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BRP+D/EER

* Physics
» Concept

Charged currents are mediated by the exchange of W boson gﬁgfﬁ;mg
between left-handed fermions

* The gauge coupling is the same for all fermions

Universality, Unitarity and Rare Pion Decay

new physics searches

PIONEER Phase |
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PIONEER Phase Decreasing Coupling Strength
 PIONEER will test these fundamental properties
for both Ieptons and quarks Additional motivation from existing flavor anomalies
* Muon g-2

« Cabibbo angle anomaly

) ) * hints in B decays
« and will also search for weakly coupled particles
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Physics Case I: Precision Test of Lepton Flavor Universality

* Pion decay ratio R

_ P(m-ev(y))

e/b ™ T(a-uv(y))

R/, (Exp) = 1.23270(230) x 10~* (0.18%)
Re/u(SM) = 1.23524(015) x 10™* (0.01%)

91— 1.0010 =+ 0.0009
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PIENU at TRIUMF
Cirigliano & Rosell

— Very high precision SM prediction
theory 15x more precise than experiment
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LFU helicity phase space 0.01 % uncertainty in NNLO

suppression

EFT calculation

— Clean, generic way to search for new physics
reaching 0.01% precision level for the first time

BRHDEER

* Physics
» Concept
» Components
- PIONEER goal S Summany
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* PIONEER physics reach

— unprecedented LFU sensitivity 104

— many BSM scenarios exist

* Wlv coupling, 4-fermion operators

— sensitive to high mass scal
» ~30-1000 TeV pseudoscalar
+ ~ 30 TeV axial-vector

Peter Kaimmel — PIONEER — BVR 55

es


doi.org/10.1103/PhysRevLett.115.071801
doi.org/10.1088/1126-6708/2007/10/005

Basics of R

_ T(m—-ev(y))

e/h T T(m-uv(y))

measurement

Pion stops in the target

-t > etv(y)
— E, =69.8 MeV
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u | 105.7 2197 * Concept
» Components
e Summary

Pion stops in the target
—nt > utv(y) 99.99%
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— E. =0.5-52.8 MeV
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Separate energy spectrum & cvori T ..

Counts between 5-100 ns
o

Reju S et 2
=
10 E
Take aways: 10" m
— significant rad. tail for t* - et v 10°k
» reduce tail with deep CALO to O(1%) o i ot > ety tail
 measure tail in et beam and in situ = buried by p decay
— time spectra remain powerful for 107
separation of event types o .|
— information beyond CALO critical to ‘ 30 40 50 100

suppress background @ 10+ precision Energy deposition in state-of-the-art calorimeter
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PIONEER strategy and components

High granularity active target
(ATAR) made of LGAD sensors
BNL, UCSC, UW

o= |

Cornell, UK, UCSC, UW Stony Brook
SBIR with companies planned
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Beam: piE5 @ PSI - World’s Brightest Stopped Pion Beam PPHLEER

* Physics
» Concept
* Progress 2023 v COTZENEE
_ e Summary
— PIONEER requirements and test beam 2022 results
» Rate: 300k 11/s stopped in ATAR: ok at 65 MeV/c
* Momentum bite: Ap/p <2%: marginal T— ' >

» Spot size: <2 cm FWHM: not achieved

* H,e less than 10% 1T needs second focus extension
— improved understanding and optimization

* non-linear effects due to large phase space

« beamline model with G4BL

» novel promising machine learning approach
(Adelmann et al)

« Plans 2024 =

— machine learning

» extend machine learning to full beam line
 optimization of beam properties

» prepare experimental verification

— beam design

upstream nE5 separator

§ target E

downstream nE5

0.25
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0.10

X-y phase space
y [mm]
o

0.05

-240 0 240

* 2Mfocus extension request PSI support in design - (b) s

 better focus surrogate model
G4BL ~ 104 f

« retune for smaller Ap/p <2% aster

P. Fischer, Semester Project ETH
Peter Kammel — PIONEER — BVR 55



Active Target ATAR 5-D tracker Is key to separate events

» Motivation
— DAR decay at rest
— DIF decay in flight

Ry ~4mm, R,~0.8mm

* Specs
5-D tracker can provide
rich information (x, y, z, t, E)
— 20x20x5.76 mm

— 48 sensor layers with
120 um thickness, 200 um strips

— At~ 200 ps, pulse pair 2 ns
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Early PIONEER design of Si detector stack

» Baseline Technology
Low Gain Avalanche Diodes LGADs

— High granularity sensors under development
* AC LGADs most common

» TI (trench isolated) LGADs favorable for PIONEER
— Non-linear for large dE/dx due to gain

saturation
* PIN diodes explored as alternative

BP+D/EER

* Physics

» Concept

« Components
 Summary



ATAR R&D

* Development directions
— optimal customized PIONEER sensor

* fully depleted 120 pum sensor, double sided with new stacking idea

« minimal cross talk, small gain saturation, large dynamic range
— Interface and Electronics
« frontend chips and board, digitizer for 5000 channels

— Integration into stack with minimal dead material

* Progress 2023

— Sensors

 First production of double-sided strip sensors at BNL
more information and clean stacking

* LGAD energy resolution measured in the SSRL X-ray beam line
(https://dx.doi.org/10.1088/1748-0221/18/10/P10006)

» LGAD gain saturation studied with protons at CENPA
(https://indico.cern.ch/event/1184921/contributions/5574780/)

* New AC-LGAD showed reduced charge sharing
(https://indico.cern.ch/event/1184921/contributions/5574830/)

— Electronics

 First prototype multi-sensor front end board design ready for production

» Characterization of FAST chip and AS-ROC alternative chip
(https://indico.cern.ch/event/1255624/contributions/5445271/)

CENPAtest (/8

Double sided [Py
stacking with protons \‘; el
N\
B\

[t Putos
Position 75X 150
Position 75 x 250

3 ‘ ATAR prototype
| | TILGAD response 1/3 sensors

1/9 electronics

i i |
2 4 6 8 10 12 14 16 18 20 22
tins]

» Goals 2024

— Sensors

» Characterization of new BNL sensors and
new production based on tests and TCAD simulations

» Characterization of TI-LGADs and thicker LGADs from FBK

» Acquisition of thin, double-sided Silicon sensors from Micron

» Study of new LGAD devices with test beams at SSRL and at CENPA
* Conclude analysis of the PSI test beam data

— Electronics/Integration

* multi-sensor FEB testing with sensors, towards sensor stack
Double LGAD. Two sensors close packed and insulated by parylene
» Fabrication of improved flexes after tests and simulation

» Testing readout chips for low-noise PIN readout
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Powerful LXe CALO is Baseline Design

» Specifications
I. ~3m coverage, high uniformity
ii. fast: sub-ns timing, ~40 ns decay

lii. resolution
* 1.5-2% peak resolution
+ ~20 radiation length X, for tail suppression

iv. pile-up separation, segmentation ?
LXe fulfills requirements i-iii
(demonstrated by MEG 900L calo)

* Conceptual design
— ~ 7t LXe in vacuum isolated dewar
— entrance windows Be or Ti
— service and disassembly possible
— infrastructure from MEG

2000°

sensitive volume and PMTs

g0 O :‘LVV 00/
\ 4 a \ X o 0 /
OIS ] 00008 0800,

isolation vacuum

BP+D/EER

* Physics

« Concept

« Components
e Summary

forward cone closed now
e direct e* beam calibration
* reduced side leakage

LXe cold mass

simple
infrastructure

Alternative crystal (LSYO) CALO R&D

Resolution

Detector  Density — dE/dx Xo Ry | Decay time A, Light output Segmentation

g/em®  MeV/em| cm cm ns nm %
LXe 2.953 3.707 | 2.872 5.224 | 372% 45 178 100 Photosensors
LSO(Ce) 7.40 9.6 1.14 207 40 402 85 E .
xperience

1.8%

R&D

Vuv
MEG

4% | —

natural

b)

standard

mainly small Xtal for PET
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Progress / Plans on LXe R&D and prototyping B+ S LIEER

* Physics
« Concept
) « Components
* LoLX @ McGill (2 L) nEXO « MEG large LXe prototype (~120 L) . Summary
— small and versatile test LXe test set-up — aim for test beam in 2025
— goals — goals
» photosensor performance (SiPM and VUV PMT) * measure energy resolution and detector line shape including
- separation of scintillation and Cherenkov light contribution of photonuclear reactions
with optical filters « study effect of optical coating on energy resolution,

optical segmentation, benchmark simulations

Photosensor assembly
built at TRIUMF

envisioned
sensitive volume
L= 20 X, (~60 cm)
R=25cm

* plans 2024
« upgrade with a recirculation pump and purity monitor
+ add optical filters for IR/Cherenkov detection

 continue developing Chroma optical photon
transport for validation

* plans 2024

* purchase/acquire remaining 80 L of xenon

 construction of inner photosensor assembly and
commissioning (outside of cryostat) at TRIUMF

* upgrade gas handling, purification and storage system
* new cryostat windows
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Successful LYSO Test Run at PSI

 LYSO Test run at PSI (1M1 Nov 2024)
— scan 10 crystal array with e* beam, 30-100 MeV
— demonstrate resolution
— measure backscattering albedo
» Results
- LYSO energy resolution ~1.8% at 70 MeV

— Longitudinal uniformity better than 3%

This would smear the resolution for a LYSO PIONEER CALO
by less than 0.25% (so it is a minimal contribution)

X,=20 R=10 cm

i Plans 2024 @ lyso--IR: 10cm, 20 RLs
. . 0357 @ Ixe--IR: 10cm, 20 RLs
— value engineering
- caloinnerradiusandX, _ | 160°CALO
— tapered prototype § 0251
— realistic costing -
0.15
0.10 A

T T T T T
100 110 120 130 140
Theta [Degrees]

12

10x LYSO
2.5x2.5x18 cm?3

Nal(TI) as tail catcher

Calorimeter on x-y table with upstream beam telescope

PP+2/EER

new SICCAS crystals

10-element LYSO array

a) b) Energy Resolution vs. Energy
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PP+ YEER

Simulation and Analysis: ATAR powerful in background and tail suppression

* Physics
» Concept
[ ]
° t I . daring the impossible « pion stopping plane position ] Components
T — ev lall suppression « plane position with max E PIONEER analysis, Wong « Summary
e * total energy deposit ) 1.5% energy resolution
8 10° + goodness of linear track fit == aey=s DA "
2 10t ut et nt - ety t_ within 2-32 ns in x- & y-orientation ol = :::L"eol:R[])lF] n—>e
2 10 5e0 . * individual energy deposits in P el [
g - X suppression the last five planes before ?
5 . \ @ 1074
8 - _’e; g the pion stopping plane $ )
i ht . v 8
; i 650x suppression £ =" 5 iDIF e
10 € 10 g et A / L
10'3 ' ! y ‘_!“J’I' 7 /"'/—'"—,—ﬁ: = "
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Energy deposition in state-of-the-art calorimeter 0 20 P Energ;lo [MeV] 60 80

1 decay in flight suppression
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Prelim analyses to be confirmed

with full detector model
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PP+ D/EER
Summary
« Exiting physics to be explored with PIONEER Important past dates
— Lepton Flavor Universality Violation 2022 plplreeel eyt i (2o gy oy
« pushing the discovery limit by one order of magnitude 2022 Snowmass
 probing very high mass scales, up to 1000 TeV 2022-23 Endorsed and aligned to

» possible connection to existing flavor anomalies
— Typically factor 10 improved sensitivity in Exotic Physics Searches

and

* PIONEER status and plans
— a growing international collaboration (HEP, NP, instrumentation, theory)

— experimental challenges requiring state-of-the-art technology
are actively being investigated
* Intense and well focused stopped pion beam

5-D tracking in a compact active target

Very high resolution, deep and fast EM calorimeter

Advanced trigger, digitization, DAQ

Simulation is key in design and analysis
— 2024 concepts still on the drawing board, and new ideas,

Exciting times with a brand-new experiment with many

» Continued R&D to validate technology choices expertise and collaborators are very welcome!
and define experimental baseline and alternatives
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