Muon Monitor Initial Plots

Nate Muetzel



Importance

* Provide insight into Muon signals due to changing beam
parameters

* Understand abilities and limitations of proposed muon monitoring
systems

* Update previous study prior to absorber update



Introduction

* Plots Made
 2-Dimensional Muon Flux
* 1-Dimensional Muon Flux
* Neutrino Flux at Far Detector

* Nominal — perfectly alighed beam
* 50M POT - low statistics



Muon Monitors (MuMs)

* Muon Monitors consist of 3
Monitors

* Plots are from Monitor 1

* Plotted information is larger
than the MuMs
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Process

* |Initial plots were produced for
each simulation

* Nominal seen on top

* Example adjusted plot on
bottom — Horn A Tilt Right

* Normalized per 100000 POT
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Process

* Ratio taken between adjusted
simulation and nominal

* Typically not able to draw
conclusions
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Process

e Similar Process taken for
one-dimensional plots

* Nominal seen on top

* Example adjusted
simulation below - Horn A
Tilt Right
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Process

* Ratio taken between adjusted
S|mUlat|On and nominal Mu and Antimu X Direction .
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* Plots made for both Xand Y
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flux_vs_energy

Neutrino Plots

» The same process was carried o
out for neutrino plots o

* Nominal simulation is shown
at the top 107" flux_vs_energy h_flux_vs_energy

Mean 2.365
Std Dev 1.074

* Example adjusted is shown on
bottom — target upstream
degredation
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Neutrino Plots

flux_vs energy

 Ratio taken between . r R_fiix_ve_energy
adjusted and nominal ; 1_%;
e Total neutrino flux 3
 Muon neutrino flux S oof
e BN B B S NN Sy ma

Neutring Energy (GeV)
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List of Parameters

Horn A, B, and C

* Eccentricity mX
* Eccentricity pX
* Ellipticity mX

* Ellipticity pX (A)
* Move backward
* Move forward

* Move up

* Move down

* Move left

* Move right

* Tiltup (A,C)

* Tilt down (A,C)

* Tilt left (A,C)

e Tiltright (A,C)

Proton Beam

* Angle XDown

* Angle XUp

e mX

. mY

¢ pX

¢ pY
 Radiusincrease
 Radius decrease

Horn Current
e 297 kA
e 303 kA

* Visible Signal
* No Visible Signal

Target

* Density Decrease
* Density Increase
* Move backward

* Move forward

* Move up

* Move down

* Move right

* Move left
 Tiltup
 Tiltdown

* Tiltright

e Tilt left

* Upstream Degredation
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Horn Parameters

* Eccentricity — Inner Conductor z-axis off set from beamline z-axis
* 0.035mMm (0.070 mm) -Horn A (B/C)

* Ellipticity — distortion of inner conductor radius along x-direction
* 0.12mm (0.18 mm) -Horn A (B/C)

* mX=“minus” X

* pX =“positive” X

* Move = 0.5 mm

* Tilt = 0.5 mm at downstream end
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Mu and Antimu X Direction
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No Visible Signal
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Visible Signals



Horn A Eccentricity pX
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INEUINOQS /M- rFyi fuaey

Horn A Eccentricity pX v Flux at Far Detector
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Horn A Ellipticity pX

1.05

1.04

1.03

1.02

1.01

0.99

0.98

0.97

Mu and Antimu X Direction

MC_Alcovel X _mu

Entries
Mean
Std Dev

73369
-0.5924
68.38

+ 4+ 4

1.025

1.02

1.015

1.01

1.005

0.985

0.99

0.985

0.e8

Mu and Antimu Y Direction

MC_Alcovel Y mu

Entries
Mean
Std Dev

69916
-1.251
68.3

18



Horn A Ellipticity pX v Flux at Far Detector
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Horn A Move Down
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MNeutrinos / m? / POT / GeV

Horn A Move Down v Flux at Far Detector
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Horn A Move Up
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MNeutrinos / m? / POT / GeV

Horn A Move Up v Flux at Far Detector
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Horn A Move Right

1.05

1.04

1.03

1.02

1.01

0.99

0.98

0.97

0.96

0.95

Mu and Antimu X Direction

MC_Alcovel X _mu

- Entries 75117
= Mean -1.437
- Std Dev 68.21
: | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1

-100 -50 0 50 100

1.05

1.04

1.03

1.02

1.01

0.99

0.98

0.97

0.96

0.95

Mu and Antimu Y Direction

MC_Alcovel Y mu
Entries 70580
Mean -2.263
Std Dev 68.09

T

24



INEUINOQS /M- rFyi fuaey

Horn

A Move Right v Flux at Far Detector
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Horn A Move Left
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INEUINOQS /M- rFyi fuaey

Horn A Move Left v Flux at Far Detector
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Horn A Tilt Up
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INEUINOQS /M- rFyi fuaey

Horn A Tilt Up v Flux at Far Detector
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Horn A Tilt Down
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MNeutrinos / m? / POT / GeV

Horn A Tilt Down v Flux at Far Detector
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Horn A Tilt Left
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MNeutrinos / m? / POT / GeV

Horn A Tilt Left v Flux at Far Detector
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Horn A Tilt Right
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Horn A Tilt Right
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MNeutrinos / m? / POT / GeV

Horn A Tilt Right v Flux at Far Detector
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Horn B Eccentricity pX
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Horn B Eccentricity pX
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MNeutrinos / m? / POT / GeV

Horn B Eccentricity pX v Flux at Far Detector
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Horn B Move Up
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MNeutrinos / m? / POT / GeV

Horn B Move Up v Flux at Far Detector
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Horn B Move Right v Flux at Far Detector

flux_vs_energy

numu_flux vs energy

h_flux_vs_energy h_numu_flux_vs_energy
1.004— Entries 1547098 % 1008 Entries 1259124
C Mean 3.196 o L Mean 3.198
- . [ B 2.102
1,003: Std Dev 2.1 5 1008 Std Dev
1.002— E C
C — o 1.004—
C o -
1.001F— £ N
= E B
C £ 1.002—
11— -
: | =
0.999— -
0.998 0.998/—
0.997 — 0.996—
:IllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII —_l-llIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0-996™ 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

MNeutrino Energy (GeV)

MNeutrino Energy (GeV)

45



Horn B Move Left

Mu and Antimu X Direction

1.05

1.04

1.03

1.02

1.01

0.99

0.98

0.97

0.96

-
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

MC_Alcovel X _mu

Entries 73688
Mean -0.8467
Std Dev 68.43

0.95 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

1.05

1.04

1.03

1.02

1.01

0.99

0.98

0.97

0.96

0.95

Mu and Antimu Y Direction

MC_Alcovel Y mu

Entries 70890
Mean -1.192
Std Dev 68.02

+++++ ++

-100 -50 0 50

46



MNeutrinos / m? / POT / GeV

Horn B Move Left v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Horn C Move Down v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Horn C Move Right v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Horn C Move Left v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Horn C Tilt Up v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Horn C Tilt Down v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Horn C Tilt Right v Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Proton Beam mX v Flux at Far Detector
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Proton Beam pXv Flux at Far Detector
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MNeutrinos / m? / POT / GeV

Proton Beam Radius Decrease v Flux at FD
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Target Upstream Degradation v Flux at FD
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Horn Current 303 kA
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Next Steps

* Run with more statistics
* Re-bin plots to more accurately represent muon monitors

* More parameters to test
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All Plots
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Horn A Eccentricity pX - Alcove 1
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Horn A Eccentricity mX - Alcove 1
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Horn A Eccentricity mX - Alcove 1
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Horn A Eccentricity mX v Flux at Far Detector
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Horn A Ellipticity mX - Alcove 1
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Horn A Ellipticity mX - Alcove 1
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Horn A Ellipticity mX v Flux at Far Detector
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Horn A Ellipticity pX - Alcove 1
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Horn A Move Down - Alcove 1
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Horn A Move Backward - Alcove 1
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Horn A Move Backward — Alcove 1
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Horn A Move Backward v Flux at Far Detector
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Horn A Move Forward — Alcove 1

move_forward 1sigma Alcove 1

MC_Alcovel XY
Entries 47060
100 Mean x -0.84
Meany  -1.149
StdDevx 68.18
StdDevy  68.21

50

1.02

1.01

-50

0.98

-100 0.98

-100 -50

0 50 100

90



Horn A Move Forward - Alcove 1
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Horn A Move Forward v Flux at Far Detector
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Horn A Move Up — Alcove 1

move_up 1sigma Alcove 1

MC_Alcovel XY
Entries 42774
Meanx -0.9155
Meany -0.7704
Std Devx 68.68 |5
Std Dev y 68.4

100

50

11

1.05

-50

-100 0.95

-100 -50 0 50 100

93



Horn A Move Right — Alcove 1
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Horn A Move Left — Alcove 1
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Horn A Tilt Up — Alcove 1
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Horn A Tilt Down — Alcove 1
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Horn A Tilt Left — Alcove 1
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Horn B



Horn B Eccentricity mX - Alcove 1
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Horn B Eccentricity mX - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Eccentricity mX v Flux at Far Detector
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Horn B Ellipticity mX - Alcove 1
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Horn B Ellipticity mX - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn A Ellipticity mX v Flux at Far Detector
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Horn B Ellipticity pX - Alcove 1
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Horn B Ellipticity pX - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Ellipticity pX v Flux at Far Detector
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Horn B Move Forward - Alcove 1
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Horn B Move Forward - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Move Forward v Flux at Far Detector
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Horn B Move Backward - Alcove 1
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Horn B Move Backward - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Move Backward v Flux at Far Detector
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Horn B Move Up - Alcove 1
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Horn B Move Down - Alcove 1
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Horn B Move Right - Alcove 1
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Horn B Move Left - Alcove 1
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Horn B Tilt Up - Alcove 1
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Horn B Tilt Up - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Tilt Up v Flux at Far Detector
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Horn B Tilt Down - Alcove 1
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Horn B Tilt Down - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Tilt Down v Flux at Far Detector
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Horn B Tilt Right - Alcove 1
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Horn B Tilt Right - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn B Tilt Right v Flux at Far Detector
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Horn B Tilt Left - Alcove 1
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Horn B Tilt Left - Alcove 1
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Horn B Tilt Left v Flux at Far Detector
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Horn C
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Horn C Eccentricity pX — Alcove 1

eccentricity pX HornC 1sigma Alcove 1

MC_Alcovel XY
Entries 43980
100 Mean x -0.4332
Meany  -1.277
Std Devx 68.66 |5
StdDevy 68.18

50

11

1.05

-50

0.95
-100

-100 -50

0 50 100

132



Horn C Eccentricity mX — Alcove 1
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Horn C Eccentricity mX — Alcove 1
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MNeutrinos / m? / POT / GeV

Horn C Eccentricity mX v Flux at Far Detector
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Horn C Ellipticity mX - Alcove 1
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Horn C Ellipticity mX - Alcove 1
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MNeutrinos / m? / POT / GeV

Horn C Ellipticity mX v Flux at Far Detector
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Horn C Ellipticity pX - Alcove 1
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Horn C Ellipticity pX — Alcove 1
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MNeutrinos / m? / POT / GeV

Horn C Ellipticity pX v Flux at Far Detector
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Horn C Move Forward — Alcove 1
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Horn C Move Forward — Alcove 1
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MNeutrinos / m? / POT / GeV

Horn C Move Forward v Flux at Far Detector
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Horn C Move Backward — Alcove 1
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Horn C Move Backward — Alcove 1
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Horn C Move Backward v Flux at Far Detector
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Horn C Move Up — Alcove 1
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Horn C Move Down — Alcove 1
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Horn C Move Right — Alcove 1
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Horn C Move Left — Alcove 1
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Horn C Tilt Up — Alcove 1
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Horn C Tilt Down — Alcove 1
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Horn C Tilt Right — Alcove 1
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Horn C Tilt Left — Alcove 1
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Horn C Tilt Left — Alcove 1

1.04

1.03

1.02

1.01

0.99

Mu and Antimu X Direction

T

MC_Alcovel X _mu

Entries 73922
Mean -1.07
Std Dev 68.44

-100 -50 0

50

1.04

1.03

1.02

1.01

0.99

0.98

0.97

Mu and Antimu Y Direction

IERES

MC_Alcovel Y mu

Entries 69671
Mean -1.66
Std Dev 68.25

156



MNeutrinos / m? / POT / GeV

Horn C Tilt Left v Flux at Far Detector
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Proton Beam
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Proton Beam AngleX Down — Alcove 1
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Proton Beam AngleX Down — Alcove 1
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MNeutrinos / m? / POT / GeV

Proton Beam AngleX Down v Flux Far
Detector
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Proton Beam AngleX Up — Alcove 1

Proton Beam AngleX up 1sigma Alcove 1
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Proton Beam AnlgeX Up — Alcove 1
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MNeutrinos / m? / POT / GeV

Proton Beam AngleX Up v Flux Far Detector
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Proton Beam mX - Alcove 1
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Proton Beam pX - Alcove 1
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Proton Beam mY - Alcove 1
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Proton Beam mY — Alcove 1
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MNeutrinos / m? / POT / GeV

Proton Beam mY v Flux at Far Detector
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Proton Beam pY — Alcove 1
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Proton Beam pY — Alcove 1
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MNeutrinos / m? / POT / GeV

Proton Beam pY v Flux at Far Detector
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Proton Beam Radius Decrease — Alcove 1
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Proton Beam Radius Decrease 10p — Alcove 1
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Proton Beam Radius Decrease 10p — Alcove 1
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MNeutrinos / m? / POT / GeV

Proton Beam Radius Decrease 10p v Flux FD
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Proton Beam Radius Increase — Alcove 1
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Proton Beam Radius Increase — Alcove 1
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MNeutrinos / m? / POT / GeV

Proton Beam Radius Increase v Flux at FD
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Proton Beam Radius Increase 10p — Alcove 1
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Proton Beam Radius Increase 10p — Alcove 1
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Proton Beam Radius Increase 10p v Flux FD
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Target Move Forward — Alcove 1

Target move_forward Alcove 1
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Target Move Forward — Alcove 1
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Target Move Forward v Flux at FD
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Target Move Backward — Alcove 1

Target move_ backward Alcove 1

MC_Alcovel XY
Entries 460717
100 Mean x -1.33
Mean y -1.225 |8
Std Devx 68.22
Std Devy 68.17 |5

50
1.04

1.03

1.02

1.01

-50

0.98
-100
0.98

-100 -50 0 50 100

187



Target Move Backward — Alcove 1
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Target Move Backward v Flux at FD
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Target Move Up — Alcove 1
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Target Move Up — Alcove 1
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Target Move Up v Flux at FD
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Target Move Down — Alcove 1

Target move_down Alcove 1

MC_Alcovel XY
Entries 46221 |g
100 Meanx  -1.305
Mean y -1.137
Std Devx  68.35 |4
Std Devy 68.15

50

0.98

0.96

—1 uﬂ ﬂ_gd_

-100 -50 0 50 100

193



Target Move Down — Alcove 1
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Target Move Down v Flux at FD
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Target Move Right — Alcove 1
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Target Move Right — Alcove 1
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Target Move Right v Flux at FD
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Target Move Left — Alcove 1
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Target Move Left — Alcove 1
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Target Move Leftv Flux at FD
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Target Tilt Up — Alcove 1
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Target Tilt Up — Alcove 1
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Target Tilt Up v Flux at FD
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Target Tilt Down — Alcove 1
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Target Tilt Down — Alcove 1
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Target Tilt Down v Flux at FD
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flux_vs energy numu_flux vs energy
1.00— h_flux_vs_energy h_numu_flux_vs_energy
e Entries 282083 > ~ Entries 198835
C Mean 5 S el Mean 5.003
1.015— Sid Dev 2.883 '5 L Sid Dev 2.885
Z a L
1.01— E -
- % 1.01—
— o] —
C £
1.005— £ B
L [5] — g —
- =z -
1= —
0.995— B
- 0.99—
0.99— -
0.985— . 0.98—
:IIII|IIII|IIII|IIII|IIII|IIT|IIII|IIII|IIII|IIII _IIII|IIII|IIII|IIII|IIII|IIII|IIII|TII|IIII|IIII
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
MNeutrino Energy (GeV) MNeutrino Energy (GeV)

207




Target Tilt Right — Alcove 1
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Target Tilt Right — Alcove 1
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Target Tilt Right v Flux at FD
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Target Tilt Left — Alcove 1
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Target Tilt Left — Alcove 1
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Target Tilt Left v Flux at FD
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Target Density Decrease — Alcove 1
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Target Density Decrease — Alcove 1
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Target Density Decrease v Flux at FD
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Target Density Increase — Alcove 1
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Target Density Increase — Alcove 1
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Target Density Increase v Flux at FD
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Horn Current 297 kA

HC 297 / HC 300 in Alcove 1

MC_Alcovel XY
Entries 8637
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Horn Current 303 kA

HC 303 / HC 300 in Alcove 1

MC_Alcovel XY
Entries 9254
100 Meanx -0.6544
Meany  -1.427 [
Std Devx  68.33
StdDevy 67.89
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