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Why Do We Need Muon Monitors?

Recalling the neutrino production in the NuMI beam line
proton + C — Hadrons (z* or Kaon) — v + u™

Muon Monitors

Data
Helping to understand Helping to understand
beamline performance neutrino beam
Accelerator Division: Neutrino Experiments:
- Beam performance * Neutrino beam stability
* Horn current stability * To Reduce flux
- Beam alignment systematic errors

- Target status
* Probably for beam Auto-
tune
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Introduction to Muon Monitors

Muon Monitors
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« Three muon monitors are located in the downstream of the
hadron absorber

- Each muon monitor consist of 9x9 arrays of ionization
chambers

- Each ionization chamber consists of two ceramic parallel
plates with the separation of 3 mm gap

- The chambers are filled with He gas

Muon monitor array
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Neutrino Energy NoVA ND (GeV)

From Amit Bashyal

2 4 6 8 10 12 14 16 18 2
Muon Energy at Production Location (GeV)

According to the MC studies,
MM1 has a good sensitivity to
see the correlation of neutrino
beam to muons
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Introduction to Muon Monitors
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What can we do with Muon Monitor data?

Muon Monitor
Data

L We can’t see the L
' correlation of MM |
data to neutrino beam
‘directly but with the |
help of MC studies we |
'will be able to ‘
understand the

correlation

|

To monitor the effects of
beam profile changes

To understand the Horn Helping to
current variation effects :Zf'aersta"d

To Understand
- Neutrino Flux
Spectrums for

Eerriments

MC simulation
studies
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7 02/10/2020 Athula Wickremasinghe | Budker Seminar



Next

2. Beam & Horn current scans
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Beam Scan Data:
Anti-neutrino mode
10-JAN-2019
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Beam scan study: Anti-neutrino mode

Y Y
Horizontal Vertical I
Scan Scan
X
Target Target
Data has been taken on 10-dan-2019
os{  Horizontal BPM data Vertical BPM data

|
--@® MM1XAV |
--® MM2XAV
...® MM3XAV
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Beam scan study: Anti-neutrino mode

Horizontal
Scan
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et scan study shows how each muon monitor responds to the
proton beam variations

Vertical
Scan
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Data has been taken on 10-dan-2019
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Beam and Horn Current Scan Data:
heutrino mode
03-JUL-2019
12-Dec-2019
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Beam & Horn Current Scan: Jul 3rd 2019

Data: 03-Jul-2019
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Beam Position [mm]

Beam Scan: Horizontal and Vertical (July 3rd)
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Beam and Horn Current Scans: Dec 12th 2019
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Beam Scan: Horizontal and Vertical (Dec 12th)
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Beam Scan: Correlations
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Horn Current Scan: 2019-Jul-03

—-180.0 = e - -+ Lhorn .180.0 - " - - I_horn
-182.5 1 Horn Current 182.5
-185.0 1 -185.0
-187.5 -187.5 -
— AV N 7 byt WOy,

-190.0 : ' 1190.0 -
-192.5 192.5 1

B Py o IS SR gialp pAP T Sl i ] B LAY o P SR gl p A T S i ]

—195.0 -195.0 1
-197.5 1 :197.5

[t ot gt 4 asaatanad anld

-200.0 . : . . -200.0

Proton beam X & Y

0.25 0.25 1

0.00 - 0.00

—-0.25 - —0.25 -

—0.50 -

| |
o ©
~ [
(6] o

—0.75 -

-1.00 _1.00.%"

Beam Position [mm]
Beam Position [mm]

-1.25 -

| |

= =
%)) N
o (6.}

—1.50 -

Muon Monitors Centroid: Y

40 - . 201

e MMI1XAV_mm : ; - _r,,.;‘?',.
MM2XAV_mm ¥ -,'.“‘l;"5 g ..;‘whn%*ﬁmww’ﬂ*w«.“?‘wﬁ"ﬁ . | . LT A
35 - - \ (0 T\ 10 _::;Jg: XN Ay o At e { g . "ﬁ q_“* ) i
® MM3XAV_mm & A i o o s | VLR AT ‘
bvs % TR e ; % . B . # R RN o e MR Y s}:_;-‘:\.%:_{';- S : : e
= 30 PRIl F  aeiiae RebdR ¢ 3 efliien £ migie _ SRR Rt
£ NN ,<; ? :.ff..,-;?-'@ 2 a% 1% U’:‘lé-' : ;A 3:%:':‘ P s *r“.g‘:‘{"f # £ 0. ,
£ 1, i 3 4 3 Y ¥ - 3 MM1YAV_mm
=25 %, } o > _
: % = A L : 10 MM2YAV_mm
) ay ¥ oA i - > MM3YAV_mm
20 o ‘ y S— i . —r -
E ""'“-*%wa\ ; "\-m,,,_w.,.v»w\. n\u-—..u"v—d g b e E

ket WP 4 '\\\ ,“"’wtﬂw%-\-mm‘ "t '/"‘P‘"“" \\ b, -30 ki — %'5}.- i e :}""-:".

=
(5}

L
B
v

=
(=]

Rix

18 02/10/2020  Athula Wickremasinghe | Budker Seminar



Horn Current [kA]

Proton Beam Position [mm]

Horn Current Scan: 2019 Dec 12
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Horn Current Scan: Muon Monitor1

2019-Dec-12
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MM2YAV [mm]

MM2XAV [mm]

Horn Current Scan: Muon Monitor2
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Pressure Corrected Integrated Signal
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Integrated Signal with calibrations

Integrated Signal = P—OT Z (Signalli] — Pedestal[i]) - Cal[i] - [1 — a(PgaS — Pp)]

P- =800 Torr Signalli] = Signal value on the i pixel
P, = Gas Pressure Measurement  pejestal[i] = Pedestal value on the i pixel
POT = Beam Intensity Cal[i] = Calibration value on i pixel

a = 0.00105 (calibration constant)

Measurement indicates:
* Proportional to the total muon flux passing through the
detector per proton
* Proportional to the total muon energy lost in the detector

Importance of the measurement:
* Indicates the hadron production related to the target profile
» Sensitive to the horn current variations

& Fermilab
02/10/2020 Athula Wickremasinghe | Budker Seminar



Pressure Corrected Integrated Signal
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Pressure Corrected Integrated Signal
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Next

3. Machine Learning Applications
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Predicting Muon Monitor Centroid
from beam and horn parameters
MOTIVATION: Developing a muon flux centroid prediction model by taking

account upstream variables such as horn current and proton beam profile
changes as inputs

Proton Beam X & Y =————————>p
Proton Beam Size: X, Y =———p Model Muon Flux Centrc->|d
Horn Current =y at the muon monitors

Beam intensity =———»

3F Fermilab
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Machine Learning Applications

prediction = f(X,, Y,, oy, oy, Intensity,,. . 1I,,..)

Training performance for a random data set Prediction for muon monitor1 <X>
‘ | == MM1XAV

| —-— train . i —— pred
E -- validation

~ ' g

E%r\,
iﬁ -"'. "‘.;.
AN

6 x 1073 il NNt PN e s e T e

(i 200 400 600 800 1000

Training set size

—-— pred

The predictions are accurate as +/- 0.1 mm in X and
+/-0.5mminY
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MM Centroid Prediction Examples

Target Scan data

Lxamplel,

Proton beam

* Model is trained

by a randomly
selected past
data set

* The prediction
for the target

scan is following

the trend as we
expected from
the muon
monitor data
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Proton beam

* The data has an
unusual blip due to
an uncounted
parameter in the
process of model
training

* We are able to
identify such events
beforehand easily
with ML
applications
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Predicting Horn Current
from Muon Monitor Data

MOTIVATION: That would be a very useful tool if we have a model to
predict the horn current behaviors by taking account muon monitor signals

7 pixels MM1{ =———————p
Horn C t
Integrated MM{1 —————> Model orn. .urren
Integrated MM2 =—————p> Prediction

Beam intensity =———»

3F Fermilab
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Pixels with Higher Correlation Coefficients

 Studied the correlation between the signals of individual pixel with the horn
current variations

 According to the correlation study results, we have selected following highly

32

correlated pixels from muon monitor 1

02/10/2020
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Horn Current [kA]

Horn Current [kA]

Training the Model

Pred Horn | = f(MM1PIXELs, MM1COR and MM2COR, beam Intensity)

2019-07-03 12:00-12:30

oA —— hornl

Training Data

2019-07-05 16:00-16:30
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Predictions

e —— prediction
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Predictions
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Remarks on ML studies

« ML model prediction techniques are useful to monitor beam
profile changes, beam quality and horn current related issues.

e Possible to recover missing data
e We have a capability to identify any accidental events

e This may be useful tool for the beam auto-tune and horn
current tuning

£& Fermilab
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Next

4. Simulation Efforts and Hardware updates
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Simulation Studies

NuMI Target

Main simulation tools:
« G4NuMI: we use this for Muon Monitor
simulations
 G4beamline: use for hadron monitor
simulation, quick tasks such as
producing pion trajectories

 Both codes are based on Geant4
platform
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Future Hardware Updates

# He Gas Bottle Farm

Gas lines
behind the rack

Gas Regulator with
3-way auto-switch

e Planing to replace the old gas system
e Cleaning up unused gas lines

h e Need to upgrade the system with

f calibrated transducers

£& Fermilab
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Summary

* According to the studies, we have learned the importance of the muon
monitors in the NuMI beamline

* We learned the unique features of each muon monitors in responding to
the beam and horn current changes

* We will implement machine learning tools to monitor the beam and horn
current related issues

* Planing to reducing neutrino flux uncertainty which is related to the beam
parameters and horn current

- We have a good progress in simulation studies

- Hardware upgrades are on going

£& Fermilab
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Muon Monitor Working Team

University
—Pavel Snopok, YidingYu, IlIT

—Amit Bashyal, Oregon U

—Nilay Bostan U of lowa

—Anna Holin, Jennifer Thomas, UC London
—Tom Carroll, U of Wisconsin

—Tyler Rehak, Drexel University

Fermilab
—Bob Zwaska, Jim Hylen, Keith Gollwitzer, Athula Wickremasinghe,
Katsuya Yonehara

£& Fermilab
41 02/10/2020  Athula Wickremasinghe | Budker Seminar



Muon Monitor is a very useful tool to make the communication
bridge between accelerator physics and neutrino experiments

Thank You
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Horn Current Scan: MM3

2019-Dec-12

—— y1 = 13.639*x + 39.063 (<I> = 198.4 kA)
50 1 —— y2 = 12.829*x + 38.832 (<I> = 193.5 kA)
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MM3XAV [mm]

MM3YAV [mm]

2019-Jul-03
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