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Radiation Environment and Induced Activity
Near the RHIC Internal Beam Dump

I. Introduction

The purpose of this note is to document calculations of the radiation environment
and induced radioactivity near the internal beam dump. Estimates for these quantities are
required for evaluation of potential radiation damage effects on electronics or other
equipment near the dump and for determining hazards in this region to personnel during
periods when the collider is not running. Estimates of the radiation environment in "quiet"
areas of the collider have been previously reported.'

II. The Dump Geometry

Figs. 1,2, and 3 are sketches of the dump as now envisaged. Conceptually, the
purpose of the dump “core" is to absorb the beam energy while the steel surrounding the
core (for Z < 2.8m as shown) serves to attenuate the radiation field to an acceptably low
level. The marble (CaCO;) side walls and roof are present to reduce the induced
radioactivity exterior to the dump. When compared to steel (approximated as Fe), marble
has relatively few long-lived spallation products.’

III. Energy Deposition Calculations

Energy Deposition calculations were made using CASIM.” The first regions of
interest examined are indicated in Fig. 4 which shows an outline of the dump cross section
(Fig. 1) superimposed in a "typical” ring cross section. The lower cable trays shown in this
figure are not required in the regions occupied by the dumps* (upstream of Q40 at 10
o’clock). For this reason, energy deposition at the position of the upper cable tray, ~ 70
cm. above the dump roof, was calculated. As indicated in Fig. 4, silicon strips ( taken as 4
cm. thick) were artificially assumed to exist at this location as well as at the midplane wall
of the tunnel, ~ 1.9m from the beam center line. For these locations, CASIM runs could
be made using 2-dimensional approximations of the dump geometry obtained by azimuthally
symmetrizing the material along the lines shown in Fig. 4. This procedure greatly increases
the statistical precision for a given amount of CPU time while sacrificing the ability to
obtain energy deposition densities "everywhere". For comparison with the cable tray and
wall positions, energy densities were obtained at the outer edges of the marble roof and side
wall as indicated in the figure.

CASIM runs were made with 100 GeV/c protons. The results, expressed in rads/p,
are shown in Figs. S and 6. The statistical error on the points in these figures below 10
rad/p is ~ 30%. From the "Beam Loss Scenario™ the annual beam dumped (at 4 times the



RHIC design intensity) is equivalent to 1.84 x 10" 100 GeV nucleons. At the cable tray
position (Fig.5) the maximum dose is therefore 180 krad per year which descreases to 5.5
krad per year at the entrance to Q5.

The second region of interest explored was near the beam pipe at Q4 and QS. In
this (relatively crude) simulation these magnets were treated as simple Fe cylinders whose
inner radius is that of the beam pipe (3.45 cm.) and whose outer radius is that of the yoke
(13.8 cm.). Both cylinders were divided into 5 radial and 10 longitudinal regions for the
purpose of binning energy deposition and the "beam pipe" is defined as the innermost radial
region (Ar ~ 2 cm.). The azimuthal symmetry is broken by both the incident beam source
and the magnetic field® in the quadrupoles. The asymmetry is estimated by keeping track
of the energy deposition in four azimuthal regions (left, right, up, down) in the entire
cylinder and assuming that this average asymmetry applies to all regions.

Energy deposition density averaged over azimuth in the "beam pipe” region is shown
in Fig. 7. The error bars shown here result from the rms of three CASIM runs with
different random number seeds; in cases where the rms exceeds the average, a downward
directed arrow is shown. It should be clear that this geometry suffers from poor statistical
precision, especially in the Q5 region, where energy deposition is very low due to the
shielding effects of Q4. In both Q4 and QS, approximately 60% of the energy was in the
"right" (side opposite the incident beam) quarter of the azimuth which means the values in
Fig. 7 should be multiplied by ~ 2.5 for an object on the beam midplane. Applying this
factor combined with the annual beam dumped as above results in:

Dose at Q4 entrance ~ 8 x 10" x 2.5 x 1.84 x 10"

370 krad per year

Dose at QS entrance ~ 6 x 10 x 2.5 x 1.84 x 107

i

28 krad per year.

It should be clear that the error on the QS estimate is very large.

IV. Estimates of Induced Activity

The method employed for estimating induced activity combines results from CASIM
star density calculations with calculations made by Barbier.? Barbier gives the induced
activity at some point P to be:

Ac(P) = DepeW

where D is the "danger parameter" tabulated by Barbier for spallation reactions in various
materials and for various irradiation energies, ¢ is the neutron flux causing the activity, and
W is the fractional solid angle defined at P from a uniformly radioactive body of infinite
thickness.



Many approximations must be made since the bodies in question here - the dump
itself and the first two magnets, Q4 and Q5, downstream of the dump - are neither infinite
nor uniformly irradiated by mono-energetic neutrons. In the approximation that all CASIM
hadrons are neutrons, the flux of neutrons above the CASIM threshold of 47 MeV is given
by ¢ = IeXeS.D. where 1 is the rate of incidents per second, A is the (high energy) neutron
interaction length in cm. and S.D. is the "star density" calculated by CASIM?® in stars/cm’.
In the case of marble (steel), we will assume that the relevant star density is that averaged
over the outer 10 cm. (3 cm.) of the region in question. This value is appropriate given the
assumption that the "typical" photon causing induced activity is 500 keV; such a photon has
an absorption length of 12.5 g/cm’ in both materials.”

With these approximations, the activity at point P viewing some surface S becomes:
Ac(P) = K°D°I°)\°(fSS.D.dW)/47r

where K is an enhancement factor which has two parts. The first corrects the CASIM
threshold to an assumed spallation threshold of 10 MeV and amounts to a factor of 2.* The
second part is a photon build-up factor which is also taken to be a factor of 2. We then
have:

Ac(P) = Derone(] S.D.dW) /=
(D Ac(P) = D°I°k'(fSS.D.{e,OCH/rz}dA)/w

where e, is a unit vector directed from an area dA on the surface S with normal e, to the
point P a distance r from dA.

The combination of CASIM runs and numerical integrations of the expression given
above have been performed the geometries described below. From Ref. [S], the highest
repetitive beam dumping occurs in either studies or periods of proton, Au running. In either
case, approximately 4 times the design Au intensity can be dumped every two hours for
extended periods of time. This is equivalent to 4.49 x 10" 100 GeV nucleons in two hours
which gives:

I = 6.24 x 10° 100 GeV/c protons per second.

For the danger parameter, we choose the 500 MeV values for 360 days of irradiation
given in Ref. [2] which are reproduced in Table I below:



Table I
Danger Parameters for 500 MeV and 360 days irradiation
in units of mrad/hr per neutron/cm’ec.

" Cooling time Marble Steel

1 hour 4.6 x 10°¢ 5.0 x 10°?
1 day 13x 10°  32x10°
10 days 42 x 107 1.8 x 10°

The geometry used for the evaluation of eqn (1) is sketched in Fig. 8 which shows
three points considered, each one 1 ft. from an irradiated object. The first two points in this
figure, P, and P,, view the - dump side wall where Z <-2.8mand Z > 2.8m respectively. For -
both these points, the integral is calculated for both the outer marble surface and the closest
steel surface.’” The actual contribution at these points from the steel is reduced by the
shielding represented by the marble. Again assuming the typical photon to be 500 keV
obtains a reduction factor of ¢¥“* where t = 15 cm. for P, and 10 cm. for P,. The third
point in Fig. 8 is 1 ft. from a crude approximation of the cryostat, namely a cylindrical
volume extending from R = 13.8 cm. to R = 39 cm. filled with Fe at 2% of the normal
density or 0.15 g/cm®. In this case the star density used for the cryostat contribution was
averaged over the entire cryostat volume and, as in the case of the dump, added to a
contribution from the outer 3 cm. of the yoke steel.

The results, which combines star density CASIM calculations in the regions described
with the values of I and D given above and a numerical evaluation of eqn. (1) are shown
in Table I below.

Table II
Induced Activity in mrem/hr at 1 ft. from Locations Indicated
Dump (Z < 2.8m) Dump (Z > 2.8m) Q4
Cooling time marble  steel Total" | marble steel Total
1 hour 6.0 9.5 6.4 6.6 25.8 9.6 0.9
1 day 1.7 6.1 1.9 1.9 16.5 3.8 0.6
10 days 55 34 .70 60 9.3 1.7 0.3

*Total = marble + steelee % where t = 15 cm. or 10 cm.




The values shown in Table II are the worst-case values found at 1 ft. distance in the Z
(beam direction) ranges indicated; the points shown in Fig. 8 are illustrative. Although not
indicated in Table II, the activity at 1 ft. distance from QS was also calculated and found
to be 20 times lower than the value quoted for Q4.

Also calculated, by the same methodology, was the induced activity at a 1 ft. distance
from the bare dump core. This value is of interest because of the possibility of damage to
the dump. We assume here that repair would involve first removing the marble roof and
outer steel shielding which would be followed by swapping the dump core, together with its
vacuum pipe, with a spare core assembly. At 1 ft. from the core and 1 hour cooling time,
the induced activity was found to be ~ 300 mrem per hour.

V. Summary

Estimates of both the radiation environment and induced radioactivity at selected
locations near the RHIC internal dump have been made. At about 1m lateral distance from
the dump, the radiation dose may achieve a maximum value of near 200 krad per year which
decreases to ~ S krad per year 15m downstream of the dump. At the beam pipe radius,
the dose is expected to be in the 200-400 krad per year range at the entrance of Q40 (7m
downstream of the dump entrance) which decreases by an order of magnitude or more at
the entrance of Q50. \

At a 1 ft. lateral distance and 1 hour cooling time, induced activity is estimated to
be quite small, nominally 10 mrem/hr at the dump and 1 mrem/hr at Q4. The induced
activity at 1 ft. from a bare dump "core", which might be exposed in the event a swap of core
assemblies were required, has been estimated to be 300 mrem/hr.
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Brookhaven National Laboratory DETECTOR

MEMORANDUM ane

Date: 08/14/95

To:  T. Robinson

From: A.J. Stevens 0 S

Subj.: Estimate of Dose Rate Close to the C-C Dump Core from Induced Activity

The dose rate from induced activity exterior to the internal dump was previouslyt
estimated to be quite small, ~ 0.5 mrem per hour at the design beam intensity and 1 day cooling
time. In that estimate, the concern was with people passing by the internal dump location, so that
the position evaluated was 1 fi. away from the outside of the dump which was shielded from the
dump core by about 10 cm. of steel and a similar thickness of marble.

The current engineering design of the dump? has a carbon-carbon (C-C) "core" which is
made accessible in order to change it if some problem should arise. An approximation of the
beginning of the dump as it is now envisaged is shown in the attached Fig. 1. The induced activity
at the points numbered 1 through 6 in this sketch was estimated by the method described in Ref
[1). These points are about 1 ft. away laterally from the C-C section. The sources considered are
the C-C core itself, several thin steel (treated as pure Fe) vacuum pipes,3 the steel flange shown in
the figure, and the upstream sections of the graphite and steel block as shown.

Very briefly, the induced activity at a point P some distance away from a uniformly
activated body is given by Barbier* to be:

Ac(P)=D x ¢ xd

where D is the "danger parameter” tabulated by Barbier for various materials, ¢ the activating
flux, and dQ the fractional solid angle subtended at P by the activated body. A CASIM
calculation with incident 100 GeV/u Au ions was performed to obtain the spatial distribution of
interactions in the materials shown in Fig. 1 and hence the spatial distribution of activating flux.
This is used to estimate the quantity.¢,xd€2 where ¢, is the activating flux per primary. Details of
the approximations made are described in Ref {1]5. For the rate of incidents, we take the full
beam being dumped every 2 hours which is the allowance for "studies” given in the beam loss
scenario.® This is 1.58 x 107 Au ions per second. For the danger parameters the values in Barbier
are used which correspond to 360 days of irradiation by 500 MeV neutrons.

The results are shown in the table below




Dose Rate from Induced Activity in mrem/hr

Position 1 hr. cooling 1 day cooling 1 day cooling
(carbon\steel) (carbon\steel) carbon + steel

1 256\59 2343 66

2 350\77 31\57 88

3 428\106 JN7T8 117

4 463\145 42\107 149

5 436\197 39\146 185

6 356\254 321188 220

In the first 2 columns of this table the activation is given separately for the carbon (left
side entries) and the steel (right side). The carbon activation (dominated by the C-C) decreases
enormously in the time interval considered.

1t is traditional to quote the effect of induced activation at a distance of 1 ft. Points 5 and
6 in the positions considered (see Fig. 1) are closer than this distance to the steel block which is in
fact the cause of the rise of dose at these positions. Point 4 is about 1 ft. distant both laterally and
longitudinally. Therefore the simplified result of the estimate documented here is that the
expected dose rate at a distance of 1 ft. from the activated dump core is about 150 mrem/hr
assuming the design intensity and 1 day of cooling.
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