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Experimental Result
• TRIUMF (E248) : Rexp=1.2265±0.0034(stat)±0.0044(sys) x 10-4 (1992)  0.5%
• PSI               　 : Rexp=1.2346±0.0035(stat)±0.0036(sys) x 10-4 (1993)  0.4%

Physics beyond the SM
•Non universality
•Pseudo-scalar interaction : charged Higgs, etc
•Others : R-parity violating SUSY, Massive neutrino

 etc
Goal of our experiment
•Measurement within 0.1% accuracy 

   ------> sensitive to ~1000 TeV pseudo-scalar particle!!

ge=gμ
• Lepton  universality

• Helicity suppression 

RSM =
Γ(π+ → e+νe + π+ → e+νeγ)
Γ(π+ → µ+νµ + π+ → µ+νµγ)

= 1.2353(1)× 10−4
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• Aims to measure R=Γ(π+→e+νe+e+νeγ)/Γ(π+→μ+νμ+μ+νμγ) within 0.1% accuracy

• TRIUMF M13 beam area, 75MeV  ~60kHz π+  beam ----> Next speaker

• Collaboration
‣ ~25 people from Canada, USA, Japan and China 

• Schedule
‣ 2005.12  Experiment was approved
‣ 2008.10  M13 beam line extension was completed
‣ 2008.11  Test in M13 with all detector’s components

‣ 2009.4    Engineering run
‣ 2009.9    Production run
‣ 2010.4    Production run
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PIENU has just started!!
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1.Discrimination of the decay mode
• Energy deposit in calorimeter
• Energy deposit in  target

2.Estimation of raw branching ratio
• Simultaneous fitting of time spectra

3.Some corrections 
• Tail correction and etc
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‣ Shower leak
‣ Pion decay in flight event
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Biggest source of error



Figure 1.1: Schematics of the PIENU detector. Red lines near the target denote silicon stip pairs.
Two pairs are located before the target and one pair after. Color scheme: scintillators are blue;
wire chambers are green; Aluminum flanges of the NaI crystal are black; NaI crystal is cyan; CsI
crystal array is red.

The second largest systematic uncertainty arises from the energy dependence of multiple-Coulomb-
and Bhabha-scattering cross sections; there is a slight difference between the numbers of events
going out (coming in) from (to) the defined region of the solid angle. This energy dependent effect
is roughly proportional to the ratio of the circumference of the solid-angle defining counter and the
solid angle. A larger solid angle is expected to reduce the uncertainty of this correction by ∼3 from
the previous level of 0.1%. With the progress of MC simulations and more computing power, we
expect further improvement may be possible. The contribution from the pion lifetime uncertainty
will be at the level of 0.02% due to new measurements [7].

The “statistical” uncertainty due to the background in the π → eν spectrum, arising from the
π → µ→ e decays with a neutral pile-up that pushes the observed positron energy into the π → eν
region, will be improved by a factor of two by reducing the rate of neutral particles by an order of
magnitude.
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• NaI crystal near target 
‣ Large solid angle(25%)

• CsI crystal
‣ Detect shower leak from NaI
‣ Reduce e+ low energy tail (8%->2%)

• Si-strips
‣ Tracking of particle upstream

and downstream of the target 
‣ Reduce decay in flight(16%->4%)

• Fast readout module
‣ 500MHz FADC for Scintillator
‣ 60MHz FADC for Crystals
‣ Pileup rejection
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Actual Detector Setup 1

• Annular veto counter(V1)
• Beam wire chambers(WC1,WC2)
• Beam counters(B1,B2)
• Si-strip detectors(Ss1,Ss2)
• Target counter
• Si-strip detector(Ss3)
• Telescope counter(T1)
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B1

Target

T1B2V1

V1

WC1/2

B1

Target

T1B2V1
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Actual Detector Setup 2

• Wire chambers(WC3)
• Telescope counter(T2)
• NaI calorimeter
• CsI ring calorimeter
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Overall view of PIENU setup

8/11



0 10 20 30 40 50 60 70 80 90 100

1

10

2
10

3
10

Figure 1.1: Schematics of the PIENU detector. Red lines near the target denote silicon stip pairs.
Two pairs are located before the target and one pair after. Color scheme: scintillators are blue;
wire chambers are green; Aluminum flanges of the NaI crystal are black; NaI crystal is cyan; CsI
crystal array is red.

The second largest systematic uncertainty arises from the energy dependence of multiple-Coulomb-
and Bhabha-scattering cross sections; there is a slight difference between the numbers of events
going out (coming in) from (to) the defined region of the solid angle. This energy dependent effect
is roughly proportional to the ratio of the circumference of the solid-angle defining counter and the
solid angle. A larger solid angle is expected to reduce the uncertainty of this correction by ∼3 from
the previous level of 0.1%. With the progress of MC simulations and more computing power, we
expect further improvement may be possible. The contribution from the pion lifetime uncertainty
will be at the level of 0.02% due to new measurements [7].

The “statistical” uncertainty due to the background in the π → eν spectrum, arising from the
π → µ→ e decays with a neutral pile-up that pushes the observed positron energy into the π → eν
region, will be improved by a factor of two by reducing the rate of neutral particles by an order of
magnitude.
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Expected precision

Source
E248

TRIUMF 
1992

PIENU

Statistical 0.28% 0.05% x10 acceptance & x3 run time

Low energy 
Tail 0.25% 0.03% Reduction of shower leak and DIF event

Crystal response study with e+ beam

Acceptance 
difference 0.11% 0.03% Larger solid angle & better MC

Pion lifetime 0.09% 0.03% Latest experimental result

Others 0.11% 0.03% better calibration etc....

Total 0.5% 0.06%
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Summary

•PIENU aims to measure the branching ratio
R=Γ(π+→e+νe+e+νeγ)/Γ(π+→μ+νμ+μ+νμγ) within 0.1% accuracy

•CsI ring reduces shower leak in e+ energy measurement

•Si-strip detectors reduce decay in flight events

•0.1% measurement has sensitivity to new physics especially 
pseudo-scalar interaction ~ 1000TeV
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Summary

•PIENU aims to measure the branching ratio
R=Γ(π+→e+νe+e+νeγ)/Γ(π+→μ+νμ+μ+νμγ) within 0.1% accuracy

•CsI ring reduces shower leak in e+ energy measurement

•Si-strip detectors reduce decay in flight events

•0.1% measurement has sensitivity to new physics especially 
pseudo-scalar interaction ~ 1000TeV

PIENU has just started 
and may indicate new physics!!
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Lepton Universality and New Physics

!!"#$"%##& '()*++(,-./ 01-2345.6 $

7589:3;1-86< 6:;6+"+=:<.5> ?0+;:13@,

!! "#$$%&'("#$$%&'(!!))$$
!! *+#,#-*+#,#- +!./,%01+!./,%01
!! 2'/3!4.#-5$2'/3!4.#-5$
!! 6!7/!$%3'0'$$6!7/!$%3'0'$$
!! 8899:#-%3;:#-%3; &%!,#3%!0(*<*=&%!,#3%!0(*<*=
!! >(>(>>(>(>:%?@.:%?@. A((A((11''B1B1CCD(E>EFGD(E>EFG

E>HG(E>HG(7'#$.-'7'037'#$.-'7'03 !! !!':':I(HEEE(I(HEEE(J'KJ'K

@'L(/$'.M!$+#,#- %03'-#+3%!0A



0 10 20 30 40 50
0

1

2

3

4

5

6

7

8

•陽電子ビーム
• 0°,32°,42°,49°に検出器を動かして測定

CsIにより~7%のテールが1%以下になっていることを確認
実際のπ+→e+のテールがMCで得られた結果と同程度になると考えられる

0 10 20 30 40 50 60 70 80 90 100

1

10

2
10

3
10

Tail <55MeV
NaI: 0.34%
NaI+CsI: 0.27%

0°

Shower leak detection 

0 10 20 30 40 50 60 70 80 90 100

1

10

2
10

3
10 Tail <55MeV

NaI: 1.90%
NaI+CsI: 0.32%

42°

0 10 20 30 40 50 60 70 80 90 100

1

10

2
10

3
10

Tail <55MeV
NaI: 7.37%
NaI+CsI:0.58%

49°

[MeV]
Angle[°]

Ta
il<

55
M

eV
[%

]

DATA
●NaI
■NaI+CsI

MC
●NaI
■NaI+CsI

7%→~1%

DATA



π→e

DIF-us

DIF-it ! " e

!
e

!
" e

8mm
5 10 15 20 25 30
1

10

210

310

410

510
π→e π→μ→e

DIF事象

5 10 15 20 25 30
1

10

210

310

410

510

Decay In Flight

θ

S1 S2 S3 WC3WC1 WC2
Track1(T1) T2 T3[ [ [

0 10 20 30 40 50 60 700

0.01

0.02

0.03

0.04

0.05

0.06
Rejected

incident angle(MC)

[°]
-2 0 2 4 6 8 100

0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2

Rejected

Closet approach(MC)

[mm]

πμe Decay at rest
πμe DIF us
πμe DIF it
πe

Energy deposit in target(MC)

[MeV]

4MeV

target

• incident angle(T1&T2):DIF-us
• vertex reconstruction (T2&T3):DIF-us DIF-it　　  

DIFevent 18%ー＞2%

-20 -15 -10 -5 0 5 10 15 200

0.02

0.04

0.06

0.08

0.1 RejectedRejected

Z position of vertex(MC)

[mm]



0 10 20 30 40 50 60 70 800

5000

10000

15000

20000

25000

14 16 18 20 22 240

0.2

0.4

0.6

0.8

1

π→μ→e  π→e　

Tail correction

  π→e π→μ→e

[MeV]
0 10 20 30 40 50 60 70 80
1

10

210

310

410

0 10 20 30 40 50 60 70 80
1

10

210

310

410 Tail

[MeV]

Energy Deposit in Calorimeter
Energy Deposit in Target



0 10 20 30 40 50 60 70 80

2
10

3
10

4
10

0 10 20 30 40 50 60 70 80

2
10

3
10

4
10

0

1000

2000

3000

4000

5000

0 5 10 15 20 25 30 35 40 45
0

100

200

300

400

500

600

700

800

900

1000

13 14 15 16 17 18 19 20 21 22

3
10

4
10

5
10

Data

π→eπ→μ→e

Energy Deposit in Calorimeter

TOF[ns]

dE
 in

 B
1 

[c
ha

nn
el

]

e
μ

π

[MeV][MeV]

Energy Deposit in Target

π→μ→eπ→e

DATA DATA

π→e candidate

π→μ→e candidate

NaI
NaI+CsI



-200 -100 0 100 200 300 400
0

20

40

60

80

100

120

140

160

180

3
10!

-200 -100 0 100 200 300 400
0

200

400

600

800

1000

1200

1400

1600

1800

Time Spectrum (Te - Tπ)
π→e candidate π→μ→e candidate

[ns] [ns]

DATA DATA



-200 -100 0 100 200 300 400
0

20

40

60

80

100

120

140

160

180

3
10!

-200 -100 0 100 200 300 400
0

200

400

600

800

1000

1200

1400

1600

1800

Time Spectrum (Te - Tπ)

-200 -100 0 100 200 300 400

1

10

2
10

3
10

-200 -100 0 100 200 300 400

3
10

4
10

5
10

π→e candidate π→μ→e candidate

[ns] [ns]

DATA DATA


