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General MSSM with R-parity

SM

E949 already 
provides a 
significant 
constraint.

Buras et al, NP 
B714,103(2005)

R Parity: R = (-1)2j+3B+L. 

   Fermilab P996 will improve the 
sensitivity of  B( ) by >100 !

 ±5% measurement 
        (hypothetical BSM value)

K   


New Physics models 
with generic flavor 
structure induce large 
effects in .K   

Points from a scan of 
MSSM parameters that 
satisfy experimental 
constraints except
B( ) K   

Presenter
Presentation Notes
R = (-1)2j+3B+L. With spin j, baryon number B, and lepton number L. All Standard Model particles have R-parity of 1 while supersymmetric particles have R-parity -1. 
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From the Fermilab Physics 
Advisory Committee 

Aspen Retreat, June 2009
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P-996 Collaboration Submitted a 
Proposal to Fermilab November 2009

Proposal:
•

 

Arizona State University, USA.  
•

 

Brookhaven National Laboratory, USA.
•

 

Fermilab, USA. 
•

 

Institute for Nuclear Research –

 

Russia
•

 

JINR (Dubna) -

 

Russia 
•

 

Istituto

 

Nazionale

 

di

 

Fisica

 

Nucleare

 

–
Pisa, Italy. 

•

 

TRIUMF –
Vancouver British Columbia, Canada

•

 

University of British Columbia -
Vancouver Canada.

•

 

University of Texas at Austin, USA. 
•

 

University of Illinois, Urbana, USA.  
•

 

University of Northern British Columbia  –
Prince George –

 

Canada. 
•

 

Universidad Autonoma

 

de San Luis Potosi -
Mexico.

•

 

Tsinghua

 

University, Beijing, China.

5 Countries, 13 institutes

3 US universities, growing

2 US National Laboratories

Leadership from all US rare kaon

 
decay experiments from the past 
20 years.   

PAC:

“The Experiment [P996] meets the 
criteria of Stage-I Approval….”

...more later.

http://www.fnal.gov/directorate/program_planning/Nov2009PACPublic/kpnn_proposal_final.pdf
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BNL AGS
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$38M
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The Tevatron
 

Stretcher 
Concept

• Can be readily realized after Run-II.

• Good use of a SC machine:  
1)  Match Tevatron

 

energy to Main Injector energy.  No ramping.  
2)  Clean single pulse transfer from MI to the Tevatron

 

at 120-150 GeV.
3)  Slow spill beam out of the Tevatron

 

with very high duty factor.

• 10 % impact on NuMI

 

operations, no impact on MicroBooNE, Mu2e, (g-2)

 

.

• Slow beam extraction is easier at high energy.  Beam-charge/Beam-power is 
x15 better than at 8 GeV

 

for example.   Required Slow-Extracted-Beam  
performance is comparable to 1997 TeV

 

Fixed Target Run. 

• Keeping Tevatron

 

“on ice”

 

about ~$6M/year.  Tevatron

 

Stretcher power and 
cryo

 

is $8M/year  + staff, estimated total of $15M/year.
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The Stretcher:  A World-Leading 
Machine for the Field…

Slow-Spill 
proton facility 

Beam      
Energy

Beam Power
(average)

Duty Factor Hours/year
K+ decays/year

BNL AGS
(E949)

22 GeV 40 kW 50% 1000
2x1012

CERN SPS
(NA62)

450 GeV 13 kW 30% 1400
5x1012

JPARC MR 30 GeV 1 kW  
Plan:      50 kW
Goal:  +100 kW

20-30% 2000

FNAL Tevatron

 
(97,99 FT runs)

800 GeV 65kW 30-50% 5000

FNAL Stretcher
(P996)

150 GeV Plan:

 

+80kW 95% 5000
60x1012

Project-X 3 GeV Goal:   1000kW 95% 5000
~600x1012
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E949 – 3nd generation

 

  e 

Decay Sequence

 

e 

 

  e 

Decay Sequence

 

e 

Photon Veto


4

 

Photon Veto



500 MHz digitizers

Incremental Improvements
• 550 MeV/c K stopping 
rate x5 with comparable 
instantaneous  rate
• Larger solid angle –

Acceptance  x 10
• Finer segmentation,     
improved resolutions  -
Reduced backgrounds

• Overall 100 x sensitivity

4th generation
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Proposed re-use of 
CDF infrastructure:   
The P996 detector 
payload replaces 
the CDF tracker 
volume.
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The Range Stack measures the +

 decay chain, energy, range:  
Ripe for upgrade
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5 Years or Running is not 
critical to reach new physics...

Investigating a scenario where experiment is tuned up 
with Main Injector beam (30% duty factor) followed 
by 2-year run with Stretcher.  Running with Main 
Injector alone is a fall-back.  



BEACH 2010                                                      R. Tschirhart - Fermilab

P996 Review Status

• Strong support from Fermilab PAC.

• P996 briefed the DOE office of HEP office in March. 

• Good discussion—Tevatron
 

Stretcher operating costs 
flagged.

• P996 is now investigating scenarios to mitigate operating 
costs.   
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P996
 Summary

Fermilab Proposal P996 can deliver on the long 
sought after goal of precisely measuring K+

 This goal can be achieved with modest resources.  

P996 is a “kaon
 

experiment”
 

in the same way that 
ATLAS, CMS, and LHCb

 
are “proton experiments”.   

We are using familiar hadrons as tools to explore and 
study the Terascale.

P996 is a timely opportunity.  It is a bridge to 
Project-X and the future discoveries there.  
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Spare Slides
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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.

:  BNL in-kind

P996 Beamline

 
shortens to 14 meters.
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P996:  1000 event 
measurement of K+

Lisa Randall with the experiment that discovers evidence for extra dimensions…
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P996 Beamline
 

and Detector 
at CDF hall (B0)
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Breadth of P996 program

•Similar to the recently 
completed KTeV

 

program at 
Fermilab:

•50 scientific publications, most 
in PRL. 

•35 PhDs produced.

•A high throughput open trigger 
system is important to breadth.

…and more.
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Can the Booster or the 
Main-Injector Drive P996?

• Yes, but not as well.

•

 

Booster:  
Would have to time-share with micro/mini-BooNE, Mu2e, (g-2).  Mu2e 
is based on 25 kW of extracted beam, and this is a challenge for

 

the 
modified 8 GeV

 

complex due to space-charge effects at extraction.   
The P996 sensitivity is based on 80kW of beam, means a dedicated

 Booster program would likely have ~1/3 sensitivity/year.  

•

 

Main Injector:  
Slow-extraction Flat-top is limited to 30% from magnet heating (not a 
SC machine).  Maintaining the same instantaneous rates as BNL E949 
corresponds to a ~1/3 sensitivity/year wrt

 

P996.  This would also 
increase the hit on the Nova program from 10% to 30% .  
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Development required for more precise 
extrusion and compact photon readout…

3mm

Calice

 

SiPM
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Continuous High Power Beam…

33 second spill, 95% duty factor.

80 kW
Demonstrated 
in 2000.
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Sensitivity of Kaon Physics Today 

• CERN NA62:     100 x 10-12  measurement sensitivity of K+e+

• Fermilab KTeV:   20 x 10-12    measurement sensitivity of KLee

• Fermilab KTeV:   20 x 10-12 search sensitivity for KLe, e

• BNL E949:          20 x 10-12    measurement sensitivity of K+

• BNL E871:             1 x 10-12

 

measurement sensitivity of KLe+e-

• BNL E871:             1 x 10-12 search sensitivity for KLe

Probing new physics above a 10 TeV scale with 20-50 kW of protons.  
Next goal:  1000-event 

 

experiments...10-14

 

sensitivty.
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Opportunities for Collaboration 

• Entire detector systems of moderate scope:

Fully active stopping target for incident kaons.
Ultra-low mass drift chamber to measure pion

 

momenta

 

to p/p

 

= 1% .
Range-stack for stopping pions.
Photon veto systems.

Enabling technologies:

High performance wave-form digitizers on every detector channel. 
“Triggerless

 

DAQ”

 

architectures,  fully streaming DAQ.
Geiger-mode photo detectors (SiPMs,  MPPCs) to instrument fibers.  
Extruded fast scintillator.   
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