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First INGRID neutrino event candidate
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TREK

(Time Reversal Experiment with Kaons)




Transverse pu* polarization (Pp) in K 3
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® 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~/

P+ in the range 10 ~10* is a sensitive probe of
CP violation beyond the SM.

® There are theoretical models of new physics which allow
a sizable P,without conflicting with other experimental
constraints.




Three Higgs doublet model
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P, measurement
Use of upgraded E246 detector
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of the i decay positrons



Stopped beam method

Double ratio experiment
Ap= (4vd - 4bwd ) /2
N_.-N_,
N_,+N_,
Pr=A4;/ {o<cost=}

o : analyzing power
<lcos &> : attenuation factor

Im&= P,/ KF : physics parameter

KF :” kinematic factor
Current limit from E246 bwd -0 (y)  fiwd -0 (y)

P,=-0.0017 = 0.0023(star) =+ 0.0011(sys?)
(1P| <0.0050 : 90% C.L. )

IméE=-0.0053 = 0.0071(star) % 0.0036(sys7)
(Im&| <0.016 : 90% C.L.) PRD 73, 072005 (2006)

fivd(®wd) —

® £246 was Statistical error dominant




Expected sensitivity in TREK

e 0P < 0.05 5Pt (E246) <104 : 1.4 x 107 sec of run

1) x 30 beam intensity _.EEM“Q”’;”% .
2) X 10 detector acceptance \  E246 (2004) 50% C.L.
3) Higher analyzing power i " E06 (TREK) 90% C.L. "% §

assuming P s 0.0000:0.0007

o 5P svsts 0.1 5P, (E246)

MﬂdFi‘ Predir:ﬁops

<104 -
10

1) Precise calibration misalignments
2) Correction of systematic effects
3) Precise fivd-bwd cancellation

Very schematic

® Ve aim at a sensitivity of 6P,~10+ 13






Search for KL - OVV Decay

® [ J
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We are writing as K°TO, too.
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- ; i 4
= a muERERE} H ; - ——td

- JRer jars s | 3
- InEE H 1 [ - = B t & anik
C 2

||||||

60 members from

16 institutes (6 countries)



New physics contribution
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Experimental Method

Proton

2Y + Nothing

Pencil Beam + Hermetic Veto System




KOTO strategy

® Aim at the first observation of the Decay

® High Intensity proton beam @ J-PARC

— New beam line:

® To share protons with other beam lines

¢ X30 KL with X100 Protons
— New read-out system (pipeline with FADC)
— New BA (Beam hole Photon Veto)
® New Electromagnetic calorimeter.

— Longer and finer segmented Csl crystals (KTeV)

® Improving some veto counters
— Additional Barrel counters

— New design to suppress neutron backgrounds



New Beam

target to share protons

Fig.1
Hadron Hall Layout Plan
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KOTO Detector

cCot1 FB CC02 MB BCV CV C(CsI CC03 CC04 CC0d CCO6 BHCV BHPV
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Beam line construction in 2009

Calorimeter construction in 2010

Complete detector system in 2011




Beam Line




ollimation

2nd collimator Eg;ﬁfotgf 2nd collimator

1st collimator 1st collimator

y-absorber & y-absorber
=

Horizontal optics
Vertical optics

shape to fit effective shape of target
long collimator made of iron
scattering inside collimator

veep out charged particles

Detector
position
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Layout of beam

T1 target

Photon absorber /

Beam plug

15t collimator
(4m-long)

2nd collimator
(4.5m+0.5m-long

Sweeping

magnet

KOTO detector



Photo on July 11.

2" collimator

(4.5+0.5m)
Beam plug

15 collimator

( 4m-long )
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Beam Survey

For high sensitivity
- High intensity KL beam

3.5 SM events
during 3 X10’ s
with 2X10%4 protons/spill

Reconstruction of KL decay
- two different methods

(Nov. 2009-Feb.2010)

For background suppression
- Well collimated beam

neutron profile at Csl surface

10
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Neutron/gamma mixture
Needs several types of detectors
Response detector to n/y

- Compare data to M.C. expectation
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Online Profile Measurement

X-profile

50 100
X position{mm})

Total yield : 67.09

Core yield (50%) :46.05
Edge (50%) : =24.75(mm) / 8.25(mm)
Center/Width (50%) : -8.25(mm) / 33.00(mm)
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Beam
Profile
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10° X profile in Ni target (w absorber)
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— 1258
—1.0x107/2x10%p.o.t.

— (Geant4)x1.3 - -
% 50 100 150 200 250 300 700 800 900 1000
— (Geant3)x0.8 M, (MeVic) M, (MeV/c)

— (FLUKA) x0.4

KL momentum distribition

2001
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Rec KL momentum(MeV) Rec ' momentum(MeV)




Calorimeter




segmented longer Csl cry

2.5X2.5X50 cm® (27
5 X 5 X50 cm?®

— ™ R=953 mm ]
~.  (Inner Radius)

7X7X30 cm® (16 X,)

,  KTev Csl

\

CCo1 FB CCo02 MB BCV CV Csl CCO3 £ CCo06 BHCV BHPV
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Better shower




Csl Read-out

PMT holder )

Electronics
L1, L2 trigger boards
hook ) and more

)

Crystal, PMT measurement




Sample test for Csl

annels are tested by positron beam

erformance test for complete set of read-out
CW-base, 125MHz FADC, Trigger board

Figure out problems, confirm no problem for stacking

200 40



Calorimeter construction

We built temp-—humidity control room.

Stacking will take ~ 4 months.
® We expect beam from middle of Oct., 2010.

® We will test over all test for calorimeter

( Engineering run).
- Whole read-out system
- Calibration

- Triggering/DAQ system
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Summary

ally move to operation stage.

experiments are preparing.

arching for T-violation using muon transverse polarization (PT) in K*%TEO]J
eam line construction will be completed by this fall.

PT"'10'4 with High intensity, detector system with good systematic control.

ms at the first observation the K 2> vy decay.
pleted beam line construction in 2009.
ering run with newly constructing EM calorimeter on coming fall (2010)

the first physics run in 2011-2012.






Sensitivity

%* 2E14 protons/3.3s x 3E7/ sec

Background source
071'0

K; -
K; — ntn—n0

n + residual gas

n + upstream veto

accidental coincidence
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Ki — w’vv signal




