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Introduction

In this note, we describe a design of lattice, which is by no means
optimized for the ultimate performance, but these parameters can be used for

the starting point of other design efforts. Assumptions and features used in
this design are:

1. 32 periods which is reasonably high periodicity for chromaticity
corrections, -

[\

. Achromatic bending cell which enables us to make all straight sections
“to be dispersion free,

3. Twiss parameters at dispersion area are the same for all cells to make
~undulator straight section can be tuned to wiggler straight section
and vice versa.

4, No attempt is made to extract the photon beam from bending magnets,
-.. . and when this feature is added, the lattice design may have to be
changed in order to provide the photon beam channel.

5. Natural emittance in the horizontal plane is made as small as possible
in the range of 10~8m radians. This value can be optimized later by
Judicious choice of the Twiss parameters through the bending magnets.

6. The bending magnet should have parallel edges in order to simplify its
construction. This assumption implies that there is vertical
focussing from the edge.

7. The beta functions at the straight section should be tunable so that
various configurations of the insertion devices should be
accommodated.,

Lattice

Amongst several of the series of lattice structure studied, we describe
one series, which is representive of all others. 1In order to show the
capability of adjusting the beta functions at the straight secgjon, we
describe, at first, all wiggler lattice, which requires smaller beta functions
for both planes at the wiggler.

Figure 1 shows the Twiss functions of one period of this lattice which is
24 m long. Table 1 describes lengths and strengths (MKS unit) of the lattice
elements, Table 2 shows the Twiss parameters along the lattice. The values
are calculated at mid-point and at the end point of each element. The eta
function shown in Fig. 1 has a magnification factor of ten and displaced by
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ten in order to show the details. Im Fig. 1, the insertion straight section
is shown in the middle of the figure, and in order to describe sextupoles for
chromaticity corrections, the same lattice in a different element sequence is
in Fig. 2.

Computer code, PATRICIA, is used to investigate the chromaticity
corrections and dynamic aperture study. Natural chromaticity, defined to be §
= dv/ p/p, of this lattice is -122.3 ih the horizontal plane, and is ~41.4 in
the vertical plane assuming linear lattice with no sextupole contributions
from any element. With the arrangement of two family sextupoles (one SF and
two SD's per period) shown in Fig. 2, the chromaticity can be adjusted to
zero. Integrated strength of sextupoles are SD = -6, 12/m2 and SF = 2, 9/m2.
Figure 3 shows the non-integral part of the tune variations as a function of
Ap/p. Figure 4 shows the variations of the beta functions with respect to
Ap/p. Table 3 shows other pertinent parameters of this lattice.

~Tunability of the beta functions at the insertion straight section is
demonstrated in Fig. 5. What is done in this figure is that while keeping the
Twiss parameters of the end point of the lattice shown in Fig. 1 (wiggler
lattice) constant, the strengths of QD3, QF2 and QDl are changed to make a
high beta insertion straight section which is required for undulators. In
doing so, the QDL is turned off in order to make the straight-section length
long. To distinguish this undulator period from the wiggler period, the new
setting of QD3 and QF2 are renamed to be QD6 and QF7 as shown In Fig. 6.
Table 4 shows length and strength of this lattice elements in the MKS units.
The Twiss parameters along the lattice is shown in Table 5.

Natural chromaticities of this lattice are: &x = ~66.7 and &y = -22.2
under the similar assumption as described previously. Using integrated
sextupole strengths of SD = -3.95/m2 and SF = 1.63/m2, these chromaticities
can be made zero with sextupole arrangements similar to that described
previously. The tune variations and the beta function variations at the
center of insertion straight section are shown in Figs. 7 and 8, Table 3
shows other pertinent parameters of this lattice.

Remarks

1. It should be noted here that the trade off between the length and the
strength of quadrupoles has not been performed, therefore the
- straight-section lengths of 3 m for the wiggler and 5.9 m for the
undulator can be made longer by 10 cm or so by readjusting these
parameters.

2. As noted earlier, the Twiss parameters at the mid-point of the wiggler
period are the same as those of the undulator period, two periods can
be combined to make a sixteen-period machine consisting of one wiggler
cell and one undulator cell in each period. However, there should be
a word of caution which is to be careful about resultant tune of the
machine which may turn out to be at an undesirable working point. If
this happens, then we must readjust the insertion quadrapoles, i.e.
QDl, QF2, QD3 for the wiggler cell, and QD6, QF7 for the undulator
cell, while the Twiss parameters at the midpoints of each cell are
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kept the same. At present, the method used for this tuning is
somewhat tedious, but we must devise an easier method. This technique
must involve finding of the working point as well as dynamic aperture
search. '

As stated earlier, the lattice parameter described here is one series
of many. An example of variation of lattice is shown in Fig. 6.
Without changing magnet locations, many variations of the lattice
setting can be made.

Photon beam path originating in the insertion device has been studied
with this lattice, and there appears to be no difficulties in
extracting *8 mr beam from the insertion point. However transporting
the bending magnet photon beam may face some difficulties due the
placement of the sextupoles. To alleviate this, we may have to change
the placements of elements or to devise very narrow sextupoles in
order to accommodate *8 mr beam.

This notgmay serve as the starting point of tooling up the design
study, however, we must be prepared to change the layout as we
progress toward the final layout.
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TABLE

I

ETA STARTING SCALE FACTORS MULT AHD ADD 16.00600
MATCHER FUHMCTIONS FOR 32 PERIODCS)
TOTAL LEMGTH=  76%.08 METERS, TOTAL BEHD= 360.0008 DEGREES
EETAX=  208.841 METERS  ALPHAX= 8.800 HUX= 32+9.2694 = 4[.26T¢
EETAY= 2.530 METERS = ALPHAY=,  6.880 HUys 19.2515
ETRX =  ©.465 METERS ETA’X = 6.000 TRGAMMA=  S5O0.3331
BEAM RIGIDITY=28.8139 ¥,Y EMITT=.01108 ,.0011% Pl CM-MR,DPP=.0R108 |COMMANDS
ELEMENTS: 29 ELEMENT DEFINITIONS |BF2 GUAD 2.2 1.0808 18.355 0.008| BEAN
HAM TYPE W¥AR LEM,ANG B,E” H,GAP|QD3 QUAD 6.6 .700688 -17.64 0.508[ ELEMENTS
L1 DRFT .6 1.5660 ©.0000 0.600|0D4 QUAD 0.8 .78098 -7.49% 6.988| LATTICE
L2 DRFT 6.0 .S00R28 ©.00080 ©.090|QF5 QUAD ©.8 .780680 18.S63 6.908| PERIODS
L? DRFT ©.6 .36080 0.0000 0.600[0D6 GUAD 1.2 .76980 -11.96 6.888| FIT
L4 DRFT ©.9 2.9600 0.0000 B.090|0F7 QUAD 2.2 1.60808 5.3900 6.808| TRANSPOR
LS DRFT 0.8 .20000 ©.9990 0.608|LX DRFT ©.3 .75000 0.0808 0.680| INSERT
LE DRFT 9.0 .1009p B.B005 ©.00BJE EDGE 0.0 2.8125 .66685 0.000] MATRIX
L? DRFT ©.0 .65083 0.09086 0.060|LM DRFT ©.8 .85968 ©.8000 0.9508]| GO
1.8 DRFT ©.6 2.4000 0.0080 0.00a CYCLE
'SP DRFT ©.0 .40008 6.8908 ©.000 GRAPH
M BEND 0.8 2.9508 .sssas 0.808 ITERATE
@Dl QUAD . 1.2 .78808 -4, 9.008| HELP
LATTICE: 19 ELEMENTS: L¥ urs Lz o LW E W E L7 003 L3 OFZ| SAvE
L6 SI LS @D1 Li RFL RECALL
QUIT
PERIODS| FIT: MU X =9.278,HU ¥  =19.23, - NEW CHSE
32 : PRINT
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ELEHM LTH SUM L EBETAX ALPHAY ETAY ETR“ X PSIY X - BETAY ALPHAY P3IY ¥

- R2D3 B.35 7.89 14.71 -18.%91 8.68 8.85 147.
L3 8.15 7.95 18.16 -12.13 ©0.60 6.90 147.
L2 B.13 2.18 21.98 -13.36 0.606 0.8 142,
fFz B8.350 8.606 20.68 -2.54 0.60 0.80 149,
QF2 . 8.58 9.18 26.32 10.44 .68 -@.08 159.

. 127 15.48 9.26 59.6 .841
.141 12,83 8.42 £B.2 ,038
-156 18.43 ?.58 £9.9 .034
<183 5.72 . 2.52 e64.8 .825
178 4,57 -8.83 70.6 .022

M3 D CMd , My (RADY (DEG> <CHMY <MD CDEGY C(Cry ™ °

.98 6.89 29,84 .80 6.47 8.03 8.6 .1%2 2.53 ) 6.8 .6817
L 8.32 8.33%3 26,85 -6.082 6.47 B.09 1.8 .1%8 2.59 -8.15 2.4 .917
LX © B.38 ©.75 20.87 -0.94 0.47 .60 2.1 .198 2.75 -8.30 16.5 .617
GFS B.35 1.18 19.54 2.74 8.45 -9.89 3.8 .192 3.21 -1.83  23.4 .B819
BFS 8,35 1.45 15,26 £.35 8.498 -@.17 4.2 .173 4.28 -2.94 28.9 .622
Lz 8.25 1.768 12.75 5.86 B8.36 -8.17 3.2 ,135 5.35 -2.34 31.9 .az24
Lz 8.25 1.95 16.00 $.17 8.32 -1,17 6.4 .137 €.88 -2.64 34.3 .@27
. &D4 8.35 2.3 7.88 .38 9.27 -8.13 2.8 .115 £.24 ~-1.92 37.6 .820
T BD4 B.3% 2.6% S.24 2.84 23 -8.18 12.2 .693 9.28 -6.95 3%.2 .832
LM 86.432 3.B8 3Z.88 1.62 B8.1% -8.18 17.7 .@822 16.12 -1.84 41.8 .033
Ln B.42 3.58 2.48 1.20 8.14 -B.168 25.8 .867 11.85 -1.13 44.1 .@35
E B.85 2.585 2,48 .28 @.14 -8.18 25.85 0967 11.65 -1.11 44.1 .035
M 1.483 4.98 1.68 -6.25 0.84 -0.85 90.0 .835 14.76 ~-1.41 SB.7 .@48
M 1.42 6.43 3.95 -1.62 ©.60 8.890 135.6 .665 19.35 -1.780 55.7 .046
E 8.80 €.45 3.%5 -1.79 ©.889 8.88 135.6 .865 13.35 ~1.67 55.7 .048
L7 8.32 6.72 5.15 -2.82 0.08 B8.08 132.7 .6875 208.46 -1.74 S6.6 .647
Ly B.33 7.18 6.57 -2.34 ©0.08 0,00 142.9 .885 21.61 -1.80 57.5 .049
Gn3 8,35 -7.45 9.19 -5.41 8.680 8.069 145.€ .181 206.55 4.71 53.5 .048
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LB 8.85 9.1% 25.2% 18.28 6.82 -0.60 150.4 167 4.57 -6.84 71.2 .022
L6 - 8.83 9.20 24.27 18.62 8.608 -0.00 158.5 .163 4.5 -8.85 7i.8 .022
53] 8.28 S5.48 28.43 9.18 0.80 -5.08 151.6 .15 4.61 -G.89 74.3 .0623
Sb 8.206 9.60 16,93 8.33 0.00 -8.60 151.7 136 4.65 -6.13 7?76.8 .823
LS  8.18 9.78 15.38 7.93 0.60 -D.90 152.0 .138 4.62 -B.16 73.8 .023
LS 8.16 92.88 13.75 7.51 0.68 -8.68 152.4 .123 4.71 -8.13 79.3 .023
oDl ©.35 18.1% 3.28 5.37 8.868 -8.88 1354.2 .161 4.7¢ B8.18 8§3.5 .023
ant 8.35 18.98 &.18  3.88 B8.008 -0.08 156.9 .882 4.57 8.37 87.8 .@22
A1 . 8.?3 11,235 1.82 1.98 -.88 -0.60 169.9 .645 4.15 8.19 97.7 .B21
v L1 ... 8.75 12,88 8.3 8.880 =-.86 -<B.68 232.1 .62 4.81 -g.09 188.3 .21
) Li 8.75 12.73 1.82 -1.98 -.96 -6.689 2%4.4 .0845 4.15 -8,19 118.9 .621
L1 8.75 13.58 6.18 -2.88 -.88 -0.00 307.4 .B82 4.57 -0.37 128.8 .822
ani 8.35 13.85 9.28 -5.37 -.680 -6.,00 218.1 .161 4.74 -9.18 132.1 . 823 ]
@D1 8.35 14.28 13.75 -7.51 ~-.,80 -0.608 211.28 .123 4.71 B.18 137.3 .823 W
LS 8.18 14.38 15.20 -?7.93 -.80 -8.90 312.2 .138 4.8 89.1%6 1328.5 .823 d
L35 6.18 14.48 16.93 -8.35 -.00 -B.08 312.6 .135 4.65 8.13 1392.8 .823 '™
-1 8.29 14.60 20.43 -9.18 ~-.08 -6.68 313.2 .158 4.61 6.89 142.2 .823 <t
€D B.28 14.88 24.27 -16.82 ~-.80 -0.088 313.7 .163 4.58 8.95 144.7 .822 ¥~
L& @.85 14.85 25.29 -18.23 -.80 -6.88 2123.2 .167 4.57 8.84 145.4 ,822
kb 8.83 14.90 26.32 -16.44 -.00 -6.00 314.6 .170 4.57 8,03 146.8 .@22

GF2 B.58 15.49 38.60 2.54 -.80 9.80 314.9 .183 5.73 -2.52 151.8 .825
QF2 86.58 15.99 21.98 13.36 . ~-.80 8.088 216.0 .156 18.423 ~7.58 155.7 .034

L3 B8.15 16.63 158.16 12.13 ~.08 B8.080 315.4 .141 12.83 -8.42 156.4 .038
Lz 8.135 15.28 14.71 18.91 -.88 8.680 316.9 .127 15.42 -9.26 157.8 .0Q41

@Dz B.35 16.55 9.19 S.41 -.88 08.88 312.7 .1601 28.55 -4.71 158.1 - 8438
QD3 B.35 16.98 6.57 2,34 -.88 0.606 221.2 .635 21.61 1.89 15%2.1 .943

L? 8.33 17.23 5.15 2.82 -.88 8.60 224,85 .0675 28.48 1.74 159.9 .@47
Le 0.33 17.55 3.95 1.76. -.80 ©.08 228.7 .056 19,35 1.67 168.9 .84¢6
E .88 17.35% 3.95 1.69 -.08 0.8 328.7 ,065 19.35 1.78 168.9 .848
M 1.48 1%.83 1.88 .25 8.84 B.85 274.3 038 14.7€ 1.41 165.9 .8408
M 1.48 28.58 2.48 -1.28 @.14 0.18 4232.5 .867 11.657 1.11 172.5 « 835
E 8.89 20.58 2.423 -1.28 @.14 .16 422,55 .87 11.85 1.13 172.5 .835
LM ' B.43 20.93 3.68 ~1.62 B6.19 0.19 446.5 .082 19.13 1.84 174.8 .033
LK @.43 21.35 5.84 =~-2.84 0.23 6.10 452.1 .@93 9.28 B.95 177.3 .032
QD4 8.35 21.7v8 7.88 -3.38 ©8.27 8.13 455.4 .115 2.24 1.98 179.%6 .038
D4 8,35 22.805 16.88 -5.16 8.32 6.17 457.8 .137 6.¢a 2.64 182.3 .827
Lz 8.25 22.39 12.75 -5.86 6.36 B8.17 459.1 .155 S5.35 2.34 184.7 .0824
L2 B.25 22.55 15.85 -6.55 08.46 ©.17 460.1 .1?3 4.26 2.04 187.7 .622
QFS 8.35 22.99 19.54 -3.74 B.45 @.8% 461.2 .1%2 2.21 1.83 193.2 .6819
QFS 6.35 22.25 286.87 8.84 8.47 -8.008 4£2,2 ,192 2.75 8.30 288.1 .617
L¥ 8.38 22.63 26.85 .82 ©.47 -8.60 4563.2 ,198 2.59 B.15 268.1 .ei7
L 6.38 24,06 28.84 -0.680 0.47 -0.00 464.3 .198 2.53 -9.68 216.6 .017

me———] LIH '§uﬁ L__EBETAX ALPHAX ETHHX ETRZX  PSIX ¥ BETHY ALFHAY P3IY Y



TABLE 3

Momentum Compaction Factor 3.96 x 1074
Horizontal Natural Emittance (m) 2.3 x 10°% x E(Gev)?2
Energy Spread (%) 0.0156 x E{(GeV)
Transition Gamma ‘ 50.233

Energy Loss per Turn 3.82 MeV

<Beta x> for all W ; %2.8 m

<Beta y> for all W | 9.7 m

rf Voltage Lo MV

rf Phase (degree) 61

Synchrotron Frequency : 2.1 KHz
Synchrotron Damping Time . 4 msec
Betatron Damping Time - : 8 msec ;i
Bunch Length (I = 0) 8.3 mm

<Beta x> for all U : ' 14.9 m

{Beta y> for all U , 10.8 m
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MATCHED FUNCTIONS FOR 32 PERIDD(S)

TOTAL LENGTH=

763.89 METERS, TOTAL BEND=

268.0008 DEGREES

BETAX=  26.33% METERS  ALPHAX= 8.008 HUX= 27.7799

BETAY= 2.538 METERS  ALPHAY=  -9.880 HUY= 15.7374

ETAX = 8.465 METERS ETA’X = -0.0888 TRGAMMA=  50.231%
BEAW RIGIDITY=20.0139 X,Y EMITT=.01189 ,.86118 PI CM-MR,DPF=.68100 |COMMANDS
ELEMENTS: 2B ELEMENT DEFINITIONS |GF2 QUAD 2.2 1.8808 9.09204 0.808| BEAM
HAM TYPE VAR LEH,ANG  E,B’ N,GAP|GD3 GUAD 1.2 .78000 -12.62 8.098| ELEMENTS
L1 DRFT 0.9 1.5890 ©.0008 0.0900|0D4 QUAD 0.0 .70988 -7.493 0.088| LATTICE
L2 DRFT 0.0 .58009 0.09503 0.500|GFS QUAD 0.9 .70098 19.363 0.998| PERIODS
L3 DRFT 0.9 .30960 ©.8003 8.900)0D6 QUAD 1.2 .7R888 -11.%0 8.863| FIT
L4 DRFT 0.0 2.9098 ©.0690 9.800|0F7 QUAD 2.2 1.8988 S.5309 0.0008| TRANSPOR
LS DRFT 9.8 .26055 0.0022 0.888|L¥ DRFT 8.9 .7S808 5.9000 8.088] INSERT
‘L6 DRFT ©.0 .10908 ©.€808 D.6HB|E EDGE 0.6 2.2125 .68685 9.808) MATRIX
L7 DRFT B.0 .65060 0.0000 0.8088|LM DRFT ©.0 .85000 0.0990 0.059| GO
L2 DRFT 8.8 2.4000 0.0882 8.000 CYCLE
SD DRFT ©.8 .48008 0.0000 9.005 - - GRAPH
M BEND 0.9 2.9568 .€6685 0.000 ITERATE
'@D1 QURD 8.9 .79898 -—.0800 .09 HELP
LATTICE: 18 ELEMENTS: LX QFS5 Lz GD4 LW E W E L¢ @D3 L3 0OF2| SAYE

L6 SD LS @GD1 L1 RFL RECRALL
W - ' _ QUIT
PERIODS| FIT: TALFAX =0.000, TALFAY =0.0008, NEW CRSE

32 PRINT
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TELEM LTH SUM L BETAX ALPHAX ETAX ETA'Y PSIY ¥ BETRY ALPHRY PSIY Y

D <MD (M - My (RADY  (DEGY (CHM> (#) ¢(DEG> (CM
g.848 4.886 249.84 8.86 6.47 -2,908 8.8 .1%% 2.54 -0.60 8.8 .817
LA 9,38 0.3% 28.85 -9.82 0.47 -6.080 1.8 192 2.59 -8.15 3.4 .917
L B.32 0.75 Q.87 -6.84 0.47 -p0.a9 2.1 192 2.76 -B8.38 15.5 .017
HFS 8.33 1.16 19,54 3.74 8.45 -g.09 3.8 .1%2 3.21 -1.93 23.3 .919
LFD 8.33  1.45 15.88 .55 6.4 -8.17 4.2 .172 4.26 -2.84 28.5 .922
L .25 .7H 12,75 J3.88° 8,36 -8.17 9.2 4155 ‘5.8 -2.34 31.3 .6249
Lz .25 1.95 19.08 3.17 . B8.32 -8.17 6.4 .137 6.6 -2.64 34.2 .B27F
Gog 80.35 2.38 7.8%8 3.38 @8.27 -8,.13 8.8 115 8.25 -1.93 36.9 .e3a0
(AR T B.33 2.65 5.24 2.4 9.23 -8.18 12,2 .8%3 9.2% -B.95 33.2 .8322
LH B2.43 2.83 2.68 1.62 ©8.19 -8.186 17.7 .832 19.13 -1.84 41,7 .633
LM B8.43 2.58 2.48 1.280 B8.14 -6.180  25.8 .867 11.85 -—-1.13 44.9 .835
E é.868 3.38 2.48 1.280 @.14 -@.18 25.2 .867 11.685 -~-1.11 44.9 ,83S
1l 1.483 4.93 1.8% -08.25 6.84 -8.85 90.0 .832 14.76 -1.46  506.6 .0406
[ . 1.48 6.45 3.25 -1.69 6.66 0.88 135.6 .666 19.33 -1.79 55.5 .646 -
E _ 8.88 6.45 3,95 -1.76 B8.68 8.600 135.5 .086 19.33 -1.67 55.6 .046
LY ¢ B.33 6.78 5.19 -2.82 B8.60 6.6808 139.7 .075 28.44 ~-1.72 S6.5 .847
L? 8.32 7.18 8.57 -2.34 B8.69 ©.060 142.9 .055 21.5% -1.58 S7.4 .049
Qs H,33 7.45 8.94 -4.689 5.88 6.80 145.5 .099 21.185 2.93 53.4 .942
SDa 8.35 7.88 12.35 -8.32 6.83 0.89 147.4 .121 17.69 6.78 59.4 .844
L3 6.15 7.93 15.97 =-9.11 ©0.88 0,80 148.8 .133 15.71 5.32 359.9 .6842
L3 8.13 §8.18 18.82 -9.986 0.68 0.80 148.5 .144 13.86 3.%8 €8.5 .633
BF? 8.58 £.68 27,22 -5.26 ©.60 6.80 149.8 173 9.73 2.992  63.8 .933
QF? 8.56 9.18-38.42 b.16 ©.88 0.8@8 158.7 .183  8£.28 B8.41 66.3 .838
Ld 1.43 18.5% 38.21 8.85 ©.88 6.688 153.5 .18z 7.3% B8.28 75.9 .829
L 1.45 12.88 28.14 6.86 ©.08 6.008 155.2 .182 7.09 B.52 B8B.5 .28
L4 1.45 13.45 38.21 -0.85 ©.09 0.9 15%.8 .182 7.3% -6.28 160.1 .@29
L4 - 1.45 14.98 38.42 -8.18 8.80 0.08 151.7 .183 8.23 -8.41 116.7 .830

GF?  ©B.58 1S.48 27.22 €.26 B.686 -0.686 162.7 .173 9.72 -2.5% 1i14.8 .033
@F7 - 8.50 15.99 15.82 $.98 0.86 -8.68 164.8 .144 13.85 -5.928 116.5 .083%
L3 . ©.13 16.85 15.97 9.11 6.88 -p.60 164.4 .133 15.79 -£.32 117.1 .842
L - B.15 16.28 13.35 8.32 8.8 -b.8p 185.8 .121 17.82 -6,.77 117.5 .844
gne - -.8.35 18.535 8.94 4.68 0.60 -9.60 165.9 .8%9 21.16 =-2.92 118.5 .048
@bs . 8.25 16.98 6,57 2.34 ©9.88 -8.68 1869.5 .885 21.57 1.88 119.6 .649

L? 8.32 17.23 5.15 - 2.82 ©8.09 -0.88 172.7 .6875 26.43 1.73 126.4 .847
Ly 6.33 17.59 3.95 1.78 B.€B8 -6.08 175.9 .B856 19.32 1.67 121.4 .848
E B.9B8 17.55 2.95 1.869 8.89 ~-0.66 176.9 .866 19.32 1.78 121.4 .645
M T 1.48 19.83  1.88 .23 ©8.84 B8.85 222.5 .832 14.74 1.48 126.4 .640
M 1.48 28.58 2.48 -1.20 8.14 ©6.18 236,77 .667 11.8B4 1.11 133.8 .835
E 8.60 26.50 2.42 -1.2080 ©.14 ©.10 285.7 .657 11.84 1.12 133.8 .B35
LM 8.43 20.93  3.69 -1.62 B.19% 8.18 294.8 .832 16.12 1.984 135.3 .633
LM 8.43 21.35 5.24 -2.84 06.23 06.10 366.2 .89%3  9.28 9.95 137.8 .832

D4 8.35 21.76 7.88 -3.38 6.27 0.13 283.6 .115 8.24 1.97 148.1 .638
ang 8.35 22.65 18.88 -5.17 9.32 B8.17 386.8 .137  6€.68 2.64 142.8 .@z27

Lz 8.25 22.38 12.76 -5.86 8.36 8.17 387.2 .155 S5.35 2,34 145.2 .824
L2 8.25 22.55% 15.856 -6.55 B8.48 08.17 388.3 .173 4.26 2.84 1482.2 822
GFS 8.35 22.908 12.54 -3.74 6.45 B8.89 3@9.4 192 2.21 1.83 153.7 .D19
QF3 8,33 23.25 28.87 0.04 8.47 -0.88 318.4 .198 2.75 8.306 168.6 .817
Ly 8.38 23.632 28.85 B.82 8B.47 -B.08 311.4 .133 2.359 8.15 168.6 .817
L¥ 8.38 24.080 26.84 -B.69 ©0.47 -8.88 312.5 .198 2.94 -8.08 177.8 .817
ELEM LTH SUM L BETAX ALFHAX ETAX ETA’X PSI¥ ¥ BETAY RLFHAY P3IY ¥
CMD M <M (H> (RAD> -~ (DEG> (CM> (M3 _ (BEG> <Ci>

AYERAGE Bx AHD By 14.87878 19,.83353
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Metrase

ML H(=

= 1B.335 Qb3 = —17.643 QD4 = -2 .50 QFS5 = (B.863 Gl = —11.9684 OF2 = 8

BETH x,BETA y,ETR » for | Pertod
9.283 MU Y= 13.251 TR GAMMA= S@.233 MU X= 58.241 MU Y= |20 961
. M ﬁFEI ‘!l 24 7‘ IJFE Xl ‘ﬁ‘
JT4 ¢og  qo} 7 fof o} U3

BETHx

ETHAx

BE TRy

24

F:?uff— 3




(x}

ETR STARTING SCALE FACTORS MULT AND ADD 16.60600 1g. 85880

MATCHED FUHCTIONS FOR 32 FPERIODCS)

TOTAL LEWGTH= 7e3.88 METERS, TOTAL BEND= 3268.00833 DEGREES

EETAR= 8.32%4 METERS ALPHAX= B.888 HUX= 9.26%94

BETRY= 4.6811 METERE ALPHAY= B.BAE NUYS 13.2514

ETRAR = -8.6889 METERS ETR"X = ~8.888  TRGAMMAR= 55.32334

' BETA % ,BETR ¥, ETR x for t Perlad
X= 3.2639 MU Y= 19.251 TR GAMMA= 56B.333 MU X= 58.242 MUY Y= 120.9608
2 = 18.385 QD3 = —~17.6845 004 = ~7.368@ OF5 = IQ@.8E3 ADB = —~11.904 QF? = 8
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o 05000 0
H X 1 i I t
- =1,000 e =0a600 =0.200 0. 200 0,600 DP/P IN_PERCENT_ 1.020_ .
NUEX O.1144 01719 0.21586 0.2460 0.2637 0.2694% 0.2635 0.2467 0.2196 0.18206 0.1363
(VEY 002211 0,2329. . 0,205 002474 __ 0,2506 __ _ 0.2515 _  0.2502 __ 0.2869 _ _0.2416 ___ 0.2347 __ .Q.2261_ .




. . _ w, ¥
5 gnglDPIPIISEl’A(DPIP-O) AT THE REF.POINT : (J3=1) W 4 _SEXTUPOLES PER SUPERPERIOD 2L
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1
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=1.000 =-0,600 ~0.,200 0.200 0.600 DP/P? IN PERCENT 1,033
BETXO 0.4408 0.4353 0.4233 004126 0.4030 0.3945 0.3868 00,3800 0.3739 Q.3684 0.3635
_BETYQ 3.9655 3.9734 3.9819 3.991¢0 5.,0007 4.,0109 4,0216 4.0328 £.0445 4.0566 4.0692
ETAX0 -0.00463 -0.0049 ~-0.00356 -3.0023 ~0.0011 0.0000 0.0011 0.002] 0.0031 0.0040 0.0059
EYAYO 00,0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 G. 0000
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‘ BETA x,BETA y,ETA x for | Periad
HU X= 27.776 MU Y= 13.737 TR GAMMA= 5@.332 MU X= 174.521 MU Y= 58.881
—.BE@38 OF2 = 9.62@ OD3 = —-12.6826 QD4 = ~7.500 OFS = LB.863 QDS = —-11.904 OF7 = 3.
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: . EETA = ,BETH y , ETA x far | Perlad
NU H= 22 _ 278 HU ¥= 13_.737 TR GRMMAR= 50.332 MU X= 124.324 MUY Y= 98._.879
= 3.026 GD3 = ~12.626 QD4 = -7 568 OFS = 1Q.263 QL5 = —-12 B26 OF? = 9.
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ggNthECRAL PART OF THE TuNE vS. RmORZNTuN LJ 2 MJILTIPOLES PEX SUPERPERID)
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Q7740 Q7694 0. 7558 07634 07620 0.761% 0.7620 07633 0.765% 0.70683 0.2722
0e7537 0e7493 Je2460 Qe?438 0.7422 0e?4L7 0.2420 0.7531,, 0. 2450 0.74706 G.7509
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SETALDPIPIFIETALDP/2=03 AT THE REFLPOINT 2 L 3=1) s 4 SIXTUPOLES PER SUPERPERIODD u
24000 » :
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P
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1. 800 »
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i
1600 *
1
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| §
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o
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i
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1
4
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1
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1
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]
1
‘ -
. 1 -
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|
1
1
|
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~1.000 ’ =0. 500 ~04200 0,200 0.600 DP/P IN PERCENT 1.030
ETXO 28.6526 2843149 29. 1891 294751 29.7728 30.0820 30.40206 30.7346 31,0277 31.4318 31.7953
ETYO 8431863 8.0578 7.8230 7.50706 7.4076 7.2199 70419 6.8716 6.7073 b.5473 643323
TAXD 0.9181 0.0145 0921037 0.0072 040036 0.000C ~0.0036 -0.0072*  -0,0109 ~0.0145 -0.0131
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