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Kaon EE&IK;
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« CP violating rare decay: K, >n%v
— E391a @ KEK > KOTO @ J-PARC

T violation: polarization in K*>7°uv
— E246 @ KEK > TREK @ J-PARC
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 Lepton universality: R ,=Ke2/Ku2
— NA62 phase 1 @ CERN

e Rare decay: K*=>n*vv
— NA62-Il @ CERN
— P996 @ FNAL
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Golden modes:
Rare decay. K2>nvv



K=2>7mvv In the standard model

[ T/ K A7 5 ll,C\t d

e FCNC process
 Loop diagram

— Neutral : CP violating, top loop dominated

2
Br(K, — 7% @(Im vtsvtd )

— Charged: CP conserving, top and charm loop
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K->nvyv 93 I% kb
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x1010 Theory(SM) Experiment
K™ > zvv(y) 085+0.07" 17371
K, = 7w 0.26+0.04 <260 (90% CL)™!
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K->7nvv beyond SM

EW Penguin SM and/or example of SUSY diagram

51 d;

— MFV, MSSM, Little Higgs w/ T patrity,...
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K, 27Oy EER

 J-PARC E14 - Stepl
= KOTO (KO at TOkai)
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K 2nvv = 7% + nothing

1. 2 photon L ~ - —-—

Cartoon for KEK-E391a
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(Csl calorimeter)
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(hermetic veto)
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narrow K, beam is a key
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Final plot
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KEK E391a - /{rovkEEs: (2004-5)

KEK-E391a detector
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Br(K, 2> n%v) < 2.6x10-% (90%CL)

Phys.Rev.D81, 072004 (2010)
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= KOTO @ J-PARC

« 1788 (EMR10. &/517)

« KEK/Kyoto / NDA / Okayama / Osaka / Saga / Yamagata

» Arizona State / Chicago / Michigan (USA), JINR (Russia), NTU (Taiwan),
Chonbuk / Jeju / Kyungpook / Pusan / Seoul (Korea)

« 654 EM37(N.ZF4HE£20). EB5N28(H. F48)
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Im;"? O Two layers of thin scintilat@
with WLSF readout
- KYTO I
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3.5 m

15 In-beam photon veto
, with Aerogel Cerenkov
/ \

Longer Csl blocks (from KTeV)
Pure Csl-based veto and finer segmentation
and change position 7cm2x30cm > 2.5cm2x50cm




Cut away view of vacuum part

illustrated by Masuda (Kyoto U)

Calorimeter upgrade

o KU VS S 30cm—>50cm

« #1931t 7cm—>2.5/5cm
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20094 9H
2nd collimator.
(4.5+0.5m)
Beam plug
1st collimator
(4m-long)

Dipole magnet.

Photo on July 11, 2009
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Upstream —— Exit of KL beamllne
_ | " % ~d
W KL1: K 2n*rn® measurement using
| hodoscope and mini-calorimeter
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X-profile

Collimator Alignment procedure

Adjust collimators’ positions/directions
by optimizing the beam profile

10

10"

-100

-50

50 100
X position(mm)

Y-profile
1“ .----------------l---|-------- ---.-- - ------|----l----------------.--

i
-50 50 100
Y position{mmy}

Align both in horizontal and vertical



K 2t n® measurement

1 ! f;—:' ms‘ 1= T
¥ Y \
30em T—* :

-IT e
Side View FrontView som

Hodoscope + mini-calorimeter (Csl)
— Simple and sure method

2-track directions by hodoscope
—> obtain vertex

2-photon energies / positions by Csl
—> calculate M(yy)

Solve p, and p. by requiring P+ balance
Calculate M(n*r %)



K 2t n® measurement

E—L Onspill | #ViEL |FK
condition | time(s) | E#A(s)
I’CW

THAUE 0.7
RE 2.6 6 NiorPt 0.5~

EyEey

% 50 100 150 200 250 300
M., (MeV/c)

JO/R— )L THIFL TLV=KLE -
ECGEANTAR—A D 2alb—i 3y 400 500 600 700 800 900 1000
(2L, 1.5~2{EDYREHIFONT- My, (MeV/c)
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New (old KTeV’s) Csl crystal
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ey FNAL/USA

Osaka/Japan
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2> ER. g~
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14 : clock for pedestal
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KOTO sensitivity

10-8 E _
X Grossman-Nir limit
00f % 'z
| 019 oz
GP@/’J
'Standard Model
0 o = o jo2 #protons
T T on target
10%, | month Proposal
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Power upgrade plan of SX (under discussion)

Power and spill after the summer shutdown

Beam intensity Spill structure
: Accelerator
Key Users operation B ) Duty
JEY components KW] ?tpﬁ}i Key components [%]
Feedback system
2010 |[Dynamic bump 2 10 Ripple canceller 15+0
Main magnet PS
2011 | SX collimator 10 20 RO Power supply 30
T Ti chambers - ’ e
Ii' 2 = ||
oo Local shields ) a5 o
2013 30 > 30
2014 > 30
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MR Power (kW)

0

case |:+10kW/year

* Assume IxI07 sec rukper year

2010 2012 2014 2016

2018
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a0 et proposal
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case 2:x|.5/year

10 .

2010 2012 2014 2016

2018
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case 4: x3/year
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Step 2 in El4 proposal
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* targeting angle: |6 —5deg 2 "~ E |
g - 30GeV
* longer decay volume: o2 10 ; i
2m— | Im = |
a1
* calorimeter:2m®—3m® &
a .
* 2E14 — 3EI4 e
* 10

* |30 events / 3x107 sec
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“\xfl'B'BR | .1,_-. °
Test line \mh"“ ‘ f" KL y'e'd : xz"

d angle)

| Sdeg

tn.a or K1.1,

il L, p-e, g-2, ...
| momentum)line -
1 n oA onon 1 S
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Step | E]if;gozp:)gm beh?;?ipdﬁmp
sprotons/spill]|  2E+14 JE+14 JE+14
targeting angle| 1| 6deg 9deg 9deg
beamline length 21m 50m 26m

beam size Justr 2ustr 2.8ustr
#KL/spill 81E+06 | 44E+07 | 2.2E+08
decay length 2w 1 lm 1 lm

decay prob.

6.0%

6.0%

‘ #SM events ‘ 329 ‘ 130 640
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T violation:
polarization in K'=>nu*v

» J-PARC E06 (TREK)



Kt—a’utv decay P,

.Esdﬁrmgyj-su%m_ ';

'.’

Eﬂdsr:anm;mm_

Made! Predicfions

Tk

EDS (TREK) Search fr::r T-vm
Transverse u* polarization in K 3

._ - E—— H__

s
T,

Ia{lng

}T Cco

e P, is T-odd, and P, (FSI)< 10~
Non-zero P, 1s a signature of
T violation.

e P, 1s a sensitive probe of
CP violation beyond the SM.

End wies

Upgraded E246 detantnr

® TREK éxperiment aims for a sensitivity of 10 (assuming 270 kW)
® Status=Stage-1 approval; Now detector element R&D

® K1.1BR beam will be ready soon and commissioned in October




Lo ' .
e %é construction to the autumn of 2010
: g
L |
— a.:' 1 B \\ O E

Z J -
N
/,
T 7
Il i

N % e KI.IBR line:
ﬁ ||| HE = low momentum K= beam

( pmax = 0.8 GeV/c)
20.3m long, single stage

Q=N |

® Acec =4.5 msr % Aplp at 6°
c.f. Acc (K1.1) ~2 msr % Aplp
o [ ~2.1 x10%s @ 270 kW

\ o (YK ~0.5 assuming oo, = 600
» Beam spot: d, ~d,~1cm << @K5

j \ : \ * I 1. 1BR. will also be used

30GeV protons - —T- as a test beam facility in the early stage.







Kfr=2>ntvv

« CERN NAG2-II
* FNAL P996



Techniques for K*=2>z" vv
“Stopped” “In-Flight”

— Work in Kaon frame — Decays in vacuum (no

— High Kaon purity scattering, no interactions)

(Electro-Magneto-static — RF separated or
Separators) Unseparated beams
— Compact Detectors — Extended decay regions
Argonne <57 x 10> Stopped; HL Bubble Chamber
Bevatron <56x107 Stopped; Spark Chambers
KEK <14 x 107 Stopped, it = 1 = et

5 YRRl I 6 ) Rl Stopped
= I7EfE @BNL

(1.73*145, ) x 10" Stopped; PPN1+PPN2

NAD 3 n-Flight; Unseparated Next @ CERN
P996 FNAL Stopped; Tevatron as stretcher ring?

20
GGI March 24, 2010 Augusto Ceccucci



B#E @BNL

E787/E949 Technique

“The entire AGS beam of 65 x 10'? (Tp/ spill) at a momentum
of 21.5 GeV/c was delivered to the E949 K* production target”

Bamel | —

Veto ] *Duty Factor: 2.2s/5.4 s ~ 40%

oL *1 int. length Pt target
i‘;‘;% *Before separators: 500 7 : 500 p : 1 K
i -After separators: Purity Kt ~ 3-4 : 1
){\' W&éﬁl “Incoming 710 MeV/c K* identified

¢ uev B ﬂ;}m;;;‘g“ i by C and slowed down by BeQO and
Active Degrader
~27% K* stopped in the target (1.6 MHz)
—— *1 T solenoid

n*: Delayed Coincidence
K*: C x B4 x Target Range

Energy
%arrei | ChD”th:re e as Momentum
eto amber . sy
Range Stack Target > utre

GGI March 24, 2010 Augusto Ceccucci 22



E787/E949: Final Result

arXiv:0903.0030v1 PRD79:092004,2009
— ||||Ill||I||||I||||I||||Ill|||||||I||||I||||I||||-
ARAAERRAAEREELE nE Y : E_ a5 [ E787/E949 ]
@ L [ This analysis ]
D 40 [ & E949-PNNI -
v (64) § °° [ ¥ E787-PNN2 :
' O ey £ [ @ E787-PNNI ]
; A 35 =
E'_? W :
5 rf 0F 4
>, AN N e e ;
5 (N 25 | :
= ; Ex - - Z
. 4 |5 20 [ ; 3
o e | -
Z K 5 ! ]
S 15 | i -
oz FE;:. [ ’ 3
oo L R INLL R I U P, TN (U<, SV LN, (N L B,

T T o %5060 70 80 20 100 110 120 130 140 150
0 o0 100 150 200 2530 300

Momentum (MeV/c)

B(K*>n* vv)=(1.73*115_ .. ) x 1010

GGI March 24, 2010

Augusto Ceccucci

Energy (MeV)

21



1997: &' fe: K +Kg

1998: K, +K
BTV o e NA4B1 [1999: K+ [
e : e, discovery
_':E:“!_re nf'lhe:F_HC of direct | |2000: K, only |k, HI
A SRS Dy
2001: K +K, |k HI

2002: K. /hyperons

2003: K+/K-

2004: K+[K-

ﬂuugjﬂ-in B

NA62 phase I: Bern ITP, Birmingham, CERN, Dubna, Fairfax,

2007: Ke,/K=,,

2008: K-, /K=,

- 2007—2012:

Ferrara, Florence, Frascati, IHEP Protvino, INR Moscow, Louvain,
Mainz, Merced, Naples, Perugia, Pisa, Rome I, Rome II, Saclay,

(phase IT)| 2013—2015:

San Luis Potosi, SLAC, Sofia, TRIUMF, Turin

| K*—=x*v¥ data taking

NAG62 - design & construction




NAG2 [
K* Decays In flight:NA62

Aims toa 10%

measurement
of BR(K®™ —n* wv)
In ~2 years

GGI March 24, 2010 Augusto Ceccucci 25



NA62 guidance principles
0(100) K*—a+vv events, ~10% background | @BR(SM) = 8x101
N(K decays) ~1013 a Kaon decay in flight technique;

a 400 GeV proton beam from
Acceptance = 10% ’ SPS: P

s Unseparated high energy K+

Kinematical rejection beam (P=75 GeV/c);
T e s Kaon momentum: beam
K ’ tracker;

. . a Pion momentum: spectrometer;
Single track signature: m? ..=(P—P,)? P

a Charged track veto:

_ spectrometer;
_ al:;ad'l;'tldt?: IE‘D aade IVE-'E; } a Photon veto: calorimeters;
in addition to kinematical rejection Beam kaon identification:
CEDAR;

a nfu/e separation: RICH;

17



{ NA62 (phase Il) layout

LAV:
Un-separated charged beam: SAV
L Angle Photon Vet
75GeV/c, 750MHz, ~6% kaons Gl Small Angle g Veto
Vacuum Tank
\ CHOD
cHANTI gt
Target i::*:::fj . ¥ \
A |

i \ [f ,: ‘,.,I R T 11 :
K+ Positive identification | } L “LHMI
e STk 0w N el ||

/ @ N mmwn g __|__Jr__"_

Beam Pipe Measure Kaon: RICH LKr MUV
: Eut IgITe 2 l | 'I Straw
*Momentum Decay Region 65m Tracker

m/p separation
* Record K+ decay SES of ~10-17; _
« Hermetic veto & redundant measurements:; n/e separation (E/P)
« R&D finishing, subdetectors construction has started.

« Approved by the CERN research board in December 2008. 18



Arbitrary Units

Kinematically constrained

1 1 1 1 I
0.1 0.15

mé ., GeVie!
92% of total background
"“'“'_I*-u..,,..flT"'

> Allows us to define a signal region
¥ K*— xt*x? forces us to split it into
two parts (Region I and Region II)

Kinematics and backgrounds

NOT kinematically constrained

Arbitrary Units

0.15 FE 0.05 D 0.1 015
mZ,.., GeVic

8% of total background
—_—

P Span across the signal region
P Rejection relies on vetoes/PID

19




NAG2 p,

NAG62 Sensitivity

Decay Mode Events
Signal: K*»7'vv SM 55 evt/year
Kromn? [1,=2x10%(3.5%x10%) ] 4.3% (7.5%)
K'—u'v 2.2%
K'—e v <3%
Other 3 - track decays <1.5%
Kr—nnly ~2%
K- vy ~0.7%
Expected background <13.5% (<17%)

Definition of “year” and running efficiencies based on NA48 experience:
~100 days/year; 60% overall efficiency

e e A -
GGI March 24, 2010 Augusto Ceccucc 30



A B% H{K"' — W wi?) measurement at Fermilab FPO06 detector acceptance

P996 Detector Use existing (CDF or CLEOQ) solenoid
P396 DETECTOR

MAGNET BARREL + VETO
T—EGL-WTER\ / RANGE STACK
B4 E'GLWTERS\ — = / ? I-COUNTER

END CAP v VETU

COLLAR COUNTER
HOLE COUNTER _
BEAM » =11
CERENKOV COUNTER —// —

BEAM CHAMBER 1 MICROCOLIAR
BEAM CHAMBER 2 : \\\ COLLAR VETO
ACTIVE DEGRADER \\ V-COUNTER

END CAP » VETO \TARGET

i I )

— DRIFT CHAMBER

David E. Jaffe (BNL) Kt — =twi at FNAL 1 June 2010 29/ 66



A 5% H[K"' — W wi?) measurement at Fermilab Expected KT — =1 w7 rate in POO6

Rate of Incident Kaons

The expected rate of kaons incident on P996:

Nk (P996)/spill = Nk (E949)/spill X Reury X Rproton X Ri/p
= 12.8 x 10° x 1.1048 x 1.48 x (6.8 = 1.7)
= (142 +36) x 10°.

» Reuv = 1.1048, the relative rate of survival of 550 MeV /c kaons in
the 13.74m P996 K+ beamline compared to 710 MeV/c K in the

19.6m E949 beamline,
» Ryroton = (96 x 10%2)/(65 x 10™%) protons per spill,

» Rk /p = 6.8% 1.7, the relative production rate of K™ into the P996

and E949 kaon beamline acceptance as determined from
MARS-LAQSGM simulation.
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A B% E{K"' — W wi?) measurement at Fermilab Kaon production and beamline

NuMI Beamline
at Fermila
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A B% E{K"' — W wi?) measurement at Fermilab Kaon production and beamline

The Tevatron as a “Stretcher”

M ramp
a b i n-1 n a b
A N o N
— N - \\‘l"’r F ~ N N N~ \\
Tev beam intenatty — —
— | - ]
1 ]

Operating scenario

» n pulses to NuMI beam (1.33 s ramp to 120 GeV) for NOvA + 2
pulses to Tevatron (1.67 s ramp to 150 GeV); n ~ 18.

» Provides P996 96 x 102 protons with a 27.3 s cycle and 94% duty
factor

» [f NuMI beam is off, higher intensity to P996 is possible.

» Main Injector could directly feed P996, at a lower duty factor, for
detector commissioning

» P996 could also be a "day one" user of Project-X
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A B% E{K"' — Tr"'l.-'l_.-']l measurement at Fermilab  Kaon production and beamline

P9O96 sited in_CDF hall _

150 GeV p beam = |
10" p/pulse (27 s) -
95% duty factor
L]
B
Extracted beam line
.._.::::'.. .-.--g.'.:{--.-..-."

™ eEm
L —~— Collision Hall —
! - —_— T T
ol _I | center line - -
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A 5% E[]{'l' — w77 measurement at Fermilab

Cost and schedule

Preliminary Total Project Cost Estimate (FY10 $M)

Description Total 60% Total with

Cost | contingency || contingency
Total Project Cost 33.3 20.0 53.3
Accelerator and Beams 7.5 4.5 12.0
Detector 22.4 13.4 35.8
Project Management 2.7 1.6 4.4
Other Project Cost 0.7 0.4 1.1

» Based on E949 experience and Fermilab FY99 fixed target operations.
» [ncludes use of an existing solenoid.

» [mproved cost estimate in progress
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Ke2/Ku2 ratio

« CERN NAG2
« KLOE



. R¢=Ke,/K,, in the SM

Observable sensitive to lepton flavour violation and its SM expectation:

- | 4 2 2 2\ 4

R — I'K= —e“r) mg mi — Mg f "R rad.corr.

K - ¢ a1 I 2 ’ ] 2 ' 'xl { 0 K }
I'K* — pTr) m msy, — m#

Z f “ v,
(similarly, R, in the pion sector) Y Radiative correction (few %)
due to K*—e*vy (IB) process,
Helicity suppression: f~10-3 by definition included into Ry
@ - . -~ @
VE' K+ e+

e SM prediction: excellent sub-permille accuracy
due to cancellation of hadronic uncertainties.

e Measurements of R, and R_ have long been

considered as tests of lepton universality. RM = (2.477+0.001)x10->
e Recently understood: helicity suppression of R SM = (12.352+0.001)x10>
R, might enhance sensitivity to non-SM Phys. Lett. 99 (2007) 231801

effects to an experimentally accessible level. 2



{ Leptonic meson decays: P+—|+v

SM contribution is helicity suppressed

'I' u-l'
G2 Ilrfpﬂf? ﬂfz
+ ) — 12
LT =) 87 ( Mﬂ Tl Vaal }"a.;ﬂ;'"

Sizeable tree level charged Higgs (H*) contributions u b
in models with two Higgs doublets (2ZHDM including SUSY) Yes Y
PRD48 (1993) 2342; Prog. Theor.Phys. 111 (2004) 295 R=Br(K—uv)/Br(K):

_ (8R/R)exp=1.0%,
(numerical examples for My=500GeV/c?, tanp = 40) challenging
nt—=lv: AT/Tgy = =2(m_/m,)? my/(m,+m,) tan?p~ 2x10~ by not hopeless
K*—=lv: Al/Tgy =~ —=2(my/my)” tan’p ~ 0.3% PRL100 (2008) 241802
Dt —=lv:Al[Tgy = —2(mp/my)? (m/m) tan’p = 0.4%~ ) [Fo@PI=(241+3)MeV
B*—lv: AT/Tqq =~ —2(mg/m,)? tan?p ~30% || fole®=(277+9)MeV

~dg discrepancy + new data:
PRD79 (2009) 052001

BaBar, Belle:  Brg,,(B—7v)=(1.42+0.43)x10
Standard Model: Brgy(B—tv)=(1.33+0.23)x10~%

(SM uncertainties: 6fp/f;=10%, 8|V, |2/|V ,[2=13%)

Obstructed by hadronic uncertainties 23



2HDM - tree level (including SUSY)
K, can proceed via exchange of
charged Higgs H* instead of W=

- Does not affect the ratio Ry,

2HDM — one-loop level
Dominant contribution to AR,: H* mediated

LFV (rather than LFC) with emission of v_

- R, enhancement can be experimentally accessible

4 2
1m 111 .
RLFY ~ R3M |1 & K T ) |A1al?tan® 3
K K M 1111 Ve FASTEY |

Up to ~1% effect in large (but not extreme)
tanp regime with a massive H*

Example:
(A53=5x107%, tanp=40, M,,=500 GeV/c?)

lead to RMSSM = R, SM(1+0.013).

R¢=K.,/K,, beyond the SM

PRD 74 (2006) 011701,
JHEP 0811 {ZDDB] {]'42

) {Higgs) ~. f‘“llunﬁz

| Snoutrino)

Analogous SUSY effect
in pion decay is suppressed
by a factor (M_/My)* = 6x10-3
(see also PRD76 (007) 095017)

Large effects in B decays
due to (M;/M, )#~10%:

B,./B,, 2 ~50% enhancement;

B../B., = enhanced by
~one order of magnitude.

Out of reach: BrsM(B, )=10-11




VA62 Q

Kez. 40% of data set

[ I; : K., candidates
|| == [iata - : " .
S o K i | i | 10* 51,089 K*—e*v candidates,

3o | I 99.2% electron ID efficiency,
5000/ '
" |l Beam halo ;

L[R! ey 5 5 5 E 10°

1000 EK'—:;:*::" Backgrounds:

- K ety = | : |

= ; g ; Source B/(5+B)
mnu— I 10% K. (6.2840.17)%

K, (n>e) | (0.23:0.01)%

2000 —
: | E E 108 KF)E}' (5D+} (102i[]15)ufu

1mm— Beam halo (0.45+0.04)%

- . | . Kes 0.03%
0047003 002 001 0 001 002 003 0.04 Ky, 0.03%
Moss(€), (GeVic?) Total (8.03+0.23)%
=(2.500 + 0012 = 0‘0115..,“) x 107

= (2.500 £+ 0.016) x 10~
Presented by Evgueni Goudzovski at KAON2009




R¢: sensitivity to new physics

(M, tanp) 95% exclusion limits \

PDG'08 Mt June'09 average 100
oL
=
. Clark (1972) IS
80
Heard (1975)
a Heintze (1976)
KLOE (2009
=T final rE!.th ]
MAG2 (2009)
o preliminary Eﬂ?fx.-' -
<1 x107
| I B ||||$“||_u|||||||||||||||||| 20 .|I'f ’.____.-‘"'.'=a“{;5{::—4
22 23 24 25 26 27 28 , /= A1 -
R,:<10 4+ Ml s <110
Waorld ave = E-Rx].ﬂ!’ Precision 0 IIH:!I;;H”III;[;HIIllll[l'ﬂl]llillllll.ﬂli]ldlllllim
March 2009 2.467+0.024 0.97% Charged Higgs mass [GEV,-“EZ]
_June 2009 2.498+0.014 0.56%
R, measurements are currently in agreement For non-tiny values of the
with the SM expectation at ~1.5c. LFV slepton mixing A5,
Any significant enhancement with respect sensitivity to H= in R, =K_,/ K.
to the SM would be evidence of new physics. is better than in B—tv
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J-PARCTMOKaon=EERIF#EHEITHF THD
« K >nlvv EE& (E14/KOTO) : Stage 2
e T violation in K*>7u*v (EO6/TREK) : Stage 1

B THEKaonEENAZ 1 —ZH > THA TS
« Ke2/Ku2 ratio, K*>ntvv ZEX (CERN NA62, FNAL P996)
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