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Flavor Physics in the LHC era
» LHC provides first direct TeV scale physics

» Gauge symmetry : well tested

» Higgs sector : direct observation of Higgs particle at
125GeV !

» New era started. New physics spectrum is expected.

» Many ideas for beyond SM ..... need to be distinguished.
» Need to probe flavor structure of BSM models

> Flavor physics and indirect searches gain importance.

> Esp. SM suppressed processes in B, K, 7, u will be
promising.



Kaon system

» composite system containing s-quark
» Historically, its decay has brought us key discoveries on
particle phys.

Such as ;

» T—0 puzzle = P violation

» Suppression of FCNC
GIM mechanism =2 charm

» CP violation in K decay
Kobayashi-Maskawa scheme

= Three generations of quark

Those are basis of the SM



Kaon rare decay

»> SM suppressed process is a promising research ground of BSM

» look for deviations from the SM by precise measurements with
high intensity beam.

» Possible to reach higher mass scale

» Topics of this talk : Rare decay
K— mvv
Golden mode in Kaon physics
FCNC process via loop diagram

» Will concentrate on going or
coming experiments

K,— n’vv; KOTO (JPARC)

» K*— w*vv ; NA62 (CERN),
ORKA (FNAL)
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Decay branching fraction

Scale factor/ p
Kt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Leptonic and semileptonic modes

et v, ( 1.58440.020) x 10> 247
o ( 6355 £0.11 )% 5=1.2 236
mlet v, ( 5.07 £0.04 )% 531 228

Called KE_:E.
uty, ( 3.3534+0.034) % S—1.8 215

Called K;a.

Hadronic modes

at 0 ( 20.66 +0.08 ) % 519 205
atx0x0 ( 1.761+0.022) % S=1.1 133
Gl U ( 550 £0.04 )% S=1.3 125

vy (L7+1.10)x107%0
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Decay branching fraction (cont.)

Scale factor/ p
KE DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
Semileptonic modes
7 eF g [n] (40.55 +0.11 )% a=1.7 229
0
| Ealled Kas-
T, [n] (27.04 +0.07 )% 5=1.1 216
0
Called K”E.
Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes
370 (10.52 +0.12 ) % S—1.6 139
Tt (12.54 40.05 ) % 133
P o CPV [p] ( 1.966+0.010) x 10~3  S=15 206
7070 CPV ( 8.65 £0.06 ) x 10™% S=1.8 209

70y <2.6x1078 90% C.L. KEK E391a
(SM prediction 2.6x107*1)



FCNC decay is suppressed

m Weak int. changes flavor of s quark, s—c (CC) but not s—d(NC)

Kt — ptuy, (63.55 +0.11 ) %
Kt — nletu, ( 5.07 +0.04 ) %
Called K.
Kt — nOuty, ( 3.353+0.034) %
Called K 75.

LL L

K, —» n*efu,

Kt 5 ngtete

(40.55 +0.11 ) %

0
) _Called Ke3.
TTuTYy

Called Kﬂg.
Via tree level diagram, yes.

(27.04 £0.07 ) %

( 3.00 £0.09 ) x 107

- e ?r"',u"',u._ (81 £1.4 }x]D_B
Kt - ntuw (17 £11 )x1010
Kt - nta0uw < 43 x 102
‘_t' .r_.
- . 7
Outu~ < 38 x10710
?roe+e_ < 2.8 ><1{]—10
3% < 26 x10~8
Om0vy < 81 x10~7
e® T < 47 x10712

Suppressed in higher order diagrams also.
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FCNC by GIM with charm

» Cabibbo one g doublet q = . — -
w/Cabibbo mixing *ld') | dcosé, +ssing,

et G740, = Uu —cos’ 6,dd —sin? 6,5s<cos 6, sin 6, (JSED ‘

ud v ¥
Higher T vV .
order 2cos6 - ..... o
u J/*
SM T gsine l-l;;:; lllll g



In KM scheme
) unitarity triangle for s =2 d chain (u,c,t as intermediate states)

> ~ V ‘; o A ~A>
Very th Vts\ udV us
5 < e
small /— oc A * These two vectors
C ” d ' VchCS o ﬁ cancel in the SM
o apse :

» However, in general

(s> )V, [f (Vo + Vo df (m Vo + V[ (m )V,

f(m,): these maydependona. Lim-Inami(1981) =—
m, < m. < m; = (s — d) is not exactly zero.

=> Very sensitive to the higher order contribution.
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K — mvv decaysin the SM

» s — d transition via loop diagram Nl DG
» KO : Top quark dominates '\;/ Vid
Superposition of K° and K° W e
A(K? o_~1{ 0 . 0.\  ar70 o_} Ry
[ O vv):ﬁ AK” >nvw)-AK” > vv) ~ 1
extracts imaginary part of the amplitude . C .
KO . uct 2 . '
+ . : s U~ d
» K*: Both top and charm contribute W S we
Tl ; _a— U
Via Vus Vup Z{}UE{:
S
Vi =|Vea Ves Ve | .. s—c—d real
Via Vi Vg ) ...s—t—d complex X Pume - —
e S|
. O uo - WE
1-22/2 2 2BA(p-in) \ ¥

= L
| -4 1-22/2 24 |+ol2t) Y A

PAl-—p-in) 1A 1




K — mvv decaysin the SM (cont.)

Br(KL —> 7'[0\/\/): KL[ Im(V;;th )Xt x 772

_11 Exp. KEK E391a

CP violating (0,0) ) :;) xo)
(1, o
Br(KJr —>7r+vv):1<+(1+AEM) /
* * 2
V..V ReV..V - N
* til5td°Xt ZS Cd'(PC+5Pc,u) oC 772+(Pc_,0)2
‘\~I.3 charm

Bry, =(7.81£0.75+0.29)x10**  Exp. BNL E787/949
Br = (L.78765)x10 ™

Hadronic parmetersx , i, are extracted from K,

+

contribution

- + 0 +
(K; >7m e v — T € v, etc)

€ X, : top quark contribution

Theoretical uncertainty is small P 4P : charm contribution

Golden modes of K physics (short & long distace)
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K, —=nvvis a CPV process

» vwvia Z*CP+, L=1tomake]=0

—> final state CP +, but initial state (K, ) CP —

/AK, > 7%7) | Sensitive to CKM
__ ! — — trix element
=——| AK, > 7vW)+eA (K, > zvv) ma

1+182 [ | 1 } Im(Vy) =n
= 1+&)AK® > 7vv) - (1-&)AKK® - 7'vv .
J2a+ &%) @+ )AL = 7v7) ~ (A=) A(KT > ) Theoretically
L~ Vi Vis —VieVy = 2in ) clean <2%
p T
» Measurement is independent s
from B physics — cross check
» FCNC : suppressed in the SM - Py
> Any new amplitude expected to ) o KL
give large effect T ]
Amg /Amg P
12 & >

(0,0)

(1,0)




K —rvv : BSM phys. adds extra phase

PHYSICAL REVIEW D 76, 074027 (2007)

ﬂr ) -
T, | : ’ !
& i
HE= ——
di + .
THDM KO e > )
s 4, , d
o d; d; W X W
{k] i f —— v
f,,” I Vot
e | the P
Z . & 7 i "
oo T S IS S
mUED LHT l?\ d
u,c, W=
THDM: two-Hlggs-doublet model v, T
MSSM: minimal-supersymmetric SM 0 Er
mMUED: minimal universal extra dimension w* v

LHT : littlest Higgs model with T panty
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Effect of Physics beyond SM

» Enumeration of BSM candidates ... mentioned by Buras et al
Little Higgs Model with T-parity
RS model based on a warped extra dimension
MSSM
THDM
Extra Z penguin
4-th generation

....and others

» Most of these models give possibility of enhancing
Br(K*—n*vv) and/or Br(K°—nvv) by factor of 3 to 10

(or more) w.r.t. SM value
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Standard Model

58

30 180 4506
1

P T L
"1 MFV-EFT.(+)*

"
.

ol |-

- . P ¥ -

10.2 124 14.6 168 19.0 21.2 234 256 278

B(K'->m'vw) x 10"

36 x B

28xB

20x B

13:5“
9xB

51:8“

http://wwwinfinfn.it/wg/ius/content/Krare html




Little Higgs model with T-parity

T-parity odd mirror particles Calculation by Buras et al.
are introduced = add new

o e . OA+A— + -
flavor mixing matrix Br(K, —z7e"e™/u"u”) oo

Vexkm o Vha ,.»Fj/ " T
d / d a./ 8x10 [ . -3
LL; L.LE.#; Ex107 "} /J u
WLIFLL Wiy Ay L P! -

Br(K, — z%v)

~Br(K_ — 7%vv)

€10 4x10° 5

Possible enhancement of K-> tvv signal
Strong correlation between K, — %v and

Br(K, » z%"e /u*u)

t i adb A

Br(K™ — zvv)




RS model

Calculation by Buras et al.
e proposed to solve hierarchy

problem between Planck /
weak scale

» KK fermions and bosons
» Flavor changing Z coupling

5 5
v

Zi‘:

Also strong correlation between

K. —>7%vand K, > z%"e /utu
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Br(K, —z%v

2. %107 —
1.5x107'° ]
1= ]
& F . 1
T 1x1070F ]
< i LY |
= I o9 :
[ L »
s.x10M Pl "
- .‘. L] 4
F - %
L, C..
0_ - o T Y VNN fa Y Y ..t .-.‘_ L I.. ..--
10712 1.5c107 9 8% 17?2, %107 2.5% 10703, 10710
Br(K* -1t V) Br(KJr - 7Z'+V\7)
SM
On+a— +,,-
Br(K, »>ree /u )
1.x 107 [T g B

8.x107" |

6.x107'"

Br(K, »n’e*e™).Br(K, »n'u*t ")

2.x107 1+

4 x 10—11 B Vs, >

1.x107°2.x10"3.x10"° 4.x107"° 5.x 107 6.x107"°
0 —_
Br(K, > 7°wv)



Experiments on K —=nvv

Branching Ratio (K* —> m' i)

o |BKems W SOTCLWmitsi i i » E949 observed 7 events
"Cdble | | K + +, ,—
H i i | NiE N
R 2T VY Br(K™ > 77vv)
=7 ! Aﬂan " ! ! [ ! !
i ? | | 1 | | + -10
BhkaldEE =1.7371755 10
| : | ' ! |
» e | ““‘t‘u“'ﬁﬁﬂﬁn f ? ?
f E : f ! t e Pulse shape in stopping counter
i ! I I CE “t!-"lﬂ"' gim | i 120
i i i i - l i 100
m'i L ; _J_][.__ N ; I : e Single charged track 50 3
i | | 1787 19959 | | E
H E : BY-91 bkg i E |
=10 -|- Q% yw 300" i i i E?BT lﬁ:gq' ’l‘?;e(i?a) 100 120
10 : ! e B
! Standord iulodel { Y
= 3 1 5 | i
- | s Jf i | |
_1. r z 1 1 E 3
10 ¢ ; e B i | -
13 1 ' 3_8 0 i I P B I | L&k | 1 | I I i B | i 4 B i 4
1870 1975 1980 1985 1980 *9‘55 2000 2006 S e L

Yeor #Target reconstruction



Upper limit of K,—n%v KEK-PS E391a

Signature of K, —n%vv decay : 2y + nothing

= Detecting ny (n=1,2,4..) and nothing else - Csl calorimeter

and Hermetic veto system with high eft.
BG source : K, —n’q® if 2y missed (BR ~10-3)
— K,—n%v BRgy = 2.8 xI0!'"" reduction of 108 !!
= Pencil beam

Reconstruct y assuming n® decays on the beam axis

Ph t+ Sein.

2=



Kinematics of K, —n°vv

» Signal reconstruction

Assume : 2y come from 1% on beam axis = calculate Z
Calculate P, of n°

(£, P.) defines signal region —_

M2,
2k Eo

cosf =1 —

Reconstructed Pt [MeV/e]

0.1

1000 3500 6000
Reconstructed vertex [mm)
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N

[a—y
=

E391a data

—~data |
— fluka MC

[
<L

Zy mass

<

» Well calibrated exp.

[
=

[y
=

» 10, KO, vtx point, 0 pt
reconstructed

——
—E
._’_|
=L
=

k .}'l
WAL A

01 02 03 04 05
mass (Ge\’fcz)

[a—

Events / (9 MeV/e?)
[
=I-l?--
: TTTI T TTITM] T T TTI T TTTTI !_kllllls_l:Hllllll

0 —*— Data (Run-3) £ C s
= 10° 3 7ZZMC X l:,,": 10°E ! — data
': - FE MC 2 = S — MC (w/ PN)
& ,— — MC sum = 03: |
S 10°E s AELT
= - = B
R 10°E ]
s 10¢ -
2 f 105

1§_ | | | ’H :“‘:‘»III Illlii

0.25 50.550.6 0.65 0.7 atl  aY

invariant mass (GeV/e®) | Run with thin Al plate
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E391a results (full sample)

» Z,,.. vs Pr(n") defines good signal box for nvv
» Single event sensitivity (I.11=20.0220.10) x 108

» 0 event remained in the box

Morii et al.,
"[ Br <2.6 x10° @90% cl J PRD 81, 072004 (2010)

- o Fi{s}] I
= 0350 Vertex shift due to dBrgy leak
X - i
0.5 1 Vertex shift due to mass difference -

0-12 B “"’ T T Vertex shift due to energy contamina.an

D05 "t 4 T 2E,E,(1-cosB)=m_,"

b0 250 300 350 400 450 500 550 600

Z.._ (cm) Probable contamination

| Exp. Data after all cuts
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Evolution of the upper limit of K,>=%v

» E391a achieved
Br<2.6xl0%
SES~ I.IxI08

one order to
reach GN limit*

Jparc KL challenges

» step1: 2x10'4 pot
in 2x107 sec
SES.~8x 102

» step2 : 1.8x10?%! pot
S.ES.~ 1013

23

Upper limit and expected sensitivity of K, — vy

I g

I

10
-
10

]
=

gl 5% Littenberg

= E731

« E799

& KTay
s KTey
s F391a=first
E33TarunZe o 3915 final

Standard Model axpectation

W]

o
=

J—PARC(Step—1) ———

J=PARC(Step—2) T
| [T W I PI S T R S S SO | S T S S N A T T S
19%) 1995 2IMN) 2005 2010 2015 20210
Year



Grossman-Nir bound  [P8398(1997) 163
(K — 7vi)

9
Tis X = sin“f
© (Kt — 7o)
BR(K; — wvp) Tk, 1
x — = 4.371... =44
BR(K+ — mtvp) = T+ Tis

BR(Kp — mvi) < 44 x ULgyy(Kt — ntvi)

» Current exp. Bound
Br(K+ TN n+vv) =1.73"115,10° BNL E949
<3.1x107* = GN limit 1.4x107°

Morii et al.,

Br(Kf’ — novV) <2.6x107° ‘mgMa PRD 81, 072004 (2010)
--- current exp. limit is ~20 times larger than GN limit
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Evolution of the upper limit of K,>=%v

r
» E391a achieved 16+ Littenberg
Br < 2.6 x108 w”
S.ES~ I.1x108 o e
one order to 167} )
reach GN limit 0" s
gt « E391a—first

E391arunle 391, final

Jparc KL challenges
» step1: 2x10'4 pot

-

in 2X I 07 sec :341 Standard Model axpectation
: J—PARC(Step—1) ———
SES ~ 8 X IO_I2 fﬂ-”

Upper limit and expected sensitivity of K, — vy

L]

&=
LB [
oy,

J=PARC(Step—2) T
» step2 : 1.8x10?%! pot e

_ ~13 T 9M) F995 2iNny 2005 20010 2015 2021
SES.~ 10 "

- |
=
W
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d.-— il
=

--‘.-_
g o, = e
) T
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Main Ring

Nuclear and F’artn:te Experimental Fa-::illty
(Hadron Hall) = el
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Detector upgrade E391a—-KOTO

» Csl calorimeter with KTeV crystal

Longer 30cm —50cm (27X,), Finer granularity 7x7 — 2.5x2.5cm?
— Better energy and positional resolution

» New Veto and beam hole counters

CC with Csl crystal, ChargedVeto with thinner scintillator

— Suppress halo neutron background

» Waveform
readout by

FADC

—Accommo-

28

FB

date
double
pulse in
high rate

Vacuum chamber

< > 10m

NN



Csl calorimeter
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Upstream veto counters

Neutron Collar Counter (NCC)

-l ¥ newly constructed
. | IS
M © BN o
1L W Placedinside the FB

S | | FB+NCC slid into MB

Front Barrel (FB)
From E391a

re-assembled —
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Vacuum vessel

Nomura, PIC 2013

~107 Pa for decay region
~0.1 Pa for detector region

September 4-7, 2013 T. Nomura (KEK), PIC 2013 - IHEP, Betjing 17
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Nomura, PIC 2013

Beamline
construction
finished

(2009 Aug)

MNCC installation
(2012 Now)

Csl
calorimeter
stacking
finished

(2011 Feb)

Closing vacuum chamber
(2012 Dec)

Y]

Sub detectors (CC04 etc.)
Installation (2012 Dec) KL% cvent disgiay N

15t physics ru
2013 May

=:0 R

FB installation (2012 Nov)
33

":n:-mmm

J pemanes
2013 ) Jan eng:neermg run




calibration signal at the engineering run
* T1° production ~

Neutral
beam
Cosmic u
| Run11112 Event1000 Energy display (=3 MeV}
250
600+ - 200
4007 1 150
200
0 100
-200 § 10
50
-400f =
600—— 05
800+ H:HA
L] | ' | |

34

300 -600 -300 -200 0

I 1 | N T N T I | 1
200 400 o00 800

n

S5mm Al

Entries
Mean
RMS

4776
246
106.4

1 IIIII L1 1 L1l L1l 1
50 100 150 200 250 300 350

m~~ (MeV/ c? )

400 450 500
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calibration signal at the engineering run

KL=3m® eventdisplay .\, Rec. 2r? mass distribution
soof T (ireshom 1] m
- Entries 2590
600— E" L2 & 4 i sh g Mean 4808+ 09295
P S 120 :—--.r---f---v.----: ------ RMS 47.3+0.6573
| i 102 £ - Underflow 0
200} ..; 100 — ==1 Overflow 0
f = - : Integral 2590
of 80— 1--1 »*/ndf 5622/ 45
{ = . p0 1068+5.1
'200! - sof- +4h-1 pl 498+03
ool - p 6481+ 0.267
) || 101 40 p3 5.967 = 0.683
~600}— Faa f ! ' ' p4 -0.006677 = 0.001382
) "j : e T | T R T ]
'30°I]+‘“| S ! ..J...i. E : . : ; 2 .
-800 -600 -400 -200 0 200 400 600 800 gﬁ'ﬂ 420 M0 460 480 S0 SM S0 S60 SBD 600

Rec. K, mass [MeV]

Reconstructed 3n® mass (w/o veto info.)

_Rlisu MC

104 T L i e B ERET TR T K, MO

= B K, mev MC

— B K, —apy MC
103 E.v-.....-,,...--,......-,...-v,....-,,-..--,....-”..-.v-.. R AR L R R bR
1{.2 E ........................................................................................
10 d_‘?..

1

-1
35 107, 580 600

mass [MeV/c?]
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]1st Physics run
» Scheduled in May — June 2013  (25kW)

» Expected to reach the Grossman-Nir limit

» BUT... a radiation accident on May 23 at hadron hall terminated
the run at ~|/5 of planned statistics (already equivalent to E391a).

» Analysis of these data is on going.

Integrated N of P.O.T = ( sec * 9.24 x 10°) |

é ............... S T | | S '_.. gm:; |
5  YE73l(een & miw__,&ﬂ_x__l@_l_?P.-.Q».T....___________,__._. -
% v E799[==-J. b (original goal) /@00 |
2 ) =
o v KTeV(y) N Z ooof- , /@c}% }
& ' TKTeVleer)  £391 4 firstiry) £ so0f AN
g zaxm*rCL — 3 o e v E391a Runlt+) =~ 8 accident " 2k
4 i.:.:..‘..*. Wl et o T.::.:.:.:..‘.i.:..f...'%é?.‘%‘.ﬂ.?..f!rﬁ.?_'ﬁ.___}__ g VE 7O
. Grossman-Nir limit (isospin relation from K'—7'vy) | & x_ .I,,&’O‘\ 1.6 x 1018 P.O.T ( actual)
Br<!46xlD°[CL 90%) (] E- anpinonitigios St oo st ity i g
G'”E SM Predlctlon {24; 210} oo : E ' ' '
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KOTO milestone

» Dec.2012 : Engineering
run with full detector

» May 2013 : Physics run!
... till the acccident

Reinforce safety measures

» Autumn or winter 2014 :

Hope to restart physics run,

and cross the GN limit.

Upgrade barrel Veto

» In 3-4 years :reach to SM

sensitivity

37
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K; — o *30" discovery
+ 10Q-8
" E&H
\HH\"'\-.\. . 0
ey GN limit
.-,._10_9 HH"\ Grossman-Nir limit
0
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I E i T 450 Milestones

114.8
L] /;:’..:‘
.r""A -
l(ﬁ.ﬁ [ S ’ }/Jf-%: :.-u"u- '. -y
- MDA =2014
D ° . t;-l' ._-_.’_: -
- 312 .
¥ | |
E 70.0 = "...:v t: o
< , d : .r-
B ool
" a6 X S [ .
M-] . LRy g 20 I 5
’ 4-Ge D |
~ 364 : - 4-Gen. -
e . WS
25.2 - b o 2
v

o A A <2016
e MFV-EFT.(+)f® <

A e e e <2018
58 10.2 124 14.6 16.8 19.0 21.2 234 25.6 27.8

+ + 113
Standard Model  B(K >T v)x 10
http://wwwlnfinfn.it/wg/vus/content/Krare html




K+t — 777 measurement to come

“Decay in flight” experiment
Aims to collect ~100events
CERN NA3I— NA48 — NA62

(neutral K €’/¢ rare decays > K" rare decays)

Construction & engineering run

» ORKA (FNAL)

Stopped K* experiment using FNAL main injector ~ ZRKA

Aims to collect ~1000events
BNL E787 — E949(record holder) —FNAL ORKA
Scientific approval / R&D on going
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NAG2
NA62 kinematics and BG

P A 5 1E
----- I'i | v %“EE B Km0 Two SIGNAL regions
Py |0t il
» Decay in flight -
102 =

Good tracking

10° Pl
Particle ID of K, & /
10—? 1 | 1 | | | 1 1 1 1 | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 \

» K*in, " out, nothing =
.. 107 -
else, missing P :
Missing mass e
measurement 10° -

 Photon veto to S L
miss

suppress 7’ G. Ruggiero, Kaon 2013
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NAG62 detector

750 MHz primary
Hadron beam at 75GeV/c
6% are Kaons

A
f N\
CEDAR GTK
I | e |:"
._..J Il
Target 50 MHz 750 MHz
K* rate rate
o; < 100 ps 0; < 150 ps

NAG2 {

F Harn @ Kaon 13

7-10 MHz of Muon Rate

in the Detectors

LR
~
I [y |
T T T I _
—n:...T_.-;—_:__—.j;—_::__._,;___ T1 = B
ARER TN P il &
B Bt o EE LKr - MUV
ecay Region 65m S
Tracker

= 4.5 x 10'2 K* decays/year

in fiducial region
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NAG2 {

NA62 K*in, n* out PID

_______________________________________________________________________________________________ F Harn @ Kaon 13

7-10 MHz of Muon Rate

750 MHz primary in the Detectors
Hadron beam at 75GeV/c g
6% are Kaons < ™
f o i
I I aa
0 W I
GTK . 1] 1
= 5 —-':':“"__'-_'_:—;‘— ---- .
PROMHZ W 0 g g I
rate QI Il
l LKr MUV
Decay Region 65m ot
. X:l:]g::klge“:furrrtlur Flanges with Length > 17 "“Tﬂ:ll'l:'m am
2 x 1000 PMts

i

For K

Filled with Neon Gas
at 1 atm.



NAG2 {

NAG62 detector Trackers I EET—

7-10 MHz of Muon Rate
750 MHz primary in the Detectors
Hadron beam at 75GeV/c \
6% are Kaons

LBl .
A T L. I
CEDAR e -
I | ——— ______ ___;_____ T
Target 50 MH
] 000wy
Decay Region 65m
+
FOF TE+ FOI’ 7T
Thin Si pixel detectors Straw tubes
AB ~ 0.016 mrad. Ax ~ 140pum
At ~ 200ps
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NAG2 {

NAG62 detector Veto counters ETEE—

7-10 MHz of Muon Rate

750 MHz primary in the Detectors
Hadron beam at 75GeV/c >
6% are Kaons ' ™
A
/ \
11,1l 1 .
o H I
CEDAR 6Tk S I L
I _Jl | I | l:|| q*:m:::_:..—_.'_:.;;;a:_-:____ 1 : i}
Target 50 MHz
i P Tyl d g 11 oll &
RICH LKr MUV
Large angle Sl o
photons mall angie
photons
Lead glass  iquid Kr
from OPAL
calorimeter
from NA48
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ORKA

ORKA kinematics and BG

Kf—nrnd (Br=21%) K'—=p'v (Br=64%)

+ wmsmer B *
Stopped K A ut Ne Avoid these peaks
Kepih
@b

N

Needs

¥ momentum measure-
ment

PID via range, energy,
decay chain

hermetic photon veto

Established technique in
BNL E787/949
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ORKA

ORKA detector

Plans to sit inside CDF Range stack :
magnet

" energy and range

MAGNET n—u—e decay chain - BARREL v VETO
T-COUNTER \x = PID of &t - RANGE STACK
B4 COUNTERS \ = / I-COUNTER
\ ~._ | Photonveto | L END CAP y VETO
COLLAR COUNTER - B —— — BEAM VETO
HOLE COUNTER X e

BEAM » _F

CERENKOV COUNTER P =— =
BEAM CHAMBER r/ 2 — ; — MICROCOLLAR
BEAM CHAMBER 2 / === oS . ~coLLaR vETO

ACTIVE DECRADER / — | Drift chamber : Ve COUNTER
END CAP » VETO T momentum TARCET

i P

P S - - DRIFT CHAMBER
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ORKA

ORKA

Sensitivity

» 210 SM events/year with FNAL main injector
» Improvements over BNL E949

K beam flux x10 (improvement of 2ry beam line)
Acceptance x| 1 (PID, DAQ,...)

» 5% measurement in 5 years

Statistic + systematic

» Detector R&D on going

Leadglass+scint. Cal
GEM tracker
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1148

103.6
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Summary

» BSM physics should be studied in the various approach,
and rare Kaon decay is a promising research target.

» K—mvv rare decay experiment has made progress with
step by step approach. That will reach the immediate
milestone (GN bound) in a year.

» Precision data on the K—mvv process for a serious test
of the SM will be available in 4 ~ 5 years.

K,—nv by KOTO (JPARC)
K*—n*vv by NA62 (CERN), ORKA (FNAL) °

NAG2(, b

\' '6
Y
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Thank you

- HARELICH




