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This report corects an eror in theprevious version of our magnetsimulation report (05.06.2000)and
showsthe results for several modificationsof the orginal LASSmagnet geomejr In thepreviousreport an
error in the setup of thesmulation coderesulted in fringefieldstha were too lage.

A new 2D smulationof the HallD spectrometer, including the LGD region, hasbeen madeThe pupose
of thecalculation was to obtin estimates of thefringefieldsin theregionswhere detectors will belocated. More
precise 3D estimates will be carried outby P, Brindza as the spectromeer design evolves.

The calculation wasariedout with theFlux2D code.An axially symmetic modelof the spectrometer
wascongructed fom Eric Scotts CAD drawing of 15 Apiil. That diawing also formsthe bass for thepresent
montecarlo databas We take thecoodinate gstem from thatdrawingalso; the orgin is locatedat the
updream elge ofthesteel endca andthe zaxisis along thebeamdirection. Zero-field bounday conditions
weresd at z = -30m z =+40m and r= 40m The meterials used n the smulation were either 1010 steelor vac-
uum. The sturation propetiesof 1010 sed were interpolated by the code tveeen an initial elative pemeabil-
ity of 3000 anch sturation field of 2.2 Teda.

Four differentgeonetriesare shown hexfor conparison. In all cagsthe curentwas adjsted D pro-
duce acental field of 2.2 T. In the first ca®, the endcp wasmoved upsrean to allow for cabk acces, but oth-
ewise themagnet hashe orginal LASSconfiguration (Fig.1). Fieldmapsfor thisgeomety are given inTable
1, andthe feld linesare shownin Fig.1. Forthe pupaoses of comparson one campproximate theadial pos-
tionsof the Cherenkov and TOF photomttiplier tubesas132 inand 54 inyespectively. A total of 6.4k gid ele-
mentswere used in thecalculation,and adriving current of 7.0 MA wasused. As one @n e fom Table 1, the
fringe feldsin the Gherenkov and OF regionsare about 370 gawssand 990 gaus respedively. While we have
no lid numbesfrom LASSto compae with these, they are commenaurae with theheavy magnéeic shielding
that wasneeded inthat deggn. Lastly, the fieldin theregion of LGD pmt shieldsis about500 gaiss, muchto
high for pasive shielding on ech tube to beffective without intodudng large dead egionsin the detetor vol-
ume.

Table 1.
d (m) Baxis (T&la) Bcamcw(TeSla) Btof(TeSIa) Blgd(TeS|a)
(r=0.1in, z=40in+d) | (z=212in,r=d) | (z=228in,r=d) | (z=263in, r=d)
0.0 2.18 0.31 0.14 0.043
6.0 2.09 0.17 0.10 0.054
120 2.12 017 0.11 0.050
18.0 2.11 0.16 0.10 0.051
240 2.10 0.15 0.098 0.050
300 2.09 0.13 0.095 0.049
360 2.05 0.12 0.089 0.047
420 2.21 0.11 0.086 0.046
480 2.12 0.10 0.081 0.044
540 2017 0.099 0.078 0.043
600 2.24 0.097 0.075 0.041
660 2.20 0.096 0.072 0.040




Table 1:

720 2.23 0.093 0.069 0.038
780 2.23 0.089 0.065 0.036
840 2.28 0.083 0.062 0.034
900 2.32 0.076 0.058 0.033
960 211 0.069 0.053 0.031
1020 |2.23 0.062 0.049 0.029
1080 | 213 0.057 0.045 0.028
1140 212 0.051 0.041 0.027
1200 | 217 0.045 0.038 0.025
1260 1.63 0.041 0.035 0.024
1320 213 0.037 0.032 0.022
1380 |0.49 0.033 0.029 0.021

The need taeduce thdringefield bdow the valueseen in LASSwasalready ecognized m the ealy
versions of our spectromete desgn. The eaged wayto reduce the fringe feld istofill theexisting gapsin the
steel yokewith moe steel. These gapawill not beneededin ourdesgn. In oursecondcase sudy these gaps
werefilled, andthedriving aurrent reduced to 6.8 MA to maintain thecentral field & 2.2 T. The results are
shownin Fig. 2 andTable 2. This single modifcation poducesamarked reduction inthe fringe felds The
fieldsin the region ofthe Cherenkov and TOF detectos dropto 77gaus and250 gaus, respectively. Thefield
in the egion ofthe LGD isal® reduced, butthe resulting field of about 20@aus is Hill ratherhigh. It isnot
possible to predict therespong oftheindividual LGD photonultiplier shields using the pesent 2Dmodel
becausthe LGD lacksthe required axia synmetry.

Table 2:
d (In) Baxis (Tesla) Bcerencov(TeSla) Btof(Tega) Blgd(Tega)
(r=0.1in, z=40in+d) (z=212in,r=d) | (z=228in,r=d) | (z=263in, r=d)

00 2.07 0.12 0.049 0.020
6.0 2.10 0.12 0.059 0.019
120 2.12 0.11 0.057 0.020
180 2.11 0.11 0.053 0.018
240 2.11 0.092 0.049 0.018
300 2.12 0.078 0.044 0.017
360 2.13 0.064 0.038 0.016
420 2.18 0.051 0.033 0.015
480 2.07 0.040 0.029 0014
540 2.15 0.032 0.025 0.013
600 2.30 0.026 0.022 0.013
660 2.26 0.022 0.019 0012
720 2.27 0.019 0.017 0011
780 2.30 0.018 0.015 0.010
840 2.31 0.016 0.013 0.0093
900 2.30 0.015 0.013 0.0087
960 2.25 0.013 0012 0.0081
1020 |[212 0.012 0011 0.0075
1080 |2.82 0.011 0.010 0.0070




Table 2;

1140 310 0.010 0.089 0.0065
1200 |2.23 0.0092 0.082 0.0061
1260 1.91 0.0084 0.0075 0.0057
1320 1.54 0.0077 0.0070 0.0054
1380 1.25 0.0071 0.0064 0.0050

Case 3 (Fig. 3and Tble 3) andCase 4 (Fig. 4 and &ble 4)add athin sted cylindrical shell around the
LGD region toshield theindividual sields tha will be usedon each photomultiplier The gell thicknes was
arbitrarily setto 0.2 in, and theradiuswas set to 40in. The cross sectiond area of this shell i s approximately
equal tothe aeaof theLGD. Case 3 addsthis shield to theunmodfiedyoke geom#ry of Case 1. Case 4 adds
this shield to thegeoméry havingthe gapsn the yokefilled. Case 4 representsour final result. A grid of 26k
elementsvasusedin thecalculationand a diving curent 0f6.8 MA wasused. In this case theyoke sturatesin
a gmall volumenearthedowngream boe hole butin thebulk of theyoke thefield staysbdow 2.1 T. Thefield
in the LGD shield goesinto saturation in some regionsso a thickerbox wouldyield a lowerintemal field. How-
everit isnotclearyetif thisis necesar. From Table 4 and k. 4 we obseve that the fringe feld in the regions
of the Cherenkoy TOF and LGD detetors is predicted tdbe about 73gaus, 220 gaus, and110 gaus, respec-
tively. These vaues fall within the rangetha can beeffectively handled with passive shields.

The TOF deectorsreside just upgream of the LGD shield. Because of thar close proximity to large
amountsof magnetianaterial theywill experiencealarge Bfield whichis had to calculate accately, bothin
magnitudeand diection. To use pasive shieldsonemud pay caeful attentionto the directionof thefield, and
themedanicalstresses canbelarge. A safer appoachmay be tadesgn the TOF countes with pmis that can
withstand hgh magneticields Publidied measrementshaveshown thatgood timng resolution can be
achieved in this way.

In summalry, by filling thegapsin theLASSmagnet yokend adding gpasive sield aiound the LlGD
detectorit is possible to dramatically educetheexpectedringe field in theregionswhere the Cherenkoy, TOF,
and LGD phobmultipliers will be loated. The expectedfringe fieldsare aufficiently small that they @n be
effectively shielded by individual pasive shieldsarourd ead pmt.

Table 3:
d (In) Baxis (Teda) Bcerencov(Tes'a) Btof(Tega) Blgd(Tega)
(r=0.1in, z=40in+d) (z=212in,r=d) | (z=228in,r=d) | (z=263in, r=d)

0.0 2.10 0.18 0.13 0.039

6.0 2.12 0.18 0.13 0.039

12.0 2.10 0.17 0.12 0.039

18.0 2.07 0.16 0.11 0.039

24.0 2.07 0.15 0.10 0.040

300 2.09 0.13 0.096 0.041

360 2.12 0.12 0.090 0.042

420 2.18 0.11 0.084 222

480 2.17 0.10 0.079 0.043

540 2.17 0.098 0.076 0.042

600 2.18 0.096 0.073 0.041

660 2.18 0.094 0.070 0.040

720 2.22 0.091 0.067 0.039




Table 3:

780 2.23 0.087 0.064 0.037
840 2.23 0.081 0.061 0.035
900 2.21 0.076 0.057 0.034
960 2.12 0.069 0.053 0.032
1020 | 2.05 0.062 0.049 0.030
1080 |2.23 0.056 0.048 0.029
1140 1183 0.050 0.041 0.027
1200 |[154 0.045 0.038 0.025
1260 111 0.040 0.034 0.024
1320 |0.72 0.036 0031 0.022
1380 |0.71 0.033 0.029 0.021
Table 4:
d (In) Baxis (TeSl a) Bcel’encov(TeS| a) Btof(TeS| a) Blgd(Tega)
(r=0.1in, z=40in+d) (z=212in,r=d) | (z=228in,r=d) | (z=263in, r=d)
00 2.07 0.14 0.075 0011
6.0 2.09 0.13 0.072 0011
120 2.07 0.12 0.067 0011
180 2.07 0.11 0.060 0.010
240 2.07 0.093 0.052 0.0096
300 2.05 0.077 0.044 0.0087
360 2.11 0.062 0.037 0.0084
420 2.14 0.049 0.030 2.09
480 2.17 0.038 0.025 0011
540 2.23 0.030 0.022 0012
600 2.23 0.024 0.019 0011
660 2.23 0.021 0.017 0011
720 2.27 0.018 0.015 0.010
780 2.27 0.016 0014 0.0095
840 2.28 0.015 0.013 0.0088
900 2.24 0.014 0012 0.0083
960 2.27 0.012 0011 0.0077
1020 | 2.06 0.011 0.0098 0.0072
1080 |219 0.010 0.0091 0.0067
1140 |1.89 0.0094 0.0084 0.0063
1200 |1.82 0.0086 0.0077 0.0059
1260 | 0.99 0.0079 0.0071 0.0055
1320 | 0.96 0.0073 0.0066 0.0052
1380 |0.73 0.0067 0.0061 0.0048
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Fig. 1 - Case 1 geometry and field.
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Fig. 2 - Case 2 geometry and field.
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Fig. 3 - Case 3 geometry and field.
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Fig. 4 - Case 4 geometry and field; find result.



