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TODAY

m NumuCC4piMultiPi selection
» Cuts
» Variables
» First tests




NUMUCC4PIMULTIPI SELECTION CUTS

Main branch (common cuts)
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HAFWD
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CCOpi FWD
CClpi+ FWD
CCOther FWD

CCOpi BWD
CClpi+ BWD
ccother BWD
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NUMUCC4PIMULTIPI SELECTION CUTS

General Quality

1. Event Quality Data,
2. Total Multiplicity,
3. Quality and Fiducial,

CC4pi inclusive

(for FWD, BWD, HAFWI

4. Quality,
5. Veto,
6. PID,
7. 4pi,

CC4piMultiPi exclusive
CCO (for FWD, BWD, HAFWD and
HABWD)

8. CC-Om,
9. ECal 7 Veto.

S

CC4piMultiPi exclusive CC4piMultiPi exclusive
CC-17™ (for FWD, BWD, HAFWD and CC-Other (for FWD, BWD, HAFWD and
HABWD) HABWD)

8. CC-1nt, 8. CC-Other.

9. ECal z° Veto.




NUMUCC4PIMULTIPI SELECTION CUTS:

GENERAL QUALITY

1. Quality cut (Beam and DAQ quality cut):
» If Monte Carlo, this cut is ignored,
» Checks ND280 Good DAQ flag and cuts if negative,
» Cuts all events which come from a bad spill.

2. Total multiplicity cut:

» Cuts events with strictly less than 1 track.

i




NUMUCC4PIMULTIPI SELECTION CUTS:
GENERAL QUALITY

Particle identification
m Low angle track:
» track started in FGD1 fiducial volume (first layer excluded),
» track with > 18 clusters in the TPC,

» track with charge = —1,
» sort by momentum (based on curvature).
m High angle track:

» track started in FGD1 fiducial volume (first and last layers
excluded),

» track with < 18 clusters in TPC,

» Activity in the ECal,

» track which stops in the Side Muon Range Detector or in the
BarrelECal FV (needed to compute the momentum of tracks)

» sort by momentum range (based on track length and energy
loss within a certain volume)




NUMUCC4PIMULTIPI SELECTION CUTS:
CCA4PI INCLUSIVE

Comment:

The tracks are tested in order (highest momentum first) until one
track passes all cuts. This is to avoid more than one muon
candidate.

NuMu CC4pi

\ NuMu (OA)




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PI INCLUSIVE

4. (FWD, BWD and HA) Quality:
» > 1 forward track,
5. (FWD, BWD and HA) Veto:

» reject events in which the p~ candidate comes from out FV,
» reject events in which track is broken in two,

o Candidate

TPC1




NUMUCC4PIMULTIPI SELECTION CUTS:
CCA4PI INCLUSIVE

6. FWD »~ PID:
» (Lmu+ Lpi)/(1 — Lp) > 0.8 for p < 500MeV,
» Lnu>0.05,
» If p > 280MeV: should not stop in FGD2,
» |f PIDMipEm > 15, then the muon candidate should not stop in

the barrel ECal and only in certain regions of the Downstream




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PI INCLUSIVE

6. HA .~ PID:
» Enter the SRMD,
Or:

» In ECal: PIDMipEm > —100 and Length > 0 and
EMEnergy > 0,
» In ECal: PIDMipEm < 0 and Length/ EMEnergy > 0.8,
7. (FWD, BWD and HA) 4pi:
» verify that we don’t have more than 1,~ candidate.

Sample/cut Fwd HAFwd

Start in FGD1(2) - Stop in FGD1(2) -
Stop in ECAL/ Start in ECAL/
SMRD SMRD

Start in Stop in

i FGDI1(2) FGDI1(2)

Uie o IBIg > 18 TPC Hits > I8 TPC Hits < 18 TPC Hits <18 TPC Hits




NUMUCC4PIMULTIPI SELECTION CUTS:
CCA4PIMULTIPI EXCLUSIVE

CCOr (for FWD, CC-1r" (for FWD, BWD, CC-Other (for

BWD, HAFWD HAFWD and HABWD): FWD, BWD,
and HABWD): 8 CC-irt: HAFWD and

8. CCOr: Reject events with: A D):
Reject events > = inTPCs, 8. CC-Other:
with: > o inTPCs, Select events

> Wf_inj_s, 1 o with either:




NUMUCC4PIMULTIPI SELECTION VARIABLES

Pion — Pion  Jlepton |

NegPionMom
NegPionCosTheta
NegPionTheta
PosPionMom
PosPionCosTheta
PosPionTheta
NegPionTrueMom
NegPionTrueCosTheta
NegPionTrueTheta
PosPionTrueMom
PosPionTrueCosTheta

PosPionTrueTheta

TrueNegPionMom
TrueNegPionCosTheta
TrueNegPionTheta
TruePosPionMom
TruePosPionCosTheta
TruePosPionTheta
TruePrim_pi_truemom
TruePrim_pi_costheta
TruePrim_pi_theta
TrueSec_pi_truemom
TrueSec_pi_costheta

TrueSec_pi_theta

truelepton_mom
truelepton_costheta

truelepton_theta

selmu_mom
selmu_costheta
selmu_theta
Truemu_mom
Truemu_costheta

Truemu_theta




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:

EFFICIENCY AND PURITY

m Efficiency and purity of the selection vs cuts (for FWD, BWD,
HAFWD and HABWD).
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NUMUCC4PIMULTIPI SELECTION FIRST TESTS:

MUON VARIABLES

m Momentum and angular distribution (for Total, CCOn,CC17+
and CCOthers).




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:

PION VARIABLES

m Momentum and angular distribution (for Total, CCOn,CC17+
and CCOthers).
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SOFTWARE AND SAMPLES

m nd280Highland2 v2r29
m Production 6B for MC
m Production 6M for Data




MUON KINEMATICS
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MUON KINEMATICS

m Angular
distribution (for
FWD, BWD,
HAFWD and




MUON KINEMATICS

m Relationship
between reco
and true muon
angle (for FWD,

BWD, HAFWD




MUON KINEMATICS

m Relationship
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PION KINEMATICS
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SUMMARY

Until now:

1. The v, CC-MultiPi selection in FGD1 for 47 acceptance has
been implemented and is now working.

2. Inclusion of proton variables for the study of CC-17"p
(Stephanie is going to do it).

3. Found and included TOF code of Alfonso.
4. Created a data base at CERN so we can start testing the




SUMMARY

What to do now:

1. Start testing the selection.

2. Improve the 7 PID (join task with FGD2 and ECal teams).
3. Start ing in the e selection.
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Support slides




NUMUCC4PIMULTIPI SELECTION CUTS:

GENERAL QUALITY

Detector
ND280 detector Fiducial volume [mm]
ECAL TPCs FGDs
:‘1:&"“1 Low angle:
’ (X, + 57.66, X, + 57.66)
Magnet [Yoin + 57.66, Y, + 57.66]
(2, +10.125,2, ]
High angle:
— (X, + 57.66, X, + 57.66)
v beam (Y, +57.66, Y., + 57.66]
(Z,n+10.125,7,  +10.125]

. Tracker
Pi-zero

Detector

Kevin Fusshoeller

ETH Neutrino Meeting 29.11.2018

ETH:zirich
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