
Search for three body Pion Decays 
 in the PIENU Experimentπ+ → l+νX

Shintaro Ito  Okayama University, Japan 
For PIENU Collaboration 

A. Aguilar-Arevalo1, M. Aoki2, M. Blecher3, D.I. Britton4, D.A. Bryman5, 
D.vom Bruch5, S. Chen6, J. Comfort7, S. Cuen-Rochin5, L. Doria8,  
P. Gumplinger8, A. Hussein9, Y. Igarashi10, S. Ito2,*, S. Kettell11,  
L. Kurchaninov8, L. Littenberg11, C. Malbrunot5, R.E. Mischke8,  
T. Numao8, D. Protopopescu4, A. Sher8, T. Sullivan5, and D. Vavilov8

1. Institudo de Ciencias Nuclears, Mexico 
2. Osaka University, Japan 
3. Virginia Tech, USA 
4. University of Glasgow, UK 
5. University of British Columbia, Canada  
6. Tsinghua University, China

7. Arizona State University, USA 
8. TRIUMF, Canada 
9. University of North British Columbia, Canada 
10. KEK, Japan 
11. Brookhaven National Laboratory, USA 
 * Present address: Okayama University, Japan 
      e-mail: s-ito@okayama-u.ac.jp
Neutrino Telescopes Workshop 20211

mailto:s-ito@okayama-u.ac.jp
mailto:s-ito@okayama-u.ac.jp


Outline
• Pion decay. 

• Experimental technique. 

• The PIENU detector. 

• Strategy. 

• Results. 

• Summary.

2



•                     branching ratio in SM
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Couplings

V.Cirigliano, I.Rosell, PRL 99 231801 (2007)

Branching Ratio

decay: helicity suppression

Rπ
SM =

Γ[π+ → e+ν(γ)]
Γ[π+ → μ+ν(γ)]

= (1.2352 ± 0.0002) × 10−4

Lepton universality

Rπ
exp = [1.2344 ± 0.0023(stat) ± 0.0019(syst)] × 10−4

Phys. Rev. Lett. 115 071801, (2015)
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π+ → e+ν

π+ → e+ν
π+ → e+ν

•Lepton universality test: R-parity violating SUSY, charged Higgs, 
                                        Leptoquarks, heavy neutrino couplings. 
• The PIENU experiment at TRIUMF was performed to measure the 
 pion branching ratio       with precision of <0.1%. 
• Initial PIENU result (0.24% precision)

Rπ

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.071801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.071801


Exotic Decay Searches in PIENU
• Analysis of decay lepton (e, µ) energy spectrum is sensitive to 
search for exotic rare decays. 
- Massive neutrinos:  Phys. Rev. D 97 072012 (2018) 
                              Phys. Lett. B 798 (2019) 134980 

-                 decay: Phys. Rev. D 101 052014 (2020) 
-                       decay: Phys. Rev. D 102 012001 (2020) 
➡ Details presented by Saul Cuen-Rochin.
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π+ → e+/μ+ νH

π+ → e+/μ+ 3ν
μ+ → e+X

Limits on π+ → e+ νH decay

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072012
https://www.sciencedirect.com/science/article/pii/S0370269319307026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012001
https://agenda.infn.it/event/24250/contributions/129807/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072012
https://www.sciencedirect.com/science/article/pii/S0370269319307026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012001
https://agenda.infn.it/event/24250/contributions/129807/


Search for three body pion decay in PIENU
• Another exotic pion decay:                         where X is 
- Axion like particles (Phys. Rev. D 101 075002 (2020)) 
- Majoron (Phys. Lett. 99B 411 (1981)) 
- Sterile neutrinos (Phys. Rev. D. 97 075016 (2018))
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π+ → e+νX
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Experimental Technique in PIENU

Calorimeter
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Energy in the target (MC) Decay positron energy (MC)6

Tμ = 4.1 MeV
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The PIENU Detector
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• The PIENU detector 
- NaI(Tl):48 cm × 48 cm 
- CsI rings 
- WC:Wire chamber 
- S: Silicon strip 
- B1,B2,B3,T1,T2:  
Plastic scintillator

NIMA 791 38-46 (2015)
✓Larger detector acceptance, ~20%. 
✓NaI(Tl): high energy resolution. 
➡2.3% at 70 MeV (FWHM). 
✓CsI rings: shower leakage detection. 
✓S1~S3, WC1~3: pion & positron tracking.

https://www.sciencedirect.com/science/article/abs/pii/S0168900215004593?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0168900215004593?via=ihub
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Suppression Techniques
• To search for                   decay,  
dominant                     background should be suppressed by 
- exploiting shorter pion lifetime ( ) than muon ( ) 
- target energy cut due to the presence of muon (Tµ=4.1 MeV) 
- “kink” angle cut to reject π-decay-in-flight (πDIF) 
➡                        suppression factor ~105.

τπ ∼ 26 ns τμ ∼ 2.2 μs
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π+ → μ+ → e+

π+ → e+νX
π+ → μ+ → e+

“Kink” angle

π+ → μ+ → e+

Tμ = 4.1 MeV

πDIF events



Background Suppressed Energy Spectrum
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Results of π+ → e+νX
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Picciotto et al. [21]

This work

Previous experiment 
at TRIUMF in 1980’s

• No signal was observed in 0<mx<120 MeV/c2. 
➡ Improved by an order of magnitude.

The PIENU experiment

Phys. Rev. D 37, 1131 (1988).



Another Search π+ → μ+νX

11

•  was also searched for using the energy  
information in the target. 

• Set limits in 0<mX<33.9 MeV/c2 → First available results.

π+ → μ+νX
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Accepted in Phys. Rev. D  arXiv: 2101.07381
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https://arxiv.org/abs/2101.07381
https://arxiv.org/abs/2101.07381


Summary
• The PIENU experiment was performed at TRIUMF 
to measure                  branching ratio <0.1%. 

• The PIENU data is very sensitive to exotic decays. 
• Three body pion decays                    in PIENU 
- An order of magnitude of improvement:           
- First available results: 

• Analysis of                 branching ratio with full statistics  
is ongoing and result is coming soon.
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π+ → l+νX

π+ → e+ν

π+ → e+ν

π+ → e+νX
π+ → μ+νX



Thank you for your attention!!
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