DO DO Quantum Correlations,
Mixing, and Strong Phases



\Chaum.as.2 probe ot new physics

e Unique opportunities in three areas of
investigation:
- Mixing
- CP violation
- Rare decays

e Smoking gun or long distance effect?
- Although all three phenomena suppressed
in Standard Model, enhancement due to
long distance effects may mimic new
physics.

July 19, 2007 Marina Artuso EPS 2007



e the presence of d-type
quarks in the loop makes the
SM expectations for D°-D° o |0n9 range effects

mixing small compared with complicate predictions
systems involving u-type quarks
in the box diagram (no super-
heavy quark (1):
- K°(50%), B°(20%) & B, (50%)
e New physics in loops implies x
°DM/G>> y °© DG/2G
Ry © (X2+y?)/2
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to pin down, D mixing can
constrain several “"Beyond
the Standard Model”
scenarios:

e Many models poorly tested
in +2/3 quark sector
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e At a center-of-mass energy close to the DD
Threshold,’rhe(g:air' is produced in a C=-1 state

(at the y (3770) or in a C=1 state (at an
energy above the gDD threshold). The
corresponding Quantum Correlation between
the D and D final states affects:

- Final states produced by mixing or Doubly Cabibbo
Suppressed Decays (e.g. K'pK*p-) [e.g. for C=-1 no
interference between mixing and DCSD because
of the DD wavefunction is antisymmetric]

- Final states containing a lepton and a K*p-

- Final states containing a lepton and a CP
eigenstate
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. hep-ph/0103110
Fmal G(C:-l) G(C:+]_) Gronau, Grossman &
state Rosner
Kp'Kp: | A4(x2+2)/2 4A%(r2+ry'+3/8(x2+,2)
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Wavefunction is K*p- K-p*
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CP- K*l-n
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interference
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CP conservation  CP- CP-
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he Quantum Correlation Analysis
(TQCA)
Due to quantum correlation between

DO and D9, not all final states
allowed.

Two paths to K-p* vs K*p~ interfere
and thus the rate is sensitive to DCS
& strong phase

Time integrated rate depends on
both  cosd, and mixing parameter
y = DG/2G

(K'p* Kp*)forbidden without D
mixing [interference with DCSD is
forbidden because antisymmetry of
the y (3770) wave function]
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eEspcinenta Tecinious

e Use efficiency corrected yields for single tags
(only one DP reconstructed) & double tags (both
DO and D° decays reconstructed) in a least-
squares fit developed to extract exclusive
hadronic branching fractions to determine:

e &(humber of DODO pairs)

e The mixing parameters y and Ry,
e The strong phase cosd,,

e 6 exclusive branching fractions
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e Data sample use in this
analysis 281 pb-lat
y (3770) center-of-mass
energy

e Modes used:
- Hadronic flavored states
(Kp*, K'p)
- CP+ modes (KK*, p-
p*,Ksp%p°)
- CP- modes (K.p°)
- Inclusive semileptonic
decays
e Procedure tested with
CP correlated Monte
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e TIdentify the final state with

DE Ebeam ED' \/Ebeam |pD

e Cut on DE, fit Mec
distribution to signal and
background shapes.

e Efficiencies from
(uncorrelated) DD Monte
Carlo simulations.

Peaking backgrounds for:

cwen = 0ob LA




e Cut Gnd count Iin MBCI VS.
Mg, plane, define four
sidebands.

e Uncorrelated
background: one (or,
occasionally both) D

incorrectly
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e Fit inputs: 6 single tag yields , 14 hadronic
double tag yields, 10 semileptonic double tag
yields, efficiencies, crossfeeds, background
branching fractions and efficiencies.

e c2=170 for 19 d.o.f. (C.L. = 59%).

e Limit on C=+1 contamination:
- Fit each yield to sum of C=-1 & C=+1 contribs.
- Include CP+/CP+ and CP-/CP- DTs in fit.
- No significant shifts in fit parameters.
- C=+1 fraction = 0.06 + 0.05 + 2.
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Prelim Results - update soon

Fit uncertainties statistical only

Parameter CLEO-c TQCA Other input Ref.

y -0.058+0.066 0.012+0.0032 HFAG vy
R (1.74+£1.47)x103 | (0.21£0.11) x10-3 | HFAG
cosdy, 1.09+0.66

B(D® Kp) (3.80+0.029)% (3.80+£0.07)% PDG 06 fit
B(D® KK) (0.357+0.029)% | (0.389+0.012)% |PDG 06 fit
B(D® pp) (0.125+0.011)% | (0.136+0.003)% |PDG 06 fit
B(D® K p°pO) (0.932+0.087)% |(0.89+0.41)% PDG 06
B(D® K p°) (1.27+0.09)% (1.14+0.12)% PDG 06 fit
B(D%® Xen) (6.21+0.42)% (6.46+0.21)% CLEO-c
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e Mixing/DCS parameters determined from ST/DT double ratios:
- Correlated systematic errors cancel (tracking/p°/K° efficiencies).

e Uncorrelated systematic uncertainties included in the fit:
- VYield fit variation.
- Possible contribution from C=+1 initial state.
e Can limit with CP+/CP+, CP-/CP- double tags—forbidden for C=-1.

e Data provides self-calibration of initial state.

- Signal yields have peaking backgrounds of opposite
CP or flavor ® bias in estimates from
uncorrelated MC.

- Possible bias from CP-correlated MC test.

e Currently, sy ~ Sqpar-
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e These measurements are affected by x, vy,
the strong phase d,,,, and the CPV phase f.

e A detailed comparison between the Belle and
BaBar evidence for DD mixing shows the

importance of more information of the strong
phase d,, [Nir-hep-ph/0703235v2...]

e More data will be added (~300 pb-!available
at 3.77 GeV CM energy) + ~ 300 pb-tat 4.17
GeV CM energy may be used to investigate

C=+1 DODO pairs.
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K-p* K-
25+04 622+7 623+21 253+13 312+14 783+23
20+04 599+25 706+84 240:+49 387+62 904+95

27+04 647+21 306+14 323+15 850+24

20+14 530+73 243+50 376+62 770+8.8
16.0 + 0.6
39.6+6.3
58+04
140 + 3.7
73+04
190+44

No-QC expectation
Observed in data
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