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We detail the attempts to remove the need for chemistry after extended mechanical polishing (XMP).  

It would be beneficial to remove chemistry after the XMP process because; the process would be more 

environmental friendly, it would require much less infrastructure and would be less technically involved 
opening up avenues for cavity processing at more industrial partners and facilities in general. Also the 

XMP process would be cheaper without the post-XMP chemistry step. Recent results have shown that 

fine mechanical polishing after electropolishing does not appreciably decrease cavity performance.  And 
cavities processed completely with XMP, heat treatment and no chemistry have quality factors in excess 

of 2x10
10

 and reach accelerating gradients as high as 30 MV/m. 

 

 
 

I. INTRODUCTION 
 

Niobium superconducting radio-frequency 

(SRF) cavities are a key component to several 

machines that produce high-energy and high-
intensity beams, ranging in applications from 

next-generation light sources, sub-critical nuclear 

reactors and spent fuel remediation, medical 

isotope production, emissions reduction, and 
screening for defense and security [1]. In 2004 a 

decision was made to use superconducting, often 

times called cold technology, for one high energy 
physics machine called the International Linear 

Collider [2].  Cold technology offers several 

advantages including significantly smaller loses in 

the power transferred from the drive klystrons to 
the accelerating beam [3].  This more efficient 

power transfer translates into a significant savings 

in the operation of the accelerator.  
Niobium superconducting radio-frequency 

(SRF) cavities are a key component of cold 

technology accelerators. Niobium is used because 
it goes superconducting at 10° K and has 

mechanical properties that are suitable, yet far 

from ideal, to fashion polycrystalline sheets of it 

into radio-frequency cavities. Problems 
encountered when working with the niobium used 

for SRF cavities include: poor tensile strength and 

hardness of ingot material, high chemical 
resistance, high purity of material required, high 

affinity for hydrogen and oxygen, and a high 

melting point usually requiring electron beam 

welding [4-7]. Much work has been done on the 

manufacturing of niobium SRF cavities to 
increase accelerator performance and decrease 

accelerator installed and operating costs [8- 12].   

A bulk of niobium SRF cavities are made by 
slicing sheets from a high purity niobium ingot, 

forming the sheets into a geometry that is roughly 

half of a single resonating body and then electron 

beam welding these geometries together. To 
remove damage from the manufacturing process 

on the order of 120 microns of material is 

removed from the inside of the cavity [13].  This 
is typically done by buffered chemical polishing 

(BCP) or electropolishing (EP). EP typically 

leaves a smoother surface than BCP and is 
preferred when higher accelerating gradients are 

required [10].  

Both BCP and EP use concentrated acid 

mixtures containing hydrofluoric acid.  These 
acids require a large capital investments and 

complicated facilities to handle safely. They also 

raise environmental safety and health concerns. 
For these reasons, much work has be done on 

finding alternate chemical procedures to process 

the niobium cavities [14, 15, 16] 

Previous work showed the ability of extended 
mechanical polishing (XMP) to remove the 

damage layer from the cavity manufacturing 

process and achieved mirror like finishes 
smoother than previously obtained through 

chemistry [17]. The work also showed the ability 
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to successfully repair cavities with performance 

limiting defects that were unsuccessfully 
processed by EP [17]. However this work also 

showed that 20 microns of removal via either EP 

or BCP was needed after the cavity was 

processed. At the time it was believed that this 
chemistry was needed because the tumbling 

process left contamination behind, although little 

to none was apparent from visual and chemical 
analysis. 

The work in this paper details the attempt to 

remove the need for chemical treatments after 
XMP, and to study its effect on RF performance. 

This requires an understanding of the amount of 

contamination left by the process. It would be 

beneficial to remove the EP/BCP after the XMP 
process for several reasons. One reason is to make 

the process environmental friendly. The process 

could also require less infrastructure and could be 
less technically involved opening up avenues for 

cavity processing at more industrial partners and 

facilities in general. Also the XMP process would 
be cheaper without the post-XMP chemical steps.  

Another motivation comes from the 

possibility of improving RF performance. XMP 

has already demonstrated to be a good repair tool, 
improving the quench fields of cavities limited by 

large geometrical defects, while EP or BCP 

cannot. It has been shown that roughness on the 
macroscopic scale might affect RF performance, 

as hinted by the stronger RF losses at medium 

field for BCP vs EP cavities, and by the 

superiority of EP vs BCP in reaching higher 
accelerating fields. It has also been recently 

shown that almost half of the Meissner screening 

profile, the penetration depth where the super 
currents flow and the RF dissipation occurs, is 

characterized by a non screened region – a ‗dead 

layer‘ – where the magnetic field penetrates and 
remains constant. This ~ 15 nm deep region might 

be attributed to nano-scale roughness, which is 

roughness smaller than the coherence length in Nb 

(< 39 nm), creating stagnant areas where currents 
cannot flow. Via XMP this nano-scale roughness 

could be significantly reduced to ~ 10 nm, and 

surface resistance might be lowered. But to 
achieve this super smooth surface finish no 

subsequent chemical treatment should be done.  

 

II. EXPERIMENTAL 
 

The XMP process was thoroughly described 

in a previous publication [17]. Extended 
mechanical polishing (XMP) of single-cell, 

polycrystalline and large grain, niobium 1.3 GHz 

TESLA SRF cavities used a machine custom built 

for this purpose by Mass Finishing Inc. [18]. The 
machine was designed to accelerate media with 

approximately 6 g of force against the inner cavity 

surface. Cavities were secured in buckets, where 
each bucket rotated around the central shaft at up 

to 115 rpm, while at the same time each bucket 

counter-rotated around its own axis at the same 
rate.  

The cavities were filled approximately 50% 

by volume with media and capped for each step. 

The end caps were made from the same type of 
niobium as the cavities. Multiple polishing steps 

are done with progressively smaller particles in 

the slurry to achieve as smooth a surface as 
possible. The final polishing step used a colloidal 

particle in the slurry. The cavities were rinsed 

with water between polishing steps.   
Previous work relied on a niobium end cap for 

analysis of the tumbling process [17]. In this work 

a coupon cavity was also utilized, as seen in 

Figure 1. The coupon cavity was made in the 
same manner as a standard single cell 1.3 GHz 

niobium cavity. But after the standard cavity was 

made, many small hubs were electron beam 
welded and holes cut into the cavities at the 

equator, beam tube and transition area from the 

cell to the beam tube. The coupons that were put 

in the ports were approximately 14.2 mm diameter 
by 3 mm thick discs cut from polycrystalline and 

large grain sheets. The coupons were initially flat 

and tumbled to match the geometry of the cavity 
before data was taken. The amount of force and 

hardness of the material being polished are two 

critical variables in studying mechanical 
polishing. The coupon cavity allows for a very 

close approximation to the actual tumbling 

process.  

Two coupon cavities were made. The coupons 
for cavity 1 were numbered 1-12 and the coupons 

for cavity 2 numbered 13-24. Coupons 1, 2, 11, 

12, 13, 14, 23, and 24 were on the cavity beam 
tube.  Coupons 3, 4, 9, 10, 15, 16, 21, and 22 were 

on the flat side wall of the cavity near the iris. 

Coupons 5-8 and 17-20 were at the coupon cavity 
equator. 

 



 
Fig. 1. Drawing of Niobium Coupon Cavity used 

to Study XMP process 

 

The surface morphology of the coupons 

was measured using a KLA-Tencor P-16 

Stylus-Type surface profilometer with a 0.1 

micron diameter tip. A 5900 JEOL scanning 

electron microscope, with Oxford EDS model 

7460, was also used to analyze the samples. 

Pictures of the equatorial welds were 

taken by a special camera system (Kyoto 

Camera System) [19] designed to access the 

cavity interior. This system has 20 micron 

resolution. In all pictures, the weld bead (WB) 

is approximately 10 mm wide and runs from 

top to bottom. Adjacent to the weld bead and 

running parallel to it on either side is a heat-

affected zone (HAZ), which is approximately 

14 mm wide.  The pictures represent 3° 

sections of the full 360° welds, and each 

picture shown is typical of the approximately 

120 images acquired unless otherwise noted. 

The direction the media moves against the 

surface is parallel to the weld. The wide black 

bands running from top to bottom in figures 

are actually reflections of the light-emitting 

diode array used for illumination by the 

camera system. 
 

III. RESULTS & DISCUSSION 

 

a. Cold Test Results 

 

Initial analysis of the contamination left 

behind after tumbling was done by cold testing 2 

different cavities that were processed by XMP to a 
mirror finish and then treated with different 

amounts of chemistry.  Both cavity TE1ACC002 

and TE1AES005 were tumbled to a mirror finish, 
rinsed with ultrapure water and heat treated at 800 

C for hydrogen removal.  After this the cavities 

received varying amounts of material removal via 

HF rinsing or electropolishing (EP), were 
prepared for cold testing via high pressure rinse 

and pump down in a class 10 clean room and were 

then tested. Figure 2 shows the results of this 
study. All cold test results are at 2° K.  All graphs 

in this section show the accelerating gradient in 

MV/m on the horizontal axis plotted against the 
quality factor on the vertical axis.  In Figure 2 the 

cavities received 120 °C baking before test. 

Cavity TE1ACC002 (bottom trend) 

performed very poorly after tumbling followed by 
HF rinsing which removed less than a micron 

from the cavity. This seems to indicate much 

contamination on the surface of the cavity.  Cavity 
TE1AES005 (middle trend) showed much better 

performance after tumbling followed by 10 

microns of EP.  This seems to indicate that there 
is much less contamination on the surface. The 

top trend of Figure 2 is again of TE1ACC002 but 

this time after 20 microns of EP. The performance 

is now extraordinary, likely indicating no 
contamination. 

Fig. 2. 2° K cold test results of 2 different 

polycrystalline 1.3 GHZ, TESLA, single cell cavities 
after tumbling to a mirror finish followed by 800° C 

heat treatment and varying amounts of chemistry. 

Results show 20 microns of chemistry needed to 

remove damage from previous steps. 
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The only difference between the cold test 

results for TE1ACC002 in Figure 2 is the 
additional 20 microns of electropolishing done 

after heat treatment.  This seems to indicate 

surface contamination.  If there was bulk 

contamination a light surface treatment should not 
repair it. There was some question as to if this 

apparent surface contamination was from the 

tumbling process or from the 800° C heat 
treatment.  Because of this question, two new 

cavities were processed by XMP, 800° C heat 

treated and 2° K cold tested with no chemistry. 
The results are in Figure 3.  

The bottom trend of Figure 3 is of a 

polycrystalline cavity, TE1AES008, and has very 

bad performance. This bottom trend very closely 
parallels the results from TE1ACC002 from 

Figure 2.  TE1ACC002 performs slightly better, 

presumably because it had a light material 
removal by HF rinsing. But the top trend of Figure 

3, cavity 1DE20, performed much better than any 

previously tested cavity that had been tumbled 
and tested without post heat treatment chemistry.  

The main difference in the 2 cavities seen in 

Figure 3 is the number of grain boundaries. 

 
 

Fig. 3. 2° K cold test results of 2 different single cell 

1.3 GHz TESLA cavities after tumbling to a mirror 
finish and 800° C bake. Processing was done with no 

chemistry. The large grain cavity, 1DE20 performs 

much better than the polycrystalline cavity 

TE1AES008. 
 

    The difference in performance was 

attributed to titanium, from the cavity flanges, 
which vaporized and preferentially deposited in 

grain boundaries [20].  This is difference from 

grain boundaries is discussed further in the 

Temperature Mapping Section below. 
 

 

 
 
Fig. 4. Pictures of a spot in the weld bead of cavity 

1DE20 before (a) and after (b) the XMP process. 

Picture (a) shows a large plug in the cavity that was 

removed by XMP (b).  
 

Worth noting is the original state of the 1DE20 

cavity. Figure 4 shows 2 pictures of the inside of 

the cavity at the weld bead taken by the Kyoto 
Camera System. The picture on the left is the 

cavity as received. The large circular object is a 

plug that has been electron beam welded into the 
cavity after manufacturing. It is approximately 8 

mm in diameter where it protrudes from the 

interior surface of the cavity.  No measurement 

was taken, but it appears to stick out of the 
interior surface of the cavity by more than 1 mm. 

The picture on the right is in the same area as the 

picture on the left and is of the cavity after 
tumbling to a mirror finish with no chemistry.  

After tumbling there is no sign left of the weld 

plug.  Even though the plug was apparently 

removed from the inside of the cavity by XMP it 
is still possible the welding of the plug into the 

(a) 

(b) 



cavity could be a limiting factor on the ultimate 

performance achievable regardless of processing 
technique. Also worth noting is that 1DE20 had 

no 120 C bake after the 800 C bake.  A 

subsequent 120 C bake could have increased the 

quality factor at quench substantially. 

  

Additional tests were then done on cavities that 

were heat treated with the inside volume separated 
from the titanium flanges via niobium caps [20].  

The results are seen in Figure 5. 

 
 
Fig. 5. 2° K cold test results of 3 different single cell 

1.3 GHz TESLA cavities after tumbling to a mirror 

finish and 800° C bake with no chemistry. TE1AES009 

and TE1AES011 are polycrystalline and 1DE20 is 

large grain. 

 
Figure 5 shows the results of 3 single cell cavities 

again tumbled to a mirror finish, heat treated to 

800 C, and high pressure rinsed and cold tested 
with no chemistry. These cavities were all heat 

treated with the inside of the cavity separated 

from the furnace to minimize contamination from 

the furnace. Cavities that received bulk 
electropolishing and no post heat treatment 

chemistry (120 °C bake) with this furnace 

configuration tested well showing a good Q-slope 
[20].  Also, the dotted line shows the result from a 

cavity that was processed by XMP, followed by 

EP, 800 °C heat treatment but no 120 °C bake.  
The difference from this benchmark dotted line 

and the other trends is that in this benchmark test 

the chemistry should have removed any residual 

contamination from XMP.  The difference 

between the benchmark dotted line and other tests 
is likely from embedded media left by XMP. 

All 3 cavities perform very similarly showing 

strong mid-field Q slope. This is likely due to 

contamination left from the tumbling process.  
These results are the best demonstration of how 

much the residual contamination is affecting the 

cavity performance. As none of the cavities 
quench and are all power limited, it is probable 

that the contamination is small particulate spread 

over a wide area and is not singular large 
particles.  These results are promising but show 

more worked is needed.  These cold test results 

give no quantitative information on the level 

contamination. For this coupon studies were done.  
 Some of these coupon study results are 

presented in the next section.  These results 

demonstrate that more contamination is 
introduced into the cavity in the earlier stages of 

the XMP process. To test this theory we did the 

XMP process on a cavity that had been through 
chemistry recently and should have no surface 

contamination. However instead of doing the 

cutting and rough polishing steps of XMP we only 

did fine polishing.  The results are seen in Figure 

6. 
 

 
 
Fig. 6. 2° K cold test results from single cell cavity 1.3 
GHz TESLA cavity PIPPS03 after various processing 

techniques.  
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   Figure 6 shows the cold test results from a 

single cell cavity after various processing steps.  
The first processing sequence that was done to the 

cavity was bulk EP, 800 °C heat treat, light EP, 

and no 120 °C bake.  This trend is not shown for 

clarity, but the performance was the worst for Q0.  
After this the cavity was processed by XMP to a 

mirror finish, received a light EP, had an 800 °C 

heat treatment and was tested with no light 
chemistry and no 120 °C. This is the trend of 

squares. The only difference between the squares 

and the triangles is that the cavity was 120 °C 
baked between cold tests. Next the cavity was 

tumbled with final polishing only, 800 C heat 

treated, with no chemistry and no 120 C bake. 

This is trend represented by X marks.  As is seen 
here the quality factor is nearly the same for the 

tumbled cavity with (box) and without(X) 

chemistry.  This further demonstrates, as 
suggested by coupon work, that there is little to no 

contamination introduced from fine polishing.  
 

b. Temperature Mapping & RGA 
 

   The mediocre performance of the tumbled cavity 

TE1AES008, which had received no material 
removal via chemistry, seemed at this point to 

possibly be due mainly to the furnace 

contamination, and not by residual embedded 
media left over by the centrifugal barrel polishing. 

Following our finding of a grain size effect on 

losses, the large grain 1.3 GHz single cell cavity 

1DE20 was then prepared identically to 
TE1AES008: it was tumbled to mirror finish, 

degassed at 800°C for 3 hours (room temperature 

venting with nitrogen), high pressure rinsed and 
tested. Results were shown in Figure 3 above. The 

cavity had a good low field Q of ~ 2e10 and a low 

field residual resistance extracted via Q vs 

temperature measurement performed at 5 MV/m 
of ~ 3 nΩ. Medium field losses were stronger than 

standardly treated cavities, but milder than all the 

argon vented cavities.  
 Performance of the large grain cavity was 

by far superior to the fine grain, and low field 

residual resistance was 3 nΩ for the LG versus 40 
nΩ for the FG cavity! This confirmed again the 

grain size effect on the post-furnace treatment 

losses, and that indeed the poor performance of 

the tumbled fine grain cavity was dictated by the 
post-heat treatment losses and not by tumbling 

embedded media. 

 

 

   

 
Fig. 7. T-map of 1DE20 at medium field, showing 

heating at the equator, typical signature of hydrogen Q-

disease. 

 
 The 1DE20 results represent a first and 

extremely encouraging data point towards the 

possibility of acid-free processing. Past attempts 
on minimization of material removal post-CBP 

showed that some amount of BCP/EP is necessary 

to avoid extremely bad performance. Even though 
results are encouraging, it‘s important to point out 

that the losses in the medium field in 1DE20 were 

stronger than in typical electro-polished cavities, 

for example compared to TE1AES016, and could 
be caused by some residual media embedded by 

CBP. We then studied the 1DE20 cavity losses via 

T-map, Figure 7, and found that all the losses 
were concentrated at the equator. This is a typical 

signature of hydrogen Q-disease. CBP typically 

loads large amount of hydrogen in the cavity, so it 
could be possible that 3 hours at 800°C were not 

sufficient to remove all the hydrogen from the 

cavity. The RGA data of the degassing cycle of 

the tumbled large grain is shown in figure 8. The 
cavity was then subsequently heat treated at 

800°C for 6 hours and re-tested, but performance 

degraded, as shown in figure 9. Further 
investigations on the cause of these stronger 

medium field losses in CBP surfaces (followed by 

no EP/BCP) are currently under investigation 

and will be subject of future publications. 

 



 
Fig. 8.RGA data for the 3 hours degassing cycle of 

1DE20 
 

 
 

Fig. 9. Performance comparison of the large grain 

tumbled cavity 1DE20 post 3 hours at 8000C and 

subsequent longer degassing cycle 6 hours at 8000C. 

 
c. Coupon Study Results 

 
The coupon cavity was used to analyze 

the amount of contamination introduced to 

niobium cavities by various tumbling recipes.  

Figure 10 shows the amount of media imbedded 
in the coupons after tumbling for an extended 

period of time with an aggressive cutting media 

that is primarily composed of alumina and silica. 
The tumbling step was done in a typical manner, 

using water and a standard surfactant with the 

media. This particular media is fairly aggressive 
and has been widely used on SRF cavities in the 

past, especially on cavities with pits or inclusions. 

These SEM pictures show that there are pieces of 

tumbling media imbedded, some larger than 10 
microns in size, throughout the niobium coupon.  

The pictures also show how the smearing of the 

material creates a general porosity at the surface. 
It is likely there is media trapped by niobium that 

has been pushed over it during the tumbling step. 

 

 

Fig. 10. 1000x SEM pictures, with 10 micron scale bar 

shown, demonstrating media trapped in the niobium 

surface. Both pictures are of the same area of a coupon 
tumbled with an alumina silicate media.  The picture 

on the right has some of the larger pieces of media 

highlighted to make it more visible. The coupon is 

from the equator of the cavity.  

 

Figure 11 further demonstrates the level 

of contamination after tumbling with this alumina 
silicate media.  Figure 8 shows 3 different 

elemental maps made using energy dispersive 

spectroscopy (EDS).  The black background is 
mainly niobium while the white dots are alumina 

and show where media is imbedded or is on the 

surface. The area shown represents a roughly 200 
by 250 micron area. It can be seen that the media 

is imbedded throughout the entire sample. The 

samples from Figure 6A, 6B, and 6C come from 

the beam tube, flat region near the cavity iris and 
the equator respectively. These images are 

representative of the respective areas they come 

from. It can be seen that there are more and 
apparently larger pieces of imbedded media in the 

beam tube area. On average the atomic 

concentration of alumina in the beam tube (Fig. 



6A), flat region near the cavity iris (Fig 6B) and 

the equator was (Fig 6C) 4.6, 2.9 and 3.4 atomic 
weight % respectively. The moment arm is 

smaller at the beam tube and there is therefore less 

force on the media in the beam tube. This is 

evidenced by the amount of material removed 
from the 3 different areas.  On average 16, 75 and 

76 microns were removed with this media from 

the beam tube, flat region near the cavity iris, and 
the equator respectively. 

 

 
Figure 11: Amount of media imbedded after first 
tumbling step represented by EDS maps. (A) is from 

the beam tube (B) is from the flat region near the cavity 

and (C) is from the equator. 

It is difficult to exactly gauge how deep the media 

is imbedded in the niobium.  Figure 12 is a 

representative result that shows the effect of 24 

microns of electropolishing on the samples shown 

in Figures 11. All the tumbling media is removed 

from all samples after 24 microns of EP. There 

was contamination left behind on 2 of the coupons 

after the EP.  The contamination was not 

imbedded and was resting on the surface.  The 

contamination was likely byproducts from the 

electropolishing process and the tumbling media 

or some form of the tumbling media itself.          

 

  
Fig. 12.  500x and 1000x SEM pictures, with 50 & 10 

micron scale bars shown,  showing the effects of 24 

microns of electropolishing after tumbling with the 
alumina silicate tumbling media.   
 

Figures 13 and 14 show EDS and SEM 

results after the same set of samples was 
centrifugally barrel polished with an alumina 

silicate cutting step and then polished with a 

rough polishing media. From figure 13, the white 
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spots are contaminants and the black is the 

niobium background. 

 

 
Fig. 13. EDS of samples from the coupon 

cavity that were barrel polished using a 

cutting media and rough polishing step. (A) Is 

from the beam tube and (b) transitional area 

between the beam tube and equator.  
 

Figure 13 shows that there is still 

contamination covering the entire surface. 

However, the contamination is comprised of 

smaller pieces in general. This is as to be 

expected as each progressive mechanical 

polishing step uses smaller abrasive particles. 

The problem is making sure that all the 

abrasives from the previous step are removed 

before proceeding to the next step. Figure 14 

shows SEM pictures of the same samples 

from Figure 13. When compared to Figure 10, 

(the rough cutting step) the samples in Figure 

14 (the rough polishing step) look much 

better. The surface is much smother with less 

large pits and less imbedded media. 

  
 

Fig. 14. SEM of samples from the coupon cavity that 

were barrel polished using a cutting media and rough 

polishing step. (A) Is from the beam tube and (b) 

transitional area between the beam tube and equator.  

Figures 10 through 14 show the starting 

state of mechanical polishing at Fermi.  All of the 
original work on centrifugal barrel polishing and 

XMP focused on repairing poor performing 

forming cavities with as short a processing time as 
possible.  When focusing on acid free processing 

we had to take a new approach.  To minimize 

amount of material imbedded in the surface we 

examined new medias, new carriers and new 
process parameters.  We varied the force of the 

medias on the surface of the cavity by varying the 

revolution rate of the tumbler. We tried to get 
media that would not degrade with time and 

would be therefore less likely to leave residue 

behind to imbed in the niobium. We looked at 
media with low aspect ratios that would be less 

likely to drive a piece of the media into the 

surface.  We looked also examined the elemental 

composition of the media to make sure no 
magnetic species were present. 
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The carrier is a support used to hold 

unsupported abrasive materials. For carriers we 
looked for materials that were as dense as possible 

and would not scratch the surface of the niobium. 

We could not find any fully suitable carriers, so 

we developed several of our own that are now 
under testing. 

 Figure 15 and 16 show some of the 

results of our changed process.  Figure 15 (A) 

and (B) show SEM images of a coupon from 

the transitional area of the cavity between the 

beam tube and the equator.  The images are 

representative of the beam tube and equator as 

well.  When compare to the original process 

and figures 10 and 14 you can see that the 

sample looks better in the new process. There 

are not nearly as many pits and the pits are 

smaller in size.  There is also less visible 

imbedded media from SEM. 

 

 
Fig. 15. Shows SEM pictures of the transitional area of 

the coupon cavity after (A) the modified 1
st
 cutting step 

of XMP and (B) the modified 2nd rough polishing step 

of XMP. 

 

 
Fig. 16. Shows EDS pictures of the transitional area of 

the coupon cavity after (A) the modified 1st cutting step 

of XMP and (B) the modified 2nd rough polishing step 

of XMP. 

 

Figure 16 shows the EDS analysis of a 

coupon from the transitional area of the cavity 

after barrel polishing with steps modified to 

reduce material contamination. Figure 16 (A) 

is EDS after the 1
st
 modified step and 16 (B) 

is after the 1
st
 and 2

nd
 modified steps.  If you 

compare to the EDS results from the original 

barrel polishing process in figures 11 and 13 

you see a much less contamination now. You 

see a level of contamination you could expect 

to be reasonably removed by subsequent finer 

polishing steps. 

 

IV. CONCLUSIONS 

 

The reduction of post XMP chemistry 

would make the process more environmental 

friendly,  would require much less infrastructure 

and would be less technically involved opening up 
avenues for cavity processing at more industrial 

partners and facilities in general.  Recent 
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development in heat treatment methods at 

Fermilab have rapidly advanced the understanding 
of the contamination caused during the XMP 

process.  Recent results have shown that fine 

mechanical polishing after electropolishing does 

not appreciably decrease cavity performance.  
And cavities processed completely with XMP, 

heat treatment and no chemistry have quality 

factors in excess of 2x10
10

 and reach accelerating 
gradients as high as 30 MV/m. Recent work with 

new media and process optimization to reduce 

contamination has shown promise that an acid 
free XMP process may be possible.  
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