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The HyperCP Result
Park, et.al. (HyperCP), Phys.Rev.Lett. 94,021801 (2005)

• Br(Σ+→pµ+µ-) = (8.6+6.6 STAT ±5.5SYST) x10-8   (3 events) 
• Expectation is ~ 0.1x10-8 
• All 3 events at the same mass: 214.3 ±0.5 MeV
• C.L. for  this in S.M. is 0.8%
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The HyperCP Result
Maybe it isn’t just Maybe there is also
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Should appear at other s-d vertices
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In Kaon Decays
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The existing measurement of
Br(K+→π+µ+µ−) = 8.1 x10-8

 corresponds to a Γ = 4.3 x10-21 MeV
Almost 2 orders of magnitude

below the Hyper CP result

Maybe K→πµ+µ− is parity suppressed(?) - look for KL→ππµ+µ− 

In fact, look for π0π0 not π+π-:
m(KL) - 2[m(π0) + m(µ±)] = 16.3 MeV
m(KL) - 2[m(π±) + m(µ±)] =   7.2 MeV

Factor of
10 in phase 

space!
}

The CsI calorimeter of KTeV is very good at finding π0s
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Flurry Of Excitement
Gorbunov & Rubakov, Phys.Rev.D 73,035002 (2006)

It might be Sgoldstino!
 

He, Tandeen & Valencia, Phys.Rev.D 72,074003 (2005)
Revaluate the standard model branching ratio - the

 Br measurement is consistent with it
 

He, Tandeen & Valencia, Phys.Lett.B 631,100 (2005)
Canʼt be scalar or vector couplings
If pseudoscalar, Br(KL→π0π0X0→π0π0µ+µ−) ~ 8.3 x10-9

If axial-vector,    Br(KL→π0π0X0→π0π0µ+µ−) ~ 1.0 x10-10
 

He, Tandeen & Valencia, Phys.Rev.Lett, 98,081812 (2007)
It could be the pseudoscalar a of the NMSSM
Leading to a searches by CLEO, BaBar, D0

 

Deshpande, Eilam & Jiang, Phys.Lett.B 632,212 (2006)
If a pseudoscalar, Br(KL→π0π0X0→π0π0µ+µ−) = 8.02 x10-9

 

E391a set a 90% C.L. limit on Br(KL→π0π0X0; X0→γγ) < 2.4 x10-7
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The KTeV Detector
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The KTeV Detector

Pure CsI calorimeter:  Energy resolution < 1% for > 10GeV γ
Position resolution ~ 1mm for e±              

E.T.Worcester
Thesis

Muon system: Total thickness 5.1m of steel ~ 31 λI

                                    Efficiency   > 98%  for  > 10 GeV µ±
                        π± punchthrough probability ~ (1.69 + 0.17P [GeV]) / 1000

σ ~ 2 MeV
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The KTeV Detector
KTeV actually was 2 experiments:

E832 - precision measurement of ℜ(ε’/ε)
E799 - kaon rare decay program

 

Data taken 1996-1997, 1999-2000
 
E799 configuration collected 733 x109 KL decays

Previous KTeV Dimuon Results:
Br(KL→µ+µ-γ) = (3.62 ±0.04STAT ±0.08SYST) x10-7 9327 events

Br(KL→e+e-µ+µ-) = (2.69 ±0.24STAT ±0.12SYST) x10-9   132 events

 Br(KL→ π0µ+µ-) < 3. 8 x10-10        2 events

PRL 87, 071801 (2001)

PRL 90, 141801 (2003)

PRL 84,5279 (2000)
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733 x109 KL decays
We measure the number of KL→π0π0π0; π0→γe+e-

A mode of similar signature and the Brs are known
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Signal Characteristics
π0 → γγ 4 CsI clusters without matching

 tracks
 

µ + matter → ions 2 opposite-sign tracks with hits
 in µ system and > 7 GeV

 

µ + CsI → not much CsI cluster matching track has
 E < 1 GeV

 

All decay products Sum of momenta ⊥ to K line
reconstructed of flight < √0.001 GeV
 

m(KL) - 2m(π0) > m(µµ)         m(µµ) < 232 MeV
 

π0 and µ pair originate m(π0) within 9 MeV
at KL decay point
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Signal Boxes
Two boxes to open… one for the KL and one for the X0

mRECO

Σ
p ⊥

2

(γγ)(γγ)µ+µ− µ+µ−

Simulated signal
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Signal Sensitivity
[flat phase space]

A single detected signal event corresponds
to a Br of 4.1 x10-11
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Backgrounds
An obvious background is KL→π+π0µ± ν

-

decays to µ in flight
punches through steelBr ~ 5.9 x10-5

Intensity of beam means particles from a 2nd decay in
beam can occur coincidentally with a KL decay e.g.
KL→π+π-γ - so called accidentals

Frequently reconstruct to incorrectly high KL masses
(unless also a KL decay product escaped detection)

We attempted a background estimate by method of MC
simulation of all the backgrounds we could think of
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Backgrounds

Not one of these events passed event selection
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Backgrounds

Not a lot of
background
in the data
either

3 events that
all look like
accidentals

1997
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Backgrounds

Assume no
background at
all

not subtracting
background is
more
conservative
than doing the
subtraction

1999
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Systematic Uncertainties

Preliminary!
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There were no events in the signal boxes when opened

   At 90% C.L.

Result
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Conclusions
The 90% C.L. upper limit on Br(KL→π0π0X0→π0π0µ+µ−) is
about 80 times the Br that would obtain if the HyperCP

result were due to new pseudoscalar couplings

The 90% C.L. upper limit on Br(KL→π0π0X0→π0π0µ+µ−) is
only a little below the Br that would obtain if the HyperCP

result were due to new axial-vector couplings
This must still be regarded as possible

The possibility that the HyperCP result is due to new
tensor couplings remains to be examined

The transition Dave Phillips → Dr. David Phillips
has also been observed


