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Motivation and goals of PIONEER

PIONEER is a rare pion decay experiment to be built in Paul Scherrer Institute in

Switzerland

Existing accelerators will be used to generate intense 7" beam with momentum of 55 ~ 70

MeV/c

Studies * decay channels for BSM phenomena.
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Experimental requirements

- The experiment targets for 0.01% uncertainty in Re /, measurement and 0.05%

uncertainty in pion beta decay measurement, which asks for very precise
counting of the events.

- Though the positrons from 77 - e* andn*t - u* - e™ have very distinct
energy, still due to loss of energy in various processes, the e® spectra from ©™
gets distorted and mixed up with the n*t - u* - e spectra

NH 0(10_4) 10_8) Decay Workshop, 2022

(
O(
or O(107%) O(107%)
O(
O(

ENERGY SPECTRUM Ny 14+ cr
J— n-ou—e Re/au' -
H Np 1+ cprr+ cpu
nmnm—e
—— U DF
! — PILEUP To Reach our Sensitivity Goal
P i ..
z I Value Precision
3 N I N
3 L ! H R, O(10%) O(10°8)
v | :
Q \ —4 Ref: Talk given by P.
- : NL O(l) O(10 ) Schwendimann in Rare Pion
i
]
I

] 1
° 5358 &9 cpu 77

E (MEW y

11/30/2022

4
(=}
o
~

an)
>
=)
Q

-5

N

C\]ﬁ

N

S

N

N
O
)

A

CPAD 2022, Nov 29
University

Qo




Detector geometry

Conceptual design for the PIONEER experiment.
Ref: arXiv:2111.05375

Calorimeter (CALO)

Tracker

lférget (ATAR)

Simple schematic of the PIONEER experiment, with
Liquid Xenon (LXe) calorimeter, Low Gain Avalanche
Detector (LGAD) as Active TARget (ATAR) and
cylindrical Tracker. (Ref: arXiv:2203.01981)
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Active TARget

strip

Calorimeter
inactive angle

Beam

Wirebond

ATAR schematic and proposed electronics

Low Gain Avalanche
Detector based detector
used as Active TARget
(ATAR).

Dimensions: 2 cm x 2 cm
transverse to beam, 6 mm in
beam direction, each strip
120 um thick

50 layers of silicon strip
detectors, placed in
orthogonal direction in
consecutive layers

200 pm pitch for strips, ~ 5000
channel to read

Ref: PIONEER proposal, arXiv:
2203.01981
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Calorimeter

Hybrid: LYSO only:
16.6 X, LYSO + 5mm Si + 12 X, Csl 28 X, LYSO

Ref: Talk given by D. Hertzog at
TAU 2021

« PIONEER goal requires complete energy deposition in the calorimeter
» Fast response, high resolution and symmetric
» 2 options for calorimeter, LXe scintillator or LYSO based calorimeter
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1n-RWell for tracker
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Simulation conditions

For precise measurement, simulation of the
tracker is being carried out assuming a
simple geometry for tracker

A solid cylindrical shell of length 15 cm and
average density of 1.47 gm/cc 1s
1mplemented as tracker

It has been assumed that stopped 7 are
decaying at the center of the ATAR, and can
decay in any channel.

nt —» e* event rate has been taken to be of
102 order w.r.t. t* — u* events

Effect of one or more layer of tracker has
also been studied.

PIONEER detector simulation

11/30/2022
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Energy deposition in detector
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Energy deposition pattern Energy deposition pattern Energy deposition pattern E
. . h Q
without any tracker with one layer tracker with two layers tracker .

* The three panels show the energy deposition pattern in the detector in cases of no
tracker, one layer of tracker and two layers of tracker.

» C(Calorimeter does not cover the whole range of theta.

* Presence of tracker improves particle detection and energy reconstruction
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Future plans

Implementation in
gerber

- Gerber Schematic of u

0.1 mm stripe, 0.4 mm pitch
0.3 mm stripe, 0.4 mm pitch

Q) UIST'EP

ter Ground

ode

. . * For precision measurement, material uniformity is
Mechanical drawing for the tracker important.
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« Different routing scheme and readout panels need to be
studied.

* AutoCAD drawings are being imported in GEANT4
based software for this study
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Ref: Talk given by P. Garg in Rare Pion
Decay Workshop, 2022
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