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BEAM HEATING OF TARGET FOILS

W. C. Corwinf

Argonne National Laboratory, Argonne, Illinois 60439

In a typical charged particle experiment 100 na of beam

loses 43 keV in a W = 380 Hgm/cm PbCl salt target of density

3
p =5.85 gm/cm and thickness h = W/p = 0.65 H. The energy is dissipated

in a 1 mm X 3 mm beam spot of area A = 0. 03 cm in the target at a rate

P= 0.0043 joules/sec or 1.0 X 10" calories/sec. The heat generated

in the target may be radiated or conducted away. The temperature, T,

required to radiate the heat away at the required rate to the surroundings

at temperature T = 293 K is given by the Stefan-Boltzmann law,

P = ea2A(T4-T 4), where a = 5. 67 X 10" watts/m2 °K4 and e is the

emissivity. From an emissivity, e, of 1. 0 the temperature required to

radiate the heat is 376 K or 103 C. An emissivity of 0. 1 is more likely

requiring a temperature of 618 K = 345 C. The emissivity may be even

less since the target appears transparent and all of the radiating surface

of a solid may not be present in a thin film. The temperature difference

required to conduct the heat away from a round beam spot is given by

the heat conduction equation for cylindrical symmetry, ""* •! p: f •'

r ilS«Sv.
P = 2TTkhAT ( i + I n ( - = - ) ) ,

rb

where r, = G. 1 cm is the radius of the beam spot and r. = 0. 64 cm the
b t

radius of the target. Using a conductivity of 2 watts/m C, which is low
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for ar insulator and 1% that of aluminum, a conductor, the temperature

difference required is 973JC. The temperature at the edge of the beam

spot is then 993 C but it is 1260 at the center of the beam spot. The

temperature required to radiate the heat away nevertheless is below the

melting point, T = 501 C, of PbCl_. However, if the beam is focusedm Z

more sharply inadvertently, the temperature could rise much higher. The

conductivity of salts varies from 1 to 10 watts/m C while those of metals

are near 200 watts/m C so a metal target could conduct the heat a-.v.iy

with a 12 C rise in temperature.

If the target is moved so that the beam spot makes a 16 mm

circumference circle on the target, the area that heat is radiated from

can be increased to A =48 mm and the heat can be conducted from
c

r = 4. 0 mm. The Stefan-Boltzmann law can be expanded giving a heat

equation

P = ea2A 4 Tft + i -. ; . . AT.
I c 0 A + l n r /r )L t c J

The equilibrium temperature of the beam spot circle for the high speed

rotation limit is AT = 65 C. Radiation is still the dominant cooling effect

but, with motion, conduction alone can hold the temperature to 400 C,

less than the melting point. The average temperature of the beam spot

circle is then 85 C, substantially less than the temperature of the beam

spot when the target is stationary. However, the temperature of the

11 Hgm of target material in the beam spot with a specific heat of

c = 0. 068 cal/ C- gm rises at 1300°C/sec to absorb the heat initially
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when the temperature of the target is 20 C and no heat is being radiated

or conducted away. If the target is moved at 1. 9 turns/sec the beam c-in

heat any part of the target for only 29 m sec at a time so the temperature

can rise only 39 C before that part of the target is out of the beam. The

heat can diffuse away from the spot in a time T = r, / a = 0. 83 sec where

b

the thermal diffusivity , a, is k/pc. The temperature of the moving target

o o

is thev> a sawtooth between 65 C and 105 C and either radiation or conduction

can keep the temperature below the melting point. With thicker targets the

conduction limit will not change while the radiation limit will rise. All of

the above temperature calculations are made to a greater precision than

the accuracy values of the given parameters warrant but the effect of

moving the target is illustr;—' in the sample calculation.

The lifetime of carbon foils is enhanced both by motion and

by heating to about 400 C. Also, carbon foils have been observed to get

thinner above 450 C and thicker when cooler. 7 idiation is reported to

be not important in heat transfer below 500 C although the above example

indicates radiation is effective at 100 C. These facts suggest that perhaps

the foil is damaged when there is radiation from a single spot only.

A target rotator has been built and used in several
7 8 9experiments. ' ' It is fully adjustable, holds three targets, is chamber

independent, and takes up limited space. It turns the targets at 1. 9 turns

per sec which is adequate for most experiments; it could easily go faster

by using a Ferrofluidic mechanical feedthrough instead of an O-ring

feedthrough. The target shown in Figure 1 is held firmly by the holder
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shown in Figure ?.. The pewer from the motor at the top of the rotator

assembly shown in Figure 3 reaches the target holder gears through the

hollow 3/4 inch alignment shaft and gears at both ends of the block at the

top end of the target holder bearing plate. A more versatile wobbler,

shown in Figure 4, requiring less space and using concentric spherical

and cylindrical sealing surfaces is partially built and is being adapted to

a scattering chamber. A more detailed description is to be published.
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Figure Captions

Fig. 1. The target. The 0. 2 inch diameter beam spot circle

surrounds some unradiated target in the center. Newton's

rings can be seen at the edge of the 0. 4 inch diameter

PbCl film. The carbon foil covers the 0. 5 inch hole in

the 1. 0 inch square target frame.

Fig. 2. The rotating target frame holder. The target frame is

o
guided into place by the shaded 45 surfaces and held in

place by a spring clip on top of the holder shown. A

bearing slides on from the bottom and then a gear is

attached on the bottom.

Fig. 3. The target rotator removed from the chamber showing

the three target frame holders.

Fig. 4. The ball, push rod, and other parts partially assembled.
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