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Why Kaons in v detectors?
The BIG picture




Nucleon Decay Searches

The detection of even one nucleon decay event would be a
direct evidence of physics BSM,
opening a window on GUTs exploration.

Every interaction in the \e@‘&@
SM conserves baryon 32
numb er. ELECTROMAGNETIC FORCE _ \xﬁ?’
f HE TERASCALE
ELECTROWEAK unmcmnon% /
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Proton (or bound neutron)
decay can occur only as a
violation of baryon S
number and it’s predicted
by almost every GUT.
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(So does NN oscillation...
see Will’s talk next)
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| Ingredients for Nucleon Decay Detection

Lots of nucleons
Lots of time

Low background
Excellent signal efficiency
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DUNE: the next big thing in v phy51cs
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One 10kT DUNE LArTPC Module
(ISmx19m x 66 m)
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DUNE + LArIAT

The LArIAT Cryostat (0.25 tons)
(0.4 m x 0.47 m x 0.9 m)

- Yes , We are small (we're sensitive to t/B = 10?! at best).
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| Why LATIAT is the best g o sy xaons

The momentum distribution for Kaons in the LArIAT TPC
overlaps completely with the momentum spectrum expected for
the Kaon on a proton decay event.
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Time Tick

Time Tick

Why LAI‘ IAT iS the beSt (place to study Kaons)

We currently have the biggest sample of identified kaons in LAr:
~ 2000 events.

vy Develop kaon identification
algorithms on LAr real DATA

(see Dan Smith’s poster!)
K* Candidate

Wire Number

Improve K simulation in Ar
LArIAT Data .
used for proton decay signal
simulation thanks to the

inclusive hadronic XS

K™ Candidate

Wire Number

L, measurement.
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Review of (Very Little) Literature on K

K — Ar cross section expected to lay in

120 l between the Ca and Si ones
ERLN 1 .
8110 - ]' Kaon cross section has been never
r S|
S 208 I | measured on argon before, and scarcely
g | :
3 100 1 measured on other nuclei.
5 L J
0.95 - 1
0.0 L 7 The intrinsic value of this measurement
120 = 1 lays in the exploration of the interaction
s 7 between nuclei and strange light mesons.
S
:‘“3 1.10 N 1
~E f— .
N 1 The first LATIAT study concentrates on K*
a f : : :
5000 oL | cross section, given its relevance to proton
o
= 0se 71 decay searches in DUNE.
o0 T : S
500 600 700

p-> K*v Golden channel for pdk in LAr.

Momentum (MeV/c)
E. Friedman et al. Phys. Rev., C55:1304-1311, 1997
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Gtatus of the Geant4 Process Simulation

Kaon Cross Section in Geant4: no experimental data for Ar.

G4 predictions for Ar: K* and K-
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Gtatus of the Geant4 Process Simulation

G4 Kaon Cross Section for Carbon matches poorly the data.
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K*Ar Inclusive Cross Section:
Methodology and Challenges in LArTAT §




| Signal and Background topologies

Signal: All Hadronic Interactions

OTot = OElastict OReaction
Elastic Scattering Candidate Inelastic Scattering Candidate

K+

LArIAT Data

: K-> p*v  candidate
LAFIAT Data . LArIAT Data
/
> y-shower
IS - < O =l

_;- ?‘)r/f'ShOZZ)er T TR
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Analysis strategy: basics

1. Identify Kaons in the beamline
2. Apply the thin slice method

- The slice represents the distance between
each 3D point in the track

- For each slice we ask:
“Is this the end of the track?”

YES! Calculate the KE at this point and fill both
the “interacting” and “incident” histograms

Beamline Selected
K* candidate

Interacting

Kinetic Energy (MeV)
Incident

Kinetic Energy (MeV)
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Analysis strategy: basics

1. Identify Kaons in the beamline
2. Apply the thin slice method

- The slice represents the distance between
each 3D point in the track

- For each slice we ask:
“Is this the end of the track?”

YES! Calculate the KE at this point and fill both
the “interacting” and “incident” histograms

Beamline Selected
K* candidate

Interacting
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Analysis strategy: exception!

1. Identify Kaons in the beamline

. . Interactin
2. Apply the thin slice method g
- The slice represents the distance between
each 3D point in the track
- For each slice we ask:
“Is this the end of the track?”
\;ES! Calculate the Kclli at thids poilﬁt and fill both
the “interacting” and “incident” histograms ~ .
- - Kinetic Energy (MeV)
L n dFE Incident
KEgip =KEr — 30" o (5¢), X 0X;

3. Exception!
If the Kaon is tagged as
“decay”, do not fill the .
interacting plot with the last = —

KE: fill only the incident plot.

Kinetic Energy (MeV)
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Key elements for the K*-Ar XS

In order to measure the Kaon Cross Section, we need to :

- Identify kaons in the beamline
- Study the contamination in the kaon sample
- Study the loss in dead material between beamline and TPC

- Assess basics reconstruction:
Tracking & Calorimetry

- Tag kaon decay slices Wbl Rtk

Time Tick

- Identity signal
interactions

Just an other pretty Kaon Candidate Wire Number
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Find Kaons in the beamline!

We preselect the data using 3 filters:
— Time Stamp Filter (removes cosmic evts)

— Beamline Reconstruction:

TOF and a WC Track exists
and the mass is positive

— Mass Filter:
mass consistent with K:
350 MeV/c? < mass < 650 MeV/c?

- Pile Up and TPC quality track Filter

- Beamline — TPC match Filter:
Require the best match between the
WC track and the TPC track
Ax, Ay and a

Stage

Run II Positive Polarity Data ~4000000
Time Stamp 1555402
Beamline Reconstruction 188060
Mass Filter 4289
WC to TPC match 1986

TPC Front Face
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| Find Kaons in the beamline!
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Contamination

Data Driven method from S L AT pretiminary S
beamline mass distribution. N o Rmm O
We estimate the bleed over from -1 | -
high and low mass peaks under the "“F - 7
kaon peak. F X o

T . - - WU S—
Issue: we don’t know the shape of F
those tails: iterative fit method. - #

10 .. . i-HiHH_
With 12 iterations of the fit we find: “-H

5007000 7200 1400

High Mass Contamination =4.9 2.9 % 0
Low Mass Contamination=2.6 +1.0 %

Mass [MeV/c?]

We will use the beamline MC to understand the fractional composition of the

low mass peak and simulate contaminants accordingly.
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Key element: Loss Before TPC

TPC
USTOF WCl WC2 WC3 wC4 DSTOF
Magnet s
&«-_i__h____.» : / l ————— e drar] INTERACT
{“ ; I :\‘-\~ i
Energy Loss before the TPC Front Face
Truth study: £
Average energy loss before the i
TPC Front Face =44 + 7 MeV. -
33 % of Kaons in the beamline n[
interact or decay before getting to \
TPC. 0()_I I I20 I l40I I I651:'_‘—80 I100I I ‘120I I ‘140
True K.E. Loss [MeV]
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Basic Reconstruction: Tracking

Track Pitch and Track Length.
Data and MC comparison, area normalized.

Reconstructed Pitch for Selected Kaon Candidates Reconstructed Length for Selected Kaon Candidates
g R
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w B w
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o) o)
o N
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2 P
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o o
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Basic Reconstruction: Calorimetry

dE/dX Vs Momentum. Data and MC.
Data has been tuned using a m+ sample.
Kaon MC has been tuned on the theoretical curves.

Electronic Energy Loss [MeV/cm]
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Key element: Tag K Decay Slices

Kaon decay proceeds by the
weak interaction.

The endpoint of a decaying
kaon could be misidentified
as a single strong interaction.

For kaon decay at rest, we can
use the presence of a Bragg
peak to tag the end point as
non-interacting.

The development of the tools
to tag kaon decay in flight is
ongoing.

Time Tick

\—-- —

LArIAT Data
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A 4
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w w
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o o
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800 1000
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Key element: Identify Signal Interaction

LAIIAT Data Preliminary K* Candidate LArIAT Data Preliminary Reconstruction

B Directi
LAHAT Data eam Direction
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+ scatter
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Conclusions

In order to measure the Kaon Cross Section, we need to :

- Identify kaons in the beamline V
- Study the contamination in the kaon sample V
- Study the loss in dead material V
- Assess basics reconstruction:

Tracking & Calorimetry (ongoing)
- Tag kaon decay slices (ongoing)
- Identity signal interactions v

Stay tuned.... The XS is coming soon!!!
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| Experimental Limits on 1,
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1. Find Kaons: WC2TPC Ax, Ay and «

Plot the distribution of WC2TPC match before the cuts are applied.

Selection:
Ax and Ay within + 5 cm from the peak Still to be optimized
a<10°
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Contamination

Data Driven method from beamline mass distribution.
The basic idea is to estimate the bleed over from high and low mass

peaks under the kaon peak.
The catch is that we don’t know the shape of those tails!
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Contamination

Data Driven method from beamline mass distribution.
The basic idea is to estimate the bleed over from high and low mass

peaks under the kaon peak.
The catch is that we don’t know the shape of those tails!
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| Basic Reconstruction: Calorimetry

dE/dX Vs Residual Range. Data and MC.
Improvement of noise simulation is ongoing.

Reconstructed dE/dX Vs Residual Range for Selected Kaon Candidates (DATA) Reconstructed dE/dX Vs Residual Range for Selected Kaon Candidates (MC)
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