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Proposition from Elio Vescovo 
However my personal goal from this meeting is to reach a firm conclusion 

on the possibility of doing micro-ARPES from thin film of Pu. I am only thinking 

that considering the light spot is so small (1 micron) and we can use thin films, it 

may be possible to have such a small amount of material in an ARPES 

experiment that it can be handled safely.  

If this makes sense to you, I would like to ask you to estimate if a dot-

sample 1 micron in diameter and as ultrathin  film of about 100 ML thickness (I 

believe this less than nanograms) can be inserted in a vacuum chamber in direct 

open line with the synchrotron without jeopardizing the entire facility. i.e.: it must 

be that even in case that everything goes wrong and the material is evaporated 

on the walls of the vacuum chamber or entirely adsorbed in the vacuum pumps 

or all the other nasty things that can happen ... still the amount of radioactivity is 

so low of not posing a contamination problem. Unfortunately I do not know how 

to find it but I am convinced that there must be a lower limit on the amount of 

material below which there is no safety concerns. It is only if this lower limit is 

reached that I can see these type of experiments to become part of the current 

ARPES program. 

 

Analysis 
 

I. Historical Context 
This is exactly what Dave Shuh does at the ALS, first on Beamline 7 [1] and now 

on Beamline 11. [2] 

Beamline 7 excerpt [1] 

III. NANOGRAM ACTINIDE PHOTOEMISSION 
The first ultraESCA experiment to be performed at the SpectroMicroscopy 
Facility was a proof-of-principle demonstration of the analysis of a minute 
quantity of a radioactive transuranic sample. In this experiment approximately 
1.25µg of the isotope curium-248 was deposited in the form of a curium oxide 
distributed uniformly over a spot 2.5 mm in diameter on a platinum disk. The total 
activity of the curium sample was less than 20 nanocuries, most of which arises 
from a trace curium-246 impurity in the curium-248 material. With a 50 µm 
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focused x-ray beam, only approximately 5 nanograms of curium-248 are 
estimated to be illuminated by the photon beam. The quantity of interest in future 
experiments will be matched to our focused spot size. 
 

 
Figure 1: Figure 3 from Reference 1. 
 
Note that this is core level photoelectron spectroscopy, with no windows or 

containment inside the vacuum vessel. 

Beamline 11 excerpt [2] 
Soft X-ray STXM is potentially well suited for the investigation of actinide or other 
radioactive materials since the amount of material required is conservatively 
estimated to be on the order of 10 fg for a particle. This simplifies safety 
considerations since the corresponding total activity would be well below a 
picocurie (pCi) if a single particle could be successfully isolated and mounted in 
the STXM sample holder for even the most radioactive of the common actinide 
nuclides. The radioactive material can be safely and permanently enclosed 
between two 50 nm thick silicon nitride windows to form a sample package 
suitable for STXM experiments. In practice, multiple particles are dispersed 
within the silicon nitride sample package. The overall safety envelope of the 
radioactive STXM experiments is further enhanced since the ALS-MES STXM 
end station is isolated from the ALS storage ring vacuum by a silicon nitride 
window, which permits the operation of the STXM under an ambient helium 
atmosphere, thereby avoiding problems that might arise from the exposure of the 
sample package to a vacuum. A prerequisite for STXM samples is that they have 
an accessible thickness of a few hundred nanometers depending on the 
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elemental cross-section, energy of the absorption edge, and local elemental 
concentration. 
 
This experiment is X-ray Absorption Spectroscopy, using silicon nitride windows 

and is less applicable to the NSLSII case. 

II. Radiation Levels versus mass 
To begin, let us define the problem.  Radiological Facilities are those with 

amounts of radioactive material that stay under the Category 3 Threshold.  Thus 

our discussion will be couched in terms of the Category 3 threshold. 

Excerpt from Reference 3.  

The heart of the matter is understanding that, in these large quantities, a 
substance is a mixture of more than one isotope. The fundamental mixture of 
(natural) uranium contains 234U, 235U, and 238U. To define the mixture it is 
necessary to know the exact process from which the material is derived. 
Depleted uranium from the gaseous diffusion process has a different isotopic 
composition from that produced in the AVLIS process. For a metal obtained from 
reactor fuel, the mixture may contain 236U. Note that while these arguments are 
specific to uranium, the concept applies to any element which is a mixture of 
isotopes with which the analyst may be concerned. The weight per cent of each 
isotope in the mixture must be known if the appropriate limit is to be determined 
(see the computation for plutonium below). It is true that if the most abundant 
element has the highest specific activity, using its threshold limit will result in the 
most conservative estimate for the mixture. Otherwise the effect of all isotopes 
should be considered. 
 
To calculate the Category 3 limit, the following equations are used. [3] 
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The calculation for fuel grade Pu looks like this.[3] 

 
Note that Ti, the threshold limit, is isotope specific! 

The calculation for weapons grade Pu is similar, with quantity of 5.67g. [3] 

It would be useful to quantify the samples versus the Category 3 threshold.  For 

the sake of simplicity, we will define the Category 3 threshold as 1 g of Pu. 

Table 2 
Category 3 1g Pu 

10-3 C3  .001g Pu = 1milligram Pu 

10-6 C3  .000001g Pu = 1microgram Pu  ALS BL 7 PES [1] 1.25 µg 

10-9 C3  .000000001g Pu = 1nanogram Pu  ALS BL 7 PES [1] 3 ng 

10-12 C3 .000000000001g Pu = 1picogram Pu 

10-15 C3 .000000000000001g Pu = 1femtogram Pu ALS BL 11 XAS [2] 10 fg 

 

Next, it would be useful to calculate the mass of a disc of Pu.  The disc will 

have a thickness t and diameter d.  The volume, V, of the disc would be as follows. 

V =  π(d/2)2t  

The mass (M) of the disc would be as shown below. D is the density. 

M  =  V x D 

For Pu, D = 19.8 g/cm3, from Ref 4.  The density of Pu can change by 25% 

between phases, but we will neglect that for now. [5] 

For a TEM size disc, t = 0.15 mm = .015 cm and d = 3 mm = 0.3 cm. 

VTEM = (3.14159) (0.3 cm/2)2(0.015cm) = 0.001 cm3 
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MTEM = 0.001 cm3 x 19.8 g/cm3 = .02 g = 20 mg.   

This is roughly consistent with the masses of 30 mg quoted in Reference 4. 

For a sample such as that proposed by for the NSLSII, t = 100 ML ≈ 300 

angstroms = 30 nm = 3 x 10-6 cm and d = 1 micron = 1 micrometer = 10-4 cm.   

VNSLS = (3.14159) (10-4 cm /2)2(3 x 10-6 cm) = 2.4 x 10-14 cm3 

MNSLS = 2.4 x 10-14 cm3 x 19.8 g/cm3 = 5 x 10-13  g =  0.5 pg.   

These values are much like those used in much like those used in Ref. 1 & 2. 

So, as shown by Dave Shuh et al, this approach may be feasible in terms 

if radiation limits.  The problem is sample preparation and surface quality. 

III Sample Preparation and Surface Quality 
Elemental actinide surfaces have a lifetime on the scale of three hours. [5,6] 

Preparation of actinide surfaces is difficult.  Consider the excerpts from 

Reference 6. 

IIIa Photoelectron spectroscopy requires a clean, well-defined surface. 

 
Figure 2: Page 6 of Reference 6 
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IIIb  Cleaving is a good way to get a clean surface, but ….   

 
Figure 3: Page 7 of Reference 6 

The microcrystal cleavers shown below are particularly good with actinide 

compounds.  These compound samples are on the scale of d = 1 mm and t = 0.2 

mm, so they are bigger than the proposed NSLSII samples.  Moreover, metallic 
surfaces don’t cleave well. 

 

 

Figure 4: 1mm 
samples mounted 
on pin cleavers. 
Courtesy of T. 

Klipczuk, ITU,  and T. 

Durakiewicz, LANL. 
Yb0.24Sn0.76Ru crystals for PES experiment 

Los Alamos, 2007 or 2008 
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IIIc  Thin film deposition can also provide very clean surfaces but… 

 
 

Figure 5: Page 8 of Reference 6.

 
Figure 6: Page 9 of Reference 6. 
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Vapor deposition can produce small, ultra-thin films, but the deposition 

chamber will have significant amounts of radioactive contaminants.  Because the 

samples have only a lifetime of three hours, these need to be nearby.  Direct 

transfer in vacuo is preferable, requiring the deposition be in the same room as 

the analysis.  Sample transfer by vacuum suitcase is possible, but the poorer 

vacuum will shorten the lifetime further, [5] probably rendering the experiment 

impossible. 

IV Alignment Issues 
There is also the issue of sample alignment and the avoidance of spectral 

contamination.  Unfortunately, our experience with a small UO2 sample indicates 

that there are often alignment problems associated with using a small sample 

and a small x-ray spot.  An example is shown below. [7] Note the poor signal to 

noise and the presence of the Co spectral contamination. 

 
 

 
Figure 7: Figure 3 of 
Reference 7. 
FIG. 3. (Color 
online)(a) Reference 
spectra as described 
in the text. (b) UO2 
XAS data from the 
high-energy grating in 
the U 4d region. TEY 
= total electron 
yield, TFY = total 
fluorescence yield. 
XMCD = x-ray 
magnetic circular 
dichroism: See Ref. 

16. 

V Summary and Conclusions 
So, while theoretically possible, there are practical limitations that render 

this approach of having dubious potential for success. 
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