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Lepton Universality
Dark Photon

Lepton Universality

e, µ, and τ : different mass, same gauge couplings (interaction).

Decay width: Γ(Kl2) = g2
l (G2/8π)f 2
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(1− δRQED) =

2.477(1)× 10−5 with ge = gµ, and δRQED = 0.036 (PRL 99, 231801)
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Recent and Proposed Measurement of RK

Br(B+→K +µ+µ−)
Br(B+→K +e+e−) = 0.745+0.090

−0.074 ± 0.0036
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Lepton Universality
Dark Photon

Proton Radius Puzzle
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Lepton Universality
Dark Photon

Search for Heavy/Dark Photon

What is Heavy/Dark Photon: A U(1) extension of the
Standard Model in “dark” sector
Mixing with photon by spontaneously symmetry breaking
with a parameter ε
In simplest model, it weakly couples to charge with
strength εe
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Lepton Universality
Dark Photon

Estimate Dark Photon Events
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Lepton Universality
Dark Photon

Dark Photon Exclusion Limit
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J-PARC
TREK/E36 Detector
Data Analysis

Where is JPARC

About 80 km north of
Narita Airport and 115
km northeast of Tokyo.
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J-PARC
TREK/E36 Detector
Data Analysis

JPARC Facilities
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J-PARC
TREK/E36 Detector
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JPARC Hadron Hall
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J-PARC
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Secondary Beam Line

K1.1BR constructed in 2009/10, commissioned by TREK Coll. in
Oct. 2010
Re-aligned after 11/3/11 earthquake, re-commissioned in June
2012
π/K ratio of 1.0 observed with 1.4x106K +/spill @ 40kW
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J-PARC
TREK/E36 Detector
Data Analysis

Overview of Detector

Fitch Cherenkov; Active target; MWPC (C2, C3, C4); Spiral Fiber Tracker (SFT);

TOF1,2;Aerogel Cherenkov (AC); Pb-glass counter (PGC); CsI(Tl)
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J-PARC
TREK/E36 Detector
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Particle Identification
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Active Stopping Target

Built at TRIUMF (Canada)
256 scintillating fibers (3x3 mm2), WLS fiber in groove
Multi-Pixel Photon Counter (MPPC) readout
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Spiraling Fiber Tracker (SFT)
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Central Detector
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J-PARC
TREK/E36 Detector
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Target Installation
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Timeline and Milestones

Area available in November 2014

Installation completed in Apr. 2015

Commissioning/production run in
June 2015

Commissioning data check and
detector conditioning during summer
2015

TTC added to improve trigger during
summer 2015

Production runs from Oct. to Dec.
2015
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J-PARC
TREK/E36 Detector
Data Analysis

Event Display
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Track Reconstruction

Charged particle
momentum determined by
3-point tracking (c2, c3, c4)
Event selection requires
track consistency with
target and SFT
Monochromatic peaks
from Kµ2 and Kπ2
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PID by AC, PGC, and TOF

AC and PGC performing
as expected
TOF resolution performing
as expected after fixing
under-performed TOF1
(after June)
Suppression of muon
mis-identification below
10−8 achievable with
refined analysis
Quantitative analysis in
progress
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J-PARC
TREK/E36 Detector
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Ke2 events

Observed Ke2 peak in momentum spectrum
Statistics from 100 runs in June data
Estimate >40K Ke2 events in fall 2015 based on Kµ2 events
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J-PARC
TREK/E36 Detector
Data Analysis

CsI(Tl) Calorimeter Analysis

Energy and timing
obtained by pulse data
from FADC (VF48)
Kµ2 events with single
crystal hit used for energy
calibration
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The first high precision experiment of Ke2/Kmu2 ratio
using stopped kaons
Successful completion of runs in 2015
Search for Dark Photon and other U(1) Bosons
Calibration and analysis by two parallel groups
Pursue TREK/E06 (T-violation) in the future at extended
Hadron Hall
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TREK/E36 Collaboration

University of British Columbia, Canada
TRIUMF, Canada
University of South Carolina, US
University of Iowa, US
Hampton University, US
Osaka University, Japan
Chiba University, Japan
Rikkyo University, Japan
KEK, Japan
Institute for Nuclear Research, Russia
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Backup

STOP
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Lepton Universality Violation in Kl2
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Pion from CsI
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Dark Photon in E36
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Dark Photon Simulation
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Dark Photon Simulation
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E06
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E06 Model
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Acceptance
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Acceptance Uncertainty
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Distribution
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