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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions

« Charged pions with Michel score > 0.5, energy using the CSDA

« A clear peak at zero from data : it could be muon’s peak, need more study on it

")

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions

« Charged pions with Michel score > 0.5, energy using the CSDA

- Big contribution from broken tracks due to the electron diverter
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions
« Charged pions with Michel score < 0.5, energy using hypothetical track length

A clear peak at zero from the maximum likelihood method

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions

- Charged pions with Michel score < 0.5, energy using hypothetical track length

« Big contribution from broken tracks due to the electron diverter, but still there is QE peak
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions
« Charged pions with Michel score > 0.5, energy using the CSDA
- StartZ of daughter <220 cm

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
ﬂ 240 —_l T T T I T T T T I T T T T I T T T T I T T T T I T T 1 ﬂ : T T T T I T T T T I T T T T I T T T T I T T T T I T T T T :
c - Il 19301 TE1as. 22-3 1114 3 c 45 B~ 2253 T 10s. 7-8 w137 3
O 220F [ wmisid. : p 42.2 Misid. : =+ 96.3 Misid. : u 28.2 — () - i :d 5 6.2 i d . 410 Misid. : 1 4.3 3
Lﬁ 200E- Misid. : e/y 3.1 Misid. : other 62 MC Sum2239.8 - LI>J 40 {0 Misid. : p 6. isid. : 7105 IStd- g 3
~  —e— Observed 2053.0 0 MeV 3 - MC Sum 2@\ Poserved 222.0 =
180 E 351 =
160F- E 30F- E
140F = = E
120F- = 25E E
100F- = 20~ E
80 E 15F- =
60 — - 3
- - 10 — -
40 —] = -
20F- = SE E
0:....|....| 3 0: bl 11 $. 3
5 3 ~e- Obs./Pred. T T T E 5 3 F ~e- Obs./Pred.
g8 .f {| i g ok :
o C ] o E

ik **#-w m'r . ; ik -

3000 =2000  =1000 0 7000 2000 3000 3000 =2000 =1000 7000 2000 3000
EQE, = EBeam,Reco (MeV) EQE, = EBeam,Reco (MeV)

3F Fermilab
6 17/08/22  Sungbin Oh | FNAL DUNE Sim-Reco Group Meeting



Events

Obs.
Pred.

Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Other variables for reconstructed charged pion
+ Angle between beam and charged pion is well described
- But, track length of charged pions is not described well
- Charged pions in data is generally shorter than the MC

- | will check if daughter tracks are also cut off due to diverter
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions
« Charged pions with Michel score < 0.5, energy using hypothetical track length
- StartZ of daughter <220 cm

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions

+ Angle between beam and charged pion is well described

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Study for Quasi-elastic Scattering of Charged Pions - ProtoDUNE-SP

Data vs MC distributions

« Abump around KE = 600 - 650 MeV
« Tendency is similar with the AEQE distribution

+ Again, data shows shorter daughter track length in general
Run 1, 1.0 GeV/c Beam
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A.U.

Study for ProtoDUNE-SP Beam

Purpose of the study

| want to understand muon contribution better
« Black : data, green : MC, blue : MC truth

* To solve the well known mismodeling problem for muon beam contribution
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Study for ProtoDUNE-SP Beam

H4-VLE Beam line
« Secondary target to collimator : 12 m
 To BPROF1 (~ 15.4 m), BPROF2 (~ 19.1 m), and BPROF3 (~ 19.5 m)

« Tocryostat:36 m

Let’s assume that muon contribution is negligible right after the secondary target
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Events

Study for ProtoDUNE-SP Beam

Using the 1 GeV/c G4beamlineVersion3.06 sample

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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After collimator, a peak at 1 GeV/c is observed

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Events

Muon contribution is increasing due to decay-in-flight of charged pions

105ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Events

Study for ProtoDUNE-SP Beam

Using the 1 GeV/c G4beamlineVersion3.06 sample

 The 1 GeV/c peak becomes more clear due to B-field at momentum spectrometer

* We also see decay-in-flight muon shoulder at BPROF4 (close to the cryostat)

 Muon contribution decreases at BPROF4

105ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Events

ProtoDUNE-SP Preliminary Run 1, 1.0 GeV/c Beam
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Study for ProtoDUNE-SP Beam

Using the 1 GeV/c G4beamlineVersion3.06 sample
 The 1 GeV/c peak becomes more clear due to B-field at momentum spectrometer
* We also see decay-in-flight muon shoulder at BPROF4 (close to the cryostat)

 Muon contribution decreases at BPROF4

ProtoDUNE-SP _Preliminary Run 1, 1.0 GeV/c Beam - ek Beamp e precul nowsiont PIDET
Qo 10 = Entries 132420
5 _ 900 Mean 1008
S [ = 60.59
G [ . so—. PDSP Tree Std Dev
. BPROF4 0 1 GEV/ C
7+ u* =0.843 : 0.157 -
10 -
: so-  No cut at:ut =0.845: 0.155
500—
102 ET ! -
i |H 400—
1ol , 300
200—
! 100 ‘
- f '
O_IIIIJAMT‘kw | FYRR RSN DO FU MY R N U HO R
10 400 600 800 1000 1200 1400 1600 1800
0 1000 2000 3000 4000 5000 6000 7000 8000 900010000 T
rue
P (MeV/c) Py e (MeVic)

3F Fermilab
17/08/22  Sungbin Oh | FNAL DUNE Sim-Reco Group Meeting



Study for ProtoDUNE-SP Beam

Using the 1 GeV/c G4beamlineVersion3.06 sample
 The 1 GeV/c peak becomes more clear due to B-field at momentum spectrometer
* We also see decay-in-flight muon shoulder at BPROF4 (close to the cryostat)

 Muon contribution decreases at BPROF4
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Events
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