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Energy-slicing method

Each selected beam track has an
initial slice and an end slice.
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If there is pion inelastic scattering
(signal) at the interaction vertex, then the
end slice is also an interaction slice.
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Selections

 For inclusive cross-section measurement, we need to select pion beam events (regardless of

what daughter particles are).

Details in back-ups

- Pandora identification
- Precuts

- Beam quality cut

- Proton cut

- Michel score cut
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z (cm)

- APAS3 cut
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Original event Pandora identified beam (pion) track

o After full selections, we have about 80% pion inelastic events (signals)
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Updates

e Reweighting MC

- Muon background reweight

- Beam momentum reweight
e Background subtraction
 Unfolding and error propagation

e Results (mainly from fake data)
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Muon bkg reweight

reco_trklen distribution after Beam Quality cut
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 We found there are more long tracks (length >
150 cm) in data than MC.

reco_trklen distribution after Beam Quality cut
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 This could be improved if we scale up the muon
beam fraction in MC.



MUOn bkg rEWEig ht Compound Poisson distribution

https://www.sciencedirect.com/science/article/pii/S0168900214001776?ref=cra_js_challenge&ir=RR-1
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e After all selections except muon-related cuts, we perform x2 fit in the long track region.

: : )

PINy = 1 i (data — weightedMC)? where s — > (MCweight®)

N -1 4 s-data+ weightedMC Y (MCweight)

Muon reweighting
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This mainly correct for long beam muons. For the remaining muons,
we still use Michel score distribution after APA3 cut for sideband fit.
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Beam momentum reweight

Beam instrumented momentum :
e I e The beam instrumented momentum
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Select stopping beam muon

o Select beam muon: BeamQualityCut & Michel_score > 0.6

» By Bethe-Bloch formula, we can map between KE and residue range. nanks Heng-Ye and Tingjun
for providing the method!

e Define Ratio = TrackLength / RangeFromKE (KE#ront-tace)

MC true ratio
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6 = i - =
Beam momentum reweight ¢ s* I
e A weightis assigned to each MC event %
(p _5)2 ° p s the true momentum in each MC event - Bple:r}l 18nstruﬁ3ented3moméntumlliGmeVm)ﬁ - qu'Fr°i’f1e beam morentum ((3|e\'2/)mﬂq
e 20 .
W = ( el Ko and o are fit to MC true momentum - Figure of merit: x/Nf
P — K
2674 .
¢ 0 e yando are two fit parameters 0or7s
Cutoff w < 3
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Front-face KE L

After reweighting
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Beam momentum reweighting

e After momentum reweighting, data and MC should have consistent true momentum distributions.

e However, the beam instrumented momentum distributions are still different.

e T T Entries 1546
Mean 1.006
Std Dev 0.07406
%2 / ndf 26.13 /37
Prob 0.9091
Constant 92.7+ 3.0
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Difference in y: upstream E loss. py.c0 — Umce
e We add an extra random Gaus(-9.85, 17.76) MeV to each MC event.

Difference in o: momentum resolution. Extra smearing: \/ agata —
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Updates

e Reweighting MC
e Background constraints
 Unfolding and error propagation

e Results (mainly from fake data)
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Background constraints

e A data-driven method is used to account for difference of background fractions in data and MC

) Nrsgcg:o — Nreco | 1 - Zfidata — Nreco | 1 - ZszC "

l l

e «;is the scale factor for background .

- Three major backgrounds are considered.
e Muon background
e Proton background

e Secondary pion background
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Background constraints

o «;is fitted in the sideband of a distribution where background ¢ dominates.

e E.g. the Michel score distribution is used for muon background constraint.

Daughter Michel score
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Background constraints

e Similarly for proton and secondary pion backgrounds, we use the Chi2_p/Ndof and the beam
angle distributions respectively.
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Updates

e Reweighting MC
e Background constraints
 Unfolding and error propagation

e Results (mainly from fake data)
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Multi-dimentional unfolding

o N g5 IV

ni’ - Yend?® 1nt)’ and

e Because N, ., N, ;and N, . are related, we combine them as one variable (/V;

unfold them together.

_ Variable index = N* - ID, . + N - ID,_4 + ID. ., where N is the number of slices

111

e The d’Agostini (iterative Bayesian) method is used to model the unfolding matrix

Response matrix for (N,;, N.pg> Nint)
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Error propagation S —
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Updates

e Reweighting MC
e Background constraints
 Unfolding and error propagation

e Results (mainly from fake data)
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3D unfolding 10 iterations

(error bars are propagated from the

Fake data

covariance matrix provided by RooUnFold)

Pion Inelastic Cross Section
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N,/ MeV
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3D unfolding 200 iterations

(error bars are propagated from the

Fake data

covariance matrix provided by RooUnFold)

Pion Inelastic Cross Section
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Proposal of systematic uncertainties

* We have propagated the systematic uncertainties from unfolding and the background scaling
factors.

e QOther systematics needed to be considered:
- Reweighting factors

- Energy reconstruction
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Back-ups
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Pandora identification

* In each event, one track is selected as beam track by Pandora based on
boosted decision tree (BDT) algorithm.
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Precut

e Some technical cuts to ensure the beam track can be used.
- Upstream beam type selection
e MC true beam PDG ==-13 or 211

e Data beam_inst _trigger =8
beam Inst nMomenta == 1 && evt.beam Inst nlracks ==
beam inst PDG candidates ==-13 or 211

- Empty events removal reco_reconstructable_beam_event |=0
= Pandora Slice Cut to ensure it is a track. reco_beam_type == 13

= Calo Size Cut require hit detected on collection plane. ! (reco_beam_calo_wire->empty( ))

Variable definitions: https://wiki.dunescience.org/wiki/PDSPAnalyzer
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https://wiki.dunescience.org/wiki/PDSPAnalyzer

Beam Quality Cut

e |t consists of two parts. First, cuts on the position of instrumented beam
particle projected to the front-face of the TPC.

CaloSize, Data
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e The events outside of the oval is

more likely to be secondary
particles produced by upstream
Interactions.

Selection: sqrt(Ax.2 +Ay§lst) <45

1nst

- AXIHSt IS (xlnSt o //t xinst)/dxinst
- U, and o, are derived before
st

beam quality cut

1nst
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Beam Quality Cut

HV Feedthrough

e Second, cuts on beam entrance position and

HH
beam angle.

Detector Support Structure (DSS)

.‘_—_
- —

- Entrance point on xy plane sart(Ax*+Ay?) <3
- Start zposition  1Azl<3

- Beam angle cos 0 >0.95

- Axis (x — u,)/o,, where u,and o, are
derived before beam quality cut. Ay and , N S22
Az are similar. RS AN

- 0O is the angle between the track and the 7

mean direction /“té” derived before beam A view of ProtoDUNE-SP detector. The beam
quality cut. plug indicates the direction of beam track

Bottom Field Cage
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Beam Quality Cut

Sqrt(Ax2+Ay2) <3 Azl <3 cos 0> 0.95
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Proton Cut

Chi2_proton, BeamQuality, Data

O We use Chiz_p/NdOf to CUt prOtOn % L = I—fl—D;ta;191l2  otamc 77sst -IPiiIneI|531(l)§ | I_g
> = " PiElas 842 Muon 12384 misID:cosmic 26 —
L 105 B misID:p 4826 B mislID:pi 2741 B misID:mu 2870 B
e . . . = [ misID:e/ vy 391 misID:other 365  =+===- Cosmics 19 =
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https://doi.org/10.1088/1/7/48-0221/15/12/P12004
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Michel Score Cut

daughter_michel_score, ProtonCut, Data
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recognition, thus can be used to cut muon. Selection B
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https://docs.dunescience.org/cgi-bin/private/ Michel score

ShowDocument?docid=23125
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APA3 cut

e We only use tracks in the first TPC, which can further cut long muon tracks.

reco_trklen, MichelScore, Data

reco trklen, APA3, Data
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MC is re-normalized to data after the cut
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