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Doses from the LAr beam pipe

It was shown in the previous notes that activity induced in stainless steel VA will be a
serious problem and that replacement of steel parts with aluminum may decrease
activation by at afactor of 10, at least. Though the simulations had been done on the
base of the same hadron fluxes (i.e. calculated in stainless steel pipe) and
conseguently may be considered as a coarse estimation only. The note reports
activation dose rate fields simulated on the base of new hadron fluxes calculated with
respect to proposed change of VA material.
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2.

Both high-energy hadrons and low-energy neutrons activation was taken into
account.

A possible design options for the LAr beam-pipe was studied. The beam-pipeis
made of aluminum (5000 series) except for lon Pump, which is made of stainless
steel (316 L). Design of the beam pipe section was taken from the

LHCVC1A 0001 drawing and the thickness of the both inner and outer pipe was
taken as 1.5 mm (bellows thickness was increased relatively, too). lon Pump is
represented as an outer box of 0.8 mm SS thickness with a diameter of 166 mm
and height along Z of 56 mm. The inner part of the pump itself will be two
cylindrical electrodes, which are 2 mm thick SS and 32 mm long sitting at aradius
of 45 and 68 mm.

Geometry for activation calculationsis given in thetable 1. A sketch of the beam
pipeisgivenonfig. 1.

For the purpose of the study the beam pipe was subdivided onto a set of circular
radiation sources centered along Z-axis and the dose was cal culated as sum over
all the sources. At that the doses will be conservative as no self-attenuation of
gamma radiation was taken into account. Consequently doses may be slightly
overestimated by some 10%.

Results for “auminum LAr beampipe” are given in tables 2 (hadron activation)
and 3 (neutron activation). All doses are in nBv/h. Dimensions are given in cm
from the interaction point.



Material zones of the LAr beam pipe section

Tablel

## | Zmin, CM | Zmax, M| Riin, €M | Rmax, €M | Comment Material
1 365 366.4 2.9 4.30 Flange Aluminum
2 366.4 387.6 2.9 3.05 [Tube Aluminum
3 373.2 373.28 3.05 8.30 |Pump wall SS
4 373.28 378.8 8.23 8.30 [Pump wall SS
5 378.8 378.88 3.05 8.30 |Pump wall SS
6 374.8 378 4.5 4.70 |Pump electrode SS
7 374.8 378 6.8 7.00 Pump electrode SS
8 387.6 395.8 2.9 3.16 Bellows Aluminum
9 395.8 415.1 2.9 3.05 |[Tube Aluminum
10 415.1 423.3 2.9 3.16 Bellows Aluminum
11 423.3 855 2.9 3.05 |[Tube Aluminum
12 855 863.2 2.9 3.16 Bellows Aluminum
13 863.2 870 2.9 3.05 |[Tube Aluminum
14 868.6 870 3.05 4.30 |Flunge Aluminum
15 428.9 849 3.92 4.07 |Tube Aluminum
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Fig. 1 Sketch of the LAr Beam pipe section.



Equivalent dose rate induced by high-energy hadrons from aluminum LAr Beam Pipe for T= 100d, t=5d

Table 2

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 493 | 253.6 43.5 7.7
5 47.7 | 2343 | 465.3 | 307.7 | 58.3 674 | 1264 | 885 67.1 612 | 57.4 | 335 | 423 7.1
7 46.3 | 190.7 | 395.8 | 265.4 | 457 | 453 784 | 559 | 426 38.7 | 36.1 23.8 20.2 6.6
10 43.6 | 151.3 | 2729 | 2025 | 37.1 325 | 511 37.3 28.6 258 | 238 16.5 11.9 5.9
15 38.1 | 100.7 | 141.4 | 1225 | 30.1 232 | 323 24.3 18.7 16.8 15.2 10.8 7.4 4.8
20 32.4 68.0 835 | 77.7 25.7 18.6 23.4 18.0 13.9 12.4 11.1 7.9 5.5 4.0
25 272 | 480 54.9 | 53.0 22.3 15.7 18.2 14.3 11.0 9.8 8.7 6.2 4.4 3.5

50 12.0 14.6 15.2 15.4 11.8 9.0 8.5 6.9 5.4 4.7 4.1 2.9 2.4 2.1

75 6.5 7.3 7.4 7.6 7.0 6.0 5.4 45 3.5 3.1 2.6 1.9 1.7 1.5

100 4.2 4.5 4.6 4.7 4.6 4.2 3.9 3.2 2.5 2.2 1.9 1.5 1.3 1.2

125 3.0 3.1 3.2 3.2 3.3 3.1 2.9 2.5 2.0 1.7 1.5 1.2 1.1 1.0

150 2.2 2.3 2.4 2.4 2.5 2.4 2.3 2.0 1.6 1.4 1.2 1.0 0.9 0.9

175 1.8 1.8 1.8 1.9 1.9 1.9 1.9 1.6 1.3 1.2 1.0 0.8 0.8 0.7

200 1.4 1.5 1.5 1.5 1.6 1.6 1.5 1.4 1.1 1.0 0.9 0.7 0.7 0.7

225 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.2 1.0 0.9 0.8 0.7 0.6 0.6




Table 2 (continuation)
Equivalent dose rate induced by high-energy hadrons from aluminum LAr Beam Pipe for T= 10y, t=5d

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 68.8 | 415.4 161.8 | 282
5 66.5 | 391.3 | 601.6 | 442.8 | 164.1 | 236.2 | 467.6 | 326.0 | 248.9 | 227.4 | 2136 | 1246 | 1575 | 26.0
7 64.4 | 2717 | 498.6 | 363.9 | 117.7 | 154.0 | 287.7 | 205.4 | 157.6 | 143.7 | 1340 | 884 | 74.9 24.3
10 60.5 | 202.1 | 3418 | 271.0 | 876 | 1062 | 1858 | 136.6 | 1054 | 956 | 883 | 612 | 44.0 215
15 52.9 | 1325 | 180.7 | 1648 | 648 | 720 | 1151 | 883 | 685 | 619 | 563 | 39.8 | 27.2 17.5
20 452 | 90.6 | 109.6 | 107.0 | 526 | 552 | 820 | 651 | 508 | 456 | 410 | 29.1 | 201 14.6

25 384 | 653 | 743 | 750 | 443 | 449 | 628 | 514 | 402 | 360 | 320 | 227 16.1 125

50 185 | 225 | 235 | 249 | 230 | 230 | 269 | 241 19.2 17.0 | 14.6 10.6 8.4 7.4

75 11.1 12.5 128 | 137 14.2 14.7 16.1 15.0 12.2 10.7 9.1 6.8 5.8 5.3

100 7.7 8.4 8.6 9.1 9.8 10.3 11.0 10.5 8.7 7.6 6.5 5.0 4.4 4.1

125 5.8 6.2 6.3 6.7 7.2 7.7 8.1 7.8 6.6 5.8 5.0 4.0 3.6 3.4

150 4.6 4.9 5.0 5.2 5.6 6.0 6.3 6.1 5.2 4.6 4.0 3.3 3.0 2.8

175 3.8 4.0 4.0 4.2 45 4.8 5.0 4.9 4.2 3.8 3.3 2.8 2.5 2.4

200 3.2 3.3 3.4 3.5 3.7 3.9 4.1 4.0 3.5 3.2 2.8 2.4 2.2 2.1

225 2.7 2.8 2.9 3.0 3.1 3.3 3.4 3.4 3.0 2.7 2.4 2.1 1.9 1.9




Table 2 (continuation)
Equivalent dose rate induced by high-energy hadrons from aluminum LAr Beam Pipe for T=100d, t=100d

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 10.9 69.3 314 55
5 10.5 65.7 92.5 70.8 30.7 455 90.3 62.9 | 483 442 | 415 24.2 30.6 5.0
7 102 | 434 76.0 57.2 21.7 29.6 55.5 39.6 30.6 27.9 26.0 17.2 14.5 47
10 9.6 315 520 | 42.3 15.9 20.3 35.8 26.3 20.4 18.6 17.2 11.9 8.6 4.2
15 8.4 20.5 27.7 25.8 11.6 13.7 22.2 17.0 13.3 12.0 10.9 7.7 5.3 3.4
20 7.2 14.1 17.0 16.9 9.3 10.4 15.8 125 9.8 8.9 8.0 5.6 3.9 2.8
25 6.1 10.3 11.6 11.9 7.8 8.4 12.1 9.9 7.8 7.0 6.2 4.4 3.1 2.4
50 3.0 3.7 3.9 4.1 4.0 4.2 5.1 4.6 3.7 3.3 2.8 2.0 1.6 1.4
75 1.9 2.1 2.2 2.3 25 2.7 3.0 2.9 2.3 2.1 1.8 1.3 1.1 1.0

100 1.3 1.5 1.5 1.6 1.7 1.9 2.1 2.0 1.7 1.5 1.2 1.0 0.9 0.8

125 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.5 1.3 1.1 1.0 0.8 0.7 0.6

150 0.8 0.9 0.9 0.9 1.0 1.1 1.2 1.2 1.0 0.9 0.8 0.6 0.6 05

175 0.7 0.7 0.7 0.8 0.8 0.9 0.9 0.9 0.8 0.7 0.6 0.5 0.5 0.5

200 0.6 0.6 0.6 0.6 0.7 0.7 0.8 0.8 0.7 0.6 05 0.5 0.4 0.4

225 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.4 0.4 0.4




Table 2 (continuation)
Equivalent dose rate induced by high-energy hadrons from aluminum LAr Beam Pipe for T= 10y, t=100d

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 28.1 217.3 144.2 25.0
5 27.0 209.5 208.9 191.0 131.0 206.1 414.0 288.7 221.8 202.7 190.4 110.9 140.3 23.0
7 26.1 115.3 162.3 143.6 89.8 132.9 254.2 181.8 140.3 128.0 119.4 78.6 66.6 215
10 24.5 75.7 109.6 101.8 63.4 90.3 163.6 120.7 93.7 85.1 78.6 54.4 39.1 19.0
15 214 47.9 61.0 62.7 44.1 59.9 100.8 77.9 60.8 55.0 50.1 35.4 24.2 155
20 18.5 33.7 39.5 42.6 34.4 45.1 71.4 57.3 45.0 40.5 36.4 25.8 17.8 12.9

25 16.0 25.4 28.5 314 28.3 36.1 54.4 45.1 35.6 31.9 28.4 20.1 14.3 11.0

50 8.9 10.8 114 12.8 145 175 22.6 21.0 16.9 15.0 12.8 9.3 7.4 6.5

75 6.1 6.9 7.2 7.9 9.3 10.9 13.2 12.9 10.6 9.4 7.9 6.0 51 4.6

100 4.6 51 5.2 5.7 6.6 7.6 8.8 8.9 7.5 6.6 5.6 4.4 3.8 3.6

125 3.7 4.0 4.1 4.4 5.0 5.7 6.4 6.6 5.6 5.0 4.3 3.4 3.1 2.9

150 3.0 3.2 3.3 3.5 4.0 4.4 4.9 51 4.4 4.0 3.4 2.8 2.5 2.4

175 2.6 2.7 2.8 2.9 3.2 3.5 3.9 4.0 3.6 3.2 2.8 2.3 2.2 2.1

200 2.2 2.3 2.4 2.5 2.7 2.9 3.2 3.3 3.0 2.7 2.4 2.0 1.9 1.8

225 1.9 2.0 2.0 2.1 2.3 2.5 2.6 2.7 2.5 2.3 2.0 1.7 1.6 1.6




Equivalent dose rate induced b

low-energy neutrons from aluminum LAr Beam Pipe for T= 100d, t=5d

Table 3

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 1.27 5.73 0.07 0.02
5 1.23 527 | 11.96 | 7.56 0.66 0.48 1.52 0.54 0.17 0.14 0.12 0.06 0.07 0.02
7 1.19 479 | 1062 | 6.78 0.63 0.38 0.94 0.35 0.11 0.09 0.08 0.04 0.04 0.02
10 1.13 3.98 7.52 5.32 0.61 0.32 0.61 0.24 0.08 0.06 0.05 0.03 0.02 0.01
15 0.99 2.69 3.87 3.24 0.56 0.27 0.39 0.16 0.06 0.05 0.04 0.02 0.02 0.01
20 0.84 1.81 2.25 2.03 0.51 0.24 0.29 0.12 0.05 0.04 0.03 0.02 0.01 0.01
25 0.70 1.26 1.45 1.37 0.46 0.22 0.23 0.10 0.04 0.03 0.02 0.02 0.01 0.01
50 0.30 0.36 0.37 0.37 0.25 0.15 0.11 0.06 0.03 0.02 0.02 0.01 0.01 0.01
75 0.15 0.17 0.17 0.17 0.14 0.11 0.08 0.04 0.02 0.02 0.01 0.01 0.01 0.01

100 0.09 0.10 0.10 0.10 0.09 0.08 0.06 0.03 0.02 0.01 0.01 0.01 0.01 0.01

125 0.06 0.07 0.07 0.07 0.06 0.06 0.04 0.03 0.02 0.01 0.01 0.01 0.01 0.01

150 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.01

175 0.03 0.04 0.04 0.04 0.04 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01

200 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01

225 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01




Table 3 (continuation)
Equivalent dose rate induced by low-energy neutrons from aluminum LAr Beam Pipe for T= 10y, t=5d

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 195 | 8.78 0.10 0.03
5 1.89 | 810 | 1832 | 1160 | 101 | 072 | 219 | 077 | 024 | 020 | 017 | 009 | 0.10 0.02
7 184 | 7.37 | 1634 | 1042 | 097 | 057 | 135 | 050 | 016 | 013 | 011 | 006 | 0.05 0.02
10 173 | 612 | 1163 | 820 | 093 | 048 | 089 | 034 | 012 | 009 | 008 | 005 | 003 0.02
15 152 | 415 | 597 | 499 | 08 | 041 | 057 | 023 | 008 | 007 | 005 | 004 | 0.03 0.02
20 129 | 279 | 347 | 314 | 078 | 037 | 042 | 018 | 007 | 005 | 004 | 003 | 002 0.02
25 108 | 1.95 | 224 | 211 | 070 | 034 | 033 | 015 | 006 | 005 | 004 | 002 | 002 0.02
50 046 | 056 | 058 | 057 | 038 | 023 | 017 | 008 | 004 | 003 | 002 | 002 | 001 0.01
75 024 | 026 | 026 | 026 | 022 | 016 | 011 | 006 | 003 | 002 | 002 | 001 | 001 0.01

100 014 | 015 | 015 | 015 | 014 | 011 | 009 | 005 | 003 | 002 | 002 | 001 | 001 0.01

125 010 | 010 | 010 | 010 | 010 | 008 | 007 | 004 | 002 | 002 | 001 | 001 | 001 0.01

150 0.07 | 007 | 007 | 007 | 007 | 006 | 005 | 003 | 002 | 002 | 001 | 001 | 001 0.01

175 005 | 005 | 005 | 006 | 005 | 005 | 004 | 003 | 002 | 002 | 001 | 001 | 001 0.01

200 004 | 004 | 004 | 004 | 004 | 004 | 004 | 003 | 002 | 001 | 001 | 001 | 001 0.01

225 003 | 003 | 003 | 004 | 003 | 003 | 003 | 002 | 002 | 001 | 001 | 001 | 001 0.01




Table 3 (continuation)
Equivalent dose rate induced by low-energy neutrons from aluminum LAr Beam Pipe for T= 100d, t=100d

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 167 | 7.44 0.06 0.02
5 162 | 6.89 | 1546 | 9.79 | 0.83 0.4 063 | 027 | 012 0.1 0.1 0.05 | 0.06 0.02
7 1.57 6.3 | 13.99 | 8.86 0.8 034 | 041 | 018 | 008 | 007 | 006 | 004 | 0.03 0.01
10 148 | 526 | 10.07 | 7.03 | 0.77 0.3 029 | 012 | 006 | 005 | 004 | 003 | 0.02 0.01
15 1.3 357 | 517 | 429 | 071 | 027 | 021 | 009 | 004 | 004 | 003 | 002 | 002 0.01
20 1.1 2.4 299 | 269 | 065 | 025 | 017 | 007 | 004 | 003 | 003 | 002 | 001 0.01
25 092 | 167 | 193 | 181 | 058 | 023 | 014 | 006 | 003 | 003 | 002 | 002 | 001 0.01
50 039 | 047 | 049 | 048 | 031 | 017 | 009 | 004 | 002 | 002 | 001 | 001 | 0.01 0.01
75 0.2 022 | 022 | 022 | 018 | 012 | 007 | 003 | 002 | 001 | 001 | 001 | 0.01 0.01

100 012 | 012 | 013 | 013 | 011 | 009 | 006 | 003 | 002 | 001 | 001 | 001 | 001 0.01

125 008 | 008 | 008 | 008 | 008 | 006 | 005 | 002 | 001 | 001 | 001 | 001 | 0.01 0.01

150 0.06 | 006 | 006 | 006 | 006 | 005 | 004 | 002 | 001 | 001 | 001 | 001 | 001 0.01

175 004 | 004 | 004 | 004 | 004 | 004 | 003 | 002 | 001 | 001 | 001 | 001 | 0.01 0.01

200 003 | 003 | 003 | 003 | 003 | 003 | 003 | 002 | 001 | 001 | 001 | 001 | 001 0.01

225 003 | 003 | 003 | 003 | 003 | 003 | 002 | 002 | 001 | 001 | 001 | 001 | 0.01 0.01
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Table 3 (continuation)
Equivalent dose rate induced by low-energy neutrons from aluminum LAr Beam Pipe for T= 10y, t=100d

F\;/rﬁ’ 350 365 370 385 415 450 500 600 700 750 800 850 870 880
0 113 | 5.06 0.05 0.01
5 109 | 467 | 1054 | 668 | 058 | 039 | 1.06 | 036 | 012 | 010 | 008 | 004 | 005 0.01
7 106 | 426 | 944 | 601 | 056 | 031 | 066 | 023 | 008 | 007 | 006 | 003 | 0.03 0.01
10 100 | 354 | 674 | 474 | 053 | 026 | 043 | 016 | 006 | 005 | 004 | 002 | 0.02 0.01
15 088 | 240 | 3.46 | 289 | 049 | 022 | 028 | 011 | 004 | 003 | 003 | 002 | 001 0.01
20 075 | 161 | 201 | 182 | 045 | 020 | 021 | 009 | 003 | 003 | 002 | 001 | 001 0.01
25 062 | 113 | 130 | 122 | 040 | 019 | 017 | 007 | 003 | 002 | 002 | 001 | 001 0.01
50 026 | 032 | 033 | 033 | 022 | 013 | 009 | 004 | 002 | 002 | 001 | 001 | 001 0.01
75 014 | 015 | 015 | 015 | 013 | 009 | 006 | 003 | 002 | 001 | 001 | 001 | 0.01 0.01

100 008 | 009 | 009 | 009 | 008 | 006 | 005 | 003 | 001 | 001 | 001 | 001 | 001 0.01

125 006 | 006 | 006 | 006 | 005 | 005 | 004 | 002 | 001 | 001 | 001 | 001 | 0.01 0.01

150 004 | 004 | 004 | 004 | 004 | 004 | 003 | 002 | 001 | 001 | 001 | 001 | 001 0.01

175 003 | 003 | 003 | 003 | 003 | 003 | 002 | 002 | 001 | 001 | 001 | 001 | 0.01 0.01

200 002 | 002 | 002 | 002 | 002 | 002 | 002 | 001 | 001 | 001 | 001 | 001 | 0.0 0.00

225 002 | 002 | 002 | 002 | 002 | 002 | 002 | 001 | 001 | 001 | 001 | 000 | 0.00 0.00
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