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J-PARC ¢ TREKZ=ER




J-PARC Faclility

J-PARC = Japan Proton Accelerator Research Complex Hadron
N Experimental Facility

Nuclear
Transmutation

sl

i eutrinoto  §
= Experimental Facility

—
pa

3 GeV Synchrotron | 50 GeV Synchrotron
(25 Hz, 1MW) (0.75 MW)
B S

Currently, 190 kW for FX and 6 kW for SX



TREK (J-PARC EO06)

Time Reversal Experiment with Kaons:

Search for New Physics beyond the Standard Model by
Measurement of T-violating
Transverse Muon Polarization (P;) in K* 2 p*a’v Decays

',y

K+ 2> u'nlv

Official website:

http://trek.kek.jp

S}


プレゼンター
プレゼンテーションのノート
Measure polarization compont transverse to decy plane. This is a T-odd observable, second generation experiment after E246 at KEK-PS, and has the potential of finding New Physics
TREK now has an official website.


Transverse u* polarization (P;) In K
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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 103 ~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. ;



Sensitivity of EO6

Current [imit from E246 :

*P, =-0,0017 = 0.0023(stat) == 0.0011(syst) ; cemssaisonce. =
(|P7]<0.0050: 90% C.L.) =
e

SenSitiVity goal : ModiefPredicﬁons :%: FSi

5P; ~10 ——

(1.4 X107 sec) 1 1 w'_4 ,,,,,:g

10 10 P, 10 10

® J-PARC full beam power of 270 kW is necessary for the E06

TREK experiment : ==> Future experiment
® A possible experiment at 30 kW with the TREK detector sub-

system :

Search for Lepton Universality Violation



TREK collaboration

® Canada U. Saskatchewan
TRIUMF
UBC

U. Montreal
U. Manitoba

® USA Hampton U.
U. South Carolina
lowa State U.
® Russia INR
® Vietnam National Science U.
® Japan KEK
Tohoku U.

Osaka U.
TITech
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Lepton universality

e Standard Model: ) ()

— Three generations for
quarks and leptons (3 )
— Leptons: e, u, and t

<)
[+ ]

 Different masses but same gauge couplings
e Up to now, It is valid experimentally

Lepton Universality

C
S

e Why are the weak couplings of e, «, and 7z nearly
equal?

* Even a small difference would signal a profound
discovery : -2 Necessity of experimental efforts



Limits of universality

by J.R.Patterson

g,/ge =1.0012 + 0.0015 (1997) 1095

0.9 1.1

u-e universality has been well established

gu,f’ ge /8t

1.0 1.0

Recent development of t spectroscopy
*T, M, tJ/t,=(m/m)>(g/g,)
T Michel parameters

» Couplings to W and Z° 1.1 M -
g/g, =1.0003 +/-0.0029 (1997)  °° o L1

Universality Triangle



Recent data on LU

® Summary by A. Pich [arXiv:1201.0 537v1 [hep-ph] (2012)

PT—H/TB Ve /F,u—nxue Ve FT—)L/T?T/FTF—),M Uy FT—)I/—,—K/FK—),M vy FW—)T DT/PW—>,LL vy
|g,r/g#| 1.0007 £ 0.0022 0.992 + 0.004 0.982 + 0.008 1.032 £0.012

F’r—w’r,uﬂu/rfr%yﬂfeﬂe FW—HLDM/FW—)EDB FK%@E”/FK%eDE FK—)W,LLEM/PK—)’JTEDE
gu/ge] 10018 £0.0014  1.0021 £ 0.0016 0.998 £ 0.002 1.001 = 0.002

PW%uﬁH/PW%eﬂe FT—)I/TME’H/F,LL—)V’LLBPE FW%TDT/FW%eﬂe
19,/ e] 0.991 + 0.009 197/ el 1.0016 + 0.0021 1.023 + 0.011
_ 2BR(W — tv
®LEP-Il : RV — ( ) — 1.055(23)

R(W —ev.)+BR(W — puv,)
2.4 o deviation

® BABAR: Evidence for an excess of B — D™+~ p_ decays
[ Phys. Rev. D 82, 072005 (2010)]

R(DW) = B(B — DWr=5,)/B(B — D™ ¢~w,) 3.5 o deviation

High precision test of g /g, s still important



Universality test by K, decays

Typical test in particle decay at low energy

K-> ev K = LV
(a) _ (b)

Ve

IKy,) = gi (G¥8r) f 2mmy, {1-(m2/m, 2}

ge=9."




K, decays In the SM

?’ﬂ%{—mg :
( - 5) (14 9,)

mi — m;,

RSM o F(K+ — E+L'") B Tri
- K+ — uty) _Ei”’
helicity suppression radiative correction
(Internal Brems.)

o
e
2

Standard Model:

® By forming ratio of the I'(K,,) to the I'(K ,), hadronic form
factors are cancelled out and the R, >M is highly precise.

® Strong helicity suppression of the electronic channel
enhances sensitivity to effects beyond the SM.

SM — (2 477 = 0.001 ) X 10 e

Uncertainty is AR, /R, ~ 0.04%




K, decay beyond the SM

I'(e™v)

R =T wv

— RS.-W + &R NP

M
LFUSEBR s =4
’ LS |

SSM with LFV

Pseudo-scalar

Scalar w. loop correction

AR/R: 10° 10° 10" 10’ 10

Ye / .= (R /RSI\/I)U2




MSSM with LFV

Contribution from MSSM

® A charged Higgs-mediated SUSY LFV contribution to
K., can be strongly enhanced by emitting a t neutrino.

4 N Effects in pion decay

LEV _ p8&M Mg T 9 5 is suppressed by a
RK — RK (1 T IVE ' 7 &Btaﬂ 5) factor (m_/my)*~ 6x10-3

Using S
A,5=5x1074, tan =40,
M,,=500GeV/c?

R FV=R,SM (1%0.013)

No effects on K ﬂzv T
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SUSY with LFV
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Comparison with LFV In t decay

e LFV effect may be found in 4Ry
* AR\ /R =1% corresponds to Br (7 ->eX ) <1019

— Strong correlationto Br ( 7->en)
— Additive to R>M (no interference: R > R, M)

* Strong constraints to M, as a,, for large tang

=1 T
F. L

tanf3

(%) o

Ly f A
¥ [

. AR /R, SV

B — . Black: 10°<da,,<5x107

12EY 0

50 s

45 ¢ i e =

[ Ead
40 | R ot -

95 T
[ e

Melfow: 0.005<A

o5 [ '|.

Iack0003< \<0.005. _

10 e 10 @

20 [

s [ Red: . 0.001<A<0.003. -

10 L 10 L

10 n 10 0 10 9 10 2 10 7 200 400 600 800 1000 1200 1400 200 400 600 200 1000 1200 1400
BR (1 ->eX) M,(GeV) My (GeV)

[ Masiero, Paradisi and Petronzio; 2008 ] 18



Experimental status of Ry

« KLOE @ DAFNE (in-flight decay) (2009).x

— Ry = (2.493 =+ 0.025 =+ 0.019) X 10
e NA62 @ CERN (in-flight decay) (2011)
— R, =(2.488 = 0.007 £ 0.007) x 10~
 World average (2011)
— R =(2.488 = 0.009) x 10°
o(R)/Ry = 0.0037
e P36 aims for:

2520 T

2.510

2500

2490 I

2480 [

2470

2.460

KLOE (2009)

5 (Ry) /R= 0.0020 (stat) = 0.0015 (syst)

Systematics :

® |n-flight-decay experiments : kinematics overlap
®P36 stopped K* : detector acceptance and target
®Thorough systematic error analysis for P36



Experiment at J-PARC : P36

High intensity beam of K*
— not the highest intensity of J-PARC (30 kW)

Stopped beam experiment
— different systematics from NA62

Use of TREK detector
— sub detector system of the TREK experiment

Proposal was submitted PAC in June 2010
Decision Is made soon In July



Experimental setup

IRON POLE

End View

TR 77777777 7777777 777777 7a 7777

Side View

Cryostat

Iron Pole

[/

— joow

TOF1, Acrogel Cherenkov

Muon Stopper

AD

Muon Degrader

® Stopped A* decay

® momentum measurement
SC Toroidal spectrometer

® e*,u* identification
TOF and Cherenkov

® y measurement :Csl(Tl)
® .+ polarimeter (for EO6)




SC Toroidal magnet



Intensity (a.u.}

Ke2/ K, discrimination

———>  p>228Mevic

e3 Ku2 Ke2
charged particle
momentum spectrum

Ku3

/ with radiative decay tails

215 228 236 247
momentum (MeV/c)

® e/u separation not only in momentum spectrum
but with PID using TOF + Cherenkov counters

® Inclusion of radiative decay (CsI(TI) )

® Rejection of Kz and K 3



Tracking and PID

C3: 6z=80um
air gap I
/
\\"j
(o2 ; 1 I
oz=80um s
6y=2mm 6}’=2mm

Target | Ax=Ay=5mm
| Rings [ Az=6mm
— =

KEK-PS E246

TOF.,.,,

C3 0z=80um
/, o
He gas i I

; - C4; | ead—

Ce : I,, |

J OZ=80 %
OZ=50NM . Hegas 6y=2erLn g |ass
e ==

. C1 : 6X=6y<0-1mm

Aerogel -
—
o | .

Target | Ax=Ay=2.5mm

J-PARC P36



CsI(TI) calorimeter

/68 crystals

Muon holes

e+, ﬂ+ A IJ‘+

bwd : . ﬁ;’d
7 (y) | - n(y)
e 92°(¢)

K* | Térg et

Csl barrel

Ey: 0~ 300 MeV
c=Q~3m

Radiative decays
AN _ 1) with one photon, or
+ ’ Csl crystals 2) without photon



Decay modes

Decay mode Branching ratio Relative intensity Momentum({MeV /¢)
KT —ety 1.6 x 107° 1 247

Kt — uty 6.3 x 1071 40000 236

KT — eTvy(IB) ~ 0.1

KT —ewy(8D] 15 x10° ~1

Kt — ety 48 x 1072 3000 <228

K™ — u vy 5.5 % 10°= 400

Kt — o 39 % 1072 2000 <215

“K* —e*vy(SD)” 1s now a disturbing background



IB and SD
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CsI(TI) data

Exp. MC
data data

DOe DOy D1e D1p

Figure 16: Flow chart for the data handling. The experimental and simulation data
are analyzed by the same program codes. The accepted events after applying the
analysis are separated into four categories: no photon detection (D0) for e™ (DOe)

and uT (DOu), and one photon detection (D1) for e™ (Dle) and ™ (D1p).



Photon detection

external
bremss. y

etpt

Csl(TI)

IB y
target

DO D1
EB| O X
IB| O A
SD| A O




Number of accepted events

Overview of the analysis

NV(Kez): N(Kep) + N(Kgy,)
N/(Kuz): N(K2) + N(K )

x Br{K.s),

o)

( @E)/Q(Keﬁ)-

N(Ke2) /N(Kya) - N(K2)" /N

K@Q ) MC

DOu: D1p:
Oy & ut detected 1y & put detected
4 Y )
Ku2
Ku2y IB Ku2y IB
Ku2y SD Ku2y SD
\_ A y,

N(Keg) — NK . Q( Eg)
N(Kﬁg) = Nf{ et Q( .ME) X B?‘(
F(Keﬁ)/F(K@E) = N(Keﬁ)/N(KME) '
DOe: D1e:
0y & et detected 1y & et detected
4 Y )
Ke2
Ke2 with ex. brem.
Ke2y IB Ke2y IB
KGZY SD KGZY SD
\_ A Y,
refer for subtraction

refer for subtraction




K., spectra in DO

Emission of external bremsstrahlungs photon

2500 [ (a) 03 [-(b) o
I '8025 : o
2000 [ 25 |-
c | S I
D150 |- 02 F o
S~ w ,
0 : ¢0.15 [ o
1000 [ E B o}
- @ 01
®) S 5
© 500 - M5 [ ©
0 | | L L IS P R | L\ 0 E | | | ‘ | | | ‘ | | |
100, 150 200 250 0 2 4 6
e momentum (MeV/c) target path length (cm)
103

(d)

nearly parallel

counts/bin
counts/bin

20




Kez,'® and K , '° in DO

800 = @ 1800 |- ®)
700 & 1600 |
600 K IB 1400 F K IB
é 500 = e2y £1200 | e2y
§ o i_ 51000 3
= 600
200 £ 400 |
100 = L 200 |
0 - 1 | 1 | | | | | 1 | | |= J& 1T [T | | I | l | | 8 | |
100 150 200 250 0 10 20 30 40
e momentum (MeV/c) ET (VeV)
- . d
1600 = (© 2500 @
1400 B -
C 2000 |- IB
1200 & K IB i K 9
= g L2y 5 Hey
£1000 |- £1500
E 800 | E -
8 s00 E 21000
AL = 500
200 .
0 - Y | RO 1 0 PR 0 8 O A P P e [ ] i}
100 150 200 250 0 10 20 30 40

1.1"' momentum (MeV/e) ET (VIeV)




Kez,'® (red) and Ky, °" (black) in D1

250 @) ; (b)
200 |- 7
= : -
D5 | !
%) i o
- - =
S 100 |- :
o - o
O 5 .
o : | | ‘ | | ‘ | | 0 | | | | ‘ | | | | ‘ fin] |
109|_ 150 200 250 0 50 100 150
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counts/bin

counts/bin

SD components

120 f— (@) 30 é_(b)
100 [~ o5 é_
- = -
0 2 20 b < Ke2y
60 - S 15 F -
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40 10 MFJM
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Estimate of Q(K,)/CQ(K ,,) ratio

8RR, =8Q/Q+ = = = - [Q=Q(K)/QK )]
e Most essential source of the systematic error
* Detection of K.

(A) Momentum spectrum (spectrometer)

(B) PID (Aerogel Cherenkov + TOF + Lead glass counter)
(C) vy detection (CsI(TI) for radiative decays

* (A) Is most difficult to estimate. Error comes from:
— Different momentum of K,/ K , (247/236 MeV/c)
— Different interactions in the target material

o Estimate of Q also by using data desirable



Q estimate by a MC simulation

Q=

Ny# (K. : B =14T)

NyZ (Ko : B =1.4T)

/

deca deca
Ni., ’ N Ko ’
Use of the MC code used in E246 _ Fitto Eszf__i’f"-“a o
Precise geometry input needed fﬁ f
- - - - - SH0 7 200 3 J i
Physics input: K* distribution S "1.1
| 100 foo
: d /'/ j 1
Checked by using data " vetygoo "X%apla |
100 times more events in P36 o
- 400 : :., 2 ‘!I'l{%%
than in E246 Al f*l \
However, the result has to be ,f’ ,f Ll
checked by using data S SO0 LR S A W
0 or (deg) P .(MeVic)



Use of K ,, peak

 Calibration run with B=14T 1
reduced field to realize N4 T 258 Mo
the same trajectory — -10°
distribution | .
— n: beam normalization 230 MeVle 247 MoV
between two runs B=1.34T i
1 S magnetic field effect | Rz
N(1.34 T; 236 MeV/c)
> Precise field calculation, and ~__
» Tracking simulation needed
Ji
N(K‘ug; B=134 T) 236 MeV/c

= NKpB=14T) XM

e Error arises from the uncertainty of corrections, n and f#



Use of K 3 spectrum

» Use of wide p spectrum

e Calibration run with

reduced field of 0.9 T
164 MeV/c : 247 MeV/c Ke2
157 MeV/c : 236 MeV/c Kp2

o - spectral ratio
B : magnetic field effect
v . CsI(TI) efficiency effect

B=14T

y

KpZ
N(1.4 T: 236 MeV/c)

"

j\K ez

|
236 MeV/c 247 MeV/c

B=09T

N(0.9 T; 157 MeV/c)

K.

N(0.9 T; 164 M&V/c)

I [
157 MeV/c 164 MeV/c

Q=

N(K,3;B=0.9 T;164 MeV/c)

N(K,3: B =09 T;157 MeV/c)

X a X 3 X

» One calibration run: no necessity of beam normalization

» Most promising method



P’ (MeV/c)

P’ (MeV/c)

A(Pp)

K 3 method with E246 data

wl - B - Validity check with E246 data

. il at reduced magnetic field of 0.9 T
. A. MC Dalitz plot of K

e e e e B. Experimental Dalitz plot

Nk C. Acceptance plot : B/A

M E@ D. CsI(TI) efficiency curve

. a0 E. Projection of C ontop,

. o F. Spectrometer acceptance curve

0

ofo5aon
o |
50 100 150 200 250 0 50 100 150 200 250 —_
Pu " (MeV/c) Pu " (MeV/c) F— E/ D

0.1 0.1

N ol Fae Q = F(164 MeV/c) | F(157 MeV/c)
o % oo f“f);v N %):%) | -

" e 2 o % | *Mainerror comes from

003 & Q?%O ) gg: N - . .

w| & % || S 1.Ambiguity of the FF inthe Aand D

e w W m Cw e o w = 2.Energy 10ss correction in the target
OR /R, =0.00078 [ same for P36




Chamber efficiency

e Efficiency calibration by means of “Sandwich Method”
e Use of real data or calibration run data

B=14T — = | | B=09T — = B=0.9T  &(Xx)) |
Ke2 f 84? Ke3: 164 MeV/c 8.3 84* Ke3: 164 MeV/c |84(JE:J/)
K2 Ku3 : 157 MeV/e Ky3 : 157 MeV/e J [
&, =——tr=c2 & =—=7c2 £(%.)) =~ c2
€ | ci | & | o &lvy) =~ c
Method 1 Method 2 Method 3
Average efficiency Method [ Mode@field [ Time [eoré| ARx/Rk
g ” . 5 -3
) N(Cl 2 C2% C3® 04) 1 ) I?eg/hﬁg total run | 0.98 | 5.6 x 10_4
€3 = average € | @ 14T 0.99 |4.0x 10
N(Cle 20 C4) 0.005 | 2.8 x 107
2 Ko/ K s 3days | 0.98 |[80x 1074
Position dependent efficiency average € | @09 T 0.99 |57 x 10"
3 u3) — n(Cl® C2® C3® C4) 0.995 | 4.1x 10~
e3(23,y3) = n(C1® 02 O4) 3 Ks/K,s | 5days | 0.99 [ 10x 10"
é(z,y) @09T




PID performance

TOF2

C3

el

c4
PGC

C2

C1 / v
Aerogel C
TOF1

 Particle identification by
a) TOF
b) Aerogel Cherenkov (AC)
c) Lead Glass (PGC)
Efficiency calibration with the

“sandwich method” using real K, data.

Element for check | Tracking elements PID
AC Cl1, C2, C3, C4 | TOF®QPGC
TOF C1, C2, C3, C4 | ACQPGC
PGC C1, C2, C3, C4 | TOFRAC

* K., statistics limits the accuracy of PID efficiency to

SR, /R, = 0.00035

* We may also use K_; events at reduced field




»

Wy

Subtraction of structure dependent K,,

E, (MeV)

DOe: D1le: DOu: D1u:
0 y detected, e* 1y detected, et 0 y detected, u* 1y detected, pu*
Ke2 Ku2
Ke2 with ex. brem.
Ke2y 1B Ke2y 1B K2y 1B K2y 1B
Ke2y SD Ke2y SD K2y SD K2y SD
\. A J \. AN )
refer for subtraction refer for subtraction
YY .
* K¢, =IB+SD :SDisaBGto be
- L subtracted Relevant mainly to K,
w | sEE gp | e How to subtract SD
00 i ¢ 1. IBandSD : good separation in D1
"o IB D1 |* 2. SD form factor determination in D1
i 4 3. calculation of DO-SD using this FF
° e e w4, determination of DO-1B

SR/Ry = 0.00036




SD subtraction - Csl(TI) efficiency -

* Photon detection uncertainty arise from:
— Effective solid angle depending on p(K*)
— Instability of detection threshold E,
— Clustering efficiency depending on event rate

* Main effect in P36 Is the detection efficiency of K,,
(SD dominated), which is used for the DO-SD
subtraction. Other effects are relative harmless.

e [ 8RR = 00007

- ® Ke2y D1 data N
p IB » Necessity of gain monitoring
byt | » Event rate stability required

0 -[ \1'. .
0 50 100 150 200 250
E, (MeV)



Backgrounds

e* A Bo+ = 247 MeV/c et A Egr =247 MoVl
» Physics backgrounds e
A. In-flight 4+ decay A L A L
B. Photon conversion :

 Beam origin accidentals 7 /K
C. Beam hit in CsI(TI) o o
D. Beam hit in AC
E. K*to KO°conversion®
F. K*in-flight decay

AC

1 TOF1 |

Ku2 p+

* OR /Ry in “Summary
Table”



Target interaction

Uncertainty of e*/u* penetration length produces an error

e Error due to decay vertex resolution

Interaction Probability uncertainty
Bremsstrahlung for positrons 0.038%
Annihilation for positrons <0.010%
Photon conversion for both decays 0.010%

Total 0.041 %

SR /R, = 0.00041

* Error due to material thickness uncertainty

3

high energy
ext. bremss. y

target

Ke3 2
endpo]:t I

et momentum

| e

Interaction Relevant to | Correction error | ARy /Ry
Bremsstrahlung (rejected) Keo 0.003 2 x 107*
Annihilation in flight Ko < 1074 < 1074
Photon conversion Keoy, Ko, 3 x 1073 ~ 107°

Total 2 x 1074

SR /R, = 0.00020




Summary of systematic errors

| Error source ] ARy /Ry | Comment | Addendum 1 |
(1) Detector performance
Chamber efficiency 0.0004 Method-1 0.00035
PID performance 0.00035 Koo/ K,> run 0.00035
CsI(T1) performance 0.0007 Ambiguity of efficiency
Trigger and DAQ small to be measured
(2) Background
Muon decay in flight 0.00015 Distance to AC 0.00025
Photon conversion 0.0002 0.0002
CsI(T1) beam hit 0.00018 0.0004
AC beam hit 0.0001 < 0.0001
K+ conversion 0.00003 < 0.0001
(3) Analysis
Jode and cut parameters small < 0.001
SD subtraction 0.00036 0.00036
(4) MC simulation < 0.001
Acceptance ratio 0.00078 based on E246
Magnetic field small < 0.0001 o
Input parameters small < 0.0001 —
Kaon stopping distribution 0.00015 —
Target interactions 0.0004 0.0002
Material thickness 0.0002
IB theory small < 0.001
Total 0.0015 0.0013

OR/R(syst) = 0.0015 while dR/R, (stat) = 0.0020



R.x 10 °
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Constraint on LFV SYSY (90% C.L.)
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* A single experiment cannot go
beyond its systematic error limit.

* More than two experiments can
reduce the systematic limit.

* The combined average with
NA62 might be able to indicate a
significant deviation from the SM
prediction.
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Search for heavy sterile v (N) In K* 2 4N

® |n the framework of renormalizable extension of
the SM, the vMSM, 3 light singlet right-handed v
(sterile v) are introduced.
® The vMSM can simply explain :
v oscillation
Light sterile v play a role of dark matter.

Baryon asymmetry can be induced by leptogenisis
through v oscillation.

Ly=-1/N2f L (N,+N5)® - M,N,SNL/2 -MyNLN,/2 + h.c.




Br(K
Br(K

10 2}

BR In vMSM
Gninenko and Gorbunov, hep-ph/0907.4666v1

- efNy) solid lines
= 1Ny) dashed lines

0,15 [T 0.2s 0 as
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1o

Upper limits — thin lines

10

Lower limits — thick lines
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“Hy (I

0.15 0. 25 0,35 0,435
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BR <10 for three “extreme hierarchies” of
Yukawa couplings ; fo:f :f



Experimental method

® Two body decay: p (u*) 1s monochromatic.

® // polarization is large.

" are generated through right-handed current.
The E246 polarimeter will be put behind C4.

® Two settings of spectrometer field: 0.65 T, 1.4 T.
1.4 T: only vetol will be used.

0.65 T: Kn3 with a 2 photon escape Is serious
background.



Photon veto

In order to suppress the main B.G. of
K ; with two y’s escaping

veto1

A Csl(Tl)

] =
I \ target‘> I
Y
-

veto2




Experimental sensitivity

Assumption p(w*) = 180 MeV/c

® 5,= 1MeV/c e o ;:“” i
® pectrometer field=065T § 04 | ocoonaoo, ||
® running time: 30 days g:: ! 502 ¢¢¢ﬁ (
Sensitivity ol K, |

® BR(K*—uN) ~ 1078 e w T e

p" momentum (MeV/c) p." momentum(MeV/c)
Polarization measurement - 05—
: ) %0 |- (i) = 160 MeV/c,,
will be effective ! 200 UL | ¢¢¢¢+¢++
03 |
400 c 1 F £ J‘ ]’|I\ E %%’ %-’:
o0 S o75 | S 150 H[ g 02
L 30 | T o5 | E ' 3
< 250 | = o025 | 5 100 UV K - fl g o %
é 200 | % 0 F H p3 UL{ / = 9
2 150 E Q. 025 [ f -.j
s | 075 | 0 N ] 02 ‘
e b TRl L b L 120 140 160 180 120 140 160 180
0 50 100 150 200 250 0 50 100 150 200 250

1 momentum (MeV/c) 1L momentum (MeV/c) u* momentum (MeV/c) u" momentum(MeV/c)






Hadron Experimental Hall

7

s = -
—
Proton beam
30 GeV




K1.1BR beam line

D2  Q3Q4 ESS Q5Q6

IFX SX1 SX2
IFY

"i";_:_:?.‘-\ 3 /"_‘V.:‘:,
/ Proton beam

Operation beam momentum p 800 MeV /¢

Length of the beam line 20.3 m

KT intensity at p 2x10°/s @30 kW

Kt /xt ratio at p ~2

Beam spot size at final focus 1 cm [H], 1 em[V] Ino

Rle., Hsyg Ry <0.1 CII]/%, Hog=17.6 II]I'/%
Acceptance 4.5 msr% (dp/p)

Momentum bite 5376




Beam Cherenkov counter

Fitch type differential Cherenkov counter

WINSTON
CONE

s
ST

10cm
a b
(@) 0y ®)
M Kaon incident 150 - M Kaon incident
¥ Pion incident 100 . ™Pion incident

50 I
) ’ —-—m R I I l O I I - . | | l
1234567 8 91011121314 1234567 8 91011121314

K-ring multiplicity 7 -ring multiplicity



Counts/Spill

Kaon separation curve

Beam tuning in November 2010
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Kaon beam spot at FF
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Detector R&D




Detector upgrade

End View

IRON POLE Side View
Cryostat
\ﬁ C4
(f}» GP Counter C3
Iron Pole \ /_I:+—

ety

Lead

Shield
2

j Cherenk TOF2
CsI(T1) Target Fiber

BO == TOF1, Aerogel Cherenkov
Degrader Muon Stopper

S N/ W N\OX X
/; T ’\— =) |
~' W

® Aerogel Cerenkov ® Csl(TI) readout




Aerogel Cherenkov counter

220 mm Winstone
EPMT f;ﬁ#_ i \0 = i
— \ | // Aerogel el
e Counter box
‘_ Cherenkov _. decay positron
® 15t Prototype counter Sawtooth mirror
; F s - : of
- PO

z
winstone Fresnel Mirror
cone 5 % «
'\\_ Aerog

cherenkov

&~99% but non-uniformity

® 2"d Prototype counter Polygonal mirror
= =

R 63
Beam test in June




C1: Planar GEMs for P36

« For higher tracking performance

Muon holes

Prototype
10x10 am?

APV base
frontend
readout

12 C1 triple-GEMs to cover muon holes of CsI(TI)

Stereo readout in shadow of Csl crystals
based on APV25-S1 (128 channels per chip)

Active length (2) 480 mm
Active width (y) 200 mm
Spatial resolution <100 pm
Readout strips: pitch 400 pm
No. of channels (2) 1200 (<10x128)
No. of channels (y) 500 (<4x128)
Total no. of channels 1700
APV chip per chamber 14
Total cost ($3) 350,000

80 mm



Csl(Tl) Readout

 For higher rate performance

e Possible 3 candidate schemes:

— PIN-diode readout (same as in E246)
e Best K/zratio is required (Beam line K1.1BR)

— APD readout (developed in 2010)
» Already established, but rather expensive

— MAPD readout (development in progress now)

e Good S/N ratio, and cost effective
 Rate capability test @ TRIUMF in autumn of 2011

There is still
rate dependence
*Better one is now
being developgd




Target for P36

For better tracking resolution "
. _. R = ssem
256 pieces of ~— ] (T Y

Tosset
%0 o

WLS fiber of ~1m s LT

MPPC readout .. - | —
EASIROC electronics i e —————— ) | Bl
Production in Canad T ~— — 3 == ] g

| to MPPC

3 1M

WLS fiber 1.0 mm ¢

L oo mm Beam test at TRIUMF in 2011

Scintillating Fiber Target Setup SPIROC

4x4 array N [

Three shaped acrylic
at ends of Target

ross section

o oo oo o
bl Rl el Bl 5
oo

>
TR TRIUMF




Time schedule

2015 1 2016

Iavailable) l

| Hadron Hall ?

2012 | 2013 | 2014 | |1 later
: : : l L
R&D etc. :Detector construction | : : |
-1
P36 :He refrigerator installation: : : |
. —d
| | |Run@xi.1BR I
| : , | F‘:
: ! ' ! -
| :Polarimeter construction | :
| —_———— —_————
| | |
| | IFKIIBR  RuneKi.1BR | !
£06 , : : available ) 2
l | T T T T T T T TRanin
| | | |UFKI1BR not; extended
|
| ' :
. I |
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Summary

Violation of lepton universality Is a sensitive
probe of LFV SUSY Interaction.

R = I'(Kep)/T'(K ) 1s @ good channel to search
for LU violation.

J-PARC P36 experiment aims for the
sensitivity of 6R, /R, = 0.25%.

We aim to run P36 in 2015. The detector Is
now being prepared.

Participation of young people are very
welcome.
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J-PARC accelerator complex
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Proton accelerators in the world
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K2 momentum spectrum
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Aerogel Cherenkov counter

Z
winstone TLARJLIS—
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GEM test at FNAL

= 120 GeV proton beam from
Main Injector

* unseparated secondary beam
at 32 GeV, 16 GeV, 8 GeV

and 4 GeV

Telescope of 3 Triple GEM
prototypes (10 x 10 cm?) using
TechEtch foils

Middle detector rotatable #=30°

F. Simon et al., IEEE2007,
arXiv:0711.3751




Experimental status summary

Measurement, Kaon Beam PID Ry (x107%) ARy /Ry
PDGOS [1] 2454011 5%
KLOE [13] In-flight E/pand TOF  2.403+0.025+0.019 1.3%
(¢ — K*)
NA62 [14] In-flight Elp 2.5004+0.016 0.4%
(p(K™) =
74 GeV/e )
TREK Stopped X+ TOF and C 0.2%
SM [38] 2.472+0.001 0.04%
Measurement, Pion Beasn  PID R,(x107%) AR/ R
PDGOS [1] 1.230-£0.004 0.3%
PIBETA [39) stopped 7+ E/p 1.2346-+40.0035-£0.0036 0.4%
Britton et al. [40] stopped 77 7 —u —e 1.22654-0.00344-0.0044 0.4%
PEN [30] stopped 7T E/p < 0.06%
PIENU [31] stopped 7t 7w - u —e < 0.1%
SM [1] 1.2353-£0.0004 0.03%




Status of K, ,/K ,,
June 2009

June'ld average
Clark (1972)

Heard (1975)

Heintze (1976)

KLOE (2009)

final result

NA62 (2009)
prefiminary

IlIII
22 23 24 25 26 2.7 28
R,x<10°

Is the 1.9 o deviation a significant effect?




Statistical error

50 days @ 30 kW

statistics
1. Beam:1500kW - day (= 30 kW - 50 days)1x10%?
2. Kaon stopping eff. . 0.25 3x10
3. Branching ratio of K_,: 1.55x 10™° 4x10°
4. Detector acc. : 0.07 3x10°

Statistical error AR, /Ry = 0.2%




EXxpectation
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KEK-PS E99 experiment

Hayano et al. 1982

K* DEAM 550 MeV/c =N
WYy C TYPE

MAGNET TOKE
LEAD
SHIELD
-B2 MAGNET POLE
v ﬂ“ﬂﬂ:lmﬂm
GAP 21°M
10 kG

—ANT! SCATTERING
COUNTERS
AT POLE FACE

-MWRFCE

-MWFCa

-TOF COUNTERS

ACRYL

RANGE s
"~ —DEGRADER

COUNTERS |




Comparison with E99

[tems KEK-PS E99 T'his proposal

Q(p™) 0.8% %

Q(7") 92% >99.9%
spectrometer dipole, 4 trackers toroidal, 4-5 trackers
calorimeter 11.5Xe Nal(Tl)  13.5Xy CsI(TI)

ut polarimeter not used used

sensitivity 1075 1073

U2 <10~ for p,; =100 MeV/c?
<10°for p,; =200~ 300 MeV/c?




CERN PS191 experiment
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Lepton universality

« Standard Model:
— Three generations for
quarks and leptons
— Leptons: e, u,and t

R

u c
i d S

» Different masses but same gauge couplings

o Upto now, itis valid experimentally

Lepton Universality

o Even a small difference would signal a profound
discovery : -> Necessity of experimental efforts

Related (or remaining) gquestions:
1. Why are there three generations?

2. Why are the weak couplings of e, «, and 7 nearly equal?
3. Why are their masses so different?

o

oplic)

4. Why weak bosons couple to leptons in a single generation?



NAG62 experiment at CERN

Veto
Photons and Muons

SPS _
Simultaneous K*/K-

Hadron Beam

n ldentification

800 MHz Detection of a skigle chargecit
/ [
GTK e B
Kaon identification W
ncoas  wesweon: U] r
*Momentum | Y ] STRAW
Decay Region 65m Tracker
I
Total Length 270m
101208 Ma b2 Physics Handbook Workshop 1




PIENU experiment at TRIUMF

Measurement of R, = mts, / 7
R >M=(12.352 = 0.001) x 10-°

Fyy

AR JR_= 01% |

c.f. PEN experiment @ -\\
AR /R _<0.05 %



KLOE experiment at DADNE
e'e— ¢g— K'K I W~m,=1.02 GeV
K+KU

\\WWW//Z@ | o = 0.245
sC. ool '
v /Z ® p* =127 MeV/c
- . ®[])_=95cm
KLOE detector

®DC (4 m? x 3.3mt)
®EMC (Pb/SciFi)

®SCM (0.52T)

y : sy KieZ(y) : Ki 20)
measurement
i I\
g | % R¢ = (2.4931—0.0251—0.011)
WN\W@\\%ﬁ ! x 107

i m



RKHS)/[(KeB) = (gu/ge)z X Rpre
R = 0.6457 — 0.15312., + 1.5646 A,

fo(@%) = £,(02) + [9%/ (M2 —m )] .(0?)
~ £,(0) [1+ Ao(g?/m,2)]

KEK-PS E246 *B,=0.65Tand 0.9 T
TTK )/ TK3) = 0.671 +/- 0.009 [E246] |* pe measurement

A, = 0.0278 +/- 0.0040 [E246] » n0 detection as 2y in Csl
ho = 0.039 +/- 0.0040 [Ref.] * K/K zdiscrim. with TOF

9,/9.=0.971 +/-0.019
(9,1.40) /g.f,%(0) =0.971 +/- 0.019)

Consistent with one !



® PID performance and chamber efficiencies will be

Efficiency determination

directly measured by using experimental data.
® We can easily accumulate sufficient K ; and K ;; events by
changing the magnetic field to B=0.65T.

N(Tracker® TOF ® Che.)

target

Effl. =
Tracker:C1,C2,C3,C4 ffi.(Che) N(Tracker®TOF )
PID: TOF, Che.
snectrometer C3 C4
TOF Element for check  Tracking elements Trigoer
e+ ut 1 2, O3, 4 TOF1&TOR:
o2 C1, C3, 4 TOF1@TOR:
f (23 C1, O2, C4 TOF1@TOR:
c 1 o4 o1, 02, €3 TOF1@TOR?
C1 , FID by Cherenkov 1, O2, &3, C4d TOF1@TOR:
Che. TOF1 FID by TOF C1, C2, O3, 4 TOF1 @4
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