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Flavor in the News! 
3 unconfirmed anomalies that involve Muons

Possible connection to Lepton Flavor Universality
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• Proton radius puzzle  (6 σ)
µ-H atom result differs from e-H and e-scattering

• Muon g-2  (~3+ σ); Deviation from theory  -- new physics?
• Lepton Flavor Universality; possible deviation O(10%) :

B → D*τ ν/B → D*µν, B →K*µ µ/ B →K*ee
R(D*), R (K*):  (3.7, 2.5 σ)
Quarks and leptons must both involved!

&

address related flavor issues.



Charged Lepton Flavor Universality
Experiments compare expectations assuming ge=gµ=gτ
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/eτ νν τ µ νν+ + + +→ →

/K e Kν µ ν+ + + +→ →

/K e Kπ ν πµ ν+ +→ →

/W e Wν µ ν+ + + +→ →



New Pseudoscalar interaction

0.1 % measurementΛ∼1000 TeV

-Leptoquarks
-Excited gauge bosons
-Compositeness
-SU(2)xSU(2)xSU(2)xU(1)
-Hidden sector ….

R-parity violating SUSY

Others
:

Marciano…

Ramsey-Musolf…

Lowest chargino mass
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 Tests:   Sensitivity to High Mass ScalesLFU

Assuming non-SM Higgs’ couplings.
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Initial result (4 x 105 events): 
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PIENU Uncertainties

Full analysis nearly completed:

6

Precision Goal:    0.1% (Coming Soon!)
Full Data Sample: 3 10   Eventsx eπ ν+ +→

±
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   HSearch for Heavy Neutrinos in Decayπ µ ν+ +→

Order of magnitude improvement: 15-34 MeV

2019



Bryman IPP 2019 8

 2018 :     HPIENU Search for Heavy Neutrinos in e Decayπ ν+ +→
Substantial improvement: 60-120  MeV   10-8 level
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“LFU Violation” Example: 
Massive Sterile  Neutrinos e.g. π+→e+νe4

Sterile neutrinos 
could range in 
mass from eV to 
GUT scale; 
constraints from 
oscillations, 
cosmology, 
HEP….
Possible 
correlation with 
LFV, LNV….

2019: Improved limits MeV-GeV        R. Shrock and D.B

B eν→

eπ ν
π µν
→
→

K e
K

ν
µν

→
→
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eπ ν
π µν
→
→

K e
K

ν
µν

→
→
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In operation 2015-2018  (2020-2022, to be proposed + beam dump mode)

Measurement of  and other rare decaysK π νν+ +→

Aiming for 10% precision  for SM  K π νν+ +→

75 GeV K+

decay in flight

-11BR(SM)=9.11 0.72 x 10±

Most 
efficient 
detector 
ever
built.
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Testing LFU with  K π νν+ +→

Bordone, Buttazzo, Isidori, Monnard  ArXiv:1705.10729

Involves  third generation quarks (top) and leptons  ( , )ττ ν

EFT approach to LFU violations new interactions with U(2)q x U(2)l symmetry.
NP coupled to left-handed lepton and quark singlets. Tuned to R(D*)=1.25*SM.

*

Correlation of   
    with    B K

K π νν

νν

+ +

+ +

→

→

( ) [ 30%, 100%]B K π νν+ +→ − +
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First NA62  Results on K+->π+νν

( )10( ) 14 10 95% . .Br K x c lπ νν+ + −→ <

>20 x more data under analysis

2019
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   / HSearch for Heavy Neutrinos in K e Decaysµ ν+ + +→

2018 PLB
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2019
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Lepton Number Violation (2019)
:  

(0 (0.16) events observed)
K eeπ+ +→ :  

(1 (0.9) events observed)
K π µµ+ +→

From J. Swallow at Moriond 2019

BNL 865
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NA62: Beam Dump Mode
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Rare Decay Group
TRIUMF/UBC: Bryman, Numao, Sher, (Mischke*)
R.A.:   Velghe, Nagao**
Students:  Cuen (Ph.D. 5/2019), Feiler (B.Sc/M.Sc. 4/2019)

* Visitor, ** as of 9/2019

Support:  NSERC, TRIUMF, Compute Canada, CERN
PIENU:   CC: 50 c.y., 600 TB storage ($30k p.a.)
NA62: computing done at CERN
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Papers 2018-2019
• Improved search for heavy neutrinos in the decay π→eν,  PIENU Collaboration (A. Aguilar-Arevalo et al.), Phys. Rev. D97 

(2018)  072012. 
• Search for heavy neutral lepton production in K+ decays, NA62 Collaboration (Eduardo Cortina Gil (Louvain U.) et al.) Phys. 

Lett. B778 137 (2018). 
• First search for K+→π+νν¯using the decay-in-flight technique, NA62 Collaboration (Eduardo Cortina Gil et al. ) Phys.Lett. 

B791 (2019) 156. 
• Search for heavy neutrinos in the decay π→µν ,  PIENU Collaboration (A. Aguilar-Arevalo et al.),  arXiv:1904.03269  

(2019,to be published). 
• Improved constraints on sterile neutrinos in the MeV to GeV mass range, R. Shrock and D. A. Bryman, arXiv:1904.06787 

(2019, to be published). 
•  Search for production of an invisible dark photon in π0 decays, the NA62 collaboration, E. Cortina Gil et al. J. High Energ. 

Phys. (2019) 2019: 182. https://doi.org/10.1007/JHEP05(2019)182. 
 

&

TRIUMF Project Support :
NA62 LKr Calorimeter purity monitor
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• Rare π and K decays: searching for new physics in Kπ+ νν decay, 
lepton flavor Universality, lepton flavor/number violation, dark sector, 
sterile neutrinos --- especially sensitivity to high mass scales.

• PIENU: Recent results on sterile neutrinos
• NA62: Recent results on Kπ+ νν,sterile neutrinos, dark photons, LNV

• Improved results expected soon: 
– PIENU 

• Branching ratio:  0.1% precision
• Searches: exotic pion decays, π+ -> e+3ν
• Direct atomic muon capture

– NA62: 
• Kπ+ νν branching ratio: several events at SM level 10-10

• NA62 Searches: K+π+ a, dark scalars, dark photons, sterile neutrinos,
π0 -> νν, LFV e.g. Kπ µe, LNV, ….

• Future operation of NA62 & beam dump mode expected 2020-2022+

Summary: Rare π & K Decays
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