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ü  Test of Lepton Violation 
ü  Search for Dark Photons 
ü  Search for Heavy Neutrinos 
    Search for Time Reversal Symmetry Violation 



CANADA 
University of British Columbia 
TRIUMF 
 

USA 
Hampton University 
T. Jefferson Nat. Acc. Laboratory 
University of Iowa 
University of South Carolina 

RUSSIA 
Russian Academy of Sciences (RAS) 
Institute for Nuclear Research (INR)--Moscow 
 

JAPAN 
Osaka University 
High Energy Accelerator Research Org. (KEK)  
Chiba University  

TREK Collaboration 

Michael Hasinoff, UBC         PSI-2016           Oct-18-2016          Villigen, Suisse 

~20 physicists from 4 countries 
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§  Very precise SM predictions 

 

Lepton universality in Kl2 and πl 2 decays  

RK
SM = (  2.477 ± 0.001) x 10-5 

Rπ
SM = (12.352 ± 0.001) x 10-5 

RK
LFV~ RK

SM(1 + 0.013max) 

Proposed Exp’tal precision (E36) ~ 0.25%  

e.g. MSSM with charged-Higgs SUSY-LFV 

[	V.	Cirigliano	and	I.	Rosell,	Phys.	Rev.	Le8.	99	(2007)	231801	]	

[	Masiero,	Paradisi	and	Petronzio,	Phys.	Rev.	D74	(2006)	011701,		JHEP	11	(2008)	042 

Ke2	
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gμ = ge  ? 

mixing in the 
slepton sector 
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helicity suppression 
radiative corrections 

§  High sensitivity to LFV beyond SM 

δRR
3l
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4 Lepton universality violation in Kl2	
•  Possible	New	Physics		

Ø  MSSM with LFV or LFC 
Ø  MSSM with R-Parity violation 
Ø  Pseudo-scalar interaction 
Ø  Scalar with loop correction 
Ø  Neutrino mixing 

•  Neutrino	mixing		
Ø  RK is sensitive to neutrino mixing parameters within SM extensions      

eg -- 4th generation of quarks and leptons OR heavy sterile neutrinos	

   H. Lacker and A. Menzel, JHEP 07(2010) 006  or   A. Abada et al., JHEP 02(2014) 091 



LFV in SUSY	

•  LFV effect may be observed in ΔRK 
•  ΔRK/RK ≈ 1% corresponds to BR (τ --> eX ) ≤ 10-10 

–  Strong correlation to BR ( τ --> eη ) 
–  Additive to RK

SM (no interference: RK > RK
SM) 

•  Strong constraint on MH for large tanβ  ( equal to aµ )	

RK=RKSM(1+Δ)	
Yellow: 0.005<Δ	
Black:			0.003<Δ<0.005	
Red:						0.001<Δ<0.003	

Black	dots:	10-9	<	δaµ <	5	x	10-9	

[	Masiero,	Paradisi	and	Petronzio;	JHEP	11	(2008)	042	]	
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Δ=ΔRK/RKSM	
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Extended more refined LFV calculation	

•  study of dependence on µ (lighest stau mass), θτ(stau), tanβ, MH  

µ = 800 

400 
26° 

200 
45° 

-18° 
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J.Girrbach and U.Nierste -- arXiv:1202.4906 



Present Experimental Status of RK	

•  KLOE	@	DAFNE	(in-flight	decay)	(2009)	
–  RK	=	(2.493	±	0.025	±	0.019)	×	10-5	
	

•  NA62	@	CERN-SPS	(in-flight	decay)	(2013)	
–  RK	=	(2.488	±	0.007	±	0.007)	×	10-5	
	

•  World	average	(2013)		
-		RK	=	(2.488	±	0.010)	×	10-5		

•  Different	SystemaEcs	:	
–  In-flight-decay	experiments:	--	kinemaEcs	overlap	
–  E36	stopped	K+	decay	experiment:	--	
　　		detector	acceptance	and	target	interacEons	

Table 17: Comparison of the P36 sensitivity with the current experimental limits

Experiment RK [10−5] ∆RK(stat)[10−5] RK(syst)[10−5] ∆RK(total)[10−5]
∆RK(stat)/RK ∆RK(stat)/RK ∆RK(total)/RK

KLOE (2009) 2.493 0.025 0.019 0.031
0.0100 0.0076 0.011

NA62 (2011) 2.488 0.007 0.007 0.010
0.0028 0.0028 0.0039

World average 2.488 0.009
0.0036

P36 (2015?) 0.005 0.0038 0.0065
0.002 0.0015 0.0025

Theory (SM) 2.477 0.001
0.0004
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Figure 23: Status of RK experiments. KLOE and NA62 are in-flight-decay experi-
ments, whereas P36 is a stopped beam experiment. The central value of P36 is just
put on the standard model (SM) prediction. However, if our result agrees with the
current world average which is nearly the result of NA62, it would indicate a deviation
of the new world average of about two-sigma from the standard model prediction.

53

[ Phys. Lett. B719 (2013) 326 ] 

[ Eur. Phys. J. C64 (2009) 627 ] 

ΔR/R ≈ 0.4% 

±0.031 

±0.010 
( 2013 ) 

proposed	ΔRK/RK	≈	± 0.20stat	± 0.15syst %	
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  E36 
(2017) 



from Mat Charles –-  
LHCP Lund June 2016 
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9 E36 Apparatus 
Central Detector 

GV 

	PID	
• 	TOF1,2	
• 	Aerogel	Cherenkov	(AC)	
• 	Pb	glass	counter	(PGC)	

Gamma	Ray	
• 	CsI(Tl)		
• 	Gap	Veto	(GV)	

Stopped	K Method	
• 	K1.1BR	beamline	
• 	Fitch	Cherenkov	
• 	K+	stopping	target	

Tracking	
• 	MWPC	(C2,	C3,	C4)	
•  SFT	
• 	TTC	

TTC 



RK determination	
Schematic momentum spectrum	

Nµ2 / Ne2 ~ 40,000 / 1 
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Subtraction of SD γ Bkgd  
1)  Ke2 including external bremsstrahlung photon (in target) 
2)  Kµ2 

3)  Radiative Kl2 decays 

 

Black: Structure dependent 
  Red: Internal bremsstrahlung 

IB and SD – well separated 
δRK/RK (SD) < 0.04% 

SD 

SD 

IB 

e+ 

γ 
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e/µ Particle Identification  
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K+ beam Target 

n=1.08 

Fresnel mirror 

PID performance and detector efficiency can be  
measured & controlled using Ke3 and Kµ3 data. 

  ⊗ 
beam 

e/µ PID – Aerogel Cherenkov Detector 
§  Momentum measurement of e+, µ+ 
§  TOF measurement between TOF1 and TOF2 

§  e+ tagged by Aerogel Cherenkov detector, & PGC. 
 
 βe (Ke2) ~ 1 
βµ (Kµ2) ~ 0.92 = 1 / 1.087  
Estimated efficiency = 99.9 ± 0.1% 

TOF1 
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e/µ PID -- PGC Detector 

Michael Hasinoff, UBC         PSI-2016           Oct-18-2016          Villigen, Suisse 

e+ 

µ+ 

MC Simulation 

µ+ e+ 

TRIUMF beam data  

NIM A779 (2015) 013 

e+ region 

with poly 
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Segmented Scintillating Fibre Target  

•  256 pieces of 
•  3 x 3 x 200 mm3 Scintillator 
•  WLS fibre  L = 1.4m 
•  MPPC (SiPMT) readout 
•  EASIROC electronics 
•  Production in Canada 

Cross section	

For better tracking resolution 
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Noise Spectrum 
Ped + 1 pe + 2pe 

 Cosmic Ray Spectrum 
      ~ 30 pe/MeV 
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Target pattern analysis	

•  Determination of K+ stopping point and lepton depth inside the target 
•  Measurement of lepton emission azimuthal angle to help determine SFT-Z 
•  Innermost element for 5-point tracking (intersection point of track and K+ cluster) 
•  Inclusion of LG ADC completes the target track ( when HG signal is missing ) 
•  Development of Target Analysis Algorithm is nearly completed  

Target hit pattern of 
typical good event 

K-stop 

Blue fibres have only 
a LG signal 
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Cosmic Ray SFT--Tracking Analysis 

X 
Y 

r 

Y 
z 

C2-G11 C2-G5 
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MWPC Momentum analysis	
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Particle ID by AC, PGC, TOF	
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CsI(Tl) Pileup Analysis 
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Acceptance: Kπ2/Kµ2 ratio method	

•  The Kπ2 and Kµ2 yields	are	obtained	
using	data	with	20	magneEc	field	
serngs	(1.35--1.53T),	and	the	
acceptance	raEo	is	derived.	

•  We	assume	that	the	spectrometer	
acceptance (Ω) can	be	described	by	a	
polynomial	funcEon	of	the	effecEve	
momentum,	Peff	=	236	MeV/c・(B0/B):	

 

•  Parameters	a0	-	a4	can	be	determined	
from	the	20	measured	raEos	by	firng.		

•  Small	effect	due	to	magnet	non-
linearity	will	be	corrected	with	MC	
simulaEon.		
	

Ω(p) = a0+ a1p + a2p2 + a3p3 + a4p4 

KKμμ2 (236 MeV/c)2 (236 MeV/c)

KKππ2 (205 MeV/c)2 (205 MeV/c)

B0 B 

p   =236 x B  /B [ MeV/c] eff 0

p   =205 x B  /B [ MeV/c]eff 0

205 MeV/c
236 MeV/c

Ω

p
eff

247 MeV/c

BB scan  scan (20 points)(20 points)

KKμμ2 (236 MeV/c)2 (236 MeV/c)

KKππ2 (205 MeV/c)2 (205 MeV/c)

B0 B 

p   =236 x B  /B [ MeV/c] eff 0

p   =205 x B  /B [ MeV/c]eff 0

205 MeV/c
236 MeV/c

Ω

p
eff

247 MeV/c

BB scan  scan (20 points)(20 points)
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Preliminary results -- Kπ2/Kµ2 ratio method	
22	

Kπ2	

Kµ2	
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Dark Photon search using  
K+ à l+ e+ e- ν events	

•  We	can	measure	K+à	l+	e+	e- ν	decays	
by	the	Toroidal	spectrometer	(l+)	and	the	
CsI(Tl)	calorimeter	(e+	e-).	

•  e+	and	e- are	idenEfied	by	the	aerogel	
Cherenkov	counter	surrounding	the	K+	
stopping	target.	

	

•  Main	backgrounds	are	K+à	l+	π0	ν	and		
π0à	e+	e- γ

•  Dark	photon	A’	through	K+à	l+	A’	ν											
à	l+	e+	e- ν		process	can	be	studied.	
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Summary & Outlook 
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Thank you 
Merci beaucoup 

Danke shön  
Arigato Gozaimasu 
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