@;—f;z
where is the SC universal spectral function, _fd
for the central dipoles and(J

side ones. The graphs af_ﬂ? : are shown in fig.10

for the emergy of 650 MeV at mafinun field H = 75kG. Fig.11
shows the spectral photon flux N(A ) integrated over vertical
angles for various A into the range ﬁ)y}ﬁ’l per unit ho-
rizontal angle at J = 26.18 mrad.

After completion of manufacturing all components of the
wiggler construction, agssembling and magnetic measurements
the wiggler will be installed on VEPP-2M (planed for Septem-
ber 1984).
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grame calculating magnetic fields and SR spectra, to A.A.
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