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Survey and Orientation of Beam-Coordinate system near the
Extraction Region of the SNS Ring

N. Tsoupas, D. Raparia, Y.Y Lee, J. Wel
Abstract

The fast beam extraction process [1] of the SNS accumulator ring [2] can be
accomplished by two steps. In the first step the beam is kicked , by a set of 14 fast-kickers,
vertically down to a direction making an angle —13 mrad with the horizontal. In the second
step a septum magnet bends the beam to the left (and on the outside of the SNS accumulator
ring) by 16.8°.

In such a magnet geometry, where the bending plane of the septum magnet is not horizontal,

(The beam-bending plane makes an angle of -13 mrad with the horizontal) the y-axis of the

beam coordinate system, system at the exit of the septum magnet, may ot coincide with the

y-axis of the “fixed coordinate” * system even when the direction of the beam (at the exit of

the septum) is restored at the horizontal plane.

Such a mismatch of the y-axes of the “beam coordinate”’ system with the “fixed coordinate”

system may cause first-order beam coupling which will be introduced by the quadrupole

magnets of the beam transfer line.

In such a magnet geometry, it is common practice to roll the dipole magnets, whose bending

plane is not along the horizontal, in order to bring into parallelism the y-axis of the “beam

coordinate” systems with the y-axis of the “fixed” coordinate system at the exit of the dipoles.

Theroll of the dipole eliminates the mismatch of the y axis of the “beam coordinate” system

with respect to the “fixed coordinate” system, and allows for the magnetic elements

downstream of the septum to be surveyed with respect to the “fixed coordinate” system.

Any linear beam-coupling which is introduced by the roll of the septum magnet can be

corrected if necessary with skew quadrupole magnetic el ements.

In this technical note we study the orientation of the “beam” coordinate system with respect to

the “fixed” coordinate system at the exit of the septum magnet, and provide the first order

transfer matrices for four separate cases:

a) No roll of the septum magnet.

b) Roll of the septum magnet for “y-axes overlap”.

C) Partial roll of the septum magnet for horizontal beam direction at the exit of the
septum magnet.

d) Partial roll of the septum magnet for determined beam direction at the exit of the
septum magnet [3].

Magnet L ayout

The layout of the magnets at the extraction region of the SNS accumulator ring can be
modeled by using the following magnets:

1Inthistechnical note we define as“fixed coordinate” system any coordinate system whosey-axisis aong the
vertical (x-y planeis horizontal).



1 A vertical dipole magnet (labeled “kicker” in Fig. 1) which “kicks’ the beam by -13
mrad down from the horizontal plane. This magnet corresponds to the SNS extraction
kickers.

In redlity the vertical angle of —13 mrad is generated by a set of 14 kickerg[1], which
are located at different places along the ring, and therefore the phase advance of each
kicker with respect to the entrance of the Lambertson septum magnet is different from
the phase advance of the any other kicker.

Thisangle of —13 mrad depends on the location of the kickers as well as other
constraints (magnet strength) on the extraction region and may resultsin a different
vertical beam direction at the entrance of the Lambertson septum.

All the calculations in this technical note are based on a vertical beam direction of —13
mrad with the horizontal .

2. A DRIFT space that alows the central trgjectory of the beam to reach a vertical height
of -167 mm (with respect to the ring plane) at the entrance of the septum magnet.

3. The septum dipole magnet (labeled “septum” in Fig 1) which bends the beam by 16.8°

to the left and to the outside of the SN'S accumulator ring.

A DRIFT space.

A vertical dipole magnet (labeled VD2 in Fig. 1) which restores the beam direction

along the horizonta plane.

SLE

APENDIX | providesa MAD-input file which describes both, the magnetic elements which
model the SNS extraction region, mentioned above, as well as the layout of these magnetic
elements which are shown in figure 1.
In this, MAD- input- file model, we spliced the septum magnet in the middle in order to obtain
information on the coordinates of the central orbit at the center of the magnet.

The next section discusses the four different geometrical arrangements of the
extraction magnetic elements { (a) to (d) mentioned in the Abstract section}, and their effect
on the beam coordinate system.

Survey of the SNS Ring Extraction Region

The results of this survey study which corresponds to the four different
geometrical arrangements of the extraction magnetic elements, appear in APPENDIX Il and
are summarized in the TABLE inserted in figure 1

1 No Roll of the septum magnet

The “set-up” of the MAD input file and the survey results of this magnet arrangement
appear in APENDIX | and Il respectively under the title “NO ROLL OF THE SEPTUM MAGNET*.
In this magnet arrangement the roll-angle of the septum magnet is zero (TILT=p/2 bends the
beam to the left) and the beam exits the septum magnet with a slope “phi” (f ) of —12.45 mrad
and an angle “theta’ (q) of ~12.8° (0.2932 mrad) (see APPENDIX Il or insert Tablein Fig. 1) .
The beam exits the septum magnet at y=-0.1983 m from the horizontal plane which passes
through the central beam orbit of the ring.



The y-axis of the “beam coordinate’ system makes an angle “psi”(y ) of 3.76 mrad (see last
column of tablein APPENDIX I1) with respect to the vertical. This “mismatch” of the y-axis
directions will introduce linear beam coupling when the beam enters a normal quadrupole.
This coupling can be avoided by rolling the quadrupoles downstream of the septum magnet.
The beam rotation at the target however cannot be avoided.

An alternative way to avoid the linear coupling of the beam and correct for the rotation of the
“beam-coordinate” system is to introduce four skew quadrupoles downstream of the septum
magnet. These quadrupoles can correct both the beam coupling and beam rotation on the
target.

The vertical dipole VD2 bends the beam vertically by +12.45 mrad and restores the beam to
the horizontal (“phi”=0) direction. The center of the beam lies at avertical height of -21.39
cm (8.42").

The first R-Matrix which follows this survey corresponds to the R-Matrix which isin
reference to the beam coordinate system. Note that there in no beam coupling in this
coordinate system (R;3=0,R14=0....etc) when there is no roll of the septum magnet.

The second R-Matrix which shows linear coupling is in reference to the “fixed-coordinate’
system. This linear coupling can be removed by the insertion of four skew quadrupoles
downstream of the septum magnet.

2. Roll of the septum magnet for making parallel the y-axisof the“beam
coordinate” system with y-axis of the “fixed coordinate” system.

The “set-up” of the MAD input file and the survey results of this magnet arrangement
appear in APENDIX | and Il respectively under the title“ROLL OF THE SEPTUM MAGNET
FOR Y-AXES OVERLAP*,

In this magnet arrangement the roll-angle of the septum magnet is 88.161 mrad,
(TILT=p/2+0.08816 in APPENDIX I) and the beam exits the septum magnet with a slope
“phi”(f ) of +13.00 mrad and an angle “theta’ (g) of ~16.8° (see APPENDIX I, or insert
Tablein figure 1).

Theroll of the septum magnet by 88.161 mrad, has brought the x-axis of the “beam
coordinate” system at the exit of the septum, in coincidance with the horizontal {the angle
“psi”(y ) is 0.0 mrad}.

The vertical dipole VD2 bends the beam by —13 mrad downwards, and restores the beam
direction aong the horizontal {“phi”(f )=0} with the center of the beam at a vertical height of
—15.08 cm (5.94"). At the exit of the vertical dipole VD2, the y-axis of the “beam coordinate”
system overlaps with the y-axis of the “fixed coordinate” system.

The two R-Matrices which follow this survey correspond to the “beam coordinate’ and the
“fixed-coordinate” system respectively. The R-Matrices are identical since the y-axis of the
“beam coordinate” system coincides with the y-axis of the “fixed-coordinate’ system.

The linear coupling shown by the R-Matrices is due to the skew quadrupole at the entrance
and exit of the septum magnet. This skew quadrupole is generated from the rotation of the
septum magnet.

3. Roll of the septum magnet to eliminatethe slope of the beam direction at
the exit of the septum magnet.



The “set-up” of the MAD input file and the survey results of this magnet arrangement

appear in APENDIX | and Il respectively under the title“PARTIAL ROLL OF THE SEPTUM
MAGNET FOR ZERO SLOPE".

In this magnet arrangement the roll-angle of the septum magnet is 43.007 mrad and the beam
exits the septum magnet along the horizontal [“phi” (f ) of 0.0 mrad ] and an angle “theta’ (q)
of 12.8°. The vertical height of the beam at the exit of the septum is-18.3 cm (-7.2") (see
APPENDIX II or insert Table in figure 1).

The dlope of the beam direction [angle “phi” (f )] at the exit of the septum magnet depends on
the roll angle of the septum magnet. It is therefore feasible, by adjusting the roll angle of the
septum magnet, to achieve a horizontal beam direction and a predetermined beam height at
the exit of the vertical dipole VD2. This geometric arrangement is the subject of the next
section.

The two R-Matrices which follow this survey correspond to the “beam coordinate” and the
“fixed-coordinate” system respectively. The two R-Matrices are different because the y-axis
of the “beam-coordinate” system does not coincide with the y-axis of the “fixed coordinate”
system but makes an angle “psi” (y ), of 1.92 mrad (see last column labeled “psi” in
APPENDX II).

4. Roll of the septum magnet to achieve horizontal beam direction and reach
pre-determined beam height at the exit of VD2 magnet

The “set-up” of the MAD input file and the survey results of this magnet arrangement

appear in APENDIX | and 11 respectively under the title“ PARTIAL ROLL OF THE SEPTUM
MAGNET FOR PRE-DETEMINED BEAM HEIGHT".

In this sectionwe study the survey of the extraction region for the particular case in which the
beam center line at the exit of the vertical magnet VD2 (see figure 1) is at a predetermined
height of —18.288 cm from the beam center line of the SNS Ring, and the beam direction is
aong the horizontal.

This height of —18.288 cm as measured from the beam center line of the SNS Ring, is the
beam center line of the RTBT transfer line and the height of the center point of the SNS
target.

This partia roll of the septum magnet[3] brings the beam center line, at the exit of the septum
magnet to the same height as the RTBT beamt line height, thus reducing the strength of the
vertical dipole VD2 to that of a corrector magnet (0.06 mrad see APPENDIX |1 column with
label “phi”).

In this extraction arrangement, the survey results show that the “beam coordinate” system is
rotated by an angle (“psi” (y )=1.91 mrad ) with respect to the “fixed coordinate” system and
the R-Matrix at the exit of the extraction region (see R-matrix following the survey resultsin
APPENDIX I1) indicates that the beam has been linearly coupled. Similarly the following
R-Matrix (with respect to the “fixed coordinate” system) is also coupled.

In the next section we propose two methods to remove the linear coupling introduced by the
rotation of the septum magnet can be removed by introducing four skew quadrupoles
following the VD2 vertical corrector magnet.

Removal of thelinear coupling



The rotation of the “beam coordinate” system with respect to the “fixed coordinate” system
and the linear coupling of the beam, mentioned earlier can be eliminated, if necessary, by the

one of the following two methods.

a) Introduce four, low strength, skew gquads downstream of the vertica dipole VD2.
b) Introduce skew quadrupoles by the rotatation the first four or five available quads of
the RTBT transfer line following the vertical dipole VD2.

kicker

Beam coord. //V

Y

VD2
Roll f y Yeod

“Fixed” coord. _L—

X [mrad] [mrad] [mrad] [mm]
0.000 -12.44 3.77 -213.9
87.915 +13.00 0.00 -150.8
42500 0.00 192 -183.0

Figure 1. Schematic diagram of the layout of the magnetic elements at the SNS extraction

region.
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APENDI X |

TITLE," SNSEXTRACTION REGION AT THE SEPTUM MAGNET"

I} #xrrsnen DEFINITION OF THE ELEMENTS *#*##sxxxxsss 1|
|

BRHO = 5. 675

!

SDI: DRI FT, L=.0 !

AD. = 0.013

DVD:  SBEND, L=0.5, ANGLE=AD, E1=AD/2, E2=AD/2, TILT=1.570796
SD2:  DRIFT, L=12.6 !

AL1l:= 0.2932/2.0

AL2:= 0.2932/2.0

LAMBL1: SBEND, L=1.22, ANGLE=AL1l, E1=AL1l/2, E2=0/2, TILT=3.141592
LAMB2: SBEND, L=1.22, ANGLE=AL1, E1=0/2, E2=AL2/2, TILT=3.141592
[

SD3: DRI FT, L=4.18715 !

!
AU: = 0. 012445

DVU: SBEND, L=0.5, ANGLE=AU, E1=AU 2, E2=AU/ 2, TILT=-1.570796

SD3: DRI FT, L=1.0 !
SD4: DRI FT, L=1.0 !
SR1:= 0. 00

RC1: SROT, ANGLE=SR1

I

1] HHokkkkoxd DEFINITION OF THE BEAM LINE ******kxxsxx 1]
|

ISEPTUM: LINE=(SD1,DVD,SD2,LAMB1,LAMB2,SD3,DVU,SD3,SD4,RC1)
I

I"NO ROLL OF THE SEPTUM MAGNET "
|

TITLE, " SURVEY 1 NO ROTATI ON OF SEPTUM MAGNET "
!
USE, SEPTUM
PRI NT, FULL
!
SURVEY, X0=0. 0, Y0=0. 0, Z0=0.0 , &
THETA0=0. 0, PHI 0=0.0, PSIO0=0.0, TAPE=UWGS. SURV
M
TITLE, "SURVEY 1 NO ROTATI ON OF SEPTUM MAGNET RM BEAM AXI S"
!
USE, SEPTUM
PRI NT, FULL
!
MATCH
RVMATRI X, SEPTUM
ENDMVATCH
!
|

TI TLE, "SURVEY 1 NO ROTATI ON OF SEPTUM MAGNET RM FI XED AXI S"
!



SR1: =-0.003757 ! Rotation of Beam Coordi nate system
!

USE, SEPTUM

PRI NT, FULL

!

MATCH

RMATRI X, SEPTUM

ENDMATCH

!

TITLE, "SURVEY 1 NO ROTATI ON OF SEPTUM MAGNET RM FI XED AXI S"
|

SR1: =-0. 003757

!

USE, SEPTUM

PRI NT, FULL

!

MATCH

RMATRI X, SEPTUM
ENDMATCH

!

I “ROLL OF THE SEPTUM MAGNET FOR Y- AXES OVERLAP "
I

TI TLE, "SURVEY 2 ROTATI ON OF SEPTUM MAGNET FOR CO NC. OF COCRD SYSTEMS"
I

LANBl: SBEND, L=1. 22, ANGLE=AL1, E1=AL1/ 2, E2=0/2, TILT=3.141592+0. 0881613
LAMB2: SBEND, L=1. 22, ANGLE=AL1, E1=0/2, E2=AL2/2, TILT=3.141592+0. 0881613

AU. = -0.013 ! Vertical bend DV2

SR1:= 0.00 ! No Rotation of Coordinate system

!

USE, SEPTUM

PRI NT, FULL

!

SURVEY, X0=0. 0, Y
I

0.0, Z0=0.0 , &
THETA0=0. 0, PHI 0=0.0

, PSI 0=0. 0, TAPE=UWGS. SURV
!

USE, SEPTUM

PRI NT, FULL

!

MATCH

RVMATRI X, SEPTUM

ENDVATCH

!

!

1“ PARTIAL ROLL OF THE SEPTUM MAGNET FOR ZERO SLOPE* .1

!
TITLE, "SURVEY 3 ROTATI ON OF SEPTUM MAGNET FOR EXIT WTH ZERO SLOPE "
!
!

LAMBLl: SBEND, L=1.22, ANGLE=AL1, E1=AL1/ 2, E2=0/2, TILT=3.141592+0.043077
LAMB2: SBEND, L=1.22, ANGLE=AL1, E1=0/2, E2=AL2/2,TILT=3.141592+0. 043077
!

AU = -0. 000

SR1:= 0.00 ! No Rotation of Coordinate system

I

USE, SEPTUM



PRI NT, FULL
!
SURVEY, X0=0. 0, YO

0.0, Z0=0.0 , &
THETA0=0. 0, PHI 0=0.0

, PSI0=0.0, TAPE=UWGS. SURV

!

TI TLE, "SURVEY 3 ROTATI ON OF SEPTUM FOR EXIT W TH ZERO SLOPE RM BEAM "
!

!

USE, SEPTUM

PRI NT, FULL

!

MATCH

RMATRI X, SEPTUM

ENDMATCH

!

TI TLE, "SURVEY 3 ROTATI ON OF SEPTUM FOR EXIT W TH ZERO SLOPE RM FI XED "
!

!

SR1:=-0.001918 ! Rotation of Coordi nate system

!

!

SURVEY, X0=0. 0, Y

0 , Z0=0.0 , &
THETA0=0. 0, PHI 0O

0.0
0.0, PSI0=0.0, TAPE=UWGS. SURV
!
!
USE, SEPTUM
PRI NT, FULL
I
MATCH
RVATRI X, SEPTUM
ENDMATCH
!
!
I'“ PARTIAL ROLL OF SEPTUM FOR DETERMINED SLOPE-HEIGHT" !
!
I
TI TLE, "SURVEY 4 ROTATION OF SEPTUM FOR EXIT W TH DETERM NED SLOPE &
AND HEI GT AT VD2 "
!
!
LAMBLl: SBEND, L=1.22, ANGLE=AL1, E1=AL1/ 2, E2=0/2, TILT=3.141592+0.043271
LAMB2: SBEND, L=1. 22, ANGLE=AL1, E1=0/2, E2=AL2/2,TILT=3.141592+0.043271
!
AU: = - 0. 000056
!
SR1:= 0.00 ! Rotation of Coordinate system
!
]
USE, SEPTUM
PRI NT, FULL
!
SURVEY, X0=0. 0, Y0=0. 0, Z0=0.0 , &
THETA0=0. 0, PHI 0=0.0, PSI0=0.0, TAPE=UWGS. SURV
|

TITLE, "SURVEY 4 ROT OF SEPTUM FOR EXIT W TH DET SLOPE- HEI GHT RM BEAM'
I

USE, SEPTUM



PRI NT, FULL

!

MATCH

RMATRI X, SEPTUM
ENDVATCH

I

;I'I TLE, "SURVEY 4 ROT OF SEPTUM FOR EXIT W TH DET SLOPE- HEI GHT RM FI XED'

éRl: =-0.001909 ! Rotation of Coordinate system

USE, SEPTUM

PRI NT, FULL

!

SURVEY, X0=0. 0, YO

=0. 0,
THETA0=0. 0, PHI 0=0. O,
!

!

MATCH

RMATRI X, SEPTUM

ENDMATCH

!

STOP

END

Z0=0.0 , &
PSI 0=0. 0, TAPE=UWGS. SURV

10



APENDIX II

“ NO ROLL OF THE SEPTUM MAGNET *“

POSI

ELEM SEQ
pos. el enent
no. name

Tl ONS

ANGLES

phi
[rad]

n SEPTUM
1 SD1

2 DbvD

3 SD2

4 LAMB1
5 LAMB2
6 SD3

7 DVU

8 SD3

9 S
end SEPTUM

R- MATRI X AT THE EXIT OF

. 910165 1
. 018196
. 000000
. 000000
. 290762
. 000000

[cNeoNoNoNeNe)
Or~rOOON

13.100
14. 320
15. 540
16. 540
17. 040
18. 040
19. 040
19. 040

. 827209
. 742294
. 000000
. 000000
. 181985
. 000000

[eNeoNoNoNeNe)

PPPOOOOCOOOO

. 000000
. 000000
. 917368
. 017458
. 001095
. 000000

-0.1671 13.
-0.1829 14.
-0.1983 15.
-0.2108 16.
-0.2139 16.
-0.2139 17.
-0.2139 18.
-0.2139 18.

EXTRACTI ON REG ON “ BEAM- coor d”

0. 000000
0. 000000
17.882143
0. 749775
0. 198299
0. 000000

z t heta
[m [rad]

0000 0. 00000
0000 0. 00000
5000 0.00000
0989 0. 00000
3144 0. 14661
5039 0.29322
4612 0.29322
9398 0.29318
8971 0.29318
8545 0.29318
8545 0.29318

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

el NeoNoNeNe)

-1.377181
-0.291928
0. 201489
-0.002641
- 0. 032250
1. 000000

R MATRI X AT THE EXIT OF EXTRACTI ON REG ON “FI XED- coor d”

. 910158 1
. 018196
. 003419
. 000068
. 290762
. 000000

Oh~hOOON

. 827084
. 742289
. 066977
. 002789
. 181985
. 000000

- 0.
. 000066
. 917362
. 017458
. 001095
. 000000

003447

-0.067183
-0.002817
17.882017
0. 749769
0. 198299
0. 000000

el NeolNoNeNe)

. 000000 -1.
. 000000 -O.
. 000000 0.
. 000000 -oO.
. 000000 -oO.
. 000000 1.

“ ROLL OF THE SEPTUM MAGNET FOR Y- AXES OVERLAP®.

ANGLES

ELEM
pos. el enent
no. name

SEQ

POSI

Tl ONS

theta
[rad]

377928
291916
196314
003738
032250
000000

phi
[rad]

COOOOOO0O000O0o

n SEPTUM
1 SD1

2 DVD

3 SD2

4 LAMB1

. 0000
. 0000
. 0000
. 0000
. 0892

0. 0000 0.0000 O
0. 0000 0.0000 O
-0. 0033 0. 5000 0.00000
-0.1671 13.0989 O
-0.1750 14.3146 O

11

. 00000
. 00000

. 00000
. 14603

0. 00000
0. 00000
-0. 01300
-0. 01300
0. 00000



R- MATRI X AT THE EXIT OF EXTRACTI ON REG ON

0.
- 0.
- 0.
- 0.

0.

0.

SD3
DvU
SD3
SD4

© o0o~NO O

LANMB2

d SEPTUM

910109
018222
000050
000017
289633
000000

R- MATRI X

0.
- 0.
-0.
- 0.

0.

910109
018222
000050
000017
289633

. 000000

“PARTI AL ROLL OF THE SEPTUM MAGNET FOR ZERO SLOPE®

17.
0.
- 0.
- 0.
4.
0.

AT THE EXIT OF EXTRACTI ON REG ON

17.
0.
-0.
- 0.
4,
0.

826511
741856
003704
000211
165786
000000

826511
741856
003704
000211
165786
000000

- 0.
- 0.
0.
- 0.
0.
0.

- 0.
- 0.
0.
- 0.
0.
0.

000052
000017
917364
017459
000286
000000

000052
000017
917364
017459
000286
000000

-0
-0
17

0.
0.
0.

-0
-0
17

0.
0.
0.

. 003702
. 000210
. 881815
749756
154452
000000

. 003702
. 000210
. 881815
749756
154452
000000

el NeoloNeNe

el NeoNeoNeNe)

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

-1.
- 0.
0.
- 0.
-0.
1

-1.
- 0.
0.
- 0.
- 0.
1

“ BEAM- coor d”

371835
290777
137437
002919
032001

. 000000

“FlI XED- coor d”

371835
290777
137437
002919
032001
000000

ANGLES

ELEM

el ene
name

nt

POSI

T
y
[

ONS

n

theta
[rad

]

phi
[rad]

en

SD1
DVD
SD2

SEPTUM

LAMB1

SD3
DVU
SD3
SD4

n
1
2
3
4
5 LAMB2
6
7
8
9

d SEPTUM

R- MATRI X

0.
- 0.

910829
017901

. 000025
. 000008
. 290492
. 000000

AT THE EXIT OF EXTRACTI ON REG ON *

17.
0.
-0.
-0.
4.
0.

0. 500
13.100
14. 320
15. 540
16. 540
17. 040
18. 040
19. 040
19. 040

838534
747303
001817
000104
178106
000000

- 0.
-0.
0.
-0.
- 0.
0.

PPPOOOOCOOOO

000025
000008
917367
017458
000419
000000

- 0.
- 0.
- 0.
- 0.
- 0.
- 0.
-0.
-0.
-0.

-0
-0
17

0.
0.
0.

. 0000 0.
. 0000 0.
0033 0.
1671 13.
1790 14.
1830 15.
1830 16.
1830 16.
1830 17.
1830 18.
1830 18.

. 001817
. 000104
. 882074
749770
176853
000000

OPRP,P OO0 OO0

O
o
N
'—\
COO0O0O0O0O0000O0
N
©
N

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

-1.
-0.
0.
-0.
- 0.
1

. 00000
. 00000
. 01300
. 01300
. 00657
. 00000
. 00000
. 00000
. 00000
. 00000
. 00000

[eNeoNeoloNoloNoloNeNeNe)

BEAM coor d”

376423
291881
170162
002777
032518
00000

COCOOOOO0000O0



R- MATRI X AT THE EXIT OF EXTRACTI ON REGQ ON *“ FI XED- coor d”

. 910827
. 017901
. 001722
. 000042
. 290492
. 000000

cNeoloNeoNoNe]

Ohr,rOOON

. 838504
. 747302
. 032397
. 001330
. 178106
. 000000

- 0.

001785

. 000025
. 917365
. 017458
. 000419
. 000000

1

0. 036115
0. 001542
7.882038
0. 749769
0. 176853
0. 000000

. 000000

OPr,LPOO0OO0OO0O

. 000000

. 000000 -1.376746
. 000000 -0.291875
0.
. 000000 -0.003337
. 000000 -0.032518
1

167522

000000

“PARTI AL ROLL OF THE SEPTUM FOR PREDETERM NED BEAM HEI GHT* .

ELEM
pos. el enent
no. name

SEQ

P

sum( L)

[m

0S|

begi n SEPTUM

=

SD1
DVD
SD2

SD3
DVU
SD3
SD4

O©CoOoO~NOUhWN

LAMB1
LAMB2

0. 000
0. 000
0. 500
13.100
14. 320
15. 540
16. 540
17. 040
18. 040
19. 040

end SEPTUM 19. 040

PPPOOOCOOOOO

Tl ONS ANGLES

y z theta phi

[mM [mM [ rad] [ rad]
0. 0000 0. 0000 0.0000 0. 00000
0. 0000 0. 0000 0. 0000 0. 00000
-0. 0032 0.5000 0.0000 -0.01300
-0.1671 13.0989 0.0000 -0.01300
-0.1790 14.3145 0.1465 -0.00654
-0.1830 15.5041 0.2929 0. 00006
-0.1829 16.4616 0.2929 0. 00006
-0.1829 16.9402 0.2929 0. 00000
-0.1829 17.8976 0.2929 0. 00000
-0.1829 18.8550 0.2929 0. 00000
-0.1829 18.8550 0.2929 0. 00000

oooooo000000

R-MATRI X AT THE

0.910829
-0.017901
- 0. 000025
- 0. 000008

0. 290490

0. 000000

R- MATRI X

. 910827
. 017901
. 001714
. 000042
. 290490
. 000000

1
[eNeoNoNoNoNe)

17.
0.
- 0.
- 0.
4,
0.

838534
747303
001825
000104
178071
000000

- 0.
- 0.
0.
- 0.
- 0.
0.

000025
000008
917367
017458
000416
000000

-0.001826
-0. 000104
17. 882074
0. 749770
0.176757
0. 000000

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

OFr O 0O

EXIT OF EXTRACTI ON REG ON “ BEAM coor d”

-1.376411
-0.291879
0. 170021
-0.002778
-0. 032518
1. 000000

AT THE EXIT OF EXTRACTI ON REG ON *“ FI XED- coor d”

1

OO OON

. 838505
. 747302
. 032228
. 001322
. 178071
. 000000

-0.
0.
0.

- 0.

- 0.
0.

001777
000025
917365
017458
000416
000000

- 0. 035962
-0. 001536
17.882037
0. 749769
0. 176757
0. 000000

13

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

el NeolNoNoNe)

-1.376733
-0.291873
0.167393
- 0. 003335
-0.032518
1. 000000



