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1. Introduction (1)

Main background: radiative decay to K™ — e*v,y

I'(K .5) + T'(Ke2y(IB)) r(ke2) ~ 1.58 x 10°5
= r(Ke2y(SD)) ~ 9.4 x 106

K

Ir'(K u?) +I'(K sz(l B)) PDG’18/Eur. Phys. J. C 64 (2009) 627.
14 14
+
e
K+ } """ % K+ K\/ et
ve \_/\ Ve
Internal Bremsstrahlung (IB) Structure Dependent (SD)
Monte Carlo (MC) simulation e+ momentum spectrum
60 F 180 F ] 45 1 Data
ELMCJB ©f 160 F a0 F
*H _ 140 | . ) _ 35
. o0 L e =
o oo b Z % |
100 R g 2 f
°F ® 80 il S 2 f !
20 K 80 E; 15 H .(\’b(
0 «© kL. 10 fi JPS2018.3
TN PP P 3 A T T 23pK606-11
0 0 50 100 150 200 250 0 0 50 100 150 200 250 0220 230 240 250 3

E, (MeV) E, (MeV) P(MeV/c)



1. Introduction (1)
Subtraction of K(2y (SD)

D0e: Die DOu: Dl
0 v detected, e™ 1 v detected, e™ 0y detected, u™ 1 v detected, u™
i 'l ™ ' N ~
Ke2 Kp2
Kez with ex. brem.
Ke2y 1B Ke2y 1B Ku2y 1B Ku2y 1B
Kezy SD Ke2y SD Ku2y SD Ku2y SD
b AN o L A o
refer for subtraction refer for subtraction
use
* Koz, = 1B +SD : SD is a background which have to be subtracted

* The SD branching ratio and form factor can be determined for the estimation
of background fraction

N (KO q (O N (K(ly)) Q (K(OY))
1 (keay) = NEKZ;; . EKZ’?% I (ke2) (kezy) = (K:(Z)Z)) . (KZ;)) I (ke2)

*We will publish the results after careful estimation of systematic
uncertainties



2. Introduction (2)

KeZy

2018/09/15

amplitudes d

negligible

dI'(K — evy = 2F"
(dx dy . p'e(j’y) thaolvy)rapy) T ZEY%?;
Gz Vlls
peo(r.v) =~ ) (74 A) Suou (x.9) 4 (V - 4) fip. ()]

V, A: effective vector and axial couplings




2. Introduction (2)

K, Theoretical predictions for SD ' 0

1. ChPT(Chiral Perturbation Theory) at O(p%) p° =mj (1l —z).

No dependence on y energy € 40-
V'=0.0945
A=0.0425

Bijnens, Ecker, Gasser "93

2. ChPT at O(p°)

Linear energy dependence for ' 15,
V=0.082[1 +A(1 =x)]withA=04 .
A=0.034

Ametller, Bijnens, Bramon, Cornet 93
Geng, Ho, Wu '04
Chen, Geng, Lih ’08

3. Light Front Quark Model (LFQM)

Non-trivial x dependence v GrfVu| @ 2 ‘
V=A=0atx=00rt=ty, = mg pSD(x‘-‘”) T e ”’K((V+ A) fSD+("'*“"))

Chen, Geng, Lih ’08
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3. Csl(TI) calorimeter & y detection

Muon holes
14m e or
4 K3
s 4

A ? s

1.0m %
1.7 ton

o Csl crystals

J-PARC E36 ] 25MHz clock

PIN-diode Pre-amplifier

CsI(TY) \f’E Shaping
V amplifier

25cm

|

Pulse

’ Trigger »— shaper
2018/09/15 _LJ_ V

—) ] VFA48 FADC

Reference pulse

Typical waveform

data
fitting function

h=536, T=63 °

Trigger gate 60-65 tdc
1 TDC=40ns

JPS 2017.9 19pK34-7

e Csl(TI) module: 768

* Total weight : 1.7 ton

* Acceptance: 75%

* PIN photodiode readout

e Amplifier time constant ~1 usec
e 25 MHz FADC wave record
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4. Csl(Tl) performance check using K., (K™ -» 7 n?)
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5. e+ momentum spectra in E36
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6. Form factor determination for K.,

particle energy & momentum vector at birth

i 180 .
= e .~ 160
- b 140 "
} 120
. 2 100 ”
> 80 event select: "
:; > 0y pe >229 MeV/c (Ke3) |
r 20;.
oy JE TT T T _ Central OGS0 100 150 200 250 ° % 50 100 150 200 250 |
Detector Ey (MeV) Ev (MeV)
] '| PGC

) i . .

[ SRS SIS ACutun O Br s 2

OO
[}~ csim) ' f/ RN T s Wk

S e e TOF2 (Gap)y "

T

5.'

®

—~
N

Y RSO S SRS USRS SRR S

-100F

-150F

2018/09/15 10



6. Form factor determination for K,

B
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6. Form factor determination for K,
Other profile comparison with MC
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7. Summary

e Ke2yis an important background for Rk determination.
* The Csl performance was checked using Kn2.

* e+ spectra with Oy, 1y, and 2y was consistent with MC Ke2,
Ke3, and Ke2y.

e Form factor Ke2y was determined preliminary.

* Next prospection
Branching ratio I'(k.,, ) determination carefully
Systematic uncertainty estimation

ke2, subtraction for Rk determination
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1. Introduction

J-PARC E36 Experiment: Search for Lepton Universality Violation to
measure I'(K* - e*v,)/ (K" - u*vﬂ) using stopped positive kaon

IKp,) = gf (G?/8x)

< PDG'14 Average
. Clark(1972)
_ Heard(1975)
_ Heintze(1976)
KLOE(2009)
—1
NA62(2013)
—0—
SM -
L L 1 1 I 1 1 1 L l L L 1 1 I 1 l 1 1 1 1 [ L L L L I 1 1 1 1 [ L L L L
2.3 2.35 2.4 2.45 2.5 2.55 2.6 2.65 2.7
R, x 10°
Ry x10° ARy /Rg
KLOE(2009) 2.493+0.025+0.019 1.26%
(stat) (sys)
NA62(2013) 2.488 + 0.007 + 0.007 0.40%
(stat) (sys)
SM 2.477 1+ 0.001 0.04%
Initial goal of 0.25%

E3e 2018/09/15

r''K* - e*v,)

SM _
K F(K+ — u+vﬂ)
mg mz — m? ?
< ) (1+ 4;)
m” my —mg radiative correctior
helicity suppression
K™ - 1™y, Candidate Model:

MSSM with LFV
s fememi {1-(mgimy2)y

H+
M1 +0.013,.)

Phys. Rev. D 74



1. Introduction

Main background: radiative decay to K* —» eTv,y

~~ -5
) e
K — ey ~9.4x10
F(KHQ) + F(KMZ)/(IB)) From PDG
14 )4
e+
K+ Lo ___. K+ et
Internal Bremsstrahlung (IB) Structure Dependent (SD)
Monte Carlo simulation e+ momentum spectrum
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MC-IB wf | Data
MC-SD 35 13 Ke2
g
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§ 20 f
MC-SD MC-1B s fi L
10 Ke2y Q(e\‘
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2. KT —» e*vy (SD) in ChPT(Chiral Perturbation Theory)

K* — eTvy Dalitz Density

a7 ;
d*1 '

dr dy T fdre

-G sin” 6.(1 — z)A(z, y),

arXiv:hep-ph/9208204v1 4 Aug 1992

-

r = 28, /mg
y = 2E, /mg
— 2 fom2
re=m_/mj.

z=(zrz+y—1-r.)/x

Alx,y) = Ais(z,y) + Asp+(z,y) + Asp-(z,y) + Arnr+ (2, y) + Apvr- (2, 9),

Aplz,y) =

I"hﬂl:|}-l.'!'f |2
m3.Zz?

[12 +2(1-r.) (l —T— T—')] .

‘45!} t {Iw y} —

\Fy + Fa

This is a domination!

Z
2 v ]
EI‘Z“ rt
l—o2——
| -2z Z

AS!J (I'« y} =

A+ (Ly} —

Ainr-(z,y) =

2018/09/15

—Re|Fy(Fy — F4)7]

Py — Fyl*z*(y — z),
4rl: " ] ' -1 Tt‘
——=Re|Fi (Fyv + Fa) (1 —2— —) ,

Z
l—y+2z
-
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2. KT - eTvy (SD) in ChPT(Chiral Perturbation Theory)

5 9
1 T 12 I-Z.
dq_w!_:" {I~ y} — ’}‘t T }“J‘[ :

|l -2z

(

re

] —2——

Z

)

FV,A = FV,A (PZ)

ChPT O(p®): Fy = Fy(0)(1 + A(1 — x)), Fy = F4(0)

arXiv:hep-ph/9208204v1 4 Aug 1992

Model || Fyv (0) | Fa(0)
ChPT ;n O(p*) 1005945 |0.0425
CRPT of O(p") 0.082 1 0.034

LFQM. (1 0.106 | 0.036

A~0.4 and F,(0) +F, (0) = 0.125 were published by KLOE group (2009).
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e+ momentum spectra Oy
Normalization factor
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e+ momentum spectra 2y
Normalization factor
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6. Ke2y branching ratio

(o8]
T

n
(43]
TT 1T [TT11

[ [Average(keZV)
=(1.52 4 0.19,41) X107>

o077

—
[}

G i 2

Branching ratio xX10°
T- no

o
(%3]
T 1T T[T 111

[é(keZV)

V(s)a(ss)
) ez

MK a (K

Fl(keZ]/) =

= (1.69 + 0.104¢,¢)X107°

V(s)a(s)
) ez

V(K87 (3

I (keZ)/) =

= (1.38 + 0.114,()X107°

I'(kep) = (1.582 £ 0.007)x107°

Next prospection :

2018/09/15

Comparison with I'(k,3)

23



Ke2y branching ratio

(5]
T

o
o
rr[rr1?t

i Phys Lett. 55B, 3 (1975) 324

77 ///7/////////////////////

-
o

VPR e s i i e

Branching ratio X10°
T

=

—t
LI |

L PDG'18
O3  Eur. Phys. J. C 64 (2009) 627.

GlllllllllIIIIIllllIIIIIIlllllllIIIIIIII

0
1—11 (kez)/) ['2 (keZy)

2018/09/15

N (Kep)) 0 (K(Oy)g o

V(<) a (kS

Fl(keZy) =
= (1.69 £ 0.104,¢)X107>

V(s)a(es”)
) ez

V(K)o (P

I (keZy) =

= (1.38 £ 0.11 1) X107°

I'(k.y) = (1.582 + 0.007)x107>
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6. Discussion & Prospection

Systematic uncertainty

Branching ratio sigma Form factor A (90%CL)
Ke2 branching ratio 0.44% Csl gain calibration 2.65%

Threshold determination Not yet Detector arraignment Not yet
Spectrometer acceptance Not yet Not yet




ETAH)ILAZalb—32 by GEANT4
Ke2 vy (SD) Event

KI2y Decay Channel Form Factor A = 0.38 [1]

ey L
<200 ) 8)0 140
S 150 ' O oo
- « D= 80[ event select:
et 100" E
L?j N Emrieshh 1 " g 60 E [ ] pe > 229 MeV/C (Ke3)
| 50]* lean x 3 1 40 7-
i o T
C2 zecocct_o_o _ Central 050" 100 130 00 2% ° 09 50 100 150 200 250
Detector Ey (MeV) Ev (MeV)

L YRRl | | |1 B 200r : : : : PGC
L T Y s F : . C3 C4TOF2
1 150:— """" ' ]] """
1003 5 :
= F ; : . Tic(GapT
u B[ rree e (GEp)Ey
— ' == : : : :gzz(gi:.).,;m)
O_ e et e aeeaeeeeeasaeeaaeaeaaeanaaaaaaaan
N -
o — 1] B0
. AR
B W ﬂ .....

[1] F. Ambrosino et al., EPJ C64 627. Target poq i
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ADC channel

Waveform model function
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Energy & time resolution
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Fig. 6. The calibrated energy spectra obtained using the K* — u*v, decays.  Fig. 7. The y* timing distribution corrected for T, (zy — T,.). The timing
The red spectrum includes a correction for the energy loss in the target. Thered  resolution was determined to be ¢ = 10.7 + 0.1 ns. (For interpretation of the
lines are the fitting results assuming a Gaussian function. (For interpretation of  references to colour in this figure legend, the reader is referred to the web
the references to colour in this figure legend, the reader is referred to the web  version of this article.)

version of this article.)

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

2018/09/15 30



