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ORKA, The Golden Kaon Experiment:
Precision Measurement of K+ :

Approved! 



Comments from the PAC

January  2012                                                                                        ORKA-BNL meeting



Estimated Cost
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(What we said to the PAC)



Excerpt from Pier Oddone’s 
letter granting Stage-1 

approval for ORKA
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What is Needed to Launch 
ORKA 

• Recommendation and generation ofStage-1 approval, initiation of 
Critical Decision timeline process within the DOE OHEP.

• Support for US Universities, other labs, and foreign institutions to 
participate.  

• An integrated plan of support and development from “off-project” 
funding sources (e.g. AIP, DOE OHEP R&D) with Project support.  
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Near Term Issues and 
Opportunities for ORKA

• Evaluate critical issues for siting at B0:  
- Beam-line elements for transport from A0 to B0.  Lattice,              

emphasize re-use of existing components.
- Shielding analysis of the B0 siting solution.

• Continue development of the collider technology visitor exhibit with 
consideration of ORKA infrastructure.

• Develop an Accelerator Improvement Plan to transport beam from A0 
to B0 and preparation of the collision hall; coordinate with plasma-
wakefield experiment. 

• Work with the DOE OHEP and Fermilab on identifying and supporting 
relevant detector R&D that can benefit ORKA in the near term.   
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Sites considered:

• Sea-Quest/NM4: 
-Existing beam transport, 
Adequate Shielding?    

-Infrastructure at NM4 
but no cryo.  

• B0:
-Rad hard transport,           
requires  A0 to B0 line.

-Resident magnet & cryo
-Infrastructure
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The ORKA new 
detector payload 
replaces the CDF 
tracker volume-.
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One Plug Must be modified to 
Transport kaon beam to the center of 

the CDF solenoid
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Some Plug plates will be 
retained to Carry Magnetic Flux
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Topics for BNL Discussion
(1)

• In-kind:  
LESB-III quads.  
CsI end-cap crystals
UTC

• Next generation stopping target…what can we do better?  
Reduce contingency in estimate?  
Smaller, shorter fibers. (3mm x 3mm)x1000mm?  Optimum?  
Dual end readout. 
SiPM/MPPC readout.  Thresholds??
WFD requirements?
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R&D for the JPARC TREK 
Experiment
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Detector preparation 
(2) Active fiber target

4 x 4 mm       

Current baseline design c.f. E246 Ring counters
PSI FAST target

Cross section

Timing counters

One element

 Light guide :
Bicron 692 WLS or
Kuraray Y11 WLS or
Clear optical fiber

 Readout:
SiPMT (HPK MPPC) or
MA-PMT

 Beam test using 100 MeV/c
pions at TRIUMF in this yearJanuary  2012                                                                                        
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Topics for BNL Discussion 
(2)

• SiPM/MPPC readout for the Target, RS?  BV?:  
Thresholds??  (recall “0”-200keV veto thresholds in PV analysis).
Narrowing veto window from 8nsec to 4 nsec.

• What development is needed to reduce the contingency on the 
baseline PV design?  

• Development and design work is need for the RS
Simulation studies
Fiber readout?  Embeddeed WLS fibers?
SiPM/MPPC readout considerations above.  
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Development required for more precise 
extrusion and compact photon readout…

3mm

Calice SiPM



Topics for BNL Discussion 
(3) 

• Simulation:  
Sensitivity & design feedback goals:
What does improving RS segmentation by x4 do?  Losses at edges, 
in a WLS fiber?
Reproduce stopping target FLUKA studies with a G4 simulation.
G4Beamline simulation of the LESB-IV beamline.

• Technology:
Standalone?  
Gaudi framework developed for Daya-Bay and LBNE (WC)?
“art” framework developed for g-2 and Mu2e?
ROOT paradigm?  
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Topics for BNL Discussion 
(4)

• Kaon beamline instrumentation issues.

• Integration of beamline instrumentation with LESB-IV concept not 
well developed.

• What were the constraints in E787/E949?  Can we get to smaller 
elements?

• Working toward G4Beamline design, will be able to study the 
integration of instrumentation elements.  
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K+ Beamline:  Focus a low energy separated 
charged beam on a stopping target.  

Measure kaon decays at rest!  

Goal:  Increase K+ fraction from 2% to 70%, as 
quickly as possible!  Slow kaons are rapidly decaying.

ORKA Beamline shortens 
to 14 meters, much BNL 
in-kind…
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December 2011                                                           R. Tschirhart - Fermilab - ORKA PAC Presentation

ORKA is a 4th Generation Detector 
- x100 sensitivity -

x10 from kaon flux, x10 from detector     

12

(Aptenodytes forsteri)



To be reviewed at the Feb 3rd

ORKA meeting
• Addressing PAC/Lab charge for June PAC 

• Discussion and development of funding campaign  

• Siting schedule, strategy & tactics

• Simulation strategy

• R&D on SiPM/MPPC strategy

• Validation of estimated kaon production yields with data

• Attracting new groups…some steps toward governance.  
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PAC slides
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(0.78+-0.08) 

8



Special Features of 
Measuring

K   

Determine everything possible about the K+ and +

* + /µ+ particle ID better than 106 (+ - µ +- e+ )
Eliminate events with extra charged particles or photons

* 0 inefficiency < 10-6

Suppress backgrounds well below the expected signal (S/N~10)
*  Predict backgrounds from data: dual independent cuts
*  Use “Blind analysis” techniques 
*  Test predictions with outside-the-signal-region measurements

Evaluate candidate events with S/N function

Experimentally weak signature 
with background processes 
exceeding  signal by >1010

I
II

( )
64%

K    0

21%
K   
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The BNL E787/E949 
stopped kaon technique
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D. Bryman, W. Marciano, R. Tschirhart, and T. Yamanaka, Ann. Rev. Nucl. Part. Sci. 61, 331(2011).



January  2012                                                                                        ORKA-BNL meeting

The Range Stack measures the + energy, 
range, and progeny.  BNL implementation based 

on 1980’s technology…Ripe for upgrade.

11



January  2012                                                                                        ORKA-BNL meeting

ORKA is a 4th Generation Detector 
- x100 sensitivity -

x10 from kaon flux, x10 from detector     

12

(Aptenodytes forsteri)



ORKA Detector Improvements

Incremental increases in signal acceptance based largely on E787/E949 
measurements.

Additional acceptance gains expected  from trigger improvements.
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ORKA
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ORKA
ORKA

ORKA
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ORKA

ORKA

ORKA
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ORKA

ORKA
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Comparison of ORKA and BNL E949
E949 ORKA

Pp (GeV/c) 21.5 95

Duty Factor  (%) 41 44

PK (MeV/c) 710 600

Fraction of kaons that 
stop in target (%) 21 54

Average rate of 
stopping kaons/s (106) 0.69 4.78

Accidental loss (%) 23 28

Events/yr (SM) 1.3 210
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ORKA Sensitivity vs. Time

1050 Events@SM
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Projected Theory uncertainty 



K…
Past, Present, Future 
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How?

How Much??
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Proton Source:  
Main Injector
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Possible*  “Mixed Mode” Main Injector configurations with a slow spill cycle 
and a balance of NOvA cycles constrained to a total maximum magnet bus 
current of 4800 amps (rms).

*I. Kourbanis, personal communication



B0 Assets for ORKA

• No civil construction required.  The existing Tevatron shielding can 
manifestly support loss of a maximum (4.8x1013 p) Main Injector 
pulse.  Beam-Loss Monitors can halt multi-pulse losses.   

• Re-use of existing solenoid magnet and return steel,  cryogenics, and 
magnet control systems.  

• Re-use of infrastructure for detector systems – power, cooling, etc.  

• Work can start in the near future through Accelerator Improvement 
Projects to prepare for ORKA while developing and maintaining the 
collider technology display for the next several years. 

January  2012                                                                                        ORKA-BNL meeting 25



Aggressive Schedule
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What about the Competition?
• The CERN NA62 experiment: 

- Strong group, evolution of existing assets,  new in-flight technique,          
complimentary to the established ORKA technique.   

- Sensitivity goal:  ~40 events/year. 

- Development run in summer 2012 with SPS beam.  First results in 2017.  
Running must be coincident with LHC ops,  splits run-time with CNGS.  
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ORKA Roadmap in Particle Physics
• 2017, first results from the NA62 CERN experiment:

- Evidence of new physics?: ORKA will embark on confirming 
with a completely different method, provide definitive 
measurement.

- No evidence of new physics?: ORKA will push the hunt for 
new physics to much higher sensitivity.  

• 2020, first results from the ORKA experiment:

- Evidence of new physics or no evidence of new physics yet:  
ORKA will continue the hunt to “ultimate” sensitivity.  Interplay 
with results from next generation flavor factories.
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Detector R&D that can lower 
cost and increase performance 
and is important for Project-X

• D: Geiger Avalanche Mode (SiPMs, MPPCs) devices for scintillator 
readout of stopping target, range-stack, photo veto.  

• D: Extruded scintillator for the stopping target and range stack.  

• D: Fully streaming DAQ.  

• R: High efficiency photon veto technology, synergy with Project X.    
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ORKA Range 
Stack 

36

SiD fine grained calorimetery



Summary

• The FNAL ORKA experiment is an exceptional opportunity to advance flavor 
physics in an era of constrained resources.  ORKA reaches broadly across new 
physics models, and  could lead to a paradigm shift in particle physics if 
realized in a timely fashion.  

• The ORKA detector could be directly ported to the Project-X rare-decay 
campus, and the ORKA experience and detector development will be 
important for other  future Project-X experiments such as KL .

• The ORKA detector is composed of many sub-systems, most of which within 
the reach of experienced research institutions. As such ORKA is a great 
opportunity for many US universities.  

• The experiment scope is $50M (FY10,TPC) - relatively low-risk,  requiring  
modest accelerator  improvements, and no civil construction.  Construction 
starting in  2014 is plausible, data taking by 2017, and first results in 2020.   
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Siting of the E949 
experiment at the 
BNL AGS operated 
at 50 kW

Target

ExB separators

Detector

Dump
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ORKA run model:   10 event 
sensitivity commissioning run 
in 2016, 90  event  sensitivity 
in 2017, followed by 210 
event sensitivty per year. 

Naive statistical sensitivity 
model for NOvA, no 
modeling of background, 
run-plan., etc.

Years into operation
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Joint Sensitivities
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G4Beamline dog-leg design underway to 
preserve CDF detector orientation.
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CDF detector, then and 
now…
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Department of Particle Physics & Astrophysics

Block Diagram of the LSST DAQ System 
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Department of Particle Physics & Astrophysics

Ethernet topology in a 14-slot shelf…
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NA62 near-Streaming DAQ
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LHCb Streaming DAQ 
upgrade
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Mu2e Streaming DAQ
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