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Overview

• Theory/Motivation

• PEN Detector/Experiment

• Methods of separation

• Monte Carlo

• Radiative decays

• Event count

• Tail fraction

• Uncertainties

• Summary
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Theory/PEN
Explore the (V−A) interaction through a precision measurement
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Theoretical BR: (1.2352± 0.0001)× 10−4 ∗

Experimental BR: (1.2327± 0.0023)× 10−4

δR rad/loop corrections in SM, non V−A extensions
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)2 = 1.0021± 0.0016 (experimental)

Goal: relative uncertainty 5× 10−4 or better
*For Review see: D.Počanić et al J. Physics G 41 2014 11
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Detector Setup
• πE1 beamline at PSI
• stopped π+ beam
• active target counter
• 240 module spherical

pure CsI calorimeter
• central tracking
• beam tracking
• digitized waveforms

AD AT
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PMTVACUUM

MWPC1

MWPC2

PH

BC

~3 m
flightpath

CsI

pure

π
+

beam

10 cm

PEN detector
2009-10

���
���

���:

BC: Beam Counter

AD: Active Degrader

mTPC: mini-Time Projection ChamberAT: Active Target

PH: Plastic Hodoscope (20 stave cylindrical)

MWPC: Multi-Wire Proportional Chamber (cylindrical)
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Experimental Branching Ratio (B)
Naively, B =

Nπ→eνAπ→µ→e

Nπ→µνAπ→eν
Too simplistic!

MWPC efficiency depends on energy
Timing gates affect number of observations

B =
Npeak
π→eν(1 + εtail)
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Geant4 Monte Carlo Simulation

• particle tracking

• energy deposition

• decaying particles

• acceptances by simulating pure processes
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Challenges
Geant gives energies, timings, and positions
Requires additional physics input to simulate full detector
response

In the Experiment:

• digitized energies and timings of detector elements
• mTPC, beam counters, and target waveforms
• photoelectron statistics smear signal
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Digitizer Signals
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Output
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Output
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CsI Difficulties - Unique Xtals

• Optical and Response Non-uniformities, ∆Ω Coverage
• 240 PMTs = 240 different quantum efficiencies
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Correct stopping position
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CsI
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absorption, if all is good above 50 MeV
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CsI
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Tail-to-peak ratio falls out
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Predicted and observed energies and timings

6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11
 (MeV), tgtπ

pred
E

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

 (
M

eV
)

, t
gt

πob
s

E

0 1 2 3 4 5 6

 (MeV)
pred
e,tgtE

0

1

2

3

4

5

6

 (
M

eV
)

ob
s

e,
tg

t
E

250 255 260 265 270 275
 (channel),tgtπ

obst

250

255

260

265

270

275

 (
ch

an
ne

l)
,tg

t
πpr

ed
t

696 698700702 704706 708710712 714
 (channel)e,tgt

obst

696

698

700

702

704

706

708

710

712

714

 (
ch

an
ne

l)
e,

tg
t

pr
ed

t

Charlie Glaser PEN(π+ → e+νe (γ)) PSI 2022 October 20 2022 14/ 38



Intro Experiment Geant4 Simulation Key observables Radiative rf rN Tail Minimizing error rε Results

Discrimination
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Discrimination
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But we can do better
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Discrimination
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Regions of π → eνγ
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Radiative Decays π → eνγ
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Invariant Mass
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Branching ratio/uncertainties
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Choosing times, f (t), π → µ→ e
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Choosing times, f (t), π → eν(γ)
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Number Michels
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Number of π → eν
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Energy requirement at positron birth
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Photonuclear Absorption
∗ A. Aguilar-Arevalo et al., Nucl Instrum. Methods. A621, 188 (2010)  
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Photo nuclear X-sections
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δεtail/(1 + εtail)
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Minimizing Error for π → eν(γ)
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∆χ2 and decay time affect Nπ→eν(γ) and δNπ→eν(γ)

Balance between tail/peak cutoff, decay time and ∆χ2
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Minimizing Error for π → eν(γ)
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Chamber Efficiencies
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Simulation Chamber Efficiencies
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dE/dx = g(E) in Chamber Gas π → e+νe 70 MeV monoenergetic
µ→ eνν̄ 0-52.5 MeV spectrum

Monte Carlo is weighted to simulate chamber efficiencies
Absorbed into Acceptances (Blinded)
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PEN is on its way to evaluate Rπe/µ = Γ(π→eν(γ))
Γ(π→µν(γ))

In the process of releasing series of papers (analysis, instrumental,
methods ...)

Event selection for π → eν(γ) decays
− Tail/Peak separation 117.5 MeV
− Decay time -5 to 93.5 ns
− ∆χ2 > −.8

Current tasks underway:

• Systematic corrections on trigger energy

• More realistic radiative muon Monte Carlo

• Improvements on ∆χ2

• Experimental tail

• Unblinding
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Table of Uncertainties

B =
Npeak
π→eν

Nπ→µν
(1 + εtail)

Aπ→µ→e

Aπ→eν

ε(Eµ→eνν̄)MWPC

ε(Eπ→eν)MWPC

fπ→µ→e(Te)

fπ→eν(Te)

rε rfrA

Systematics Value ∆B/B

εtail (3.804± 0.040)× 10−2 3.8× 10−4

rf 0.0440926 8× 10−5

∗rArε ∗ ' 10−4

Statistical:
Nπ→µν (5225.68± 0.23)× 105 4.4× 10−5 (run 2)

(9545.50± 0.33)× 105 3.4× 10−5 (run 3)
Nπ→eν (1409.43± 1.18)× 103 8.37× 10−4 (run 2)

(2413.81± 1.63)× 103 6.75× 10−4 (run 3)
∆Nπ→eν/Nπ→eν 4.13× 10−4 (possible) 5.26× 10−4 (09/10)

5× 10−4(Goal) 7.6× 10−4

∗ Blinded
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Family

Current and former PIBETA and PEN collaborators

L. P. Alonzi , K. Assamagan , V. A. Baranov , W. Bertl ,

C. Broennimann , S. Bruch , M. Bychkov , Yu.M. Bystritsky , M. Daum ,

T. Fl ”ugel , E. Frlež , C. Glaser, R. Frosch, K. Keeter, V.A. Kalinnikov ,

N.V. Khomutov , J. Koglin , A.S. Korenchenko , S.M. Korenchenko ,

M. Korolija , T. Kozlowski, N.P. Kravchuk , N.A. Kuchinsky,

D. Lawrence , M. Lehman, W. Li , J. S. McCarthy , R. C. Minehart ,

D. Mzhavia , , E. Munyangabe , A. Palladino , , D. Počanić ∗, B. Ritchie

, S. Ritt , , P. Robmann , O.A. Rondon-Aramayo , A.M. Rozhdestvensky

, T. Sakhelashvili , P. L. Slocum , L. C. Smith , N. Soić RB,

U. Straumann , I. Supek , P. Truöl , Z. Tsamalaidze , A. van der Schaaf
∗, E.P. Velicheva , M. Vitz, V.P. Volnykh, Y. Wang , C. Wigger ,

H.-P. Wirtz , K. Ziock .
Home pages: http://pibeta.phys.virginia.edu

http://pen.phys.virginia.edu
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Thanks for listening!

Charlie Glaser PEN(π+ → e+νe (γ)) PSI 2022 October 20 2022 40/ 38



χ2
2peak = Σ(observedi − predictedi )

2 = Σnetto2
i

χ2
3peak = Σ(nettoi −muoni )

2

∆χ2 =
1000∑
i=0

(
(nettoi −muoni )

2 − netto2
i

)︸ ︷︷ ︸
χ2

3 peak−χ
2
2 peak

/

1000∑
i=0

(muoni )
2

= 1− 2
1000∑
i=0

nettoimuoni/

1000∑
i=0

(muoni )
2

Charlie Glaser PEN(π+ → e+νe (γ)) PSI 2022 October 20 2022 1/ 1


	Intro
	Experiment
	Geant4 Simulation
	Key observables
	Radiative
	rf
	rN
	Tail
	Minimizing error
	r
	Results
	Appendix

