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Discussion Today

• Quark flavor physics today:  Best of times……

• What Project-X can do for flavor physics.

• What you can do for Project-X:

• Next Workshop January 25th/26th 2008.  

http://www.fnal.gov/pub/directorate/steering/index.shtml
http://www.fnal.gov/directorate/Longrange/Steering_Public/workshop-physics.html
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εK and BK , establishing explicit 
CP violation in the (ρ,η) plane.

fK,fπ,  unitarity test of first row 
of the CKM matrix. 

Re(ε’/ε),  experimental result 
consistent with expectations for 
η, but the theory error is too 
large now to permit a constraint 
on the (ρ,η) plane

...And LQCD applied to kaon physics has played an 
important role…
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Case for Minimal Flavor Violation

G. Isidori, LP-2007
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Minimal Flavor Violation limits New Physics 
enhancements to less than x2 !  

High Premium on rock-solid SM predictions

Bobeth et, al. Nucl.Phys. B726 (2005) 252-274C, hep-ph/0505110
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Uli Haisch, Kaon-2007.  
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Theoretical error <2% for neutral, <4% charged modes 
which motivates 1000-event experiments---conceivable 
with Project-X!  
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SUSY MFV Effects.
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What’s Needed?  Not just Vcb!  Extraordinary 
Claims will require an Extraordinary Basis.  

Consider the Vus saga…
Circa 2004 Interpreting a precision measurement 

of KL→πνν requires:

•Sub-percent control of |Vcb|.

•Sub-percent control of experiment scale.

•Sub-percent control of (ρ,η).

•Sub-percent control of charm quark 
contributions.

•A broad self-consistency check of the 
CKM framework ranging from radiative
corrections to unitarity.

•Only then can we claim a foundation for 
percent level challenges to the SM.  

Wrong scale can fake new  physics!
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Uli Haisch, Kaon-2007.  
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Uli Haisch, Kaon-2007.  
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Fermilab Accelerator 
Complex Today
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Project X: What is it?

ILC-identical (~1 – 8 GeV)

>2.0 MW at 50-120 GeV
for Neutrino Science

100-200 kW at 8 GeV
for Precision Physics

ILC-like (0.6 – ~1.0 GeV)

Vehicle for National & International Collaboration

Project X Linac:

8 GeV H- Linac with ILC Beam Parameters 
(9 mA x 1 msec x 5 Hz)
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Conceptual flavor experiments that were 
discussed in the 

Fermilab Steering Group process 

Mounting a Super-B experiment in the Tevatron collider complex.

A next generation 8 GeV pbar/gas-jet experiment for a high 
sensitivity charm experiment.  

Next-generation Kaon decay experiments starting with 10-12 

SES/year then reaching 10-13 SES/year  with Project-X. 

A high sensitivity muon-to-electron conversion experiment 
(ala the former MECO experiment at BNL )
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Project-X:  A blow-torch of 
protons...all the time!

Moving toward full approval.

Per year
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KL→π0νν Experimental Challenge:
“Nothing-in nothing out”

•JPARC approach emphasizes high 
acceptance for the two decay photons 
while vetoing everything else:

A hermetic “bottle” approach.

•The original KOPIO concept 
measures the kaon momentum and 
photon direction…Good! But costs 
detector acceptance and requires a 
large beam to compensate.  Project-X 
Flux can get back to small kaon beam!
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Lattice QCD can and should  advance 
many other avenues of kaon physics 

accessible to Project-X…

• Direct CP violation in the K0->ππ, K0->ππγ, K0->ππγ∗ systems.  
Re(ε’ππ/εππ), and Re(ε’ππγ/εππγ) 

• Vus extraction.  (fπ, fK),  see Andreas’ following talk.  

• Extracting the short-distance amplitudes of KL -> π0ee, KL -> π0μμ and 
KL -> μμ .  This requires better, less model dependent understanding 
of the KL -> γ∗γ∗ amplitude and radiative daughters.  

• Precision control of  the [K+ -> eν(γ)/ K+ -> μν(γ)] ratio which is 
sensitive to BSM enhancements which can be as large as 2% (SUSY).  
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What you can do for Project-X...

Build the foundation for interpreting 1% measurements!  We are not there 
yet.  This REQUIRES a broad program in quark flavor physics.   Controlling  
|Vcb|  and the effective charm quark mass to the sub-percent level is 
probably the most important, but this is not a singular quest. 

Control of systematics is the game at the sub-percent level.  Explore 
construction of observables that minimize systematics
(e.g. KL→π0νν/K+→π+νν which nulls |Vcb| dependence).

Can we realize, perhaps working in the context of Chiral Perturbation 
Theory,  a comprehensive “kaon calculator” to take on Re(ε’ππ/εππ), radiative
decays, etc.  

Come to the next workshop ! (January 25th & 26th 2008)

http://www.fnal.gov/directorate/Longrange/Steering_Public/workshop-physics.html
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Spare Slides
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The Secret of Rare Decay Experiments

“BC”, thanks to Doug Bryman.
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“BC”
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Challenge to Experimenters
_

• B(KL→π0νν) ~ 3×10-11 ;
need huge flux of kaons ->  high rates

• Weak Kinematic signature (2 particles missing)
• Backgrounds with π0 up to 1010 times larger
• Veto inefficiency on extra particles must be ≤10-4

• Neutrons dominate the beam
make π0 off residual gas – require high vacuum
halo must be very small
hermeticity requires photon veto in the beam

• Need convincing measurement of background
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Rare muon decays in Project-X:
μ-N→e-N Sensitivity to New Physics
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Muon-to-Electron Conversion

Rare muon processes provide the deepest CLFV probes.

μ e conversion:

Estimating the new physics expectations 
for different CLFV processes
in a model independent way.

Λ sets the scale of new physics.
κ interpolates between models.

CLFV effective Lagrangian:

MEG experiment ~ 10-13

Potential FNAL μ e conv. expt.
10-17 ~ 10-18 (Project X)

κ

Λ

(Courtesy of Andre de Gouvea)
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DOE Undersecretary for Science 
(Ray Orbach) Remarks, Feb 2007. 

• In his remarks to HEPAP following the release of the ILC Reference 
Design Report, Undersecretary Orbach requested a dialog with the 
HEP community: 

"In making our plans for the future, it is important to be conservative 
and to learn from our experiences. Even assuming a positive decision 
to build an ILC, the schedules will almost certainly be lengthier 
than the optimistic projections. Completing the R&D and engineering 
design, negotiating an international structure, selecting a site, 
obtaining firm financial commitments, and building the machine could 
take us well into the mid-2020s, if not later. Within this context, I 
would like to re-engage HEPAP in discussion of the future of particle 
physics. If the ILC were not to turn on until the middle or end of the 
2020s, what are the right investment choices to ensure the 
vitality and continuity of the field during the next two to three 
decades and to maximize the potential for major discovery during
that period?"
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ILC Decision Timelines

Possible ILC Decision Timelines

LHC discoveries

International 

Agreements

ILC

2010 ILC Decision
Site

 se
lec

ted

US collidersShutdownGreat Opportunityfor ILC

EPP2010 & P5 Assumption

ILC

2010 ILC 
Decision

ILC RDR with Cost Estimate in Feb. 2007
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But what about the ILC at  
Fermilab Today? 

• The ILC is Fermilab’s highest priority for the future…both the R&D 
and bidding for the host lab.  The FY-2008 US budget has ~$80M for 
the ILC and SCRF development, which is more than double the 
previous FY-2007 budget.   Resources continue to grow for ILC R&D,  
and in many cases at the expense of other well motivated initiatives.  

• Recognition that TODAY a fast construction start determined from a 
technically driven schedule is not likely.  In hindsight this is not very 
surprising, but disappointing to many.  

• Pier Oddone commissioned a Steering Group led by Young-Kee Kim 
which developed the strategy of Project-X to maintain a vigorous 
investment in ILC accelerator R&D while presenting the opportunity 
of a compelling near-term accelerator-based Fermilab physics 
program after Run-II    

http://www.fnal.gov/directorate/Longrange/Steering_Public
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