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ABSTEACTS

The possibility to fabricate and to use an ironless

with superconducting winding in the final focusing system
next generation

guad

for
of the Linear Collider is reviewed in this

paper.

The guad’s total diameter (including thermoinsulation
layer) will be as small as about 4 cm. Small transverse size
of this

lens will allow to increase significantly the solid
angle covered by the detector and to decrease the background
arisen because of interaction of he high energy particles with
the lens and accelerator details. '

Usual problems connected with presence of the quad with
iron yoke in strong magnetic field of a detectar -
saturation and field distortion
become negligible.

The estimations have confirmed that creation of the

ironless superconducting lens with gradient up to 300 kGs/cm is

possible. This value of gradient is quite enough for focusing of
the beam with energy up to 1 TeV.

iron
- partly excluded and partly
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AHHOTAIIM A

B 3TOH pabore paccMoTpeHa BOZMOKHOCTD IpUMEeHeHHH
Ge3keNe2Ho# JUH3H CO CHEPXNPOBONAMKMKE O6MOTKAMH OIIH CHCTEMEI
PuHANLHOR (OKYCHDPOBKY CJEAVONEro OOKOJNEeHKA JIHHE i HLx Konnalinepos.

[TosTHbI#i nuameTp KBaOopyrnons ( BRIIKYaA TEPMOW3 0JIAL HIO)
OIIEHNBAETCH B 4 cM. Maaelf nonepe4yHblf pazMep IHHIL O3 BONAET
3HAUMTENLHO VBeNHYHTL TEeJIeCHbIH YroJjl, OXBaTHIBAEMulii [OeTEeKToOpoM #
NOHMEZHTL (OH, BO3HMKAKWIHE OT BIAMMONEHCTBHA  BHICOKOJHEPT HYHBIX
YacTHL C OeTalAMH JIMHIb M YCKOPMTEens.

pobnemMsl, cBA3ZaHHMIE C HAMHYMEM MATHHTONPOBONA B CHILHOM

MATHHTHOM none IeTeKTOpRAa = HacChIlIEHHE Helleza H HCHKaxeHHKe
IIomnAa = HYacTHHYHOD YCTPpAaHABRTCH, a HAaCTHYHO YMEeHbWAKTCH npu

HCIIONLIOBEAHNHY TAKON JHHZIL.

Pacuyersl MONTBEDKNAKT, YTO BOZMOKHO COINAHMEe OezxenesHoi
JIMH3Ll CO CBEDPXNPOBOLOAWMMH OOMOTHaAMM M T'DalIMeHTOM 300 mlc/cu
JTOTO 2HAYEHHA TIpanMeHTa HOCTATOYHO J1NA (OKYCHPOBHH

Ny4Ka
BIJIOTb OO0 3Hepruw 1 TsB.
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ENTRDDUCTIDN
The 1uminnsi£y of Linear Collider is increasing when the
sizes of colliding bunches are decreasinq.l Minimization of
transverse size of the bunch can be done by focusing w#ﬁh he%p
of guadrupole lenses. The last (final) gquad plays major role in
this focusing. .
Consideration of a numerous different requirements yields

the cpndition that this final gquad should be placed close to the

interaction point - within 1 or 2 m, i.e., inside the detector.

ThiS'requifement is limiting, ho#erer, the solid ang%e :Cﬂvefed
by the detector: when the quad is closer to the lnteragtl?n
paint.and when it‘s transverse size is greater, then.the solid
angle of the detector is smaller. This final qgad shupld also
have. short focal length, i.e., strong gradient.

The necessary value of focusing field gradient is about 200
+ 300 kGs/cm at energy of the Collider about 1 TeV. This value
can be achieved in usual iron guad with inner aperture a#mut 1
mm. One of possible schemes of such quad is described 1in [12.
Typical dimensions of the 1lens aré about 10x10x100 cm.

Presence of this iron lens near interaction point yields the

following problems: . . : .

_ the iron lens must be shielded to prevent 1t's saturation 1in
the longitudinal magnetic field of the detector (10+20 KkGs);
this will additionally increase transverse quad’s size and,
ﬁence a) increase the solid angle missed by the detect§r and
b) increase it’s background; | A

- the solid angle missed by the detector increased due to finite
cize of the final guad; . :
particles, created or scattered in the interaction point can

= '

| hit the opposite lens surface and then backscattered or
reemitted particles can increase background of the detector;

- strong distortions of the detector’s magnetic field will
appear. Thus the events treatment by the detector that 1s
already'domplex, will be more coemplicated. |

One possible configuration of Linear Collider interaction

i - : : B
region was considered in publication [2]. This scheme_u:ed o




final focusing the usual lens with iron yoke, placed in the
magnetic field of the detector 20 kGs. The aptimizaticn‘ of
interaction region configuration performed by the author has
been done with account of solenoid that shields the iron lens to
prevent saturation and cone-like shielding that defenses the
detector against particles backscattered from the 1lens’s
surface. The solid angle missed by the detector is two cone with
the angle 400 mrad at the vertex. '

Another possible configuration of the interaction region

can use an ironless superconducting focusing guadrupole lens

with small transverse sizes. The ironless superconducting quad
described in tutorials (see for example [8]) and in some way it
was already mentioned in application for B-factory interaction
region [3].

By this work the authors stress the advantages of
application of such a lens to the focusing system of any Linear
Collider.

PARAMETERS OF THE FINAL LENS

One of most important parameters of the final focusing
system of a Linear Collider is the distance 1 between
interaction point and nearest focusing quad. The distance play
major role in design of a final focusing system and also it
determines parameters of final quad because the focal length
of the final gquad should be approximately equal to Ter

From one side, in order to obtain maximum value of solid
angle covered by the detector and decrease it’s background
loading, the 1 should be greater than longitudinal size of

the detector (about 10 m). But from another side in order to

achieve maximal luminosity i.e. to focus the beam with nonzero

energy spread to smallest size, the 1 must be small (less
‘than 1.m).

The compromise value of i accepted in almost all projects
of Linear Colliders lies between 1 and 2 meters. The focal
length F of final quad is

F= BR/(G1)
should be equal to the same value. Here BR = pc/e-is magnetic

rigidity of particles, G and 1 - gquad’s gradient and length,
respectively. '

Consideration of contradicting in some extend requirements

_’l",.

(including gradient minimization and optimization of focusing
conditions for the beam with finite energy spread) leads to
the condition, that the final quad length 1 should be a;sn
approximately equal to 13

Thus the final quad parameters are defined by  the
following conditions : 1 = F = 1" 2 1 + 2 m; gradient of t%e
gquad Gk BR}I'? For example, at engrgy 1. Te¥V . ( maqn?tlc
rigidity BR = 3.4 10° kGs cm) the necessary gradient of final
lens is about 250 kGs/cm.

The gradient of usual lens with iron yﬂke is limited by the
pole’s saturation, so this lens can have this value of qradi?nt
only if it’s aperture will be about 1 mm. The superconduc?lng
-quad does not contain iron elements so it allows more flexible
choosing of aperture value. Maximum gradient of the
superconducting gquad is 1imited (at fixed aperture) by the
critical current density that depend on properties 'of used
superconductors and by maximum value of magnetic field created
by this current in the lens’s winding.

For the following estimations we have chosen the typical
value of total inner aperture of the superconducting guad equal
to 1.6 mm. This is close to the values of all projects of
Linear Colliders and also it takes into account possible

resistive wall instability [4] of the bunch inside the lens.

ESTIMATION OF THE FARAMETERS OF THE SUPERCONDUCTING LENS
The main idea of superconducting final gquad is described
briefly in the work [5]. The simplest lens consist of four
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cylindrical rods with cprrents that provides gquadrupo
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Fig.l. Cros-section of the lens.
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the rods is about 1 meter. The rods-are symmetrically placed

relative to beam 1line (This rods also may be treated as

multi-turn winding with total cros-section similar to the road’s .

one) . oA

In order to/create maximal wvalue of ‘gradient G the rods
should be.placed on small distance d between them, so d « r, r-
is the radius of the rod. The gradient G in this case is eqﬁél
to : :

G =0.41 3,
where j - is the current density in the rods in Ampere/cm®,
gradient G in Gauss/cm. For r = 2 mm and a = z.é mm {Fig.l}'the
lens aperture 2b will be 1.6 mm. :

As it might be expected the value of magnetic field.
gradient G in these conditions depend only on the current
density in the rods. The data, represented in [6] shows that
the NbTi cable with diameter 2 mm at 4.2°K and field strength
50 kGs allows to have current up to 9000 A, that 'correspund
to the critical current density about 300 khﬁcmzf Supposing
0.7 we "get that
expected possible current density in the rods will be about 200
kAfcm?. One should note that critical current density fanNbHSn
is 2+3 times greater than that for the NbTi i
value of gradient G (250-300) kGs/cm is quite possible that, as
it was mentioned above, it is enough for final focusing of the

that filling factor of quad’s winding is

beams with energy 1 TeV.
The lens winding should consist of main coil and two trim

coils. The letter will allow to change position of gquad axis.

Possible scheme of winding is shown on Fig.2. This scheme
e
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Fig.2. Principle of correction of the center of the lens
with the pair of coils, providing the dipole field.
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.allows to achieve small influence of the lens’s edge on the

particles trajectories. Input current for the lens feeding can
be made small enough. The main and trim coils (Fig.2) can be
optimized at detailed studying of the lens design. _

; Let us consider the forces acting on the winding. Each rod
itself is Pbressed under ponderomotor forces while different
rods are deattracting each other with the force about 20
kKG/cm at our parameters. This situation allows to solve easily
the problem of coils maintaining by placing them hetween two
coaxial tubes. Inner tube will be about unloaded while the
-outer tube will -act"qgainat stretching. It is obvious that
the forces acting on the main coil  will

correct alignment of rods relative to each other.

assist to the

The forces, created by trim coils is much smaller and their
influence is negligible.

Fig.3. Possible lens design. The comments are in the text.

The scheme of the lens is shown on the Fig.3. Here 1-is the

vacuum chamber of an accelerator (inner surface covered by

thin layer of superconductor), 2 -is superconducting winding,
3-is outer tube, 4-is the channels for liguid helium, 5 -is the

vacuumed space for superinsulation, 6 - is the outer wall of




thermoinsulation. If its thickness is about 1 cm, then the
total diameter of the 1lens will be about (3.5%#4) cm. 7 =
is the trim coils.

At these parameters the value of magnetic field on the
surface of neighboring lens’s rods will be about 50 kGs. So the
value of critical current density that we used for
estimations is quite realistic.

In this work only simplest scheme of superconducting lens

was considered. Windings of more complex shape can be found,

for example in the [8]. The value of achievable gradient
depends very slowly on the winding shape however. But
nevertheless this optimization should be performed more

carefully when the real guadrupole will be design and should
include consideration of technology and other factors.

CONCLUSION
The superconducting ironless gquad cnnsidere:d in this paper,
can achieve gradient sufficient to focus beams with energy up
fo 1 TeV. For the linear colliders of nearest future (200-300)

GeV  the possibility to build and to use this lens is

doubtless. This guad has small (about 4 cm in diameter)
transverse size so it will allow to increase the solid angle of

the detector and decrease it’s hacquound.

One of us (A.A.M.) appreciates discussions with P.M.Ivanov

and G.A.Voss on the problem considered in this publication.
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