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1 Introduction

The design of the spallation target of the TRADE experiment [1] requires
a precise knowledge of the power density distiibution deposited inside the
target  Such data are of key importance for thermo mechanical caleulations
aiming to determine the stiess suffered by the target material For several
reasons (security, licensing, ) the target material should be able to release
the heat deposited by the proton beam in a safe way while keeping its integrity
all along the experiment

2 Data

2.1 Target

The taiget has a cvlinder shape with a total height of 40 em and a di
ameter of 38 e A conie hole is dug into the solid cylinder starting at 3
em from the bottom of the target  The half opening angle is 2 25 degiees
leading to an aperture with a diameter of 291 em at the top of the taiget
This geometry will be called the “sharp cone geometry” all along this wok

A second geometiy has also been studied  a conie hole starting at 3 cm
from the bottom of the target with a spherical shape at the tip with a radius
of 1 e This configiration will be called the "rounded cone tip geometry”

Wolfram has been fixed as the target material (16 65 g em ? of density)

2.2 Beam profile

(iaussian beam profiles have been used in the caleulations, with a full
width at half maximum (FWHM) of 1 32 e and 1 95 em, respectively The
second gaussian profile was set to compare with eatlier caleulations [/] in
which a parabolic beam profile was used with an outer beam diameter of
264 e The two gaussian beani profiles are compared to the parabolic one
inlig 1!

YPhe beam profile curtently defined by the beam line responsible should deposit 95%
of its power in the target "This leads to a full wideh at hall maximum of 1 62 e, assuming

an inner dimneter of 27 em 8o the actual besin profile is in between the two gaussian
beatn profiles studied in this work
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Fignre 1 Gaussian beam profiles used in the caleulations, the nanower one
in red, the larger one in blue They are compared to the parabolic profile (in
green)

2.3  Calculations

The caleulations have been performed with the MONDPX code (version
226) [1] 10 10° proton trajectoties were followed for caleulations using the
nartower beam profile and 2 10° tiajectories for the wider one The size of
the mesh is I mm both in radial (R coordinate) and axial (Z coordinate)
directions, except in the cone tip region for which a smaller mesh of 2 mm
was used in the two directions The cone tip region is so defined R< 4 cm
and 2 emeZ< 6 e

The beam power is 40 kW for a proton beam with an intensity of 286
mA and an energy of 140 MeV

3 Results obtained with the narrow beam pro-
file

3.1 Power density distribution

In Fig 2 is displayed the power density deposited in the cone tip region
for the two geometiies A maximum value of 21 9 kW em ? is 1eached on the
symmetry axis at an axial distance 3 42 o< Z< 3 44 em for the sharp cone
geometry, while a slighter value of 20 6 kW e % is reached for the 1ounded
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Fignie 2 Power density distribution in kW em ® shown as a function of the
axial (vertical) and radial (hotizontal) distances for the two geometiies, in
the cone tip region R< 4 em and 2 eme< Z< 6 cm

cone tip geometiy at the same axial distance but no more on the symmetry
axis it is now located at a 1adial distance 12 cme< Re 1 em

3.2 Power distribution

In Fig 3 are compared the power distiibutions for the two geometiies
In Fig 4 are shown the same distributions in the cone tip region with a
smaller meshing With the mesh of L™ Lmm, the maximum values of the
power are 1192 W and 119 4 W, 1espectively, at the same radial distance 4
eme< Re 5 amn but at a different axial distance 132 eme Z< 133 em for the
sharp cone geometry and 10 6 cnie Ze 10 7 em for the rounded cone tip one

The integrated power distiibutions are given in Fig 5 integiation over
the axial direction (top) and the radial direction (bottom), the sharp cone
geometry being represented by the solid line and the rounded cone tip one
by the dashed line As seen in the top of Fig 5, mote power (given by the
enrve integration) is collected in the latier geometry than in the former one,
38 35 kW compated to 37 51 kW

I the bottom of Fig 5 is displayed the power distiibution as a function
of the axial coordinate There is a strong shift of the power deposit towards
the bottom of the taiget for the 1ounded cone tip geometry The stiuctures
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Figwe 3 Power distiibution in watts shown as a function of the axial (ver-
tical) and radial (hotizontal) distances for the two geometiies
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Figuie 4 Same as in Fig 3 for the cone tip region R« 4 cm and 2 e Z< 6
eI
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Figure 5: Integrated power distiibutions (top) integration over the 7 axial
direction, (bottom) integration over the R radial ditection The shaip cone
geometry is represented by the solid line and the rounded cone tip geometyy
by the dashed line

observed in the cone tip region result from this specific geometiy by looking
at Fig 2 it is seen that the power density is no more located along the cone
side, as it is the case in the shaip cone geometiy, but slightly inside the taiget
material

From Fig 5 it is seen that power canunot escape fiom the target in the
radial direction (R »1 9 em) neither fiom the bottom of the target (Z<0
em) The lost of power is likely associated with protons backscattered in the
vacuum pipe

4 Results obtained with the wide beam pro-
file

4.1 Power density distribution

Results obtained with a wider beamn profile are shown in Fig 6 They
have to he compared with those of Iig 2 No significant difference appears
The only change concerns the maxinuim values of the power density deposit

£



Powes density (kW cm B

£ e,

o ROUNDEL
g ONE
e 1 BEERRT

2

g

£,y

w

%

# 4

g

-

;’?}fs

£

&

o

g&ff)

5oy -

PHstance along the radius (om)

Figure 6 Same as Fig 2 with a wider gaussian beam profile (FWHM of 1 95
e instead of 132 em)

They are much smaller than those calculated using a narrow beam profile
139 kW em ® for the sharp cone geometry and 134 kW em ? for the other
one The location of these maximum values is on the synmunetiv axis at an
axial distance 3 46 < Z< 3 48 o in the fust case and 2 58 e 7« 260 cm
in the second one

4.2 Power distribution

As for the power density, the maximum values of the power are reduced
1006 W and 100 W, respectively, located at the same axial distance 157
cme Z< 15 8 em and at a radial distance 4 em< Re 5 em for the shaip cone
geometiy and 5 eme< R< 6 em for the rounded cone tip geometry

The integrated power distributions displayed in Fig 7 can be compared to
those of Fig 5 With a wider heam piofile, the power distiibutions become
broader and more symmetrical  The maximum power deposit location is
shifted towards larger axial and radial distances

Again, as observed with the nanrow beam profile, the power collected in
the shaip cone geometiy is slightly smaller than the one collected with the
rounded cone tip geometry 37,49 kW versus 38 04 kW As expected, these
values are also slightly weaker than those caleulated with the narrow beam
profile
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Fignre 7: Integrated power distributions (top) integration over the 7 axial
direction, (bottom) integration over the R radial direction  The shaip cone
geometry is represented by the solid line and the 1ounded cone tip geometry
by the dashed line

5 Conclusions

For a given beam profile, similay maximum values of the power density
and of the power are reached, whatever the considered geometiy The maxi-
mum of the power density is shifted towards lower values in axial and yadial
directions when going from the sharp cone geometry to the rounded cone
type one Mote power is collected with the latter configuration as the beam
penetration is deeper

For a given geometry, the maximum value of the power density is de-
creased by one thitd and the maximum power by one fourth when going
from a narrow beam profile to a wider one  The integrated power distiibu-
tions are broader and more symunetiical The power is better shared out

I all cases, a fraction of the incident power of the proton beam is lost
this amounts to 5 6 % and is mainly associated with protons backscattered
when interacting with the target material
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