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UNITS

Length cm

Magn Flux Density gauss
Magnetic Field oersted
Magn Scalar Pot  oersted cm
Current Density ~ A/em?

Power W
Force N
MODEL DATA

syncmag_HF_64.0p3

TOSCA Magnetostatic
Nonlinear materials
Simulation Ne 1 of 1

26565035 elements

22842470 nodes

2 conductors

Nodally interpolated fields
Activated in global coordinates
Reflection in XY plane (Z field=0)
Reflection in ZX plane (Z+X
fields=0)

Field Point Local Coordinates
Local = Global
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Cornell University John Seeman dissertation (May 1979)

Laboratory for Elementary-Particle Physics

Figure 3.3
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Figure 3.3 Synchrotron extraction orbit.
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Laboratory for Elementary-Particle Physics L trance and exit orbit positions and angles

POSITRON EXTRACTION STARTING AT Si4l

g ELECTRON EXTRACTION STARTING AT S5l —g—DeSI I Orblt —EXtraCted beam
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mIJ -7 mr Scm 58mr
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The deflection angle of 32.72 mrad (1.875 degrees) corresponds to a
transverse kick of 173.03 MeV for a 5.289 GeV beam.

Figure 3.3 Synchrotron extraction orbit.

LS O Fig 3.3 of John's thesis shows the positions and angles of the extracted beam
e g

relative to the design synch orbit. The design synch orbit enters the VF magnet at
NP X = 10.55 cm relative to X = -4.5 inches, as shown in Fig. 3.5. On this scale, the

o center of the magnet is at 4.5 inches = 11.43 cm.

l

MAIN BEAM
ENTRANCE/EXIT

There is a discrepancy between the figures and the text in the thesis. The figures
give a VF entrance position for the extracted beam of 15.2 mm. The text gives 17.5
mm. For this table we choose the text value.

Assuming there is no deflection in the HFEX magnet for the extracted beam, which

is almost but not quite true, the exit position is at about X = 209 mm, since the
magnet is about 3210 mm long.

L LAMINATION
o]

MAGNETIC FIELD (ARBITRARY UNITS)

1 1 1 | | | 1 | 1 | | | |
(0] 2 4 6 8 10 12 14 16 18 20 22 24

DISTANCE (CM)

The end of the extraction channel is 24.25 inches from the end of the magnet, i.e.
following a length of 2597 mm. At this point the extracted beam is at X = 183 mm,

which is outside the backleg wall (X=146 mm) and inside the back wall of the
extraction channel (X =190 mm).

Figure 3.5 Magnetic field of a radially defocusing synchrotron magnet. The entrance and exit
of the extract beam are shown.
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Vertically-focusing, wide gap magnet (VF)
Horizontally-focusing, narrow gap magnet
with extraction channel on outside leg (HFEX)

2alJanf2016 11:15:38

Cornell University

Laboratory for Elementary-Particle Physics

CESR Synchrotron Magnet File syncmag_HFEX_84.0p3

Surface contours: BY
pr— 1.203526E+04

[ 1.000000E+04

— -2.000000E+03

HEEX

VE

Narrow gap (1.0 inch), horizontally focusing,

with extraction channel.
The extraction channel ends 27” from the end of the magnet.

Wide gap (1.5 inch), vertically focusing.

Models obtained also for VFEX and HF magnets, and for the high-gradient versions HFM and

VFM magnets, which are located adjacent to the L1, L2, L4, LS straight sections.
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ol Uittty | - BH3001-17B (16 June 1965): Negative lamination
Laboratory for Elementary-Particle Physics Narrow gap (1. 0 2 l.n )’ hOl"iZO” ta lly focusing

CS-33: The 10 to 20 GeV Cornell Electron Synchrotron
R.R. Wilson
1 May 1967
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Cornell University _ | BH3001-16 (16 June 1965): Positive lamination
Laboratory for Elementary-Particle Physics m de gap (1. 4 9 in )’ ver tica lly focusing

CS-33: The 10 to 20 GeV Cornell Electron Synchrotron
R.R. Wilson
1 May 1967
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Synchrotron magnet Dwg BH3001-16 VF Wide Gap with function 19 Synchrotron magnet Dwg BH3001-17B HF Narrow Gap with function 18
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04 - O Drawing table values - 04 O Drawing table values B
0.2 |- —— Hyperbolic/circular parameterization —H 02fF —— Hyperbolic/circular parameterization -
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Several attempts required to figure out where the cylindrical shapes apply. Small cylinders

tangential to poletip sides. Large cylinder on high-field side only on inside side of cylinder axis.
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Crealliinireriey Pole shape parameterization accuracy
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Example: VI magnet
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Drawing table accuracy 0.1 mil
CS-31: Lamination stamping accuracy 0.25 mils

Eight piecewise continuous hyperbola parameterizations required to reproduce drawing table
accuracy.
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VF and HF magnets

29 January 2016 CESR Synchrotron Combined-Function Magnet Models/ J.A.Crittenden 9/23



Cornell University .
Laboratory for Elementary-Particle Physics Ch oice o f B -H curve
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. ® Armco Steiel (Cornell synchfotron magnets) o e ]
T | | o5 ] CS-33/Wilson:
LTS [ JLC S s - “14-mil thick carlite-coated Armco A-6
$ i 0% i from Hydro-Cam Engineering”
) S S A E— T | | _
S i * i Design curve likely available in
2 - ° .go . CSDS-24/Stein (11 Oct 1965), but haven't
g 1.25 b g S ] been able to find it yet. Maybe annex?
) L ° ° i
_Q i . o 1 http://fieldp.com/myblog/2010/saturation-c
§ e L o o ] urves-for-common-soft-magnetic-materials/
~ - . e e ] has tables for Armco, 1008, 1010 steel,
L: i e ] and other materials.
'g 0.75 I . T C e B Created OPERA BH table from Armco.
N i i |
%‘0 0.5 _. _____ ' ________________________________ e N ] Compared results with 1010 and Armco BH
g T . ° 1 tables. Central field, field gradient and
- o * 1 normalized field gradient profile showed
025 O N S — S | differences less than 0.5%.
i .' . ® 1010 Steel ( CESR quadrupol:e and sc wiggler nizagnets )
0~ mQ'.......i . ] ] ] L]
-1 2 3
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.
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B, (kG)

Wide gap. Vertically focusing.

B, (x=0) = 1.76041 kG

I‘Illll\II\lIIIJlI\IJlI\IJ‘\T

for the VF an

Transverse field and gradient profiles
d HFEX magnets

Narrow gap.

Horizontally focusing.

600 —
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400

200

-200—
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-400 |

-600 |~

-800 I_ | | | I

|
-5

T ] 1 rrrjrrrrJjrrrrJyrrror 71
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° ]
[ ] .
L J

AB",/Ax (x=0) =-74.6155 G/cmn

;\/’

OPERA 15R3 Model -
Version 84 —

29 January 2016

-200-

1 400}

-600

1 -s800|
L1

400

200

Version 84

OPERA 15R3 Model 1

5.289 GeV: Design current 218 A.
Use fudge factor 1.064 (1.044) to get near design central field value (1.766 kG) for VF (HFEX).
Obtain central gradient value of 74.6 (77.9) G/cm, while design values are 75.5 (77.3) G/cm.
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Cornell University Comparison to Poisson 2D model (circa 1988)
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VF magnet
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r . r K]
e e B, (x=0) = 1.76041 kG ERRAS B, (x=0) = 1.766 kG
A 0.75 = A
05} 1 osht
025F Wide gap. Vertically focusing. 4 025
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x (cm) x (cm)

The nominal field gradient for 5.289 GeV is 75.6 G/cm.

The Poisson central field gradient is 0.7% high, while the Opera gradient is 1.3% low.

——
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MAGNETIC FIELD (ARBITRARY UNITS)

Seeman dissertation Fig 3.5
Wide gap, horizontally defocusing magnet

[ EXTRACTED BEAM
g e
OPERA 15R3 Model
B ENTRANCE Version 84
EXIT
L [ l v
= MAIN BEAM
ENTRANCE/EXIT
LAMINATION
oL | | | | LA | o L
1 | | | | | | | | | | |
0 2 4 20 22 24

8: A0- W2 Fae:i 4618
DISTANCE {(CM) =

Surprised to find such a large difference. Fig 3.5 looks suspicious.

29 January 2016
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|—

MAGNETIC FIELD (ARBITRARY UNITS)

Seeman dissertation Fig 3.5
Wide gap, horizontally defocusing magnet

ENTRANCE/EXIT

EXTRACTED BEAM
f__._/\._..ﬁ

ENTRANCE

EXIT

|

MAIN BEAM

OPERA 15R3 Model
Version 84

Poisson circa 1988 (REM, DCS)

ATION

8 10 42 el 46 1B 20: 22 24

DISTANCE (CM)

29 January 2016

John's field plot is “illustrative only”
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Cornell University Henderson talk on injection
Laboratory for Elementary-Particle Physics 3 0 OC t 2 0 0 0

Poisson circa 1988 (REM, DCS)

This is clearly the field table used by Stu. The Opera model is a good match.
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Cornell University Detailed comparison of the measured and
modeled field gradient profiles

Laboratory for Elementary-Particle Physics

X (x) = B (x=0)/ dB /dx (x) [inches]
75 & 15 GeV +4} 75 815 GeV
AC. 2.5 85kG AC.2.5 & 5kG
Designed Measured +3k Designed Measured +.5%)
Xo(0) 9223" 9.204" + 014" Xo(0) 9.010" 9.045"¢ 014" ,1/
€ 246 % /inch + 2k € 173%/inch
r— \\ Ve
O\O S < OPERA X (0) = -9.299” OPERA X (0) = 8.964”
— +F \~“~\ | +} \
‘O‘ S N Lower Field Side .
N—" N A .
olllllllljll‘l 1\4‘|1||||||||| fo) T T -
o -1 5" N N +5" " -1
>< \\ N \\ > X \ xlnside
\O -1+ NN Outside -
Y BN Lower Field Sifle
Y
< -2} -2
—__ OPERA15R3 Model ~\ N OPERA 15R3 Model
Version 84 N Version 84
-3} Measured -3 Meosured
______ Designed —=- - -=--Designed
-4} "y
Wide gap. Vertically focusing. Narrow gap. Horizontally focusing.
Fig.7a. Xo(X) Distribution of Wide Gap Magnet Fig. 7b. X (X) Distribution of Narrow Gap Magnet

The normalized central inverse gradients have the expected dependence on horizontal position, but are 0.8% high

(0.5% low) for the VF (HF) magnet. These offsets have been subtracted in the above plots.
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. 75 8 |15 GeV
\\ AC.2.5 & 5 kG
Designed Measured
N, Xo(0) 9223"  9.204" + 014"
N

X_(x) = B,(x=0) / dB, /dx (x) [inches]

€ 246 % /inch

Poisson X (0) =-9.147”

Lower Field Side
o

too Ly e by

+4F
+3F
+2}F
)
O~
— Lk
—~
S
<>
~~
><o -1}
<
-3
-4}

"
I\J‘lllllllllll
"

-1" -.5 \ +5" +1
\\ > x
— POiSsOn model
(circa 1988)
Measured
------ Designed

Wide gap. Vertically focusing.

Fig.7a. Xo{X) Distribution of Wide Gap Magnet

+4

+3

+2

+I

Detailed comparison of the measured and modeled
field gradient profiles for the Poisson 2D model

75 & 15 GeV
AC. 2.5 & 5kG

Designed
Xol0) 9.010"
€ 173%/inch

Measured +.5%
9.045"+ 014" 2
A

Poisson X (0) =9.053”

Poisson model
(circa 1988)
Measured

------ Designed

Narrow gap. Horizontally focusing.

Fig. 7b. X (X) Distribution of Narrow Gap Magnet

The normalized central inverse gradients are 0.8% low

(0.5% high) for the VF (HF) magnet. These offsets have been subtracted in the above plots.

29 January 2016
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Cornell University End packs for fringe field

CS-31: Magnetic field measurement 1

Laboratory for Elementary-Particle Physics

Wide gap. Vertically focusing. Narrow gap. Horizontally focusing.

Side bevel
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f
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{
o) il ol
275 ! w 4.
.62 ' Horizontal ﬂﬂli
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).
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Fig. 7 Hord Pack of Wide Gop Mognet Fig. 8 Hard Pack of Norrow Gop Magnet

29 January 2016 CESR Synchrotron Combined-Function Magnet Models/ J.A.Crittenden 18/23



Cornell University

Laboratory for Elementary-Particle Physics

End packs for fringe field

CS-31: Magnetic field measurement 1
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Fig. 9 Fringing Field of Wide Gop Magnet Fig.10 Fringing Field of Narrow Gap Magnet
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oty s BH3086: High-gradient negative lamination

Laboratory for Elementary-Particle Physics

Narrow gap (1.035 in), horizontally focusing
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BH3085: High-gradient positive lamination
Laboratory for Elementary-Particle Physics m de gap (1. 4 8 1 in ), ver tica l ly focusing

Cornell University
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Cornell University

Laboratory for Elementary-Particle Physics
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The normalized central inverse gradients have the expected dependence on horizontal position, but are 1.0% high

(xx% low) for the VF (HF) magnet. These offsets have been subtracted in the above plots.

29 January 2016

CESR Synchrotron Combined-Function Magnet Models/ J.A.Crittenden

22/23



Cornell University

Laboratory for Elementary-Particle Physics S umm a"j/'

* 3D models of the Cornell synchrotron magnets have been developed.

Six models: vertically focusing VF, horizontally focusing HF , high-gradient VFM, HFM, and
VFEX, HFEX with extraction channels. The models pertinent to extraction to CESR are VF and
HFEX.

* The models are s models (Y>0, Z>0 only) and 1/10th length. Full-length tables are written by
extending the central field along the full lenth to the fringe region.

* Design specs are reproduced at the 0.2% level for the central field strength, 1% for the
quadrupole moment and 0.1% for the sextupole term.

* Design versions for the six models are generated automatically in grid batch jobs, 16 hours per
pair of magnets, limited by the number of Opera licenses.

* The extraction channels are approximated as continuous iron, while the magnets were built with
a serious of discrete blocks of iron. Also, the channels begin 24 inches from the upstream end of the
magnet and end 27 inches from the downstream end. The model has the extraction channel along
the entire length of the magnet.

* The upstream 17 inches of the high-gradient magnets are opposite-sign, normal-gradient sections.
These have not yet been modeled.
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Cornell University

John Seeman dissertation (May 1979)
Laboratory for Elementary-Particle Physics

Figure 3.6

'y

~3.5m o
NORTH
CESR B33w :
1 B32W : Q32N T T o Q33w
_ @ b b i THIN WINDOW 3w
e — | S s e e e e o
—t_—jn__,_f 6 & o Q1AW o} —Vn E S — &
fUks N T A > T BEND 2 b
verT Wy & —» st BE vert TV GATE i 1A SEPTUM 3
:AG Ve TRM ol = BEND S {oc se (PULSED SEPTUNY
Cuild 3 l '
] e ks w e % % o« T ?*3' s ot s it RO
o l ™ SUPPORT LEG
1133 SYNCHROTRON: Lees

R T L S Q_E
Ti29 L4  STRAIGHT  sECTION -

Figure 3.6 The L4 transfer line.

I EEEE——
29 January 2016

CESR Synchrotron Combined-Function Magnet Models/ J.A.Crittenden 24/23



Cornell University John Seeman dissertation (May 1979)

Laboratory for Elementary-Particle Physics .
Figure 3.7
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2\ Cornell University Henderson 30 Oct 2000

Laboratory for Elementary-Particle Physics
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Cornell University Synchrotron magnet modified
for extraction channel

Laboratory for Elementary-Particle Physics

Wide gap. Vertically focusing.

Weaker field on outside of ring.

Estimated extraction channel dimensions:

Horizontal aperture: 2 in
Vertical aperture: 1 in

Aperture central position:
X=5.7 in
Y=0

Outer steel dimensions:
X:2.25in
Y:4in

Fig. 4
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Cornell University Cornell Synchrotron Tagging Magnet

Laboratory for Elementary-Particle Physics
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Cornell University
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Cornell University Cornell Synchrotron Tagging Magnet

Laboratory for Elementary-Particle Physics
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BH3086 - Negative lamination

Cornell University
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Cornell University BH3085 - Positive lamination

Laboratory for Elementary-Particle Physics

Wide gap (1.481 in), vertically focusing
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Cornell University

Laboratory for Elementary-Particle Physics

CESR Synchrotron Combined-Function Magnet Model

18/Decf2015 11:19:43
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Cornell University
Laboratory for Elementary-Particle Physics
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Detailed comparisn of the measured and
designed field gradient profiles

Cornell University

Laboratory for Elementary-Particle Physics

+4F 75 8 I5 GeV +4 75 815 GeV
N AC.2.5 &5 kG AC.2.5 & 5kG
AN
o3} R N Designed Measured +3 Designed Megasured +1,5/°/.’
NN Xol0) 9223"  9.204" £ 014" X0(0) 9.010" 9.045"+ .014"
\'o' +2 \‘ AN € 246 %/inch +2 € 1.73%/inch
o — ”
O +1 ,
SN—" Lower Field Side //
o N .
>< O||||||11|||\| N o e s gy ||/y1|||||ln
" N " n P _.5u _lu

\o -1 & \+5 +1 o .
>< N\ Inside
< r Lower Field Side

..2 L

OPERA 15R3 Model OPERA 15R3 Model
Version 72 Version 72
-3k Measured Measured
______ Designed —an - - 'DeSigned
-ab . _ -4
Wide gap. Vertically focusing. Narrow gap. Horizontally focusing.
T _

29 January 2016

Fig.7a. Xq(X) Distribution of Wide Gap Magnet

CESR Synchrotron Combined-Function Magnet Models/ J.A.Crittenden

Fig.7b. X (X) Distribution of Narrow Gap Maognet
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