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Standard Model CP Violation

Super-clean processes will challenge the Standard Model:
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Roles of K Measurements in Flavor Physicsπνν→
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New flavor physics in the  sector may be very 
            different from that in the  secto b r:
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                   K  would add crucial additional information;
                    the complexity of the flavor sector beyond the SM 
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foreseen in many models.



SK andψ π ν ν→ →B K

SM

Differences sensitive to new physics – virtually free of uncertainties.

SCP asymmetry in Kψ→B
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0 0Experiments seeking K π νν→
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 KTEV (FNAL) result:     

 KEK E391a : s.e.s. 

 KOPIO (BN 10 ,  >50 eventsL) : s.e.s. 
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KOPIO seeks an improvement of 105 over present results.
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KOPIO: Measurement of K0
L → π0νν̄

CONCEPTS

• Measure as much as possible:

Energy, position and ANGLE of each photon.

• Work in the C.M. system :

Use TOF to get the K0
L momentum.

• Maximize Photon Veto Efficiency

• Maximize Intensity of Microbunched Beam
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100 Tp/spill (Upgraded from present 70 Tp)
2.7 s spill, 2.3 s interspill period
25 MHz micro-buching frequency
Bunch width 200ps
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 Soft momentum spectrum [0.5,1.5 GeV]
 10 K / spill, 12 % decay

 10   neutrons / spill

Nominal  Beam
Parameters



KOPIO Beam and Constraints



Shashlyk calorimeter

2 X0 Preradiator

Beam γ veto

√

Scintillator

Paper + lead
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PM tube
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Preradiator

0π γγ→
+ -Reconstruct first e e  

in "Preradiator" to point to
K decay vertex in vacuum.

γ →

Calorimeter



K π νν+ +→KOPIO Technique: Lessons from 

Common Problem: 
Similar background processes exceed signal >1010

• Measure everything!  (energy, position, angle, time)
• Eliminate extra charged particles or photons

* E949 π0 inefficiency < 10-6

* KOPIO  π0 inefficiency < 10-8

• Suppress backgrounds below the signal 
*  Predict backgrounds from data: dual cuts
*  Use “Blind analysis” techniques 
*  Test predictions “outside-the-box”

• Evaluate candidate events with S/N function
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 Veto and Kinematics (P,R,E...)
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Missing mass (2Emiss
1 Emiss

2 cosθ12) vs.
Missing energy (Emiss

1 + Emiss
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L K π π→Photon vetoing & Kinematics:

Suppress events with low energy photons
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Charged Particle Vetoing
0Example Background:  L eπ νγ− +→K

signal in 4 below 200 keV
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Key features of the KOPIO concept have been established:
• Micro-bunching
• Photon pointing, energy resolution
• Vetoing – including charged particles, photons, catcher





Kinematic suppression of backgrounds
Goal: >50 Events with S/N>2
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   Signal: 49           Background:       24

12000 Hours; Acceptance 9 x 10-3





AGS Microbunching Beam test
Microbunch width                        Interbunch extinction

Measured the inter-bunch extinction ratio
(flux between bunches/within bunch).
Observed a ratio of  ~3-4% (could be less)
KOPIO requires ~ 10-3 - 10-2

Need to control power supply ripple

Studied the RF extraction mechanism
proposed for KOPIO & measured a 
microbunch rms width of 244 ps  --
KOPIO requires a 300 ps rms

Also developed monitoring methods



Vacuum System R&D

Finite element
Analysis

Current Design:
Honeycomb vessel and ends
Al core, domed ends
Solid Be beam pipe



Neutral Beam (neutrons) Collimated to Supress Halo

Vertical Collimation Scheme



Simulation of Neutron Collimation
Nominal beam Neutron Energy Spectrum



Prototype Cathode Strip Chamber

Preradiator R&D
Chambers, electronics, and 
scintillator prototyped.
Mechanical design in progress.

4m

Extruded Scintillator
with WLS fiber



KOPIO Prototype Measurements
– Tagged Photon Beams

Preradiator Angular resolution:
25 mr at 250 MeV/c



Shashlyk  R&D

Shashlyk modules prototyped
and tested in beams.
Mechanical design in progress

APD



Shashlyk Beam Measurements

Simulation: Combined 
Energy Resolution

3%
( )E GeV

σ



New Aerogel tiles

Catcher  R&D

Modules prototyped and
tested in beams. 



KOPIO Funding and Support 
Partners

• NSF
• RSVP MREFC and R&D
• University groups

• DOE OHEP
• BNL Physics Department group
• Yale group

• DOE ONP; BNL CAD (and university groups)
• Canadian agencies (NSERC, CFI, TRIUMF)
• Japanese agencies
• Others (Russia, Switzerland, Italy (INFN) )



DOE-Supported  Groups
Major  Responsibilities 

• Yale
– Shashlyk Calorimeter
– Neutral beam and other simulations

• BNL (CAD)
– AGS upgrades, proton beam, target
– Neutral beam

• BNL (PHYSICS)
– Detector infrastructure and integration
– Veto detector systems
– DAQ system
– Simulations



Summary and Outlook

• KOPIO R&D is concluding successfully.
• Advanced planning for the construction 

phase is beginning.
• US Agencies – NSF and DOE – are 

cooperating  well, and international 
partners are contributing substantially.
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