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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Collect tagged charged particles (p, π, e, μ, K) in energy range relevant to NOvA neutrino 
interactions (0.2 — 2 GeV). 

• Operating in tertiary beamline at MCenter. 

• Expected particle rates: 3e6 π, 2.6e6 p, 7.8e4 e, 3.9e4 μ, 2.6e4 K (~5.6e6 total).

NOvA Test Beam Program
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Diagrams with elevation?

NOvA Test Beam Beamline
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Expect 1x106 particles on NOvA (secondary) target for 5.75x109ppp intensity on primary target. 

• Maximum intensity permitted by shielding assessment 1.6x1010ppp.

NOvA Test Beam Beamline
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Large amounts of high intensity, high 
energy, off-axis beam halo present in the 
beamline. 

• Swamps the full detector, with a 
concentration in the Upper West part of the 
detector (slightly above and to the left when 
looking down the secondary beam).

Halo Problems
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Tertiary beam spot

2.5m



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Detector front-end electronics (designed for 
neutrino events) cannot handle pile-up rate; 
saturate, shut-off during spill.  We clear the 
buffers and reenable data-taking at a rate of 10 
Hz.  Still miss large amounts of tertiary beam 
events, resulting in a lot of unusable data for 
analysis. 

• To handle the data rate, we are operating the 
beam at a significantly lower intensity, and are 
collecting data at a rate around 2 orders of 
magnitude lower than expected.

Halo Problems
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Halo Problems
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Primary intensity scan 
64 GeV

1e8ppp 2.5e8ppp 5e8ppp

7.5e8ppp 10e8ppp 50e8ppp

• Fraction of live front-end boards as a function of time in spill.



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Spill structure as observed by hits in detector, with and without the higher duty factor (~30% 
improvements) as ran yesterday. 

• The initial spike before the dip is troublesome at shutting off our electronics.

Spill Structure Problems
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Lower duty factor (~30%) Higher duty factor (~40%)



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Observe around a factor of 2 fewer hits on 
counters in secondary beamline than expected 
from simulation. 

• Observe around an order of magnitude fewer 
hits on our tertiary beamline detectors than 
expected from simulation.

Simulation Problems
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Using a full combined MC6-MC7 simulation, we 
have tried to reproduce what we see. 

• Primary target/secondary beam simulation 
provided by AD, NOvA-built tertiary beam 
simulation. 

• We do produce a lot of muons in the secondary 
beamline (as Adam has also seen), but they appear 
to have different characteristics to our halo. 

• Initial position of muons in NOvA detector 
come from MC6, mostly from first 35m and 
from inside the beamline. 

• In particular, when closing the collimator in the 
MC6 beam (MC6CV), we see the halo mostly 
goes away (along with the rest of our beam), 
whereas in the simulation this has no effect.

Understanding Halo Behavior
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Understanding Halo Behavior
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Secondary momentum scan 
5e9ppp

8 GeV 16 GeV

32 GeV 64 GeV



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Understanding Halo Behavior
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1e8ppp

Primary intensity scan 
64 GeV

2.5e8ppp 5e8ppp

7.5e8ppp 10e8ppp 50e8ppp



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Understanding Halo Behavior
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Collimator in Secondary Beamline

10 mm 3.6 mm



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Auxiliary Counters

14

MC6



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Everything goes into ACNET. 
https://cdcvs.fnal.gov/redmine/projects/novatestbeam/wiki/ACNET_Addresses

Auxiliary Counters
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https://cdcvs.fnal.gov/redmine/projects/novatestbeam/wiki/ACNET_Addresses


M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Understanding Halo Behavior
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Around the secondary 
beam, upstream of NOvA 
target.  1 above, 2 below, 3 
west side



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Running at lower intensity. 

• Still getting FEB shut-offs, compromising the quality and usefulness of the data we collect. 

• Statistics far too low to achieve primary goals of program.

Attempted Solutions
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• Deployed new versions of the firmware for our front-end boards with a larger buffer (8x and 16x 
default), to mitigate read-out saturation. 

• See some improvements, at most factor of 2 improvement in useable intensity (optimistic). 

• Only solution?  Identify the source of the halo and reduce/eliminate/redirect the beam.

Expected particle rates: 3e6 π, 2.6e6 p, 7.8e4 e, 3.9e4 μ, 2.6e4 K (~5.6e6 total).

Totals as of Feb 15



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• Secondary beamline simulation does not describe well what we observe: 

• Cannot reproduce halo; 

• Rates on counters in secondary and tertiary beamline are not in agreement. 

• Walk-through of MC6 to understand the simulation and identify any components not being 
simulated. 

• Ensure beam is correctly hitting targets.  Recent scans seem to show this is the case, but Adam is 
going to double-check when he fixes his splash-back counter on the primary target (this week). 

• Position and angles scans on the target with this in place.  Observe any changed behavior of the 
halo. 

• Repeat studies of halo steering.

Action Items for Discussion

18



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

Other Things
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M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

The Problems
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1e8ppp

10e8ppp

100e8pppSecondary momentum & 
Primary intensity scan



M Wallbank (Cincinnati) NOvA Test Beam Experiences & Issues (AD Coord Meeting, 2/26/2020)

• All hits during spill.  DAQ is timed in such that tertiary beam triggers arrive at 50us.

Halo Hits
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