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HIGH EMITTANCE LATTICE FOR DA®NE

M. Bassetti, M. E. Biagini, C. Biscari, S. Guiducci,
M. R. Masullo, G. Vignola

1 - STORAGE RINGS

The layout of the machine is shown in Fig. 1. The two rings cross in
the horizontal plane in two points and have a symmetry axis so that the two
interaction regions have the same magnetic structure and the same optical
functions. Two different experiments can be used alternatively at the
maximum luminosity or at the same time with a reduction of a factor ~ V2, at
least, on the luminosity. Each ring consists of two parts: an inner one named
"short" hereafter and an outer one named "long", which are symmetric and
have a very similar structure.

The storage ring lattice can be divided in three regions: the low-J3
insertions, the achromats and the zero dispersion regions.

The lattice of the achromat is a four-period modified Chasman-Green?)
type. This kind of lattice is commonly used for low emittance, high periodicity
machines and its main limitation comes from the chromaticity correction
which, because of the small value of the dispersion function, requires strong
sextupoles and consequently produces rather small dynamic apertures. In our
case this is however not a serious problem because the periodicity is only 4,
the lattice is tuned for high emittance and the dispersion is therefore
comparatively high.

To increase the radiated energy per turn, a 2 m long, 1.9 T normal-
conducting wiggler is incorporated into each achromat. Because the wiggler is
in a high dispersion region a rather large emittance of 10-6 m-rad is obtained.
The emittance value can be adjusted by tuning the dispersion function in the
wiggler region.

For the wigglers normal conducting magnets are used to avoid the
strong field non linearities created by short bending radius superconducting
devices. According to our experience it is instead rather easy task to achieve a
very good field quality in a normal wiggler by making the poles wide enough
and by shimming.
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Fig. 1 - Storage rings magnetic layout.
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The non dispersive regions in between the achromats are different for
the short and the long section. They provide space for injection, RF cavity,
diagnostics, etc. and allow a good flexibility in changing the tunes of the
machine.

Different computer codes: LEDA2), MAD3), NOLISY4) have been used to
design the storage ring. Table | reproduces the output of the LEDA code with
the list of the lattice elements. The element names are given for the electron
ring starting from the interaction point I1p1and moving clockwise in the short
section.

2 - BEAM OPTICS
2.1 - Low-f insertion

The low-f3 insertion is one of the most crucial parts of the ®-Factory
design because of the constraints imposed by the experimental apparatus and
by the horizontal separation required at a short distance from the interaction
point (IP) because of the short bunch-to-bunch longitudinal distance Ly,.

The experimental apparatus, not yet completely defined, has of course
to cover the largest possible solid angle; a solenoidal field of = .5 + 1. kG over a
length of approximately 5 meters on each side of the Ipis also required. The
beam trajectory will be actively shielded from solenoidal field, with the
exception of £ 0.5 m around the IPwhere the vacuum chamber wall must be
very thin and no active or passive shield can be used.

The most serious constraint posed by the experimental apparatus on
the design of the low-f3 insertion is the requirement of a large unencumbered
solid angle around the Ip.A tentative agreement has been reached with the
users on a low-f insertion confined to a cone of half-aperture angle 6 = 8.50,
over a length of + 5 m from the IP.The distance of the first quadrupole from
the 1P is 43.3 cm and the quadrupole maximum outer diameter Jg is given by:

Py =2-tan (8.50)-43.3 cm =12.9 cm

The relevant parameters for this section are as follows:

By

ngB;:.m By =4.5cm By=4.5m

The low-B insertion consists of a quadrupole triplet followed by a
long drift (Lg = 3.5 m) and a special designed split field magnet. The [3-
functions in this region are shown in Fig. 2. Let us point out that the first
quadrupole is rather weak and focussing in the horizontal plane. This provides
better control over the B functions and keeps the horizontal beam size small
inside the quadrupole triplet and along the rest of the insertion.
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Fig. 2 - B-functions in the low-f insertion.

The total length of the insertion is ~ 13 m, much smaller than that re-
quired for the vertical separated rings adopted in the previous design(®). Let us
point out that the low-[3 insertions give the largest contribution to the ring
chromaticity:

low-f3 insertions complete ring
Ex 1.12 -4.76
&y -10.32 -17.76

Due to the crossing angle the two beams pass off axis inside the
guadrupoles and horizontal dispersion is created. The half separation Ax be-
tween the two beams in the low-[3 insertion follows the trajectory plotted in
Fig. 3. In Fig. 4 the horizontal and vertical beam sizes in the same region are
plotted.

The parameter Ax and the horizontal beam size are given in Table Il
at the parasitic crossing points for a frequency of 380.44 MHz, that corre-
sponds to the harmonic number h = 120.
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. 3 - Half-separation Ax in the low-f insertion.
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Fig. 4 - Horizontal and vertical r.m.s. beam sizes along the low-f3 insertion.



L-1 pg. 6

Fig. 5 - Optical functions for 1/2 of the short section of the ring.
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Fig. 6 - Optical functions for 1/2 of the long section of the ring.
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The aperture of the first three quadrupoles has to allow for good beam
lifetime, moreover the beam separation and at the same time the outer di-
mensions are restricted by the experimental apparatus. In Table Il the
maximum allowable outer diameter, the horizontal beam size and the half
separation Ax between the beam centers are given at the entrance of each
gquadrupole. The mechanical design of these quadrupoles, is still under study;
at the moment the most likely solution foresees the use of permanent
magnets.

2. 2 - The achromats

The low-3 insertion is connected to the main arcs by a matching
section consisting of a long drift and two quadrupoles. The length of the drift
(Lg = 1.8 m) is chosen in order to have a good separation between the first
gquadrupoles of the two rings. In this section, at m/2 horizontal betatron phase
advance from the IPp,there is room for the crab-cavity if necessary. In this
region there is a dispersion created by the low 3 quadrupoles and by the split
field magnet, which has opposite sign in the short and long parts of the ring.
This makes the achromat slightly asymmetric.

Moreover the two dipoles of the achromat do not have the same
bending angle: the angle of the dipole nearer to the low-3 insertion is exactly
/4, while the other one is lengthened (shortened) in the long (short) arc to
compensate the total angle due to the crossing, the low-3 triplet and the
separator magnet. In this way we get a good separation H between the two
rings without increasing the circumference (H=1.5 m at the entrance of the
bending nearer to the low-3 insertion and larger in the rest of the ring).

The optical functions of the ring from the IPto the symmetry point are
shown in Figs 5, 6 respectively for the short and long section. In Table IV the
MAD output for the half ring optical functions (short + long) is given. A
complete parameter list is given in Table V. The dispersion and the horizontal
B-function in the wiggler magnet are adjusted in order to have the required
emittance, the contribution of the bending magnets to the emittance is
negligible. The value of the vertical B-function in the wiggler is the eigenvalue
of the wiggler transport matrix. The optical functions are quite smooth and the
relative chromaticity in the achromats is ~ 1.

2. 3 - The zero dispersion insertions

The value of the horizontal betatron number in the achromats (more
precisely between the centers of the two extreme dipoles) is fixed by the con-
dition of having zero dispersion, therefore all the flexibility in changing the
tunes is obtained in the zero dispersion insertions.

That's why in this version of the lattice we have used only 2
gquadrupoles in the matching region and 6 (8) in the short (long) insertions.

The short insertion has a 2.6 m long drift space with rather small By
suitable for the RF cavity. The long insertion has space for injection septum
and kickers, diagnostics and also free space for future developments.
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3 - DYNAMIC APERTURE

The main problem when correcting the chromaticity, is that the non
linear sextupolar fields needed bring to a strong reduction of the beam stability
area. In general, the higher the chromaticity to be corrected the smaller is the
dynamic aperture. In practice, in presence of many sextupole families, the
quickest way to determine the maximum amplitude for stable particles is to
track them for many turns in the machine, and study the behaviour of their
trajectories and their tune values for different sextupole configurations.

For our machine, the study of the dynamic aperture with the computer
code Patricia has been performed®). The lattice has a low horizontal chromatic-
ity (§x = -4.76), but a high vertical one (E_,y = -17.76), due to the strong
quadrupole triplet in the low-[3 region. The strong sextupoles needed to correct
the chromaticity are indeed the main limiting effects on the dynamic aperture.
Two families have been used to this purpose, equal in the "short" and "long"
achromats, even though the -functions are slightly different.

The position of the chosen working point in the tune diagram (see Fig.
7), where resonance lines up to the sixth order are shown, being far from the
main dangerous resonances, is very favourable. We then expect that tune shift
effects will not have serious consequences on the beam stability.
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Fig. 7 - Tune diagram showing the lattice working point.
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With the two families configuration, the tunes behaviour as a function
of the particle momentum deviation Ap/p and of the particle amplitude in
number of sigmas is shown in Figs 8, 9, 10, where only the fractional part of
the tunes is plotted. As a consequence of the flatness of the tunes behaviour
vs. Ap/p, (-.02 in x plane and +.01 in y), no more sextupole families have been
added in the achromats. Anyway to check the momentum acceptance of the
lattice and ensure a good Touschek lifetime, a careful study of the dynamic
aperture for off-momentum particles is needed.
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Fig. 8- Fractional part of horizontal and vertical tunes vs. Ap/p.

To correct the tune-shift for particles with large oscillation amplitudes,
a hard work of sextupoles optimization in the dispersion free regions has been
performed. Being the lattice quite compact, the space available for the
sextupoles is not large, since the regions from the low-f3 insertions to the
septa must be kept free. As a consequence of that, a sextupole family has been
inserted also in the drift where probably an injection kicker will be installed. In
this case a further study of the particle trajectories at the injection, with the
sextupole on, has to be done.

The first configuration giving a satisfactory dynamic aperture in both
planes is shown in Table VI, where the gradient G in the last column is cal-
culated for .1 m long sextupoles. In Figs 9, 10 are plotted the tune behaviour
as a function of the particle amplitude in number of sigma for this sextupole
configuration.



L-1 pg. 11

FRACTIONAL PART OF TUMNE VS. AMPLITUDE
B L B B B I B

lE —

a1 —

S

i 1 1 1 1 I 1 1 11 I 1 1 1 1 I 1 11 1 I 1 L1 1 I 11 1 1
I:"I]'?m -10 -5 o) 5 10 15
MUMEBER QF SIGMA-X

Fig. 9 - Fractional part of the horizontal tune vs. amplitude (off coupling).
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Fig. 10 - Fractional part of the vertical tune vs. amplitude (full coupling).
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The resulting aperture, computed at the IP, ranges from -24mm (12 Oy)
to +31 mm (16 Ox) in horizontal (off coupling) and from 0. to 1.5 mm (11 Gy) in
vertical (full coupling), and it is shown in Fig. 11. Quantum lifetime aperture
requests are well fitted in this area.

With the same configuration, in Fig. 12 is reported the dynamic
aperture for off-momentum particles, for a deviation Ap/p= -.5% (dashed line)
and Ap/p = +.5% (dot-dashed line), plotted for comparison on the unperturbed
one (solid line). Since the reduction of the stable area is not very large, we
expect to have good beam lifetimes as predicted by the tunes behaviour.

Finally, it is possible to improve the chromaticity correction, and then
the dynamic aperture, changing the B-functions in the achromats, where they
are now not much separated. This work is still in progress.

4 - INJECTION APERTURE

For injection it is foreseen to implement a conventional full energy
scheme based on a thin septum and a fast closed orbit bump produced by four
kicker magnets in the horizontal plane.

Injection parameters are still under study, anyway we can give an
estimate of the required apertures based on simple assumptions.

We assume Dy = 0. and 0k = 0. at the injection septum. The aperture A
required to accommodate the injected beam is given by (see Fig. 13):

A=R2/B=(d+As+2+[eBi )2/B

where:
i emittance of the incoming beam
Bi  B-function of the incoming beam
B B-function at the injection point in the ring
As  septum thickness
d septum - bumped c.o. xp distance.

We assume d = 40y = 4\/8[3, where € is the emittance of the stored
beam: € = 10° m rad. Neglecting the septum thikness:

A= (4 8+2‘\/8iBi/B)2
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Fig. 13 - Horizontal phase space at injection point.

To estimate the required aperture we take a typical value of emittance
from a positron linac:

€i

Bi/B

10> m rad
.5 nearly the optimum value for our case’ 8),

getting:
A =7 10" m rad.

In case of injection from a damping ring, as it turns out to be the most
convenient option, the emittance of the injected beam is much smaller, e.g. €j

=2 107 m rad, and we get:

A =210 m rad.

With this value we are well inside the dynamic aperture also for off
energy particles. This is a strong argument in favour of the use of a damping
ring instead of direct linac injection.

The horizontal and vertical r.m.s. beam size are shown in Fig. 14 for the
following characteristic parameters:

€x = 210> m rad
€y = 106 m rad
Ap/p = .5%

The required error closed orbit allowance on the aperture can be of a
few millimiters only.
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DAFKE (12/10/90)

ENERGY (MEV) 510.0

B*RO (TESLA*METERS) 1.70

TOTAL BENDING ANGLE (H-¥} D0.914156371D+03
HUMBER OF PERIDDS 1

PERIOD LERGTH (m)
TOTAL LENGTH (m)

0.9456029060+02
0.5456029060+02

ACKIEVED CONVERGENCE = 0,232362772D+00

WHOLE LATTICE

TABLE | - LEDA output

0.000000000D+00

TYPE LENGTH K2(M-2)
IP1 0.00G000000C+00  0.0000000000+00 0. 0CGOODDOCD+00

1 p0A 0,4330000000+00 0, 000000000D+00

2 OQF1A * 0,180000000D0+00 0,5000180130+01
3 DO2A 0.1300000000+00  0.000CC0000D+00
4 QDA *  0.3400000000400 0.7345321210+01

5 DO3A 0.1300000000+00 0. 000G00CC0D+00
6 QF3a *  (.2800000000+00 0.4079780790+01

7 DO4A 0.3500000000+01  ©.00000060600+C0
8 SEPA 6.1500000000+G1  0.0000000G0D+00
9 DDIE G.1360000000+01  0.0000000000+00
10 DO2E 0.500000000D+0G  0.0000000000+00
11 QF1E 0.3000000000+00 (. 1775200000+01
12 DO3E 0.7000000000400 . 0000000000+00
13 apze 0.3000080000+00 (. 1971900000+01
14 DO4E 0.5000000000+00 0, Q00000000D+00
15 BO1E 0.11000000C0+01 0. 0C0000C00D+00
16 COSE 0. 2500000000+00  0.0000006000+00
w7 SDIE 0.100000000D+00 0. 119%01800D+02
18 DOSE 0.2500000000+00  0.0000080000+00
19 OD3E 0.300000000D+00 0. 1841100000+01
20 DO7E 0.350000000p+00  0.0000000000+00
21 QF4E 0.300000000D+00 0. 249640000D+01
22 DO8E 0.5000000000+00  0.000000000D+00
23 BWiE 2.0000000000+00 0. 0OO000000D+00
24 DOSE 0.2000000060+00  0.0000ACOCOD+00
25 SF2E 0.100000000D+00 D, 7312930000+01
26 DI1CE £.2000000000+00 0.0000C0000D+00
27 OFSE C.3000000000+00 0. 2087053430+01
28 DIIE 0.37000C0000+00  0.0000000C0D+00
29 OD&E 0.300000000D+00 0.2322229520+01
30 D12E 0.6000000000+30C  0.0000000000+00
31 BOZE 0.8813788100+00 0.0000000000+00
32 D13E 0.3000000000+0G  0.000000000D+00
33 Sp3t 0.1000000000+00 0. 6000000000+01
34 DE 0.300000C000+00  C, 0000000000 +00
35 QDYVE 0.300000000D+00 0, 2269510000+01
36 DI5E 0.2000000000+00  ©.000000000D+00
37 SF4E 0.1000000000+00  G. 100000000D+01
38 D1sE 0.2000000000+00  C.0C00000000+00
40 OFBE 0.300000000D+00 0.326637729D+01
41 DITE 0.1500000000+00  0.G0O0000CO0D+0D0
42 SFSE 0.1000000000+00 0.200000000D+01
43 DI8E 0.1500000000+00 0.00000000CD+00
44 QD9E 0.3000000000+00  9,2195623924D+01
45 DI%E 0.1298185000+01  0.0005000000+00
46 020E 0.1298185000+401  0.000000006D+00
47 GDYOE  0.300000000D+00 0.2196239240+01
48 [D21E 0.1500000000+00  0.0000000000+00
49 SF&E 0.1000000000+00 0. 2000000000+01
50 D22E 0,1500000000+00  §.0000000000+00
51 OF11E  0.3000000000+00 0.3266377290+01
52 D23E 0.20000Q00000+00 0. 0006G00000D+00
53 SF7E G.1000000000+00  0.1000000000+01
54 D24E 0.200000000D+00 ©0.000000000H+00
55 QD1ZE  0.3000000000+00 0.2269510000+07
56 D25t 0.3000000000+00 0.000000000D+00
57 sDBg 0.100000000D+00  0.3000000000+0%

RADIUS

0.0000000000+00
0.0000000000+00
0.000000000D+00
0.000000000D+00
0.0000000000+00
0.0000000000+00
G. 0000000000 +00
G. 1000000000 +02

0.0000000000+00
0.000000000D+00
0.0000000060+00
0.0000000000+00
0.0000000000+00
0.0000000000+00
0.1400563500+01

0. 000000000D+00
0.0000000000+00
0. 00C0CC0G0D+00
0.000000G00D+00
D.00GGO00C0D+00
0.0000000060+00
0.0000000600+00

0.500000000D+00

0.000000000D+00
0.0000000000+ 00
0.000000000D+00
0.006000000D+00
G.0000000000+00
2. 000000000D+00
0, 000000C00D+00
(. 1400563500+01
0.80G0CO000D+00
0.0000000000+00
0.0000000000+00
0.000006GEOD+00
0.0000000060+00
0.0000000000+00
0.000000000D+00
0.0000000000+00
0.0000000000+00
0.000000000D+00
0.0000000000+00
0. 000CC0000D+00
0.0(000000000+00
0.0000000000+00
0.0000006800+00
0.6000090600+00
0.0000000060+09
0.000000000D+09
0.000000000D+00
0.000000000D+00
0.0000000000+00
0. 0000000000 +00
0. 0000000000 +00
0.0000000000+00
0.00C000000D+00
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29
60
61
62
63

&5

67

&8
69
70
7
72

Th
75
[
77
78
7%
80
81

82
83
84
85
86
87
88
89

105

111
112

13
114
115
116
117
118
119
120
121
122
123
124
125
126
127

D26E
BG3E
D27E
QR 13E
D2BE
OF 14E
D2%E
SFYE
D30E

BWZE

D31E
QF 5
D32E
QD16E
D33E
SD10E
D34E
BO4E
D35E
Qp17E
D36E
QF18E
037E
038E

SEPB
0048
GF3B
DO3B
QD2B
Does
QF18
Dol

P2

bo1C
QF1c
Doec
apac
DOo3cC
aF3c
posc
SEFC

D39E
D40E
QF19E
DATE
QD2CE
D4ZE
BGSE

D43E
QD21E
D44E
QF22E
D45E
SF11E
D&GE

BW3E

D47E
QF23E
D4BE
QD24E
D4SE
SD12E
D50E
ROSE
D51E
SF13E
D52E
QD25E
D53E
SD14E
DS4LE

£.300000000D+00
0.881378810D0+00
0.6000000000+00
0.3000000000+00
0.3700000000+00
0.3000000000+00
0.2000000000+00
0.1000000000+00
0.2000000000+00

2.0000000000+00

0.500000000D+00
0.3000600000+00
0.350000C000+00
0.300000000D+00
0.250000000D+00
0.1000000000+00
0.250000000D+00
0.110000000D+01
0.5000000000+00
0.300000000D+0C0
0.7000000000+C0
0.300000000D+00
¢.500000000D+00
0.1300000000+01

0.1500000000+01
0.350000000D+01
0.,280000000D+00
0. 130000000D+00
0.3400000000+00
0.1300000000+00
0. 1800000000+00
0.4330000000+00

0.000000000D+00

0.433000000D+00
0.180000000D+00
6. 1300000000+00
0.340000000D+00
9.130000000D+00
0.2800000000+00
0.350000000D+01
0.150000000D+01

0.130000000D+G1
0.500000000D+00
0.300000000D+00
0.7000000000+00
0.3000000000+00
0.5600000000+00
0.11000006000+01

0.600000000D+00
0.3000000060+00
0.3500000000+00
0.3000000000+00
0.2000000000+00
0.100000000D+00
0.2000000000+00

2.0000000000+00

0.500000000D+00
0.300000000D+00
0.%70000000D0+00
0.300000000D+00
0.250000000D+00
0.1000000000+00
0.2560000000+00
0.1318621500+01
0.550000000D+00
0.1006000000+00
0.2500000000+00
¢.3000000C0D+0Q0
0.29200C000D+00
0.100000000D+00
0.950000000D+00

0.000000000D+00
. 000000000D+00
0.0000000000+00
0.2322229520+01
0,000000000D+00
0.2087053430+01
0. 600000000D+00
0.7312930000+01
0, 0000Q¢000D+00

0.000060000D+00

0.00000G000D+00
0.249640000D+01
0.000000000D+0¢
0.1841100000+01
0.000000000D+00
0.1195018000+02
0.000000000D+00
0.0000000000+00
0.000000000D+00
0.197190000D+01
0.000000000D+00
0.1775200000+01
0.0000000000+00
0.0000000000+00

£.000000000D+00
0.0000000000+00
0.407978079D+01
0.000000000D+00
0.7345321210+01
0.000C000000+00
0.5000180130+01
0.006000C00D+00

0.000000000D+00

0.000000600D+00
0.5000180130+01
0.000000000D+00
0.734532121D+01
0.0000000000+00
0.4079780750+01
0.0000000000+00
0.0000000000+00

0.000000000D+00
0.000006000D+00
0.110500006D+01%
0.000000006D+00
0.1616750000+01
0. 0000000000+00
0.000000000D+00

0. GoGO00000D+0D
0. 1993450000+01
0. 000000000D+00
0.2128450000+01
0.000600000D+00
0.7312930000+01
0.000006300D+00

0.000000000D+00

0.000000000D+00
0. 32006%000D+01
0. 0000000000+00
0.2729400000+01
0.0000000000+00
0.1195018000+02
0.060000000D+00
0.000060000D+00
0.000000000D+00
0.1200000000+0D2
0.0000000G00+00
0.14417500060+01
0.0000000000+00
0.5000000000+01
0.0000900000+00

0.000000000D+00
0.140056350D+01
0.0000000000+00
0.0000000000+00
0.000000000D+00
0.000000000D+00
0.600000000D+00
0.000000000D+00
0.000000000D+00

0.200000G00D+00

0.00000000060+00
0.0000000000+0G
0.000000000D+00
0.000000000D+00
0.000000000D+00
0. 000000000D+00
0. 0000000000 +00
0. 1400563500+
0.0GGO0CCCOD+00
0.00000G000D+00
D.00000000GD+00
0.00000000GD+00
0.0000000000+C0
0.0000009000D+00

0.1000000000+02
0.000000000D+00
0-000000000D+00
0.000000000D+00
0.000000000D+00
0.000000000D+00
0.000000000D+00
0.000000000D+00

0.0000000000+00

0.0000000000+00
0.000000000D+00
0.0000000000+00
0.0000000000+00
0.0000000000+00
0.000000000D+00
0.000000000D+00
-0.160000000D+02

0.00000000CD+0C
0.0000000000+00
0.0000000000+00
0.000000000D+00
0.000000000D0+00
0.000000000p+00
G.140056350D+01

0.600000000D+00
0.000000000D+00
0.000000000D+00
0.000000000D+00
0.000000G00D+00
0.000000000D+00
0.000000000D+00

0.%2000000000+00

0.0000000000+00
0.0000000000+00
0. 0000000000+00
0.000000000D+00
0.000000000D+00
0.,000000000D+00
0.0000000000+00
0. 1400563500+
0.000000000D+00
0.0000000000+00
0,0000000000+00
¢. 0000000000+00
0. 000000000D+00
0. 0000000000+00
0.0000000000+00
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128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

157

158
159
160
161
162
163
164
165

166
167
168
169
170
171

172
173
174
175
176
177
178
179

QF 26E
DS5E
QF27E
DSEE
SD15E
DS7E
QD28E
QD 28E
DS8F
SD16E
DS%E
QF29E
DAOE
QF30E
D&1E
SD17E
D&2E
QD31E
D&3E
SF18E
DO4LE
BOVE
DASE
SD19E
DBEE
ab32e
D&TE
QF33E
D&BE

BUW4E

D&FE
SF20E
D70E
QF34E
DTIE
OD35E
b72E
BORE

D73E
QD36E
DP4E
QF37E
DYSE
D76E

SEPD
004D
QF3D
003D
QD20
002D
QF1D
Do1D

1P1

0.3000000000+00
0.2500000000+01
0.30600000000+00
0.1539600000+00
0.1000000000+00
0.1500000000+00
0.1500000000+00
0.1500000000+00
0. 1500000000+00
0.1030000000+00
0.1539600000+00
0.306000000D+00
0.2500000000+01
0.3060000000+00
0.%500000000+00
0.100GC0000D+00
£.2920000000+00
0.3000000000+00
0.250000000D+00
0.1000600000+00
G.950000000D+0G
0.1318621500+01
6.250060000D+00
0.1000000000+00
0.2500000000+00
0.3000000000+00
0.370006000D+00
0.300000G00D+00
0.500000000D+00

2.000000060D+00

0.200000000D+00
0.1000000000+00
0.2000000000+00
0.30000000G0+00
0.350000000D+00
0.3000000000+00
0.4000000000+00
0.1100000000+01

0.5600000000+00
0.3000000000+00
0.7000000000+00
0.3000000000+00
0.5000000000+00
0.1300000006+01

0.150000000D+01
6.3500000000+01
0.280000000C+00
0.130000000D+00
0.3400000000+00
6.1300000000+00
0.1800000000+00
0.433000000D+00

G.000000¢00D+00  0.0000000000+00  ©.0D0000000D+00

0.9873620000+00
0.0000000000+00
0.161559000D+01
0.000000000D+00
0.4000000000+01
0.000000000D+00
0.3699490000+01
0.3499490000+01
0.00000C000D+00
0.3000000000+01
0.000000000D+00
0.1615590000+01
0.000000000D+00
0.9873620000+00
0.000000000D+00
0.400000000D+01
0.000000000D+00
0.1441750000+01
0.0000000000+00
0.1300000C0D+02
0.0000000000+00
0.0000000000+C0
0.00000000GD+C0
0.1195018000+02
0.0000000000+00
0.2729400000+01
0.000000000D+00
0.320069000D0+01
G.000000000D+00

0. 000000000D+00

0.000000000D+00
0.731293000p+01
0. 060C00000D+00
0.212846000D+01
0.000000000D+00
0.1993450000+01
0. 000000000D+00
0.000000000D+00

0.000000000D+00
0.1616750000+01
0.00000C000D+00
0.1105060000+01
0.0000006000D+00
0.000006000D+00

0.0000000G0D+00
0.000000000D+00
0.4079780790+01
0.0000000000+00
0.7345321210+01
0.000000060D+00
0.5000180130+01
0.0000000000+00

.0000C0000D+00
.000000000D+00
.0066000000D+00
.000000000D+00
.000000000D+00
.0000G0000D+00
.000000000D+00
.000R00000D+G0
.0000GO000D+00
.00060600CD+00
.000GC0000CD+00
.00000000CD~+00
.000060000D+00
.00060R000D+ 00
.000000CO0D+00
.0000000GED+00
.00000000GD~+0C
0.0000000060+00
0.0000000000+00
0.0009000000+00
0.000000000D+00
0.1400563500+01
0.,000000000D+00
0.000000000D+00
0.0000000000+00
0.0000000000+00
0.000200000D+00
0.000000000D+00
0.000000000D+00

CoODOoODCoCDOoOCoDoCoCDOoODC O

o

.$00000000D+00

0000000000 +00
.000000000D+00
-000000000D+00
.6000000C0D+00
-000000000D+00
-0000000000+00
.000000000D+00
-1400563500+01

oOocooCcao b

.000000000D+00
-9000000000+00
.000000006D+00
-000000000D+00
0.0000000000+00
0.0000000060+00

oo CoCo

-0.100000000D+02

0.000000000D+00
0.000000000D+00
0.000000000D+00
0.0000000000+00
0.000000000D+00
0.000000000D+00
0.0000000000+00

The quadrupoles of the low-beta triplet can be computed
as gradient bending magnets for a displaced orbit ¢10mrad
crossing angle).

QF1A
ap24
QF3A

0.130000000D0+00 -0.748347680D+04 -0.3920000000+02
0.3400000000+00 0.1940578890+04 0.162540000D+02
0.2800000000+00 -0.7814640600+03 -0.138400000D+02
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DAFNE (12/10/90)

PARAMETERS :

ax - az 4.120 6.102

tunes/period 4.120 6.102
ETAD  (H/V) - BXD - 820 0.0000E+QC 0.D0D0E+D0  4.500 0.4500E-C1
ETAMAX (H/V) - BXMAX - BZMAX 2.349 0.0000E+00 9.332 22.61
ETAMIN (H/V) - BXMIK - BZMIN -.5451 0.0000E+00 1.043 0.4500E-01
<ETA» (H/V) - <BX> - <B2» 0.3756 0.0000E+00  4.566 5.103

SYNCHROTRON RADIATIDN INTEGRALS (R.H.HELM et al.) :

[1(H-V) (meters) 0.5406540010+00  0.000000000D+00
[2(H-V) {1/meters) 0.144341908D+02  0.00000000GD+00
I3(H-¥} {1/meters*¥2} 0.1418381600+02  0.0000000000+00Q
L4(H-V} (1/meters) 0.3566735890+00  0.0000000000+06
IS(H-V) (1/meters) 0.3497982410+02  0.0000000000+00

MOM, COMPACTION 0.6775E-02

U0 (H-¥-Tot) (Kev) 13.75 0.0000E+00  13.75

D (R-V) 0.2471E-01 0.0000E+00

JS,JX,JZ 2.025 0.9753 1.000

DAMP [HGS{ms) 11.56 23.99 23.40

REL. R.M.S. ENERGY-SPREAD 0,4£309£-03
EMITTANCE(E-¥) (m-rad) 0.9204E-06 0.0000E+00

CHROMATICITIES (M.BASSETTI LEP NOTE 504) :

BENDING -4.567 -12.95 0.0000e+00 0.0000E+00
EDGE 1.457 -.7209 0.0000E+C0  0.0000E+00
QUADRUPOLE -7.655 -4.093
TOTAL CROM. -4.766 -17.76

TRANSFER MATRIX FOR ONE FULL PERIOQD

0.728132414D+00 0.2898163110+01  -0,569818058D-05
-0.1621006290+00 0.728152414D+00  -0.339778134D-05

0.801513549D+00 0.5709149770+01
~0.6263209850-01 0.8015135490+00



TABLE 11

S(m) ox (mm)

1 .39 2.12

2 .79 1.65

3 1.18 2.08

4 1.58 2.45

5 1.97 2.37
TABLE |11

@o(mm) Gx(mm)
QF1A (QF1B,QF1C,QF1D) 129.4
QD2A (QD2B,QD2C,QD2D) 222 .1

QF3A (QF3B,QF3C,QF3D) 362.6
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Ax (mm)

14 .4
20.3

22.7

Ax(mm)

2.12 4.33

2.15 15.24
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TABLE 1V - Optical functions - MAD output
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TABLE V- Parameter list
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Energy (MeV)
Circumference (m)

Dipole b. radius (m)
Wiggler b. radius(m)
Wiggler length (m)
Wiggler period (m)

Horizontal [-tune

Vertical  B-tune

Natura chromaticities:
Horizontal
Vertica

Mom. compaction
l2 ()
|3 (m'2)

Energy loss/turn (KeV) :

Bend. magnets
Wigglers
Septa

Low [ g-poles

Totd

Nat. emit. (m-rad) :

Relative rms en. spread

510.
94.56

1.400
0.9
2.0
0.5

4.12
6.10

-4.8
-17.8

.0068
14.4
14.2

4.27
9.41
057
011

13.75

.95 106

4.31 104

By @ 1P (M)
Bx @ 1P (M)

KB

oy @ 1P (MmM)
6y @ 1P (MM)

Crossing half angle (mrad)

Damping times (msec):
TS
TX
Ty

FRF (M HZ)

Harmonic number

Max. N& Part./bunch

Ne€ of bunches

VRF (KV) @ ZIn=2Q
@ZIn=1Q

Par. losses (KeV/Q)

Bunch length &, (cm)

Bunch peak curr. (A)

Max. av. curr./bunch(mA)

Max. total av.curr.(A)

Max.synch.power/beam(KW)

.045
4.5
01

021
211

10.0

116
24.0
23.4

380.44
120
9.1010
1+120
241
122
4.0
3.0

57

46

55
75.6
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TABLE VI - Sextupoles configuration

kkk® MULTIPOLE-STRUCTURE [N ONE FULL-SUPERPERIOD ***w

J MULTIROLE <BETX(m}> <BETY({m)> < MUX> < MUY>  <ETAX{m}> Ks(m-2) G(T/m2)

1. MULTIPOLE AT: J = 22 SDIE 1.595 5.983 0.429 0.531 1.025% 11.93018  203.5
2. MULTIPOLE AT: J = 39 SF2E 3.7711 0.962 0.744 1.082 1.534 -7.31293 0 1263
3. MULTIPOLE AT: J = 48 SD3E 5.027 &.318 0.859 1.242 0.000 &.00000 102.0
4. MULTIPOLE AT: J = 52  SF4E 6.955 4.283 0.887 1.265 G.000 -1.00000 17.0
5. MULTIPOLE AT: 4 = 56  SFSE 6.735 2.575 0.901 1.308 0.000 -2, 00000 34.0
6. MULTIPOLE AT: & = &6 SFSE 6.735 2.575 1.045 1.634 0.000 -2.00000 34.0
7. MULTIPOLE AT: 4 = 70  SFTE 6,955 4.283 1.05%9 1.677 (.000 -1.00000 17.0
8. MULTIPOLE AT: 4 = 74 SD8E 5.027 6.318 1.087 1.700 0.000 3.00000 51.0
. MULTIPOLE AT: J = 83 SF9E 3.7 0.942 1.201 1.840 1.534 -7.31293 0 124.3
10. MULTIPOLE AT: J = 100 SD10E 1.595 5,983 1.516 2.411 1.025 11.95018  203.5
11. MULTIPDLE AT: J = 147 SFUIE 3.150 0.55% 2.350 3.601 1.306 751293 124.3
12. MULTIROLE AT: 2 = 164  SDI2E 2.344 5.954 2.740 4.149 0.819 11.95098  203.5
13. MULTIPOLE AT: J = 168 SF13E 2.718 7.971 2.860 4.21 0.000 -12.00000 204.0
14. MULTIPOLE AT: J = 172  SD14E 3.443 5.936 2.915 4,230 0.000 5.00000 85.0
15. MULTIPOLE AT: J = 187  SDISE 5.666 6.897 3.021 4.515 0.000 4.00000 68.0
16, MULTIPQLE AT: J = 186 SDI6E . 6.897 3.045 4.529 0.%00 3.00000 51.0
17. WULTIPOLE AT: J = 195  SDITE 3.443 5.936 3.15% 4.814 0.000 4.00000 68.0
18. MULTIPOLE AT: J = 199 SFIBE 3.509 7.20 3.243 4.848 0.000 -13.00000 22%.0
19. MULTIPOLE AT: J = 203  SDI9E 2.344 5.954 3.326 4,895 0.819 11.95018  203.5
20. WULTIPOLE AT: J = 220 SFZ0E 3.150 0.%55 3LTI6 T 5.443 1.306 -7.31293  124.3

TOTAL WUMBER OF MULTIPOLES IN STORAGE RING: 20



