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 Ferrous Materials – Rescattering in polarized materials

Pf : Polarization of ferrous material
An: Average analyzing power of polz’d scattering processes
Pe: Polarization of the electron
fr: fraction of detector moller signal

Note: A_{false} is Moller rate but backgrounds come from all processes 
so there’s another factor of  ~10-4 pops in to adjust for Moller rate.

Design Parameter for MOLLER:  

We’d like two orders of magnitude cushion on a false 
asymmetry.

 

We do make some safe 
conservative approximations:

Pe ~1
An ~10-3 

What we’re left with is: 

Takeway
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Material 
Magnetic 

Susceptibility



 Tolerable Limits

● These are the limits that we’ve set for normalized 
ferrous materials scattering backgrounds.

● I’m going to try to persuade you into agreeing 
these are very reasonable upper limits.

These are the quantities of 
interest as upper-bounds 

for ferrous materials 
scattering in our studies.
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Tungsten, too



 Materials: Stainless
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 Materials: Brass/Bronze 
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Room Temp

Magnetic Susceptibility 
Worst case brass/bronze 
susceptibility is ~10-3

Note: Ignoring ‘free cutting 
brass’

Measured Xrs:

Silicon Brass: (consistent) <10-3

Brass 485: (consistent) <10-3

Brass 360: 
       Inconsistent upperbound 
       as much as  2(10-2)



 Main Points 

● Stainless steel components are okay so 
long as they’re not in a high field and 
there’s no straight LoS to the detectors.

● Inside the spectrometer we’re going to 
need to use the ferromaster to check SS 
and brass components.

● We’ve made conservative estimates to 
set our tolerable ferrous background 
limits.

General Points

I’ve placed these 
slides towards the 
beginning just in 
case we are really 
crunched for time.



 Main Points 

● We’ve made conservative estimates to 
set our tolerable ferrous background 
limits.

● Additionally,
1. We don’t calculate the effects of 

depolarization (Maximon & Olsen paper) 
in our analysis.

2. Field weighting doesn’t take into field 
directions.

3. We also don’t account for spin 
precession of e- while in the fields.

Collectively (as these should all work in our favor 
were we to calculate them), this all suggests 
that what I referred to as ‘Tolerable Limits’ are 
prudently set and safe upper bounds.

On the limits

I’ve placed these 
slides towards the 
beginning just in 
case we are really 
crunched for time.



 Process: Simulation
(1) Run simulations of beam on target

(a) Volumes of interest are first placed in 
parallel world as SD volumes.

(b) Typically run 10B events
(i) Under 1 MeV?  StopAndKill
(ii) No hits? Don’t record event in 

ROOT file.
(2) Skim electrons–beam electron or 

daughter of beam electron– that pass 
through ferrous volumes being studied.
(a) Only count any given electron once 

on initial entry into a ferrous volume.
(b) Skimmed events are stored in ROOT 

file to be used in secondary 
simulation.

(3) Secondary simulations run with input 
from skimmed ROOT file.
(a) Sensitive detector volumes for the 

main detector and cylindrical 
volume encasing the PMT region (SD 
for this region overestimates hits).

(b) Number of events can vary. I default 
to ~100K. Although, I try to make sure 
that sample the primary simulation 
hits a sufficient number of times in the 
secondary simulations so it can be 
500K or 1M events.

(4) Analyze!

8



 Analysis 
If secondary simulation event results in a hit(s):

(1) Check to see if vertex originated in magnetic field – 
if so then assign weight equal to field strength in 
gauss (Default weighting for events is 1 assuming ~1 
gauss ambient field)

(2) Take results and normalize against total generated 
vertex weight.

(3) Hits < 1 MeV are not counted.
(4) Output select histograms and csv file.

Calculating total beam on target event fraction:

⇒ Multiply secondary simulation fractional hit rate by 
primary simulation fractional hit rate to get total 
‘simulated’ fractional hit rate.
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We’ve previously 
looked at many 
different histograms 
but we’re ideally 
down to energy 
distributions and hit 
locations on the 
detector volumes.

Sample 
images 
from 
recent 
barite wall 
simulations



 Analysis 
If secondary simulation event results in a hit(s):

(1) Check to see if vertex originated in magnetic field – 
if so then assign weight equal to field strength in 
gauss (Default weighting for events is 1 assuming ~1 
gauss ambient field)

(2) Take results and normalize against total generated 
vertex weight.

(3) Hits < 1 MeV are not counted.
(4) Output select histograms and csv file.

Calculating total beam on target event fraction:

⇒ Multiply secondary simulation fractional hit rate by 
primary simulation fractional hit rate to get total 
‘simulated’ fractional hit rate.
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We’ve previously 
looked at many 
different histograms 
but we’re ideally 
down to energy 
distributions and hit 
locations on the 
detector volumes.

We do not take 
depolarization
 into account

*This works in our favor with an 
overestimate of the ferrous scattering 
background.



 List of Recent Investigations
● Fasteners in toroid region
● Collimators 1 & 2
● Drift pipe vacuum pipe
● Detector Supports
● Concrete Scraping
● Pion-donut tie rods
● Jib crane
● Power leads
● GEM supports 
● Collar 2 barite wall
● Bellows (done by Ryan)
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 Components which aren’t a concern
● Fasteners in toroid region
● Collimators 1 & 2
● Drift pipe vacuum pipe
● Detector Supports
● Concrete Scraping
● Pion-donut tie-rod ends
● Jib crane
● Power leads
● GEM supports 
● Collar 2 barite wall
● Bellows (done by Ryan)
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←Not a concern

←Not a concern

←Not a concern
←Not a concern

←Not a concern

←Not a concern

(For example) Jib Crane SensDet 9209

←Not a concern

←Not a concern



 Components which require care
● Fasteners in toroid region
● Collar 2 barite wall
● Bellows (done by Ryan)
● HRS steel floor tracks
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Fasteners:
● Proper material selection is important.
● Ferrous simulations highlight the 

importance of measuring each of 
these components with a ferromaster 
to ensure quality. 

● Fasteners in TM4-region account for 
most of the backgrounds. 

Zone Primary 
(per e.o.t.)

Secondary 
(per primary)

Total fraction 
(per e.o.t.)

Mean B-field 
at vertex

B-field scaled 
fraction 

(per e.o.t.)
Allowable Xr

9010 2.1E-05 4.2E-04 8.7E-09 270 G 2.3E-06 4e-3

9020 2.7E-05 1.7E-03 4.6E-08   38 G 1.8E-06 6e-3

9030 1.3E-05 5.5E-04 7.2E-09   11 G 8.0E-08 0.1

Table taken from slides Kent made

Radius from coils:   r9010 < r9020 < r9030  (See backup slide if needed)

Backup slide for 
breakdowns if 
anyone is interested.

There’s a 
need for 
quality brass 
here.

Refer back 
to earlier 
brass slide.



 Components which require care
● Fasteners in toroid region
● Collar 2 barite wall
● Bellows (done by Ryan)
● HRS steel floor tracks
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● First-round ferrous simulations used 
simpler ‘older’ barite wall support idea.
  

● Simulations with more accurate design 
underway (I’m building the GDML). 

○ Top portion will be shielded but there 
will be more ‘leg mass’ (so outcome 
uncertain)

● Takeaway: Care in material and perhaps 
design is likely key here.

Results of this 
basic geometry 
model suggest 

material 
sensitivity



 Components which require care
● Fasteners in toroid region
● Collar 2 barite wall
● Bellows (done by Ryan)
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Bellows: 

● Ryan’s recent simulations 
continue to support the 
need for high-quality 
materials for the bellows.

● Collar 1 design 
improvements (Ryan has 
already or will give this talk) 
should further tamp down 
ferrous backgrounds from 
the bellows.



 Final Slide 

(1) We’re happy to field questions about 
components. 

➢ No SBS over the late-spring and 
early-summer so I have some time.

(2) I hope I’ve convinced or at least 
persuaded people into the idea that 
we’ve set prudent upper-bounds on 
ferrous scattering.

(3) There is no #3. Just see #1 and #2 again.
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Questions?

Comments?



Fastener Reference Slide
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 Backup Slide: Tabled Fastener Results 

18

Mean magnetic fields

Background 
contributions


