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PIONEER Collaboration

Pioneer Experimental Setup Concept

1. Pion beam s stopped in active target
(ATAR)

2. Pions/muons decay in ATAR

3. Positrons exit ATAR, enter calorimeter
via tracker and deposit energy
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Dead material distortions to the Michel

Events passing truth fiducial cut
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Angular dependence of dead material distortion
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Sim Params: Single e+ from stopped s+ in ATAR (truth with no event mixing)
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A few” difficult processes (*of many...)

Annihilation in flight Albedo Bhabha scattering

NOT TO SCALE
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How do we actually define a positron angle?
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Energy dependent angle deviations from truth

ATAR Theta Difference [Truth - Observed]
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Uses truth coordinates of 5 five ATAR
strips
e Not possibleinreality, but is

sensitive to scattering processes

e  Principal components analysis

(PCA) used to determine e+ track

direction from 5 hits
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Uses truth coordinates of e+ tracker hit
° Much larger RMS than 5 ATAR strips
— inaccurate at low energies
° Particles preferentially scattered to
smaller theta values (truth - observed
is therefore positive) due to cables at
large polar angles
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Uses coordinates of most energetic cluster
e Distributions are very similar to
tracker w/ slightly larger RMS
e  Scatteringto smaller theta values
is also present for calo clusters

Takeaway: We currently use truth information to define positron angles in the simulation — in reality, we will rely on detectors to
define fiducial events. Each detector has its own problems when defining angles that we will have to correct for.
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Sim Params: Single e+ from ATAR fiducial region (truth with no event mixing)
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Limitations in event reconstruction

1. Eventsrequire a pion stop and a calorimeter energy deposit above 1.5 MeV in the trigger window

2. Truthinformation from the pion/muon decay is used to determine whether an event passes the
fiducial cut

3. Thetracker is not currently used

4. Truthinformation is used to form patterns/tracklets in the ATAR
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Correction for calorimeter energy threshold
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Ll allow us to understand these
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Counts

Calorimeter Only Michel Spectrum
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Towards a recon strategy and simulation setup

We have “concepts of a plan” for how to use the individual detectors in our experiment. It is imperative
that we figure out how all the detectors work together to inform our reconstruction.

The idea: Run 400 kHz pion beam (leads to 300 kHz pion stops in target) w/ default simulation beam
settings to develop:

e Adetailed list of the different event types that we will encounter and their frequencies
e Thedetector information we observe for each of these event types
e Anunderstanding of the biases created by cutting on different detector information

Beam settings:
400 kHz Gaussian pion beam 65 +/- 1.4 MeV/c
o,=6mm, oy=6mm, 0,=0.17mm, oy,=0.07mm
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Require single

pion stopin ATAR
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Sim Params: 400 kHz gaussian pion beam, 300 kHz pion stops in ATAR fiducial
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Primary events types with no hits in the tracker

No muon decay (80%) e+ misses tracker Annihilation in flight Annihilation at rest

| P i
: d | : 9 |
MIP
Tracklets in O 1+ O+ O+
ATAR:
No fiducial ATAR ;
pattern, fiducial Rare, pattern must be ﬁ‘lv\\;ah)f:,.el;ciher orle 511
- = = close to edge of fiducial eV hitin downstream
calo hit*: region or two 511 keV hits

. . . Excluding ol LY. ioactivity*
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Primary events types with 1 hit in the tracker

Beam particle

MIP
Tracklets in O+
ATAR:

No fiducial ATAR
pattern, fiducial
calo hit*:

Likely
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e+ hits tracker

Bhabha scattering

Only possible if the
scattering occurs out of
ATAR

Excluding old muons and LYSO radioactivity*

Radiative events

Possible, gamma will not
necessarily be collinear
with positron
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Primary events types w/ time coincident hits in the tracker

Beam particle

MIP

Tracklets in 1+
ATAR:

No fiducial ATAR .
pattern, fiducial Possible

calo hit*:
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Albedo hits tracker

Possible if e+ hits just
outside of the fiducial
volume of calo

Excluding old muons and LYSO radioactivity*

Bhabha scattering
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Albedo tracker hit energy dependence

Number of Albedo Tracker Hits
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e Likelihood of albedo is energy dependent - 5 MeV particle is 5x more likely to produce additional

hits due to albedo than a 50 MeV particle

e Angular distribution is (up to statistics limitations) independent of energy

Omar Beesley - University of Washington

Sim Params: 400 kHz gaussian pion beam, 300 kHz pion stops in ATAR fiducial
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Conclusions

e Werely heavily on truth information in our simulation

o Insome cases, this reliance is more than a convenience and we need to investigate how to define variables
without truth information

e Pathological event types matter at the 104 level

e We need to develop an updated data analysis strategy (complete with the corrections we think
we will have to apply) that can be studied and investigated for bias
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