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Ferrous Materials: 
Pion Donut
⇒ Struts, 
⇒ Strut Fasteners 
⇒ Wall Tie Rods 
⇒ Diagonal Supports



Ferrous 
Information



Carbon Steel

Ferrous Background Tolerances By Relative Susceptibility 
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This slide is from old 
polarimetry talk.

Depolarization



Depolarization
Consulting the gods of computing...

Reproduces 

the Maximon Plot

x=1 ⇒ No bremm
x~0 ⇒ Almost all bremm’d away
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This slide is from old 
polarimetry talk.



Simulated 
Ferrous Volumes



Pion Donut

Distribution of 
ferrous material in 
remoll 
visualization.

Struts: Hold the 
donut in place

Strut Bolts: 
Fasteners for the 
struts.

Tie Rods: 
Connect pion 
donut support 
structure to Hall 
wall

Diagonal Support:
Connect donut 
structure to Hall 
wall.

Tie Rods



9221 – Pion Donut Strut Ends

Zinc-plated Carbon Steel

Length of strut ends reduced 
from previous simulations.

https://www.mcmaster.com/60645K62/

https://www.mcmaster.com/60645K62/


9221: Pion Donut Strut Ends



9221: Pion Donut Strut Ends



9221: Pion Donut Strut Ends



9223 – Pion Donut Strut Bolts

The 6.5” bolts 
are used for the 
struts oriented 
in the x and y 
directions and 
the 8.5” bolts 
are used in the 
struts oriented 
in the -direction.

Grade 8 Steel
[Medium 
Carbon]

https://www.mcmas
ter.com/91257A970

https://www.mcmas
ter.com/91257A979

https://www.mcmaster.com/91257A970
https://www.mcmaster.com/91257A970
https://www.mcmaster.com/91257A979
https://www.mcmaster.com/91257A979


9223: Pion Donut Strut Bolts



9223: Pion Donut Strut Ends



9223: Pion Donut Strut Bolts



9222 – Pion Donut Tie Rods

Made the model before I had access 
to document control.

A36 low-carbon steel.

No details about rod
width. I gave diameter 
of 1”.



9222: Pion Donut Tie Rods

With depolarization considerations, reduce by a 
factor of ⅓, and these become ‘tolerable’. 



9222: Pion Donut Tie Rods



9222: Pion Donut Tie Rods



9224 – Pion Donut Diag Supps

Diagonal support’s for Pion Donut 
assembly placed per specs from 
Cip

200” above floor

Starting at 90” in x-position and 
move out at 45*deg angle off 
beamline and continue until wall.

Starting z-position should at the 
showermax.

Supports outlined in green.

Probably could have made it 
closer to the wall. I shifted in 
forward but forgot to increase 
length. 

This is not a significant 
difference. 

⇒ I am presuming that these 
will be made out of the same 
A36 Steel that the Tie Rods will 
be made out of. It is not clear to 
me exactly what this material is.



9224: Pion Donut Diag Supports



9224: Pion Donut Diagonal Supports



9224: Pion Donut Diagonal Supports



Takeaway



Comments

Difference from Previous: 

● Change in modeling of the strut ends to 2” 
rather than 6” has decreased background 
by about 33%. Which makes sense as the 
upstream faces were responsible for the 
bulk of backgrounds.

● Addition of the Grade 8 bolts, though, 
adds previous gains (above bullet point) 
right back in. 

● Previous simulation for the tie rods were 
just ends, but it looks like they will be 
completely made of A36 steel. This takes 
us from ‘it’s okay’ territory to ‘not too 
comfortable’ territory.

Materials: 

● It would be nice to get some additional 
information on the Grade 8 steel. I’ve seen 
this reference as medium-carbon steel.

● Same goes for the A36 which I’ve seen 
referenced as low-carbon. 

● At this point, I’m just considering them to 
all be ‘carbon steel’ and subject to our 
10-11 ferrous background limit



Ferrous 
Volume

Volume 
Common 

Name

Ferrous 
Material

Background 
Tolerance

Main Det
Charges

Main Det
Gammas

PMT 
Region

Charges

PMT 
Region

Gammas

9221 Pion Donut 
Strut Ends

Carbon 
Steel

1e-11 2.00e-11 1.61e-11
1.61e-13

1.30e-10 7.75e-11

9222 Pion Donut 
Tie Rods

Steel A36
[Low-Carbon]

1e-11 1.30e-11 2.44e-12
2.44e-14

1.16e-10 8.40e-12

9223 Pion Donut 
Strut 

Fasteners

Grade 8
Med-Carbon

???

1e-11 2.16e-11 2.14e-11
2.14e-13

1.29e-10 7.74e-11

9224 Pion Donut 
Diagonal 
Supports

Steel A36
[Low-Carbon]

1e-11 5.96e-12 1.26e-12
1.26e-14

4.98e-11 5.19e-12

Summary of Pion Donut Region

Summing all of this 
up under the 
hopefully 
overly-conservative 
assumption that the 
all of them share 
the same 
susceptibility.

This leaves us at 
6(10-11) … taking off 
a factor of 3 for 
depolarization and 
that still has us at 
2(10-11).

Photon 
efficiency in 
quartz gives 
10-2 leeway 

here.

PMT region 
boundary 

overmodeled.

Factor 
Reduction???


