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The worry over time dependent temperature gradients 

Sample Chamber

KB Chamber The beam spot should not drift less 
then the size of the focal volume.

Where α is the linear expansion coefficient for a given temperature change
∆T of a material of length L.
For a constant/fixed temperature gradient along the material (I.E. one end
held at temp T1 and the other end at T2 giving ∆T =| T1 − T2 |), then the
thermal expansion is half the value for a given temperature change.
In this analysis we assume the material is type 304 stainless steel (304SS).
This material was chosen, as it is a commonmaterial used for UHV tubing.
Themean coefficient of thermal expansion for 304SS is α = 16.9K−1·µm/m
for temperatures between 0 to 100 ◦C.

3.2 Longitudinal Drift

To calculate the longitudinal drift for the 1 µm focal spot size, we assumed
the beampipe to be made of 304SS and 24 m in length (the optic to sample
plane distance). The following table gives the possible longitudinal drift:

∆T ◦C ∆L µm
1.0 202.8
0.2 40.6
0.1 20.3

The Rayleigh length for the 1 µm focal spot is of order 1 cm. This is much
larger then the longitudinal thermal drift, andwill have little impact on the
focal spot location. For the 100 nm focal spot size, we scale the Rayleigh
length by a factor of 1/100 (Rayleigh length is proportional to the square
of the beam waist size: zR = πw2

0/λ), and the length by a factor of 1/10
(the focal distance). Giving a Rayleigh length of order 100 µm and a 1 ◦C

drift of 20 µm.

3.3 Transverse Drift

To calculate the transverse drift we make the approximation that the X-ray
beam is propagating along the horizontal, Z axis, and that the reflection
angle from the KB optics is small. Therefore, any temperature difference
between the sample chamber and the optics chamber will translate to a 1:1
proportional transverse motion. If we assume the height of the KB mirror
chambers are 1.5 m, and also made with 304SS then we obtain the follow-
ing transverse displacements:
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Longitudinal drift for 
1 µm KB

∆T ◦C ∆L µm
1.0 25.4
0.2 5.1
0.1 2.5

To place these numbers in context, the expected sample injector particle
spot cross-section is of order 1-10 µm2. It is clear that any temperature
fluctuations, larger then 0.2 ◦C, will have an impact on overlap/alignment
of the X-ray beam with the sample injector.

4 Conclusion

The hutch needs to maintain a thermal stability of 0.1 ◦C during operation
to insure transverse thermal drifts do not impact alignment.
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Transverse drift for 
both KBs

Note:  Time independent temperature gradients 
and time dependent changes that do not change 
temperature gradients are fine.  It is a relative/
positional change in temperature that causes 
misalignment. (I.E. a shift in the position of the 
KBs that changes the focus in the sample 
chamber causes concern.)
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Sources of Heat

•Detectors:                    12 kW

•Motors:        2.5 kW to 15 kW

•Vacuum Pumps:          17.7 kW

•Lighting:                       1.4 kW

•People:                        1.2 kW

•Additional Equipment: 13.8 kW
Total:                         61.1 kW

Q:How much of this load can be reduce by water cooling and 
other means?
Q:How much of this load is constant?
Q:How much of this load is variable?

NOTE: There will be 
heat sources that we 
have not considered.  
A factor or 2-3 in the 
total power may be 
prudent.

Tuesday, March 13, 2012


