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Abstract

This note provides the results of measurements of dose equivalent obtained with the HANDI
TEPC in the 48 exposure locations at the CERF (CERN-EC high-energy Reference Field)
facility, on top and on side of the two target positions. The measurements were performed during
the runs in the years 1999, 2000 and 2001. In 2001 the experiments were carried out only at a
few positions on the concrete top and on the concrete side. A complete mapping of the whole
exposure area was instead performed in 2000. In 1999 the dose equivaent was measured only for
the most frequently used positions on the concrete top, iron top, concrete side and iron side. The
results of the 1997 run are also presented for the purpose of comparison, along with the FLUKA
reference values for the neutron component.
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1. Introduction

This report presents the results of measurements carried out with the CERN HANDI TEPC at the
CERN-EC high-energy Reference Field (CERF) facility [1-3]. The measurements were
performed during three runs in 1999 (May, June and August), two runs in 2000 (May and July)
and two runs in 2001 (August and October). For comparison the results of the 1997
measurements [4] are also listed, along with the FLUKA reference values for the neutron
component. As usual, a beam of positively charged hadrons (a mixture of about 2/3 pions and 1/3
protons, with a few percent kaons) with a momentum p=120 GeV/c was supplied to the users in
different intensities.

2. Experi mental set-up

Measurements of the dose equivalent a8 CERF were performed with the HANDI TEPC. The
HANDI instrument, developed at the Universitét des Saarlandes in Homburg, is based on a low-
pressure tissue-equivalent proportional counter (TEPC). The spherical TEPC is filled with
propane based tissue-equivalent gas simulating a density of 1 g/cnt and a diameter of about
2 um. In 1999, 2000 and 2001, before the start of each beam time period, the HANDI was
calibrated in the CERN calibration laboratory with a®°Co source,

A 3-D view of the CERF facility is shown in Fig. 1. There are 16 reference exposure locations on
top of the 80 cm thick concrete roof-shield (Concrete Top) and 16 on top of the 40 cm thick iron
roof-shield (Iron Top), as shown in Fig. 2. They are arranged in agrid of 2 x 2 m2 (Fig. 3). Each
reference location is a square of 50 x 50 c?. Additional measurement positions are available
alongside the lateral-shield of theirradiation cave (Fig. 2). Shielding is 80 cm concrete when the
target is placed under the concrete-roof shield Concrete Sde) or 160 cm concrete when the
target is placed under the ironroof shield (ron Sde). At both positions 8 additional exposure
locations (arranged in 2 x 4 grids made up of the same 50 x 50 cn? elements) are provided. At
each reference position the spectra is well known by Monte Carlo ssimulations performed with
the FLUKA code [5, 6].

The measurements were performed in the centre of the 50 x 50 cnf reference exposure positions
at approximately 25 cm above floor on the concrete top and iron top, and at the beam height on
the lateral positions.

The beam intensity in the H6 beam is monitored with an air-filled Precision lonisation Chamber
(PIC). One PIC—count corresponds to 2.3x10* incident particles within a statistical uncertainty of
4% [7]. The intensity was varied by means of the collimators C3 and C5 (see ref. 4 and
Appendix B in ref. 8). The beam cycle and the energy of the primary beam in the SPS changed
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between 1997 and 2001 due to an upgrade of the SPS for the future LHC (Table 1). The
secondary beam in the H6 line was always 120 GeV/c positive particles.

Fig. 1. Axonometric view of the CERF facility in the experimental hall EHN1 on the Prévessin
site of CERN.

Table 1. Beam cycle parameters and proton momentum of the SPS during the runs in the years
1997, 1999, 2000 and 2001.

Year SPS—p* momentum Cyclelength Spill length
[GeVic] Bl [
1997 450 144 2.37
1999 450 144 2.37
2000 until 13 July 450 144 2.37
2000 after 13 July 400 14.4 3.2
2001 400 16.8 5.2
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Fig. 2. Plan and sectional views of the CERF facility.

T1 T5 TO T13
T2 T6 T10 T 14
T3 T7 T11 T15
T4 T8 { T12 T 16

Fig. 3. The reference grid with the 16 exposure locations used on the concrete and iron roof-
shields. The target (in grey) and the beam direction (arrow) are shown. Each square in the grid

is50° 50 cm?.
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In 1999 the measurements were made in several squares on the concrete top, iron top, concrete
side and iron side. A complete mapping of the dose equivalent rate (normalised to PIC-count) at
the 48 reference locations was carried out in the runs of 2000. In the 2001 runs only a few
positions on the concrete top and on the concrete side were measured.

3. Results

The measured dose equivalent values at the reference positions of CERF are given in Tables 2-5
for each year and for different beam intensities. The tables show the total dose equivalent, the
low LET (<6keV/um) and the high LET (>6keV/um) components, evaluated from the
absorbed dose by the Q(L) relationship of ICRP60, with the evaluation program of Sannikov [9].
Repetitive measurements of the same year are averaged if they refer to the same beam intensity.
All values are normalised to one PIC-count. As can be seen from the &bles, the low LET
component and thus the total dose equivalent vary strongly with the beam intensity. This is due
to alow LET background component that is independent of the beam intensity in H6, but it is
rather due to muons coming from upstream in the beam line as well as from adjacent beam lines
[1]. This background appears as a nonlinearity of the detector response as a function of beam
intensity. For this reason an average over different beam intensities is given only for the high
LET component. The results of the 1997 run and the FLUKA simulations, as given in refs. 1 and
4, are dso listed for the purpose of comparison. The 1997 measurements were performed with
beam intensities in the range 3500 — 5000 PIC-counts per spill for the concrete top and concrete
side, in the range 1000 — 2200 PIC-counts per spill for the iron top, and in the range 1000 — 9000
PIC-counts per spill for the iron side. The values of the neutron ambient dose equivalent from the
simulations were obtained by folding the neutron spectral fluence calculated by FLUKA at each
reference position with the fluence-to-ambient dose equivalent conversion coefficients of
ICRP74 [10] and of Ferrari and Pelliccioni [11]. These values are also normalised to one unit of
the beam monitor (PIC-count). They are listed in the column “FLUKA” and are to be compared
with the “HIGH LET” values of the experimental data.

The agreement between measurements of different years is in general very good. For the
concrete top and side, roughly 75% of the values show an agreement within 1s uncertainty,
while 25% show an agreement within 2s uncertainty. At the iron side the situation is similar:
60% of the measurements agree within an uncertainty of 1s, 40% with an uncertainty of 2s. On
the iron top the values of 1997 and 1999 are in perfect agreement and dightly lower than the
FLUKA values: 83% of the values agree within 1s, 17% within 2s. On the other hand, the
results of the measurements of 2000 on the iron top show a tendency of being significantly
higher, by afactor of 1.15 to 1.40, in comparison with those obtained in the other years. This fact
is not fully explained yet, since the measuring conditions did not change from one year to the
other. Data for concrete top, concrete side and iron side are also usualy dightly higher for 2000
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with respect to both the results of measurements in the other years and the FLUKA values
(Fig. 4).

A graphical representation of the high LET values from Tables 2-5 is shown in Figures 4 and 5
for positions 4 and 6 on the concrete top for the years 1999, 2000 and 2001. Figure 6 shows the
stability of the high LET component in the CERF field through the runs of one year. The data are
from the runs in 2000 on the iron top.

4. Conclusions

The comparison of the HANDI measurements performed in the CERF facility during the runs
1999 — 2001 has shown good agreement with the results of the 1997 run, in particular for the
neutron dose equivalent rates (HIGH LET). There is aso a good agreement between the neutron
dose equivalent rates measured by the TEPC and those calculated by FLUKA.
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Table 2. Dose equivalent rates on top of the concrete roof-shield (Concrete Top). The values arein 10 Sv /PIC-count. The FLUKA values are high-LET.

Pos

CT1
CT2
CT3
CT4

Aver.

CT5
CT6

Aver.

CT17
CT8

Aver.

CT9

PIC/
spill

1000

2700
3700

6100
7500
7800

7500

7000

2001

TOTAL HIGH LET
277+022 177+020
191+014 134+012
233+£013 184+011
221+012 184+0.10
187012 148+011
222+012 181+010
221+010 184+007
196+012 162+0.10
227+010 190+0.10
182+011 150+010
181+ 0.36

371+£022 263+0.18
320£013 245+011
335+011 271+0.08
402+011 311+033
266+ 040

292+011 237+0.10
277+£010 225+0.08
231+£013

LOW LET

1.00 + 0.05
057+ 0.03
0.49 + 0.02
0.37 £ 0.02
0.39+ 0.02
0.41 +0.02
0.37+0.01
0.34 +0.02
0.37+0.01
0.32+0.02

1.08 £ 0.05
0.75+ 0.03
0.64 + 0.02
0.91+0.08

0.55+ 0.02
0.52+0.01

PIC/
spill
3000
3000

3000

200C

TOTAL HIGH LET
295+ 0.20 240+0.18
343+ 023 288+ 021
310+ 021 258+ 0.20
259+ 021 223+0.20
236+ 015 195+014
280+ 0.20 234+0.18
217+0.30

425+ 027 344+0.24
411 +037 3.32+0.30
4.26 + 0.35 346 +0.31
4.75 + 0.45 394+ 041
3.57+ 0.60

395+ 0.25 321+0.22
318+ 0.24 270+0.21
323+021 257+0.18
319+ 017 262+0.14
263+0.31

410+ 0.26 328+0.22

LOW LET
0.55+0.03
055+ 0.03
052+ 0.03

0.36 + 0.02
041 +0.02
046 +0.02

0.81+0.04

0.79 = 0.07
0.80 + 0.06
0.81 + 0.06

0.74 +0.04
048 +0.03
0.66 + 0.03
0.57 £ 0.03

0.82 + 0.04

PIC/
spill

4800
3900

1400

4100

TOTAL
276 +0.19
311+021

457 +0.26
324 £ 020
348 +0.20
342+021

332+021

1999

HIGH LET LOW LET

228+017
253+019

3.06 + 0.20
257+0.18
272+017
289+ 019
2.81+037
2.68+0.19

048 +0.02
0.58 + 0.03

151+0.08
0.67 = 0.03
0.76 + 0.04
0.53+0.03

0.64 + 0.03

TOTAL
251+0.23
262+ 0.24
269+ 0.23

198+0.18

312+030

323+0.30

364+ 031

278+ 025

349+ 0.32

1997

HIGH LET
211+0.22
226+ 0.22
233+021

171+017

262+ 027

273+ 0.27

320+ 030

241+024

295+ 030

LOW LET
040+ 0.02
0.36 +0.02
0.36 +0.02

0.27 +0.02

0.50 + 0.03

050+ 0.03

044 +0.03

0.37 £ 0.02

0.54 + 0.03

FLUKA

216
225
213

185

254

270

267

223

253



Table 2 (continued).

PIC/

Pos | spill ~ TOTAL

CT10 | 2300 332+021
4000 303+0.17
6000 3.87+0.20
7500 2971011

Aver.

CT11

Aver.

CT12
6000 3.09+0.17
7000 3.05+0.10

Aver.

CT13

CT14

CT15

CT16

Aver.

2001

HIGH LET
222+ 0.16
228+0.14
320+ 0.17
243+ 0.10
253+ 0.29

251+014
250+ 0.10
251+ 017

LOW LET
110+ 0.06
0.75+0.04
0.67 + 0.03
0.54 +0.02

0.58 + 0.03
0.55 + 0.02

PIC/
sill

2900

1400
2800

2800
3500

TOTAL

413+ 0.26

397 +026

323+ 0.28
371+024
342 +0.22
318+ 016

346+ 023
355+023
359+023
3.05+0.02
342018

2000

HIGH LET

329+ 022

317+023

2.74+ 0.26
298+021
279+0.20
260+ 0.13
278+ 041
2.67£0.20
275+£021
2.80+0.20
2.34+018
2.81+£016
257+£024

LOW LET

0.80+ 0.04

0.49 + 0.03
0.73+0.04
0.63 + 0.03
0.58+0.03

0.79+0.04
0.80 + 0.04
0.79+0.04
0.71+0.04
0.61 + 0.03

PIC/
spill

1400

4700
5700

4100

1999

TOTAL HIGH LET
446+ 0.27 3.22+0.23
331021 267+0.19
295+0.15

372+ 019 268+ 0.16
370+ 0.18 284+0.16
330+ 0.10 2.64+0.09
359+0.21 289+0.19
326+015 268+013
337+022 284+0.20
2.76 £ 0.39

366+ 0.18 254+0.15
300+ 019 247+0.17
250+0.23

312+ 020 237+0.18
237+013 1.90+0.10

LOW LET

124 + 0.06
064+ 0.03

104+ 0.04
086+ 0.03
066 + 0.02
070+ 0.03
058+ 0.02
053+ 0.03

112+ 0.04
053+ 0.03

0.74+ 0.04

047 + 0.02

TOTAL

3.51+0.30

3.61+0.31

3.06 +0.27
2.84+0.25
3.09+0.27
3.17+0.30

248+0.22
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1997

HIGH LET

300+ 0.28

314+ 0.28

266 £ 0.25
237+023
262+ 024
274+ 027

211+ 020

LOW LET

0.51+0.03

047 +0.03

040+ 0.03
047 +0.03
047 +0.03
043 +0.03

0.37 £ 0.02

FLUKA

2.70

265

221
207
222
207

182
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Table 3. Dose equivalent rates on top of the iron roof-shield (Iron Top). The values are in 10*° Sv/PIC-count. The FLUKA values are high-LET.

2000 1999 1997 FLUKA
PIC/ PIC/
Pos. [spill  TOTAL HIGHLET LOW LET spill TOTAL HIGH LET LOW LET TOTAL HIGH LET LOW LET
IT1 [125012.07+0.73 11.30+0.70 0.77+0.04 3500 9.21+0.49 8.66 £ 0.46 0.55+0.03 9.52 + 0.67 8.96 £ 0.67 0.56 + 0.04 10.41
IT2 [125014.67+£0.84 13.30+0.80 1.37+0.07 10.28+0.68 9.82 £ 0.65 0.46+0.03 11.70
IT3 [125014.69+0.87 13.90+0.83 0.79+0.04 11.90+0.83 11.43+0.82 0.47+0.03 12.38
IT4 [125013.87+1.46 13.10+1.40 0.77+0.07 4800 10.70+0.56 10.40+ 0.55 0.30+0.01 11.00+0.70 10.58 + 0.70 0.42+0.03 11.37
ITS [125014.91+£0.86 13.60+0.81 1.31+0.07 4000 11.57+0.64 11.10+ 0.62 0.47 £0.02 12.14+0.84 11.47 + 0.80 0.67+0.04 12.86
IT6 |125017.47+0.45 16.10+026 1.37+0.04
240017.33+£0.10 16.00+1.04 133+0.10 4100 14.02+0.76 13.40+0.73 0.62 +0.03
250016.65+0.96 15.80+1.03 0.85+0.06 4500 14.45+0.77 13.70+ 0.73 0.75+£ 004 14.37+0.94 13.67 + 0.92 0.70+0.04 14.90
15.97+1.49 13.55+ 1.03
IT7 1125020.05+1.08 1810+0.10 195+0.10 4200 15.39+0.83 14.80 + 0.80 0.59 +0.03 15.46+0.10 14.78 + 0.94 0.68+0.04 16.02
IT8 |125018.58+1.05 17.30+0.10 128+ 0.06 13.01+0.88 12.40 + 0.85 0.61+0.04 14.93
IT9 |125014.50+0.81 13.20+0.75 1.30+0.07 11.05+0.75 10.18 + 0.70 0.87+1.07 12.03
IT10 1000 15.42+0.98 14.10+ 0.92 1.32 +0.07
1500 15.48+0.88 1450+ 0.84 0.98 + 0.05
2100 15.08 + 0.86 14.30+ 0.83 0.78+ 004
2900 14.57+0.84 13.90+0.81 0.67 £ 0.03
4800 14.41+0.80 13.90+0.78 0.51+0.03
125018.06+1.03 16.70+0.10 1.36+0.07 5800 14.46 +0.82 14.00+0.80 0.46 + 0.02 14.30+0.10 13.60 = 0.95 0.70+0.04 14.54
Aver 14.12+ 2.03
1T11{125019.95+1.12 1860+1.06 135+0.26 4100 16.31+0.87 15.70+0.84 0.61+0.03 16.35+1.02 15.67 = 1.00 0.68+0.04 15.96
1T12(125018.51+1.05 17.20+0.10 131+0.07 4200 1453 +0.76 14.00+ 0.73 0.53+0.03 14.57+0.10 13.95+ 0.93 0.62+0.04 14.71
1T13{125010.52+0.63 9.04+0.60 148+0.07 4000 6.96 + 0.40 6.53+ 0.38 0.43 +0.02 830+ 0.61 754+ 057 0.76+0.05 7.32
1T14{120012.89+0.74 11.30+0.70 159+0.10 4100 9.85+ 0.55 9.38+0.53 0.47 £ 0.02 11.00+0.81 10.20 £ 0.77 0.80+0.05 10.02
IT15 2000 12.13+0.61 11.10+ 0.56 1.03+0.05
120014.13+0.81 1240+0.74 1.73+0.10 3900 10.98+0.61 10.30+ 0.58 0.68+0.03 12.53+0.83 11.72 + 082 0.81+0.05 10.99
Aver 10.70+ 2.31
1T16(125014.17+£0.82 1240+0.74 177+0.10 4100 10.16+0.56 970+ 054 0.46 £ 0.02 11.99+0.75 11.16 £ 0.73 0.83+0.06 10.05




2001

HIGH LET

3.83+£0.20
3.73£0.20
3.78+0.28
251+0.13
332+ 0.17
296+ 0.15
2.93+0.26

Table 4. Dose eq
values are in 10°° Sv/PIC -count.
PIC/
Pos. | spill TOTAL
csl
cR
CS3 |1500 4.39+0.22
6000 4.28+0.22
Aver
CHA 2200 286+0.14
4000 3.78+0.20
6000 3.32+0.17
Aver.
C®
C®
cs?
Cc8

LOW LET

0.56 £ 0.04
055+ 0.04

0.35+0.02
0.46 + 0.03
0.36+0.02

PIC/

spill TOTAL

2800
2800

2850

2900

2900
2800
2800
2800

5.00+£0.31
5.12+0.16

4.98+0.31

4.32+0.30

3.75+0.25
3.94+0.26
3.26+0.22
3.06+0.21

2000

HIGH LET

4.33+£0.28
445+ 0.14

4.39+0.30

3.86 + 0.26

328+0.23

348+0.24

2.85+0.20

274+0.14

1999

PIC/
LOW LET|spill  TOTAL HIGHLET LOW LET| TOTAL

0.67 £ 0.03
0.67 £ 0.02

0.59 £ 0.05

3800 4.25+0.22 3.66+0.19 0.59+0.03| 4.40+0.40
2100 4.68+0.20 4.06+0.19 0.62+0.02| 4.56+0.40

447041

0.46+0.02|2200 4.14+0.16 3.62+0.15 0.52+0.02| 3.63+0.31

047+ 044
0.46 + 0.02
0.41+0.02
0.32+ 0.02

3.75+0.32
3.44+0.30
3.12+0.30
290+ 0.25
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1997

HIGH LET
3.80+0.36
3.96 £ 0.35

3.95+ 040

3.23+0.30

3.31+0.30
3.02+0.26
276+ 0.26
260+0.24

uivalent rates alongside the 80 cm concrete side-shield, i.e. with the target placed under the concrete roof -shield (Concrete Side). The

LOW LET
0.60 £ 0.03
0.60 £ 0.03

0.52+0.03

0.40 + 0.02

0.44 + 0.03
0.42 + 0.02
0.36 + 0.02
0.30+ 0.02

Table 5. Dose equivalent rates alongside the 160 cm concrete side-shield, i.e. with the target placed under the iron roof-shield (Iron Side). The values are in
10™ Sv/PIC-count. Position 5 is not available for measurements.

PIC/
Pos. | spill
ISL | 1310
I | 1310
IS3 | 1385
IS4 | 1250
1S5
IS5 | 1250
IS7 | 1250
IS8 | 1250

2000

TOTAL
5.08 £ 0.60
549+ 0.72
505+ 0.61
337+ 0.75

451 + 0.64

392+054
3.30£0.60

HIGH LET
431+ 0.58
4.65+0.70
4.35+ 0.60
3.00+0.74

410+ 0.64

3.58 + 0.54
3.00+0.58

PIC/

LOW LET | spill
0.77+0.04 | 3500
0.84+0.04 | 5400

0.70+0.03 | 4100

0.37+0.00

0.41+0.22 | 4000

0.34+0.02

0.30+0.02 | 5000

TOTAL
437+0.34
347+0.25

3.17+0.30

301+021

2.03+0.16

10

1999

HIGH LET
3.88+0.33
3.13+£0.23
2.88+ 0.29

272+ 0.20

1.83+0.15

LOW LET
0.49 = 0.02
0.34 £ 0.02

0.29+ 0.01

0.29+ 0.01

0.20+0.01

TOTAL
5.09 + 0.40
4.38 £ 0.31
3.64+0.25
284+0.24

344+03

370+0.27
2.65+0.20

1997

HIGH LET
4.72+0.40
4.03+0.30
3.34+0.24
2.60+0.23

3.18+0.30

3.28+0.25
2.45+0.20

LOW LET
0.37 £ 0.02
0.35+0.02
0.30 £ 0.02
0.24 £ 0.01

0.26 £ 0.01

0.42 + 0.03
0.20+0.01
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Fig. 4. The high LET component as measured for position 4 on concrete top in the 2000 and
2001 runs for several beam intensities.

POSITION CT 6
4.50E-10
4.00E-10 {
& 3.50E-10 il o HIGH LET 1999
3 I tI 1 e HIGH LET 2000
? 3.00E-10 T ) A HIGH LET 2001
[ 1 :
2.50E-10 1 3
200E'10 T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000
PIC/ spill

Fig. 5. The high LET component as measured for position 6 on the concrete top in the 1999,
2000 and 2001 runs.
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IT 06
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Fig. 6. Reproducibility of the high LET in a position on the iron top (measurements in 2000).
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