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IV.  My rant:  is it a flux monitoring or measuring tool?



Function of the Hadron Monitor
• As target monitor

(1st fin broken)

Monte Carlo

• As alignment tool:
Data!



LE Beam
Alcove 1 Alcove 2

Function of the Muon Monitors

HE Beam Alcove 1 Alcove 2

Monte 
Carlo!

Monte 
Carlo!



Detector Construction Details



Muon Monitor Arrays
3 stations at 740,750,770m 
9x9 IC array
Max flux 4×107 μ/cm2/spill
3mm plate separation
Bias voltage 100V-500V



Kapton Cables

Chambers

Tray

Annoyingly 
complex signal 
connection post

Am241 calib. source
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Ceramic Parallel 
Plate Ion 
Chambers



Hadron Monitor
•Max flux ~109/cm2/spill
•Rad levels ~2 x 109 Rad/yr
•7x7 array of Ion Chambers

-1 mm gap
•Residual activation 58R/hr

-Construction 54lbs Al, 4lbs stainless
•Components Rad Tested up to 12GRad  (6 NuMI years)
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Observations on 
Chamber Performance



Correct 
for 

Pressure 
Variations



Pressure Corrections 
(cont’d)



Gas Quality Annoyances

• Need laura’s plot showing gas issues..Bad quality
Gas added

Increase
flow

Decrease
flow

Increase
flow again New gas

bottles



Hadron Mon. Linearity

Final 
Operating 

Point

Initial 
Operating 

Point

1.64 nC/1012ppp

1.46 nC/1012ppp



Muon Chamber 
Linearity

• Linearity with 
particle fluence
pretty good

• Nonlinearity of 
3% per 400pC 
seen – space 
charge??

LE Beam DataLE Beam Data

slope≈16 pC/1012ppp



Observations In Beam



Beam 
to the 
Dump 

(no 
target)

HadMon
μMon1

μMon2
μMon3

• Neutrons from 
dump

• Muons from dump
• Shower 

punchthrough
(120GeV/c
protons!)
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baffle baffletargettarget selected









Thoughts on In-beam Experience
• Online software is too arcane for the average shifter.
• The muon monitors are extremely sensitive

– Proton beam spot size
– Proton beam position
– Horn current
– other?

• Problems detected using the mu-mons usually require us to 
consult other instrumentation to understand
– Always an effect of primary beam position or spot
– Amost too sensitive – it’s a non-specific alarm
– Crying wolf syndrome
– Becomes an offline analysis effort

• We’ve let ourselves be bit by rookie gas mistakes – twice
• Low helium flow can a problem for atmospheric variations 

(back-diffusion).



Can Muon Monitors 
be Used to Measure 

Neutrino Fluxes?



The Problem
• With some alarm, however, I have heard claims that we may 

be able to measure fluxes with our chambers to ±5%.
• Worse, I have heard presentations at conferences that other 

wide band beams will similarly know their fluxes to 5%.
• NuMI muon monitors are indeed responsive to various beam 

effects, variations, but while stable they were not designed to 
determine fluxes!

• Sooo, I wanted to investigate just how possible or impossible 
it would be to measure a flux using the NuMI chambers.



FNAL NBB

NB:  Apparently μMon not used 
because of backgrounds

Fluxes 
came from 
these



Experience from the CERN PS

• Very similar system adopted by 
IHEP-Serpukhov



CERN SPS

• At the PS, delta rays were “not significant” (~5%)
• CERN SPS made 10-30% corrections (high pμ and high-Z shielding)
• Emulsions used to determine δ-ray fraction 

Monte Carlo data



NuMI Muon Monitors

• Radially small (2m transverse size)
• Just 3 alcoves, first rather deep in shielding
• No provisions yet for δ-ray measurements
• Sooo,  what can be done?



Upstream Shielding
• Absorber

– Al core
– Surrounding Fe
– Concrete shielding

• Not uniform
– Core
– Cracks

Decay
Pipe

Absorber
Core



Alcove Efficiency due to Shielding



Naïve 
Estimation 
of Alcove 
Efficiency
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Calculating Alcove Acceptances
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Beam MC Results (1)
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Beam MC Results (2)
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Results in Beam Data
Alcove 1 Alcove 2 Alcove 3



Desires for Future
• Better knowledge of the shielding

– Only preliminary understanding of beam absorber
– Density/content of the rock?

• Roving ‘calibration chamber’
– Internal sources
– Moves amongst 3 alcoves
– Demonstration that alcove-to-alcove calibration is correct

• Studies of upstream material
– Delta rays in the monitors?
– CCFR – place varying amts of material
– CERN – emulsions



Closing Thoughts
• We’d lacked a serious MC for the muon monitors, only 

solving this now after 1.5 years!
• Monitor hardware performs well (2GRads!), and I’m thankful 

I don’t have any photos of it after irradiation in the beam (must 
look worse than Jim’s horn?!)

• Hadron monitor has very useful online role, not so useful 
offline (rates difficult to predict) – acts as an alarm and 
diagnostic tool.

• Muon monitors have tendency to be ignored online because 
we lack crisp interpretation for the data – some utility shown 
offline, however.

• Fluxes are difficult to measure, but essential for cross section 
experiments.  Key issues
– muon monitors’ sensitivity/overlap with the ν flux
– backgrounds from δ-rays, neutrons
– Shielding geometry
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Thank You!


