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Abst rac t 

A preliminary design for a D factory has been made using 
asymmetric collisions between positrons in the PEP storage ring 
ninl electrons in a new, low energy' ring. The design utilizes 
small aper ture , permanent-magnet quadmpoles close to the in­
teraction point (!P). Optimization of optica] and beam param­
eters at the IP will be discussed, as well as the lattice design of 
(he interaction region and of the rings. 

I n t r o d u c t i o n 

To create large numbers of B-mesous in a way to facilitate sep­
aratum of the two D mesons created, an interesting possibility is 
to make electron positron collisions at unequal energies between 
an existing storage ring, such as PEP, and a new lower energy 
ring Collisions between unequal energy beams complicates the 
choice of interaction point parameters; however, if one makes a 
few plausible assumptions, such as complete beam overlap and 
equal beam beam tune shifts, the situation is greatly simplified. 
After a few basic parameters are chosen, such as the energies, 
currents and tlie lowest J function value at the IP, most other 
parameters follow, including the luminosity. 

Da*e<l on known properties nud limitations of PEP, reasonable 
assumptions on the lowenergy ring, and the above considera­
tions on beam parameters, a preliminary design for a 12 GeV x 
2 GeV B factory has been made, called Apiary 1. This design, 
which will be described here, gives the ra ther modest luminosity 
of 0.5 x ]l)li c m " J s e c " ' A major limitation was the power that 
can be absorbed by the PEP vacuum chamber. By going to a 
more symmetrical system such as 9 GeV x 3 GeV, it may be 
possible to go to almost a factor of four higher luminosity. A 
runsisiaiit .set of IP parameters of this type will be given A 
design study bn-se*i on this second set of parameters is now in 
progress 

I n t e r a c t i o n Po in t P a r a m e t e r s 

The choice of beam parameters is based on the following sim­
plifying assumptions: 

• The horizontal and vertical beam-beam tune shifts of both 
beams should he equal to a single specified value, ( 

• The beams should exactly coincide at the IP 

From tln-se assumptions three important relations between the 
energy, intensity, emiltaiice and J function values can be de­
rived, and explicit expressions for emil tance and luminosity ob­
tained 

Equal brains 
The first assumption gives a relation bctwer-n the horizontal and 
• ertiral .i function and eirutlancr values If the beams are iden 
Meal I he (ime shifts are 
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where rr is the classical electron radius, .V the number of pntti 
cles per bunch, •> the relativistic energy, i = x, y and a, = V/V,. J,. 
(at the IP) Equating the tune shifts: Ar- r = A i ' f , gives the first 
rule: 

.1t/dz = (,/u = o,/aI - r. i 1 ) 

where r is a constant. 

Unequal beams 
Two unequal beams, designated by superscripts j = 1,2, have 

beam sizes a\ — yjf\l3\- Setting aj = o\ gives the second rule: 

A ' M 2 = '.A.1 = b. |2I 

where i = i,y and b is a second constant. The tune shifts are 
given by 

A ^ = ^ 
' 2ir-)'fT*(ff* + rj*) 

where j = 1,2; i — 2, 1. Equating the four tune shifts, 
Ai/ t = Af," = ' , i = J . y , gives the third rule: 

b = a}/ti = h,/-1

1)iy,/y2) i 3 t 

Emtttancc 
An explicit formula for emittance is obtained from the tune shift 
formula and replacement of <r* by irj 

t' = , f> = r,' 
' 2 ^ 7 ' U + r ) * 

Luminosity 
The luminosity for equal beam sizes is given by 
C — cN N /4irSgatat, where Sg is the bunch spacing Sub 
s tunt ing <7r<r, = d t i t , using the above emil tance formula, and 
replacing JV by the current / = rcN/Sg. we get 

lev, \ ,i, ) 

~ 2 lGTx I0 J 4 ({ 1 + i-K/E , ' .i , i1 -' cm -sec ' ..", i 

where / is in Amperes, E in GeV. ami it ui cm 

The above relations have been obtained independently l>\ a 
group at DESY '"'' They can be used to produce self consist an! 
sets of parameters; but which ones should be chosen and which 
ones derived is somewhat arbitrary The approach here is to pn k 
the energies, currents, aspect ratio r. and J , of the low enemy 
beam 
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Figure 1. Interaction region of Apiary I D-Fnctory design. 

Apiary I 

Parameter* 
A first a t tempt at a complete design was made with P E P at 
12 GcV mid the low-energy ring at 2 GcV. The current in PEP , 
0.207 A was based on the power deposition on the vacuum cham-
hrr wall; that in the 2 GeV ring was taken to he twice as high, 
since this was within the range of existing rings such as the 
NSLS VUV ring ami DESSY. Since the P E P bunch length is 
nliimt 2 cm. wr set /7 r for the 2 GcV ring to 2.5 cm, and then 
took an aspect rat io r = 0.1, in accord with normal P E P oper­
ation. Tin* tune shift limit was set at £ = 0.05, since that value 
had been achieved in PEP. With these choices, the relations of 
the previous sertiwi yield the parameters of Table I. This table 
a I MI includes a few other parameters, such as the bunch spacing, 
which was chosen partly in view of the length needed to separate 
the two lii-ntns. 
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T h e complete optics of the 2 GeV ring is shown in Figure 2. 
After the dipole ami septum magnet, a quadrupole triplet and 
a doublet match the beams into the arc. The complete ring has 
a racetrack shape, with two semicircular arcs and two straight 
sections. The numliex of cells and their phase advances were 
chosen to achieve the design emittance. 

Figure 3 shows a half sextant of the suprrperiod that contains 
the D-fnrtory interaction region. After the triplet and low-firld 
bend common to both beams, the rest of the i n is similar to that 
used now in PEP. The arc cells are tuned to produce the design 
cmittancc. the main triplet and the first few arc i|iiadnipoles 
match the beam between the IP and the arc. 

TNS- •rr&Jne^A^T,, i=3»t-i •} 

Figure 2 One qutdruil of llic low-energy ring 

Lattirr 
A schematic diagram nf the interaction region is shown in Figure 
1. The beams collide head-on at the IP in a beam pipe of about 
1 cm radius, to allow the detectors to be as close as possible. 
After transversing a 30 cm drift space, the beams go through 
a triplet of permanent-inngnet i|U.-vJrupolca that focus the low-
energy bemn to zero slope and minimize its size there. After 
the triplet the two beams go through a 2 m long low-field dipole 
that begins to separate the beams. It is followed by a septum 
uinguel that acts on the low-energy beam only and completes 
the ^epnratiou. A simpler alternative is to replace the septum by 
a strong dipole acting on both beams; however, this might not 
lie feasible due to synchrotron radiation from the high energy 
beam. 
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Figure 3 lUlf of the PEP •rxlunl ronliuning the [1-Farlory 111 
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B e a m c u r r e n t l i m i t a t i o n s 

Tin- Apiary I parameters have been examined briefly lar pos­
sible beam current limitations by use uf the ZAP program. 

Single Bunch Thresholds 
Single bunch limitations arise from the longitudinal microwave 
and transverse mode-coupling instabilities. The former insta­
bility does not cause beam loss but could lead to a decrease in 
luminosity through bunch lengthening. In contrast, the mode-
coupling threshold is a hard limit. For PEP , we take \Z/n\ = 3 0 
for the microwave instability and the same value, scaled to Z X, 
for mode coupling. This value is roughly compatible with ex­
perimental results for both phenomena. 

At 12 GeV, we expect the single-bunch current of 3.3 mA to 
be below the microwave threshold, so the rms bunch length will 
remain at its natural value, i.e.. below 2 cm. The mode-coupling 
should not be a problem since the observed threshold in P E P at 
14 GeV ranges from 8 to 14 mA. 

Fur the low energy ring, assuming an impedance (including 
that from the RF) of 1.75 ohms, bunch lengthening about 10% 
beyond the natural value is expected, but this will not jeopardize 
the luminosity. Furthermore, transverse mode coupling should 
not lie a problem. In the ALS. a similar ring, the calculated 
limit is 44 mA per bunch. 

il/rtlTMf 
Fur PEP. the high beam energy makes the Touschek scattering 
prn.-i-ss unimportant . For the low energy ring, the Tonschek 
lifetime is int imated to be more than 10 hours. 

Cunplrd- Bunch Instabilities 
Wakefielils induced by a circulating electron or positron beam 
in high Q resonant structures, i.e., the R F cavities, can couple 
different bunches and induce unstable motion either longitudi­
nally or transversely. For electron storage rings having high 
beam currents and short bunches, the growth rates can be qui te 
fast well beyond that of the counteracting radiation damp­
ing process. Estimates have been made for both rings, based on 
available information on the P E P R F cavity higher-order modes. 
It is assumed tha t the present R F frequency of PEP, 353 Mhz, 

1*1 will be used in the two rings. 

For P E P the predicted growth times for the longitudinal case 
are below 0.1 ms for the fastest-growing dipole ( a = l ) modes. 
Transverse growth is somewhat slower, O.i-1 ms for the fastest-
growing rigid dipole (a=0) modes. Doth rates far exceed the 
radiation damping rates (about 8 ms and 16 ms for the longitu­
dinal and transverse planes, respectively). Thus, some combina­
tion of mode damping, feedback a n d / o r a modified R F system 
is clearly called for 

In tin- low energy ring where there are fewer bunches and 
much less R F hardware is required - the story is similar bill 
less severe Predicted growth times in this case, based on P E P -
like RF higher-order modes, are about 1 ms for the longitudinal 
instability ( a = l ) and about 10 ins for the transverse instability 
|a = 0 | It is likely that growth times on this order could be easily 
controlled with a suitable combination of feedback and damping. 

F u t u r e p o s s i b i l i t i e s 

It is intended to seek a path to even higher luminosity A 
large step can be made by reducing the energy asymmetry from 
12 GeV * 2 GeV to 9 GeV x 3 GeV The reduced separation 

of the decay D mesons should be acceptable. T h e luminosity 
can then be significantly improved, mainly because the current 
in P E P can be increased a factor of three without exceeding the 
vacuum chamber wall-heating limit With round rather than 
flBt beams one can seek to exploit the (1 + r) factor in the lumi­
nosity formula (5). T h e round beams may cause an increase of 
the peak J-function value in PEP. However the Apiary I value >•• 
lower than present P E P operational values. Furthermore, by ie-
tuning the other five IRs, the present rhromatici ty can probobiy 
be maintained. Parameters based on these considerations, winch 
are being used in a new design study, are shown in Table II: 

T«bV I I Pr.. |H~-.| n r . PEP D f»rf„r> |..r«»irt,-r. 

Di*tjii 1 B<*&jn ? 

E n r r j j E 9 3 

Bunch ii>a> mg SB 
1 3 0 1 3 0 

P i r t i r l n p*r rmin h •v- ; i - i o " 1 \ - 111" 

Cur in i l l 0 95 n so 
Eamtanrr* 

t . 
0 061 
0 001 

0 183 
0 183 

d fun'""«u al IP j ; 9 3 

*; 9 3 

DllpTTIMMl *l IP T* 0 0 

Beam-hrt in lnn» shifts A*, Oltt o o j 
. . ! • • . 0 0 6 0(1} 

LumimMir C 1 94> 1 0 " 
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Further improvements require hardware changes, such as modi­
fying the vacuum chamber and lowering the impedence from the 
RF. It should be noted that Porter has used a similar energy 
asymmetry in his parameter study. 
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