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Model independent limit (Grossman & Nir):

B(Kp = n"vp) < 4.4 x B(K* = ntvp)
B(K* = ntwp) = (1.53}]) x 10°1° (BNL 787)

4
B(K; = n'wi) <31 x 107" 98% c.1.
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K} = 7'vv dominated by direct CP violation

1+
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K-nvy and the Unitarity Triangle

™ from Vo/Vel

B(K} = 7n"wv) = 4 x 107" A'y?
B(K] = 7'vv) = 1.56 x 1[1"‘[[?:1{1;:1@)]" = 1.56 x 10~ (Im\,)?

Direct measurement of )\, to 8%
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Challenges and Goal

Branching ratio ~ 3 x 107!
Only neutral particles

K} = 77" background
(kinematic reconstruction, effective photon veto)
e —— e g

Background from n + A4 = 7' 4+ X reactions
(high vacuum )

Background from A — nn'
(low energy neutral beam)

Background from random n’s and +'s

Experimental status:B(K] = 7'wv) < 5.9 x 10-7(kTeV)

KOPIO goal:

8000 hrs of 10" p/spill at AGS

accumulate 1.5 x 10" K" decays

expect about 60 K < 7'vv events with S/N ~ 2



Principles

' KOPIO concept |

40 ns G ~ 200 ps
‘ M _'-k > Kimnmuun via time-of-flight

Pulsed proton beam

Y -direction ET"T

Bunched beam: Kk enar% ul.i.:g TOF and PID
Eﬂuhower: photon direction PID
M calorimeter: photon energy
Vertex reconstruction: K; direction
Efficient photon veto



© = 45°

Af = 500pusr(vert - 5 mr horiz ~100 mr )
Pb/plastic veto ¢ < 1077 o = T0ps/VE
Preshower /calorimeter o, ~ 3.5%/VE

oy ~ 24 mrad at 250 MeV o, ~ 100ps/VE
Catcher ¢, ~ 99%
Vacuum 1077
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1 Microbunched beam at 25 MHz
| Large angle
1 Slow K; to use TOF
1 10" p/spill == 2.6 x 10°K,
1 4.2 x 107K, decays

Measurenet of neutron and - flux at 45° at BNL
Threshold = 10 MeV  (n)= 1.7 x 10~® n/(p-psr)

(7)=+ 1.0x107% ~/(p-psr)

Proton intensity
10" p/spill

Neutron flux at 45°

8.3 x 1010 n/ﬂ E, >10 N

...

Photon flux at 45°
~2x 10" /spill E. > 10 N
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~ 1K decay/microbunch
~ 2 x 10" n/microbunch (~ 70 with E, > 850 MeV )
~ 0.5 % 10° 4 /microbunch



Neutral beam

Filter of 70 Pb foils 1 mm thick
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Vertical magnetic field 1.0-15T

Reduction of photon flux by 150-200
Reduction of neutron flux by 30%
Kaon beam reduced by 30-40%




Neutral beam

MC based on experimental neutron spectra at 45°
reproduced the AGS-791/871 beam profile at
small angle

Beam profile at preshower (14 m from target)
Fraction of neutrons (E, > 10 MeV) in halo ~ 10~
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Expected neutron halo intensity ~ (5 — 8) x 10° n/spill
0.1-0.2 neutron/microbunch



Preshower

photon converter 0.4 mm Cu
drift chamber cell 5 x 5 mm, 70 ns drift time

3mm extruded plastics with WLS readout
module 9 mm

60 modules provide 2X;,

position resolution ~ 150
op =24 mr at E, = 250 MeV
¢ = 15 mr at E’? = 450 MeV




¢ Pb/scintillator

240-300 layers  (0.25-0.35)mm/(1.5-2.0)mm
beam test of 3x3 array o < 4%/VE

¢ PbWO crystals
o =~ 1.5%/VE obtained in beam test of 3x3 array
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Barrel veto

Element of the veto system

s
///’/’ Lead thickness ~ | mm

Plastic thickness: 7 mm
width : 1520 em
length : 4m

OO0

Number of the lead-plastic layers: 80 - 100.
Number of WLS fibers per a plastic slab: 14 - 20.
2 PMT per 10 - 15 scintillator slabs.

I PMT views ~ 150 - 200 fibers.

Light yield in a single layer: ~ 18- ﬂ?“- per MIP.

Veto & calorimeter: op ~ (4 = 5'}‘}'5;’\/'?
oy ~ 80 mrad

oy ~ fi”;mj"./"_E



Catcher

background from A.; with 1 photon in beam hole
E. > 100 MeV probability ~ fewx10~"

€. ~ 99% needed

neutron flux ~ 70 n/microbunch (E, > 850 MeV)
"neutron-blind" & S IR

beam photons ~ 2 = jy/microbunch E. > 10 MeV

Cererkoy redistor
AsrogE, A = 103,

Monte Carflo

® &0 % 4500,
€z ¥% 3o00M
@ £‘8’% Eg-‘Mﬂl
E= 9SY €= 200M
&z 98.5; “-: Soom




Vacuum vessel

high vacuum ~ 1077 torr
Graphite/epoxy laminate 1.3 c¢m thick ~ 0.056X,
diameter ~ 25 m
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Background suppression

K; center of mass

vy and 77"
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Background suppression

even and odd A, backgrounds
7', 71,7 energies in K, center of mass system
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K13 background

K:3; background when £+ less than 5MeV
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Wrap-around

Background from K, of slow K 's

K ;9 decays from previous microbunch
E: '~ 240 — 250 MeV

Ky, decays EX > 250 MeV
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K9 in catcher
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Acceptance for K} — v

Requirement Acceptance
Z fiducial region and P 0.58
Solid angle 0.33
Photon conversion probability 0.50
Invariant mass of 7’ 0.73
Wrap-around/ K3 low energy 0.73
E: 0.31
Photon veto 1.0
Missing energy 0.91
E; vs |E, — EZ,| 0.9
Acceptance 0.012
N

i
(4.2 x 1077 K, decays/spill)-0.57(1 decay )-(6.1 x 10° spills)
~ 1.5 x 10" decays

Ny = Ng - (Acceptance)-B
= (1.5 x 10") . (0.013) - (3 x 10" ~ 65 events



K9 = 797" background

Requirement Even pairing Odd pairing
- combinations 2 4
Z fiducial region and Py 0.57 0.59
Solid angle 0.34 0.29
Photon conversion probability 0.50 0.50
Invariant mass of 7' 0.73 0.09
Wrap-around /K ;3 low energy  0.68 0.78
E; 0.016 0.27

0 8.3 x 10" 2.9 x 10-*
Missing energy 0.57 0.84
E; vs |E2, - EZ| 0.82 0.52
Acceptance 5.8 x 10~ 8.1 x 10~

Total K., acceptance 1.4 x 10717
4

Nk, = 24 events



Signal and backgrounds

Process Events
K] = nvv 65

‘_J'[‘”-]T"_ ﬂll,ﬁl],ﬁﬂ‘ ﬂ'”"}-'-":( 24
atn—nY 9

ateFy, 7EuFv 0.1

=¥ vy 1 s
A= n'n 0.03

Interactions n = 7' 0.5
Accidentals K;.v.n 1.5

Total background ~37




Status and Plan

R & D 2001-2002

¢ Beam test of calorimeter E.roto
“shashlyk” and PbWO crystals

¢ Beam test of veto prototype

¢ Beam test of preshower segment

e Catcher study

¢ Test of vacumm vessel scale model

¢ Further beam bunching study

Beginning of beam line construction 2002
Beginning of detector construction 2002 - 2003
Engineering run 2004 - 2005



Conclusion

KY = n%v  best way to measure 1)
Comlementary to B system

KOPIO virtues

¢ low energy K,’s
¢ time of flight
e kinematic reconstruction

KOPIO goal: about 60 events with S/B ~ 2



