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Abstract
The results of Monte Carlo radiation shielding study perfed with the MARS15
code for the vertical test facility at the AO north cave esdl@ at Fermilab are pre-
sented and discussed.

1 Introduction

The vertical test facility at the AO north cave is planned &used for testing 1.3 GHz
single-cell superconducting RF cavities with accelegatangth of 0.115 m. The opera-
tions will be focused on high accelerating gradients—upQdvs//m. In such a case the
facility can be a strong radiation source [1]. When perfoigna radiation shielding de-
sign for the facility one has to take into account gammas igeee due to interactions of
accelerated electrons with cavity walls and surroundifgsgxample, range of 3.7-MeV
electrons in niobium is approximately 3.1 mm while the timeg&s of the niobium walls of
such RF cavities is about 2.8 mm). The electrons are usuredlyeisult of contamination in
the cavity.

The radiation shielding study was performed with the MAR®dnte Carlo code [2].
A realistic model of the source term has been used that descspatial, energy and an-
gular distributions of the field-emitted electrons inside RF cavities. The results of the
calculations are normalized using the existing experialefdta on measured dose rate in
the vicinity of such RF cavities.

2 Geometry Model

A plan view and cross sections of the developed three-dimneakmodel of the test facility
are shown in Figs. 1 and 2. As for the color scheme employedroteé materials in the
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Figure 1: A plan view (top) and cross section (bottom) of thARS15 model of the
vertical test cryostat facility with a single-cell RF cagvihside the dewar.
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Figure 2: An elevation view of the MARS15 model of the vertiest cryostat facility with
a single-cell RF cavity inside the dewar (top) and a fragntleait shows also the 1.65-cm
steel flange and 1.9-cm steel top plate atop the dewar (bpttom

3



model, the following convention applies: white, light bjugrey and pink colors corre-
spond to vacuum, air, regular concrete and stainless sesgectively. The boundaries
between different regions are shown with black lines. Itutidoe noted also that, when
the resolution of a figure is inadequate to show small regithese regions appear as black
ones.

3 Sourceterm

A realistic model has been developed recently in order tardss spatial, energy and
angular distributions of field emission current generatel@f cavities at high accelerating
gradients. The codeISHPACT [3] has been used to generate trajectories of electrons
originating at the emitting site as shown in Fig. 3. The engtsite corresponds to location

of the peak electric field in the cavity, so that the electremitted from this site have the
highest probability of acquiring the maximum energy.
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Figure 3: Sample electron tracks generated in a singleRfeltavity with accelerating
gradient of 42 MV/m. The calculations were performed with tode described in Ref. [3].



The tracks shown in the Figure represent the paths of fligtite€&lectrons for every 2
degree interval in the 180 degree space of the RF period.rablkstare symmetric around
the vertical axis Z. The code also gives the final energy oflact®n immediately before
it strikes the inner wall of the cavity as well as angle of theidence. The data, along
with the maximum power available in the cavity, can be usedkiduce the field emission
current in the different spatial regions | through X as shawhig. 3.

The accelerating gradient of 42 MV/m was selected for thefohg reasons. First, the
gradient in a cavity is limited by the superheating critidalld, Hsh, which has a theoretical
value of 230 mT for niobium [4] and for which the corresporglgradient could be as
high as 55 MV/m. In our case we chose a widely meastitgdvalue of 180 mT which
corresponds to an accelerating gradient of 42 MV/m. SeeXample, Ref. [5] where mea-
surements for alternative-shape single-cell cavitieslaseribed and the result is 1#55
mT. Second, for a fixed RF power, the higher the acceleratragignt, the lower field
emission the cavity can tolerate. Any field emission takesetibn of the energy stored
in the cavity, so that the accelerating gradient drops. heiotvords, strong field emission
and higher gradient such as 55 MV/m can not co-exist, whikk2aWVV/m one can have
some field emission loading. Therefore, generation of fiehission current at 42 MV/m
represents the worst case scenario from the standpoindiatie@n shielding.

In our case the maximum electron energy corresponding tadbelerating gradient of
42 MV/mis 3.7 MeV and it occurs in the region I. The total petdd field emission current
for a given RF cycle is approximately 1.1 mA and this valuense¢o be a significant
overestimate of a realistic value. The amount of electr@megated by a high electric field
depends on the quality of the inner surface of the cavity aedjuality is very difficult to
describe numerically. On the other hand, the generatetretetracks are reliable because
modeling of electron transport in a given electric and mégreld is performed with a
high accuracy. Therefore, to deduce the value of the fieldgion current, a comparison
with a measured dose rate is used as described in the neginsect

4 Normalization of calculated dose

The model of the field emission current described in the pres/section lacks an essential
component, that is the absolute value of the current. Theevdéduced from theoretical
considerations [3] is extremely high (about 1.1 mA) and mdiable and, therefore, can
not be used for practical purposes. To that end, one usesieguedal data obtained at
DESY [6] for similar radiation tests of single-cell RF cags.

Twelve years of experimental data for single-cell cavifresn the DESY/TTF vertical
test facility were analyzed, and are used to make realisidiptions. The x-ray dose rate
was measured 5 cm off axis on top of the stainless-steel tp hpproximately 1 m to
1.5 m from the cavity)j.e., between the radiation shielding internal to the dewar &ed t
shielding outside the dewar (the internal shielding usedhose tests is shown in Refs. [7]
and [8]). An analysis of the maximum x-ray dose rate, at maximaccelerating gradient,
showed that the dose rate was less than 600 mrem/hr 90% aftheTthe maximum x-ray



dose rate ever measured for such cavities was found to berb&90/hr (see Fig. 4).

A straightforward comparison of the dose measured in 90%aeés and calculated
dose, other things being equal, gives rise to the conclubmtrthe field emission current is
as low as 7.3A. Such an approach is a more reliable estimate of the fieldgaom current
generated in RF cavities when compared to theoretical ¢tieds.
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Figure 4: The distribution of measured dose rate at the DESYfacility for single-cell
tests. The total number of recorded events with non-zersured dose is equal to 186.

5 Calculated dosedistributionsaround the facility

The radiation shielding calculations have been performedthie facility without any extra
internal shielding. The calculated distributions of thermpt dose around the facility are
shown in Figs. 5 and 6 and in each case the dose was averagedllayer as thick as 30
cm. One can see from the Figures that a couple of hot spotalréneedose slightly above
5 mrem/hr: (i) at the wall closest to the cavity, that is aX+83 cm, Y=-130 cm, Z=0
cm; (ii) on the roof above the cavity, that is around X=320 &frZ=0 cm. In both the
cases the dose is about 15 mrem/hr and it can be reduced ddine acceptable level of
5 mrem/hr by means of an extra local shielding. A consergagstimate shows that the
following thicknesses would suffice: (i) concrete—10 cri);gieel-4 cm; (iii) lead—2 cm.
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Figure 5: The calculated distributions of prompt dose raveiiad the test facility: a plan
view (top) and an elevation view (bottom).
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Figure 6: The calculated distribution of prompt dose rataiad the test facility (a cross
section).

With such an extra local shielding installed, the predictede outside the walls and above
the roof of the facility will not exceed 5 mrem/hr. At the satimae, the regions more than
5 m away from the hot spots reveal the dose not exceeding 0. inr.

6 Conclusions

The radiation shielding study performed with the MARS15 Mogarlo code for the
vertical test cryostat facility revealed that the existiagelding is adequate except for two
hot spots. The dose at the two hot spots can be reduced by meamsll amount of an
extra local shielding. The predicted dose in regions farthan 5 m from the hot spots
does not exceed 0.25 mrem/hr.
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