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Physics Motivation of KOPIO

+ KOPIO experiment @ BNL < d L__—_d
— K, —> n® v v measurement S ~; f —
 Measures CP parameter n Y "
—B(K, —>7avVv)oc|Im (Vi V)l
e One of the “gold-plated’” modes A A
— Hadronic matrix elements (K—>m) from
K-—>mnev S )/
— Negligible long distance effects ”) (o lesu,T
— Top quark dominance e hadende
—> small theoretical uncertainty ~ 2-3% d
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CPviolationin K, —> n’ v v

KOPIO

AVeb
e BKf—>ntvv) o

e B(K >71'vVv)

Jarlskog invariant |Jp| =2 A, = |IM(V s V)| A (1-12/2)
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K, — ¥ v v Experiments

B(K, >7n'vVv)

e KTeV (FNAL) Result : < 5.9 x 107

« E391a(KEK) goal : 10°-101°

« KOPIO (BNL) god : 10-*? (~40 events SN 2)

e K*— nt vvandisospin limit
(Grossman-Nir limit from E949) : < 1.4 x 10°
« SM prediction : (3.2+£0.6) x 101
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K, —> ' vv:Beyond Standard Model

Whao What M BK; = a%i)
1 Buochalla Standard Model KM fit 2B+ 1.1
2 PlaszezynskiSchune Conservative 5M Gt ] = &
3 Boaras, ef al eneric BLSY w/min part. content (1] 10
4 Buras, ef af MESM w/o mw flavor or OF vinl 041 = 1.08 = SM
5 Brhlik, ef ol all CPavinl, due o SUSY PN |

Hattori, = al ith Eeneration 0.5 — 26

KOPIO Window of DF‘F’Gr‘ﬁ 11 Kivo, e al wesiw L-R model! i1—1.2)x SM

O p—t predicts spectrum will be alteres

m_;r_ \HTEV upper limit N

m"’-. 12 New prediction by Buraset al.
] boedon €787 R esut |
R e IR B(K, —> ' v ¥) = (3:+1) x 1019
107 | ‘ L (hep-ph/0312259)
X ol o] | - |
=10 :

107 - -

1':’_1: T T | l | T T T T T |

1 3 5 7 g N

Theoretical Predictions
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R
KOPIO Concept

e Detect ' and nothing
- 2y b veto
Measures as much as possible -
reragiator .

° KL TOF : towork In KL CMS [Kinematic rejection measure posiin, angl
— microbunched p beam it T

— 2y detection timing e | | /
 Reconstruct n® decay from yy — fmomiex |
— Measurey directionsin PR~ Microbunched beam g EaN
! - measure K_ momentum #
— Measurey energy In CAL ';
e Veto: cover 4it solid angle Hermetic high efﬁmenetc:
— Photon veto Calorimeter :

Veto extra particle|  mesure energy andtimingof 1

— Charged particle veto
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Kinematic Rejection of K, —>n1t°BG

Resolution effects included
300_ n | . o r .
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!;(m
Kinematic Rgjectionof K, —>nnn B

Resolution effects included

e K,—> n0n0n0 s00p— — T
— easy to Veto P S A BT R e
= 260}
(have4d extray) = o
e Ki—>ntn P T 220f]
— Kinematic cut : L 200;;;;;:;;;;:
E " Eyye sl
160
C; | 50 | 1(|JO | 150 | 2[i)0 I 25|O | 3;30

E'(y1) = E'(2) (MeV)
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Signal and Background Estimates

e Signal ~ 40 events
(at SM rate)
e Background ~ 20 events

e« SIN~2
AB/B ~ 20%
Anln ~ 10%

Kpm

03 Aug 2004 KOPIO @ NP04

Process Ewvents
K? — mv at SM rate 40
K? — n0x0 12.4
K? — mreFuy 4.5
K? — n=ntq® 1.7
K? - ntety 0.02
K? — vy 0.02
A= 71n 0.01
Interactions (nN — 7°X) 0.2
Accidentals 0.6
Total Background 19.5



e Proton Beam
— 100 Tp/ Spill

Beam

— 2.7 sspill 2.3 sinterspill period

— 25 MHz micro-bunching frequency
— Bunch width 200 ps

— Interbunch extinction 103

e Neutral Beam

— Large take-off angle ~ 45degree

— Soft momentum : 0.5-1.5GeV/c

— 3x 108 KL / spill , 12% decay
— 3.5 x 109 neutrons/ spill

03 Aug 2004
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KOPI O Detector K“

. EXITING
Preradiator S PR
. 1 IN-BEAM AEROGEL
measures direction of y et iy L
Y I el
--------- IATOR-CONVERTED
F [ | DIRECTION & ENERGY
) HIGH RESOLUTION "SHASHLY K"
PHOTON CALORIMETER

\ Beam Catcher
DOWMSTREAM VETO I n- beam Veto

1M VACUUM TANK

SWEEPING MAGNET

Shashlyk Calorimeter

- i HIGH |
& BARR
MICROBUNGHEDK, BEAM | vero measures energy of y
(WITH NEUTRONS) \ THIN WALLED '
\ HIGH VACUUM VESSEL T
\ IN DECAY REGION
CHARGED PARTICLE VETO
IN VACUUM
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Preradiator
» Measures the position gl
and angle of y
» Radiation length : 2X,
(70% converts)
« Consists of
— Cu converter N
— drift chamber

— plastic scintillator

JI.J 0T NELE

__-.. Y ‘\\ I‘
B

— i e
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Kpm

Preradiator

g mm
Cathode Extruded
3::;3 Scintillator &
T ‘A chambers WL S fibers
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R
Preradiator — Angle Resolution

« Angleresolution of 25 mr at 250 MeV

U U SO Angular distribution
ﬂ ] U.ﬁmE{JI

- osdmEor

SO I N N B B |G 1 S LT

resolution ~25 mrad @ 250MeV | ... oLl

(Measured) LT
Angu lor distribution 2 of detected photons i,
03 Aug 2004
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| R
Shashlyk Calorimeter

* Measures energy of y

e Consists of
— Pb converter
— Plastic scintillator

_ penetrating WLS fiber
Shashlyk type calorimeter Lr

y

P furbe
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R
Shashlyk Energy Resolution

Energy Resolution

® 60 x (4.0 mm Sc + 1.40 mm Pb)

* Required resolution $4E D e
3.5%/JE (GeV) 3

|:'

12 | & 300 x {1.5 mm Sc + 0.25 mm Pb)

10 — \;\

Energy resolution

o M s 3 @
i
T
A

- K/k

» Estimated
(Combined with PR) :
0 0.5 1 1.5 2
~2.7 % /\/E (GeV) Beam energy, GeV

¢ DBNL E265
v BNL E923 prototype
m  KOPIO prototype

:— — Monte Carlo ﬁ-lml.llﬂﬂﬂﬂ-
- ===== KOPIC module {smulathon)
mEEEEEN | | | L1

% another KOPIO prototype
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<=
Charged Veto

e P aStiC SCI ntill ator PSI l\a’leqs.urement

+ Inefficiency (1 GeV/c): ki —— P
¢ €":(3.2+£0.9) x 104 CRa .- KOPIO
e 1t:<16x107 g 10" \(T’”"‘“
e £:<13x10% Rizeaes Data
. 7 (6.0+0.6) x 10 107 {ds : E *"/
[T
185 290

Momentum (MeV/c)
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Beam Catcher

e Photon veto which covers
beam core region

e under high neutron rate

 Needto be... Catcher Module
— efficient to y rays
— Insensitive to neutrons

5 inch Phototube

« Aerogel Cherenkov +  Whsmya
distributed geometry i
erfkov light

— SUppress neutron sensitivity r

03 Aug 2004 copo@npos  3€r02el  fiat mirror 18
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Beam Catcher — MC Event Display

Event Display for neutron

Event Display for y
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Side View

Bm

Secondary particles are created
Isotropically

—> Can distinguish y from neutron using geometry
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Beam Catcher — Expected Performance

e Smulation:

| efficiency for y efficiency for neutron
a i i i (>_)\ : i {
S 1.0 5
O g 1072
99_% @ JUUMEV 10°k

- [0.3% @ 0.8GeV

—
co
L=
£
T

07 . ; ; 5. | 501 (R [ O O N SO R SN
0 02 04 06 08 1.0 12 0 10 2 0 70

y energy (GeV) neutron kinetic energy (GeV)
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Kpm

Sinch PMT

Beam Catcher — Prototype Test
e Lightyield—using * Prototype Module

* Neutron inefficiency Po block
- using proton in place of neutrons e
Beam
" Light Yield Proton Efficiency o
a 11 aeroge| parabolic mirror
10 O Data 1pe cut Z2pe cut
Monte Carlo 5 —&— Data 5‘ —— Data
9 8 10 L B MC (with seinti) | § 49 =t B~ MC (with scinti)
8 E i —&— MG (w/o scinti) E s —&— MG (w/o scinti}
@ 10 @10
: 10° 10° f”"d
10" 10 L
5 » 5 5
A index(MC):1.0310 + 0.0005 10 10
-6 -6
1 1.01 1.02 1.03 1,04 e I N R T
1 Iﬂ? momentum(GeV/c) momentum(GeV/c)
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R
Prospects of KOPIO

o Approved by NSF(2003), construction start in 2005
¢ 30M$ RSVP on 2005 presidental budget

 KOPIO schedule
— 2004 Detector R& D
— 2005 — 2006 Construction of beam line
Mass production of detectors
— 2007 — 2008 Installation of detectors
— 2009 ~ Engineering run
Physics run
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Kpm

Summary

« KOPIO experiment measuresK, —>n’v v

o Gold-plated mode
— small theoretical uncertainty
— measures CP parameter n

* R&D isconcluding successfully

« Advanced planning for the construction is
undergoing
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Kpm

Extras
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Kpm

Kinematic Constraint

3 constraints (+m,_,) fﬂ
i ~
(Py1.Py2yb,T1-T2) “ 5 direction

\ ;; 1:-|-P'|D::|

K i 7 yh=heam height
L
————— Bk (TOFy— — _VEEEEK

(+PID) )

~,

H‘Ji ¥ direction
~. {+F"|[}'}
0 - HWL_E T
KI_ > T '/ -
(Momentum:TOF) L (47 veto)
YV (Energy and direction)
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Kpm

Production Target

e Pt?10cmlong e =

Side view
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Photon Veto

—r

—
=
|

TFi_nﬂr sampling |

e SN
——
T

Photon Detection Inefficiency

1072} \ | -
1073k \ I AN N S S—
S IV I A O O :
» F!nar _samll ing i _ 1
10 \\Hﬁ.re radiation length |

-—

et e

107 e o
0 50 100 150 200 250 300 350 400 450 500
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Vacuum

e Very high vacuum (=107 Torr) is
needed to reduce interaction with
residual gas

e Vacuum vessel
— thickness ~ afew % of X,

03 Aug 2004 KOPIO @ NP04
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Kpm

Requirement for Catcher

Energy Distribution of y |
108 (after kinematiccut) |

4pi2—fﬂtﬂc

al

107 ( ‘

I
| Kpi2 4__L:_wc n

il 1 Hi
[ I | MH
AR Mk
AF FAm ___._.-‘

| AR e A |
L. AR EA0Rh ekl A B3 A LA |
0 200 400 600 800 1000 1200
e
F (catcher) (MeV)

03 Aug 2004 KOPIO @ NPO4 29



	KOPIO ExperimentMeasurement of KL -> p0 n n
	Physics Motivation of KOPIO
	CP violation in KL -> p0 n n
	KL -> p0 n n Experiments
	KL -> p0 n n : Beyond Standard Model
	KOPIO Concept
	Kinematic Rejection of KL->p0p0 BG
	Kinematic Rejection of KL-> p p p  BG
	Signal and Background Estimates
	Beam
	KOPIO Detector
	Preradiator
	Preradiator
	Preradiator ? Angle Resolution
	Shashlyk Calorimeter
	Shashlyk Energy Resolution
	Charged Veto
	Beam Catcher
	Beam Catcher ? MC Event Display
	Beam Catcher ? Expected Performance
	Beam Catcher ? Prototype Test
	Prospects of KOPIO
	Summary
	Extras
	Kinematic Constraint
	Production Target
	Photon Veto
	Vacuum
	Requirement for Catcher

