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e Look ata 1 GeV beam pion + muon selection in both MC and data for new MCC12 samples.

Datasets V08 21 00;
e 1GeV MC (1611 events):
/pnfs/dune/scratch/users/tjyang/v08 21 00/reco/mcc12_protodune _beam_ p1GeV_cosmics_12ms _t

est/files.list

e Run 5387 (8632 events) (1 GeV Hadron trigger)
/pnfs/dune/scratch/users/tiyang/mcc12test/r5387/v1/r5387.v1.txt



Introduction
Data filters.

o Beamline 1 GeV Pion
filter (ToF <170 ns and no hits in
the low pressure Cherenkov counter)

o Unstable HV filter

o Inactive FEMB filter

(Beamside APAs)

MC selection;

©)

events where the true
beam particle is pion or
muon.

Data
Run 5387

Pions/Muons

Monte Carlo

Muons

Pions

Owen Goodwin 05/21/2019

# Events after
filters with Pion
trig

2135

# true beam
events

10

222
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# events with
Pandora reco
beam track

1908

# events with
Pandora reco
beam track

10

203
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Is true beam trigger particle?

mm Trig Beam Pion
mms Trig Beam Muon
N cosmic

6000

e Take the reco track Pandora assigns so0 | mm Pt
as beam particle and backtrack to find o

the MC particle that created the track. a0

2000

1000

e (Can check if the backtracked MC

3 :

particle matches the true beam £ g

Is true beam trigger particle? (Before Cuts)
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Beamline Position
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Replicate Beamline instrumentation position measurement in MC by projecting the beam MC particle direction onto the plane z=0. Data is from

beamline reconstruction also which is also projected to z=0
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Beamline Direction

Beamline End Dir (theta)
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Beamline End Dir (phi) Momentum
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Reco Track Length (After cuts)
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e After new shifted beam quality cuts
on for MC in MCC12 start position

offsets
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Back up



Number

Number

Difference Between beamline end and TPC track start (Ax)
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Difference Between beamline end and TPC track start (Ay)
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e Look ata 1 GeV beam pion + muon selection in both MC and data.

e Beam quality cut comparison using beam instrumentation information.

o Identify backgrounds to a beam selection and study the effect of quality cuts
on background

e Selection and calorimetry of stopping beam muons in data.
Datasets;

e 1 GeV high stats MC (SCE, no fluid flow sample - 74529 total events)
e Run 5387 (1 GeV Hadron trigger - 47190 total triggers, reco vo7_os_oo_03/4)

12



Introduction

Data filters.

©)

©)
©)

Beamline 1 GeV Pion
filter (ToF <170 ns and no hits in

the low pressure Cherenkov counter)

Unstable HYV filter
Inactive FEMB filter
(Beamside APAs)

MC selection;

©)

events where the true
beam particle is pion or
muon.

Data
Run 5387

Pions/Muons

Monte Carlo

Muons

Pions

Owen Goodwin 05/21/2019

# Events after
filters with Pion
trig

20991

# true beam
events

734
9860

MAN! CHE%};ER
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# events with
Pandora reco
beam track

13122

# events with
Pandora reco
beam track

719
8936

13
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e Take the reco track Pandora assigns

Is true beam trigger particle?

as beam particle and backtrack to find [ e 1rig Beam pion
mw Trig Beam Muon
the MC particle that created the track. == cosmic

mmm PrimaryBeam (Not Trig)
5000 1 ™= PionInel

mm Decay

s Other

e Can check if the backtracked MC 4000

particle matches the true beam
3000 1

particle.

2000 1

e Split by the origin of the MC particle

1000 1

which contributed most to the reco

beam track

False
True

14
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Pion Inel; Pions and Protons Pion Inel . Decay
. 800 B —— t
produced from the beam pion 00
600
interacting. 300

400
200

Decay; Mainly muons from

200 100

beam pion decay. . |':“ o S | . ; s ;
Primary Beam (Not trig); T UM EESE SR | ) N
particles coming from Beam (Not Trig) Others
. 20.0
beamline but not the one that s [ [ 100
. 15.0 J 1 80
triggered the event. 125 [ o
10.0
Others; predominantly 75 | ©
5.0
20
5 1
protons produced from 20 | : | | 0 e |
secondary interactions B B B 5 S 2 2 ]

1000010020 -

(proton/neutron/pi- inelastic) PDG of particles in Catergory 15
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In around half of cases

True End of True Beam Particle (z) (Reco Particle is Not true beam particle)

1200 - - where reconstructed beam

1000 particle is background, the

HH

800 -

true beam pion did not
600 -
400 ] reach the TPC (either

200 l ﬁ-L_I_‘— interacted or decayed

00 100 0 100 200 300 400 500 600 before Z=0)

z pos [cm]

So could not have been

reco’d 16
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e Neither Data or MC Mom has energy loss before

Beamline End Dir (theta) Beamline End Dir (phi) Momentum
iz . MC 25 . MC
1 data I data
20
15
10
5
o 0%5 026 027 028 030 030 03I Ly ~2.40 -2.35 -2.30 -2.25 ~2.20 ' 0.6 0.8 1.0 2 1a
Theta [Radians] Phi [Radians] Momentum [GeV]
A
o e L e Haven't updated to the new beamline
f’if,{n;g' | reconstruction. Expect new data momentum to
r-——-- |
i ¢, be shifted up by ~5%
:9 X -

P TPC i
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Reco Track Start Position.
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Track Start (x)

B Trig Beam Pion
B Trig Beam Muon
BN cosmic

BN PrimaryBeam (Not Trig)

I Pionlnel
BN Decay
mam Other
i data

P >

_80 —60

Start position of reco beam track.

—40
X [cm]

Track Start (y)

Track Start (z)

20 30 0 50

Similar differences in track start position between Data and MC as seen by others.

This is the SCE only sample, distributions for no SCE and SCE+FLF samples are

in backup.

18



Data Quality Cuts
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Difference Between beamline end and TPC track start (Ay)
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MC Quality Cuts

Difference Between beamline end and TPC track start (Ax)

=== —-3cm<Ax<5cm
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Difference Between beamline end and TPC track start (Ay)
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6000

5000

4000

3000

2000

1000

Is true beam trigger particle? (Before Cuts)

= Trig Beam Pion

mm Trig Beam Muon

N cosmic

mmm PrimaryBeam (Not Trig)
= Pionlnel

mmm Decay

wsm Other

@
-

o
=

True

Is true beam trigger particle? (After cuts)

6000

5000

4000

3000

2000

1000

Trig Beam Pion

Trig Beam Muon

cosmic

PrimaryBeam (Not Trig)
PionInel

Decay

Other

3 :
B &

# events before cuts

# after cuts

MC

9655

7521

Data
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9171

The University of N\@chester
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Track Length (Before cuts)
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0.009

0.008 -

0.007 1

0.006 -

0.005 1

0.004 1

0.003 1

0.002 -

0.001 1

0.000 -

Track Length

Length [cm]

B Trig Beam Pion

mm Trig Beam Muon

BN cosmic

B PrimaryBeam (Not Trig)
B Pionlnel

B Decay

mm Other

§ data

Length of reco beam tracks
in MC and data before quality

cuts.

Distribution normalised by

number of entries

Broken tracks at edge of first
APA (230 cm).

23



Reco Track Length (After cuts)
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Track Length
0.008 A B Trig Beam Pion
mm Trig Beam Muon
B cosmic
0.007 A B PrimaryBeam (Not Trig)
} B Pionlnel
B Decay
0.006 1 pm Other
§ data
0.005

0.004 4

0.003 4

0.002 4

0.001 4

0.000 -

200 300
Length [cm]

After beam quality cuts.
Distribution normalised

by number of entries

e Beam muons well

separated from pions

e Particles from Pion

Inelastic scatters are
main background to

beam

o ~Half of these are protons.
Possibility to remove with

dE/dx cuts 24
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Stitching Broken Tracks Owen Goodwin  05/21/2019

Track Length
Track Length ] - -

0.009 0.008 B Trig Beam Pion
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0.001 1 0.001
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200 300 0.000 -

Length [cm 200 300
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Jake Calcutt wrote a tool which finds broken track candidates at APA boundary

and stitches them together (nhttps://indico.fal.govievent/19739/contribution/4/material/slides/0.pdf )

25
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Selecting Beam Stopping MUuONS  owen Goodwin 052172019
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18

CSDA Muon Assumption Length

300 400 500 600 700

Length [cm]
Track Length/(CSDA Muon Assumption Length)

0.85 <frac<1.05

200 800

L

1.0 1.1 1.2

Fraction

0.8 0.9

Use beamline momentum measurement to calculate the expected range of the beam particle under
the assumption it is a stopping muon.

26
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Back up

27



CHESTER
CSDA fraCS (MC) Owen Goodwin  05/21/2019

The University of Manchester

Use beamline momentum (or MC truth mom) to calculate range CSCA
range under muon assumption.

Divide track length by this. Peak around 1 from stopping muons.

CSDA Frac (After Cuts)
B Trig Beam Pion

CSDA Frac (Before Cuts)
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mm Decay s Other
25 m Other i data
i data
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CSDA fracs after stitching
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Process (Others)

50

20 l

10 1

o
tInelastic J-

hadElastic
neutronInelastic -
pi-Inelastic -
protonInelastic -

hBertiniCaptureAtRest

30



No SCE sample
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Track Start (x) Track Start (y) Track Start (z)
0.08 | mmm Trig Beam Pion 0401
007 mm Trig Beam Muon 3 k2 0351
BN cosmic 5
0.06 { ™™ PrimaryBeam (Not Trig) 0.30 1
I Pionlnel
0.05 1 W= Decay 0.25 1
mm Other
0041 § data 0.20 4 x
0.03 0.151
0.02 0.10 1 -
0.01 0.05 1 =
R — ass : 0.00 LB - maseve”  se.. .
-80 -60 —40 480 500 0 10 20 30 40 50
x [em] y [em] z [cm]
Track Start Dir (theta) Track Start Dir (phi) Angle between 'beam direction' and track start direction
B Trig Beam Pion
12 m Trig Beam Muon 200
B cosmic
10 B PrimaryBeam (Not Trig)
B Pionlnel 150
8 ¥ B Decay
£ mm Other
6 i data 100
50
=**
‘2 =
- 0- 04— T T 7
0.0 0.2 0.4 0.6 0.8 1.0 -3.00 -2.75 -2.50 -2.25 -2.00 -1.75 -1.50 -1.25 -1.00 0.90 0.92 0.94 0.96 0.98
Theta [Radians] Phi [Radians] Angle (cos(6))

32



FLF sample
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Track Start (x)
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Track Start Dir (theta) Track Start Dir (phi) Angle between 'beam direction’ and track start direction
B Trig Beam Pion 5
12 B Trig Beam Muon 200
BN cosmic
10 B PrimaryBeam (Not Trig) 4
B Pionlnel 150
8 ¥ B Decay
£ mm Other 3
6 i data 100
2
1 50 < *x
x = = -
/ 0- ¥ Mty . 01— mmmrasmem ST -
0.0 0.2 0.4 0.6 0.8 1.0 -3.00 -2.75 -2.50 -2.25 -2.00 -1.75 -1.50 -1.25 -1.00 0.90 0.92 0.94 0.96 0.98
Theta [Radians] Phi [Radians] Angle (cos(6))

e Large difference in theta direction of track.

e Compare track direction with average beamline direction.
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Start of true start of Reco Beam Particle (z) True End of True Beam Particle (z)
mmm Trig Beam Pion
6000 1 = Trig Beam Muon
100 B cosmic
B PrimaryBeam (Not Trig)
5000 A 1200 A B Pionlnel
B Decay
] mw Other
4000 1000
800 -
3000
600 -
2000 A
400
1000 |
200 1
0 T T f y T T T T 0- T T
-1000 =750 -500 -250 0 250 500 750 1000 -200 -100 100 200 300 400 500 600
z pos [cm] z pos [cm]
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Pion Candidate Track Length Track End position (z)
1200 —— Ang+dist Cut 1750
1500
1000 4
h
1250
800 1
—
1000 &= 230cm
600 1 g
Z 750
400 1 500
200 4 250
0 - ; ﬁ"“ . . ~ %100 0 100 200 mo
0 100 200 300 400 500 600 700 -
z [cm]
Length [cm]

Spike at 200cm cause by broken tracks at end of first APA (230cm in Z direction)
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Pion Candidate Track Length

12001 — Ang-+dist Cut Peak much beyond Pion-LAr
1000 ] interaction length at 1 GeV (<1m)
800 1
" Muon Contamination
400 .
1GeV mom Stopping Muon
200
expected range using CSDA tables
0% 100 200 300 500 600 700
Length [cm] (httD://qu.Ibl,qov/2012/AtomicNucIearProoertieS/MUON ELOSS TAB

LES/muonloss 289.Ddf) |S ~3950m
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NumBeamParticles

I Entries 20755
il Mean 1.225
e e Std Dev _ 0.4464
12000 {—
10000 —
8000 —
6000 —
4000 —
2000 —
0_||||||||||||||||||||||||||||||||||||||||||||||||
0 0.5 1 1.5 2 2.5 3 3.5 4 45 5

NumBeamParticles
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All Pion Candidates

e
=
&

— FLF
— SCE
—— No SCE

o
=]
a

e 1 GeV Beam MC.

o
(=]
-

e Select events where beam

Frequency (Area Normed)
<} =}
o o
[3%) w

o
o
—

particle is true pion

o
=]
S

e Use Ajib’s calibration for 0 100 200 30 400 %0 500

Residual Range [cm]
each MCC11 sample (No .

0.035

SCE, SCE, SCE+FLF)

Z 0.025
Il

All Pion Candidates

d)

Oor1Yx

[+}]
Z 0.020
=
2 0.015
[+
% 0.010
-

0.005

0.000
0

DE/dx [MeV/cm] (calibrated) 39



Broken track parameters

Parameters used in broken track stitching

BrokenTrackParameters: {
BrokenTrackZ low: 220
BrokenTrackZ_high: 230

StitchTrackZ_low: 232
StitchTrackZ_high: 240

StitchXTol: 10
StitchYTol: 10

}

Owen Goodwin 05/21/2019
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