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K1.1BR = KO0.8 Beam Line Installation

= K1.1BR completed in summer 2010 using the supplementary budget of FY09
= Commissioned in Oct. 2010 by the TREK collaboration

- ESS Length of 2.0m to be increased to 2.5m

- Length Q8-FF of 3.3m to be reduced to 1.5m (remove iron shielding wall)
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Stopped KT Experiments K1.1BR

e EO06 (TREK)
“Measurement of T-violating transverse muon
polarization (P;) in K*—a’u*v decay”
Stage-1 270 kW

e P36 (LFU)
‘Measurement of R, = I'(K* —e*v) | I'(K* —utv)
and search for heavy sterile neutrinos”
Stage-1 (PAC11-dan’11) 30 kW
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CANADA RUSSIA
University of British Columbia Russian Academy of Sciences (RAS)
University of Manitoba Institute for Nuclear Research (INR)--Moscow
Universite de Montreal
University of Saskatchewan JAPAN
TRIUMF Osaka University

National Defense Academy
USA Tohoku University
Massachusetts Inst. of Technology (MIT) High Energy Accelerator Research Org. (KEK)
University of South Carolina Kyoto University
lowa State University Tokyo Institute of Technology (TiTech)
Hampton University
Jefferson Laboratory VIETNAM

Sept. 4 2011

University of Natural Sciences
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Transverse u* polarization in K ; Decay
http://trek.kek.jp TREK *

K*—a'utv decay
; g, 2. >0 ) —
T @ xp) | .

« P+ is T-odd, and spurious effects from final state interaction
are small: P-(FSI) <10
Non-zero P+ is a signature of T violation.

« Standard Model (SM) contribution to P+ : P+(SM) < 10/

Hence P+ in the range 103 — 10-° is a sensitive probe of
CP violation beyond the SM.

» There are theoretical models of new physics which allow
a sizable P;value without conflicting with other
experimental constraints.

The TREK experiment aims for a sensitivity of 104
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TREK Experimental Apparatus
k'>mutv  Use an upgraded E246 detector
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P is measured as the azimuthal asymmetry A_* of the u* decay positrons
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Stopped beam method K*>au*v

AR

Double ratio experiment

Ay = (Afwd - Abwd ) [ D bwd fwd
() & < k)
Afwd(bwd) = Now = Nocw o Oxo¢y) .
NCW + Nccw K" = ~ Target g
P;=A;/{o <cos6;>} @y
o : analyzing power " ”

<cos@;> : attenuation factor

Im& = P,/ KF : physics parameter
KF  : kinematic factor

Current limit from KEK--E246 bwd - 0 (y ) fwd -7 (v)

P;=-0.0017 + 0.0023(stat) + 0.0011(syst)
|PT| <0.005 : 90% C.L.

Im&E =-0.0053 +0.0071(stat) + 0.0036(syst)
[Im& | <0.016 : 90% C.L. Statistical error dominates
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Expected sensitivity -- TREK

We are aiming for a sensitivity of 6P+~ 104

o JOPstt ~0.05 0P St (E246) ~10*: 1.4 x 107 sec runtime

1) Beam intensity x 30
2) Detector acceptance x 10
3) Larger analyzing power

+ E246 (1999) 90% C.L.

., £246(2004)90% C.L.

EO06 (TREK) 90% C.L.
assuming P = 0.0000+0.0001

Allowed region

i o
O 6PTsyst ~ 0.1 6P7—Sy3t (E246) Model Predictions FSI
| Multi Higgs doublet
~ 1 0-4 R-parity violating SUSY
SUSY with squark mixing
g 3 4 -5
10 10 10 10
1) Precise calibration of misalignments Pr

2) Correction of systematic effects
3) Precise fwd-bwd cancellation
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New Physics: Model predictions for Py

KEK-E246 J-PARC F.S.. S.M.
l | I |
[ | | | |
Pr 10° 10” 107 107 107 107
Model K* — nfutv K* — u*vy
m Standard Model <107 <107
m Final State Interactions <105 <103
m Multi-Higgs <103 <103
P-(K* — nfutv) = +3 Pr(K* — u*vy)
m SUSY with squark mixing <103 <103
Pr (Kt — nfutv) = -3 Pr(K* — utvy)
m SUSY with R-parity breaking <4 x10* <3 x104
Leptoquark model <1072 <5x1038
Left-Right symmetric model 0 < 7x103
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Three Higgs doublet model

2
L= (2\/5@1?)% Z{CM@ELVMDdRHj + ﬁ@ERMUVdLHj + ’)’%-V—LMEGRH;—} + h.c.,
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e
Im¢ = —~Im(yaf)
Mgy

® cf d,, b>sy o< Im(o,B,*), (0B *)

5!—1
Im(034%) = -v,°/v3? Im(y,0,,%) =
Higgs field v.e.v. £

1021 TREK goal
e B—Xtvand B—tv at Super-Belle 7| -

b) =

corresponds to P; < 3 x 104 - \

cf. TREK goal : Py <1 x 10 [ v Emmey
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V,/V,
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Lepton universality In Kzz and m,, decays

2
R (KT —ety) my —m; (1+86,)
F(K+ s M'*‘g/) m%{ mi r
= Highly precise SM values S 7
+ s
ReSM= (2477 £0.001) x 105 © =
R,V = (12.352 £ 0.004) x 10 o

= High sensitivity to LFV beyond SM |

e.g. MSSM with charged-Higgs SUSY-LFV
4

2
H+ e
= Current experimental precision ( NA62, KLOE )

R«=(2.488 £ 0.012) x 10>, 1.10 dev., AR(/Ry = 0.5% =) 0.4%

Improve precision to ~ 0.2%, presentation to PAC11
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Lepton Flavour Universality

MSSM with charged-Higgs SUSY--LFV
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e/u ldentification -- LFU

= Momentum measurement of e*, u*
®= TOF measurement between TOF, and TOF,

= e trigger by aerogel Cherenkov detector

B(e* from K_,) ~1

Z
b fom ko) ~092 =1/ 1,087~ Nav,
Estimated efficiency = 99.2 + 0.2% s

Csl(TI)

DIV=10,DIV2=4

Fresnel mirror

PID performance and detector efficiency will be
measured & controlled using K_; and K, ; data.
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TREK/EOQOG6 Tracking Upgrade

C3: 0z=80um C3: 0z=80um

dy=2mm dy=2mm
R g

air gap

He gas

\_ J \.

Szz_:goum 524:8011«”1 (?Z2 80um H 0024 ISOMm
= e gas
dy=2mm dy=2mm dy=2mm ’ py=amm
C1:éx= 6y <0.1mm
Target : Ax=Ay=5mm CO : 6x=8y < 0.1mm
Rings : Az=6mm
1 »
 S— o

Target Ax=Ay=2.5mm

E246 J-PARC upgrade

“ Planar GEMs (C1)
between Csl and C2

= Cylindrical GEM (CO0)
as replacement for old C1

GEM technology —
in collaboration with
Jefferson Lab,

Hampton U. and MIT

a B B

X-COORDINATE
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CO Cylindrical GEM for TREK

140 mm

* \ertex tracking near target, 6 < 0.1 mm
* Very high rate capability > 1 kHz/mm?
« Radiation-hardness >> 107 particles/mm?
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R&D(1) APD Readout for Csi(TI)

 Improve the timing characteristics of
CslI(Tl) by replacing PIN diode with APD
* Pulse shaping and pile-up analysis

Muon holes

k' Csl crystals

ISC, Kharkov, Ukraine

Yuri Kudenko, INR, Moscow

One-module energy

One-module timing

-

.
600 800 1000

ADC, ch.

/ndf  16.46/16
Constant 54.28 = 2.88
Mean 507.5:29

Sigma

L
1200 1400
TDC, ch.

! —
400 600 800 1000

Parameter E06 APD readout E246 PIN readout
Electron yield 47,000/ MeV 11,000/MeV
Noise level not yet measured 70 keV
Energy resolution ~12% for C.R. 12% for C.R.
Time rsolution 3 ns for C.R. 12 ns for C.R. (9 ns for all)
Pulse width ~ 1.5 us 15 ps
Rate performance ~ 500 kHz 34 kHz
too slow

new requirement

« Both 1 and 9 module tests have been performed using an e+ beam at Tohoku
Univ. to check the energy resolution and high-rate performance of APD readout

Sept. 4 2011
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R&D(2) Active Muon Polarimeter

Top View

magnet yoke p+ stopper/chamber
.

coil

Full angular acceptance for positrons — 10x higher than in E-246
Determination of decay vertex — background-free measurement
Measurement of e* angle and approx. energy — higher analyzing power
Improved field alignment — suppressed systematic error

® Full-size prototype was tested at TRIUMF in Nov. 2009
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R&D(3) Active scintillating fibre target

One element  Baseline design c.f. E246 Ring counters
PSI FAST target

3 g mm — Scintillator < 0 mm
— to SiPMT or
WLS or
< ,  Clear fiber

200 mm
Cross section

llll'
00000“
?jﬁﬁ&ﬁﬂﬁw%
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éé@@é%@é@é@éﬁ»
BRRRRRRRRIRIEKKR
%

3 X3 mm
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smme | ® Light guide:
Kuraray Y11 WLS fibre

9.9.9.0.90.0.0.9 9.0,
9. 0.9.¢. 0’0.000.0.0.0’0’0
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e Readout:
QKR HHXHXRLRRRRKY SIPMT (HamamatSU M PPC)
*”:’:3:3:3:3:’:’"’ o 1 2em |® Beam testusing 130 MeV/c r's
[ — at TRIUMF — radiation damage
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R&D(3) — Active Scintillating Fiber Target

Light Guide:
Kuraray Y11 WLS Fibre

..................

3x3 mm

Readout:
SIPMT (Hamamatsu MMPC)
1x1 mm?®/ 400 px

\ Gain 7.5x10°

@TRIUMF S. Bianchin PANIC 2011 (July 24" — 29" 2011) 17 W




R&D(4) MPPC Pulses

Sr source £ 80 mV

s o R A Rkt

Ny e 2 Gl W0 e B i,

@ 200mvQ ) (20.0ns 2.50GS/s & -2.08mv
W+ —2.00000ns | [ 10Kk points
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& Holdoff 17:08:59

(@D 20.0mve @ 200mV Q ][20.0ns J[2.500$/s ][

+v —2.00000ns J | 10k points
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"|oclAe 4 | e so Full
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Upgrade Timeline

» Target:

¢ Finer segmentation of TGT scintillating fibres
Readout: MPPC (SiPMT) Hamamatsu

» Particle ID:
¢ Aerogel Cherenkov surrounding target, TOF

» Charged particle tracking:
¢ Add new element C1 between Csl(Tl) and C2

¢ Add cylindrical GEM (C0) (remove aerogel)

LFU
30 kW
~2013

> n? (1&2 photon) detection:
¢ New, faster readout of Csi(Tl): APD, MAPD
¢ Wave form analysis using FADCs

» Muon polarimeter :
¢ Active polarimeter with increased acceptance

¢ New muon holding field magnet with a parallel fieIdI

TREK
270 kW
>100 kW
~2014

Sept. 4 2011 Michael Hasinoff, UBC New Directions in H.E. Physics Alushta, Crimea
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Summary

TREK at J-PARC is gaining momentum TRIUMF
“K1.1BR” secondary beamline has been commissioned

Measurement of the T-violating transverse muon
polarization in K ; decay (~2014)

- Large potential for the discovery of New Physics

- Upgrade of existing experimental setup of KEK E-246

Measure K.,/K , ratio to test lepton unlversallty (~2013)

Search for heavy neutrinos
- Use E-246 apparatus with
partial upgrades

(3

New collaborators are welcome!
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J-PARC Mar 11 Earthquake Dam
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J-PARC Recovery Schedule (@2011.5.20)

2011

2012

4 5 6 7

8 9 10 11

12 il 2 3

Full Recovery Work

Emergency Recovery

Infrastructure =

Test with

Linac Investigatior Recovery electricity )

_Investigation R fecove MLF User Operation

4 + ry
S * T g
3GeV synchrotron Q0ling Water,

N Test with :
Investigation ) Recovery ) electricity NU or HD Operation
M R . - > - = =
50GeV synchrotron
Investigation S
MLF < 8 —» Shielding recovery  BLComponents  C_New Hg Target 2 --*l.l.B-eam injectMLF User PrOgrag
Materials&Life ) Extended Buildin
Experimental Facility
HD Investigation i
Hadron Experimental g — Recovery - _&am Injection HD Expenmerg
Facility < >
_ Investigation _ - NU Experiment
<+ - — Recovery _ Beam Injection p
Neutrino Experimental « vomm—— ""ﬂ r&
Facility
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