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Purpose

To search for CP Violation caused
by New Physics

Beyond
the Standard Model




New Physics

Standard Model

% SM background is
% small (BR~3E-11)

* well known (~2% theo.
error)



K; — muvin 4

Standard Model

AKp — mup) o« A(KY — 7%p) — A(K — D)
W= V* = X V;id L td
x ImVig

70 1Y O @S g

* BR =(2.8£0.4) x 10°'
(w/currently known
CKM parameters)

* | - 2% theoretical error




In terms of CKM

matrix parameters
New Bhysies . K. —s 7V 5
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Standard
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Signal and Background

* Signal:

—

%* Background

QI |

Veto
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Signal and Background

%* Signal:




My first encounter

% |988 Snowmass, Colorado
i&@)‘h Proceedings of the Summer Study on

QE:;{&]] High Energy Physics in the 1990s

A RN

U
\:3
Wl
DPF Snowmass, Colorado

June 27— July 15, 1988

KAON PHYSICS IN THE 1990s: RARE DECAYS AND CP VIOLATION

M. Atiya, E. Blackmore, G. Bock, D. Bryman, M. Cooper, H. Gordon,
L. Littenberg, W. Louis, H. Lubatti, K. McFarlane, K. Nishikawa,
J. Ritchie, L. Roberts, T. Shinkawa, M. Sivertz, A. J. 5. Smith,

G. Thomscon, R. Tschirhart, T. Yamanaka



PRD VOLUME 39, NUMBER 11

0

CP-violating decay K — 7°vv

A new possibility
Laurence S. Littenberg

S—

One of us has pointed out L49) hat the
decay KDL => 7vv affords a very new inter-
esting opportunity in K decay. This decay has
never been actively sought, and the Standard
Model prediction is of the order of a few x
10‘12, leavlng a huge window for new phy51cs.

now proposed. Although this measurement is
extremely difficult, its ratio of interest/-
difficulty seems to us to compare favorably to
that of making detailed CP-violation studies

in B-d .
in ecay -

facilities ?°! at which K physics can be

pursued have been proposed or at least
discussed by LANL (AHF), TRIUMP (KAON), BNI

(AGS II), A European consortium (HEP), KEK

and INR Moscow.



May 16-18, 1989

e
A

Fermi National Accelerator Laboratory
Batavia, Illinois

Edited by
Stephen D. Holmes and Bruce D. Winstein

* 1989 Main Injector
Workshop@Fermilab
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PROSPECTS IN K PHYSICS®

Frederick J. Gilman

= L 2 i ~ 12 !
B(K‘% — wuutyf) ~ 2.1 x10 5(823385) ICPJ — CP,C‘ —
N
Y
A
WO 10 )
=
o
0.5 o
0 I | |
50 100 150 200
m, (GeV)

3-89 6207 A4

Fig. 8. The quantity |5,,,t — 5,,,.:[2, which enters the branching ratio for the CP violating

decay K — 7%, as a function of my. From Ref. 26.

Experimentally, the problems are perhaps best
represented by the statement that nobody has yet shown that a measurement of this decay

is absolutely impossible.

T T — —RSC



My third encounter
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* May? 1990: Bruce Winstein cornered me in ...
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* Use high intensity 120GeV
protons for

* g/e < 104
*K 0 0
L — T ee,m Ul

* K; — 7ovp ~107?

* Made |76 page KAMI
Conceptual Design Report



==m Farmilab
KTeV

MUON FILTERS M

LEAD WALL
CsI CRYSTAL CALORIMETER
HODOSCOPES

DRIFT CHAMBER 4 BACK-ANTI

DRIFT CHAMBER 3 HADRON-ANTI

o TRD'S (E799)

DRIFT CHAMBER 2

* 800GeV protons
SPECTROMETER ANTI * ra‘n I 996-2000

* £/e : KM orw

Sanuna * many rare KL decays
K; — mlee, w° LU,
| RING VETOS 0 5m -+
I Emn s e o)
REGENERATOR (E832) KTeV

MASK-ANTI (E832) 66’}/7 ILLILL")/, b



KTeV K g :
Analysis Hadron Muon ; ;
Magnet Charged Veto Veto Veto
- Hodoscopes -
20cm ] Drift Chgmbers I CSI
I r I I I I I | Assume ™ vy = M0
! single small 5 beam || | Cale. z-vertex, and
n 1 Con i | . ’
I'~~ m ion :": R R Lt st DR :
st BRI O :l B transverse momentum of o
Vacuum Wlndow - Py
Upstream  Photon Vetos SET 1 Photon Vetos SET2 J 4+ DATA
< Beam Hole Veto > 10 B MC: K, =y
120 | 140 160 180 = B MC: K, —=>2,3n°
z (m) [ = Distance from Target ] 0 MC: A decays
I -d o ~ 10 0 MC: ALL
- 2
ay special run 2
2
5 o
* BR < 1.6 x 10 (90% CL)

10" . .
* Phys. Lett. 447,240 (1999) °© ' 200 30 400

P; (MeV/c)



e Data
. | MC BG sum

1 A—ni’ MC
=—sAr’ MC

T *k can reconstruct

Signal

Region z-vertex, TT° mass, Pt

* BR <59 x 107
% * Phys. Rev. D61, 072006

v %
0 0.05 0.1 0.15 0.2 0.25

Pt (GeVic) (2000)

Events / (2.5 MeV/c)
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KEK E391a

Sl KEK E391A Review

—O o
@ ©hl .
(Fiducialzljrér:ay Region) QE?E%:\ /_FE)E:B'%:\ U—I ':I:l $
Z 2001 454 A 11 H
Crystal (CeF3, Csl)

E=| Lead Scint. Sandwi * E/\] d) @JE Lj: i%}jy ? YeS

* |nagaki * FERKICTDIERD D ? Yes
* [2GeV KEK PS

% Goal:3x10-10

* 2EHTERTES? No

* QECEHRTEZ=DAE? No




Fermilab KAMI:
KAons at Main Injector

acuu

N
acker | j Muon Range Stack

b@sed in Apr.

: 1
* 90evts/year

5 | 1I75m | 19|5m 205 m * Osa—ka UnIV '
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2001: Joined E391a

Csl-calorimeter
Main barrel cc 03 €co6




45 1€ PR 1k :
BERR EBXYMEIE DR

* TRIECER | E (55A

* 2001 ~ 2005
* CDF Belle, Theory
* E391a:3.5(2F

* BNL 787/949 (k* — »+v5), KOPIO (K1, — n°vp)
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BNL KOPIO

=

Downstream Vetd |
ins_iple Vacuum tank

D4 magnet, where
Magnet Vetoes installed

Barrel Veto
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BNL KOPIO

~200 evts

* Kyoto group

7

25 GeV Protons
« -

200 ps

Sinch PMT

Pb block

Pb sheet

Beam

parabolic mirror

aerogel
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KEK E391a
* FE  +iEEE
* AE | +FK + Chicago (KAMI)

+ K (KOPIO)

FNAL KleV KAMI

J-PARC KOTQ

BNL 787/949 _ KOPIO

AR AN



....................................................................

B e e e e o e e e e e e N N O e e e
(O O OO 06 OO OO0 oo oo

-0
e
. e

- [ ]
1%

..................................................................................................

<2.1E8—7
6.7E-8

............. e ppl g




Arizona State, Chicago, CNU, |INR, KEK, Kyoto, Michigan, NDA,
NTU, Osaka, Pusan, Saga, U.Seoul,Yamagata

7a)
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(2. /PRRC
japan Proton Accelerator Research Complex

—_—mmm Hadron Experimental [
Material - Life Science Facfﬂ|ty

Faclllty

Accelerator-Driven
Transmutation
Exper imental

Facility

,;..

: = : | ;.i o e b
3GeV Synchrotron
25Hz. 1MW 00GeV 3¥£§Wrotron




.
36°26'49.88" N 140°36'1466"EEN 10m




/l:‘ 32
Experimental Hall
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“Flavor Physics™ Tokutei

33

E—

0 ° °
2007 2008 2011

2006
(AR X, A 4
Proposal Stage 1 (Stage 2)-=----~- Stage 2




Ki Beamline

34



59

Softer neutron
halo neutron
momentum

* to suppress TT° and _ _
eta production signal region

KEK E391a KOTO

;I neutrons that
_ produced eta
2000 4000 6000~ 02000 4000 6000 <~

| OGeV/C P[MeV] | OGeV/c 'MeV]




— Collimators to suppress

Il

L L L Ll L

LIS T T T[T T]

halo neutrons

36




The final beam shape

I . o Colurece)
#particles/ |2 N
2E14 protons | £} H \
on target | Sk / \
S |
halo neutrons ; = ﬂmmm. . .
(p>0.78Gev/c)| | OX!9 LTt (AT

)
S
]

0 5 10 15
X (cm)

~
O

10 neutron profile (Csl surface)

0' =
KL(T>0.1GeV)|  1.5x107  |£
g1
halo n / K¢ 7.0 x 104 | £ epumd
ol

IIIIJIJI +

T
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d v 4
mc; Detector

S \Y

* Csl calorimeter (from KTeV)
* VWaveform digitization

* New Charged and Photon Veto detectors
CCO1 FB CC02 MB BCV CV Csl CC03 C

\ I L1 \|_ L \J i
)

3.5 m
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| 44ch. Test (@Sendai

P 1

— estimation.
3 -+ pstimation {£10%:LY);

10 10°
energy[MeV]
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29days later, the Earthquake4

* Nobody was injured
* Csl crystals stayed in place

* Csl endcap almost ran off the rails and
stopped by dry room wall

* Electricity was lost for 14 days = no dry air






DAQ system :

% |4bit FADC to record waveform and
* to form triggers digitally

* Designed, produced by US

g 2 - ?
2 ,g, o Y g Tt
S cecuamas | /"'""_— 5P
/7 output 3t Vot
,‘\// 8 : |||
——— . 100} \-edef
INPUt [ 125MHz8ns) | | = %
L3 sampling | F | J '
oi 20NS O N S N
T W T — o s0 100

time[ns]




r-:g 20I I Vacuum Test o

the Csl Calorimeter f'



* K —3T11°

2011 Feb.

N/1Mev

45000}

40000

35000

30000

25000

20000

15000

10000

5000

Reconstructed Mass with 6 Gamma Event

hisMass6GammaRec
Entries 927651
Mean 517.9
RMS 51.15
Underflow 127

Overflow 9.909e+04
Integral  8.284e+05

i 1
A R R T A e e S s A e

450

500

550

600 650 700

Mass[MeV]
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Schedule

* Feb.,Jun.2012: Csl calorimeter@ |
n e~
+ magnetic spectrometer ?Eé’ SEEEEE

% 2012 Summer: Install other detector
Components CCo1 FB CC02 MB BCV CV CslI (CC03 (CC04 CCO5 CC06 BHCV

3.5 m

% 2012 Dec.~
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Assumed

Beam intensity and time
* Koseki@Town Meeting,Aug. 9,201 |

Plan made after the earthquake

User operation Accelerator study
2012.10-2013. 6 10 kW 50 kW
2013. 7-2014. 1 (shutdown) |Li 400MeV/50 mA, Ti chambers (ESS)
2014. 2-2014. 6 50 kW 100 kW
2014.7 — 9(shutdown)
2014. 10— 100 kW

% Assume |/2 of the beam time for slow extraction
% 2012: | OkWV x 4 months

* 2014 spring: 50kW x 2 months
% 2014 fall: | 00kW x 4 months
%* 2015: | O0kW x 4 months
K|
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58 102 12.4 14.6 16.8 19.0 21.2 234 256 27.8

Standard Model  BK ->T W) x 10"

http://wwwlnf.infn.it/wg/vus/content/Krare.html
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* Thanks to “Flavor Tokutei”, the “crazy idea” is
finally turning into a reality.

S V

* Still many work to be done. New comers are
welcome!
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Discovery Level
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