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PIENU measurement status & Goal of Phase I in PIONEER (2026-2031)

 I(r—>ev+rm—>evy)

Y= uv+ > uvy)

= (1.23534 £ 0.00015) x 10™* (£0.012%) (SM) D

= (1.2327 £0.0023) x 107* (+0.187%) (PDG exp.) ﬁ

R_e/u is one of the most precisely known observables involving quarks
in the SM: V. Cirigliano and I. Rosell, JHEP, 0710:005, 2007

PIENU is a precision experiment on observables that can be very
accurately calculated in the SM highly sensitive to New Physics and
Lepton Flavor Universality (LFU)tests.

PDG average dominated by the PIENU result (0.24% precision) in 2015
based on partial data set (~¥10% of full statistics). Final PIENU data
analysis with full data 6M pi->enu events is targeting 0.1% precision.

Improved Measurement of the m — er Branching Ratio

A. Aguilar-Arevalo et al. (PIENU Collaboration)
Phys. Rev. Lett. 115, 071801 — Published 13 August 2015

x 15

In 2019, a PIENU blinded result (S. Cuen PhD thesis) became
available reaching 0.12% precision in R_e/u:
https://dx.doi.org/10.14288/1.0378447

Currently a PhD student from UNAM (I. Ortega) is working with
PIENU collaboration to unblind the full and final PIENU result.

PIONEER Phase 1 goal is to capture 200M pi->enu events to
reach 0.01% precision to reach SM theory precision.

Current Expt. Avg.
@ Rey [Exp.]
& Reyy [SM]
® oy [Soak 0.01%] - Goal of PIONEER
1.2131 1.2'32 1.2'33 1.2'34 1.2‘35
Rey*10%

PIONEER proposal: arxiv:2203.01981



https://dx.doi.org/10.14288/1.0378447
https://cds.cern.ch/record/2824583/files/2203.01981.pdf

Deviations from the SM prediction may imply:

a violation of lepton universality, which is NOT a SM hypothesis, it is a consequence of gauge theory of SM (Lagrangian invariant to
local transformations, i.e. Lie Groups) meaning that electrons and muons have the same weak interactions.

Heavy neutrinos lighter than the pion: R. E. Shrock. General Theory of Weak Leptonic and Semileptonic Decays. 1. Leptonic
Pseudoscalar Meson Decays, with Associated Tests For, and Bounds on, Neutrino Masses and Lepton Mixing. Phys. Rev., D24:1232,

1981;
and the presence of new physics beyond the SM, such as new pseudo-scalar interactions, i.e.,

R-parity violating supersymmetry: M. J. Ramsey-Musolf, S. Su, and S. Tulin. Pion Leptonic Decays and Supersymmetry.
Phys. Rev., D, (2007).

Leptoquarks: M. Leurer. A Comprehensive study of leptoquark bounds. Phys. Rev., D (1994)

Charged Higgs bosons & the existence of a new pseudo-scalar interaction with an energy scale up to O(1000 TeV),
which would enhance the branching ratio by 0(0.1%): D. A. Bryman, W. J. Marciano, R. Tschirhart and T. Yamanaka. Rare
kaon and pion decays: Incisive probes for new physics beyond the standard model. Annual Review of Nuclear and Particle

Science, 61:331-354, 2011.
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Lepton universality



How to access LFU experimentally?

° Vector-Axial (helicity suppression) gives the first order R

2
RY = Lmoe _ 9 Tie (___mi - m3> . (2.10)

Crosp  gimi \m2 —m2

° In 2007, Cirigliano and Rosell recalculated the corrections using
Chiral Perturbation Theory (ChPT). ChPT uses a low-energy
effective field theory for QCD, allowing for strong interaction
calculations. ChPT enabled a power series solution for the
radiative corrections

R = Rg [1 FDap + A G+ Ry + ] 14+ Arr]. (212)

° Going back to Eq. 2.10, we could introduce the hypothesis that the
coupling constants are different for each generation (g=g e=g p
= g_71) and then the branching ratio expression becomes

2
RSM — (‘;_u> Re*P, (2.14)
8y
— = 1.0010 £ 0.0009 (£0.09%)
8e

° PIENU has the best LFU test measurement so far...

gy/ge

>l e ———————— 1.0017 £ 0.0016
T T
e p | e I PIENU —— 1.0010 + 0.0009
 — — ———— ]
Koy | Koe | —— oo 0.9978 £ 0.0018
Kot | K= e ——— 1.0009 £ 0.0018
Wop/ Woe -0 1.0009 % 0.0030
Average —_—— 1.0007 % 0.0007
0.996 0.998 1.000 1.002 1.004
9.9y
e/ y-se - 1.0011 £ 0.0014
=70/ tep —— 0.9964 + 0.0038
K/ K->y | ——— 0.9857 £ 0.0078
Wor/W-py . 2 1.0011 £ 0.0101
Average == 1.0001 £ 0.0013
0.980 0.985 0.990 0.995 1.000 1.005 1.010
g9,
>l pme —— 1.0028 £ 0.0015
W-1/W-e ® 1.0077 £ 0.0120
Average —— 1.0029 £ 0.0015
1.000 1.005 1.010 1.015 1.020

Images from: A. Pich’s talk, Rare Pion Decay Workshop, Santa Cruz 06-08 Oct 2022
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Many exotic searches
performed by the

PIENU collaboration:

e.g. heavy and sterile
neutrinos which have
implications for leptogenesis

Contents ksts avallable at 5c.0r

Physics Letters B

Improved search for heavy neutrinos in the decay x — &

PHYSICAL REVIEW D 102, 012001 (2020)

Search for the rare decays x* — p*v v and x* — e*vaw

PHYSICAL REVIEW D 101, 052014 (2020)

Improved search for two body muon decay u* — e* X,

PHYSICAL REVIEW D 103, 052006 (2021)

Search for three body pion decays x* — I*pX

Image from C. Malbrunot (PSI Oct/2022)

recent searches
performed by
the PIENU
collaboration

N2

PIONEER will

improve on all
those searches
by ~1 order of

magnitude



Example of massive neutrino search in PIENU Neutrino mixing matrix element

o~
'6/. 90% C.L. upper limit
- -

at = etve
+ Previous limits

107
A= ety s
Decay Positron Energy
If the heavy neutrino mass is My= 60~130 MeV /2 L
additional low energy positron peak can be detected in New limits Factor 4 improvement
t11e T+ — e+s )ectru m baaa s a s aan las g laaa el s s la s salacaalansalsans)
E 10° 50 60 70 80 90 100 110 120 130
Neutrino mass (MeV/c?)
R.E Shrock Phys.Rev.D 24, 1252 (1981), )
Phys. Lett. B 96, 159 (1980) M.Aoki et al., PhYS. Rev.D 84, 052002 (201 1)
R u'\ R More recent and stronger bounds provided by PIENU :
_ 3+krr PRD 97.072012 (2018)
Ri — 4& ) _ \Ul? ,,”) ve = 221 Univi PLB 798 (2019) 134980 [in 7t — pv decay]
T —€ l/,

{ = e Ty X1y X2 Xk
Comprehensive constraints on sterile neutrinos in the MeV to GeV mass

range
D. A. Bryman and R. Shrock, Phys. Rev. D 100, 073011

Conventional v

Slide from C. Malbrunot (PSI Oct/2022)



Heavy Neutral Leptons with coupling to the first lepton generation
0_2 Electron\coupling dominane: U0 = l:O:(L

Q_ \
R K
= 10 DELPH |
10~ ATLAS
CMS
107°
1077 s\ o, BESHEE g
2-spectro| netcrs (solid)
-1 L
10
9 HlP 2x10” pot
10_ S 0tltlctrid ?vitﬁ‘ﬁ gfpper limit)
10 _.'llypcrl\(
1 O_ ?111502&. ﬁgggungntgbound) N
- solid curve (5x10" ~pot) - > \
1 O—l 1 Seesaw‘ B
10—]2 1 Lol 1 1l l\\ 1 ;‘;‘l‘llll 1 L1 11111
107 10™ 1 10 10

my (GeV)

Asli M. Abdullahi et al. “The Present and Future Status of Heavy Neutral Leptons”. 2022 Snowmass Summer Study. Mar. 2022. arXiv: 2203.08039 [hep-ph]
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. 7[ .
Previous R’ /, €Xperiments

1940/50’s : Development of V-A structure of weak interaction

2 . : PIONEER GOAL : a challenge!
1950’s: Many experimental confirmations of the V-A theory

—l
——p

1]
1956-1957: Negative experimental results BR<10-
: ~X 15
]
Theory of the Fermi Interaction ! :
PIENU 2015 i :
R. P. FEvNMAN AND M. GELL-MANN B
California Institute of Technology, Pasadena, California 2010 =
(Received September 16, 1957) 2010
- ~X2
Experimentally'® no 7—e+» have been found, indi- 2000|—
1958: First positive experimental cating that the ratio is less than 105, This is a very z
serious discrepancy. The authors have no idea on how o SEpe &
result at CERN (PRL 1,7 (1958)) T 1990 |- B G4
P : Bryman e ~X2.5
LI ‘
> 1980
PDG 2018 0.19% -
VALUE (units 10~%) _EVTS DOCUMENT 1D TECN  CHG  COMMENT & ~X2
1.2327:+0.0023 OUR AVERAGE 1970
1.234440.002340.0019 400k AGUILAR-AR...15 CNTR +  Stopping =+ -
1.234640.0035 4 0.0036 120k CZAPEK 93 CALO Stopping =+ > DiCapua (revised) —
1.2265+0.0034 40.0044 190k BRITTON 92 CNTR Stopping =+ 1960 | Anderson -
1.218 +0.014 32k BRYMAN 86 CNTR Stopping =+ B
e ¢ o We do not use the following data for averages, fits, limits, etc. e o @ = L . i i
1.273 +0.028 11k 1 DICAPUA 64 CNTR 195 A > T, T A
A 1.15 12 1.25 13 1.35
1.21 +0.07 ANDERSON 60 SPEC

Branching ratio (x 107)
1 DICAPUA 64 has been updated using the current mean life.

Slide from C. Malbrunot (PSI Oct/2022)



Why the hype with R_e/u? -> Lepton Flavor Universality Violation (LFUV)

Possible violations of lepton flavor

universality are getting harder to ignore

Shown are five hints for the violation of lepton flavor universality from existing
experimental data, with the size of each circle and length of each arm
reflecting the level of confidence for the experimental data to break away
from standard model predictions.

Confidence levels
Cabibbo  <—— Hints of

Lepton ~3 fints
flavor = a::r%:aely violation
universality l
420
€-2),
>50

=30 >30

b — spryp-
a3 —e'e” b—> et

ANDREAS CRIVELLIN AND MARTIN HOFERICHTER
SCIENCE 25 Nov 2021 Vol 374, Issue 6571 pp. 1051-1052 DOI: 10.1126/science.abk2450

Some nuclear Beta and Kaon decays observables have evidence of first row unitarity violation of
Cabibbo-Cobayashi-Maskawa (CKM) matrix, the tension is about 30, and is called “Cabibbo
angle anomaly”. This lead to think electrons and muons behave more different than prescribed.

Anomaly appeared in the measurement of the “g-factor” (dimensionless magnetic moment) of
the muon. 2006 at Brookhaven National Laboratory and confirmed recently by “muon g — 2"
experiment at Fermilab in 2021. Deviation of 4.20 from theory. This observable can be
considered as a probe of LFUV.

The LHCb experiment did ratios of B—Kee over B — Kup, thus also an effective probe for LFUV.
Together with other similar meson decays, the b—see and b—spp observables have a 50
deviation from the SM.

Similarly the ratios of other B meson decays involving b—clv report deviation of 3¢

The Compact Muon Solenoid (CMS) experiment at CERN observed more very-high-energy
electrons compared to muons in proton-proton collision, 36 away from SM: qq—-ee

“Future measurements and improved theory predictions are poised to thoroughly scrutinize the
currents hints for the violation of LFU. If confirmed, this could provide the longsought guidance
for the construction of the fundamental theory of particle physics and for addressing
phenomena outside the realm of the SM, including neutrino masses, dark matter, and the
matter over antimatter dominance in the Universe”

Precise measurements of 1st and 2nd generation decays could be used to distinguish between
models explaining 3rd generation effects: welcome PIENU and PIONEER experiments :)


https://www.science.org/doi/abs/10.1126/science.abk2450#con1
https://www.science.org/doi/abs/10.1126/science.abk2450#con2
https://doi.org/10.1126/science.abk2450

L 2

Goal of Phase II & III in PIONEER (20337)

Testing CKM unitarity first row: |Vud|2 ds |Vus|2 s |Vub|2 — I‘(n(oizz)e)
I'(a

Vus/Vud tension a sign of LFUV? Crivellin & Hoferichter PRL 125,111801(2020) ——

- [Vyal

What 7z decays to “normally”: B(zT — u*u(y)) = 0.999877 = 0.0000004

Helicity suppressed decay: B(z* — e*v,(y)) = (1.2327 £0.00023) x 10~* g ISl s
Pion f decay: B(z* — e*v,z%) = (1.036 £0.006) x 1078 @ Rygn [Goal: 0.06%] L4
1.630 1.(;32 1.0'34 1.636 1.0r38 1.640 1.0'42
8
PIONEER Phase II goal: it =0
%
Improve B(z+ — 7’e™v) precision by >3 — < + 0.2 % o
) ) ud 0.225 JQQ
Offers a new complementary constraint in the V,, — V. , plane ol
A. Czarnecki et al. Phys.Rev.D 101 (2020) 9, 091301 0.224 1." Qy
PIONEER Phase III goal: «— Needed to test CKM first row unitarity V ©27%) |
Us o223 l
Improve B(zt — 7letv) precision by an order of magnitude ,«"N
at — 7%*v is the theoretically cleanest method to obtain V, ; P . “,45;4-\ .
PIBETA exp. (+0.6%) o2 3
@ 0.+ -8 0+ — 0* (0.030%) -
B(n" — a"e™v) = (1.038 £ 0.004, . = O.OO4Syst +0.002,,,) x 10 0,22 Neutron (0.050%) —» 1 |
0.960 0.965 0.970 0.975

Latest theoretical calculation, Feng and others: https://arxiv.org/pdf/2003.09798.pdf Vud 10



https://arxiv.org/pdf/2003.09798.pdf

Energy Spectrum

. 10°
PIENU Exp. Technique
10°
10° T :
N !
U 4 MeV 10° ) ’ :
'~ = _Nu 1+er v
(Range:~1mm) R = e e :
3 1
— — . 10 | ‘4!./\
¢ V N i . . . //"’}.\'\_.\_\
69.3MeV. 0~52.3MeV 0 20 40 60 80 0 S 5358 69
Calorimeter 7 (t_e-t_pi)to build T|me Spectra
1072 e
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PIENU Exp. Technique

e Measure the Energy Spectrum

e Consider the Low- and High-Energy Time
Spectra

e Fit the spectra with signal and background
shapes.

e Correct the R_e/u from the fit for:
o Low Energy Tail (largest correction)
o Acceptance Correction
o  Muon Decays in Flight Correction

e Do systematic checks, branching ratio R vs:
o Low/High energy cut
o Acceptance

https://dx.doi.org/10.14288/1.0378447

4.0E-7
3.0E-7
2.0E-7
——&—— 2012 PH
e — e — 2012 Q
2011 PH
‘r 0.0E+0 [
2010 PH
4 et 2010Q
- == - - - Syst+ error
. - == 4 - - - Syst- error
-3.0E-7
-4.0E-7
49 *
Ecut [MeV]
14 :
s "\i\._——n—/"_’_—' —=—— 2012 PH
o< 12 e o= T P -, SE e i
& S ‘ e e - —y s 2011 PH
: A Arrmcnnn T L. -4 - = 2011 Q
49 50 51 52 53 4 o % ggig &
Ecut [MeV] ¢

Figure 7.5: AR + Ae (Eq. vs. Ecut, Charge Integration and Pulse-height: The z-axis is the Eqy value in
MeV units. The y-axis is in AR units, with zero change representing 2012(PH)’s analysis using anchor point with
cuts Agp = 60 mm and E,; = 52 MeV, the error bars (Ae) on each point represent the uncorrelated statistical
error between the point in question and the anchor point with the error bars going up when there is an statistical
increase and down otherwise. The horizontal dashed black lines both at the same distance from anchor represent
the calorimeter’s LET systematic error. The bottom part shows the total x? from the fitting function for each
point.
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https://dx.doi.org/10.14288/1.0378447

Tail correction: major uncertainty. “the devil’s in the (de)tail”

107!

103

— n-u-e
10784 g

J ~— Low Energy Tail

10-7{ - Total Spectrum

++ High/Low Energy Cut

0 After Time cut: 0.990
BN After Total energy cut: 0.307 109
After Kink cut: 0.184

o 10 20 30 40 350 @ »n
Eacqy [MeV]

A. Aguilar-Arevalo et al., Nuclear Instruments and
10 20 30 40 50 60 70 80 Methods in Physics Research A 621 (2010) 188-191

After S3cut: 0177
PN After PS cut: 0.167

10-1
0

Low energy tail buried under the Michel spectrum caused by:
« finite energy resolution of the calorimeter

» photo-nuclear interactions (1271(Y,n))

» shower leakage

» geometrical acceptance

» radiative decays

¢ ele

Counts

10

0 40 S0 60 0 80 %0 100 Main source of systematics : estimated using data
Energy in Nal+Csl [MeV] (suppression of # — u — e decays)

10 20

Slide from C. Malbrunot (PSI Oct/2022)
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3) TRIUMF Cyclotron:
AL 500MeV proton beam

I horizontal slit (FOSL) &  \acuum valve
vertical jaws (FOJA)

beam blocker

TRIUM

F’'s M13 beamline

060 40

/EXTENSION

=20 2040
X position (mm)

60

- 3-Dipoles Beamline
- 10 Quadrupoles

orizontal slit (F1SL)
absorber

horizontal slit (F2SL)

A.Aguilar-Arevalo et al.: Nucl. Instr. Meth.A621, 188 (2010)

P) - Separation:
Energy-loss
Collimator

- Positron

Contamination <1%

A, dp/p ~ 1.5% FWHM

4

60 kHz pions @ 75 MeV/c
m:M:e=85:14:1

=="ap-09-010 -
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The PIENU Detector

Single crystal Nal(Tl) right behind the target
Geometrical Acceptance: 20% of 41T
AE = 2.2%(FWHM) ]_.z

10 cm
Csl ring shower collector ' !
Tre2 tail suppression
gamma from radiative decay 7+ Beam

Nal(TI)

SSD and WC for particle tracking
|dentify r-DIF events in the 1re2 tail region

=698 MeV / V2

¢0.5452.8 MeV "3|]

Flash-ADC readout for all counters n
Plastic Scintillator: 500MHz FADC '
Nal(Tl) and Csl: 60MHz FADC
Pile-up tagging

<—Nal enclosure —— \j

15



MDIF not detectable: thus a

correction is needed. Area of —¥ PDAR-MDIF

opportunity for PIONEER?

The PIENU Trackers

N

Trl Tr2
T+ —— —\—
WC1 WC2
TN S1 82
m—>ev
PDIF up. -MDAR .oz B
PDAR- MDAR
PDIF it.- MDAR s
xuv x.u.v Xy Xy

ke

Tr3
——
WC3
(,‘ +
S3
|
N
Xy

Xviu
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The real PIENU Detector

Monolithic Nal(Tl) crystal
surrounded by 97 pure
Csl crystals

Beam Wire
Chamber

Nuclear Instruments and Methods in Physics
#oF Research Section A: Accelerators, Spectrometers,
EE )9 P

ELSEVIER Detectors and Associated Equipment
Volume 791, 11 August 2015, Pages 38-46

Detector for measuring the 7* — e, branching
fraction

JAA Agui ar-Arevalo 2, M. Aoki °, M. Blecher ¢, D. vom Bruch * ?, D. Bryman &, J. Comfort, S. Cuen-Rochin ®

,L. Doria® 2 &, P. Gumplinger %, A. Hussein !, Y. Igarashi € N. Ito ®, S. Ito &, S.H. Kettell ", L. Kurchaninov ¢

, L. Littenberg ", C. Malbrunot ® &2 &, R.E. Mischke ¢, A. Muroi , T. Numao 9 ...M. Yoshida > #

Silicon Trackers

Acceptance
Wire Chamber

17



PIONEER detector concept Calorimeter (CALO)

Energy Spectrum In a 25 X, Calorimeter

107
| “cut” = el
n—=e
10°* . : ~ Total Spectrum g
Michel ® = p = e chain : “Signal” 1t = e Tracker - 10°
10 H— L T lTarget (ATAR)
JI H'i.
-7 Jet=
10 I !
107 L
10-1 ]
40 60 80 100
Smeared Energy [MeV]
¥
&l'l- F - 7Z'+ — e+
I e
1) ’ 7 Decay at Rest Il 59“\
MDIF IS detectable, actually all decay ) @ w5 ol *ﬂ\)
chains are detectable: thus systematic —  Decay in Flight & A gt gt et
improvement is possible from previous 3) @ Lot
experiment_ 4 Q@ 7 Decay at Rest & I -—"“’0'153 MeV
1t Decay in Flight -
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PIONEER DETECTOR CONCEPT - best of PIENU and PEN worlds

e Building on previous experiences (PIENU and PEN/PIBETA) : use of emerging technologies (LXe, LGADs)

e 25X,, 3xsrcalorimeter = Reduce tail corrections (x5) = Improve uniformity (x5)
Fast scintillator response (LXe) = Reduce pile-up uncertainties (x5)

* active target ( “4D”) based on LGADs technology = Reduce tail correction
uncertainty (x10)

Fast pulse shape = allow # — u — e decay chain observation
» Fast electronics and pipeline DAQ = Improve efficiency
* Intense Pion beam at PSI
25 XO v e —

==

At~100 ps

E~1.5%
E

Slide from C. Malbrunot (PSI Oct/2022)

19



' A.I. AR deSI gn ATAR concept

-5cm ;

/
| 120um 7

/

Calorimeter
inactive angle
N\
&

Full silicon active target: compact ~2x2 cm area of silicon, ~6 mm
thick

® High granularity in (X,Y, Z), fast full collection time, good energy response,
high dynamic range
® The chosen sensor for the ATAR is an high granularity LGAD
technology (AC-LGADs or TI-LGADs)

strip.

/
o
Wirebond

* ATAR initial design
* 48 layers of 120um thick LGADs, 200 um pitch strips, layers have to be
as close as possible ATAR mechanical drawing
® Compromise between granularity, total active area, timing and dead
material
* Readout flexes are alternating on the four sides to allow space for the
wire bonds
* First (5 cm) flex carries the un-amplified signal from sensor to
ASIC with fast analog amplification mounted on the flex
* The ATAR signals will be fully digitizer in a region of interest
(ROI, temporal or spatial) for each event

e Event reconstruction will use raw waveforms from several channels

Slide from S. Mazza (Rare Pion Decay Workshop 2022)
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7

Event reconstruction

If DIF 1 ns

® Event simulation for T—e and T—u—e % [
¢ Plotted ATAR hits for baseline design g 96;
® Muon life time of about 800 um E 94} S S <

* Pion beam entering from the left _;_ 925
® Red dotted line: pion stop & 90:
¢ Blue dotted line: muon stop 88

* Energy deposited in each plane varies
by a factor ~100 86; :
® FElectron is a MiP, Muon and Pion are not S ogf

* Highlighted Overlap of hits in for 7— u—e 3 97§ :
can be further resolved with pulse pair E 96}
resolution in time g_ 95f-

= 94f
oaf-

¢ Event reconstruction using advanced
machine learning algorlthms is also
being pursued

30 40 50
Layer number (2) Layer number (z)

Slide from S. Mazza (Rare Pion Decay Workshop 2022)
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The PSI accelerator and beamlines

= = a4 _ Spallation source SINQ

Injector cyclotron —

L.

Muon target statlons TgM & TgE
.7 beamlines for particle
physics and material science

590 MeV cyclotron ' ‘i'_' -

yq | 2.4 mA, 1.4 MW I '+
/ 50 MHz | @
|1

‘umm

| i g —
A \
Spallation source for \’t-—-—. T |

Anna Soter 06.10.2022, Santa Cruz

ultracold neutrons === :
nEDM experiment

PIZDEER
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PSI| Accelerators and Beamlines

» PIE5:

» Highest-rate beamline
available to particle
physics

» Home of MEG, Mu3e,
Lamb Shift, piHe, ...

» PIiE1:
» Shared with muSR

» Home of MuSun,
PIBETA, PEN, ...
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PIONEER: Beam Requirements Consistent with nE5

Beam measurements proposed.
Phase [ 7 > ev:

nES G4Beamline Model

e Beam: 55 MeV/c ; A—p~2%; 3x10° Hz tn'w
p

*2x10" events in 3 "yrs"* — R, +0.01% 107 He
Beamline Position px (MeV/c)| =™ Rate
Phase Il 7" — 7w : QSBA3 55 63
A CALO Center 55 1.0
«7 Beam: O(85) MeV/c ; =2 ~3%; 107 Hz QSB43 B | s
p CALO Center 75 111

*7x10° events in 4 "yrs"* — R +0.2%

* 5 months/yr

Beamtime Request 2022
2 weeks for beam studies.

Slide from D Bryman (PSI 2022)
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T—>ev: Estimated Uncertainties To be verified by simulations and

prototype measurements.

PIENU 2015 PIONEER Estimate

Error Source % %

Statistics 0.19 0.007

Tail Correction 0.12 ~0.01 (Calorimeter/ATAR)
to Correction 0.05 ~0.01 (ATAR timing/dE/dx)
Muon DIF 0.05 0.005 [ATAR)

Parameter Fitting 0.05 ~0.01 (Calorimeter/ATAR)
Selection Cuts 0.04 0.01 (Calorimeter/ATAR)
Acceptance Correction 0.03 0.003 (Calorimeter)

Total Uncertainty* 0.24 < 0.01

* pion lifetime uncertainty not included

7t — 7'e*v: Estimated Uncertainties

PiBeta PIONEER (Phase Il)
Statistics 0.4% 0.1%
Systematics 0.4% <0.1% (ATAR (B), MC, Photonuclear, n>ev)
Total 0.64% 0.2%

Slide from D Bryman (PSI 2022)



R&:D ATAR, Calo, Electronics
Beamline tests & test beam
ATAR test concept run

Conceptual Design Report* l
Phase 0.5 production
Phase 0.5 data taking

Technial Design Report* I
PSI Shutdown _

Main Production
Commissioning
Phase 1 Data Taking

*Approximate target dates; funding profile not folded in

FIG. 7 — In this draft schedule, we indicate by “Phase 0.5” an intermediate milestone
where a significant fraction of the hardware can be assembled to make a meaningful test

of experimental strategy, including special triggers that exploit the power of the ATAR.

26



PIONEER collaboration

Rare Pion Decay Workshop

UC Santa Cruz, Oct. 6-8 2022

-
‘NP\

Supported by a large, experienced international
collaboration: experts from previous PIENU and PEN
experiments as well as a wide range of international
collaborators from NA62, MEG, muon g-2, ATLAS, PSI
scientists and leading theorists: JOIN US!
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