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| epton Universality (LU)

. Gauge Symmetry dictates our Universe:

. Gauge Interactions operate universally on particles of all generations

. Precisely tested & established with leptons — “Lepton Universality”
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Hints of LU Violation?
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Anomalous magnetic moments of muon and electron
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The origin of the long-standing deviation seems to be
‘Lepton Universality Violating”
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Another hint of LUV?

Pion beta decay: 7t — '™

theoretically clean, free of hadronic corrections



GOaI Of W N E E R Most scrutinising test of Lepton Universality

by measuring rare pion decays
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Challenges

Energy Spectrum In a 25 Xy Calorimeter
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25Xo Liquid Xenon Calo

3m solid angle

Beam pipe ___ "

Be window.

“5D” Active Target (ATAR) & Tracker

3D + time + energy



Fast, uniform LXe Calorimetry
. - oD event identification
0,
with excellent energy resolution <1.5% by ATAR (LGAD technology)

I n—e T[—>“—>e
10-1 Energy Spectrum In a 25 Xy Calorimeter SN S R (N e r— |
s b ;; 4325__,_
— n_’u_’ e g 94- ........ ........ : ............ !: | 42 : : .
2 92 71' SRR | ko j(;
- e [ - f . : '
X] 03 e @ 90 I ] aob

=
o
W

"""" Total S t o I: 0¢ 3gf-: i ‘ It
T — //”/ — Ul Otal Spectrum 8| IIIIllIIIIIII: 1 € ; o

36k

L > ogf-: | N aof i g

:o’ H — - . . . . . ‘ 1
.E o.. E :- nfecee : 28 ......... ' ....... JAREEEEE :
¢ : 96 .e- 0 26k JZ ... ......... e AT OO
: H : : ' F IIIIIII II : : ,
M : 24_ . |V 10"

2.: S TP T 10° - L : : '

: 0 10 20 30 40 50 10 20 30 40 50

: Layer number (z2) Layer number (z)

T _ _
pion beam profile

0 20 40 60 80 100 (beam test 2022)
electron energy (MeV) “°

P TR S S PR SR N Ny

=
<
W
+
be
w
\l

-
9
~
-
8
-

Branching Ratio

—
9
O

e

9
p—t
-

30 orizontal Mea 84 10.326
ertica ean: - + 16.881 175

25Xo Calorimeter reduces the tail: 3% —> 0.5%

0

Vertical [mm]

-10

Most intense, high quality, low-energy .
pion beam at PSI, Switzerland

—40

-30 -20 -10 0 10 20 30 40
Horizontal [mm]

10



17 1Ll

SEEEsEERsEEESE .
IS 55 5 5 68 05 50 5 BN BV B e oy

e AE s
.

SEEEsEEEss

ey
.'lH/n

Matured LXe Technology

AW\ (Inside the 2.7ton MEG Il LXe detector
W RS (VUV SiPMs & PMTs are seen)

V¥ Prototype Detector
to be used for R&D
for PIONEER

———

The necessary performance established

Signal dables |
Vacuum Pump

for Inner Chamber

4 ' IXenon
HV cables ) » 4 Liquid Nitrogen
Tt
— : . @j —L_if i Refrigerator
e | i) 1]}

£ 1 1 / Outer vessel

/ Vacuum Layer

| | 1
_D= Gas Xenon r,,,\_i Y r — / for Thermal Insulation
;-
= > Inner Vessel
228 PMTs | Liquid Xenon - Xenon Level Meter
'\ (R6041Q) N et 1
! 3 | 2
SUS =t
Honeycotﬂ L] ) - |4+ Acrylic Filler
© - ’ P { | 4q7
t/Y beam i ' ‘ »
Aluminum|® p Vacuum Pump
Windo P PN PCA I for Outer Chamber
surce (2'Am) i N g H
blue LEDY 7 | [ 3 y &
ue # P 0 SN r . -
\ | N Aluminum Dumm P;ATQ PR T
Y u u
% Aluminum Fillér '
Y\ ™\
| — - Coppet Heater

im
- B

11




Tt Decay at Rest L
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key new technology to develop
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Past Pion Decay Experiments: PIENU and PEN/PIBETA

Both took data a long ago but have (known) challenges to overcome before final results
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Strategy for 10-4 precision experiment

o Statistics

e 2X108 w — ev events
in 2-3 years with 3x10° 1t/sec beam

* Analysis
. fit high/low energy e™ time distributions
with various components:

e T —¢€
e T—U—e¢e

e background, pileup, etc

o Systematic improvements
. intense, high quality 7 beam
 ATAR with 5D capability to identify events
o LXe calorimeter: 3w, 25X,, high res., fast

~

. Time[ns
Low energv time spectrum

cut

PIENU 2015 PIONEER Estimate

Error Source % VA
Statistics 010 0.007
Tail Correction 0.12 <0.01
to Correction 0.05 <0.01
Muon DIF 0.05 0.005
Parameter Fitting 0.05 <0.01
Selection Cuts 0.04 <0.01
Acceptance Correction 0.03 0.003
Total Uncertainty 0.24 < 0.01
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Sterile neutrinos and exotic decays

_» _Electron coupling dominance: U”: U: Uz = 1:0:0

~ 10

CHARM

\
~ T A 19
SHADQWS, 5x10 "pot
1 -spectrogter (dashed)
2-spectromgters (solid)
I

-

10°

5 PIONEER SHiP.2x10" pot
O_ " . (())tltlgd: &11%{110133 (I%fpper limit)
1n—10 \\ NA62, K (let(s -
1 0 ~ - filled arc’y rrenf bound)
Ny oy —_\'oliwn C (5x10  pot)

* O—ll
«0—12 ] I EEEE1 1 L 1 el ] L 1 vl ] L1 1 131313
“ 2 -1

10 10 1 10

my, (GeV)

Expected from Phase | Data Taking

Unique sensitivity in the low mass region 1-120 MeV

Snowmass paper: The Present and Future Status of Heavy Neutral Leptons; Abdullahi et al

https://arxiv.org/pdf/2203.08039.pdf

Heavy sterile neutrino and
hidden sector searches
improved by factor of 10

T > eV,

T —> UV,

T —ev X

Example papers published by 6:5;’ Pl E NU

A. Aguilar-Arevalo et al. Physical Review D 97(7) 072012 (2018)
A. Aguilar-Arevalo et al. Physics Letters B 798 (2019) 134980

A. Aguilar-Arevalo et al. Phys. Rev. D 102,012001 (2020)

A. Aguilar-Arevalo et al. Phys. Rev. D 101, 052014 (2020)

A. Aguilar-Arevalo et al. Phys. Rev. D 103, 052006 (2021)
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PIONEER approved at PSI addressing 3 Physics Questions

10 x * Lepton Flavor Universality
Improvements « Cabibbo Angle Anomaly
'n precision  Sterile neutrinos and exotic decays

Jan. 2022 Approved with high priority @ PSI
https://arxiv.org/abs/2203.01981
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