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INTRODUCTION




MOTIVATION

Why are cross sections important

m To reduce the cross-section
uncertainties on the event rate at
Super-K.

m To control the bias on the
reconstructed energy.
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Oscillation analysis requires neutrino
energy spectrum, reconstructed using
observed lepton kinematics, assuming
stationary target

Why CC1x Interactions

We can reduced the bias on the reconstructed lepton
kinematics variables, and neutrino flux.




MOTIVATION

Why CC4piMultiPi Selection

In CC4piMultiPi, the main analysis aims to select
and m coming out from v, interactions in FGD1 and
IYEENRZNETNY] with segments in TPC2 and TPCA1.




NUMUCCA4PIMULTIPI SELECTION



NUMUCC4PIMULTIPI SELECTION CUTS

General Quality

Main branch (common cuts)

CCOpi FWD

CClpi+ FWD




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,
SN (=Je(+)
7. 4pi,
CC4piMultiPi exclusive CC4piMultiPi exclusive CC4piMultiPi exclusive
CCO (for FWD, BWD, HAFWD and CC-17™ (for FWD, BWD, HAFWD and CC-Other (for FWD, BWD, HAFWD and

HABWD) ) HABWD)

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

9. ECal 7 Veto. 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.

Detector

ND280 detector Fiducial volume [mm

2. Total multiplicity cut:
» Cuts events with strictly
less than 1 track.

Low angle:
Xoin + 57.66, Xy + 57.66]
[Ypin +57.66, Yypay + 57.66]
[Zn +10.125,7, ]

High angle:
Xoin + 57.66, Xy + 57.66]
[Yoin +57.66, Yy, + 57.66)
[Zin +10.125, 7, +10.125]

Pi-zero Tracker

Detector

Kevin Fusshoeller ETH Neutrino Meeting 29.11.2018 ETHziirich




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:




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PI INCLUSIVE

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

the barrel ECal and only in certain regions of the Downstream
ECal.

H
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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

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:

CCA4PI INCLUSIVE
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NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PI INCLUSIVE

Michel electrons are tagged using the time delay:
m Check that there is a vertex with a delay of at least 100 ns.

m There should be at least be 6 hits in the same time bin as the
delayed vertex.

m Number of ME in FGD by topology (left) and reaction (right).

e




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PIMULTIPI EXCLUSIVE

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

BWD, HAFWD HAFWD and HABWD): FWD, BWD,

and HABWD): . HAFWD and
8. CC-1x: HABWD):

8. CCOr: Reject events with: :
Reject events > o inTPCs, 8. CC-Other:
with: > o inTPCs, Select events
s in TG, J e E With either:




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PIMULTIPI EXCLUSIVE

The FGD Pion cut selects pions which are contained in the FGD
and thus leave no information in the TPC. The cut is applied after
the CC inclusive cuts and is explained in detail in TN152.
Charateristics of the cut:

m Track should be in the same time bunch as the muon.
m Track should have no TPC information.




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PIMULTIPI EXCLUSIVE

pra
2 electron 26.07 %
Yz positron 11.77 %
pit 12.64 %
zza
iz
(22

pi- 9.84%
proton 15.22 %

muon 21.71%

antimuon  2.52 %

w2 kaon 0.10 %
notruth 0.12%

Number of entries

g n i W ]
-8 -6 -4 -2 0 2 4 6 8 10
pion pull secondary FGD, fully contained FGD 1




NUMUCC4PIMULTIPI SELECTION CUTS:

CCA4PIMULTIPI EXCLUSIVE

P ] F T electron
El electron  4.99 % 2 F [ positron
g positron 217 % S 100 I pit
pit 6.65% o r " on
pi- 314% ° o
proton  1.70 % 2 s antiouon
muon 80.84 % E ] kaor
antimuon  0.40 % Z 60 + m |—¢—Daa
kaon 006 %

notruth 0.05%

-2 0 2 4 6 8
pion pull pion candidate isoFGD




NUMUCC4PIMULTIPI SELECTION VARIABLES

/1--- info from true vertex
truelepton_PDG,
truelepton_mom,
truelepton_dir,
truelepton_costheta,
truelepton_theta,
truelepton_pos,
truelepton_fgdlayer,
/[--- toy variables
NLowAngle,
NHighAngle,
NFwdMuLike,
NBwdMuLike,
NHAFwdMuLike,
NHABwdMuL ike,
Toy_cCdpt,
selmu_HMNT,
selmu_mon,
selmu_costheta,
selnu_theta,
selmu_ToF_PoD,
selmu_ToF_ECAL,
selmu_ToF_FGDZ,
selmu_likemu,
selmu_likemip,
selmu_end_ecal,

11 nfo from true track
selmu_PDG,

selmu_ID,

selnu_truenom,
selmu_truepos,
selmu_trueendpos,
selmu_truedir,
selmu_truefgdlayer,

Selmu_charge,

selmu_dir,
selmu_enddir,
selmu_pos,
selmu_endpos,
selmu_fgdlayer,
selmu_1hit_pos,
selmu_2hit_pos,
selmu_1hit_charge,
selmu_2hit_charge,
selmu_1hit_fitpos,
selmu_zhit_fitpos,
selmu_1hit_deltapos,
selmu_2hit_deltapos,
selmu_1hit_deltapos2,
selmu_2hit_deltapos2,
selmu_pod_nnodes,
//--- info by TPC
selmu_tpc_det,
selmu_tpc_nnodes,
selmu_tpc_charge,
//--- info by FGD
selmu_fgd_det,
selmu_fgd_nnodes,
selmu_fgd_x,

//--- info by ECAL
selmu_ecal_det,
selmu_ecal_nnodes,
selmu_ecal_length,
selmu_ecal_EMenergy,
selmu_ecal_mipem,

pospionpPidLik,
PosPionElPidLik,
PosPionTId,
PosPionIndex,
PosPionParentTId,
PosPionGParentTId,
PosPionTrueMom,
PosPionTrueStartDir,
PosPionvid,
PosPionDir,
PosPionTrueTheta,
PosPionTrueCosTheta,
PosPionPosStart,
PosPionPosEnd,

/] --- Pi® candidates
PiOE1Mom,
PiOELPULL,
PiOELTId,
PiOELlIndex,
PiBELlParentTId,
PiBELGParentTId,
PiBELVId,
PiOELDLr,
Pi0ElPosStart,
PiBELPOSENd,
Pi@PosMom,
Pi@PosPull,
Pi@PosTId,
pieposIndex,
PiBPosParentTId,
PiBPosGParentTId,
Pi@PosVId,
PiepPosDir,
Pi@PosPosStart,
PiBPosPosEnd,

/} --- ALL TPC sec tracks
TPCSecton,
TPCSecMuPidLik,
TPCSecPiPidLik,
TPCSecPrpidiik,
TPCSecE1PidLik,
TPCSecDetectors,
TPCSecq,
TPCSecTId,
TPCSecIndex,
TPCSecParentTId,
TPCSecGParentTId,
TPCSecDir,
TPCSecPosstart,
TPCSecPosEnd,

1!

FGDPilength,
FGDPiPiPULL,
FGDPiAvgTime,
FGDPiDistance,
FGDPiMuonangle,
FGDPiCosTheta,
FGDPiTId,

© FGDPiIndex,

FGDPiParentTId,
FGDPiGParentTId,
FGDPivId,

FGDPiDir,
FGDPiPosstart,
FGDP1PosEnd,
FGDPiTimeInt,
FGDPiTimeEnd,
FGDPiDeltaTimeIniSelMu,
FGDPiDeltaTimeEndSelMu,

---- IsoFGD Pion tracks

// ---- Michel Eletrons --
MENH1its,

MERawCharge,

MEMinTime,

MEMaxTine,

/ ---- TPC1 Tracks ----
TPC1TrackMom,
TPC1TrackCosTheta,
TPC1TrackpPhi,
TPC1Trackvid,
TPC1TrackTld,
TPC1TrackParentTId,
TPC1TrackGParentTId,
TPC1TrackPosStart,
TPC1TrackPosEnd,

//---- Add new vareables -
ntruetracks,
ntruefstracks,
ntruechargedpions,
ntrueother,

ntrueotherpdg,

Truepi_nom,
Truepi_costheta,

TruepiZpda,

Truenu_nom,
Truemu_pos,
Truemu_dir,
Truemu_costheta,
Truemu_theta,

Truemu_fgdlayer,
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NUMUCCA4PIMULTIPI SELECTION
FIRST TESTS




SOFTWARE AND SAMPLES

m nd280Highland2 v2r29  YutP—p + AT = 7t 4 p,

m Production 6B for MC Vit n—pT + AT =T+ 7T+0 +n,
m Production 6M for Data NHT AT+ P,
20
POTD(aXt;O ) POT (x1 020)
NEUT magnet
Buleas 10'35924. “Run2a | 8.99907




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
EVENTS




NUMUCCA4PIMULTIPI SELECTION FIRST TESTS:
EFFICIENCY AND PURITY




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:

EFFICIENCY AND PURITY
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NUMUCCA4PIMULTIPI SELECTION FIRST TESTS:
EFFICIENCY AND PURITY
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MUON VARIABLES

KINEMATICS




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: MUON VARIABLES
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NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: MUON VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: MUON VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: MUON VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: MUON VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION VARIABLES




NUMUCC4PIMULTIPI SELECTION FIRST TESTS:
KINEMATICS: PION AND MUON VARIABLES




SUMMARY

Until now:

1. The NumuCC4piMultiPi selection in FGD1 for 47 acceptance
has been implemented and is now working.

2. Created a data base at LXplus.

3. Created a document with all the changes done in Highland2

packages for the NumuCC4pi and NumuCC4piMultiPi
selections to work.

Ongoing analyses:




3
BIYAN
SHUKRIA

ANKSCHEEN

L \’IQMIN'IE'.-.\"z
e B TASHAKKURATY_ §

GRACIAS“”‘E‘“‘*‘"

ARIGATO, { 5

SHUKURIA 4
w-lllﬂ!

et B GOZAIMASHITA
"”"'“’55 EFCHARISTO *ox

OLZIN MERCI




Support slides




NUMUCC4PIMULTIPI SELECTION CUTS:
GENERAL QUALITY
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