


TBCHOLUMHKHI‘& I1.&d., Mepenswteitn J.A. ) E9-94-13
CxeMa ¢—7 HabpHKH CO CKPELIEHHBLIMH YIJIaMH B TOPU30HTAILHOI IIIOCKOCTH

| PaccMoTpena cxema ¢—7 (HaGpHKH CO CKPEIEHHbIMHU YIJIAMHU B FOPU30HTAIBHOM TUIOCKOCTH.

Kak M3BECTHO, MPOEKTHAS CBETMMOCTb B ¢—7 (habpuke, OCHOBAHHOI! HA HCMOJB30BAHMM IEpe-
. . 33 -2 -

CTpauBaeMOiM MarHUTHOM CTPYKTYPbI, MOXKeT focTuraTth 107" cm “c ! ¢ BO3MOXHOCTHIO paboThbi Kak

i CO CTaHAAPTHOM CXEMOI, TaK M CO CXeMO¥ ¢ MOHOXpomaTH3auuen. Ilpeanonaraercs, 4To Ha NEPBOM

aTane pabora kosaitaepa GyzeT OCHOBAHA HA UCTIOAB30BAHMM CTAHZAPTHOM cxeMbl. JLs MoBbIle-

33 -2 - .
HUS! CBETUMOCTH Ha BTOPOM 3Tane A0 5- 107 cm™ “c ! NpPEANAraeTcs nepeiTv Ha CXEMY CO CKpelleH-

HBIMM YIVIaMU B TOPU3OHTAJIRHOM TI0CcKOCTH. B paGore nokasaHo, uTo TaKOi nepexos MOXKeT ObiTh
OCYWECTBJIEH Ty TEM NEPECTPOMKM MATHUTHOM ONTHKHM HAa Y4aCTKaX BCTPEUH M Pa3BEREHMS TYUKOB. -
IMpu 3T0M MarHUTHAas ONTHKA OCTAJBHOMN YaCTH KOJIbUA (NOJYKOIBLO U MPSIMOJIMHENHBIN yUacTOK

. HA NPOTMBOMOJIOXHOM MECTY BCTPEUH CTOPOHE) MOXET BBITh MCno/Ib30Bana Ge3 namenenmit. Ipo-
BEAEH aHAJIM3 PA3TMUHbIX PEUIeHUIl YUACTKA BCTPEUM CXEMBI CO CKPEIEHHBIMU YIVIAMHM B N'OPH30H-~
TaJIBHOM MJIOCKOCTH, 2 TAKXKE €€ CPABHEHHE CO CXEMOM CO CKPELIEHHBIMHU YITIaMM B BEPTUKAJIBbHOM
TNJIOCKOCTH.

Pa6ora seinonHena s Jlabopatopuu spepHbix npobaem OUAN.

CooGienne OObEAMHEHHOTO MHCTUTYTA SAEPHBIX McCaenosanuit. dy6ua, 1994
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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=10% cm %sec™! 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- 10%* em ™ 2sec™!

- 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 differcnt 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.

Communication of the Joint Institute for Nuclear Research. Dubna, 1994




1 Introdu‘ction

The horizontal crab-crossing scheme is conmdered in this paper as afurther development of
versatile design of TCF {1], {2], [3]. With this design tau-charm collider gets in luminosity .,
L~1.0-10%*cm™%sec™! and provides the possibility.to work with- conventional .flat beam -
scheme as well as with monochromatlzatlon one for expenments requned small energy .
resolution. To upgrade tau-charm facility crab-crosmng scheme is considered to increase
luminosity up to 4.6:10%cm~%sec™. The first stage of tau-charm collider operation is
planned to be conventional scheme. The next one may be monochromatic or crab-crossing

optics. For crab-crossing operation it is reasonable to keep most of 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
crab-crossing [4], have been discussed-previously. ‘The vertical crab-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
crab-crossing schemes never have been tested) and:intréduces in’ crab-crossing dlfﬁcul-:
ties of monochromatization scheme (small beam lifetime, strong demands to broadband
impedance). As a consequence, it loses in luminosity and bea.m lifetime compared w1th .
horizontal crab-crossing scheme under the same currents. o
“When starting with horizontal crab-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 Voss et al. [5] Superconducting tnplet was used to get §; =1.0 m and §; =0.03 m
at interaction point (L. P) After passing the iriplet 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 afier the
cavity. High luminosity L= 4.6:10* cm=?sec™" at energy E=2.2 GeV can be achieved in
this variant. Note that very high current [=6.5 A is necessary ‘to get it. If try to decrease
the current without loss a luminosity it is necessary to dmmsh vertical beta funchon at
L P. But it is impossible because even with £} =3 cm maximum vertical beta function at
micro-beta insertion is of 187 m.  So, the concluslon is the optical solutlon with common
magnetic elements for beams up to crab cavity (and zero horizontal deflection angle a:l'ter/
insertion) allows to reach high luminosity only with very blg total current.
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To overcome this di.ﬂiculty 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 £; =1 cm and Bre = 90
m in this case. But the beam convergence to horizontal axis after insertion appears in
this case and it is of 2.5 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 1. 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 of lattices. Unfortunately, to locate
separately quadrupoles Q1, vertically focussing and nearest to L. P., a big distance from it

is necessary, along with large crossing angle. As a consequence, vertical beta function in .
Q1 is very:large; f, >400 m with B; =0.01 m. Then, to keep vacuum chamber aperture

reasonable, it is necessary for ‘emittance to be ¢, <100 nm, lience we are limited in

luminosity L< 1.5+ 10%cm™'sec™ at energy E='2.0 GeV.

* Third variant with quadrupole Q1 commqn"for electron and positron beams i_ﬁld 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
Q1 to help in vertical focussing and to amplify horizontal separation of beams, as it is °

made in conventional scheme [9]. Its parameters (sce Table 1) are taken directly from [0},

as well as distance from QPM to Q1 and length of both superconducting quadrupoles. As..

well as quadrupole Q1, permanent magnet is common for electron and positron beams.

The value of crossing angle ¢ = +12 mrad has been chosen to make separation of vac- -
uum chambers enough in quadrupole Q2. After passing quadrupole Q1 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 Q1
to_get horizontal deviation of beams enough to separate them in two vacuum chambers
starting at horizontally focussing quadrupole Q2. The horizontal distance between beam

a:;'es;"a:t the entraiice of Q2 is of 118 mm; and 2-100, =94 mm for beam envelopes and 2x5 .
mm for closed orbit exursions are necessary. Fringing field effects in quadrupoles QPM

and Q1 contributes to tune shifts because of closed orbit errors [10], but they are small,
AQ.,, <0.001. Parameters of micro-beta quadrupoles are given in Table 1.. - :
To use parameters of crab cavity in crossing angle design, RF-crab cavity similar to
those described in, Cornell B-Factory proposal [8] has been considered. It can produce
up to 2 MV of transverse kick and is of 1.1 m in transverse size with cryostat. The crab

cavities should be located at positions with horizontal phase advances i, = 27+ (n£1/2), -

n-integer, if starting with 1. 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, .

V.=10MV. '~ .

Standard procedure of mafching of vertjcé.l and horizontal dispersion by appropriate

choice of horizontal and vertical phase advances and positions of horizontal BH1 and

vertical BV1 bending magnets has been used. The transverse distance between electron -

and positron orbits at the separation region has its minimum value of 2x19.4 cm at the
entrance of BV1,it is of 2x24.5 cm at the entrance of BH1 and is greater than 26 cm at
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Distance from I. P. -Length Gradient
m m T/m
QPM 0.40 0.25 -20.0
Q1 10 0.30  -27.6
Q2 | 23 030 167

Teble 1: Parameters of micro-beta quaﬂrupo]cs

. positions of matching quadrupoles. Lattice functions in ihteraction' region and separation

region are shown in Fig. 2. SR . o
Following the principle to make minimum of changes in optics, arcs and straight section
utilities has been taken directly from conventional 60° latiice design {2], [11]. The natural

" emittance is of 388 nm in this lattice, and it is 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 paramneters of tau-charm collider
is given in Table 2. ' N .

When started with the choice of collider parameters, the value of £; =0.01 m was
kept the saine as in conventional scheme, to get high luminosity with relatively small

.total current.. It is -possible-to do-this; because no additional,problems ‘with chromatic

correction in crab-crossing scheme occur. Final focus chromaticitics in this case are very
close to those in conventional one. The results of chromaticity correction in conventional
scheme show {12] that it is possible Lo get large longitudinal acceptance of §p = +1.8% and,
hence, big beam lifetime in 60° lattice. The number of particles in a bunch corresponds to
conventional design 100, because nothing is changed in arcs and the broadband impedance
restriction is the same. ‘ o o .

The choice of bunch spacing Sy =2.5 m has been taken to avoid more than one parasitic
L P. Under this choice the number of bunches in a ring becomes to be mp =150, i. ¢. 5
times higher compared with conventional design [2]. This leads directly to 5 times higher
luminosity 4.6-10%cm™2sec™, and 5 times higher RF power is required. The feedback
systems- to suppress multi-bunch instabilities in the case of so small bunch spacing is
now under design at CESR and LIIC. The ratio of distance between beam axis to their
horizontal size at parasitic I. P. 85/ 0. =24 for ¢, =388 nm, that is close to the same ratio
in conventional design.

3 Conclusions

It has been shown the possibility to develope conventional schieme into the scheme with
horizontal crossiug angles. Ouly interaction region and separation region should be mod-
ified, and the same arcs and straight section utilitics can be used. The possibility to work
with monochromatization of beams is preserved too. A big flexibility of conventional de-
sign based on use of wigglers is good for crossing angles scheme. The choice of micro-beta

optics has been made as a result of analysis of different possible solutions.
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Energy, GeV E 2.0
Luminosity, cm?sec™! L 4.6-10%
Beam lifetime, hours T 5
C.M. energy resolution, MeV Ow 1.8
Circumferénce, m ".C 378
Natural emittance, nm - £ 388

Damping pa.rtmon numbers 1:/3,/1. 0.59/1/2.41 '

Bending radius in arc, m ' P 115
Damping times, msec - v /T[Ty 43/25/11
Momentum compaction T a 1631072 .|
Energy spread . og ~ 6.23-107*%
Total current, A I 2.6
Number of particles in a bunch N, 1.35.1011
'| Number‘of bunches ky 150
RF voltage, MV A .10
Crab cavity voltage, MV V. . 0.98
Crab angle, mrad de 12
RF frequency, MHz frr . 476
| Harmonic number o q 600 .
Bunch length mm C a, 6.93.
Bunch spacing, m S 2.5
'Longitudinal 1mpeda.nce, Obm | Z,/n| 0.21
Beta functions at L.P., m Bz/6; 0.50/0. 01

-| Beam-beam pa.lja.metelfs , €/&, 0.04/0.04

Table 2:" List of parameters of tan-charm collider

cras caviry:

Fig. 1..Schematic view of element location in horizontal (a) and vertical (b) planes.
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Fig. 2. Beta functions in interaction and separation regions.
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Fig. 3. Horizontal and vertical dispersion in interaction and separation regions.
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