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The evil that men do lives after them;
The good is oft interred with their bones;

-- Shakespear's, Julius Caesar , Act 3, Scene 2

 It has become clear that there exists confusion about the physical location of the
CEBAF injector elements.  The positions used by A. Bogacz in OptiM 1 and B.Yunn in
Parmela 2 were in disagreement by up to 2 meters.

A variety of sources contain information about the positions of the injector elements;
the original layout used by Parmela , a survey by K.Beard in December 2002 (Appendix
1), a survey by C.Curtis in March 2003 (Appendix 2), another survey done in August
2003 (Appendix 4), measurements reported in October 2003 (Appendix 3), and various
mechanical drawings (Appendix 4 and 5).  In general, the outside surfaces of components
used by the surveys are not dimensioned in the mechanical drawings; dimensions are
usually to the vacuum flange surfaces.3

Unfortunately, while the best survey was from March 2003, it only extended as far as
the 1/4 cryomodule and lacked measurements of some elements, especially the positions
of the lenses within the chopper (MFD0I04 and MFD0I04A) and the thickness of the
choppers themselves. Also, it was not possible to measure the location of the cathodes
directly, so M.Poelker provided the cathode to center-of-15° bend distance as exactly
173.71 cm.4

Additionally, a new lens was inserted on gun#2 and a lens moved on gun#3. 

It was decided that the best drawing of the injector was L.Reynolds' of 17 October
20035.  It is reproduced below with additional comments.   The choppers were
problematic, as the survey measured from the upstream face of the chopper.  The
thickness of the choppers seems to be 8 3/16” 6 and the lenses between the choppers were

1 Version 3.10.0, LDBS Corporation
2  JLAB-TN-03-023, Parmela-V93.1.kb0.3g7 CEBAF Injector Simulation
    K.B.Beard, B.Yunn
3 J.Takacs, private communication 13-Nov-03
4 M.Poelker, private communication
5 http://opsntsrv.acc.jlab.org/ops_docs/online_document_files/MCC_online_files/injector_quick_reference.pdf

6 K.Beard, measured 21-Dec-02



not included in the survey.  The lenses were recently measured by J.Grames with the
result that the lenses are 3.00” thick and that the centers of lenses MFD0I04 and
MFD0I04A are 6.75” apart and are centered in the chopper assembly.7

The position of the 1st quadrupole after the 1/4 cryomodule was also problematic.
C.Curtis' survey's position of MQJ0L01 (dated 2-Sep-94) was not in agreement with a
recent measurement by J.Grames8.  B.Yunn pointed out that that quadrupole had since
been removed and reinstalled since the survey, apparently at a different location.9

J.Grames measured that quadrupole to be 40.06" from the downstream face of the
cryomodule and the length of the module to be 90.25+/-0.25” (compared to 90.28”
reported by D.Machie10).

It was decided by the authors to assign the elements between the downstream face up
to and including  MQJ0L01 based on J.Grames' position for the quadrupole, but keep the
OptiM positions for elements beyond that point as they agree with the C.Curtis report of
24 October 2003 and in the absence of additional measurements.

Files containing the spreadsheets, Parmela  and OptiM  input decks, etc. have been
placed into the CUE tree at  

(Windows)
M:\casa\acc_phys\archive\Projects\Cebaf\InjectorLayout\1nov2003\  

(UNIX) /u/group/casa/acc_phys/archive/Projects/Cebaf/InjectorLayout/ .

7 J.Grames, Elog 1179660 , Measurement of MFD0I04 and MFD0I04A lenses, 
    12-Nov-03 16:55
8 J.Grames, Elog 1179664 , Measurement of quad location MQJ0L01,
     12-Nov-03 17:02
9 B.Yunn, 13-Nov-03, private communication
10 D.Machie, private communication 



cathode to center of 15° bend is 173.7 cm 11

1st lens and correctors on gun#2 may be moved 12

*chopper thickness is 8 3/16" 13

*corrector lenses MFD0I04 and MFD0I04A may  be adjusted from  17.15
to 25.15 cm  center-to-center 14; currently 17.15 cm 15

11 M.Poelker, Oct.2003
12 M.Tiefenback, R.Kazimi Oct.2003
13 K.Beard, Dec.2002
14 D.Machie, Oct.2003
15 J.Grames, Nov. 2003

ELEMENT norm crt [cm]
cathode 0
MBH3I01 40.8
MBH2I01 56.8
MFH3I01 66.4
MBH3I02 108.5
MDS1I01 173.7
MBH1I02 208.7
IPM1I02 208.7
MFB1I02 222
MHB1I03 242.9
MFB1I03 255.6
MWF1I04 300.6
MBH1I04 341
IPM1I04 341
MFQ1I04 354
MHB1I05 370.2
RIN1I05 (pre-buncher) 402.1
IHA1I06 415.1
MBH1I06 428.6
IPM1I06 428.6
MBH0I01 471.5
Tiefen0I01 486.4
MBH0I01A 498.2
MFA0I02 534
MBH0I02 544.3
Tiefen0I02 555.9
IPM0I02 570.3



the MQJ0L01 quad was removed and reinstalled after the 1994 survey.

There is no survey data past MQJ0L05... fromhere on, things are assumed to be
correct.

A1 593.8
MHB0I02A 657.5
IPM0I02A 657.5
A2 670.9
MFA0I03 681.4
P6: chopper 1 face upstr 685
chopper cavity1 695.53
MFD0I04 751.73
MS 760.3
MFD0I04A 768.87
chopper cavity2 825.08
P7: chopper 2 face dnstr 835.6
MFA0I05 839.1
MBH0I05 856.9
IPM0I05 856.9
Buncher 888.2
MFA0I06 914.8
MBH0I06 933.4
MAD0I06A 970.9
Capture (upstr face) 976.3
Capture 1011.5
A3 1060.8
MFL0I07 1069.4
MAD0I07 1075.8
A4 1128.4
MAD0I07A 1134
upstr face of cryounit 1167.7
cavity1 of cryounit 1244.82
cavity2 of cryounit 1319.89
dnstr face of cryounit 1397.01

ITV0L01 1420.7
MBH0L01H 1443.18
MBH0L01V 1443.18
IPM0L01 1472.67
MQJ0L01 1498.85
ITV0L02 1792.93
MQJ0L02 1800.43
IPM0L02 1827.12
MBH0L02H 1848.4
MBH0L02V 1848.4
MQJ0L02A 1861.41
MBH0L02AH 2068.51
MBH0L02AV 2068.51
ITV0L03 2301.76
MBH0L03H 2324.24
MBH0L03V 2324.24
IPM0L03 2353.73
MQJ0L03A 2379.91
IHA0L03 2387.41
MQJ0L03 2443.41
ITV0L04 2680.36
MBH0L04H 2702.84
MBH0L04V 2702.84
IPM0L04 2732.33
MQJ0L04 2758.51
R031 2921.92
R032 2996.92
R033 3112.98
R034 3187.98
R035 3304.04
R036 3379.04
R037 3495.1
R038 3570.1
ITV0L05 3660.45
MAT0L05H 3672.39
MAT0L05V 3694.36
IPM0L05 3713.74
MQJ0L05 3738.51
R041 3881.92
R042 3956.92
R043 4072.98
R044 4147.97
R045 4264.03
R046 4339.03
R047 4455.09
R048 4530.09



MAT0L06H 4632.39
MAT0L06V 4654.36
IPM0L06 4673.74
MQD0L06 4698.5
ITV0L07 5178.22
MAT0L07H 5198.16
MAT0L07V 5220.13
IPM0L07 5239.49
MQD0L07 5264.25
IHA0L07 5271.75
ITV0L08 5808.91
MAT0L08H 5808.91
MAT0L08V 5830.88
IPM0L08 5850.24
MQD0L08 5875
IHA0L08 5882.5
ITV0L09 6419.66
MAT0L09H 6419.66
MAT0L09V 6441.63
IPM0L09 6460.99
MQD0L09 6485.75
IHA0L09B 6493.25
ITV0L10 7030.41
MAT0L10H 7030.41
MAT0L10V 7052.38
IPM0L10 7071.74
MQD0L10 7096.5
IHA0L10 7119.51
MBL0R01 7344
MBL0R01 7359
MBL0R01 7374
MAT0R01H 7665.41
MAT0R01V 7687.38
IPM0R01 7706.74
MQD0R01 7731.5
MAT0R02H 7948.91
MAT0R02V 7970.88
IPM0R02 7990.24
MQD0R02 8015
MBL0R02 8391
MBL0R02 8406
MBL0R02 8421



MAT0R03H 8612.41
MAT0R03V 8634.38
IPM0R03 8653.74
MHCOR03V 8653.74
MQD0R03 8678.5
IHA0R04 9007.47
MAT0R04H 9027.41
MAT0R04V 9049.38
IPM0R04 9068.74
MHCOR04V 9068.74
MQD0R04 9093.5
ITV0R04 9116.51
MAT0R05H 9442.41
MAT0R05V 9464.38
IPM0R05 9483.74
MQD0R05 9508.5
MBL0R03 9766
MBL0R03 9781
MBL0R03 9796
MAT0R06H 10105.91
MAT0R06V 10127.88
IPM0R06 10147.24
MQD0R06 10172
MAT0R07H 10389.41
MAT0R07V 10411.38
IPM0R07 10430.74
MQD0R07 10455.5
MBL0R04 10813
MBL0R04 10828
MBL0R04 10843



Appendix 1.  Survey of December, 2002

When it became apparent that there was a problem, as a simple check, this
author measured a few points along the injector  using an English unit tape measure on
December 21, 2002:



Appendix 2.  Survey of March 2003





Appendix 3.  Report of October, 2003

Note that the names of the MQJ0L03 and MQJ0L03A quads have been incorrectly
interchanged.16  The distances are in meters.17  Also note the dates of the individual
measurements -  MQJ0L01 has been removed and reinstalled since that date.

16 A.Bogacz, Nov.03, private communication
17 B.Yunn, Nov.03, private communication



Appendix 4.  Survey of August 2003

Survey of August 8, 2003 by Chris Gould and Richard Schwartz.  Note that the 8"
thicknesses are rough numbers added subsequently and were not part of the survey.18  It is
assumed that the 418 mm represents the distance from the inner surface of each chopper
to the outer surface, not the center, of each lens.

18 J.Benesch, private communication



Appendix 5.  1/4 Cryomodule Drawings

The following drawing is available from the Document Control's OCE
system as 11100-0022 .  The distance from the face of the cryomodule to the center of
the 1st cavity is 30.362”(77.12 cm) and between the center of the 1st and 2nd cavity is
29.556” (75.07 cm).19  The distance from the upstream face to the alignment ball is
10.19” (25.88 cm).20  The face-to-face distance was measured by J.Grames to be 90.25+/-
0.25” in agreement with 90.28” reported by D.Machie.  The distance from the alignment
ball to the quadrupole is no longer correct.

19 Danny Machie to Jay Benesch private comunication, 21-Oct-03
20 J.Takacs, 12-Nov-03, private communication


