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Outline

" Lepton non-universality?

" TREK Program

= E06: Search for Time Reversal Symmetry Violation

= E£36: Test of Lepton Universality |
= Search for Heavy Neutrinos [ Lower intensity
= Search for Light Bosons )
= TREK Apparatus /e @
"Z”-PHHE o

= Status

E36 data taking completed in 2015 http://trek.kek.jp



Limits of lepton universality (LU)

" e, M, and T1: Different masses, same gauge couplings

= Lepton universality has been rather well established at 10-3 — 10-2 level

= Summary by A. Pich, arXiv:1201.0537v1 [hep-ph] (2012)

FT—H/TG Ve /F,u—wue Ve FT—)I/-,—TI‘/F’IT—)/J, Uy FT—)I/TK/PK—W Uy I‘W—H' Ur /PW—W Uy

\gT/gM\ 1.0007 4+ 0.0022 0.992 4+ 0.004 0.982 + 0.008 1.032 +0.012
FT—)I/TM ﬂH/FT—)VTG Ve F7r—>,u Uy /Fﬂ'—)e Ve FK—)M D“/FK—M Ve FK—)Tru Uy /FK—Hre Ve
|gu/ge| 1.0018 + 0.0014 1.0021 £ 0.0016 0.998 + 0.002 1.001 4+ 0.002
FW—)u DM/FW—M Ve F'r—n/Tu Uy /F,u—n/ue Ve FW—H’ DT/FW—>e Ve
19/9¢) 0.991 + 0.009 197/ 9e| 1.0016 =+ 0.0021 1.023 £ 0.011
= Couplings to Wand 2° 9BR (W — 77,)

w _ —
(LEP-Il [PDG 2010)) % = BR(W S em,) 4 BR(OW S pi7y) - 0002)

= Belle, Babar, LHCb (HFLAV 2019)
R(D™) = B(B — DYr~5.)/B(B — D™~ 1)

» LHCb (update from March 22, 2019)
BR(B*— K*p*p) / BR(B*— K*e*e’) = 0.84679-9%0 , 15,7091 4

= Possible link to proton charge radius puzzle
r, (uH) = 0.84087 £ 0.00039 fm, r, (CODATA2014) = 0.8751 £ 0.0061 fm

2.4c dev.

3.60 dev.

2.50 dev.

5.60 dev.



Lepton non-universality in B-decays (t-u)
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= Spring 2019: R(D) ~ 2.30, R(D*) ~ 3.00
Combined at 3.620
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Lepton non-universality in B-decays (u-e)

= LHCbh: R(K**) = [(B*+0) >K&**) y*u’) / F(BH0 > K*+*) e*e)
= Summer 2018: R(K**)) different from SM at the 2.50 level
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LHCb, PRL 113 (2014) 151601]
LHCb, JHEP 08 (2017) 055]

BaBar, PRD 86 (2012) 032012]
Belle, PRL 103 (2009) 171801]
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Lepton non-universality in B-decays (u-e)

* LHCb: R(K*) =I(B*>K* p*u’) / I'(B* 2> K*e*e’)
* Spring 2019: R(K*) different from SM at 2.50 level

< 20
< i
- LHCb
[LHCb, PRL 113 (2014) 151601] _
[BaBar, PRD 86 (2012) 032012] 1.5 !
[Belle, PRL 103 (2009) 171801] i
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- » BaBar
0.5 __ » Belle
R. Aaji, PRL 122, - LHCb Rua 1 + 2015 4 2016
- o un 1 + +
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Ry = 0.846 *g gy (stat) ooy (syst)



The proton radius puzzle

The proton rms charge radius measured with

electrons: (0.8751 £ 0.0061) fm (CODATA2014)
muons: (0.8409 £ 0.0004) fm
up 2013 « * CODATA-2014
up 2010 |- o .H spectroscopy
- . e-p scatt.
ST R SR} I TH—Y Y 088 os 05

R. Pohl et al., Nature 466, 213 (2010)
A. Antognini et al., Science 339, 417 (2013)

Proton charge radius (fm)



Lepton universality in Standard Model K,

Standard Model: S g.=g.?
G2 m2 \’ S
m 2 2 2 [
Kw) = grg - fiemam (1_ m%) SRR

= In the ratio of I'(K,,) to I'(K,,),
hadronic form factors are cancelled u

Ve ,Vl’l’

/ T(K+ + 2 2 .2\ 2
R}S”(M o ( — € V)_me (mK me> (1+56,)

- DK = pty) m2 \my —m?

L
radiative correction

helicity suppression (Internal Brems.)

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

= Highly precise SM value

R,SM= (2.477%0.001) x 10-5 with .= -0.036; (> 3R,/R,=0.04%)
V. Cirigliano, I. Rosell, Phys. Rev. Lett. 99, 231801 (2007)



Experimental status of Ry

= Highly precise SM value

R, = (2.477 £ 0.001) x 105 (with 5, = -0.036), 56R,/R,=0.04%
V. Cirigliano, I. Rosell, Phys. Rev. Lett. 99, 231801 (2007)

R.x 10 °
= KLOE @ DA®NE (in-flight decay) T i

R = (2.493 % 0.025 + 0.019) x 10 13 0| KOEE
F. Ambrosino et al., Eur. Phys. J. C64, 627 (2009) 2510 [ [ -

NA62 (2011)

= NA62 @ CERN-SPS (in-flight decay)  zsc0 1| -

R, = (2.488 £ 0.007 % 0.007) x 105 PR I TR T _
C. Lazzeroni et al., PLB719, 105 (2013) i
= World average (2012) e * """" i
R, = (2.488 * 0.009)x10°5, 5R,/R,=0.4% >+ [ |
(20157 )
= Dominant systematics: 2460 [T -

— In-flight-decay experiments: kinematics overlap
— E36 stopped K*: detector acceptance and target
— E36 complementary to in-flight experiments

= E36 orig. goal: 8R, /R, = 1 0.2% (stat) £ 0.15% (sys) [0.25% total]
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K1.1BR beamline

= K1.1BR constructed in 2009/10, commissioned by TREK Coll. in Oct. 2010
* Re-aligned after 3/11 earthquake, re-commissioned June 2012, paused 2013/14
= J-PARC Hadron Hall operations restarted in April 2015

/K ratio ~1.3, av. kaon flux 2.3x10° Hz at 40 kW [1.4x105/(2s-spill) at 6s-rep.]
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The TREK apparatus for E36
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Modest upgrade of KEK-PS E246

Stopped K* Tracking (m,p,e) PID
*K1.1BR beamline *MWPC (C2, C3, C4) *TOF2-TOF1 (TOF)
*Fitch Cherenkov *Spiral Fiber Tracker (SFT)  *Aerogel Che. (AC)

*K* stopping target (TGT)  *TGT, TOF1,2, TTC *Pb glass (PGC)

Gamma
*Csl(TI)
*Gap veto




The TREK apparatus for E36
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Stopped K*
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TREK/E36 installation and commissioning

i

Completed detector installation April 2015 4 B

éf

= Electronics and DAQ set up and tested
(area available only mid-January)

= Conditioning of MWPCs

3! - Commissioning of TGT+TOF1+SFT
with cosmic rays

& = Check-out of all detectors with
beam

| = Commissioning of toroidal magnet
including cryogenics
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pu*/e* identification (designed)

PID with: TOF
— TOF ) Flight length 250 cm
— Aerogel C Time resolution <100 ps
— Lead glass Mis-ID probability 7x 10+
TOF2 Aerogel C counter
c3| | Radiator thickness 4.0 cm
Refraction index 1.08
—— e* efficiency >98%
e’ u + Mis-ID probability 3%
/ T
ca L .
PGC
c2 Lead glass (PGC)
C1 v Material SF6W
Aerogel C Refraction index 1.05
e* efficiency 98%
Mis-ID probability 4%
P (total) = P_.. (TOF) X P, (AC) x P .. (LG)=8x10"< O(10°)
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pu*/e* identification (typical performance)

= Redundant PID to maximize e* efficiency and minimize p* mis-ID
= PID with:

Aerogel Cherenkov (AC)

Lead glass (PGC)

Time of flight (TOF)
> NG > . PGC > . TOF MASS
Lk Ke3 | @ .. C f Ke3
2 oeg_ -G E G -eE_
&: o.é— sz E O-E— E c.E— sz
1] er— [ osE— [x] osé—

S So S R R ,.fao'gf,'c'o'm doot 20005 500t sa6t &6ob kot 000

AC ADC thre. PGC ADC thre. TOF MASS thre.
+ -ﬂ: 1 + 1 t . _—
— € elnciency — M rejecton H. Ito, K. Horie, S. Shimizu

PID performance limitation mandates subtraction of residual muon background



Scintillating-fiber kaon stopping target

= Built at TRIUMF (delivered to J-PARC in September 2014)
= 256 scintillating fibers (3x3 mm?2), WLS fiber in groove, diameter 6 cm
= MPPC readout with VF-48 FADC

M. Hasinoff, S. Bianchin




Target performance
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Kaon stop + decay particle

] Final Fit | Run 3994 -- Event 40 | Backtracking Method |
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Spiral fiber tracker (SFT)

I-mm CFi

1-mm SciFi 1.6-mm tube

m Double-layer fibers Kapton pipe (0.2 mm thick)

in 2 helicities wrapped
around target bundle

L-U oupling
for near target vertex Clear fiber "’"\zoo L

€= 20mm =
AC/TOF1 support (Al pipe)

\\

D=79 mm¢

= Using same VF-48 FADC
as for fiber target

L-D

Clear fiber

L-helicity
R-helicity
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Csl(Tl) calorimeter

Crystal length 250 mm Shap|ng amplifier VME-FADC
Number of crystals 768 QI 75 MH
_ Z
Segmentation 7.5° I (new development)
Coverage ~75% CsI(TI) PIN-PD  Charge
Readout PIN diodes amplifier 1=1.5us
Maximum rate ~200 kHz _ .
Typical pileup events
Muon hOICS 2 I ndf 1194/ 505 £ [ ndf 13771505
+ == 500 :frfzzt 500.2 4_{).09642 500: ; :ﬁsa———sezmb 1 10.09962
e y IJ Amp 4_67?:;(,:0 lﬁézz L Amp0  5.144e+04 +65.26

Amp1  4.142e+04 +50.57 450_
t 228.4 +0.04924

Amp1  3.815e+04 +65.69

450
N t1 120.3 0.07217

C 400f
400

350f
350

FADC pulse height

300f

300

250

N P BN B P B T T I B N
0 100 200 300 400 500 0 100 200 300 400 500

FADC ch [1ch/40 ns]
» possible to separate with FADC
» has been implemented successfully

>H. Ito et al., NIM A901, 1 (2018)

Kkt Csl crystals

Detection of photons from K* — u*(e*) vy from IB+SD
Detection of e*, e from A’ decay




Momentum determination
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» Charged particle momentum from tracking with C2, C3, C4
based on Kalman Filter technique (Tongtong Cao)

* Momentum evaluated at C4, C2, SFT, and vertex, corrected for energy loss,

shifted from expected value by O(1%) (mag. field and vertex uncertainty)

= Monochromatic peaks from
K,, and K, observed

= Momentum resol. ~1.2%,

improve to ~1% with
target and SFT in KF

for more accurate vertex

80
60
40

(radial dist.) (

R
®)
© o

C3,C4

IIIIIIIIIIIIIIIIIIII

TOF2

C2

\
éTGT SFT, TOF1

IIIIIIIIIIIIIIIIII

O 50 100

Z (beam axis) (cm)

150

p atC4

48002
15

3600 Prob
o

5 /ndf

0.5093

1400( Constant 1722 = 13.9

19.19/20 |

1200 Mean 221.2 £+ 0.0 —f
1000 | Sigma 4.82 +0.05 3
800F =
600 =
400 =
200 =
- PRI PR B TR NS
‘PGO 180 200 220 240 26?M Vi ?)80
p at SFT
A800[ ) nt 1493/20 | ' o ! ' =
§600 Prob 0.7802 3
1400| Constant 1727 +13.9 4
1200 Mean 225.9+0.0 _:
1000| 5/9ma 484620053 E
800 3
600 =
400F =
200 =
w P Pl R T
‘PGO 180 200 220 240

1 PR
26010vi3%

p at C2

28007 16.99/20 | Ty | ' ]
Prob 0.6538 =

geoo
1400| Constant 1724+ 13.8 =
1200 Mean 221.6+0.0 _:
1000 Sigma  4.825+0.052 =
800 =
600 =
400 E
200F =

» T, T | IR
P 1 2 22 24 2
60 80 00 0 0 p68\IIeV Y c%80
p at vertex
.g:gg I ndf 8859/10 | | . ' E
2000 Prob 1.02e-14 ﬂ 3
1800 Constant 2302 +21.4 _5
1600 Mean 232.9+0.0 —f
1400| Sigma  2.837+0.038 K ‘
1200 - u2 E
1000 3
800 E
600 F- 3
400 =
200 F Kﬂz L =
Fo N T 1 7 ™ N N n 1 —
P 1 2 22 24 2
60 80 00 0 0 p68\IIeV /& 80

Preliminary
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Geant4 description of TREK/E36

= ‘?:!% X| . ’i\,l S
~ 4

- ™ L

Polyeth
Degrader

Aerogel WLS Fiber
Cherenkov

TOF 1 CsI(TI)

Front TOF Al Cap SFT
Counter

Csl(Tl)

Front BeO
Degrader

Al Degrader
BeO g

Radiator Degrader 0.0 190 20cm
I

Bishoy Dongwi
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Geant4 description of TREK/E36

K™ Channels

Label Branch Ratio

0 KT —we'v 1.582 x 10~°

1 KT —putv 6.355 x 107°

2 K* = etn'v 507 x 1072

3 K* = pta' 3.352 x 10~*

1 K* = etn%z% 255 x 1077

5 K" s atnetv 4.247 x 1077

6 Kt =S atanpute 1.4 x 1077

7 Kt > ata" 2.067 x 10~°

8 K+ - ata'n" 1.760 x 10~*

9 Kt —snatata 5.583 x 1072

10 K+ = ptor 6.2 x 1073

11 K* — ety 9.4 x 107"

12 K™ = pmnvy 1.25 x 107?

13 K" —=sratatn 1.04 x 1071

14 Kt = utvA €2 x ratio of channel 16
15 Kt —>atA €2 x ratio of channel 17
16 K* = utete v 2.5 x 107°

17 | KT 5ntete 3% 1077

7©® Channels

Label Branch Ratio
0 w0 — yy 0.8823 x 1071
1 7w — etey 1.174 x 10~2
2 ™ = ~A | € x ratio of channel 2

ROOT based generator

@ |Interactive: utilizes Messenger Classes

@ Allows for selection of decay modes and
branching ratios

Bishoy Dongwi
Tongtong Cao
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Extraction of K, (SD) and K_,

ey

= Subtraction of structure dependent K, (SD) required
= E36 and KLOE can measure the SD events
" BR(K,,,) is important input for NA62 analysis (AR,/Rx=0.4%)

K. Horie, S. Shimizu

DOe: D1e: 180 —— v
—(d) . o o o o ununncngjn
0 vy & e™ detected 1v & et detected e SRR L1
‘ Y \ 00 B e
Keo 140 §@ SD
Ke2 with ex. brem. 120 g
I — )} [Ga
Ke2y IB Ke2y IB 1] 8 ' g
Ke2y SD Ke2y SD < ¥ B
N A y 60 M
fer f btracti 40 e
reterfor subtraction | 20 [ G3 MC simulation
v 0:.l::llllllllIllllllllllllll
accept 0 5 100 150 200 250

E, (MeV)
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Extraction of K, (SD) and K,

Counts /bin

—

—

—

-

= Positron momentum spectrum (900 runs)
= PID applied with AC, PGC, TOF
= Decomposition of Ke2, Ke2y, Ke3 yields

K. Horie, S. Shimizu
= Competitive E36 result for Ke2y almost final

| 220
wf —— Data Nocsi | £ m& — Data by | S Data 2
40 — Ke Em+ — Ke ’\f.‘m_ Ke>
Kezy 5 "H Kez) E o0 Kezy
T — K Ser]  — Ka i Kes
. 140~ .
00:_ sz g KMZ 120F sz
aof- h — MC total 120E— - MC total - MC total
4 100 ;
605— 80 f- + 90:
- b ool “t
405 +++++§+ " +++f+ e ‘“:_ ﬁ‘” 4 “0’
g kol N I T o v st
R R Y R R on' R R T T 5&\3' 25 230 23 240 245 250 255 280
Momentum (MeV/c) Momentum (MeV/c) Momentum (MeV/c)
-5 = -5
KLOE: BR(K,,,) = (1.37%0.06) x 105 = [1.37 x (120.044)] x 10

F. Ambrosino et al., Eur. Phys. J. C64, 627 (2009); C. Lazzeroni, PANIC 2011
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Dark photon / light neutral boson search

= Dark photons (universal coupling) well motivated by dark matter
observations (astronomical, direct, positron excess) and g -2 anomaly

= Light neutral bosons (selective coupling) for proton radius puzzle

= Search for visible decay mode of A’ — e*e" in K* decays

Kaons: K* - u*v A’;

K* — m* A’ (also invisible decay);

Pions: m® — y A’, using K* — mm° (21.13%) and K* — u*v m°(3.27%)

E36: Dark photon exclusion limit

10+

10°

Mixing Parameter 2

107

10°

105 =

T Illllll

3 BR(K+$H+V8+8') - - - - accepted with ALL cuts

~2.5x10° 110 accepted kaons
—— 2.5e11 STOPPED kaons

T T TTTTIT

1102
m, [ MeV ]

E36: Light boson expected signal

Carlson Polar-Axial vector

x10°

E_Required signal
- for proton radius

25

dr'(K—=uvee)
dM,,

20

15

2
ee
Tiat(K)

10

III|IIII|IIII|IIII|II

QED Background

K*=> utvee
M, =50 MeV
oM., ~3 MeV

H-m -1 | I 11 1 I 11 1 I 11 1

20 42 44 46 48

1 1 1 I 11 ] 1 11
50 52 54 56 58 60
2
M... [ MeV/c? ]



Possible A’ decay channels in TREK/E36

K* decays ~ 1070

Signal 1a: K* ->m*A’, A'— e*e

Signal 1b: K* —> m*A’, A’— vy vy (electrophobic scalar boson)
Signal 1c: K* — " A’ (via missing mass)

SM Background: BR(K*— m"e*e’)~2.9x 107 ~ 2,900 ev.

Signhal 2. K*—- u*vA, A'— e*e
SM Background: BR(K* — u*v e*e ) ~2.5 x 10>~ 250k ev.
Add. background from K* - u*vm? — utv et e (y)

¥ decays 1) 3x108 2) 2x10°
moproduction: K*— u*vm?(3.3%) K" — 1m0 (21.1%)
Signal 3: M- y A, A'— e'e

SM Background: BR(1? - y e* e ) ~1.2% ~ 0.3 (2.3) x107 ev.



The rare kaon decay K* —» u*vA’— u*ve*e

] C. Carlson & B. Rislow; T. Beranek
Slgnal o ut (1) pt(l)

K*(k) K*(k) vu(q)

K*(k) W (k)

vu(q) A'(q') vu(q) A'(q')
(b) (c)
ur u* () u ()
), e ’ (p 2) ’
/ K* (k) K* (k) ./ ? Pl
Y(q) - __‘ - — — - ———>—-:' \./\\/’\‘v
« .
~e’(p,) y(q)/ e* (p,) P,
vig) e~(p.) viq) v(q)
1

= Background: SM process with time-like (virtual) photon exchange

= Calculable in QED, BR(K* — y*v e*e ) =2.49 x 10~
J. Bijnens et al., Nucl. Phys. B396, 81 (1993), hep-ph/9209261

= Measured for m_, > 145 MeV/c?
A. Poblaguev et al., Phys. Rev. Lett. 89, 061803 (2002), hep-ex/0204006
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Search for a new particle in K* — u*ve* e

20000
€ Op/p~5%, 86~4° — dm,, ~3-7 MeV .
318000 50 75 E36:

16000 25 100

14000 = Detect u*in toroid, e*e- in Csi(TlI)

12000

10000

Signal| Simulate achievable resolution

for invariant mass m_,

8000

6000

4000

TTTTTTTTTTTTT I TT T TT T T T T T T TTTTTTT
R R R R RN L R

2000
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Csl cluster analysis

counts/bin

" Energy calibration w/ single-crystal K, =Use K, events to develop and

= Robust wave form analysis validate cluster finding with % 2> yy
= Require g* timing and secondary e* o K, momentum cut
= Pulse height distribution ? o
= Energy loss in target (Geant4) e
Key: :z;:
800 Pulse height distribution z ;:
700| S5 K.z pulse-height distribtior «m;:
600 | Momentum 77"
0 Csl event view
_ S 350— || T T —0.5
400 - : ‘ } —0.45
C o 300 — { ; p— o
300:— (_CD) 250/ — J‘ o —0.35
200:— C—U 200: ‘ ! o
- g - — — } 0.25
- = 50— I 5
100 ) g *E %—. 0.
- d "N 10 J : 0.15
0—1 Ly otk et é:.' et < J I o1
0 100 200 300 400 500 600 700 800 900 1000 50— ! !
pulse height - [ . 0.05
% " a a0 e0 . 80 i00 120 40 160 g0 ©
6 (deg]

Polar angle

H. Ito et al., NIM A 901, 1 (2018) Bishoy Dongwi



Csl cluster analysis
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Generator (e36g4MC): K* > w* m° (w/o detector resolution)

counts/bin

counts/bin
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Csl cluster analysis

K* 2> m* m? (K, ) event candidates w/ 2 clusters in Csl(TI)

Energy of 2y Invariant Mass of n°
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Summary

» Lepton universality is challenged (BaBar, Belle, LHCDb)

= TREK/E36: Measurement of K,,/K,, ratio — test of lepton universality;
Measurement of structure-dependent BR(K,,,)

= Search for dark photon/light boson
* Production running has been completed (Oct. 14 — Dec. 18, 2015)

* Analysis underway (calibration, simulation, systematic error studies);
expect results in the near future

» TREK/EO6 (T-violation) in the future
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TREK (E36/E06) collaboration

~30 collaborators

Spokespeople:
M.K., S. Shimizu

CANADA

University of British Columbia
Department of Physics and Astronomy

TRIUMF

USA

University of South Carolina
Department of Physics and Astronomy

University of lowa
Department of Physics

Hampton University
Department of Physics

JAPAN
Osaka University
Department of Physics

Chiba University

Department of Physics

Rikkyo University

Department of Physics

High Energy Accelerator Research
Organization (KEK)

Institute of Particle and Nuclear Studies

RUSSIA

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



Backup
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Lepton non-universality in B-decays (T-M)

BaBar (2012), had. tag | | BaBar (2012), had. tag
0.440 +0.058 +0.042 § : - 0.33210.024+0.018 :
Belle (2015), had. tag P Belle (2015), had. tag ¢ 5
0.375 % 0.064 +0.026 § 0'2;)13 10.038+ g'od‘ s
: : Belle (2017), (had. tau) | ;
Belle (2019), sl. tag : : — :
0.307+0.037+0.016 —to—= 0-270£0.035%0.027 :
: : Belle (2019), sl.tag ;
Average S 0.283%0.018%0.029 5
0.340 £0.027 £0.013 P LHCb (2015) 5
SM pred. average * 0.336 £0.027 £0.030 5
0.299+0.003 : LHCb (2018), (had. tau) :
PRD 94 (2016) 094008 ; 0.280+0.018 £0.029 o :
0.299 +0.003 1 Average :

: PR S—
PRD 95 (2017) 115008 0.295+0.011 +0.008 :
0.299 +0.003 T SM pred. average | |
JHEP 1712 (2017) 060 0.258 £0.005 : g
0.299 + 0.004 . PRD 95 (2017) 115008 :
FNAL/MILC (2015) 5 0.2570.903 5
- JHEP 1711 (2017) 061 :
;ﬁég'géls) ] 0.260 +0.008 T :
0.300 +0.008 T JHEP 1712 (2017) 060 -
HFLAV HFLAV :

1 | 1 | | P | 1 1 1 1 | 1 Lt b I
0.2 0.4 0.2 0.3 0.4
R(D%)

R(D)
= R(D™) =F(B>DM*v) /| [(B>DMu*v)

= Spring 2019: R(D) ~ 2.30, R(D*) ~ 3.00
Combined at 3.620
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Muon anomalous magnetic moment

Muon g-2 experiment disagrees with theory at the 3 sigma level.
A heavy photon with m ~ 10-100 MeV and £ ~ 102 — 103 could solve the

problem!
Theory vs Experiment
AR AR SRS RELEDRARENRAREERERRER @000 )
HMNT (086) —-— :
JN (09) . s Y
Davier et al, T (10) : L -
Davier et al, e'e (10) ——-—t
JS (11) -
HLNMNT (10)
HLMNT (11) ——-— :
= RN YO L == s e e e e e e e e e e e e e e e i e e e ]
BNL , , ._._. A
BNL (new from shift im A) 0—¢—i
Rt et TR TR T L M

Anomaly ‘usually’ explained by SUSY with large tanf3
-> no evidence

Anomaly can be explained with dark photon or light boson
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The TREK program

® EO6
(Time Reversal Experiment with Kaons, TREK)

“ Measurement of T-violating transverse muon
polarization (P;) in K*—>mu*v decays ”
Proposal to PAC 1 (2000) 100-270 kW

Stage-1 approved since July 2006
Spokespeople: Jun Imazato and M.K.

® E36 (Test of Lepton Universality,
Search for Heavy Neutrinos and Light Bosons)
“ Measurement of I'(K* —e*v) /| (K* —-u*v) and search for
heavy sterile neutrinos using the TREK detector system ”
Proposal to PACs 10 (2010), 11,13-18 30-50 kW
Stage-1 approved since August 2012

Stage-2 approved since September 2013
Spokespeople: M.K. and Suguru Shimizu



Timeline of TREK
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2006: EO06 (T-violation) Proposal (PAC1)
2009: J-PARC PS and HF start operating
2010: E36 (LFU/HNS) Proposal (PAC10)
2011: E36 stage-1 recommended (PAC11)
2012: E36 stage-1 approved (PAC15)
2013: E36 stage-2 recommended (PAC17)
2014: E36 stage-2 approved (PAC18)

Detector preparation November 2014 — April 2015
First commissioning run April 8 (24) — May 7, 2015
Second commissioning run June 3 — 26, 2015
Implemented improvements in summer 2015

Production run October 14 — November 24, 2015
Run extended until December 18, 2015
2016-2019: Analysis in progress



Location of J-PARC
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than

Tsuchiura Station of JR
Joban Line, it takes more

20 minutes by car and
costs about 3,500 yen
when a taxi is taken.
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= Bus
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J-PARC Hadron Experimental Hall
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Particle identification by AC, PGC, and TOF

Positrons are selected by

AC, PGC and TOF

PID performance by
combining the three

detectors is now being

optimized

Suppression of

muon mis-identification

below O(10-8) level

achievable with refined

analysis

Refined analysis of PID
performance in progress
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Track identification by central detector
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Simulation and analysis

Team: Hampton (T. Cao, B. Dongwi, M.K.)

Accomplishments

= Geant4: Completed geometry, now including target, SFT, Csl

= Established, tested Kalman Filter for tracking, fully consistent with G4
= Kaon decay generator developed and implemented into Geant4

Diff. between tracking results and true values for the state vector at C2

Plans g PN : ._ az, ]
= Acceptance ratio for K, = 1 - =t
= Simulation of DP signal = i - =
and bkg processes for [ ndlin.d L S L S .
realistic reach . ] s, u
. £ S T g ™
= DP analysis: =t 1 = -
Csl clustering o E -
AR S AT ot T
§= = Simulated data: propagated
- and reconstructed tracks
- = Tracking efficiency ~100%
"y = No bias, narrow resolutions




Csl(Tl) calorimeter analysis
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* Energy and timing obtained
by pulse shape data from

0 B ! Il

FADC (VF48) g
» Events from the K* decays f 0

were selected " 00
" K,; events with single

crystal hit used for the oo

energy calibration 35000
* Deposited muon energy ?gggg

used for energy calibration S

of each crystal ol

H. Ito et al., NIM A 901, 1 (2018)
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Combining spectrometer + calorimeter

= K., events selected by analyzing
momentum and TOF (M?)

» 1m0 invariant mass reconstructed
by selecting two-cluster events

= Large * / % opening angle
observed to select K_,

= Confirmed that the total
E36 system works correctly and
is consistent with E246

Pl (MeV/e)

counts/bin

Preliminary

K Cluster multiplicity
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