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lienoum11KHtt Il.<1>., IlepenLIIITeitn 3.A. E9-94-13 
CxeMa c-T cpa6p11K11 co CKpe11.1eHHhIMH yrnaM11 B ropH30HTaJ!hHOH IlJIOCKOCTl1 

PaCCMOTpe11a cxeMa C-T cjJa6pHKH co CKpe11.1eHHhIMH yrnaM11 B rop1130HTaJJbllOH IlJJOCKOCTl1. 
KaK H3BeCTHO, npoeKTllall CBeTl1MOCTh B c-T cjJa6pHKe, OCHOBaHHOH Ha 11CilOJ!h30BaHl1H nepe­

CTpaHBaeMOH Manrnrnoit CTPYKTYPLI, MOJKeT AOCTl1r3Th l 033 cm - 2c -l C B03MOJKHOCThlO pa60Thl KaK 
co CTaH,1apTHOH cxeMOH, TaK 11 co cxeMOH C MOHOXpOMaT113a11Hei1. Ilpe,1nonaraeTc.11, '!TO Ha nepBOM 
,nane pa6orn KOJJJ1ai1,1epa 6y,1eT OCHOBaHa Ha HCil0Jlh30BaHHH CTaH,1aprnoi1 cxeMhl. .D:n.11 IlOBhIIIIe­

llHSI CBeTHMOCTl1 Ha BTOPOM :nane AO 5. l 033 cm - 2c - l npe,1JJaraeTC.II nepettTl1 Ha cxeMy co CKpe11.1eH­
HhIMH yrnaMl1 B ropH30HT3JlhHOH IlJIOCKOCTH. B pa6oTe noKa3aHO, 'ITO TaKOH nepexo,1 MOJKeT 6hITh 
ocy11.1ecrnne11 nyTeM nepecTpOHKH MamHTHOH OilTHK11 Ha y11aCTKax BCTpeq1111 pa3Be,1eH11.11 ny'IKOB. 
IlpH STOM MamHTHaSI OilTHKa OCTaJ!hHOH 'laCTH KOJ!hl.la (noJJyKOJJhl.10 H npSIMOJll1HeHHhlH yqacTOK 

'11a nponrnonOJJOJKHOH MeCTy BCTpe'IH CTOPOHe) MOJKeT 6hITh 11Cil0Jlh30BaHa 6e3 H3MeHeHl1H. Ilpo­
ne,1eH aHaJJH3 pa3JJ11'1llhlX pelIIeHHH y11aCTKa BCTpe11H cxeMhl co CKpe11.1eHHhlMH yrnaMH B ropH3011-
TaJ!hll0H IlJJOCKOCTH, a TaKJKe ee cpaBHem1e co cxeMOH co CKpe11.1eHHhlMH yrnaMH B aepTHKaJJhHOH 
IlJJOCKOCTH. 
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Horizontal Crab-Crossing Scheme for Tau-Charm Factory 

Horizontal crab-crossing scheme is considered in this paper as further development of the 
versatile design of tau-charm factory. With versatile design collider gets in luminosity 

L = 1033 
cm-

2
sec- 1 and has a possibility to work with conventional scheme as well as with 

monochromatization one. To upgrade an ability of design, a change of optics in interaction region to 

use crab-crossing scheme is suggested. This allows to increase a luminosity up to 5 • I 033 cm - 2sec -I 
while keeping the other part of a ring (arcs, straight section utilities etc.) the· same. The choice of 
micro-beta optics as a result of analysis different possible solutions is made. The comparison of 
horizontal crab-crossing scheme and vertical with monochromatization one is performed. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINR. 
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1 Introduction 

The horizontal cral:r-crossing scheme is considered in this paper as a further development of 
versatile design of TCF [1], [2], [3]. With this design tau-charm collider gets in luminosity , 
L~l.0• 1033cm-2seC1 and provides the possibility, to work with conventional .flat beam, 
scheme as well as with monochromatiza.tion one for experiments reqU:ired small energy 
resolution. To upgrade tau-charm facility cral:r-crossing scheme is considered to increase 
luminosity up to 4.6·}033cm-2sec-1• The first stage of tau-cha.rm collider operation is 
planned to be conventional scheme. The next one may be monochromatic or cral:r-crossing 
optics. For cral:r-crossing operation it'is reasonable to keep most ~f optical elements, which:· 
are planned to use at the first stage (arcs, straight section utilities etc.), and to modify 
interaction and matching regions only. So, only interaction region optics is studied. The 
other part of magnet lattice has been taken from conventional design [2]. 

2 A Choice of Optics in Horizontal Crab-Crossing Scheme 

Both horizontal [5], [6] and vertical with monochromatization [7] schemes for TCF, used 
cral:r-crossing [4], have been discussed previously. The vertical cral:r-crossing scheme for 
tau-charm factory allows to get high luminosity along with small energy resolution. On · 
the other hand, it includes composition of risky factors (both monochromatization and 
cral:r-crossing schemes never have been tested) and introduces in· cral:r-crossing difficul- , 
ties of monochroma.tization scheme (small beam lifetime, strong demands to broadband·· 
impedance). As a consequence, it loses in luminosity and beam lifetime compared with 
horizontal cral:r-crossing scheme under the same currents. · ·' 

When starting with horizontal cral:r-crossing scheme, few optical solutions are possible 
for beam separation. A short analysis of them has been performed to make a choice 
of a preferable one; In the first variant the vacuum chamber is the same.for electrons 
and positrons in the whole interaction region including crab cavity. It has· been studied 
by VOBB et al. [5] Superconducting triplet was used to get fl: =1.0 m and /J; =0.03 m_ . 
at interaction point (I. P.). After passing the triplet electron and positron beams move 
parallel to horizontal axis and are distanced by 3.0 cm. The crab cavity, located after the 
triplet, is common for beams too. The separation of beams in two rings begins after the 
cavity. High luminosity L= 4.6,1033 cm-2seC1 at energy E=2 .. 2 GeV can be achieved in 
this variant. Note that very high current 1=6.5 A is necessary to get it. If try to decrease 
the current without loss a luminosity it is necessary to diminish vertical beta. function at 
I. P. But it is impossible because even with fJ; =3 cm maximum vertical beta function at., 
micro-beta insertion is of 187 m. So, the conclusion is the optical solution with common. 
magnetic elements for beams up to crab cavity (and zero horizontal deflection angle aft~r 
insertion) allows to reach high luminosity only with very big total current. 



• 
To overcome this difficulty one can to refuse the condition of zero deflection angle 

and to redefine· gradients in micro-beta quadrupoles to decrease vertical beta functions. 
Calculations show that it is possible to find the solution with fJ; =1 cm and fl';= = 90 
m in this case. But the beam convergence to horizontal axis after insertion appears in 
this case and it is of2.5 mrad. To remove it electrostatic separator is necessary in this 
variant. But a use of separator introduces into a scheme additional difficulties such as 
breakdowns under synchrotron radiation and HOM losses. Along with these problems a 
big number of parasitic I. P. in this variant occurs. 

The second variant is based on a use of independent magnetic elements for electron . 
and positron beams [6]. This option has two attractive features, namely the absence of 
parasitic interaction points and optical independence oflattices. Unfortunately, to locate 
separately quadrupoles QI, vertically focussing and nearest to I. P., a big distance from it 

· is necessary, along with large crossing angle. As a consequence, vertical. beta function in 
QI is very large, flv ~400 m with fJ; =0.01 m. 'f,h~n, to keep vacuum chamber aperture 
reasonable, it is necessary for emittance to be e:., $100 nm, lience we are limited in 
luminosity L$ 1.5 • 1033cm-2 ·seC1 at energy E= 2.0 GeV. . 

Third variant ·with quadrupole Ql common for electron and positron beams and their. 
separation in the second horizontally focussing quadrupole Q2 has been chosen for detailed 
studies of optics. It is close to those considered in Cornell B~Factory proposal [8]. The 
magnetic elements and crab cavity location are shown in Fig. 1 .. Calculations show that it 
is possible (and good) to use compact permanent magnet QPM located before quadrupole 
QI to help in vertical focussing and to amplify horizontal separation of beams, as it is ' 
made in conventional scheme [9]. Its parameters {see Table 1) are taken directly from [9], 
as well as distance from QPM to QI and length of both superconduct.ing quadrupoles. As 
well as quadrupole QI, permanE!nt magnet is common for elect.ran and positron beams. 

The value of crossing angle qi = ±12 mrad has been chosen to make separation of vac­
uum chambers enough in quadrupole Q2. After passing quadrupole QI beams deflecting 
angles become to be of ±37 mrad. The horizontal distance between beam orbit and axis 
of quadrupole is of 22 mm at the exit of it. There is long drift space after quadrupole Ql 
to get horizontal deviation of beams enough to separate them in two vacuum chambers 
st~ting at horizontally focussing quadrupole Q2. The horizontal distance between beam 
axes at the entrance ofQ2 is of 118 mm; and 2·10a., =94 mm for beam envelopes and 2x5 
mm for closed orbit exursions are necessary. Fringing field effects in quadrupoles QPM 
and QI contributes to tune shifts because of closed orbit errors [10], but they.are small, 
1::i,.Q.,,v $0.001.. Parameters of micro-beta quadrupoles are given _in Table I .. 

To, use parameters of crab cavity in crossing angle design, RF crab cavity similar to 
those described in. CorneH B-Fa.ctory proposal [8] has been considered: It can produce 
up to 2 MV of transverse kick and is of l .1 min transverse size with cryostat. The crab 
cavities should b~ located at positions with horizontal phase advances·µ., = 2:ir · (n± 1/2), -
n-integer, if starting with I. P., and zero dispersion. For these reasons they are placed 
after separation region before the arcs. The value of horizontal beta function at crab 
cavity is of 12 m, hence moderate voltage in crab_ cavity is needed to rotate the bunches, 
Ve =1.0 MV. . . .. . . .. 

Sia~dard pro~edure of matching of verticltl and horizontal dispersion by appropriate 
choic~·of horizontal and vertical phase ad·vances and positions of horizontal_ BHI and 
vertical BVlb~iiding magnets has been used. The _transverse distance between electron 
and positron o_rbits _at the separation :r;egion has its minimum value of 2x 19.1 cm at the 
entrance of BVl, it is of 2X24.5 i:m at the entrance of BHI and is greater than 26 cm at ,, ,._ . c, 

2 

I l 

\ 

~--·' 

I. 
J 

Distance from I. P. Length Gradient 
m m T/m 

QPM 0.40 0.25 -20.0 

Q] 1.0 0.30 -27.6 

I Q2 2.3 . 0.30 16.7 

'!'able I: Para.meters of micro-beta quadrupoles 

poRitions of matching quadrupoles. Lattice functions in interaction· region and separation 
region are shown in f'ig. 2. · . , .. 

Following the principle to mll,ke minimum of changes in optics, arcs and straight section 
utilities has been taken directly from conventional 60° lat~ice ·design [2], [11]. The natural 
emittance is of 388 nm in this lattice, and it iR reached with dipole and Robinson wigglers. 
If wigglers are switched off, it is of 95 nm, so one has a big flexibility in.lattice that is 
convinient for scheme with crossing angles. The list of parameters of tau-charm collider 
is given in Ta.hie 2. · . . . 

When started with the choice of collider parameters, the value of ff; =0.01 m was 
kept the same as in conventional scheme, to get high luminosity with relativr,ly small 

.. total current. It is possible to do this, because no additional problems with chromatic 
correction in crab-crossing scheme occur. Final focus chromaticiti.es in this case arc very 
close to those in conventional one. The results of chTomaticity co~rection in conventional 
scheme show [12] that it is possible to get large longitudinal acceptance of op = ± 1.8% and, 
hence, big beam lifctiru'e in 60° lattice. The number of particles in a bunch corresponds to 
convc~tional def'ign too, because nothing is changed in arcs and Ihe broadband impedance 
reRt,riction is the same. 

The choice of bunch spacing Sb =2.5 m has been taken to avoid more than one parasitic 
I. P .. Under this choice the number of bunches in a ring becomes to be lib =150, i. c. 5 
time~ higher compared with conventional design [2]. This lea{ls dire;ctly to 5 times_ higher 
luminosity 4.6-J033cm-2sec-1, and 5 times higher RF power is required. The feedback 
systems to suppress multi-bunch im1tahilities in the case of so small bunch spaci11g is 
now under design at CESR and LIIC. The ra.tio of distance between beam axi'5 to their 
horizontal size at parasitic I. P. 5,Ja., =24 for f., =:~88 nm, t.hat is close to th<' same ratio 
in conventional design. 

3 Conclusions 

It has been shown the possibility to develope conventional scheme into the scheme with 
horizontal crossing angles. Only interaction region and separation region should be mod­
ified, and the same arcs and straight section utilities can be used, The possibility to work 
with monochri:>matization of beams is preRerved too. A big flexibility of conventional de­
sign based on use of wigglers is good for crossing angles scheme. The choice of micro- beta 
opticR haR been made 11.11 a result of analysis of different possible solutions. 
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Energy, GeV E 2.0 
Luminosity, cm-2sec-1 L 4.6-1033 

Beam lifetime, hours T 5 
C. M. energy resolution, Me V aw 1.8 
Circumference, m C 378 
Natural ~mittance, nm eo 388 
Damping partition· numbers Jz/Jv/ J, 0.59/1/2.41 
Bending radius in arc, m p 11.5 
Damping times, nisec '."'/r11/r; 43/25/11 . 
Momentum compaction C{ 1.63·10-2 

Energy spread aE 6.23·10-4 

Total current, A I 2.6 
Number of particles in a bunch Nb 1.35-1011 

Number·of bunches kb 150 
RF voltage, MV V 10 
Crab cavity voltage, MV Ve 0.98 
Crab angle, mrad ,Pc 12 
RF frequency, MHz fllF 476 
Harmonic number q 600 . 
Bunch length, mm a, 6.93. 
Bunch spacing, m Sb 2.5 
Longitudinal impedance, Ohm I Zn/nj. 0.21 
Beta functions at LP., m p;/p; 0.50/0.01 
Beam-beam pa~ameters (11:!e11 0.04/0.04 

Table 2: · List of parameters of tau-cha.rm collider 
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Fig. 1. Schematic view of element location in horizontal (a) and vertical (b) planes. 

5 



80, ,, ,, 
11 

'T I I 
-.. I I 
,! I . 
.. lfO I 

er{ I 

' zoi-: 
I 
I 
'.) '~ .::"'-...../, '--""-.., 

0 5 /0 IS 

Fig. 2. Beta functions in interaction and separation regions. 
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Fig. 3. Ilori:i;outal and vertical dispersion in interaction and separation regions. 
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