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Energy deposition in SSC dipoles due to beam loss around the ring has been simulated
by Alberto Fassd, using the CERN cascade simulation program FLUKA. Only very
early results are available at this time. They bave yet to be checked, the model (first
collision on the beam pipe rather than on-axis on the gas) is not quite appropriate, and
correction coil dose must be inferred from the dose in the nearby main superconducting
coils. With these caveats and with an assumed loes rate of 3.7 x 10'® protons/year for
30 years, the maximum dose in the correction coils is 1 MGy.

1. Introduction

During his one-month visit with the SSC last fall, Alberto Fassd (CERN)
worked on a Monte Carlo simulation of beam loss in SSC magnets, with particular
emphasis on the peak energy deposition iu the superconducting coils. There were
some formidable program bugs in the newly upgraded version of FLUKA, as well
as technical obstacles special to this problem. Everything started working (we
think) just before Christmas, during the last week of his stay, and first results
were obtained. A great many checks remain to be made, and the problem needs
to be modified somewhat to answer our specific questions.

A detailed discussion of the work will appear under Fassd’s name in the near
future, after the appropriate checks and modifications have been made. How-
ever, there is some urgency to understanding the radiation environment of the
correction coils, in connection with the SSC Workshop on Distributed Multipole
Correction Coils,” and I attempt in this Note to interpret Alberto’s results for
the needs of the Workshop.

2. The Model

Calculations were made with the current version of FLUKA, using a cylin-
drically symmetric idealization of an SSC dipole. The model is shown in Fig. 1,
and parameters (radii, composition, densities) are given in Appendix 1, which is
a note from Alberto to me summarizing what he had done.

The modelling combined cylindrical geometry (r, z; no 8) with “combinato-
rial” geometry, which permitted superposition of a rectangular grid. Experiments

* SSC Central Design Group report SSC-SR-1032, R. Sah, Ed., (1988).



were made to establish the necessary bin size. As it turned out, the radial de-
pendence of the dominant electromagnetic part of the cascade was so steep that
1 mm x 1 mm binning was necessary. The z binning for the results reported here
was 1 cm. To save computing time, results were scored only over the rectangle
shown in Fig. 1.

20 TeV protons struck the beam pipe at grazing incidence, so that the cascade
originated in the beam pipe. A vertical 6.6 T magnetic field (uniform over the
entire rectangle!) bent the charged particles to the right or left, so that they
cascaded in the magnet structure in roughly the horizontal plane. Graphics
output is available for longitudinal bins near shower maximum in this plane.

For purposes of the Workshop report, on-axis collisions with residual gas
would be more appropriate. Since vertical spreading would be greater in this
case, the radiation density would be lower that is indicated by the present results.
Beam-gas collisions have high priority for the next round of simulations.

Substantial radiation densities occurred only in the superconducting coils,
and only data for this region is available. Within 50%, dE/dz is the same in
the correction coils and main coils when expressed in MeV/(g cm™!), so, if the
density of shower electrons bent into the correction coil region is comparable to
that in the first radial bin of the copper, the dose expressed in energy per unit
mass will be the same. In any case, the dose in the first bin in the copper coil
provides an upper limit.

3. Results

Fig. 2 shows the energy density in the innermost coil bin as a function of
longitudinal distance (2) from the impact point. The scatter results from the
extremely small bin size, but in exchange the large number of points defines the
shape rather well. I have hand-drawn three straight lines on the plot in order
to estimate the area, which is needed to interpret the results. The final segment
has a rather ill-defined slope, and the integral under this segment must be taken
to z = oco. Fortunately, the area under this part is only about 15% of the total.
I estimate that the slope uncertainty contributes at most about 10% uncertainty
to the total, which is 3650 GeV cm~? for this bin. The overall uncertainty is
about 15%.

The maximum occurs ~ 40 cm from the cascade origin. An example of a
radial distribution near the maximum (for z = 38.5 cm) is shown in Fig. 3.
Typically, the first bin receives the largest dose.



4. Interpretation

1.

Following the argument given elsewhere,* the average energy density at
the inside edge of the coil from the loss of a proton anywhere in the ring is
(3650 GeV em™?)/(83 km) = 4.40 x 10~* GeV ecm™3.

We assume a current lifetime against beam-gas loss of 300 hr, and a stored
beam containing 4 x 10! protons. The loss rate under these conditions is
then 4 x 1014/300 hr = 3.7 x 10®sec™!.

Note that this current is three times the design current, and so represents
a conservative worst-case estimate. We will assume below that this current
is present for an average of 107 s yr~!, or that 3.7 x 10'S protons collide
with gas in the beam pipe every year.

The average energy deposition is then 1.63 x 10° GeV cm~3s~1.

Multiplying by 1.6 x 1019 to convert GeV to joules and dividing by p = 7.0
to convert ecm™3 to g1, we obtain

3.72 x 10—31:% s~ =3.72%x 1073 Gy s~!

5. For an assumed 107 second year at this current, the dose is 3.72 x 10* Gy,

or 1.1 MGy over a 30-year lifetime.

We once again emphasize that this estimate is for the inner edge of the

superconducting coil and represents an upper limit for the correction coils, that
on-axis production should result in some reduction, and that the preliminary
simulation results have not yet been adequately verified.

* T. A. Gabriel, F. S. Alsmiller, R. G. Alsmiller, Jr., B. L Bishop, O. W. Hermann, and D.

E. Groom, “Preliminary Simuiation of the Neutron Flux Levels in the Fermilab Tunnel and
Proposed SSC Tunnel,” SSC Central Design Group Report SSC-110 (1987).
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Cylindrical idealization of SSC dipole discussed in Appendix 1.

FIG. 1.



Energy deposited in coils
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FIG. 2. Longitudinal distribution of energy deposition in innermost
radial bin in the central plane of SSC dipole coils.
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