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ONE DAY MAIN INJECTOR CORRECTORS WORKSHOP
Friday May 8, Music Room, Fermilab Users Center, 8:30-17:00

AGENDA

{ 08:15 - 08:30

08:30 - 08:40
08:40 - 09:00
09:00 - 09:30
09:30 - 10:00
10:00 - 10:30

10:30 - 10:45
10:45 - 11:15
11:15 - 11:45
11:45 - 12:15
12:15 - 13:00
13:30 - 14:00
14:00 - 14:30
14:30 - 15:00

15:00 - 15:30
16:00 - 17:00

Francois Ostiguy

Steve Holmes

Rod Gerig

Al Russell

G. Krafczyk / S. Hayes

Shekhar Mishra
Dave Johnson
Jian Ping Shan

-13:00~=-13:30— Alex Bogacz

John Johnstone
Phil Martin

}’eter Bagley

Coffee and rolls

ORGANIZATION

INTRODUCTION (To be confirmed)

SCC MEB CORRECTORS

MAIN INJECTOR LATTICE REAL ESTATE
CORRECTOR POWER SUPPLIES SPECS

Coffee

CORRECTION DIPOLES
BEAMLINE CORRECTORS & DIAGNOSTICS
1-JUMP QUADRUPOLES

Buffet Luncheon

CHROMATIC SEXTUPOLES
SLOW EXTRACTION ELEMENTS
INJECTION AND EXTRACTION
ELEMENTS

Coffee and Soft Drinks

SKEW QUADRUPOLES
DISCUSSIONS




ONE DAY MAJIN INJECTOR CORRECTORS WORKSHOP
Friday May 8, Music Room, Fermilab Users Center, 8:30-17:00

OBJECTIVES

e To determine what the state of work in progress is by getting
individuals make presentations.

e To identify who is responsible for finalizing plans for each correction
element.

e To stimulate debate on the proposed topics.

e To promote an early consensus on the parameters to be used for 120
GeV tracking.

e To include all necessary correction elements in database MI-18.



ONE DAY MAIN INJECTOR CORRECTORS WORKSHOP
Friday May 8, Music Room, Fermilab Users Center, 8:30-17:00

TIME AND LOCATION

In order to avoid being distracted by the usual daily nonsense, the meeting
will be held in the Music Room of the Fermilab Users Center. A luncheon
will be served. Coffee and rolls will be available at 8:00. Presentations will
start at 8:30.

PRESENTATIONS

Speakers should limit themselves to a 30 minute presentation (including
a 5 min question period) focusing on the following points:

(1) What kind of element will go where

(2) What is the strength of the elements

(3) What is the physical length of elements

(4) How decisions about (1) (2) and (38) are being made.

VIEWGRAPHS

Legible paper copies of all viewgraphs should be submitted to
Marge Harvey BEFORE 16:00, THURSDAY MAY 7. These copies
will be assembled and distributed to all participants. They will also be
archived in the form of an internal AP note.



ONE DAY MAIN INJECTOR CORRECTORS WORKSHOP
Friday May 8, Music Room, Fermilab Users Center, 8:30-17:00

The number of participants is limited to approximately 20 (the limit has
already been exceeded). The following people have either been “drafted” or
have expressed interest in participating. Please let us know if you DO NOT
expect to participate or if you know of someone whose name should be added
to the list.

Francois Ostiguy AD/AP X2231 ostiguy@calvin.fnal.gov
Al Russell AD/MI X4829 russell@calvin.fnal.gov

PARTICIPANTS

Peter Bagley Gerald Jackson
Chandra Bhat John Johnstone
Alex Bogacz David Johnson
Bruce Brown Henry Glass
Glenn Goderre  Fritz Lang
David Harding  Philip Martin
Fady Harfoush ~ Shekhar Mishra

Steve Hays ™ Francois Ostiguy
Stephen Holmes Stephen Peggs
James Holt Stan Pruss

George Krafczyk Allison Russell
Jian Ping Shan

EXTERNAL GUESTS

Rod Gerig (SSCL)
SY Lee (UI / BNL)



ROD GERIG



Rod Gerig

Meade dW e (\l\l.t!.ﬁl\- -<

TORRANCE, CA 90503

M3IA d01




MES CRCMATICITY SEXTUPCLE CORRECTION MAGNET . .-

ntecrated sexzugole fieldstrength ( BL at r=1 m) §7.5 Tsm
.E.:;:':::cle field strzength ( B atg;:- im) 143.75 T
gefective lengTi (Lag ) - . 0.4 m
Cozzent maX. ( I mex ) 567 A
Cuzzent €53, ( Irmyg) - 363 A ..
Cuzrent censity max. ( J mex ) §.38 A/f‘f,,z
Cuzzent cdensity eil. (lj '(‘ii’) 3.44 A/mm**2
umber €£ tuszns per pcle
lE’{esista.::ce (R) 0.0051 Ohnm
Iaduczzznce ( L) 0.20-4 B
Veitzgce €=tP CR R ( Vi cmen ) 4.55 v
veltazgce €22 €2 L ( Vi wer ) . 2.3. v
Power consumzpticn maxX. ( P owax ) 2.61 kW
Pewer coasumption ave. ( P oawe ) . 1.07 kW
Overzil width ( W os) 44 cn
Cverzil heighz ( E,,) 44 e
Ovezzil leng=x ( L.a) S0 e
teighz ( G cutle ) : 286 kg
Table 2.4-VI

Chromaticity Sexmpole Comrection Magnet

[Ficld Soength . 57.5(T/m2m |
Apermure Radius 50 x 100 mm with 25 mm I Specbied valumes
corner round
| Magnet Length ~4m | in rM1EE 32
Physical Length <.5m |
Current, Max ~800 i
Voltage 1o Ground, Max 1000 V i
Resistance, Max __6mQ §
dl/dt, Max 2000 A/sec §
Inductance, Max 1.5mH |
Cooling LCW or Air
Table 2.4-IX
) Magnet Unifonmity
Atnbute Corrector Dipoles | All Others a
Uit to urt swengih variagon < 1x10-2 < 1x103
Field Purity - within =25 mm of centerline | < 1x10-3 <1x103 |
- over apermure < 1x10-2 < 1x10-2 =Jl
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MES EORIZONTAL DIPCLE CORRECTION MAGNET

Dizcle £ield strencth ( B,)

£lective lencih (Leg )
Cuxmant max. ( Imer )
Cuzzexnt efZ. (T oy )
Cur—ert demsity max. ( J

Nuxzter of tuzas ( N )
Resista=ece ( R )

Incucta=mce ( L )

Vcitage drzp ea R
Vecltace dxcp ca L
Pocwer czosumzticn
Power cznsumrticn .
Overzll wicth ( W ea)

Overzll heicht ( Hea)
Overzll lemcth ( Loa)
#eicht ( G cusfe )

Cus—ect density efZ. ( 3 ;}’;

1360

9.09
5.82
0.92
0.52
640
1.186
0.455
) 10.78
) 49.5
max ) . , 0.098
) 0.04
32.5;
40
3§
177

A/moee2

z
f

HODNEEImp

Table 2.4-I1
Horizontal Dipole Correction Magnet
S R L N Strength 0.034 T-m .
Aperture Radius S0x100mmwih25mm [ - Speebied valess
comner round_ in MEE 38
Magnet Length ~2>m
Physical Length <.35m
Current, Max 10A
| Power Supply Voltage, Max 80V |
Resistance, Max 2Q i
dl/dt, Max 100A/sec |
Inductance, Max 400 mH |
Cooling Air l
Table 2.4-IX
. Magnet Uniformity
Attribute Corrector Dipoles All Others I
Unit to unit sTength variagon < 1x10-2 <ix103 |
Field Purity - within =25 mm of centeriine | < 1x10-3 <1x103 |
- OVer aperTure < 1x10-2 < 1x10-2 ﬂ
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AL RUSSELL



Main Injector Correctors
Real Estate Allocation

A. D. Russell
May 8, 1992

Ml Correctors Workshop ADR, 92.05.08
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QUADRUPOLE DRIFT-LENGTH CALCULATIONS

NORMAL CELL inch Equiv.
Cell (arc) length 17.288639| m 680.655
Dipole magnetic length 6.096000 m 240.000
Number dipoles 301.333333 '

Dipole half-angle 10.425639| mr

Dipole radius 202.361468] m (11510.264
Dipole (arc) length 6.086110{ m 240.004
Dipole-dipole drift 0.359410f m 14.150
Lattice drift space 4.737008] m 186.496
Dipole steel excess length 0.003810{ m 0.150
Steel-to-steel space 4.733198| m 186.346
Dipole beam pipe extension 0.241300| m 9.500
Quad slot length 4.250598] m 167.346
Quad length 2.133600{ m 84.000
Total free space 2.116998} m 83.346
Half free space (=quad steel to flange) 1.058499| m 41.673
Quad coil+beampipe flange 0.101600] m 4.000
Net free space (each side) 0.956899| m 37.673
DISPERSION SUPPRESSOR CELL

Ratio of cell lengths 0.750000

Ratio of dipole lengths 0.666667

Cell (arc) length 12.966479| m 510.491
Dipole fength 4.064000{ m 160.000
Dipole half-angle 6.950426| mr

Dipole radius 202.358525| m [11510.178
Dipole (arc) length 4.064033| m 160.001
Dipole-dipole drift 0.359410{ m 14.150
Lattice drift space 4.479004| m 176.339
Dipole steel excess length 0.003810| m 0.150
Steel-to-steel space 4.475194] m 176.189
Dipole beam pipe extension 0.241300| m 9.500
Quad slot length 3.992594| m 157.189
Quad length 2.953000] m 116.260
Total free space 1.039594| m 40.929
Half free space (=quad steel to flange) 0.519797{ m 20.464
Quad coil+beampipe flange 0.101600f m 4.000
Net free space (each side) 0.418197| m 16.464

5/5/92




NORMAL CELL/DISPERSION SUPPRESSOR INTERFACE

Sum of cell lengths 30.255118; m 1191.146
Dipole lengths + dipole drifts & ends 21.525516] m 847.461
Sum of..5°Quad drifts 4.121596] m 162.268
Lattice drift space 4.608006| m 181.418
Dipole steel excess length 0.003810 m 0.150
Steel-to-stee! space 4.604196| m 181.268
Dipole beam pipe extension 0.241300] m 9.500
Quad slot length 4.121596) m 162.268
Quad length 2.543300] m 100.130
Total free space 1.578296] m 62.138
Normal cell side free space (steel/flange) 1.058469| m 41.673
D.S. cell side free space (steel/flange) 0.519797| m 20.464
Quad coils and flanges 0.203200| m 8.000
Net free space 1.375096| m 54.138
Normal cell side net free space 0.956889| m 37.673
D.S. cell side net free space 0.418197| m 16.464

5/5/92




Correction element lengths

element stee! length  coll _extension _total length s;ource
dipole (MR, horiz) 8 1.625 - 11.25 exists
dipole (MR, vert) 6 2.6875 11.375 exists
dipole (MI) 12 1.5 . 13 new
quad (MR) 10 2 14 exists
quad (M!, proposed) | 12 new
| sextupole 32 1 34 new
sextupole (MR) 6 2 10 exists
octupole 6 1 10 exists

M! Correctors Workshop _ ADR, 92.05.08



QUADRUPOLE DEVICE LIST

MI-10 MI-20 Mi-30
Quad | Quad {BPM Devices Quad Quad |BPM| Devices Quad Quad |BPM; Devices
Number| Length Us/bs Number| Length us/Ds Number| Length Us/bs
624 116 H HD/ 114 84 H | O0MHDICSF 220 100 H HD/BV
625 116 v vD/ 115 84 A O, VD/CSD 221 84 Vv vD/
626 100 H HD/CSF 118 84 H 0,0,HD/CSF 222 84 H HD/
627 84 v VvD/CSD 117 84 \' VvD/CSD 223 100 Vv 8vV.vD/
628 84 H QD,HD/CSF 118 84 H HD/CSF 224 116 H HD/
629 84 v vD/CSD 118 84 Vv vD/CSD 225 116 Vv vD/
630 84 H QF HD/ICSF 120 84 H HD/CSF 226 116 H HD/
631 84 v BV,VD/CSD 121 84 \' 8V, VD/CSD 227 100 Vv vD/C8D
632 B4 H | QDHD/ICSF 122 84 H HD/CSF 228 84 H HD/CSF
633 84 v VD/CSD 123 84 v VD/CSD 229 100 | V VD/
634 84 H QF HD/CSF 124 84 H HD/CSF 230 116 H HD/
835 84 v VD/CSD 125 84 v vD/CSD 231 116 v vD/
636 84 H 0,0,HD/CSF 126 84 H HD/CSF 232 116 H HD/
€37 84 v O.VD/CSD 127 84 Vv VD/CSD 301 100 Vv vD/BV
638 100 H 0,0,HD/ 128 84 H HD/CSF 302 84 H HD/
839 1186 v vD/ 129 84 Vv vD/CSD 303 B4 v vD/
640 116 | H HD/ 130 84 H HD/CSF 304 84 H 0,0,HD/
641 116 v vD/ 201 84 Vv BV,vD/CSD 305 84 Vv O, vD/
100 100 H HD/BV 202 84 H HD/CSF 306 84 H 0,0,HD/
101 84aR IHV LAM,VD/ 203 84 Vv vb/CSD 307 84 \ VD/
102 84 HV HD/ 204 84 H HD/CSF 308 84 H HD/
103 84 HV| KVD/FWMW 205 84 \'/ vD/CSD 309 100 \ BV,VD/
104 100 {HVIFWMWBVHD/|| 206 84 H | QDHDICSF 310 116 H HD/
1056 116 v vD/ 207 84 Vv VvD/CSD 311 116 v vD/
106 116 H HD/ 208 84 H | QFHDCSF 312 116 H HD/
107 116 v vD/ 209 84 v VvD/CSD 313 100 \'i vD/CSD
108 100 H HD/CSF 210 B4 H | QDHDICSF 314 B4 H HD/CSF
109 84 v VvD/CSD 211 84 v | BV,VvD/CSD 315 100 Vv vD/
110 84 H HD/CSF 212 84 H | QFHDCSF 316 116 H HD/
111 84 v VvD/CSD 213 84 i vD/CSD 317 116 Vv vD/
112 84 H HD/CSF 214 B4 H | 00HDCSF 318 116 H HD/
113 84 v | BV,VD/CSD 215 84 Vv Q,vVD/CSD 319 100 \' VvD/BV
216 100 H 0.0,.HD/ 320 84 H HD/
217 116 \ vD/ 321 84 Vv vD/
218 116 H HD/ 322 100 H BV, HD/
219 116 v vD/ 323 116 \' vD/
HD/= HORIZONTAL DIPOLE CORRECTOR
VD/= VERTICAL DIPOLE CORRECTOR
CSF=CHROMATICITY SEXTUPOLE (FOCUSSING) FW=FLYING WIRE
CSD=CHROMATICITY SEXTUPOLE (DEFOCUSSING) BV=BEAM VALVE
QF=QUADRUPOLE CORRECTOR (FOCUSSING) MW=MULTIWIRE
QD=QUADRUPOLE CORRECTOR (DEFOCUSSING) K=KICKER {
SF=RESONANCE-CORRECTING SEXTUPOLE (FOCUSSING) LAM=LAMBERTSON, lam=possible future lambertson
SD-RESONANCE-CORRECTING SEXTUPOLE (DEFOCUSSING) ES=ELECTROSTATIC SEPTUM, es=possible future e.s.
S0O=SKEW QUADRUPOLE CORRECTOR DV-DAMPER (VERTICAL) |
SS=SKEW SEXTUPOLE CORRECTOR DH=DAMPER (HORIZONTAL)
O=0CTUPOLE i |
XXX = STRAIGHT SECTION QUADS

§/5/92




QUADRUPOLE DEVICE LIST
| MIi-40 MI-50 Mi-60
\-Guad | Guad |BPM|__ Devices Gusd | Ouad |BPM| Devices Gusd | Gusd [BPM| Devices
Number| Length us/DS Number| Length us/Ds Number| Length Us/ps
324 116 | H HD/ 414 84 H | O0HDCSF 520 100 |HV| HDBVK.ES
325 116 | V VvVD/ 415 84 v | O\VD/ICSD 521 84 [HV VD/
326 100 | H HD/CSF 416 84 H | O0OHDICSF 522 84 |HV| LAMHD/LAM
327 84 V' vD/CSD 417 B4 \' vD/CSD 523 100 {HV BV,VD/
328 84 H | QF,HD/CSF 418 84 H HD/CSF 524 116 | H HD/
329 84 V| VD/CSD 419 84 v VD/CSD 525 116 | V vD/
330 84 H | QDHDACSF 420 84 H HD/CSF 526 116 | H HD/
331 84 v | BV,VD/CSD 421 84 v | BV,VD/CSD 527 100 | V VD/CSD
332 84 H | QFHD/ICSF 422 84 H HD/CSF 528 84 H HD/CSF
333 84 Vv VvD/CSD 423 84 v VD/CSD 529 100 | V vD/
334 84 H QD HD/CSF 424 84 H HD/CSF 530 116 H HD/
335 84 Vv VvD/CSD 425 84 v VD/CSD 531 116 | V vD/
336 84 H | O0HD/ICSF 428 84 H HD/CSF 532 116 | H HD/
337 84 v | O.\vD/CcSD 427 84 v vD/CSD 601 100 | V VD/BV
338 100 | H 0,0,HD/ 428 84 H HD/CSF 602 84 H es,HD/
339 116 | V vD/ 429 84 v VvD/CSD 603 84 v vD/
340 116 | H HD/ 430 84 H HD/CSF 604 84 H 0.0, HD/
341 116 | V VD/ 501 84 v | BV,vD/CSD 605 84 v O.VD/
400 100 |HV| HDBVK 502 84 H HD/CSF 606 84 |HV O,0HD/
401 84 |[HV vD/ 503 84 Vv VvD/CSD 607 84 |HV vD/
402 84 |HV| LAMHDLAM 504 84 H HD/CSF 608 84 |HV| lam,HD/lam
403 84 [HV VvD/ 505 84 v VvD/CSD 609 100 |HV BV,VD/
1_a04 100 | H BV,HD/ 5086 84 H | OFHDICSF 610 116 | H HD/
| 405 116 | V vD/ 507 84 vV vD/CSD 611 116 | V VvD/
L 408 116 H HD/ 508 84 H | QDMDLCSF 612 116 | H HD/
407 116 | V VD/ 509 84 v vD/CSD 613 100 | V VvD/CSD
408 100 | H HD/CSF 510 84 H | QFHDICSF 614 84 H HD/CSF
409 84 Vv vD/CSD 511 84 VvV | BV,VD/CSD 615 100 | V vD/
410 84 H HD/CSF 512 84 H | QDHD/ICSF 616 116 | H HD/
411 84 Vv vD/CSD 513 84 \' vD/CSD 617 116 \'J vD/
412 84 H HD/CSF 514 84 H | O00MHDICSF 618 116 H HD/
413 84 v | BV,vD/CSD 515 84 v ]| OvDCSD 619 100 [HV VvD/BV
516 100 | H 0,0HD/ 620 84 |HV| LAMHD/LAM
517 116 | V VD/ 621 84 (HV vD/
518 116 | H HD/ 622 100 |HV]| KBVHD/
519 116 | V VvD/ 623 116 | V vD/
NOTES:
EACH BUILDING STARTS WITH AN F-QUAD
EACH BUILDING SERVICES 32 OR 36 QUAD LOCATIONS
BUILDINGS MI-10, MI-20, Mi-30, Mi-40, AND MI-50 EACH SERVICE 36 BPM CHANNELS
FLYING WIRES ONLY IN MI-10 STRAIGHT SECTION; NONE REQUIRED AT HIGH DISPERSION POINT
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Sorted QUADRUPOLE DEVICE LIST

Mi-10 MI-20 MI-30
Quad | Quad |BPM| Devices Quad | Quad |BPM| Devices Quad | Quad [BPM! Devices
Number| Length Us/Ds Number| Length US/DS Number| Length us/Ds
113 84 v | BV,vD/CSD 121 84 vV | BV,VD/CSD 222 84 H HD/
631 84 Vv | BV,vD/CSD 201 | B84 v | BV,VD/CSD 302 84 H HD/
102 84 HV HD/ 211 84 Vv BV,VD/CSD 308 84 H HD/
110 84 H HD/CSF 118 84 H HD/CSF 320 84 H HD/
112 84 H HD/CSF 120 84 H HD/CSF 228 84 H HD/CSF
103 g4 |HVI K.VD/FW.MW 122 84 H HD/CSF 314 84 H HD/CSF
636 84 H | O.0HD/CSF 124 84 H HD/CSF 304 84 H 0,0,HD/
637 84 v O.VD/CSD 126 84 H HD/CSF 306 84 H 0,0,HD/
628 84 H | QDHDACSF 128 | 84 H HD/CSF 305 84 Vv o.vD/
32 84 H | QDHDCSF 130 84 H HD/CSF 221 B4 \J vD/
830 84 H | QFHD/CSF 202 84 H HD/CSF 303 84 \'/ VvD/
634 84 H | QFHDCSF 204 84 H HD/CSF 307 B4 Vv vD/
109 84 v VvD/CSD 114 84 H | O0HDCSF 321 84 \ vD/
111 84 Vv VvD/CSD 116 84 H | 0,0HDCSF 322 100 H BV,HD/
627 84 v VvD/CSD 214 84 H | O0HDCSF 223 100 Vv BV,VD/
629 84 v VvD/CSD 115 84 Vv O,vD/CSD 309 100 v 8vV,vD/
£33 84 Vv vD/CSD 215 84 \'J O,VD/CSD 220 100 H HD/BV
635 84 v VvD/CSD 206 84 H | QDHD/CSF 229 100 Vv vD/
104 100 |HVIFWMWBVHD/|I 210 84 H | QDHD/ICSF 315 100 Vv vD/
100 100- | H HD/BV 208 84 H QF HD/CSF 301 100 A vD/BV
108 100 H HD/CSF 212 84 H | QFHDCSF 319 100 Vv VvD/BV
626 100 H HOD/CSF 117 84 Vv VD/CSD 227 100 \ vD/CSD
638 100 H 0,0,HD/ 119 84 v VvD/CSD 313 100 ) vD/CSD
106 116 | H HD/ 123 84 Vv vD/CSD 224 116 H D/
624 116 H HD/ 125 84 v vD/CSD 226 116 H HD/
640 116 H HD/ 127 84 v vD/CSD 230 116 H HD/
105 116 \' vD/ 129 84 \ vD/CSD 232 116 H HD/
107 116 | V vD/ 203 | 84 v vD/CSD 310 116 | H HD/
625 116 \4 vD/ 205 84 Vv VvD/CSD 312 116 H HD/
639 116 \'d vD/ 207 84 Vv VvD/CSD 316 116 H HD/
641 116 A vD/ 208 B4 Vv vD/CSD 318 116 H HD/
101 84R {HV] LAMVD/ 213 84 v VvD/CSD 225 116 \ vD/
216 100 H 0,0,HD/ 231 116 ' vD/
218 116 H HD/ 311 116 Vv vD/
217 116 \'/ vD/ 317 116 \'A vD/
219 116 | V vD/ 323 116 \ VD/
HD/= HORIZONTAL DIPOLE CORRECTOR
VD/= VERTICAL DIPOLE CORRECTOR
CSF=CHROMATICITY SEXTUPOLE (FOCUSSING) FW=FLYING WIRE
CSD=CHROMATICITY SEXTUPOLE (DEFOCUSSING) BV=BEAM VALVE
QF=QUADRUPOLE CORRECTOR (FOCUSSING) MW=MULTIWIRE |
QD=QUADRUPOLE CORRECTOR (DEFOCUSSING) K=KICKER |
SF=RESONANCE-CORRECTING SEXTUPOLE (FOCUSSING) LAM=LAMBERTSON, lamspossible future lambertson
SD-RESONANCE-CORRECTING SEXTUPOLE (DEFOCUSSING) ES=ELECTROSTATIC SEPTUM, es=possible future e.s.
S0=-SKEW QUADRUPOLE CORRECTOR DV=DAMPER (VERTICAL) |
$S=SKEW SEXTUPOLE CORRECTOR DH<DAMPER (HORIZONTAL)
O=DCTUPOLE | |
XXX = STRAIGHT SECTION QUADS

M! Correctors Workshop -1- PSM/ADR 92.05.08




Sorted QUADRUPOLE DEVICE LIST

4 MI-40 MI-50 Mi-60
T Quad | Quad [BPM| Devices Quad | Quad [BPM| _ Devices Quad | Ouad |BPM__ Devices
Number| Length us/ps Number! Length us/Ds Number| Length us/DsS
331 84 | V | BV.VD/ICSD 421 84 | V | BV,VD/CSD 602 84 | H es,HD/
413 84 | V | BV.VD/ICSD 501 84 | V | BV,VD/CSD 528 | 84 | H HD/CSF
410 84 | H HD/CSF 511 8a | V| BVVD/CSD || 614 | 84 | H HD/CSF
412 84 | H HD/CSF 418 g4 | H HD/CSF 522 | 84 |HV| LAMHD/LAM
402 84 |HV| LAMHDLAM || 420 84 | H HD/CSF 608 | 84 |HV| tamHD/lam
336 84 | H| OOHDCSF || 422 84 | H HD/CSF 620 84 | HV| LAMHD/LAM
337 84 | V| OVDICSD 424 84 | H HD/CSF 604 | 84 | H 0,0,HD/
330 84 | H | QDHD/ICSF 426 84 | H HD/CSF 606 84 |HV| OOHD/
334 84 | H | QDHDCSF 428 84 | H HD/CSF €605 | 84 |V 0o.VD/
328 84 | H| OFHDCSF 430 84 | H HD/CSF 521 84 |HV VD/
332 84 | H | QFHDICSF 502 84 | H HD/CSF__ || 603 84 |V VD/
401 84 |HV VD/ 504 84 | H HD/CSF 607 | 84 [HV VD/
403 84 |HV VD/ 414 84 | H| OOHDIOSF || 621 84 [HV VD/
327 84 | V VD/CSD 416 84 | H| OOHDICSF || 523 | 100 |HV| BV, VD/
329 84 | V VD/CSD 514 84 | H| OOHDICSF || 609 | 100 [HV| BV VD/
333 84 | V VD/CSD 415 | 84 | V| ovD/cSD 520 | 100 [(HV| HD/BV.KES
335 84 | V VD/CSD 515 8¢ | V| ovDICcSD €22 | 100 [HV| KBVHD/
409 84 | V VD/CSD 508 84 | H| QDHDCSF 529 | 100 | V VD/
411 84 | V VD/CSD 512 84 | H | QDHD/CSF 615 | 100 | V VD/
404 | 100 | H BV,HD/ 506 84 | H | QFHDCSF 601 | 100 |V VD/BV
400 | 100 |HV| HDBVK 510 84 | H | QFHDICSF 619 | 100 |HV| VD/BV
326 | 100 | H HD/CSF 417 84 | V VD/CSD 527 | 100 | V VD/CSD
~408 | 100 | H HD/CSE 419 84 |V VD/CSD 613 | 100 { V VD/CSD
- 38 | 100 {H 0,0.HD/ 423 84 |V VD/CSD 524 | 116 | H HD/
324 | 116 | H HD/ 425 | 84 |V VD/CSD 526 | 116 | H HD/
340 | 116 | H HD/ 427 84 | V VD/CSD 530 | 116 | H HD/
406 | 116 | H HD/ 429 84 | V VD/CSD 532 | 116 | H HD/
325 | 116 | V VD/ 503 84 | V VD/CSD 610 | 116 | H HD/
339 | 116 | V VD/ 505 84 | V VD/CSD 612 | 116 | H HD/
341 116_| V vD/ 507 84 | V VD/CSD 616 | 116 | H HD/
405 | 116 | V VD/ 509 84 |V VD/CSD 618 | 116 | H HD/
407 | 116 | V vD/ 513 84 | V VD/CSD 525 | 116 | V VD/
516 | 100 | H 0,0HD/ 531 | 116 | V VD/
518 | 116 | H HD/ 611 | 118 | V VD/
517 | 116 | V vD/ 617 | 116 | V VD/
519 | 116 | V vD/ || 623 | 118 | V VD/
NOTES:
EACH BUILDING STARTS WITH AN F-QUAD
EACH BUILDING SERVICES 32 OR 36 QUAD LOCATIONS
BUILDINGS MI-10, MI-20, MI-30, Mi-40, AND MI-50 EACH SERVICE 36 BPM CHANNELS
FLYING WIRES ONLY IN MI-10 STRAIGHT SECTION; NONE REQUIRED AT HIGH DISPERSION POINT
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84" quads

Regular quads HD or VD

CSF or CSD

84" quad variant 1

Q103 K VD CSD
Q113 BV VD CSD
Q121 BV VD CSD
Q201 BV VD CSD
Q211 BV VD CSD
Q331 BV VD CSD
Q413 BV VD CSD
Q421 BV VD CSD
Q501 BV VD CSD
Q511 BV VD CSD
Q631 BV VD CSD
84" quad variant 2

Q101 (ROLLED) LAM VD
Q402 LAM HD LAM
Qb22 LAM HD LAM
Q608 lam HD lam
Q620 LAM HD LAM

MI Correctors Workshop

ADR 92.05.08
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100" quads (DS to ARC)

Q108 HD CSF
Q227 vD CSD
Q313 HD CSF
Q326 VvD CSD
Q408 HD CSF
Q527 vD CsD
Q613 HD CSF
Q626 VD CSD
100" quads (ARC to DS)
Q216 O OHD -
Q229 VvD -
Q315 VD -
Q338 O OHD -
Q516 OOHD -
Q5298 vD -
Q615 vD -
Q638 O OHD -
100" quads (DS TO SS)
Q100 HD BV
Q220 HD BV
Q301 VD BV
Q319 VD BV
Q400 HD BV K
Q520 HD BV K ES
Q601 VvD BV
Q619 vD BV

M! Correctors Workshop

ADR 92.05.08
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100" quads (SS to DS)

Q104 FW MW BV HD
Q223 BV VD
Q309 BV VD
Q323 VD
Q404 BV HD
Q523 BV VD
Q609 BV VD
Q622 K BV HD
116" QUADS
all HD or VD

Ml Correctors Workshop

ADR 92.05.08
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‘ Study o the Main Injector Performance ot
.. J J

.9 GeV and 120 GeV

C.5. Mishra and F. Harfoush

TEAPOT

) Input (vara.meters
Multipele Ervrors
Change in elgective length of difole
Tarameters at 89 and (2o GeV

2) Closed orbit errovs and Corvector strength
3) octupole strengh of Main Ring Quads
4) End sextufole Streng#t. of MI difpoles

5) &4 évuhcﬁ'ow
6) Further (;Vork
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Dipole Body

Dipole end BUS

Dividad by
eight

Dipole end NO
BUS

y (vided bj
€ight

Recycled new
Main Ring
quadrupole

Newly Built
Main Injector
quads

Magnetic errors used in the 8.9 GeV simulation

Multipole order

dipole
quadrupole
sextupole

8

10

12

14

Dipole
quadrupole
sextupole

8

10

12

14

Dipole
quadrupole
sextupole

8

10

12

14

quadrupole
sextupole

8

10

12

14

16

18

20

quadrupole
sextupole

8

10

12

14

16

18

20

Normal
< by >

-4.68
-0.13
0.43
0.09
0.18
-0.03
-0.01

2.05
0.03
0.92
q——
-0.02
-0.09
0.04

-0.07

2.05
0.03

Q922
-0.08
-0.11
-0.06
-0.09

0.50
585
-0.10
-1.82
0.21
141
-0.03
-0.80

-0.39
-1.39
1.29

-0.73

obn

100
0.45
0.61
0.13
0.32
«0.10
0.23

Skew
<an >

-0.04
0.00
0.03
0.00
-0.05

0.0

0.03
0.02
0.04
-0.03
0.00

-0.07
-0.02
-0.05
0.03
0.00

0.12
-1.16
0.42
0.40
-0.55

0.14
0.02

™

0.22
0.41
0.15
0.19
0.08



Magnetic errors used in the 120 GeV simulation

Multipole order = Normal Skew
<bs > obn <ap > oan
Dipole Body dipole 0.00 100 - -
quadrupole -0.30 0.21 - -
sextupole -1.16 0.49 -0.03 0.17
8 0.02 0.06 -0.02 0.29
10 -0.09 0.25 -0.04 0.07
12 -0.04 0.06 -0.01 0.21
14 0.08 _ 0.25 -0.05 0.08

Dipole end BUS Dipole 0.0 - 0.0 -
quadrupole 0.08 <. - -
1.00

Divided b7' sextupole 1.00 - 0.05 -
8 0.01 - 0.02 -
€19 ht 10 -0.11 - 0.05 -
12 0.06 - -0.03 -
14 -0.06 - 0.01 -
Dipole end NO Dipole 0.0 - 0.0 -
BUS quadrupole 0.08 - - -
sextupole 1.03 - -0.10 -
Di vided b\/ 8 -0.09 - -0.03 .
. 10 -0.12 - -0.03 -
eight 12 -0.06 . 0.03 i
14 -0.08 - 0.02 -
Recycled new  quadrupole - 240 - -
Main Ring sextupole 1.69 2.29 -0.47 3.14
quadrupole 8 5.29 1.29 0.68 0.43
10 -0.72 0.90 0.41 0.34
12 -1.71 0.16 -0.31 0.14
14 -0.25 0.92 -0.02 1.11
16 1.37 0.92 - -
18 -0.22 0.92 0.06 0.25
20 -0.82 0.33 -0.05 0.08
Newly Built quadrupole . 24.0
Main Injector  sextupole . 2.99
quads 8 -0.10 1.29
10 - 0.90
12 -1.41 0.16
14 - 0.92
16 1.32 0.92
18 - 0.92
20 -0.74 0.33
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Further Work

VD Tneclude ec.'(-uloﬂe’ Corvector in the ‘tmckh.j
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1 [Amps) 8 [Teslal
5.000000e+02 9.955370e~02
1.500000e+03 2.965548e-01
3.000000e+03 §.917796e-01
4.000000e+03 7.877406e-01
5.000000e+03 9.831362e~01
6€.000000e+03 1.177572e+00
7.000000e+03 1.368532e+00
8.000000e+03 1.5426802e+00

9.500000e+03
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b_3 (body)
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l
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0.9

1.2

B [Tesla)

1.762195e+00 ~-1.050000e-03  -B.160000e-04 -1.627503e+00
Saturation Sextupole in a Dipole Magnet
(fiat coil measurment for IDM002)
05 i 1 i ] L) M
bzsa‘(body & ends)
or sat
b,"" (body)
05 b 7
R = -1
1.5 F N
_2 (] ] 1 1 1

1.5

1.8

b7,

L

b_2 (body+ends)

2.929506e-01
2.929506e-01
3.425507e-01
3.363507e-01
3.580507e-01
3.472007e-01
1.379503e-01
-3.596007e-01
-1.264803e+00
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SLOW EXTRACTION MARMONIC ELEMENTS
J.A. JOHN STONE

o APPROPRIATE ELEMENTS FOR EXCITATION ¥ CONTRO
OF /&~ INTEGER RESONANCE ARE QUADRUPOLES

' oc.m/bcss.

e QUADRUPOLES 3

THE RELEVANT (53"') HARUONIC. IS PAOVIDED By
& ORTHO®ONAL FAMILIES oF 8 QUADRUPOLES Efc/

QUADS MOVE TUNE THROu®H THE 72 INTEGER

7 ALLOW CONTROL Of PHASE SPACE ORIENTATION
AT EXTRECTION SEPTLUL |

7 CANCEL INTRINSIC. Y4 INTEGER, SJOPBAND oF
THE MACHINE. |

*  OCTUPOLES :

ONE FAMILY OF 33 OCTUPOLES PRODUCES A
( NON= LINEAR, ) o™ HARMonIe. COMPONENT.

OcTUOOLES PRODUCE AN AMPLITUDE - DEPENDENT]
TUNE SHIFT

7~ CANCEL THE (LARGE) ocTfFoLE COMPONENT
OF THE RECYCLED MR QuADS AT INJECTION.

e




NUUBERS % KINDS OF HARMOAIC ELEMENTS

1« HARMONIC ELEMENTS TO Be cANNIBALIZED FROM M.R.
- QUADRUFDLES

- 14" MR. TRIM QUAD ¢ BL = 0.8s5 kGw . T
@ ’ %p

-~ RA/SING TUNE FROM ©.985 0.8 USING N QuADS
@ 750 GaV RERUIRES :

N(BL) = %{(.ols)‘&e ~ 1S 4;_‘@-_“

=> & QUADS ARE REQUIRED RUNNNG AT ~ 7 Amps.

-_0eTUOLES

— 8" MR. ocTufore : Bl = 0T K@w T
° MSAMF

— AT INTECTION THE QCTUfOLE COMPONENT OF THE
MR. BuADS (8%*) 1S:

Bl = ads KGwu Sud
TO CANCEL THE CONTUZuTION FROM 64 QUADS
WIiTH n obm/buss:
nT ~ 56 Awpt.

=D snrmusm, 16 ocnfbceg OPERATING AT~ ¢ ﬁufq

( AT 190 BV THESE NUMBERS fBecome &% octu )
RuNNING AT lo ’q“"Ps



OVERVIEW OF RESONANT EXTRACTION

« NEAR THE /4 - INTEGER ®

[

<r (P[0 )]
- [s&, + 4).accs(a¢-agg) + Ny ws(ﬂ“#&)}&’c

IS AN APPROXMATE cONSTANT oF THE MOTIOA ,

| » |
(5&9- X+ ((Bx'-racx’f : @ = S%e + Tan (éx::eu

O =023 N <L TURN

QUADRULOLE TERMS ¢

%

/ .
B — O~ HARMONIC
e § 4 55

2 (g8

— 53'& HHRMOMl.C.

B~ A §4$%§°.a{n(539)

8:. ~ 311'.

% ds '8’3 cos(SBé)

X o= R0

S
e




¢ OCTUSOLE TERMS!

a

C N b %u_%%_e(s

- o"" HARMONIC,

* x‘ - ( Aig"‘ x:c_wa — 55" HARMOM;CD
& a ,
~ 3
Mg ~ L2 § as%e g wn(s30)
~ 4 &as B gcos(ste

-l — TR :
¢, = & tan CA}& c) 106™ HARMONIC,

Ne ~ 4 G A3 BY ¢ sin(ote)

96 Be
ww Q&
' o6 O
Ne ~ - "'59—3-6 Be@ eos (s )

by = ag ek Mg 3




PorimoNING OF THE MARMoNIe ELEMENTS

* ONLY s3™ HﬁRMouft. QUADRUPOLE CONTRIBUTON 1S
RETAINED By SEPARATING OPPOSITE POLARITY
GuAds By To°. (TomL ¥ =an)

. onLy o™ Harmowre ocrufoLe TERM /S RETAINED
By SPACING SUCCESSIVE ELEMENTS 45° APART,
( TOTAL FF = dm )

* SCHEMATICALLY:

- 6‘ b

e VECTOR SUUS:!

g tl-= &1T7-

ST RRREN B
SIS




« & FAMILIES OF QUADY B> B ( sefﬁrmzeozf«#s )
Arovive CONTROL OF PHASE -SPACE OR/ENTATION.
. 7He ANGLE BEMWEEN THE RS. bisTRIBunoN AND

.K-AﬂXfS> IS 2

KX~ & tant [gsin (2¢) + 9,e05(at)
< [ % eot(af) —%:. wn(@d)

¢ = PHASE AOVANCE FROM FPDINT OF INTEREST

70 2?

i: Lt BT Ba

,-iiui' “:i§= .33:;.“. sassanns 6: - 3 ‘

' BX +ox (mm)

.o
:.-

[
.
H [ 2

T E T

=30 ° ' 30

x (mm)




| |

. WITH ONLY THE 4 AND ), TERMS, iT cAN Be
SHOWN THAT THE SEPARATIVCES ANE DESCRIBED

I%)' CINCLES:

| [( Q-s:‘n,x)"-r (;fﬂ:os X)a-AI(;-}sh X)a'l- (;z-,eosX)a—A] =0

X = )Sx : {= % x botx
(%) (%) 1]

“/\

0
px’+-m (mn)

N

-30 ' o o 50
x (W)

( PHASE- SPACE TRAJECTORY OF PARTISLES FROM
TRACKING (DOTS ) COMPARED To ANALYTIC
FPREDIcTION (CIRCLES) AT THE SEPTUM. )

A= A‘/S‘Jc' g=0-ols'° X = 74 ©




STEP- VRE , OR/ENTATION AT THE SEPTUtL CAN fBe
DETERMINED ANALYNCALLY N TERMS OF SEPTUM
OFF-SET 5 QuAD PosimonN X, ¥ ocrufoLe

STRENGTH M. FROM THIS IS PE[EMMINED:

— EMITTANCE OF EXTRACTED BEAM
— MAXIMUM SIRE OF CIRCULATING BEAM
— EXTRACTION (NEFFICIENCY

wol
%

€ = EMITTANCE OF EXTRACTED Geam. (uNITS T mau ")
f= 9 oF PARTICLES LOST ON SEPTUM WINE

Xuax = MAXIMum SIRE Of CIRCULATING BEAM (Fi Eb)
do mm.-mr CIRCULATING BEAM .



- THERE 1S No PERFECT SoLuTioN
* A GCOD COMPROMISE /3 :

A~ asc o X~ 95°

&I'W.NQ éEWm N Qo mat-wr
= SoT wnrur

Fon eah.cu.mw’nq ‘

AND EXTNACTION INEFFicieNcy § ~&/h% .

20 S
i‘i. —
. 3
&
° 5 %
- R
o X
o! <
» [ 1Y
-30
¢ — Py b .
- 30
30 } x (mm)

PHASE- SPACE AT SEPRM

¥ BLow-up OF EXTRACTED
PHASE - SpAce




-~

l.‘*

. AT /30 GeV THE M.R. QUADS HAVE AN ocTufoLs

NUMBER. % STNENGTH OF OCTUPOLES

COMFOUENr.‘ R
é_l:._ - 0.07S m

5.0
e WiTH 64 F QUADS IN THE [UNG THE CONTIU/GUTION
70 AN IS¢

2
}‘MfL ~ 14{- 6¥. (-o7$) %

~ 130 ma

- Fon. N 8" oCTuPOLES TO MAKE uf e REMAINING
/0 Wt o

NI = s_g(gv_: (:oo)<%£)

~ 530 Hqu

= 33 8 ocTuPOLES OPERATING ® ~ 16/ AMPS




DISTRIBUTION OF QUADRUFOLES § ocTufoLES
IN THE MAIN iﬂscm

o™ Hanwone OCTUPOLES ANE DISTRIBUTED uNIFOrlLy
AROCUND THE RING -

THE %a an}.y OF 53'4 HANMONIC. QUADS ARE
S/TUATED TO PAOVIDE THE RESIED PHASE SPACE
ORIENTATION AT THE SEPTUML.

THE ORTHOGONAL §. FAMILYy IS AVAILABLE FOL
CANCELLING THE n@a INSIe ¥a - INTEGER STOP-BAND
OF THE MACH/NE,.

0= 2 ocrupoLES
b = QuADRupoLE

o0
oo

1 -

Mi=10

\ o
£LEC. SEPTUM, K

MI=30

- a@_ X °o uls2 MI-52 - ‘BTB
R - =y

00



SUMMARY

ALL Hﬁmuomc. ELEMENTS ANE 70 RE RECYCLED
FROM MAIN RING .
A TOTAL OF (6 MR. 14" TRIM QUADS

8 OF THESE RuN AT ~7 A. DURUNG EXTNACIT
LOCATION OF THE QuADS IS FIXED By PHASE-
SPACE REQUREMENTS AT THE SEPTUM,

32 M., 8" ocJUPOLES AN AT V16 A. BURING
EXTRACTION .

oc.n:,eoc.es ARE LOCATED JoO AS 7O CAMNCEL
ALL Bur THE O*% HARMONYC, .




PHIL MARTIN



Je .
2 Fermilab

Main Injector Department

May 8, 1992

MAIN INJECTOR
CORRECTION ELEMENT WORKSHOP

INJECTION AND EXTRACTION ELEMENTS
P. MARTIN

INJECTION:

HORIZONTALLY-BENDING LAMBERTSON MAGNET
(IMMEDIATELY UPSTREAM OF Q101)

BRINGS INJECTED BEAM ONTO HORIZONTAL CLOSED ORBIT
VERTICAL KICKER (IMMEDIATELY UPSTREAM OF Q103)
PLACES BEAM ONTO VERTICAL CLOSED ORBIT

OTHER ASPECTS:
Q101 MUST BE ROLLED 90° TO PROVIDE CLEARANCE FOR

" INJECTED BEAM

CIRCULATING BEAM MUST BE DISPLACED DOWN ABOUT 5 mm AT
8 GEV TO AVOID LAMBERTSON SEPTUM--NORMAL CORRECTION
ELEMENTS CAN PROVIDE THIS DISPLACEMENT

SUMMARY: NO SPECIAL CORRECTION ELEMENTS REQUIRED
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Mzin Injector Depariment

EXTRACTION:

THREE LOCATIONS TO DISCUSS:
PROTON EXTRACTION AT Mi-52
ANTIPROTON EXTRACTION AT MI-62
PROTON ABORT AT Mi-40

FOLLOWING DISCUSSION APPLIES TO ALL THREE IN GENERAL,
BUT IS SPECIFIC TO THE ABORT, WHICH 1S MOST COMPLICATED
EXTRACTION INITIATED BY KICKER (FOR SINGLE-TURN) OR
ELECTROSTATIC SEPTUM (FOR RESONANT EXTRACTION)
~MI-52: BOTH SINGLE-TURN AND RESONANT; MI-62: SINGLE-TURN
MI-40: SINGLE-TURN AND POSSIBLY RESONANT ALSO (v TO IMB)
COMMENT: ANOTHER EXTRACTION AT MI-60 IS ALSO UNDER
CONSIDERATION FOR v DIRECTED TOWARDS SOUDAN i
(NORTHERN MINNESOTA)
ABORT KICKER (AND POSSIBLY, ELECTROSTATIC SEPTUM)
LOCATED AT Q400
EXTRACTED BEAM IS DEFLECTED BY VERTICALLY-BENDING
LAMBERTSON AND C-MAGNETS BOTH UPSTREAM AND
DOWNSTREAM OF Q402. THIS IS REQUIRED BY RELATIVELY
SHORT FREE SPACE BETWEEN QUADS (15 m) AND LARGE
REQUIRED DEFLECTION (24 mrad)

ORBIT CONTROL AT KICKERS: NO SPECIAL REQUIREMENTS



e .
3F Fermilab

Main Injector Department

ORBIT CONTROL AT LAMBERTSONS:

8 GEV BEAM: 24 mm INSIDE

120/150 GEV BEAM: NOT MORE THAN 4 mm OUTSIDE

BOTH OF THESE REQUIREMENTS CAN BE HANDLED BY THE
HORIZONTAL CORRECTION DIPOLES BEING DESIGNED.

SUMMARY: NO SPECIAL CORRECTION ELEMENTS REQUIRED

CONTROL OF EXTRACTED BEAM TRAJECTORY

NOT REALLY PART OF CORRECTION ELEMENTS FOR THE MI,
BUT WORTH MENTIONING THE PROBLEMS HERE

1. MUST BE ABLE TO ABORT BEAM AT ANY ENERGY

(ALSO, EXTRACT PROTONS AT MI-52 AT 8, 120 OR 150 GEV)
WANT BEND-CENTER OF LAMBERTSON AND C-MAGNETS TO
REMAIN CONSTANT, BUT NOT HAVE 8 GEV BEAM TOO FAR OFF-
CENTER IN THE QUADRUPOLE

SOLUTION: TRIM WINDINGS IN LAMBERTSON AND C-MAGNETS
WHICH CAN CHANGE LOW-ENERGY B-FIELD BY 50-100% (i.e. 3-6%
OF FULL-FIELD)



e .
2E Fermilab

Main Injector Depariment

2. THE QUAD WILL "REFOCUS" THE EXTRACTED BEAM TOWARDS
=0. POSSIBLE SOLUTIONS ARE

(i) TO "ROLL" THE FIRST LAMBERTSON, AND POSSIBLY SPLIT
THE SECOND LAMBERTSON INTO TWO, THE FIRST ONE ALSO
BEING ROLLED

(i) "COCK" THE LAMBERTSONS SO THAT THE SEPTUM FOLLOWS
THE EXTRACTED BEAM TRAJECTORY. THIS EFFECTIVELY MAKES
THE SEPTUM LOOK THICKER TO THE CIRCULATING BEAM (BY AT
LEAST A FACTOR OF TWO)

(iij) MAKE THE LAMBERTSON FIELD-REGION APERTURE LARGER;
THEN THE EXTRACTED BEAM CAN BE KICKED HARDER AND YET
HAVE ROOM TO BE REFOCUSED.



JAAN

Profiles at the Injection Lambertson and Quadrupole

-4

Figure 3
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ACTION ITEMS



"To: slh@fnal.fnal.gov, dej@calvin.fnal.gov, harding@fnal.fnal.gov,
shan@calvin.fnal.gov, peggs@calvin.fnal.gov, ppbecalvin.fnal.gov,
dejan€calvin.fnal.gov, bcbrown@fnal.fnal.gov, holmes@adcalc.fnal.gov,
pmartin@fnal.fnal.gov

Subject: MI Correctors Workshop: ACTION ITEMS

- - —— - . —— Y W G e e — o

—— o ————— - " = - -

The following is a list of the points that we all
agreed needed to be addressed. What I am looking for is
a 1 or 2 page note which may be handwritten.

If possible (actually even if it is impossible),

I would like to get your contribution

BEFORE MAY 29. I would prefer May 22, but I suspect
that some people will want to take a few days off
around Memorial Day.

Francois

—-——-———-——.—_——_——————_-——.-...—_._——_.--._—_—_—_—————_—————-_—.———.———_--—.——_——_——_——-——_
-.—-.._—--————_—-_—_—_—————_-——-——...--...—_—_——_—.._-.--._—_——_-.—_.——_——_——_———_——.——_———-——

(0) Description and Specs of existing Power Supplies
[In writing !]
======> STEVE HAYS <&==z==z=====

(1) should we worry about alignement errors in beamlines ?
======> DAVE JOHNSON <=======

(2) Hysteresis effects in beamline magnets: do we care ?
should they be measured ? Past experience ?
======> DAVE HARDING <=======

(3) Comparison of existing Booster gamma_t quadrupoles with
requirements for MI. Can we recycle an existing design
to build MI quadrupoles ?
======> JIAN PING SHAN<======

(4) 30% random variation in Beta. How does that affect slow
extraction ? What kind of RMS variation in the
quad strength can we tolerate ? To what extent
can the situation be improved by sorting the quads ?

(5) what can be said about the existing ~25 unit rms variation
in quadrupole strength ... How can it be explained ?
Is reality REALLY that bad ? Can some statement be made
about which part of the rms variation represents measurement error ?
Suppose we decide that we want a better measurement of the quad strength
(say within 5 units of integrated strength) what does that
imply ?
======> BRUCE BROWN<========

(6) How well can quad roll be determined ? How would that be done ?
======> PETER BAGLEY<===z==z====



{7) Do we need other harmonic correctors ?
=======> DEJAN TRBOJEVIC<C======

(8) Pros and cons: smaller number of longer sextupoles ?
large number of shorter sextupoles ?

(9) Is there any problem with a 3rd order resonance from chromatic sextupoles
in the MI ?

End of returned message
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Steven Hayseg}'
5-15-92

MAIN INJECTOR CORRECTION ELEMENT POWER SUPPLIES
(Reused Main Ring Correction Element Supplies)

SMALL CORRECTORS

The Main Ring Correction
Element Magnet Power Supply
system consist of two 5K watt
" bulk power supplies and a power
op-amp for each magnet. Figure
1 shows the output stage for
each channel. These channels
are grouped 6 per chassis with
two chassis grouped with a pair
of bulk power supplies. The 6th
channel can be configured for
twice the output voltage if
needed for larger magnets. What
this means is that the channels
are to be moved in groups of 12
but can be broken up into groups
of 6 if we buy more bulk
supplies at =$8K/pair. The
channels are water cooled so
installation will require a
location with 950 F water.

The choice of linear power
amplifiers for these supplies
was driven by the reuse of the
existing cable in the Main Ring
and the shared tunnel space with the collider. The noise
transmitted from long unshielded cables connected to switcher power
supplies was believed to be a possible problem, limiting life
times in the collider. The relocation of the main injector out of
the collider tunnel will allow the use of switcher power supplies.
Any new channels that must be added to the main injector correction
system should have switcher supplies installed.

NEW_SEXTUPOLE LOOPS

The main Sextupole correction systems in the cost estimate are
150 volt 480 amp power supplies. They are four quadrant switcher
supplies and will have a bandwith of 4K Hz and 100ppm pulse to
pulse regulation. The supplies cost is = $90K each installed. If
the correction loops can be first or first and fourth quadrant only
the cost of this system will go down to = $40K each.

Page 1



Steven Hays

5-15-92
Specifications
Correction Element:
Power Supplies
Output Voltage Standard Channel + 80 Volts
Output Voltage Dual (super Dipoles) + 160 Volts
Output Current all channels + 12A peak
Average RMS over one minute 6A RMS
Ramping limits
Current to peak value 50 A/sec
Bandwidth for all except Super Dipole 1K Hz
Super Dipole 800 Hz
Total Bulk Power Supply Current 80 or 100 amps
The channels are grouped in sets
of 12 per bulk supply. The total
current draw must be less than the
above number in any one direction.
Magnet Loads
Super Dipole (18 magnets installed) 800 mH
Horizontal and Vertical Dipole 300 mH
Tev 1 trim Dipole 300 mH
Quadrupole 80 mH
Sextupole 100 mH
Skew Sextupole 35 mH

Load resistance is set to 6 ohms for all standard
channels to control the power in the amplifiers and 12
ohms for the dual channels.

Page 2
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MR Quad Preliminary Strength Variation Results
Bruce C. Brown
2 June 1982

The measurements of MR Quads at MTF since 1986 has been
carried out with an emphasis on field quality studies. We
have utilized a rotating coil harmonic system which provides a
strength measurement as well. The usual measurements utilize
a 2.75" diameter Morgan Coil probe which is 92" long. An
anlaysis of the harmonic field shape with some measurement
details is available in B. C. Brown et. al., "Harmonic
Analysis of Fermilab Main Ring Quadrupoles”™ Conference Recoxd
of the 1991 IEEE Particle Accelerator Conference, San -
Francisco, May 6-9, 1991, p. 2128 or FERMILAB-Conf-91/128.
Attached is the first analysis of the strength measurement
results from that system. It has been carried out using
measurements at 1575 A where the field is controlled by the
iron shape with neither the remanent field nor the saturation
effects from iron quality will affect the results
substantially.

The measurements are analyzed using the data from the QUADSET
database with some reference to additional information on the
measurements from the MRQHARM database. These databases are
VAX Indexed RMS files which can be examined using DATATRIEVE.
They are stored on the Accelerator Division VAXCluster
(ALMOND) . From these data we find that the stored information
includes the following unwanted data: '
Measurements with a different probe. Use only Probe 21
Measurements with Stand C/Station A7
(Use only Stand A/Station A3 or A7) These Stand C
measurements were taken with different current
measurement systems which analysis suggests have not
been properly cross calibrated with the Stand A
Transductor.
Measurements in which the probe was extended only through
half of the body of the magnet.
The measurements are then separated into measurements of OLD
STYLE 84" quads, NEW STYLE 84" quads, and NEW STYLE 547 quads.
Results for each group are reported separately.



Here are some statistical results from these measurements:

BQB341 Remeasurements

Max 1.2200e-02T/A
Min 1.2153e-02T/2
Range/Avg 3.8161le-03
Sigma/Avg 1.7305e-03
Count 4

BOB Measurement Stats
("New-Style™ Quads Only)

Max 1.2323e-027/A
Min 1.2171e-02T/A
Average 1.2253e-02T/A
Range/Avg 1.2371e~02
Sigma/Avg 3.0398e-03
Count 22

BQB Measurement Stats
("0ld-Style™ Quads Only)

Max 1.2212e-02T/A
Min 1.2153e-02T/A
Average 1.2176e~-02T/A
Range/Avg 4.8550e-03
Sigma/Avg 2.6214e~03
Count 3

BQA Measurement Stats
("New-Style™ Quads Only)

Max 7.6920e~-03T/A
Min 7.5171e~03T/A
Average 7.5551e~03T/A
Range/Avg 2.3156e-02
Sigma/Avg 5.624%e-03
Count 16

In an attempt to discover measurement errors and possible
correlations within the data, we examined the strength as a
function of both serial number and of the octapole strength
(b4 in this notation). One check is to consider the strength
change created by the geometry change associated with the
change of "OLD STYLE"™ quads into quad in which the

top half core was machined to remove 0.010 inches (sigma of
0.001 inch) of steel. We compare this change as observed and
as calculated using PE2D (by Francois Ostiguy).

Calculation of Gradient Change w/ inifinte mu.

G standard geometry 9.4242e+00 (ignor units....)
G 2 x .005" added 9.3825e+00 (igner units....)
G 2 x ,050™ added 9.0171e+00 (ignor units....)
Frac Change per 10 mils 4.4301e~-03
Frac Change per 10 mils 4,.3197e-03

We note that this is about one half of
-2 sin 45 dy/r ~9.4281e-03
which is the result for a symmetric change of pole location

The measured result based on 3 "OLD STYLE" quads and 16

"NEW STYLE" quad is

Frac Change per 10 mils -6.277E-03

but the variation is such that this result is only a bit more
than one sigma from the expected result.



The printed version of this note will include plots of
strength vs octapole and strength vs serial number for both
the 84" and 54" magnets with the vertial scale appropriately
adjusted. The variation with production serial number is not
conclusive with the present set of data but it is suggestive
that there may be the large variations as suggested by the
width of this distribution.

Conclusions: We can examine the 84" quads for their strength
variation. If we assume that the measurement errors which
create the variations during repeat measurements of BQB341 are
representative of the measurement errors for the whole sample
of BQB quadrupoles measured with Stand A then we may wish to
subtract (in quadrature) that sigma. This results in the
following measurement of the strength distribution of BOB “NEW
STYLE" quads.

Correct Width for remeasurement error
BQB Sig/Avg 2.4992e~-03

We note that the width of the b4 distribution may be interpreted
as being due, possibly, to the

variation in the machining operation which remove the 0.010"
from the pole tip. The sigma of that distribution is 1 unit.
Since 7.4 units corresponds to 10 mils, we might assign a

sigma of 1.35 mils. Since 10 mils is calculated to cause

44E-04 change in the strength (relative) then 1.35 mils would
cause 6E-04 fractional strength change. This suggests that

the variation in machining of the cores is not responsible for
the strength variation of the MR Quads.

The ability to measure strength in quadrupole magnets requires
substantially more effort to achieve the same accuracy as in
dipole magnets. No attempt has been made at this point to
understand the 17E-4 sigma in the measurements reported here.
If better measurements are required, plans and hardware will
be required.

Results used are attached:



' MAGNET_ID SN

BQAO17
BQAO19
BQA030
BQA033
BQAO4Y
BQAOSO
BOADS3
BQAROS6
BQAO60
BQA0O84
BQA096
BQAOS7
BOA09S
BOAL00
BQAl102
BQA103
BQB019
BQB024
BOB031
BOB082
BOB109
BQB135
BOB136
BOB162
BOB156
BQB207
BQB210
BQB234
BQB241
BOB242
BOB283
BOB314
BOB332
BQB333
BOB340
BOB341
BQB341
BOB341
BOB341
BOB343
BQB343
BQB346
BQB347

017
019
030
033
049
050
053
056
060
084
096
097
098
100
102
103
019
024
031
082
109
135
136
162
196
207
210
234
241
242
283
314
332
333
340
341
341
341
341
343
343
346
347

RDATE_2

09-APR-1986
31-MAR-1987
25-MAR-1986
06-MAY~-1986
07-MAY-1986
07-MAY-1986
01-MAY-1987
10-APR-1987
06-APR-1987
08-MAY-1986
07-MAY-1986
11-APR~1986
20-MAR-1986
19-MAR-1986
09-JUN-1987
08-JUN-1987
31-MAR-1986
26-MAR-1986
14-MAY-1986
01-APR-1986
15-MAY-1986
14-MrY-1986
13-MAY-1986
02-APR-1986
08-APR-1986
13-MAY-1986
09-MAY-1986
05-AUG-1881
22-MAR-1986
04-MAY-1987
28~-MAR-1986
07-RAPR-1986
12-MAY-1986
04-APR-1986
29-APR-1587
16-aA0G-1991
02-JUL-1991
16-APR-1987
11-DEC-1991
30-JUL-1991
02-JUN-1987
17-FEB-1992
24-JUL~-1991

REF_AMPLTD_2 REF_CURRENT 2 B4

1.1948e+01
1.1893e+01
1.1933e+01
1.1877e+401
1.1881e+01
1.2061e+01
1.191%e+01
1.1865e+01
1.1847e+01
1.1882e+01
1.1890e+01
1.1951e+01
1.1939%+01
1.1956e+01
1.1891e+01
1.1866e+01
1.9265e+01
1.9256e+01
1.9211e+01
1.9401e+01
1.9305e+01
1.930Be+01
1.9293e+01
1.9345e+01
1.9336e+01
1.9306e+01
1.8329%e+01
1.9251e+01
1,9376e+01
1.9296e+01
1.9349e+4+01
1.9384e+401
1.9289%e+01
1.9376e+01
1.9281e+01
1.9141e+01
1.9112e+01
1.9238e+01
1.9198e+01
1.9217e+01
1.9265e+01
1.9246e+01
1.9223e+01

1.5736e+03
1.5763e+03
1.5843e+03
1.5769e+03
1.5733e+03
1.5680e+03
1.5766e+03
1.5752e+03
1.5760e+03
1.5720e+03
1.5771e+03

1.5739e+03

1.5847e+403
1.5848e+03
1.5778e+03
1.5776e+03
1.5840e+03
1.5844e+03
1.5731e+03
1.5853e+03
1.5732e+03
1.5730e+03
1.5726e+03
1.5742e+03
1.5736e+03
1.5732e+03
1.5738e+03
1.5745e+03
1.5846e+03
1.5772e+03
1.5840e+03
1.5730e+03
1.5721e+03
1.5744e+03
1.5769e+03
1,5727e+03
1.5726e+03
1.5769e+03
1.5746e+03
1.5728e+03
1.5772e+03
1.5740e+03
1.5723e+03

5.9737e-04
4.0901e-04
6.6097e-04
5.1131e-04
5.6122e~04
4.6047e-04
4.882%e-04
5.339%e-04
2.8402e-04
5.9281e-04
5.4712e-04
2.5694e-04
3.9631e-04
7.0589e-04
1.5308e-03
1.0499%-03
~2.8191e~04
~2.7617e~04
-2.8024e-04
5.5512e-04
5.9949%e-04
6.3957e~04
5.7125e~04
2.5035e~04
5.5551e~-04
5.8659%e-04
6.6572e-04
4.9%11e-04
3.8434e-04
4.7116e~04
5.8244e-04
3.932%e-04
4.5092e~-04
4.7265e-04
5.5651e-04
4.1404e-04
4.1989e-04
4.0399%e~-04
4.1597e-04
1.0462e-03
1.0569e-03
1.3654e-03
2.361le-03

Ampltd/Cur

7.5926e-03
7.5450e-03
7.5321e-03
7.5317e-03
7.5520e-03
7.6920e~03
7.5598e-03
7.5322e-03
7.5171e-03
7.5588e-03
7.5390e-03
7.5933e~-03
7.5338e-03
7.5441e~-03
7.5365e~03
7.5218e-03
1.2162e~02
1.2153e-02
1.2212e-02
1.2238e~02
1.2272e-02
1.2274e-02
1.2268e-02
1.2289e-02
1.2288e~-02
1.2272e-02
1.2282e-02
1.2227e-02
1.2227e~-02
1.2234e-02
1.2215e-02
1.2323e-02
1.2269e-02
1.2307e-02
1.2227e-02
1.2171e-02
1.2153e-02
1.2200e-02
1.2192e-02
1.2218e-02
1.2215e-02
1.2227e-02
1.2226e-02
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Sorting Main Injector quadrupoles to reduce beta errors

Steve Peggs, June 5 '92

The perturbation of the beta function at a general azimuthal location s due to a set of discrete
gradient errors is given by

A
BB(S) T2 sin:21tQ) z A{(kL) Bi cos(2[ 16(s) — ¢il — =Q1) !
i

where Q is the betatron tune, ¢ is the betatron phase, and A;(kL) is the integrated gradient error
atthe i'th quadrupole. Recycled Main Ring quadrupoles are sometimes said to have a root mean
square gradient errorof =2.4x 10-3, the value that has been used in simulations and in
tracking. The actual value may be larger, and will only be reliably known after all the quadrupoles
have been re measured during transference to the Main Injector. Assuming that this value is
correct, this note tries to answer two questions

1)  whatis the root mean square beta error if the quadrupoles are randomly transferred?
2) how can the quadrupoles be sorted? how much can sorting help?

The unsorted RMS beta error is estimated by representing the Main Injector as N = 104
FODO cells of approximately 90 degrees phase advance per cell, with a nominal horizontal and

vertical tune of 26.424 and 25.425, respectively. Ignoring the effect of defocusing quadrupoles
(B at defocusing quads is about six times smaller than at focusing quads), then

AB _ _OoN”Z P 2
([3 )RMS 2Zsin@nQ) f -

?
where f is the focal length of the N focusing quadrupoles, with beta functions of Pr. Putting
all this together, after noting that Bg/f = 4.82 for 90 degree FODO cells, gives

172 )
(_A_Q) _ 0.0024 x 104172 x 4.82 0.092 3
RMS

B 22 x 0.454

That is, it is reasonable to expect RMS beta errors of about 9.2 %, corresponding to a beta wave
with a typical amplitude of N2 x9.2 %, orabout 13 % . Since the phase and amplitude of the



wave varies as it progresses around the Main Injector, the peak beta error at the worst location in
the accelerator is expected to be much larger than 13 %. The attached figure shows that beta errors
found by a TEAPOT simulation, with a complete spectrum of magnetic errors turned on, are
consistent with these estimates. That is, random quadrupole gradient errors are expected to be the
dominant source of beta errors in the Main Injector.

Quadrupoles may be sorted to reduce the optical perturbations caused by the random gradient
errors by placing pairs of strong or weak quadrupoles exactly one FODO cell apart. The beta
waves created by a pair of identical errors cancel (to first order) if the phase advance per cell is
exactly 90 degree phase advance cells, because of the factor of 2 on the right hand side of equation
1 in the phase advance factor. In practice, however, the phase advance is not exactly 90 degrees,
and the errors cannot be perfectly matched. Suppose that two nearly equal errors, Aj(kL) and
Ay(kL), are placed at neighboring focusing quadrupoles in a Main Injector cell. Outside the cell,
the magnitude of their net effect is as if due to a sin gle error Ag(kL), given by

Ao = N ([A1+A214A0)2 + (A1 - A2)? 4

where A¢ is the difference of the phase advance from 7/2 radians. An estimate of the

suppression that this gives is made by approximating

A+ A

so that the typical effective suppression factor becomes

— Ag - \[4A¢2 + —13—2 6
5 [A1+A2]

The average horizontal and vertical phase advance per Main Injector cell is 91.5 and 88.0
degrees, respectively. Thus, the first term under the square root in equation 6 dominates in both
planes, with approximate suppression factors of 0.05 in the horizontal plane and 0.07 in the
vertical. This is a pessimistic estimate, since there are now only 52 errors to randomly distribute,
not 104, and since there are even smarter ways to sort the quadrupoles.

Note, finally, that even though the beta function errors cancel in a perfect situation, the
betatron phase errors add. Large local accumulations of phase advance can be avoided by
randomly distributing pairs of quadrupoles.
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Tane skt dependevce on M.&ﬁa&— :

Av,=ae[/n+bey/n,
Av, =be[n +ceyfT,

.
a=—p T(BS+ 3B,S): ,

— 1 s(B,5+B_5-2B,5)k,
47 &

c= -2 3(B,5—B_5+4B5).

87 &

Here S, 5; are the reduced sextupole strengths,

_ J) 32 . B"¢ 2
s=(Boar)  wa S=(gA0)
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— 1 =
B = % By confar Yl = )
1l -
-B:tl = 16 sin — % Sk’ COS[Zhbykv - ’l’yk‘ + ‘d’zk' - ¢zk| - 7”’:1:] ’

~where v = 2Vy L V;-




/ 8 ’
. / relales A, = 8
[A') s by ¥,
i N abseree 4 Sexlpoles

2. Croswng @ #i senlupole. o Shanghl s,
8. I§ dmdmu-oua
gt by %

3. Closere arowd Ha '“;'27




7; Aedecee c(&meu:f

/.

Ma‘ay o« S o S

: aeduce Senlapole Slesth

€. breok oxe selepole of wZ 2
Hoe oy be hore brius tn  Stmualion
2. Miniwige distotion famcling by
”M‘“J“:f Sealoch ey M:-ﬁ

LN



To make deitotim feus asush doe fueed '
gSyC&l)‘*ﬂ =09

T Spelver =
7o =0




J
Lot ﬂ( the ¢ (7 A 3 alé: hy @ V0w

Lncs ,,,Lf,o&,,,‘% 12 Comseculore clle
bt adt te 137

.
@MW&:[&. slraglt secline

. ﬁ{ﬂfbct.s' d_&w-ﬁfw&"&”
‘[m‘d_/g bipbts eodnbels /st%é)dfﬂ“m
v, Sedspoles wiait be ploced tear Woow. Fov

» M}&@déw@@



o Swmall ‘
#easf 3 havd o waucel Leear
m%” " seed bhavicorce wm | 73
gt

«&?g,a'
7: Carn )

M
ﬁ:

bxawtple

Tmagei
jlha,?—); Lallice ﬁy M.
i Ly‘-‘zz?’




12 wod ey

39/;450{ beodeleo

Besie: € eorloins 7 dpls 2aib
ElaclL: 3 4 dipotes Aenpved
Extod2: 3 £ dopotes Actusves

e Try b desgu MW&; so that %7
hoove Acavly oo Saue Toriss - faracwelevs
. PA« advowee [icdide. Y, ~ 075
So Had Caweellolioy tu Loy 4



I’

VB, . VB (@)

40 4 60
Path Length (m)

Tue Apr 14 16:51:49 1992




li

Bz . VB, (@)

12

(m)

Nz« Ny

-4

40 60
Path Length (m)

80 100

Tue Apr 14 17:00:10 1992



12

(m)

Nz » Ny

Path Length (m)

Tue Apr 14 17:02:01 1992



Ay, | 2AY,

BASIC | 0.7524 | 0.7603
EXTR1 | 0.7391 | 0.7662
EXTR2|0.7450 | 0.7334

[EXTR1, EXTR2, 5(BASIC), EXTR2, EXTR1, BASIC, EXTR2,
EXTR1).

Because of this special arrangement, B,, Bs, B, and B, rotate
with amplitudes of only 0.4, 2.6, 04, 2.2 m~1/2, respectively out-
side these 12 modules. Inside these 12 modules, they are determined
roughly by the contributions of 4 modules only. There, their ampli-
tudes are, respectively, 6.2, 17.9, 2.3, and 2.2 m~1/2. Among these,
B, appears to be much bigger than the others. This is due mostly
{0 the fact that the contributions of the five sextupoles (1 SEXH,
9 SEX1’s, 2 SEXV’s) within a module add more constructively for
Bj; than for the others.
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The distortion function B_ rotates with a tune of

Vo=~V = 0.9612,

which is extremely slow.

e Therefore, cancellation between adjacent modules will not be possi-
ble.

® No cancellation among the five sextupoles within a module.
® Howevér, due to:

(1)near integral value of v_ ,

(2)two-fald symmetry of the ring,

each sextupole in the first 12 modules is nearly canceled by a com-
plementary sextupole in the other 12 modules.

1



Each module contnibutes a wector of length ~ 24 m~1/2

together with its complementary module on the other side of the

nng,
1 modile a,u:h Y
1[21-2«:9511'9.
= Y-
' 4—-—04-,6(0-«&‘?'&7 am%

contributes a vector of length

~ 24 X 2coszr-12’-: ~29m 12,

FEach of the 12 adjacent modules has nearly the same phase advance
v_. Therefore, | B_| may reach the maximum value of

24 X 2cos 5= 18 _
lﬁsinmfz—-: —- = 18m 1z,
- )

| B |max =2 12 X

which agrees very well with computation.

Insensitive to how close the difference resonance is.
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From MAD and SYNCH,

v, = 21.42005 — 97.1€. /% — 42.5¢, /7 ,

v, = 11.18993 — 42.5¢. /7 + 2.20¢, /7.

The detunings here are actually smaller than those of the existing
FODO-lattice of the Fermilab Main Injector by 50%. As a result,
harmonic sextupoles are not required. In our previous design of the
samc imaginary-<y; lattice, these special precautions had not been
taken, and the detuning turned out to be

ov. 0 -1
B(e./7) =4.82x10°m °,
ov,
* = -156%x10'm™!,
O(ey /=)
Bvy, _ 3 -1
. Befn) =-749%x10°m ",

which are very large. In order to maintain a reasonably large aper-
ture, a family of harmonic sextupoles were installed in the previous
lattice to lower the monlinearity. The three detunings then reduced

8




to 4.43 x 107, —2.81 x 10%, and 1.33 x 10°* m™?, which are still very
much larger than the detunings of the present design.
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