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1. Introduction
The development of a Total Loss Monitor (TLM) detection system to be used as a Radiation Safety System requires a thorough understanding of the relationships between TLM response in the beam enclosure and the dosimetric quantity of concern which may include radiation effective dose on the surface of a shielding berm; activation of ground water, surface water, or air; production of residual activation in the beam enclosure; or radiation effective dose at the exit of a labyrinth or penetration. The purpose of this document is to report on the relationship between TLM response and radiation effective dose at the A2B7 magnet location of the Accumulator/Debuncher Ring.
In this document, the results of field measurements and of MARS calculations are reported. Measurements include radiation effective dose on the surface of the A2B7 shielding berm and TLM response in the Accumulator/Debuncher beam enclosure. MARS calculations include radiation effective dose, radiation dose and radiation weighting factor outside the shielding berm at A2B7. Additional MARS calculations include energy deposition in TLMs for a beam loss on the A2B7 magnet, a beam loss on a 1” diameter, Fe rod located in a fictitious beam enclosure lined with TLMs, and a beam loss on 24” diameter, Fe rod, also located in a fictitious beam enclosure lined with TLMs.
In the MARS calculations presented here, the TLM detector is modeled fictitiously as a tissue equivalent cylinder, 15.24 (6”) in diameter and 15 meters long. The sole purpose of modeling the TLM detectors in this way is to obtain a statistically significant, relative response of TLM detector arrays in tunnel enclosures. The objective is to provide a practical way to understand TLM response for variable tunnel/accelerator/beam line component geometries. The modeling of the physical detector with actual materials, gas, and applied bias is left for future work.
2. Radiation Effective Dose Measurement on Shielding Berm Above A2B7
The A2B7 magnet is the first major bending magnet encountered by the beam during reverse proton injection into the Accumulator storage ring. When the Accumulator bending magnet power supply is de-energized, beam injected into Accumulator storage ring is lost entirely in the A2B7 magnet. An array of Chipmunks arranged on the shielding berm above the A2B7 magnet location has been used to measure the resulting radiation effective dose on the Accumulator/Debuncher shielding berm resulting from this beam loss. This measurement was first made for the controlled beam loss condition in 2000 for the pbar shielding assessment and has been repeated many times in 2011 and 2012 for the development of the TLM system. 
The array of 5 chipmunks was placed at 5 foot intervals on the berm surface, beginning at the mid-point of A2B7 and along the central axis of the A2B7 magnet aperture. DUSAF coordinates derived from magnet alignment data and facility construction data were used to establish detector positions. The local reference points on the A20 berm are two site risers with DUSAF coordinates whose positions were established during the beam enclosure construction. Chipmunk data, both background and signal data, was recorded by lumberjack along with proton intensity. The result of the measurement made for the 2000 assessment in shown in Figure 1. The Quality Factor (now radiation weighting factor) was measured by ES&H Section personnel and was found to have a value of 1 [1]. The resulting peak dose rate on the berm normalized to a loss condition of 3.6E13 protons per hour was found to be 0.26 mrem per hour. 
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Figure 1: Pbar Shielding Assessment – 2000 measurement of dose equivalent as function of 8 GeV beam loss

A chipmunk array, identical to the one used for the 2000 shielding assessment for A2B7, was reestablished in October 2011 to be used in conjunction with TLM response measurements. Dozens of controlled beam loss measurements were made from October 2011 through April 2012. Data from a set of 10 measurements collected in April 2012 is averaged and displayed in Figure 2 along with the original measurement data obtained in 2000. The quality factor used in the 2000 shielding assessment (QF=1) is used. As expected, the result of the recent measurement is similar to the one made for the 2000 shielding assessment.


Figure 2: Comparison of measurements made on shielding berm at A2B7 on March 13, 2000 and on April 11, 2012. The Quality Factor measured during the 2000 shielding assessment is applied to the April 2012 measurement.
3. MARS calculation at Shielding Berm Above A2B7
A MARS model of the Accumulator tunnel at the A2B7 magnet was created to predict the radiation effective dose rate on the surface of the shielding berm for comparison with measurement data. The MARS model was accurately constructed from consideration of DUSAF coordinates for the beam enclosure (Figure 3) along with site coordinates for the A2B7 magnet. The magnet modeled is an SDB dipole except that the sagitta was omitted for simplicity. An engineering drawing showing the magnet lamination detail is shown in Figure 4. No magnetic field is modeled since the beam measurements where made with the bend bus de-energized.
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Figure 3: Accumulator/Debuncher Ring Structural Concrete Drawing from which the tunnel geometry for the MARS calculation was derived. DUSAF coordinates and other layout parameters were used to correctly place the A2B7 SBD magnet with the enclosure.
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Figure 4: Engineering drawing of the SBD magnet lamination used in the construction of the MARS model.
For this MARS calculation, the berm soil is modeled as ‘GTIL’ from the standard list of materials which has a density of 2.4 g/cc. The density of GTIL was adjusted to 2.24 g/cc, the established laboratory standard. The total thickness of the shielding berm is 13 feet which includes a 1 foot thick concrete tunnel ceiling.
In addition to the tunnel, magnet and shielding berm, an array of detectors representing TLMs was included in the model to predict the energy deposition as a function of position around the tunnel enclosure. The TLMs are modeled as tissue equivalent cylinders, 15.24 cm in diameter and 15 meters in length. Figure 5 shows various cross sections of the geometry used. The beam trajectory used in the model is derived from the relative positions of ELAM and A2B7 which in turn are based upon the DUSAF coordinates of those magnet positions. The resulting beam interaction point shown in Figure 5 closely approximates the beam interaction point determined with an LSM shortly after a period of running high intensity study pulses into the A2B7 magnet. The MARS.INP, GEOM.INP, MATER.INP files used in the MARS calculations are included in Appendices 1, 2, and 3 of this document.
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Figure 5: MARS GUI images for the A2B7 calculation. Starting from the top left, the model elevation cross section is show through the A2B7 magnet; a enlarged view of the tunnel elevation section with improved magnet and TLM resolution; a plan view of the model through the horizontal plane at beam center; and a plan view showing the particle shower tracks.

A histogram of the resulting radiation effective dose calculation, normalized to 3.6E13 protons/hour is shown in Figure 6. The histogram represents a tissue equivalent detector array on the surface of the berm above the A2B7 magnet.
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Figure 6: MARS histogram of detector array on A2B7 shielding berm. The result (mrem/hr) is normalized to 3.6E13 protons/hr. 
The results of the MARS calculation can be compared with the results of the shielding measurements made in April 2012. To simplify the comparison between calculation and measurement, the resulting energy deposition in GeV/g from MARS is converted to dose (mrads) and the measurement from the April 2012 is reported with a quality factor of 1, essentially in terms of dose (mrads). An average value of dose is obtained from 3 center bins across the beam trajectory. The calculated and measured dose is shown graphically in Figure 7. The MARS result is in agreement with the measurement within a factor of 2.


Figure 7: Comparison of MARS calculation of dose (mrad) with April 2012 measurement. Indicated error bars are statistical errors reported by the MARS calculation.

The radiation weighting factor used in the effective dose calculation by MARS can be determined by dividing the calculated effective dose by the calculated dose. Figure 8 shows the radiation weighting factor as a function of position along the berm surface.


Figure 8: Radiation weighting factor from the MARS calculation using GTIL with a density of 2.24 g/cc for the shielding berm is obtained by dividing radiation effective dose by radiation dose. Error bars are statistical. The average radiation weighting factor is 6.2.

The MARS calculation is very sensitive to the choice of type and density assigned to the shielding berm. To illustrate the point, Figure 9 shows the results of two MARS calculations in which soil with a density of 1.9 g/cc and glacial till with a density of 2.24 g/cc was used; the models are identical in every other way. The actual density of the particular soil on the Accumulator/Debuncher shielding berm has not yet been determined.

Figure 9: A comparison of MARS results for the A2B7 controlled beam loss. The only difference between the two calculations is the choice of soil type and density for the shielding berm.

The result of the MARS radiation effective dose calculation is compared with the measurement result in Figure 10. The radiation weighting factor from the MARS calculation is applied to the radiation dose measurement for comparison. The laboratory recommendation for the density of the earth berm, 2.24 g/cc was used in the calculation for comparison with the measurement. earth berm density The MARS calculation and measurement of radiation effective dose agree within a factor of 2.


Figure 10: The result of the calculated radiation effective dose is compared with the measurement. The calculated average radiation weighting factor (6.2) is applied to the radiation dose measurement.
4. TLM Response at A2B7
A number of TLMs including 125’, 250’, and 338’ detectors were installed starting at or under the AP30 service building and ending in the A20, depending upon their respective length. The shortest detector extended well beyond the end of the A2B7 magnet to ensure the entire beam shower was represented in the response. A bias voltage, applied to the outer conductor ranging from 0 to 2000 volts was applied. Beam intensity was delivered at three nominal intensities spanning 2 decades. The purpose of these series of measurements was to determine an operating point for the bias voltage which would provide reasonably flat, linear response across a wide range of beam loss. The measurements were made with either the so called “blue box”, a chipmunk electrometer, or a Keithly 6517B. The resulting quantity from the measurement is given in units of charge (typically, nanocoulombs (nC)). The result of these measurements for the three TLMs is shown in Figures 13, 14, and 15. The TLM response, regardless of TLM length, with an applied bias voltage of 500 volts is about 3 nC/E10 protons at 8 GeV.
The position of the 125’, 250’, and 338’ TLMs relative to the A2B7 magnet are shown in Photograph in Figure 11. A sketch shown in Figure 12 show the location of the TLMs based upon field measurements.
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FIGURE 11: Accumulator/Debuncher Ring looking upstream at the A2B7 magnet. TLMs are indicated by red arrow in the photograph.
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Figure 12: The 125’, 250’, and 338’ TLM positions with respect to A2B7 for all TLM response measurements is shown in this tunnel layout sketch. The TLMs are approximately 69” from the beam interaction point and the steel/coil thickness between the loss point and the TLM is 16.5”.
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Figure 13: 125 foot TLM response, normalized to beam intensity over two decades as a function of bias voltage.
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Figure 14: 250 foot TLM response, normalized to beam intensity over two decades as a function of bias voltage.
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Figure 15: 338 foot TLM response, normalized to beam intensity over two decades as a function of bias voltage.

5. MARS Calculation of TLM Response at A2B7
The TLM detectors modeled are 15.24 cm diameter, 15 meter long tissue equivalent detectors. The individual detectors are subdivided into 50 bins, each 30 cm long. Energy deposition in GeV/g/p was determined for each detector bin. The purpose of this modeling effort was to determine the relative response of a TLM with respect to position within the tunnel for the A2B7 beam loss.
In Figure 16, the summation of energy deposition for each TLM and the maximum bin response of each TLM are shown.

Figure 16: Energy Deposition sum and maximum bin for 108 TLMs. The groups from left to right are beam left wall, beam right wall, tunnel floor, and tunnel ceiling. 
It is also of interest to look at the TLM total response as a function of position around the beam enclosure. Figure 17 shows TLM group responses by position, i.e., beam left wall, beam right wall, floor and ceiling. The variation in magnet steel between the beam loss location and the relative TLM positions has an impact on the TLM response.

Figure 17: TLM total response as a function of group and location. The irregular geometry of the A2B7 magnet mass relative to TLM position introduces self-shielding effects in the TLM response. The position of the 125’, 250’, and 338’ TLMs installed in the Accumulator/Debuncher ring is also indicated for reference.
One can gather from Figure 17 that TLM response is not just dependent upon distance from the beam loss point. The bimodal response for some of the indicated points is assumed to be due to differences in the intervening steel thickness between the beam loss point and the TLM positions. The direction cosines of the incident beam may also play a role, but this has not been explored.
Two additional MARS calculations were made to separate the impacts of distance and shielding seen in the A2B7 case. In the first run a 17 foot diameter concrete tunnel is modeled and is lined with 96 tissue equivalent detectors which are meant to emulate TLM response. A 1 inch diameter rod is placed off center in the tunnel at 7.5 feet making the TLM distance vary from 1 to 16 feet. An image of the model and of the model with a few particle tracks are shown in Figure 18.
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Figure 18: MARS model of cylindrical beam enclosure with a 1” diameter steel target rod 48” in length is shown at left. At right is the same model with particle tracks from a few incident 8 GeV protons. The TLM detector numbering begins with detector 1 just past 12 o’clock and continues clockwise with detector 96 just before 12 o’clock.
The model is 27 meters long and the TLM detectors are subdivided into 45 cm bins. The total TLM response and the response of the maximum bin from each of the 96 detectors is shown in Figures 19 and 20.

Figure 19: TLM response as a function of distance from a 1” diameter, 4’ steel rod. The response at a distance of 8’ in this calculation agrees well with the 1” steel response in Figure 20.

Figure 20: Peak TLM bin response as a function of position in the tunnel geometry. Natural pairs of detectors are present due to model symmetry.
Figure 19 indicates that the total response of individual TLMs varies with distance as 1/r. Figure 20 indicates that the peak bin response of individual TLMs varies with distance as 1/r1.75 . The smooth functions shown in Figures 19 and 20 indicate that in the presence of uniform steel thickness, a regular relationship with distance results. 
In a second MARS run, the effect of shielding thickness on TLM response is modeled. The same 17’ tunnel and detector geometry is used. A 24” diameter Fe target, 48” long is placed off center in the tunnel with the steel center 11” right of the center. Beam is targeted on the tunnel center so shielding thickness between the beam loss point and the TLM varies over the range of 1 to 23 inches. All TLMs are 8’ from the center of the tunnel. The cross section view of the model with and without particle tracks is shown in Figure 21.
[image: ]	[image: ]
Figure 21: MARS model of cylindrical beam enclosure with a 24” diameter steel target rod 48” in length is shown at left. At right is the same model with particle tracks from a few incident 8 GeV protons. The TLM detector numbering begins with detector 1 just past 12 o’clock and continues clockwise with detector 96 just before 12 o’clock.
The shielding thickness varies for each detector as shown in Figure 22.

Figure 22: TLM detector shielding varies as a function of position with the cylindrical tunnel from 1 to 23 inches.
The total response of TLMS as a function of intervening shield thickness is shown in Figure 23. The response of the maximum bin for each TLM is shown in Figure 24. The dependence of TLM response on the distance between itself and the beam loss point is significant and should be considered in the development of TLM trip point settings.


Figure 23: TLM total response as a function of shield thickness. The response at a shield thickness of 1”, (all points are 8 feet from the beam loss point in this figure) agrees well with the 1” diameter steel rod response in Figure 19.

Figure 24: Peak TLM bin response as a function of beam loss point shielding thickness.
The smooth functions shown if Figures 21 and 22 indicate that when the distance between the TLM and beam loss point is constant, a varying shield thickness results in a predictable TLM response. The dependence of steel thickness between the TLM and the beam loss point is significant and must be considered in the development of TLM trip point settings.
6. Discussion
The setting of a trip level for a TLM electrometer connected to a detector located in a delivery ring arc requires that one determine the most limiting radiological condition. First, suppose the limiting condition is 1 watt per meter in order to control residual radiation dose rates to workers within the beam enclosure during maintenance periods. A Delivery Ring arc has a typical length of about 117 meters. It follows that a total beam loss equivalent to 117 watts distributed over the arc is the limit. A watt/meter of beam power at 8 GeV is 7.8E8 protons/m/s. The total beam loss over the arc must be limited to about 9.1E10 protons/second. Assuming A2B7 beam loss is representative of the most limiting condition (3 nC/E10 protons), the amount of charge produced in a TLM electrometer would be 27.4 nC/s.
A TLM detector cannot distinguish between a distributed beam loss and one that is localized at a specific location such as A2B7. Scaling from the findings in section 4 above, a total beam loss of 9.1E10 protons per second at A2B7 would produced an effective dose rate on the berm surface of about 11 mrem/hr. Thus, a TLM trip level set to limit average losses to 1 watt/meter would require radiological postings on the shielding berm to remain within limits of the FRCM. Now suppose that a limiting dose rate of 0.25 mrem/hr is chosen for the Debuncher Arcs at a location such as A2B7. Scaling from the measurement data of Figure 8, a beam loss rate of 2E9 protons/second at a single location would require a trip level of 36 nC/minute. Finally, the trip level should be scaled for  distance and intervening shield thickness as suggested by the work described in Section 5 above.
7. Summary
The radiation effective dose outside of a shielding berm resulting from a controlled beam loss on the A2B7 magnet has been measured. The result of this measurement has been compared with a MARS calculation using the existing tunnel geometry. The response of various TLMs to the same controlled beam loss has been measured. Results of MARS calculations have been reported to enable predictions of TLM response as a function of distance from a beam loss location and as a function of varying steel thickness. A method of determining the trip level for a TLM electrometer connected to a detector in the Accumulator/Debuncher tunnel arcs has been described.
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MARS.INP file
A2B7 TLM response    01/9/13

INDX T  3=T 5=T


CTRL 1
C RZVL 545. 600. 5=1.E8
C TAPE 18

NEVT 750000 50

ENRG 8.

IPIB 1 2
BEAM 0.2 0.2
INIT 0. 0. 0. 0. 0.087155 0.996195

C SMIN 1.E-3 5.
NLNG 1
ZSEC 1200.
NLTR 1
RSEC 1000.
ZMIN -300.
MATR 'MATER.INP'


NHBK 1

STOP
*MCNP START
m1  26000 1.0 cond=1
m2  29000 -0.51738  1001  -0.054004 8016 -0.428616
m3  1001 -0.1077 6000 -0.1283 8016 -0.7266 7014 -0.0374
m4  1001 -0.006 6000 -0.030 8016 -0.500 11023 -0.010 13027 -0.030 &
   14000 -0.200 19000 -0.010 20000 -0.200 26000 -0.014
m5  7014 0.78443 8016 0.21076 18000 0.004671 6000 0.000139 gas=1
m6  1001 -0.02267 8016 -0.57152 13027 -0.071394 14000 -0.334416

*MCNP END
APPENDIX 1: MARS.INP file for A2B7 model


GEOM.INP file
  A2B7 (SDB magnet) TLM response    01/9/13

! OPT


topfe    1  0  1    26.3525     0.       0.   9.2075   53.6575  304.8  1 1 1                                             !
botfe    1  0  1   -26.3525     0.       0.   9.2075   53.6575  304.8  1 1 1
leftfe   1  0  1     0.       -45.085    0.  17.145     8.5725  304.8  1 1 1  
rightfe  1  0  1     0.        45.085    0.  17.145     8.5725  304.8  1 1 1
toppol   1  0  1    10.08063    0.       0.   7.064375 16.8275  304.8  1 1 1
botpol   1  0  1   -10.08063    0.       0.   7.064375 16.8275  304.8  1 1 1
leftcu   1  0  2     0.       -26.67     0.  17.145     9.8425  304.8  1 1 1
rightcu  1  0  2     0.        26.67     0.  17.145     9.8425  304.8  1 1 1
vac      1  0  0     0.         0.       0.   3.01625  16.8275  304.8  1 1 1
floor    1  0  4  -121.92     198.12  -300.  30.48    335.28   1500.   1 1 1
lefwal   1  0  4    30.48    -121.92  -300.  121.92    15.24   1500.   1 1 1
rigwal   1  0  4    30.48     518.16  -300.  121.92    15.24   1500.   1 1 1 
ceilng   1  0  4   167.64     198.12  -300.   15.24   335.28   1500.   1 1 1
det1    2  0  3    -83.82      -99.06      -300.      0.      7.62      1500.      50     1
det2    2  0  3    -68.58      -99.06      -300.      0.      7.62      1500.      50     1
det3    2  0  3    -53.34      -99.06      -300.      0.      7.62      1500.      50     1
det4    2  0  3    -38.1      -99.06      -300.      0.      7.62      1500.      50     1
det5    2  0  3    -22.86      -99.06      -300.      0.      7.62      1500.      50     1
det6    2  0  3    -7.62      -99.06      -300.      0.      7.62      1500.      50     1
det7    2  0  3    7.62      -99.06      -300.      0.      7.62      1500.      50     1
det8    2  0  3    22.86      -99.06      -300.      0.      7.62      1500.      50     1
det9    2  0  3    38.1      -99.06      -300.      0.      7.62      1500.      50     1
det10   2  0  3    53.34      -99.06      -300.      0.      7.62      1500.      50     1
det11   2  0  3    68.58      -99.06      -300.      0.      7.62      1500.      50     1
det12   2  0  3    83.82      -99.06      -300.      0.      7.62      1500.      50     1
det13   2  0  3    99.06      -99.06      -300.      0.      7.62      1500.      50     1
det14   2  0  3    114.3      -99.06      -300.      0.      7.62      1500.      50     1
det15   2  0  3    129.54      -99.06      -300.      0.      7.62      1500.      50     1
det16   2  0  3    144.78      -99.06      -300.      0.      7.62      1500.      50     1
det17   2  0  3    -83.82      495.3      -300.      0.      7.62      1500.      50     1
det18   2  0  3    -68.58      495.3      -300.      0.      7.62      1500.      50     1
det19   2  0  3    -53.34      495.3      -300.      0.      7.62      1500.      50     1
det20   2  0  3    -38.1      495.3      -300.      0.      7.62      1500.      50     1
det21   2  0  3    -22.86      495.3      -300.      0.      7.62      1500.      50     1
det22   2  0  3    -7.62      495.3      -300.      0.      7.62      1500.      50     1
det23   2  0  3    7.62      495.3      -300.      0.      7.62      1500.      50     1
det24   2  0  3    22.86      495.3      -300.      0.      7.62      1500.      50     1
det25   2  0  3    38.1      495.3      -300.      0.      7.62      1500.      50     1
det26   2  0  3    53.34      495.3      -300.      0.      7.62      1500.      50     1
det27   2  0  3    68.58      495.3      -300.      0.      7.62      1500.      50     1
det28   2  0  3    83.82      495.3      -300.      0.      7.62      1500.      50     1
det29   2  0  3    99.06      495.3      -300.      0.      7.62      1500.      50     1
det30   2  0  3    114.3      495.3      -300.      0.      7.62      1500.      50     1
det31   2  0  3    129.54      495.3      -300.      0.      7.62      1500.      50     1
det32   2  0  3    144.78      495.3      -300.      0.      7.62      1500.      50     1
det33   2  0  3    -83.82      -83.82      -300.      0.      7.62      1500.      50     1
det34   2  0  3    -83.82      -68.58      -300.      0.      7.62      1500.      50     1
det35   2  0  3    -83.82      -53.34      -300.      0.      7.62      1500.      50     1
det36   2  0  3    -83.82      -38.1      -300.      0.      7.62      1500.      50     1
det37   2  0  3    -83.82      -22.86      -300.      0.      7.62      1500.      50     1
det38   2  0  3    -83.82      -7.62      -300.      0.      7.62      1500.      50     1
det39   2  0  3    -83.82      7.62      -300.      0.      7.62      1500.      50     1
det40   2  0  3    -83.82      22.86      -300.      0.      7.62      1500.      50     1
det41   2  0  3    -83.82      38.1      -300.      0.      7.62      1500.      50     1
det42   2  0  3    -83.82      53.34      -300.      0.      7.62      1500.      50     1
det43   2  0  3    -83.82      68.58      -300.      0.      7.62      1500.      50     1
det44   2  0  3    -83.82      83.82      -300.      0.      7.62      1500.      50     1
det45   2  0  3    -83.82      99.06      -300.      0.      7.62      1500.      50     1
det46   2  0  3    -83.82      114.3      -300.      0.      7.62      1500.      50     1
det47   2  0  3    -83.82      129.54      -300.      0.      7.62      1500.      50     1
det48   2  0  3    -83.82      144.78      -300.      0.      7.62      1500.      50     1
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det49   2  0  3    -83.82      160.02      -300.      0.      7.62      1500.      50     1
det50   2  0  3    -83.82      175.26      -300.      0.      7.62      1500.      50     1
det51   2  0  3    -83.82      190.5      -300.      0.      7.62      1500.      50     1
det52   2  0  3    -83.82      205.74      -300.      0.      7.62      1500.      50     1
det53   2  0  3    -83.82      220.98      -300.      0.      7.62      1500.      50     1
det54   2  0  3    -83.82      236.22      -300.      0.      7.62      1500.      50     1
det55   2  0  3    -83.82      251.46      -300.      0.      7.62      1500.      50     1
det56   2  0  3    -83.82      266.7      -300.      0.      7.62      1500.      50     1
det57   2  0  3    -83.82      281.94      -300.      0.      7.62      1500.      50     1
det58   2  0  3    -83.82      297.18      -300.      0.      7.62      1500.      50     1
det59   2  0  3    -83.82      312.42      -300.      0.      7.62      1500.      50     1
det60   2  0  3    -83.82      327.66      -300.      0.      7.62      1500.      50     1
det61   2  0  3    -83.82      342.9      -300.      0.      7.62      1500.      50     1
det62   2  0  3    -83.82      358.14      -300.      0.      7.62      1500.      50     1
det63   2  0  3    -83.82      373.38      -300.      0.      7.62      1500.      50     1
det64   2  0  3    -83.82      388.62      -300.      0.      7.62      1500.      50     1
det65   2  0  3    -83.82      403.86      -300.      0.      7.62      1500.      50     1
det66   2  0  3    -83.82      419.1      -300.      0.      7.62      1500.      50     1
det67   2  0  3    -83.82      434.34      -300.      0.      7.62      1500.      50     1
det68   2  0  3    -83.82      449.58      -300.      0.      7.62      1500.      50     1
det69   2  0  3    -83.82      464.82      -300.      0.      7.62      1500.      50     1
det70   2  0  3    -83.82      480.06      -300.      0.      7.62      1500.      50     1
det71   2  0  3    144.78      -83.82      -300.      0.      7.62      1500.      50     1
det72   2  0  3    144.78      -68.58      -300.      0.      7.62      1500.      50     1
det73   2  0  3    144.78      -53.34      -300.      0.      7.62      1500.      50     1
det74   2  0  3    144.78      -38.1      -300.      0.      7.62      1500.     1     1
det75   2  0  3    144.78      -22.86      -300.      0.      7.62      1500.     1     1
det76   2  0  3    144.78      -7.62      -300.      0.      7.62      1500.     1     1
det77   2  0  3    144.78      7.62      -300.      0.      7.62      1500.     1     1
det78   2  0  3    144.78      22.86      -300.      0.      7.62      1500.     1     1
det79   2  0  3    144.78      38.1      -300.      0.      7.62      1500.     1     1
det80   2  0  3    144.78      53.34      -300.      0.      7.62      1500.     1     1
det81   2  0  3    144.78      68.58      -300.      0.      7.62      1500.     1     1
det82   2  0  3    144.78      83.82      -300.      0.      7.62      1500.     1     1
det83   2  0  3    144.78      99.06      -300.      0.      7.62      1500.     1     1
det84   2  0  3    144.78      114.3      -300.      0.      7.62      1500.     1     1
det85   2  0  3    144.78      129.54      -300.      0.      7.62      1500.     1     1
det86   2  0  3    144.78      144.78      -300.      0.      7.62      1500.     1     1
det87   2  0  3    144.78      160.02      -300.      0.      7.62      1500.     1     1
det88   2  0  3    144.78      175.26      -300.      0.      7.62      1500.     1     1
det89   2  0  3    144.78      190.5      -300.      0.      7.62      1500.     1     1
det90   2  0  3    144.78      205.74      -300.      0.      7.62      1500.     1     1
det91   2  0  3    144.78      220.98      -300.      0.      7.62      1500.     1     1
det92   2  0  3    144.78      236.22      -300.      0.      7.62      1500.     1     1
det93   2  0  3    144.78      251.46      -300.      0.      7.62      1500.     1     1
det94   2  0  3    144.78      266.7      -300.      0.      7.62      1500.     1     1
det95   2  0  3    144.78      281.94      -300.      0.      7.62      1500.     1     1
det96   2  0  3    144.78      297.18      -300.      0.      7.62      1500.     1     1
det97   2  0  3    144.78      312.42      -300.      0.      7.62      1500.     1     1
det98   2  0  3    144.78      327.66      -300.      0.      7.62      1500.     1     1
det99   2  0  3    144.78      342.9      -300.      0.      7.62      1500.     1     1
det100  2  0  3    144.78      358.14      -300.      0.      7.62      1500.     1     1
det101  2  0  3    144.78      373.38      -300.      0.      7.62      1500.     1     1
det102  2  0  3    144.78      388.62      -300.      0.      7.62      1500.     1     1
det103  2  0  3    144.78      403.86      -300.      0.      7.62      1500.     1     1
det104  2  0  3    144.78      419.1      -300.      0.      7.62      1500.     1     1
det105  2  0  3    144.78      434.34      -300.      0.      7.62      1500.     1     1
det106  2  0  3    144.78      449.58      -300.      0.      7.62      1500.     1     1
det107  2  0  3    144.78      464.82      -300.      0.      7.62      1500.     1     1
det108  2  0  3    144.78      480.06      -300.      0.      7.62      1500.     1     1
air     1  0  5     30.48      198.12      -300.    121.92  304.8       1500.   1 1 1
berm    1  0  6    365.76      198.12      -300.    182.88  335.28      1500.   1 1 1
surfde  1  0  3    563.88        0.           0.    15.24   150.         900.   1 9 30
leftil  1  0  6    198.12     -182.88      -300.   350.52    45.72      1500.   1 1 1
rigtil  1  0  6    198.12      579.12      -300.   350.52    45.72      1500.   1 1 1
atmos   1  0  5    640.08      198.12      -300     91.44   426.72      1500.   1 1 1
blckhl  2  0 -1    0.            0.        -300.     0.    1000.        1500.     
Stop
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1 'FE'
2 'COIL'
3 'TISS'
4 'CONC'
5 'AIR'
6 'GTIL' 2.24
STOP
APPENDIX 3: MATER.INP file for A2B7 model

Comparison of MARS calculation and data at A2B7
MARS calculation	1.9421652349491988E-2	2.2065632980054286E-2	4.1989511931550864E-2	3.468764611820141E-2	4.8070403211572556E-2	3.3617348905681944E-2	6.4736878855271157E-2	6.9047930866222171E-2	6.3812021330734325E-2	6.9860803844028471E-2	4.9414504326386437E-2	5.8823920109736888E-2	9.1300401350235164E-2	6.4543186074117853E-2	9.0332003546635967E-2	0.1667628777988662	5.3866374252748206E-2	5.3063240343061924E-2	5.1537446281220561E-2	5.3600717080595682E-2	5.4270662870352947E-2	6.4151682006222538E-2	6.2074048973112847E-2	4.9866332157039783E-2	2.9402735388906982E-2	2.7136386896628586E-2	3.4623625785508982E-2	2.1071176178650553E-2	2.1566467042322481E-2	1.8436067184893962E-2	1.9421652349491988E-2	2.2065632980054286E-2	4.1989511931550864E-2	3.468764611820141E-2	4.8070403211572556E-2	3.3617348905681944E-2	6.4736878855271157E-2	6.9047930866222171E-2	6.3812021330734325E-2	6.9860803844028471E-2	4.9414504326386437E-2	5.8823920109736888E-2	9.1300401350235164E-2	6.4543186074117853E-2	9.0332003546635967E-2	0.1667628777988662	5.3866374252748206E-2	5.3063240343061924E-2	5.1537446281220561E-2	5.3600717080595682E-2	5.4270662870352947E-2	6.4151682006222538E-2	6.2074048973112847E-2	4.9866332157039783E-2	2.9402735388906982E-2	2.7136386896628586E-2	3.4623625785508982E-2	2.1071176178650553E-2	2.1566467042322481E-2	1.8436067184893962E-2	0.49212598425196863	1.476377952755906	2.4606299212598417	3.4448818897637787	4.4291338582677149	5.413385826771651	6.3976377952755898	7.3818897637795287	8.3661417322834648	9.3503937007874018	10.334645669291339	11.318897637795276	12.30314960629922	13.28740157480315	14.271653543307087	15.255905511811022	16.240157480314959	17.224409448818896	18.208661417322826	19.19291338582677	20.177165354330715	21.161417322834644	22.145669291338582	23.129921259842533	24.11417322834647	25.098425196850396	26.082677165354326	27.066929133858267	28.051181102362204	29.03543307086613	5.3289599999999986E-2	6.6240000000000007E-2	0.11212032000000002	0.11848320000000002	0.19313279999999997	0.17936640000000006	0.24124800000000013	0.33325440000000012	0.30691200000000013	0.37822080000000013	0.34621440000000014	0.35011200000000009	0.50363520000000028	0.41472000000000014	0.46350720000000001	0.5371967999999997	0.34558080000000013	0.33663360000000014	0.31011840000000013	0.29433600000000015	0.26430720000000002	0.25614719999999996	0.2562816	0.17986559999999999	0.11322240000000003	0.10529280000000005	0.12431999999999996	6.872256000000003E-2	6.6566400000000039E-2	6.5178239999999998E-2	2012 measurement	5	10	15	20	25	7.5166195503176714E-2	0.19277180845628306	0.24987128754984922	0.22163033765801468	0.11425869039556712	feet relative to US end of A2B7
mrad per 3.6E13 protons
Radiation weighting factor as a function of location
Derived QF	5.3867504738751268	2.2580813571386114	2.4189612864535319	4.4240995657028979	1.5987898593702061	1.60921599532622	1.8028745042948828	2.1429230604190219	1.9176723295633573	1.710429695634313	1.4112941585366734	1.4273404417378812	1.4635667034875477	1.0763377349270224	1.3605868024616061	1.5016170105840636	2.286283902381129	1.2686700996835034	0.93933899833737755	1.3347178615470197	1.1625290568750044	1.8694961310674538	1.3519521268761803	3.3810232415247912	1.8115070375753266	2.4751774006903449	2.1242270725614385	2.2734458785019882	3.2219492323699042	2.2786813807432926	5.3867504738751268	2.2580813571386114	2.4189612864535319	4.4240995657028979	1.5987898593702061	1.60921599532622	1.8028745042948828	2.1429230604190219	1.9176723295633573	1.710429695634313	1.4112941585366734	1.4273404417378812	1.4635667034875477	1.0763377349270224	1.3605868024616061	1.5016170105840636	2.286283902381129	1.2686700996835034	0.93933899833737755	1.3347178615470197	1.1625290568750044	1.8694961310674538	1.3519521268761803	3.3810232415247912	1.8115070375753266	2.4751774006903449	2.1242270725614385	2.2734458785019882	3.2219492323699042	2.2786813807432926	0.49212598425196863	1.476377952755906	2.4606299212598417	3.4448818897637787	4.4291338582677149	5.413385826771651	6.3976377952755898	7.3818897637795287	8.3661417322834648	9.3503937007874018	10.334645669291339	11.318897637795276	12.30314960629922	13.28740157480315	14.271653543307087	15.255905511811022	16.240157480314959	17.224409448818896	18.208661417322826	19.19291338582677	20.177165354330715	21.161417322834644	22.145669291338582	23.129921259842533	24.11417322834647	25.098425196850396	26.082677165354326	27.066929133858267	28.051181102362204	29.03543307086613	10.989177926611262	5.9261280350447914	5.5236975578940415	9.2454477073533177	5.0450840003514275	5.4062876213477935	5.5382855213053617	6.0382418233557074	6.7039806670238091	6.317529581028718	6.4492694573166576	6.1680904307652691	5.2041307148124956	5.6860448168002389	5.3608968944340267	4.4074427395598619	7.875051730927769	5.6437162607084037	4.786486349322133	5.7676782524855295	4.6577849480377207	6.0073700016979146	4.6727400090765761	7.7030146382553966	5.9524062089330796	7.3084633030089226	5.7714836653377404	6.4484602805101598	7.331233801316297	6.422110577681722	feet relative to US end of A2B7
mrem per 3.6E13 protons
Comparison of MARS calculation using different soil densities
GTIL - 2.24 g/cc	0.18405569454931156	7.1726704369818012E-2	0.10140999969220989	0.4298168251484501	0.19035384835123428	0.22487645302835912	0.23631642664335281	0.51815143340942116	0.41925456722995552	0.43747951604055535	0.35564776684684635	0.32999731981661951	0.56080598406603177	0.25009487554462717	0.39592785728880087	0.30520989641170615	0.66835847418525662	0.30465257049600791	0.15370333072963507	0.22713955635905242	0.17430534857385821	0.2845491530284448	0.18371473333641444	0.42805657341191328	0.10261439581157418	0.16083697203256847	0.17261481271966619	7.8017132892918062E-2	0.14467742758601093	8.6721313882278772E-2	0.18405569454931156	7.1726704369818012E-2	0.10140999969220989	0.4298168251484501	0.19035384835123428	0.22487645302835912	0.23631642664335281	0.51815143340942116	0.41925456722995552	0.43747951604055535	0.35564776684684635	0.32999731981661951	0.56080598406603177	0.25009487554462717	0.39592785728880087	0.30520989641170615	0.66835847418525662	0.30465257049600791	0.15370333072963507	0.22713955635905242	0.17430534857385821	0.2845491530284448	0.18371473333641444	0.42805657341191328	0.10261439581157418	0.16083697203256847	0.17261481271966619	7.8017132892918062E-2	0.14467742758601093	8.6721313882278772E-2	0.49212598425196863	1.476377952755906	2.4606299212598417	3.4448818897637787	4.4291338582677149	5.413385826771651	6.3976377952755898	7.3818897637795287	8.3661417322834648	9.3503937007874018	10.334645669291339	11.318897637795276	12.30314960629922	13.28740157480315	14.271653543307087	15.255905511811022	16.240157480314959	17.224409448818896	18.208661417322826	19.19291338582677	20.177165354330715	21.161417322834644	22.145669291338582	23.129921259842533	24.11417322834647	25.098425196850396	26.082677165354326	27.066929133858267	28.051181102362204	29.03543307086613	0.56147999999999998	0.38772000000000012	0.44676000000000005	1.1355599999999999	0.97043999999999997	0.97248000000000001	1.2823199999999999	1.7983199999999999	2.13408	2.2100399999999998	2.1440399999999999	2.0738399999999997	2.6083200000000013	2.3209200000000001	2.4352799999999992	2.1740399999999998	2.7288000000000001	1.9009200000000002	1.4725199999999998	1.5907199999999999	1.22844	1.5404400000000003	1.1608799999999999	1.2579599999999995	0.64668000000000025	0.73200000000000032	0.71735999999999989	0.4483080000000001	0.48721200000000009	0.40483200000000008	Soil - 1.9 g/cc	0.28729634374146035	0.62810566502706122	0.19123749937084142	0.3240057223782255	0.43310620028123031	0.16422497289093449	0.25820516596854881	0.96770371620011275	0.38990612834633182	0.44351188906360717	0.46410798661822084	0.30741135883717136	0.40105672594647968	0.41983593943451536	0.45122034999977373	0.47646405934197555	0.56018210320437245	0.39140344341553862	0.33633984928322308	0.31477056690918237	0.45445143140468541	0.48391263352526648	0.37144964168294176	0.22988790759696323	0.24674837469692579	0.2220035461683138	0.19499398134937851	0.22260335646667939	0.1000623723686619	0.17893165160925303	0.28729634374146035	0.62810566502706122	0.19123749937084142	0.3240057223782255	0.43310620028123031	0.16422497289093449	0.25820516596854881	0.96770371620011275	0.38990612834633182	0.44351188906360717	0.46410798661822084	0.30741135883717136	0.40105672594647968	0.41983593943451536	0.45122034999977373	0.47646405934197555	0.56018210320437245	0.39140344341553862	0.33633984928322308	0.31477056690918237	0.45445143140468541	0.48391263352526648	0.37144964168294176	0.22988790759696323	0.24674837469692579	0.2220035461683138	0.19499398134937851	0.22260335646667939	0.1000623723686619	0.17893165160925303	0.49212598425196863	1.476377952755906	2.4606299212598417	3.4448818897637787	4.4291338582677149	5.413385826771651	6.3976377952755898	7.3818897637795287	8.3661417322834648	9.3503937007874018	10.334645669291339	11.318897637795276	12.30314960629922	13.28740157480315	14.271653543307087	15.255905511811022	16.240157480314959	17.224409448818896	18.208661417322826	19.19291338582677	20.177165354330715	21.161417322834644	22.145669291338582	23.129921259842533	24.11417322834647	25.098425196850396	26.082677165354326	27.066929133858267	28.051181102362204	29.03543307086613	0.79775999999999991	1.1282399999999999	1.0360799999999999	1.54728	1.9398	2.4873600000000002	2.1394800000000003	3.7448399999999999	3.1653599999999997	3.54888	3.6729599999999993	3.6050399999999998	4.0440000000000005	4.0965600000000002	4.032	4.1795999999999998	3.9707999999999997	3.3847200000000002	3.0241199999999999	2.8237200000000002	2.40828	2.5501200000000002	2.1676800000000012	1.6711200000000002	1.5382800000000001	1.3490400000000002	1.1434800000000001	1.20228	0.73140000000000038	0.95472000000000024	feet relative to US end of A2B7
mrem per 3.6E13 protons
MARS calculation vs measurement at A2B7
MARS calculation	0.18405569454931156	7.1726704369818012E-2	0.10140999969220989	0.4298168251484501	0.19035384835123428	0.22487645302835912	0.23631642664335281	0.51815143340942116	0.41925456722995552	0.43747951604055535	0.35564776684684635	0.32999731981661951	0.56080598406603177	0.25009487554462717	0.39592785728880087	0.30520989641170615	0.66835847418525662	0.30465257049600791	0.15370333072963507	0.22713955635905242	0.17430534857385821	0.2845491530284448	0.18371473333641444	0.42805657341191328	0.10261439581157418	0.16083697203256847	0.17261481271966619	7.8017132892918062E-2	0.14467742758601093	8.6721313882278772E-2	0.18405569454931156	7.1726704369818012E-2	0.10140999969220989	0.4298168251484501	0.19035384835123428	0.22487645302835912	0.23631642664335281	0.51815143340942116	0.41925456722995552	0.43747951604055535	0.35564776684684635	0.32999731981661951	0.56080598406603177	0.25009487554462717	0.39592785728880087	0.30520989641170615	0.66835847418525662	0.30465257049600791	0.15370333072963507	0.22713955635905242	0.17430534857385821	0.2845491530284448	0.18371473333641444	0.42805657341191328	0.10261439581157418	0.16083697203256847	0.17261481271966619	7.8017132892918062E-2	0.14467742758601093	8.6721313882278772E-2	0.49212598425196863	1.476377952755906	2.4606299212598417	3.4448818897637787	4.4291338582677149	5.413385826771651	6.3976377952755898	7.3818897637795287	8.3661417322834648	9.3503937007874018	10.334645669291339	11.318897637795276	12.30314960629922	13.28740157480315	14.271653543307087	15.255905511811022	16.240157480314959	17.224409448818896	18.208661417322826	19.19291338582677	20.177165354330715	21.161417322834644	22.145669291338582	23.129921259842533	24.11417322834647	25.098425196850396	26.082677165354326	27.066929133858267	28.051181102362204	29.03543307086613	0.56147999999999998	0.38772000000000012	0.44676000000000005	1.1355599999999999	0.97043999999999997	0.97248000000000001	1.2823199999999999	1.7983199999999999	2.13408	2.2100399999999998	2.1440399999999999	2.0738399999999997	2.6083200000000013	2.3209200000000001	2.4352799999999992	2.1740399999999998	2.7288000000000001	1.9009200000000002	1.4725199999999998	1.5907199999999999	1.22844	1.5404400000000003	1.1608799999999999	1.2579599999999995	0.64668000000000025	0.73200000000000032	0.71735999999999989	0.4483080000000001	0.48721200000000009	0.40483200000000008	2012 measurement QF=6.2	5	10	15	20	25	0.46603041211969576	1.195185212428955	1.5492019828090644	1.3741080934796914	0.70840388045251645	feet relative to US end of A2B7
mrem per 3.6E13 protons
Total and Max Bin Energy Deposition by Detector
Sum by TLM	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	2.2987331400000057E-7	2.9384206000000032E-7	3.3916978000000046E-7	4.373235500000006E-7	7.4125778000000101E-7	1.3828555200000031E-6	1.3804289200000024E-6	7.3770951000000077E-7	4.3372703000000056E-7	3.3355163000000043E-7	2.8263332000000054E-7	2.6210859000000024E-7	2.4069139000000024E-7	2.2654684000000024E-7	2.0989515000000032E-7	1.8879524000000031E-7	5.4952100000000106E-8	9.8954500000000266E-8	1.0177280000000001E-7	1.0273940000000005E-7	1.0435500000000017E-7	1.0422220000000019E-7	1.0281530000000019E-7	1.0277160000000009E-7	1.0545780000000018E-7	1.0261520000000026E-7	1.0006160000000015E-7	1.0086320000000015E-7	9.9116500000000185E-8	9.8047100000000208E-8	9.5447300000000143E-8	6.9310000000000162E-8	2.7544726000000027E-7	3.2918304000000043E-7	3.9263712000000062E-7	4.656489000000005E-7	5.647443900000009E-7	7.8303806000000122E-7	8.7405602000000079E-7	7.9025080000000129E-7	7.8914718000000141E-7	7.3982219000000076E-7	6.8175462000000064E-7	6.1247258000000013E-7	5.4664383000000101E-7	4.9976036000000112E-7	4.427682600000005E-7	3.9560220000000043E-7	3.5441535000000057E-7	3.155852600000001E-7	2.8147004000000024E-7	2.5531580000000031E-7	2.2539208000000049E-7	2.029034600000004E-7	1.8129644000000026E-7	1.6575151000000038E-7	1.4885590000000029E-7	1.3525990000000023E-7	1.2333000000000011E-7	1.1524920000000025E-7	1.0625900000000017E-7	9.5622600000000186E-8	9.0233700000000089E-8	8.4898400000000191E-8	7.7445520000000116E-8	7.3122600000000136E-8	6.8413300000000114E-8	6.3795600000000135E-8	6.0399100000000095E-8	5.5783400000000105E-8	2.4034383000000028E-7	2.6758856000000021E-7	3.0040704000000035E-7	3.2691795000000058E-7	3.5928191000000034E-7	3.8230990000000058E-7	4.0122743000000047E-7	4.0868190000000089E-7	4.163232000000004E-7	4.0718486000000103E-7	3.8948497000000052E-7	3.7087030000000086E-7	3.5187159000000035E-7	3.2983573000000055E-7	3.0092751000000021E-7	2.8320403999999999E-7	2.6322064000000015E-7	2.4371384000000027E-7	2.2581465000000041E-7	2.1015460000000029E-7	1.9974634000000033E-7	1.8292982000000015E-7	1.700169000000002E-7	1.5741320000000026E-7	1.5021880000000026E-7	1.4089930000000016E-7	1.2745920000000017E-7	1.2342000000000021E-7	1.1552920000000013E-7	1.0806730000000017E-7	1.0219380000000009E-7	9.6355200000000188E-8	9.0941900000000175E-8	8.5730800000000229E-8	8.1594200000000205E-8	7.7638500000000116E-8	7.1636400000000134E-8	6.9600800000000084E-8	max bin response	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	1.1020000000000024E-8	1.3630000000000023E-8	1.5830000000000027E-8	2.0110000000000019E-8	3.1230000000000062E-8	8.4440000000000113E-8	8.5820000000000209E-8	3.2710000000000053E-8	1.9960000000000041E-8	1.5420000000000022E-8	1.3420000000000029E-8	1.1560000000000029E-8	1.0170000000000013E-8	8.8760000000000227E-9	7.6730000000000135E-9	7.1930000000000127E-9	2.0290000000000041E-9	3.1310000000000054E-9	3.2530000000000064E-9	3.2020000000000065E-9	3.2510000000000062E-9	3.2950000000000065E-9	3.2200000000000075E-9	3.215000000000006E-9	3.2730000000000068E-9	3.2990000000000065E-9	2.9830000000000063E-9	3.137000000000006E-9	3.015000000000005E-9	3.0390000000000049E-9	3.0480000000000064E-9	3.1670000000000065E-9	1.2280000000000023E-8	1.534000000000003E-8	1.838000000000004E-8	2.6430000000000049E-8	3.8200000000000058E-8	5.6710000000000115E-8	7.0290000000000122E-8	6.2300000000000114E-8	5.9320000000000117E-8	4.8060000000000094E-8	3.850000000000006E-8	2.8930000000000041E-8	2.4930000000000032E-8	2.2350000000000041E-8	1.9680000000000041E-8	1.7740000000000032E-8	1.5410000000000027E-8	1.3620000000000029E-8	1.2040000000000025E-8	1.067000000000002E-8	9.4290000000000194E-9	8.3140000000000174E-9	7.4530000000000172E-9	7.4800000000000197E-9	5.8340000000000103E-9	5.4730000000000137E-9	4.9000000000000116E-9	4.8060000000000101E-9	4.2700000000000103E-9	3.6060000000000064E-9	3.4970000000000064E-9	3.2450000000000065E-9	2.8120000000000027E-9	2.6040000000000055E-9	2.3960000000000033E-9	2.1900000000000042E-9	2.067000000000005E-9	2.0020000000000028E-9	9.7600000000000192E-9	1.1370000000000023E-8	1.3680000000000029E-8	1.6240000000000032E-8	1.8510000000000038E-8	2.098000000000003E-8	2.1680000000000043E-8	2.1810000000000041E-8	2.2750000000000042E-8	2.0320000000000019E-8	1.9230000000000034E-8	1.6560000000000034E-8	1.5540000000000022E-8	1.3040000000000026E-8	1.1910000000000024E-8	1.0390000000000017E-8	9.1180000000000159E-9	8.742000000000013E-9	8.0610000000000151E-9	7.7550000000000139E-9	7.1020000000000129E-9	6.7810000000000137E-9	6.2370000000000131E-9	5.8300000000000107E-9	5.0300000000000118E-9	4.9060000000000118E-9	4.7820000000000102E-9	4.2710000000000106E-9	3.9310000000000064E-9	3.7210000000000077E-9	3.2780000000000067E-9	3.3680000000000062E-9	3.0520000000000043E-9	2.9670000000000064E-9	2.5300000000000043E-9	2.8880000000000053E-9	2.2870000000000059E-9	2.4670000000000052E-9	detector number
GeV/g/p - sum of bins

GeV/g/p - maximum bin

TLM response as a function of location around A2B7
beam left wall	4.5961940777125481	4.2573465914815998	3.9528470752104727	3.6912057650583501	3.4820970692960298	3.3354160160315827	3.2596012026013299	3.2596012026013299	3.3354160160315827	3.4820970692960298	3.6912057650583501	3.9528470752104727	4.2573465914816024	4.596194077712549	4.9623583103198019	5.3502336397581738	2.2987331400000141E-7	2.938420600000009E-7	3.3916978000000104E-7	4.3732355000000139E-7	7.4125778000000207E-7	1.3828555200000082E-6	1.3804289200000066E-6	7.3770951000000246E-7	4.3372703000000162E-7	3.3355163000000101E-7	2.8263332000000123E-7	2.6210859000000072E-7	2.4069139000000062E-7	2.2654684000000058E-7	2.0989515000000085E-7	1.8879524000000081E-7	beam right wall	16.571813419176589	16.481049723849509	16.405029716522861	16.343959128681188	16.298006013006624	16.26729848499744	16.25192296314501	16.25192296314501	16.26729848499744	16.298006013006624	16.343959128681188	16.405029716522861	16.481049723849509	16.571813419176589	16.677080080157918	16.796577032240826	5.4952100000000265E-8	9.895450000000065E-8	1.0177280000000001E-7	1.0273940000000005E-7	1.0435500000000043E-7	1.0422220000000044E-7	1.0281530000000049E-7	1.0277160000000027E-7	1.0545780000000048E-7	1.0261520000000066E-7	1.0006160000000039E-7	1.0086320000000039E-7	9.9116500000000436E-8	9.8047100000000433E-8	9.5447300000000355E-8	6.9310000000000414E-8	floor	4.2573465914815998	3.9528470752104727	3.6912057650583487	3.4820970692960294	3.3354160160315827	3.2596012026013295	3.2596012026013295	3.3354160160315827	3.4820970692960294	3.6912057650583487	3.9528470752104727	4.2573465914815998	4.5961940777125481	4.9623583103198019	5.3502336397581738	5.7554322166106688	6.1745445176142244	6.6049224068114416	7.0445014018026884	7.4916620318858582	7.9451242910353495	8.4038681569858049	8.8670739254840996	9.3340773512972355	9.8043357755637874	10.277402395547261	10.752906583803309	11.230538722608101	11.710038428630368	12.191185340236608	12.673791855636575	13.15769736694077	13.642763649642252	14.128871150944763	14.615915982243465	15.103807466993215	15.592466129512676	16.081822036075348	2.7544726000000086E-7	3.2918304000000111E-7	3.9263712000000168E-7	4.6564890000000129E-7	5.6474439000000186E-7	7.8303806000000302E-7	8.7405602000000259E-7	7.902508000000033E-7	7.8914718000000321E-7	7.3982219000000267E-7	6.8175462000000138E-7	6.1247258000000013E-7	5.4664383000000206E-7	4.997603600000026E-7	4.427682600000013E-7	3.9560220000000101E-7	3.5441535000000157E-7	3.1558526000000042E-7	2.8147004000000061E-7	2.5531580000000084E-7	2.2539208000000128E-7	2.0290346000000098E-7	1.8129644000000057E-7	1.6575151000000088E-7	1.4885590000000064E-7	1.3525990000000049E-7	1.2333000000000035E-7	1.1524920000000057E-7	1.0625900000000041E-7	9.5622600000000437E-8	9.0233700000000248E-8	8.4898400000000508E-8	7.7445520000000288E-8	7.3122600000000335E-8	6.8413300000000326E-8	6.379560000000032E-8	6.0399100000000241E-8	5.578340000000031E-8	ceiling	5.0621141828291467	4.8088460154178394	4.5961940777125481	4.4300112866673373	4.3156691254080277	4.2573465914815998	4.2573465914815998	4.3156691254080277	4.4300112866673373	4.5961940777125481	4.8088460154178394	5.0621141828291467	5.3502336397581738	5.6678920243773145	6.0104076400856465	6.3737743919909811	6.7546280430531533	7.1501748230375322	7.558108228915474	7.976528066771909	8.4038681569858049	8.8388347648318319	9.2803555966352924	9.7275382291718486	10.179636535751188	10.636023693091307	11.096170510586074	11.559628021696893	12.026013470805692	12.494998999599799	12.966302479889968	13.439680055715634	13.914920050075745	14.391837964624273	14.870272357963056	15.350081433008773	15.831140198987564	16.313338101075455	2.4034383000000086E-7	2.6758856000000052E-7	3.0040704000000104E-7	3.2691795000000158E-7	3.5928191000000087E-7	3.8230990000000158E-7	4.0122743000000111E-7	4.0868190000000195E-7	4.1632320000000119E-7	4.0718486000000241E-7	3.8948497000000116E-7	3.7087030000000197E-7	3.5187159000000104E-7	3.298357300000015E-7	3.0092751000000074E-7	2.8320403999999999E-7	2.6322064000000015E-7	2.4371384000000075E-7	2.2581465000000099E-7	2.1015460000000079E-7	1.997463400000008E-7	1.8292982000000047E-7	1.7001690000000054E-7	1.5741320000000071E-7	1.5021880000000071E-7	1.4089930000000037E-7	1.2745920000000049E-7	1.2342000000000048E-7	1.1552920000000042E-7	1.0806730000000046E-7	1.0219380000000024E-7	9.6355200000000399E-8	9.094190000000036E-8	8.5730800000000547E-8	8.1594200000000457E-8	7.7638500000000289E-8	7.163640000000032E-8	6.9600800000000243E-8	A2B7 TLM location	6.0104076400856465	3.0092751000000074E-7	distance from loss point in A2B7 - feet
GeV/g/p - total response
27 m TLM response
8 GeV protons on 1" diameter Fe target
TLM response	y = 1E-05x-1.029     R² = 0.9952
1.0335691059447258	1.2704122753243878	1.6440727353672437	2.0810298273066494	2.5475688791754698	3.028530062330729	3.5163706179170102	4.0068739430614393	4.4974127957483834	4.9861856879351221	5.4718522637449833	5.9533461793369549	6.4297730513668911	6.9003518945873514	7.3643800587255726	7.8212114817384917	8.2702428050623347	8.7109042986328102	9.1426538209670145	9.5649727469583485	9.9773632019245149	10.379346180862736	10.770460278371649	11.150260846286224	11.518319454667703	11.874223570070548	12.217576390504382	12.547996793786751	12.865119367885574	13.168594500171885	13.458088508404941	13.733283800508701	13.993879053283329	14.239589402459778	14.470146638194988	14.685299401371294	14.884813377028754	15.06847148199671	15.236074044366909	15.38743897289733	15.522401914794477	15.640816400605495	15.742553975183286	15.827504313878979	15.895575323273455	15.946693225895517	15.980802628488506	15.9978665734915	15.9978665734915	15.980802628488506	15.946693225895521	15.895575323273455	15.827504313878979	15.742553975183286	15.640816400605495	15.522401914794482	15.38743897289733	15.236074044366909	15.06847148199671	14.884813377028754	14.685299401371296	14.470146638194988	14.239589402459778	13.993879053283329	13.733283800508701	13.458088508404941	13.168594500171885	12.865119367885574	12.547996793786751	12.217576390504382	11.874223570070548	11.518319454667703	11.150260846286224	10.770460278371649	10.379346180862752	9.9773632019245149	9.5649727469583539	9.1426538209670127	8.7109042986328156	8.2702428050623347	7.821211481738497	7.3643800587255726	6.9003518945873514	6.4297730513668911	5.9533461793369575	5.4718522637449833	4.9861856879351274	4.4974127957483816	4.006873943061442	3.5163706179170142	3.0285300623307414	2.5475688791754751	2.0810298273066592	1.6440727353672466	1.2704122753243898	1.0335691059447276	1.2173963300000001E-5	1.0388837100000026E-5	7.1261296000000187E-6	5.6400886000000175E-6	4.2792933000000386E-6	3.5413109000000157E-6	2.8000550000000012E-6	2.5234357000000137E-6	2.2715727000000119E-6	2.0500555000000042E-6	1.9740560000000105E-6	1.7235613000000001E-6	1.6943872000000095E-6	1.560044100000007E-6	1.4716623000000026E-6	1.4080871000000073E-6	1.3490156000000055E-6	1.2933237000000021E-6	1.2117836000000021E-6	1.1396906000000001E-6	1.1267090000000046E-6	1.1043069000000059E-6	1.0664996000000001E-6	1.0138422000000001E-6	1.0076134000000021E-6	9.6987790000000223E-7	9.2098270000000305E-7	8.8132960000000577E-7	8.7718510000000063E-7	8.5703440000000462E-7	8.4125100000000595E-7	8.0485190000000246E-7	7.9368220000000491E-7	7.2696110000000382E-7	7.4661750000000321E-7	7.4139240000000304E-7	7.3082000000000358E-7	7.107350000000028E-7	7.1708300000000322E-7	6.9539330000000369E-7	6.6671700000000132E-7	6.7290670000000371E-7	6.4098600000000404E-7	6.6919440000000233E-7	6.3829800000000163E-7	6.3996200000000341E-7	6.4098840000000301E-7	6.3180300000000202E-7	6.4444710000000306E-7	6.1814200000000313E-7	6.4391600000000424E-7	6.3021300000000154E-7	6.6502670000000345E-7	6.7321700000000298E-7	6.8012000000000358E-7	6.7132800000000335E-7	7.0024490000000319E-7	7.112216000000023E-7	7.0890970000000395E-7	6.9896670000000541E-7	7.212493000000039E-7	7.4768270000000454E-7	7.5183300000000339E-7	8.9370540000000372E-7	7.9751800000000356E-7	8.4411890000000312E-7	8.521120000000023E-7	8.7736280000000266E-7	8.9370540000000372E-7	9.1720330000000539E-7	9.1949090000000367E-7	9.7974980000000268E-7	1.016236800000004E-6	1.0246628000000037E-6	1.065745400000004E-6	1.1335446000000026E-6	1.1958472000000053E-6	1.2483792000000003E-6	1.2565285000000042E-6	1.3163052000000045E-6	1.4120116000000035E-6	1.4832986000000028E-6	1.5414935000000052E-6	1.6332745000000067E-6	1.7412272000000037E-6	1.8409317000000055E-6	1.991825000000007E-6	2.216022200000006E-6	2.5724653000000011E-6	3.0470615000000171E-6	3.5572353000000124E-6	4.1641159999999891E-6	5.6828518000000024E-6	7.2791154800000387E-6	9.8070718000000337E-6	1.1659757400000037E-5	TLM distance from source - feet
GeV/g/p
27 m TLM peak response in 45 cm bin
TLM peak response	y = 3E-06x-1.752     R² = 0.9941
1.0335691059447258	1.2704122753243878	1.6440727353672437	2.0810298273066494	2.5475688791754698	3.028530062330729	3.5163706179170102	4.0068739430614393	4.4974127957483834	4.9861856879351221	5.4718522637449833	5.9533461793369549	6.4297730513668911	6.9003518945873514	7.3643800587255726	7.8212114817384917	8.2702428050623347	8.7109042986328102	9.1426538209670145	9.5649727469583485	9.9773632019245149	10.379346180862736	10.770460278371649	11.150260846286224	11.518319454667703	11.874223570070548	12.217576390504382	12.547996793786751	12.865119367885574	13.168594500171885	13.458088508404941	13.733283800508701	13.993879053283329	14.239589402459778	14.470146638194988	14.685299401371294	14.884813377028754	15.06847148199671	15.236074044366909	15.38743897289733	15.522401914794477	15.640816400605495	15.742553975183286	15.827504313878979	15.895575323273455	15.946693225895517	15.980802628488506	15.9978665734915	15.9978665734915	15.980802628488506	15.946693225895521	15.895575323273455	15.827504313878979	15.742553975183286	15.640816400605495	15.522401914794482	15.38743897289733	15.236074044366909	15.06847148199671	14.884813377028754	14.685299401371296	14.470146638194988	14.239589402459778	13.993879053283329	13.733283800508701	13.458088508404941	13.168594500171885	12.865119367885574	12.547996793786751	12.217576390504382	11.874223570070548	11.518319454667703	11.150260846286224	10.770460278371649	10.379346180862752	9.9773632019245149	9.5649727469583539	9.1426538209670127	8.7109042986328156	8.2702428050623347	7.821211481738497	7.3643800587255726	6.9003518945873514	6.4297730513668911	5.9533461793369575	5.4718522637449833	4.9861856879351274	4.4974127957483816	4.006873943061442	3.5163706179170142	3.0285300623307414	2.5475688791754751	2.0810298273066592	1.6440727353672466	1.2704122753243898	1.0335691059447276	3.0760000000000079E-6	1.863000000000008E-6	1.0100000000000043E-6	8.4890000000000427E-7	4.9500000000000257E-7	3.403000000000018E-7	2.3000000000000095E-7	2.2550000000000095E-7	1.6320000000000096E-7	1.4590000000000048E-7	1.2639999999999999E-7	8.8640000000000574E-8	1.0390000000000046E-7	7.3110000000000355E-8	7.0410000000000496E-8	6.3750000000000316E-8	5.8950000000000253E-8	5.2840000000000253E-8	5.0700000000000308E-8	4.2700000000000257E-8	4.708000000000028E-8	4.3510000000000202E-8	4.5150000000000176E-8	3.4050000000000182E-8	3.7090000000000228E-8	3.8500000000000166E-8	3.031000000000015E-8	3.3060000000000145E-8	2.9270000000000159E-8	2.9050000000000128E-8	2.9410000000000146E-8	2.8970000000000153E-8	2.3320000000000016E-8	2.4320000000000065E-8	2.2440000000000163E-8	2.5290000000000126E-8	2.6210000000000157E-8	2.1920000000000096E-8	2.2850000000000145E-8	2.2140000000000121E-8	2.0490000000000116E-8	2.2970000000000159E-8	2.035000000000009E-8	1.8350000000000085E-8	1.991000000000012E-8	2.0860000000000095E-8	1.9070000000000114E-8	1.9530000000000119E-8	2.2780000000000122E-8	1.7150000000000081E-8	2.0590000000000094E-8	1.8360000000000116E-8	2.1150000000000097E-8	2.1060000000000101E-8	2.0210000000000116E-8	2.300000000000012E-8	2.1060000000000101E-8	2.4460000000000098E-8	2.1360000000000097E-8	2.204000000000016E-8	2.2180000000000126E-8	2.3850000000000101E-8	2.2620000000000126E-8	2.8600000000000157E-8	2.5330000000000108E-8	2.7820000000000162E-8	2.9670000000000186E-8	3.0570000000000167E-8	2.8600000000000157E-8	3.4380000000000179E-8	3.0140000000000156E-8	3.7600000000000224E-8	3.3270000000000158E-8	3.4530000000000158E-8	3.9970000000000218E-8	4.2430000000000255E-8	5.3360000000000347E-8	5.3400000000000253E-8	4.8990000000000255E-8	6.0180000000000305E-8	6.2460000000000389E-8	7.3000000000000389E-8	7.9440000000000439E-8	8.3840000000000505E-8	9.5720000000000635E-8	1.0770000000000052E-7	1.3640000000000085E-7	1.4640000000000065E-7	2.0900000000000064E-7	2.6430000000000165E-7	3.2810000000000178E-7	4.5530000000000197E-7	8.0290000000000368E-7	1.170000000000007E-6	2.0170000000000071E-6	2.4750000000000055E-6	TLM distance from source - feet
GeV/g/p
Steel thickness as seen by detectors

Steel thickness	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	5.1692274451668592	5.9937241742156484	6.9114915195366864	7.905167174264383	8.9547361269438248	10.040274969346237	11.143532182962653	12.248507944929113	13.341444030746873	14.41056100412607	15.445736327155929	16.438209771641304	17.380343619845334	18.265438710467766	19.087597956387089	19.841627120399078	20.522963655969924	21.127626209807428	21.652179128763542	22.093707763762186	22.44980148955899	22.718542207830875	22.89849673477184	22.98871195024012	22.98871195024012	22.89849673477184	22.718542207830875	22.44980148955899	22.093707763762186	21.652179128763542	21.127626209807428	20.522963655969928	19.841627120399078	19.087597956387089	18.265438710467766	17.380343619845341	16.438209771641318	15.445736327155929	14.41056100412607	13.341444030746874	12.248507944929115	11.143532182962657	10.040274969346237	8.9547361269438248	7.905167174264383	6.9114915195366864	5.9937241742156511	5.1692274451668734	4.4494076230877884	3.8373470869653152	3.3277911048557351	2.9094893875081587	2.5684732273456432	2.290773915079102	2.0639775272659819	1.8777797347571654	1.7239513164387457	1.5960516730344152	1.4890840755556918	1.3991791271382121	1.3233340204930133	1.2592087364876197	1.2049708953715559	1.1591791268143421	1.1206958403061624	1.0886220615415771	1.062248740102373	1.0410203776535798	1.024507945457622	1.0123889019636254	1.004432747983578	1.0004910257601358	1.0004910257601358	1.0044327479835782	1.0123889019636254	1.0245079454576222	1.0410203776536056	1.0622487401023726	1.0886220615415512	1.1206958403061615	1.1591791268143541	1.2049708953715559	1.2592087364876192	1.3233340204930031	1.3991791271382121	1.4890840755556918	1.5960516730344152	1.7239513164387457	1.8777797347571654	2.0639775272659673	2.290773915079102	2.5684732273456352	2.9094893875081587	3.3277911048557232	3.8373470869653152	4.4494076230877884	detector number
Steel thickness - inches
27 m TLM response
8 GeV protons on 24" diameter Fe target
TLM response	y = 1E-06x-0.907     R² = 0.9933
1.0004910257601358	1.0044327479835782	1.0123889019636254	1.0245079454576222	1.0410203776536056	1.0622487401023726	1.0886220615415512	1.1206958403061615	1.1591791268143541	1.2049708953715559	1.2592087364876192	1.3233340204930031	1.3991791271382121	1.4890840755556918	1.5960516730344152	1.7239513164387457	1.8777797347571654	2.0639775272659673	2.290773915079102	2.5684732273456352	2.9094893875081587	3.3277911048557232	3.8373470869653152	4.4494076230877884	5.1692274451668592	5.9937241742156484	6.9114915195366864	7.905167174264383	8.9547361269438248	10.040274969346237	11.143532182962653	12.248507944929113	13.341444030746873	14.41056100412607	15.445736327155929	16.438209771641304	17.380343619845334	18.265438710467766	19.087597956387089	19.841627120399078	20.522963655969924	21.127626209807428	21.652179128763542	22.093707763762186	22.44980148955899	22.718542207830875	22.89849673477184	22.98871195024012	22.98871195024012	22.89849673477184	22.718542207830875	22.44980148955899	22.093707763762186	21.652179128763542	21.127626209807428	20.522963655969928	19.841627120399078	19.087597956387089	18.265438710467766	17.380343619845341	16.438209771641318	15.445736327155929	14.41056100412607	13.341444030746874	12.248507944929115	11.143532182962657	10.040274969346237	8.9547361269438248	7.905167174264383	6.9114915195366864	5.9937241742156511	5.1692274451668734	4.4494076230877884	3.8373470869653152	3.3277911048557351	2.9094893875081587	2.5684732273456432	2.290773915079102	2.0639775272659819	1.8777797347571654	1.7239513164387457	1.5960516730344152	1.4890840755556918	1.3991791271382121	1.3233340204930133	1.2592087364876197	1.2049708953715559	1.1591791268143421	1.1206958403061624	1.0886220615415771	1.062248740102373	1.0410203776535798	1.024507945457622	1.0123889019636254	1.004432747983578	1.0004910257601358	1.3775364000000039E-6	1.3683116000000053E-6	1.361292800000005E-6	1.3463821000000089E-6	1.3371684000000049E-6	1.3264858000000077E-6	1.2971875000000079E-6	1.2813212000000004E-6	1.2538323000000021E-6	1.2235816999999995E-6	1.1839865000000053E-6	1.1476252999999999E-6	1.0973771000000057E-6	1.0450274000000024E-6	9.883762000000055E-7	9.2861890000000502E-7	8.6681330000000346E-7	7.9205120000000298E-7	7.1886250000000332E-7	6.4433840000000305E-7	5.7032980000000399E-7	4.9421930000000253E-7	4.2176230000000261E-7	3.5548420000000095E-7	2.9716230000000098E-7	2.4961920000000084E-7	2.1036110000000159E-7	1.8268420000000099E-7	1.6166440000000072E-7	1.4861780000000074E-7	1.3660910000000066E-7	1.2667750000000059E-7	1.2011760000000034E-7	1.1397490000000046E-7	1.0857040000000029E-7	1.0758360000000031E-7	1.0379330000000001E-7	1.0179240000000002E-7	9.956500000000076E-8	9.855170000000068E-8	9.779430000000066E-8	9.7553900000000565E-8	9.472100000000068E-8	9.4442100000000276E-8	9.3692600000000565E-8	9.3679600000000537E-8	9.3013000000000411E-8	9.2763900000000374E-8	9.3231100000000505E-8	9.288570000000029E-8	9.384970000000043E-8	9.4169900000000486E-8	9.4732700000000426E-8	9.390840000000064E-8	9.6598500000000585E-8	9.7438900000000368E-8	9.774330000000043E-8	1.0120570000000075E-7	1.0312580000000052E-7	1.0403370000000065E-7	1.0637850000000048E-7	1.0937310000000001E-7	1.1352220000000042E-7	1.827061000000007E-7	1.2648780000000053E-7	1.366208000000008E-7	1.4980410000000069E-7	1.6208560000000092E-7	1.827061000000007E-7	2.1214250000000101E-7	2.4980600000000088E-7	2.9857860000000161E-7	3.5421330000000196E-7	4.2075650000000156E-7	4.9490070000000319E-7	5.7043980000000279E-7	6.4133270000000427E-7	7.2158910000000356E-7	7.9681240000000331E-7	8.669287000000047E-7	9.3169550000000465E-7	9.8551110000000588E-7	1.0410675000000059E-6	1.097813300000003E-6	1.1415446000000021E-6	1.1849725000000081E-6	1.2216255000000028E-6	1.2509613000000021E-6	1.2878840000000031E-6	1.3080317000000045E-6	1.3275962000000021E-6	1.3433185000000069E-6	1.3558173000000054E-6	1.3612069000000055E-6	1.3686001000000068E-6	1.3757586000000049E-6	steel thickness between beam loss and TLM - inches
GeV/g/p
27 m TLM peak response in 45 cm bin
TLM peak response	y = 8E-08x-0.961     R² = 0.9886
1.0004910257601358	1.0044327479835782	1.0123889019636254	1.0245079454576222	1.0410203776536056	1.0622487401023726	1.0886220615415512	1.1206958403061615	1.1591791268143541	1.2049708953715559	1.2592087364876192	1.3233340204930031	1.3991791271382121	1.4890840755556918	1.5960516730344152	1.7239513164387457	1.8777797347571654	2.0639775272659673	2.290773915079102	2.5684732273456352	2.9094893875081587	3.3277911048557232	3.8373470869653152	4.4494076230877884	5.1692274451668592	5.9937241742156484	6.9114915195366864	7.905167174264383	8.9547361269438248	10.040274969346237	11.143532182962653	12.248507944929113	13.341444030746873	14.41056100412607	15.445736327155929	16.438209771641304	17.380343619845334	18.265438710467766	19.087597956387089	19.841627120399078	20.522963655969924	21.127626209807428	21.652179128763542	22.093707763762186	22.44980148955899	22.718542207830875	22.89849673477184	22.98871195024012	22.98871195024012	22.89849673477184	22.718542207830875	22.44980148955899	22.093707763762186	21.652179128763542	21.127626209807428	20.522963655969928	19.841627120399078	19.087597956387089	18.265438710467766	17.380343619845341	16.438209771641318	15.445736327155929	14.41056100412607	13.341444030746874	12.248507944929115	11.143532182962657	10.040274969346237	8.9547361269438248	7.905167174264383	6.9114915195366864	5.9937241742156511	5.1692274451668734	4.4494076230877884	3.8373470869653152	3.3277911048557351	2.9094893875081587	2.5684732273456432	2.290773915079102	2.0639775272659819	1.8777797347571654	1.7239513164387457	1.5960516730344152	1.4890840755556918	1.3991791271382121	1.3233340204930133	1.2592087364876197	1.2049708953715559	1.1591791268143421	1.1206958403061624	1.0886220615415771	1.062248740102373	1.0410203776535798	1.024507945457622	1.0123889019636254	1.004432747983578	1.0004910257601358	6.4270000000000323E-8	6.4870000000000355E-8	6.4360000000000465E-8	6.4160000000000384E-8	6.4830000000000455E-8	6.2620000000000305E-8	6.2500000000000315E-8	6.2750000000000387E-8	6.1060000000000323E-8	6.0080000000000324E-8	5.9270000000000252E-8	5.7890000000000368E-8	5.6790000000000338E-8	5.2690000000000308E-8	5.2080000000000325E-8	4.8750000000000255E-8	4.6060000000000215E-8	4.3490000000000252E-8	3.9620000000000172E-8	3.710000000000022E-8	3.2760000000000162E-8	2.8650000000000121E-8	2.5710000000000116E-8	2.1280000000000122E-8	1.7520000000000107E-8	1.4910000000000075E-8	1.2750000000000063E-8	1.067000000000006E-8	8.8670000000000654E-9	8.170000000000051E-9	6.9830000000000484E-9	6.275000000000043E-9	5.7470000000000332E-9	5.1050000000000249E-9	4.3260000000000208E-9	4.5800000000000293E-9	4.099000000000029E-9	4.1000000000000193E-9	4.144000000000013E-9	3.8740000000000195E-9	4.1050000000000192E-9	3.752000000000021E-9	3.9930000000000229E-9	3.7470000000000294E-9	3.8220000000000201E-9	4.2540000000000186E-9	3.8590000000000199E-9	3.9480000000000232E-9	3.715000000000022E-9	3.6890000000000236E-9	3.8080000000000224E-9	3.8890000000000224E-9	3.9540000000000209E-9	4.035000000000025E-9	3.7930000000000277E-9	4.0310000000000296E-9	3.8810000000000208E-9	4.0030000000000235E-9	4.5840000000000214E-9	4.1160000000000201E-9	4.3380000000000262E-9	4.9040000000000277E-9	5.0760000000000383E-9	1.101000000000006E-8	6.1670000000000231E-9	6.858000000000039E-9	8.1920000000000561E-9	9.2030000000000494E-9	1.101000000000006E-8	1.2430000000000056E-8	1.4820000000000079E-8	1.8400000000000112E-8	2.1260000000000102E-8	2.4680000000000126E-8	2.8820000000000109E-8	3.2960000000000157E-8	3.5740000000000186E-8	3.9980000000000183E-8	4.2940000000000165E-8	4.6110000000000206E-8	4.9150000000000265E-8	5.1040000000000165E-8	5.4630000000000324E-8	5.5790000000000349E-8	5.757000000000027E-8	5.914000000000029E-8	5.9230000000000326E-8	6.0780000000000389E-8	6.3430000000000324E-8	6.3010000000000364E-8	6.4420000000000374E-8	6.4970000000000336E-8	6.4650000000000331E-8	6.6120000000000264E-8	6.5270000000000293E-8	6.4850000000000385E-8	steel thickness between beam loss point and TLM - inches
GeV/g/p
Dose over A2B7 normalized to 3.6E13 8 GeV protons
April 2012	5	10	15	20	25	7.5166195503176908E-2	0.19277180845628339	0.24987128754984941	0.22163033765801468	0.11425869039556699	2000 sheilding assessment	5	10	15	20	25	9.9375225559406255E-2	0.22123064456775343	0.26174636358959191	0.22663967370753652	0.11869966811827998	distance from US end of A2B7 - feet
mrem, QF assumed to be 1
27
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APPD. DATE
COORDINATES
FOR PLOTTING
LAMINATION
X bd
=21 .8250 0.0000 ADDITIONAL COORDINATES DESCRIBE
-14.3750 0.0000 THE REST OF THE LAMINATION.
-14.3750 6.7500
~6.6250 6.7500 |=1-POINT AA
i , -6.5703 6.0372
i o v _ = -6.5674 6.0000
5 | : -6.5570 5.8750
: WITNESS MARK, SEE DETAIL B, _ “2°§§§§ gngggg
_ NOTE THAT THE WITNESS MARK IS NOT -6. : NOTCHES AND KEYWAYS AR
s 21.125 ; SYMMETRICAL ABOUT THE CENTERLINE. , :g:gggg §°§3§8 IN THIS TABLE. SEE DRAEIN%T PESCRIBED
117,375 ~6.5000 5.3287
- -6.4895 5.2500
=0 2250 DIA | 8ages | 216800
=== ATL 8. .
//TA ] .002 . A « e ~6.4280 4.8750
~< - ' ., - -6.4036 4.7500
T //<£Z 1735 i MAX. -6.3779 4.6250
5 ; TYPICAL)‘ EXCEPT ”‘6-:3750 4:61 15
/// POLE -FACE CONTOURS -6.3506 4.5000
- : ‘ AND WHERE OTHERWISE —6.3216 4.3750
| oty ~6.2906 4.2500
15 e v » -5.2574 4.1250
. ts \ r 4 -6.2500 4.0981
A CENTER DOF SRAYITY. : o =5 2219 4.0000
14.000 . ) e _ -6.1839 3.8750
I f | e -6.1437 2.7500
11.875 : F —gn1§50 3.6943
: . : -6.1011 3.6250
10.250 | POINT AA Lpe sy r . §
5 "y 7.8 : G.0561 3.5000
L qmwi\ﬂ r S 86 60084 33950 COORDINATES FOR POLE-FACE
| . _ A : : -6.0000 3.3537
2 éoo | i 1 : -5.9579 3.2500
) . 5 - \ -5.9043 3.1250
T /Ci> _ _ L _ 2 , % o -5:8750 | 3.0504 LSEG s cleh
—1 .001 ‘ ' B -5.8477 3.0000 SEE N .
x 5 //>7 L WV, | -5.7877 2.8750 oTE ©.9
, T -5.7500 2.8001
KEYWAY, SEE DETAIL C ' -5.7240 2.7500
e G 5D o 1/32 R. MAX. ALL INTERNAL RADII -5.6565 2.6250
.500 - Y o EXCEPT POLE-FACE CONTOURS AND -5.6250 2.5692
ey e WHERE OTHERWISE NOTED. _ -5.5847 2.5000
po 14, — -5.5081 2.3750
g ~ -5.5000 2.3622
; o ORIGIN FOR POLE-FACE
19,500 ——————= -5.4261 2.2500
COORDINATE SYSTEM. Ity R
21.625 -5.3379 2.1250
: ~5.2500 2.0097
-5.2423 2.0000
, , -5.1375 1.8750
L[A].002 SYMMETRICAL ABOUT CENTERLINE 21250 LB
; | a -5.0000 1.7290
NOTE: WITNESS MARK IS NOT SYMMETRICAL ABOUT THE CENTERLINE 488 N
-4.7500 1.5139
-4.7309 1.5000
~4.6250 1.4295
~4.,5296 1.3750
~4.5000 1.3599
~4.3750 1.3039
~4.2500 1.2605
aTEe ~4.2134 1.2500
N Se : -4, 1250 1.2283
© -4.0000 1.2057
-3.8750 1.1909
1.0 STEEL DESCRIPTION: COMMERCIAL QUALITY 1008 COLD ROLLED DRAWING : ~3.7500 1.1822
QUALITY ASTMA 619-75 CLASS 1, 16 GUAGE .0598 * .005" (AISI STANDARD) -3.6250 1.1779
THICKNESS. MASTER COIL CROWN SHALL BE .003" OR LESS OVER THE FULL -3.5000 1.1766
WIDTH BEFORE SLITTING. THIS STEEL SHALL HAVE AN _IRON PHOSPHATE COATING WITH ] ~3.3750 1.1772
WITH A COATING WEIGHT BETWEEN 30-60 MG. PER SGQUARE FT. 90 ~3.2500 1-1788
2.0 HARDNESS: HARDNESS WILL BE MEASURED ON THE ROCKWELL B SCALE. e, ~3.0000 1.1824 R S
A MINIMUM OF 20 AND A MAXIMUM OF 45 WILL BE SET AS REJECTION LEVELS. = 45 -2.8750 1.1839 ‘
I ~2.7500 1.1851 ITEM PART NO. DESCRIPTION OR SIZE QTY.
3.0 TEST SPECIMENS: VENDOR SHALL PROVIDE FERMILAB WITH SAMPLES FOR TS5 8350 11860
EPSTEIN TESTS, CONSISTING OF 20 PARALLEL AND 20 TRANSVERSE STRIPS , ! 5 2500 1 1866 PARTS LIST A
1.181" X 12" AS SHEARED. THESE SAMPLES WILL BE LABELLED WITH THE ' -2.3750 1.1870 UNLESS OTHERWISE SPECIFIED | ORIGINATOR| ¥00. HEIN X)) T
HEAT AND COIL NUMBERS APPLIED TO EACH STOCK CARD. THESE SAMPLES //// 375 535500 11872 e PR A 1200F
WILL BE DISTRIBUTED THROUGHOUT THE HEAT. , ' 2.1250 | 1.1874 A e S Lk ol T BRI [
- 1/32 R. MAX. -2.0000 1.1875 t1/64 |*.002 |+ 1° |CHECKED AL o prdona | /2453
4.0 THE LAMINATIONS, AND THE STEEL BEFORE STAMPING, MUST BE ? : g : - et
HANDLED CAREFULLY SO AS NOT TO CAUSE DAMAGE BY BENDING, | TYPICAL VEE NOTCH 1eBEY | 11872 i. B L s meem  |WPPROVED, | ghef
OR SCRATCHING. 2 4" ° 2. DO NOT SCALE DRAWING. |USED ON
DETAIL A NOT TO SCALE gt felE7S 3. DIM. TO ANSI Y14.5
~~~~~~ 5.0 THE EDGE BURR SHALL NOT EXCEED .003 , ' 1 . 4o MAX. ALL MACH. SURFACES
, 1.3750 1.1875 Dy——
90° —_ -1.2500 1.1875 v
6.0 VARIATION BETWEEN PARTS SHALL NOT EXCEED #,0005 - .502 -1.1250 1.1875
7.0 PIECE PART SHALL BE FLAT WITHIN 125 r‘45° B e =280 | (i JHC FERMI NATIONAL ACCELERATOR LABORATORY
8.0 USE TABLE TO LOCATE POINTS FOR POLE-FACE SURFACES. SURFACES ; oos . 1/64 R. MAX. TYP. f . ~. 7500 1.18/5 e, UNITED STATES DEPARTMENT OF ENERGY
SHALL BE SMOOTH CURVES WHERE INDICATED. ‘ ! ' —_\\\Q x = I+ 1875
9.0 LAMINATION PERIMETER: 140.20 INCHES ‘>s/ | -.3750 1.1875 TEVATRON I
LAMINATION AREA: 448,00 SQUARE INCHES 1/32 R, MAX. — , ~wi 2l 110 SMALL. DIPOLE
| WITNESS MARK TYPICAL KEYWAY ~ POINT BEB--—=010000 | 1.1875 LAMINATION
. — - ; 4 - 0.0000 14,0000 SCALE FILMED DRAWING NUMBER REV.
DETAIL B 3x scaLe B DETALL C FuLL SIZE  / —%} :gégg 13:8888 1 /4 8020-MD-176022
o : ' e h / ; CREATED WITH CD/2000 VERSION 1.3
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Normalized 125' TLM response at A2B7 for 3 intensities
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Normalized 250' TLM response at A2B7 for 3 intensities
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