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off-shell (“virtual”) states: Am on-shell states: Al

M eson flavors Am/T Al/2I mixing observed?
K’ sd 0.474 0.997 yes (1958)
B° bd 0.77 < 1% yes (1987)
BSO bs 27 0.15+0.07 yes (2006)
D° cu < 0.029 0.011+0.005 vyes (2007)

small because: = doubly-Cabibbo-suppressed with respect to .
= GIM mechanism cancellation
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Nelson, hep-ex/9908021

D° meson mixing |1 :

Golowich, Petrov, PLB 625 (2005) 53
Bianco €t al., Riv.Nuov.Cim.26N7-8 (2003)
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D° mixing measurements

® \\/rong-sign semileptonic D(t)— K*l"v decays
measures X'+Y°, no DCS contamination

het

® \\rong-sign hadronic D°(t)— K*1t decays
measures X' = X cosd + Yy sind, y'=Y cosd —X sin0,
where O is a strong phase difference

® Decaysto CP eigenstates: D°(t)— K'K™, Tt'TT
measures Y cos®, where @ is a weak phase difference

® \Wrong-sign hadronic D°— KTt ri'rt, Kt decays
measures X+Y, X" and Yy’ with Dalitz plot analysis

® Dalitz plot analysisof D°(t)— K°1t'rt decays
measures X, y

® Quantum correlationsin e'e —»D°D(n1?%), D°D%/(nTP)
measures Y, cosO
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Experimental Method at FNAL: back to fixed target

® Slow spill beam on target ala E691, E769, E791, E687, E831, E789, E771
(proton beam, p ~800 GeV/c)
® |nitial flavor of D°(t) isdetermined from D™*— Dt or D™ DT

Thisalso greatly reduces background: Q=m__-m_-m_only 6 MeV/c

(i.e, for D" decays: very near threshold)
® D°proper decay timeAt=(d_/p) x (m/c) measurement:

® “modern” detector: pixels/stripletsfor vertexing, RICH detector for (very)
high /K discrimination, processor farm for triggering
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FNAL experiment: yield estimate #1

Scale from HERA-B: 61.3 + 13 D*-tagged CF D°- K1t in 182 x 10°hadronic
interactions. Multiplying this rate by I'( D°- K*1t)/I' ( D°— K™1t)=0.377% gives
a fractional rate (including (loose) trigger + reconstruction efficiencies) of
1.3 x 107° (Reference: I. Abt et al., Eur. Phys. Jour. C52, 531, 2007)
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One year of running, assuming 7 MHz interaction rate and trigger efficiency of
50% relative to that of HERA-B:

(7 MHz)(1.4 x 107 s)(1.3 x 107)(0.5) = 64000 D*-tagged D°— K'1T

= 1192000 in 3 years of running
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FNAL experiment: yield estimate #2

Scale from E791: 35 D*-tagged DCS D°- K*1t in 5 x 10*° hadronic
interactions. This gives a fractional rate (including (loose) trigger + reconstruction

efficiencies) of 7 x 107*° (Reference: E. Aitala et al., PRD 57, 13, 1998)
T beam,
p = 500 GeV/c
CF D—- KT
DCS D— K'mt DCS D— K'ruot

One year of running, assuming 7 MHz interaction rate and the same
trigger+reconstruction efficiency as E791.

(7 MHz)(1.4 x 107 s)(7 x 10™*°) = 69000 D*-tagged D°— K'1T
= 207000 in 3 years of running
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Comparison with Belle/Babar

Belle: 4024 D*tagged DCS D% K*1t in 400 fb™ of data
(Reference: L. Zhang et al., PRL 96, 151801, 2006)

Babar: 4030 D*tagged DCS D°- K*1t in 384 fb™* of data
(Reference: B. Aubert et al., PRL 98, 211802 (2007)
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Babar has stopped taking data; its final sample is 485 fb™ (at 4S and continuum)
Belle is now at 839 fb™, will probably take another 100 fb™ at 4S and continuum

= | total sample is 1420 fb™ or 14600 DCS D°— K'1T decays,
8% of the yield of a 3-year Fermilab experiment
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Comparison with LHCDb

LHCb LHCb: have used Monte Carlo to study sensitivity to

D*-tagged DCS D°- K'1t decays
(Reference: P. Spradlin, G. Wilkinson, F. Xing, et al., LHCb
public note LHCb-2007-049)

Assuming o =500 pub and estimating several trigger and
bb

reconstruction efficiciencies, this study concludes that 58000
signal decays will be reconstructed per year (2 fb™ of data)

This is similar to our yield estimate for a Tevatron experiment, BUT:

LHCb must use D*'s produced in B decays, rather than prompt D*'s,
as the trigger is efficient only for the former. This introduces two issues:

(a) the decay time distribution will be a mixture of prompt D*'s and D*'s
from B decays. These two components will need to be unfolded to
measure mixing parameters. (FNAL experiment only has prompt D*'s)

(b) to recontruct the D* vertex position, one must reconstruct a B — D*X decay.
The efficiency for this is estimated to be 51%, and it will add smearing to
the D°decay time distribution. (FNAL experiment: D* vertex is at the target)
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Estimate of sensitivity

Since sample size is very similar, we adopt the results of
LHCb Monte Carlo study (P. Spradlin et al., Note LHCb-2007-049):

This study found that statistical errors for mixing parameters corresponding
to 232500 D*-tagged D°— Kt decays, S/B = 0.40, and g =/5pPS are:

best case after all B factory

o' ° 6.4x 10 data analyzed: e
-3 (1500 fb™) 14 x 10

3y’ 0.87 x 10 .
2.2x10

This yield corresponds to 3.6 years of running. One also expects a similar
improvement iny __ measured using D°— K*K"and D°- 1Tt decays:

3., 0.65x 10>

(we are now doing our own Monte Carlo studies of sensitivity to check
these estimates)
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Estimate of sensitivity
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Sengitivity to CPV parameters |a/p|, ¢

Global fit: 24 observables, 8 underlying parameters:

HFAG now: 230000 D°- K*1t decays (Tevatron):
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CPV is manifest as (|g/p|, @) 3§ (1,0) — this would be new physics
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Summary & comments

m Charm mixing now observed, interest switching to CP violation
in charm decays.

m Advances since the old Fermilab fix-target experiments make a
new experiment much more powerful/sensitive. Trigger concepts
and prototypes exist (HERA-B, CDF, BTeV,LHCb); pixels and
higher rate detectors now developed.

m Notably better sensitivity than all (10 x 2 = 20 years!) B factory
data; notably simpler to analyze than LHCb data.

m Accelerator and beamline essentially available.
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® Can significantly improve sensitivity to CPV in the charm ™
system, help un-tangle whatever signals appear at the of = g
Tevatron or LHC. . &=
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