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Efficiencies and purities
*for what physics?
eexisting work

*where to go from here

Resolutions
*where we are and where we're going



complicated region

Need to study efficiencies and purities for

eoff-axis physics using the NuMI beam
*wide band physics for VLBNO expts.

|
I 0 CCFRR .
o L B BNL 7—feet i
© 1.00 — O ANL 12—feet —
ﬁ [ ® ANL 12—feet
= L
o D.'F"ﬁ.—
i
- L
= 0.50 — :
L'-:l )-;t . — Total CC i
: t l‘% e — serresnasnnes g (DIS) -
E 0.25 ] L AFEe e a(gel)
(] B ';.:' 11_[ hh""'-._‘h-““ G'E ].TT} :
0.00 — L.q-u"lll | | | | |*|--br-\""'T"‘-'r-—-r--l--l;.._u.a-..-f. J i
0.1 05 1.0 5 0.0 50.0 100.0
A4 4, (et °
MiniBooNE |
NUM' 2nd NUMI
max off-axis on-axis
NuMI
off-axis

* " Wide-band



Exisiting work:

Efficiency and Rejection study

Analysis was based on a blind scan of 450 events, carried out by
4 undergraduates with additional scanning of “signal” events by

experts.

- Neutrino event generator: NEUGEN3. Used by MINOS/NOvVA collaboration.

Hugh Gallagher (Tufts) is the principal author.

- GEANT 3 detector simulation: trace resulting particles through a homogeneous
volume of liquid argon. Store energy deposits in thin slices.

Training samples:
50 events each of v,CC, v, CC and NC

Individual samplesto traln
mixed samples to test training
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Overall efficiencies, rejection factors
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Overall efficiencies, rejection factors
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Efficiency is ~100% for
y<0.5, and
~50% above this
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y=Ehad/Ev
Can we improve on this?



T2K 2km studies from A. Rubbia's group:
e/pi0 separation
*dE/dx in first 2.4 cm studied for 1000 e and pi0
events (simulation with noise): 0.25, 0.5, and 2 GeV

inefficiency
iImproves
as E increases
(as Compton
Scattering
process
decreases)

surviving pion fraction

Figure 33 Survial 77 efficisncies 35 5 Binction of the meoming mecgy. The ponts soe simulbsiions sad the o
is the pesolt of an sxponentiad At

fold in vertex separation from hand scan: overall 0.2% inefficiency

~» what fraction of pi0 events do you start with?



Hadron ID: automated recon plus neural net to
separate muons, pions, protons, and kaons
via dE/dxand decay products

what event samples? don't know
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preliminary automated event classification for T2K events

1) Cut based selection for v, CCQE events yields ~90%
etficiency with contamination of v NC events at low energy

v, OECCinleraction |

&
; 1 Normalizing to the flux
S at 2km site:

gives 1% contamination
. N | of NC events
0.4 N suggests samples

. used are flat in
0.2 [ ST energy.....
over what range?
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preliminary automated event classification for T2K events
cont.

2) “Random Forest” method based on eight input vars
further stage folds in kinematics and particle ID

(eg: calculationof event total transverse momentum) of
muons, pions, and protons -- classification algorithm rerun...

Table 4: Event classification results bassd on Handom Forest snalyvsis.

clasfication orgmal sample evenis classified as:

approach ¥, 0C | »NC | 2, CC
1, OC 860 % [ 109 % | 31% i

topalogy » NC BT % | 706 % | 20.7% 8 var IDPUt
w, OC 37% | 115% | 8438 %

topalogy 1y, OC 952 % | 25% | 23% + kinematics

+ » INC 31% | 900 % | 69%
Yinematics, FID v, CC 15% | 35% |usw | and PID




preliminary automated event classification for T2K events

cont.

2) “Random Forest” method based on eight input vars

further stage folds in kinematics and particle ID
(eg: calculationof event total transverse momentum) of
muons, pions, and protons -- classification algorithm rerun...

Table 4: Event classification results bassd on Handom Forest snalyvsis.

classification
approach

orgmal sample

events classified as:
¥, 0C | »NC | 2, CC

topalogy

1y O
1w T
w, OC

86.0 % | 109 %
8.7 % | T06 %
7% | 11.5 %

3.1%
H0.T%
8438 %

1y O
1 T
1w, OO

952 % | 25 %
3.1 % | 90.0 %

C15%) 36%

25 %
6.9%
945 %

8 var input

+ kinematics
and PID

soft muons accompanied by pi0 showers
-> biggest misID



preliminary automated event classification for T2K events

cont.

2) “Random Forest” method based on eight input vars

further stage folds in kinematics and particle ID
(eg: calculationof event total transverse momentum) of
muons, pions, and protons -- classification algorithm rerun...

Table 4: Event classification results bassd on Handom Forest snalyvsis.

8 var input

(2% ]) + kinematics
5.9%

clasfication orgmal sample evenis classified as:

approach ¥, 0C | »NC | 2, CC
1, OC 860 % [ 109 % | 31%
topalogy » NC 87T% |T06 % | 20.T%
w, OC 3T% | 115% | 8438 %

sopalogy 1y OC 9532 % E.E':-'-f

+ » NC 31% | 900 %

Xn=maiis, FID w, CC 18% | 36% | 945 %

and PID

soft electrons -> no showers: biggest misID



preliminary automated event classification for T2K events
cont.

2) “Random Forest” method based on eight input vars
further stage folds in kinematics and particle ID

(eg: calculationof event total transverse momentum) of
muons, pions, and protons -- classification algorithm rerun...

Table 4: Event classification results bassd on Handom Forest snalyvsis.

clasfication orgmal sample evenis classified as:

approach ¥, 0C | »NC | 2, CC
1, OC 860 % [ 109 % | 31% i

topalogy » NC BT % | 706 % | 20.7% 8 var IDPUt
w, OC 3T% | 115% | 8438 %

sopalogy 1y OC 952 % | 25% | 23 % i i

+ g 31% |ag0% | 9% + kinematics
Linematin PID v, ©C 15%¢Css % Dusk | and PID

photon induced shower taken as primary electron
-> should improve with dE/dx implementation
in algorithm



Efficiency vs neutrino energy:
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Figure 33: Clasification efficiency as fonetion of the meident peutomo energy.



Muon momentum measurement via dE/dx using
Kalman fitting on track by track basis

Important for small detectors for uncontained muons
(1 GeV muon > 200 MeV/m for mip: 5m track)
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tracks
(short tracks
are contained!

Figure 4 (le£) measured momema using the Ilalman Filter versus the genepsced Mome Cado moments; (cight)
expesed moon momercom eesobotion 88 & fncson of muon enegy for & given rack: langth

1000 muons from 0.5-3 GeV reconstructed



Reconstructing neutrino energy using total energy
deposited vs IDing all particles and converting Evis
into momentum.
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Figure 41: Visible ensrgy vs tous newrcdno ensrgy cbisined by measudng both muon and hadeonic meegy (le£s)
snd onby the muon meegy {rght). The eegion selected [bght) contsins memly non-QE events oot wel esconstooeted
by onk maasudng the muon mergy.

Conclusion: -t 3 Also note;:
Use muon F s ‘ Kimentatic
and hadron info: - @ Recon studies:
reconstruct Enu =l il Resolutions for
E [
to 22% -t i . QE events
T w———_
{E v~ Cwisl / Ev {5 Q2 ~16%
il prissichacesrth W ~10%

Figure £I: Tiffwence betwem the ue nstdno soeegy sod the eeconstoucted ons (kE), sad esobution of the
reconsrocted energy {dght) sfter spplving & cut of 1250 3V on the visible energy The solid gesy line shows
the resulis obtsined messunng onby the muon whersas the dashed red e shons the cesuks obsained waling nto
socount the hadronic snsgy.



 Tracking device
- Precise event topology
- Momentum via multiple scattering
* Measurement of local energy deposition dE/dx
- e /[ n° separation (2%X, sampling)
- Particle ID by means of dE/dx vs range measurement

 Total energy reconstruction of the events from charge
integration
- Full sampling, homogeneous calorimeter with excellent
accuracy for contained events

* Trigger provided by scintillation light from LAr (both
scintillation and Cerenkov light are detectable)

RESOLUTIONS
Low energy electrons: o(E)/E = 11% / VE(MeV)+2%
Electromagn. showers: o(E)/E = 3% / VE(GeV)
Hadron shower (pure LAr): o(E)/E = 30% / VE(GeV)

Hadron shower (+TMG): oE)/E = 17% /
C. Rubbia VE(GeV,



Next Steps

econtainment studies for “small” detectors using MC

truth information. (Steve Linden starting detector
MC work now)

emove towards automated reconstruction
* modify Full Reco?

e start with simple hough transtorm?
* (Colin Anderson starting work on this now)

form a MC/Reconstruction group... -- see discussion



