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1 Introduction

Beam line 1A (BL1A) transports 480 MeV protons from the cyclotron to the UCN beam line
(BL1U), muon production targets T1 and T2, the 500 MeV Isotope Production Facility, and
finally to the Thermal Neutron Facility (TNF). The simulation code REVMOC has been the
reference simulation code for the design and operation of this beam line, with treatments of
scattering and energy loss in T1 and T2, as well as detection of proton losses at defined aper-
tures throughout the beam line. The limitations of REVMOC and the availability of Geant4-
based beam line simulations has prompted this development of a new BL1A model using the
G4Beamline code, which due to its fully 3D geometry, as well as advanced scattering and
energy loss treatments, provides more accurate and detailed estimates of losses (and their con-
sequences) than REVMOC. There is also the potential for more advanced simulations including
steerers and element misalignments, that go beyond the scope of REVMOC and may be of use
in optimising the performance of BL1A, reducing losses and improving the beam transmission
to the TNF.

This report also documents the origin and pre-processing of the beam data that is used in the
G4Beamline application, where REVMOC is used for beam generation and tracking through
the fringe field of the cyclotron.

A single input file is used in G4Beamline to specify beam and field inputs, the beam line com-
ponent and geometry definitions (with the exception of the T2 section geometry provided by
Syd Kreitzman), and all the run steering and output mechanisms. The Appendix to this report
contains an annotated listing of the complete input file for BL1A, as well as the T2 section
geometry file.

2 Reference Run and Its Components

In conjunction with this document a set of “reference run” files has been created. This comprises
a complete set of input and output files for the most recent and fully realised BL1A model, as
well as the data sets and conversions involved in preparing beam data for G4Beamline. The
reference run is intended to be self-contained and reproducible.

Here are the roles of the codes used in the reference run.

REVMOC Generates beam distributions at the extraction foil, tracks through
the foil and the cyclotron fringe field.

revmoc2g4bl | Converts REVMOC beam data to a BLNtuple file for input to
G4Beamline.

G4Beamline | Using the REVMOC beam data, tracks from the combination mag-
net entrance through to the TNF target.

Here, for simplicity, we have used an existing REVMOC run, provided by Yi-Nong Rao[4], to
track the beam through the foil and the fringe field of the cyclotron, represented by a transfer
matrix fitted to beam measurement data. This pre-tracking could also be done using ACCSIM,
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with its more accurate single-scatter model for the foil, but for this application scattering ef-
fects in the foil are exceedingly small in comparison to those of the thick targets T1 and T2,
and the small increase in large-angle scattering losses seen with ACCSIM would be virtually
insignificant in the heavily shielded environment of BL1A.

The following describes each file in the Reference Run.

revnoc/ bl 1a.in Thisis a REVMOC run for the whole of BL1A, included for reference
and as a test of the new refurbished version (see below) of REVMOC.

revnoc2g4bl / bl 1a. i n Input file for REVMOC, comprising only the extraction foil
and a transfer matrix representing the cyclotron fringe field.

revnoc2g4bl / coor ds. out  Output file of the beam coordinates from REVMOC
(symlinked to f ort . 4).

revnoc2g4bl / revnoc2g4bl . f  Converter program: reads REVMOC beam data on
f ort. 4 and outputs BLNTuple file for G4Beamline on f ort . 3.

bl 1a.in Main input file for G4Beamline: reads the beam data from f or t . 3. Includes the
beam line geometry (except for the T2-CollimatorA-CollimatorB section), and output
and run commands.

T2Col | EDI T. g4bl  An edited and excerpted version of the T2-CollimatorA-CollimatorB
section, based on the geometry provided by Syd Kreitzman, merged into the input
stream by an i ncl ude commend in bl 1a. i n.

bl 1a.1 0og Output to the terminal during the G4Beamline run, including input and derived
parameters, the layout process, the tracking process, and names of output files.

g4bl env. dat  Envelope data (RMS X and Y) derived from G4Beamline Zntuples, for
comparison with REVMOC and TRANSOPTR.

env. png Plot of RMS 2-sigma envelopes of the above three codes.

3 G4Beamline Input File

The beam line elements are mostly derived from Yi-Nong Rao’s REVMOC run for BL1A. Due
to the storage limitations of REVMOC, he had originally implemented the beam line in three
separate REVMOC runs, tied together by coordinate output and input files.

To facilitate this and future work, I first did a review of the REVMOC code (existing in various
versions), selected what seemed to be the most authoritative version, and upgraded the code to
support much longer beam lines, a larger number of beam particles, and introduced user-settable
array dimension parameters, for easy modification in the future.

The REVMOC run provides data for beam pipe sizes as well as the aperture restrictions that
exist throughout the line, due to targets, collimators, and so on. In G4Beamline, I tried to flesh
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out these apertures as part of the 3D geometry of each beam line element. Particular attention
was payed to the target regions, and especially the collimators downstream of them, relying on
the original drawings of BL1A provided to me. In some other areas the G4Beamline shapes and
apertures may be considered somewhat sketchy, due to both the limited detail of the drawings
and lack of documentation about the design and purpose of various structures.

The part of the beam line from T2-CollimatorA-CollimatorB to TNF is complete in respect
of beam delivery and tuning to the TNF target, but the intervening isotope production target
assembly is not yet implemented. The TNF itself includes only the 7 cm radius lead cylindrical
target of 25 cm length, without any surrounding geometry.

4 Tuning and Beam Envelopes

The dipole B1 was adjusted using the t une command in G4Beamline to achieve centering
within 0.4 mm throughout the beam line, at a field strength of 9.557 kGauss (see Figure 1). In

BL1A tune B1 Tol=0.1mm By=-0.9556
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Figure 1: Centering (path of reference particle) after tuning of B1.

order to achieve vertical edge focusing consistent with that of REVMOC, the f r i ngeFact or
of B1 was set to 0.25.

Since G4Beamline cannot fit to statistical properties of the beam, the quadrupoles were hand-
tuned to obtain a reasonable level of agreement of the RMS envelopes with those given by
REVMOC statistics, as well as those from a TRANSOPTR run for the beam line. This involved
a lot of trial and error, as well as some trade-offs between different locations in the beam line.
The rapid blow-ups that occur after T1 and T2 are handled by different calculations in all three
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codes. As seen in Figure 2, the envelopes downstream of T1 are generally within 0.5-1 mm of
each other.
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Figure 2: RMS beam envelopes of Transoptr, REVMOC, and G4Beamline. Top line shows
adjustments to G4Beamline quad settings.

5 Future Applications

There is evidence that settling of structures in the T2 area, including the T2 monument itself,
have had a significant effect on target efficiency and beam losses downstream of T2, resulting
in a downward trend of the measured transmission to the TNF target. After photographs of T2
revealed that the beam spot was off center, the vertical position of T2 was adjusted and improved
TNF transmission was observed.

Since REVMOC cannot model these kinds of alignment and beam steering issues, the hope is
that the G4Beamline model, in which steering magnet settings and element alignments can be
easily changed, will eventually help to diagnose the true state of BL1A misalignments and how
they influence both the T2 muon production and the reduced transmission to the TNF.

So far, some experiments in G4Beamline with misaligning T2 and its downstream collimators,
as well as mis-steering the beam with upstream steerers, have not been very conclusive, in part
because it is not obvious what absolute and relative movements in the beam line have occurred
in reality. When BL1A was changed to operating with a short 1 cm T2 target instead of the
usual 5 cm length, I implemented the same in G4Beamline, but the change in TNF transmission
seen in the code did not resemble what was measured. As noted above, the isotope production
target module, and other possibly relevant details between T2 and TNF, have not yet been
implemented.

Thus the simulation model must be considered a work in progress. There is little doubt that
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Geant4 itself is a sound platform on which to build the geometry and track the beam, but vali-
dation of the model at the G4Beamline level, via beam experiments, is necessary to go further.
This would require a basic familiarity with the code among some group members, with at least
one person having more in-depth knowledge and experience in order to design and conduct the
experiments.
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Appendix: BL1A beam line definition

Beam Li ne 1A F. W Jones TRI UMF
T2-Col | i mat or A-Col | i mat or B based on
geonetry by Syd Kreitzman

*

*

*

*

* LAYOQUT based on REVMOC
* ALL fringe fields

* Beam gener at ed by REVMOC

* FO L and cyclotron fringe field pre-tracked by REVMOC
* Initial QUADRUPOLE settings from REVMOC

param - unset doStochastics=1

physi cs QGSP_BI C doSt ochasti cs=$doSt ochasti cs

# Mean Pz from REVMOC
param - unset pMnent unRef =1063. 477423

# BEAM . ...

# Distribution file generated by REVMOC2GABL
beam ascii fil ename=/ hone/ g4beamn i ne/ BL1A/ af t er CYCFF/ REVMOC2AABL/ fort . 3\
beanZ=0 nEvent s=$nEvents

# Calibration file w single proton and PMonent unRef
#beam ascii filenanme=fort.81.calib bean¥=0 nEvent s=$nEvent s

# Test particle file for debug
#beam ascii fil enane=fort. 81. debug beanZ=0 nEvent s=$nEvent s

# REFERENCE PARTI CLE. .. ..

ref erence referenceMnent um=$pMonent unRef parti cl e=prot on beanZ=0 \
beanX=0 beamXp=0 beanmy=0 beamyp=0

# MATERI ALS. . . ..

param wor | dMvat eri al =Vacuum

#particl ecol or proton=1,0,0 plus=1,0,0 m nus=0,1,0 neutral =0,0, 1

particl ecol or proton=1,0,0 neutron=0,1,1 gamma=0,1,0 e-=0,0,1 \
plus=1,0,1 mnus=1,1,0 neutral =0,1,1 reference=1,1,1

# SS from BDSI M (BDSMat eri al s. cc)
material ss C,0.0003 Wh,0.02 Si,0.0075 P, 0.00045 S, 0.0003 \
Cr,0.17 M, 0.025 Ni,0.12 N, 0.001 Fe, 0.65545 \
density=8.0
# Alternative SS from exanpl es/ advanced/ conposite_cal ori neter
# AISI Cr-N steel, default is type 304. Wight fractions SDC definition.
#material ss Fe, 0.6996 C, 0.0004 Wn, 0.01 \
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# Cr,0.19 Ni,0.10 density=8.02

param - unset vacuuntCol or=0.,0., 0.

# DI POLES. . . ..

# Bl

# Bend g/ 2=5.08cm L=1. 2763m B=9. 845kG
# REVMOC ref nmonentumis 1.09008GeV/c
# Edge angles are 9.9 degrees

tune B1By z0=0 z1=8300 initial =-0.9555 step=0.0001 \
expr=x1 tol erance=0.1 maxlter=100

param LB1=1276. 3
generichend Bl fiel dWdt h=1000 fi el dHei ght =102 fi el dLengt h=$LB1 \
By=B1By fringeFactor=0.25\
i ronCol or=1,0,0 i ronW dt h=1000 i ronHei ght =1000 i ronLengt h=$LB1

t ubs pi pe- CYCFF- Bl i nner Radi us=48. 7 out er Radi us=50. 8 | engt h=4360-1 \

material=ss kill=0 color=.2,.2,.2,.9
t ubs pi pe-Bl i nner Radi us=48. 7 out er Radi us=50. 8 | engt h=$LB1 \
material=ss kill=0 color=.2,.2,.2,.9

# STEERI NG MAGNETS. . . ..

# 4 | NCH
genericbend SMs fi el dW dt h=150 fi el dHei ght =102 fi el dLengt h=150 \
fringeFactor=1\
ironCol or=.5,0,0 i ronWdth=300 ironHei ght =300 ironLengt h=150

# 8 | NCH
generi cbend SM. fiel dW dt h=300 fi el dHei ght =210 fi el dLengt h=150 \
fringeFactor=1\
ironColor=.5,0,0 i ronWdt h=600 ironHei ght =425 ironLengt h=150

# QUADRUPQLES. . . ..

# Scale factor to get Tesla/meter frompole tip field BO
# See: BL2A notes p28

# Half-gap for all quads is 5.159 cm

# REVMOC hal f-gap is 5.156cm so needs slight correction
par am gsf=1. 9383601

# APERTURE | NCREASED TO ACCOVMODATE A 5MM THI CK VI RTUALDET
genericquad Q apertureRadi us=65 ironRadi us=914.4/2 \
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i ronCol or=0,.6,0 fringeFactor=0.1

param LQL1=403.
param LQ2=408.
par am LQB3=530.
param LQ4=523.
param LQB=532.
param LQ6=523.
param LQ7=411.
param LQB=414.

O U100, 0O

# LARGE APERTURE QUADS a=10.48cm

par am gqgsf =0. 95419847

generi cquad QQ apertureRadi us=118 ironRadi us=450*1. 414 \
i ronCol or=0,.6,0 fringeFactor=0.1

param LQ@=499. 1
param LQL0=490. 5
param LQ11=490.5
param LQ12=490. 5
param LQ13=490. 5
param LQL4=4*130. 17
param LQ15=4*130. 17
param LQ16=484. 10

# DI POLE FI ELDS FOR (future) STEERI NG W TH QUADS

fiel dexpr SQBH wi dt h=2*65 hei ght =2*65 | engt h=3Lb By=0
fieldexpr SV wi dt h=2*65 hei ght =2*65 | engt h=3Lb Bx=0

fieldexpr SQL4H wi dt h=2*118 hei ght =2*118 | engt h=$LQL4 By=0
fieldexpr SQL6V wi dt h=2*118 hei ght =2*118 | engt h=$LQL6 Bx=0
# TARGETS

# T1 (REVMOC bl 1a2T1.in T1 11mm 1_to_T1.in 10*1nm)
tubs T1 inner Radi us=0 out er Radi us=101. 6 | engt h=11 nateri al =C

# T2 (REVMOC T201-T220 5nm sl i ces)
tubs T2 i nnerRadi us=0 out er Radi us=51. 0 | engt h=100 nateri al =Be

# TNF see TRIUMF Users Hbk 4.1.3.3
tubs TNF i nner Radi us=0 out er Radi us=70 | engt h=250 nat eri al =Pb
# SEPTUM AFTER T1: aperture deltaX 0.75,0.75,0.76 cm

box SEPT | engt h=640 hei ght =2*110 wi dt h=2*110 material =Cu \
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color=1,0,1,0.95

# For unnodified trap:
trap SEPT2 | engt h=200 hei ght =640 \

upper W dt h=100+36. 5 | ower W dt h=100+59. 1+7. 6 \

mat eri al =Vacuum
# Modified BLCVMDtrap.cc to allow right angul ar wedge
#trap SEPT2 | engt h=200 hei ght =640 \
# upper W dt h=100+36. 5 | ower W dt h=100+59. 1+7. 6 rwedge=1 \
# mat eri al =Vacuum

pl ace SEPT2 parent =SEPT x=-16. 65 rotati on=X-90

# KI NK

box KINK | engt h=10 hei ght =2*110 wi dt h=2*110 nateri al =Fe \
color=1,1,0,0.95

box KINK2 | engt h=10 hei ght =2*100 wi dt h=100+61. 5 mat eri al =Vacuum

pl ace KI NK2 parent =KI NK x=-19. 25

# COL

tubs COL | engt h=5*108 i nner Radi us=0 out er Radi us=97.9 nateri al =Cu \
color=1,0,1,0.95
par am RAP1=61. 294 RAP2=74. 000
extrusion COL2 | engt h=5*108 \
vertices=1. 000000, - 0. 000000; 0. 866025, - 0. 500000; 0. 500000, - 0. 866025; \
0. 000000, - 1. 000000; - 0. 500000, - 0. 866025; - 0. 866025, - 0. 500000; \
-1. 000000, - 0. 000000; - 0. 866025, 0. 500000; - 0. 500000, 0. 866025; \
- 0. 000000, 1. 000000; 0. 500000, 0. 866025; 0. 866025, 0. 500000 \
scal el=$RAP1 scal e2=$RAP2 mat eri al =Vacuum col or=0, 0, 1
pl ace COL2 parent =COL

# COLA is included in T2Col | Edit. g4bl

# COLB is included in T2Col | Edit. g4bl

# PIPES... 4" and 8" O D.

# Straight section fromBl1 exit to T1
param STRL1=28975- 5637

# Shorten for box around T1

#par am STRL1=28975- 5637- 50

t ubs pipe-B1l-T1l | engt h=$STRL1 i nner Radi us=48. 7 out er Radi us=50. 8 \
material =ss kill=0 color=.2,.2,.2,.9
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# T1 to SEPT

param LT1SEPT=30351- 28986- 50

t ubs pi pe-T1- SEPT | engt h=$LT1SEPT i nner Radi us=98. 6 out er Radi us=101. 6 \
material =ss kill=0 color=.2,.2,.2,.9

# Straight section from SEPTUMto T2

par am STRL2=46486- 30991- 50

t ubs pi pe- SEPT-T2 | engt h=$STRL2 i nner Radi us=98. 6 out er Radi us=101. 6 \
material =ss kill=0 color=.2,.2,.2,.9

# T2 to TNF

param LT2TNF=67197- 46586- 50- 50

t ubs pi pe-T2- TNF | engt h=8LT2TNF i nner Radi us=98. 6 out er Radi us=101. 6 \
material =ss kill=0 color=.2,.2,.2,.9

# DETECTORS. . .
# Detect beamloss for input to FLUKA:

# Bl to T1

virtual detector SPILL4 format=ascii file=SPILL4.txt \
 engt h=$STRL1 i nner Radi us=55 radi us=60 \
color=1,0,1,.95 requi re=Px*x>0&&Py*y>0

# T1 to TNF

param LT1TNF=67197- 28975

#param LT1TNF=67197- 28986- 50- 50

virtual detector SPILL8 format=ascii file=SPILL8.txt \
| engt h=$LT1TNF i nner Radi us=105 radi us=110 \
color=1,0,1,.95 requi r e=Px*x>0&&Py*y>0

box CHECKP wi dt h=10000 hei ght =50 \
| engt h=$STRL1 mat eri al =Vacuum \
color=1,0,1
virtual detector CHECK format=ascii fil e=CHECK. txt w dt h=10000 hei ght =50 \
| engt h=$STRL1 \
color=1,0,1
pl ace CHECK par ent =CHECKP

# Virtual beamspill nonitors not currently used

#virtual detector BSM i nner Radi us=53 radi us=1500 | engt h=500 mat eri al =Vacuum \
# color=red format=ascii referenceParticle=1 kill =0

#virtual det ect or BSM hei ght =500 wi dt h=500 | engt h=500 mat eri al =Vacuum\

#vi rtual det ect or BSM hei ght =150 wi dt h=150 | engt h=150 mat eri al =Vacuum\
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# Beanline definition in centerline (the default) coordi nates

# Cyclotron exit (REVMOC)
par am SFQ L=0. 007324

par am SCYCFF=0. 01

par am Sl NJ=$SFQO L+$SCYCFF

zntuple format =ascii z=$SI NJ referenceParticl e=1
pl ace pi pe- CYCFF-B1 front=1 z=$SI NJ
param S=$SI NJ+537. 90

zntupl e format=ascii z=$S referenceParticle=1

pl ace Q renane=QLl front=1 z=$S fi el dLengt h=$LQL gr adi ent =$qgsf * (5. 28393) \
i ronLengt h=$LQ1L

param S=$S+$LQL

zntupl e format=ascii z=$S referenceParticle=1

# THE REMAI NDER | S LAYED OQUT ACCORDI NG TO REVMOC ( 1MM PRECI SI ON)
param S=1277

zntupl e format=ascii z=$S referenceParticle=1

pl ace Q renanme=Q front=1 z=$S fi el dLengt h=$LQ@ gr adi ent =$gsf * (- 6. 10584) \
i ronLengt h=$LQ2

par am S=$S+$LQ

zntupl e format=ascii z=$S referenceParticle=1

param S=2524

zntupl e format =ascii z=$S referenceParticle=1

pl ace Q renane=Q@3 front=1 z=$S fi el dLengt h=$L(B \
gr adi ent =$qgsf * (5. 87466) *1. 05 i ronLengt h=$L(B

param S=$S+$LQRB

zntupl e format=ascii z=$S referenceParticle=1

param S=4360

corner Blcl z=$S rotation=Y+9.9

pl ace Bl rename=Bl. z=$S+0.5*1276. 3
pl ace pi pe-Bl front=1 z=$S

par am S=$S+1276. 3

corner Blc2 z=$S rotation=Y+9.9
param S=6775

zntupl e format=ascii z=$S referenceParticle=1
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pl ace Q rename=Q4 front=1

i ronLengt h=3LQ4
par am S=$S+$L Q4
zntupl e format =ascii z=$S
param S=7545

zntupl e format =ascii z=%$S

pl ace Q renane=b front=1
i ronLengt h=$L6

pl ace SQBH z=$S

pl ace SV z=$S

par am S=$S+$L5

zntupl e format =ascii z=%$S

param S=8312

zntupl e format =ascii z=$S

pl ace Q renanme=6 front=1
i ronLengt h=$LQ6

par am S=$S+$LQ6

zntupl e format =ascii z=$S

# KI CKER has sinple aperture R=5.08cm --

# Kl Kn

par am S=$S+2500. 02
# Kl Kc

par am S=$S+750

# Kl Kx

par am S=$S+750

# NMbC

param S=$S+2770. 80

# SEPTUM has sinple aperture R=5.08cm - -

# SEPn

param S=$S+1479. 20
# SEPc

par am S=$S+750

# SEPx

par am S=$S+750

# Mo

par am S=$S+2453. 20
# M. 6

par am S=$S+3505. 20
# \What ever

par am S=$S+397. 51

# SMA (V)
param S=20289. 1

13

z=3$S fiel dLengt h=$LQ4 gr adi ent =$qgsf *(2. 34704) \

referenceParticl e=1

referenceParticl e=1
z=%$S fi el dLengt h=$LQ5 gr adi ent =$qsf *(- 3. 44693) \

referenceParticl e=1

referenceParticl e=1
z=%$S fi el dLengt h=$LQ6 gr adi ent =$qsf *(1.90125) \
referenceParticl e=1

no material specified

no material specified
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pl ace SM5 renane=SM4 z=$S
# SVB (H)

param S=20603. 4

pl ace SM5 renane=SMb z=$S

param S=24941

zntupl e format =ascii z=$S

pl ace Q renanme=Q7 front=1
i ronLengt h=$LQ7

param S=$S+$LQ7

zntupl e format =ascii z=$S

param S=25648

zntupl e format =ascii z=$S

pl ace Q renanme=(@ front=1
i ronLengt h=$LQ8

param S=$S+$L(8

zntupl e format =ascii z=%$S

param S=28975

# T1 10mm

zntupl e format =ascii z=$S
place T1 front=1 z=$S
param S=$S+10

TRI-BN-19-03

rotati on=z+90 By=0

By=0

referenceParticl e=1
z=3$S fiel dLengt h=$LQ7 gr adi ent =$gsf *(- 3. 90707) \

referenceParticl e=1

referenceParticl e=1

z=%$S fi el dLengt h=$L8 gr adi ent =$qsf * (4. 42756) \

referenceParticl e=1

referenceParticl e=1

zntupl e format=ascii z=$S+1 referenceParticle=1

pl ace pi pe- T1- SEPT front=1 z=$S+50

param S=29401
#par am S=$S+415. 02

zntupl e format =ascii z=%$S

referenceParticle=1

pl ace QQ rename=Q front=1 z=3$S fi el dLengt h=$L0 \
gr adi ent =$qqsf *(2. 84103) *0. 90 i ronLengt h=$LQ0

par am S=$S+$LQ9
zntupl e format =ascii z=%$S

# SEPTUM
par am S=30351
pl ace SEPT front=1 z=%$S

# KI NK
par am S=31465
pl ace KINK front=1 z=%$S

# COL1- COL5
param S=31830

referenceParticl e=1
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pl ace COL front=1 z=$S
param S=32703

zntupl e format =ascii z=$S referenceParticle=1

pl ace QQ rename=Q10 front=1 z=$S fi el dLengt h=$LQ10 \
gr adi ent =$qqsf *(-5. 2540) *0. 95 i ronLengt h=$LQL0

param S=$S+$LQL0

zntupl e format=ascii z=$S referenceParticle=1

param S=33642

zntupl e format =ascii z=$S referenceParticle=1

pl ace QQ rename=Ql1 front=1 z=$S fiel dLengt h=$LQ11 \
gr adi ent =$qqsf * (4. 79243) *0. 925 i ronLengt h=$LQ11

param S=$S+$LQL1

zntupl e format=ascii z=$S referenceParticle=1

param S=42480

# SM6 (V)

param S=37011. 8

pl ace SML rename=SM5 z=$S rotati on=z+90 By=0
# SM7 (H)

param S=37443. 6

pl ace SML renane=SM/ z=$S By=0

# SMB (V)

param S=40436. 1

pl ace SML rename=SMB z=$S rot ati on=z+90 By=0
# SMB (H)

par am S=42003. 0

pl ace SML renane=SMd z=$S By=0

param S=42480

zntupl e format=ascii z=$S referenceParticle=1

pl ace QQ renanme=Q1l2 front=1 z=%$S fi el dLengt h=$LQ12 \
gr adi ent =$qqsf *(- 4. 89035) *0. 877 i ronLengt h=$LQL2

param S=$S+$LQL2

zntupl e format=ascii z=$S referenceParticle=1

param S=43425

zntupl e format=ascii z=$S referenceParticle=1

pl ace QQ rename=Q1l3 front=1 z=$S fiel dLengt h=$LQ13 \
gr adi ent =$qqsf * (5. 66510) *0. 92 i ronLengt h=$LQL3

param S=$S+$LQ1L3

zntupl e format=ascii z=$S referenceParticle=1

15
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# T2 front from REVMOC
param S=46486
zntupl e format=ascii z=$S referenceParticle=1

# BEG N Syd Kreitzman's T2 ASSEMBLY
# target No==1 vari ant

i ncl ude T2Col | EDI T. g4bl

# T2 EXIT:
par am S=$S+$t ar get Len
zntupl e format=ascii z=$S referenceParticle=1

# From REVMOC for reference..

#par am S=$S+2300. 02

# T2N

#par am S=$S+270. 1

# My sinple T2

#zntupl e format=ascii z=$S referenceParticle=1
#pl ace T2 front=1 z=$S

#par am S=$S+100

#zntupl e format =ascii z=$S+1 referenceParticl e=1
#par am S=46799

# COLA

#param S=47061

# COLB

par am S=48328

# *NOT* REPLACED BY RAD- HARD QUAD I N SK GEQVETRY

zntupl e format=ascii z=$S referenceParticle=1

pl ace QQ rename=Ql4 front=1 z=$S fi el dLengt h=$LQL4 gr adi ent =$qqsf*(-5.67622) \
i ronLengt h=$LQ14

pl ace SQL4H z=$%$S

param S=$S+$LQ14

zntupl e format =ascii z=$S referenceParticle=1

param S=49201

zntupl e format=ascii z=$S referenceParticle=1

pl ace QQ renanme=QLl5 front=1 z=$S fi el dLengt h=$LQL5 gr adi ent =$qqsf *(8. 10748) \
i ronLengt h=$LQ15

param S=$S+$LQL5

zntupl e format=ascii z=$S referenceParticle=1

param S=50092
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zntupl e format=ascii z=$S referenceParticle=1

pl ace QQ renanme=QLl6 front=1 z=$S fi el dLengt h=$LQ16 \
gradi ent =$qqsf *(-4.51139) *0. 98 i ronLengt h=$LQL6

pl ace SQL6V z=3%$S

param S=$S+$LQL6

zntupl e format=ascii z=$S referenceParticle=1

par am S=50935

# S1A-B-C
# 51811. 3

# S1D1-2
# 52115.3

# S1E t hrough S3A
# 54752

# S3B1-2
# 55056. 8

# S3CF
# 56276

# S3FL t hrough S4A
# 60236. 8

# BEAM SI ZE for REVMOC conpari son
zntupl e format=ascii z=60237 referenceParticl e=1

# S4B1-2
# SAC-F
# radd+ML1CL+TNFI +WPCS

param S=65526

# W N1

# RI NG1- 4

# TWK t hrough TNF

param S=67197

zntupl e format=ascii z=$S referenceParticle=1
pl ace TNF front=1 z=$S

param S=$S+197. 1

# END OF BEAM LI NE ELEMENTS

# Long pi pes
pl ace pi pe-B1-T1 front=1 z=5637
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pl ace pi pe-SEPT-T2 front=1 z=30991
pl ace pi pe-T2-TNF front=1 z=46486+100+50

# Loss detectors

#pl ace SPILL4 front=1 z=5637

#pl ace SPILL8 front=1 z=28975
#place SPILL8 front=1 z=28975+10+50

#pl ace CHECKP front=1 z=11041. 556+50 y=600

beam ossntupl e BLNT fil enane=Lost Particl es.txt formt=asci

# Only for ABL 2. 16 and above
survey coordi nates=centerline fil enane=bl la. svy

trace nTrace=1 for mat =asci

g4ui when=4 "/run/ beanmOn 100"



