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Threshold Charm Production

A Running nearcc threshold produces quantum correlated DP and D:
ele- >0 ( 37H0° [C=-1] OR e'e —n *>DDN C=[+1]
At O ( 3 7, sding-CPfinal states forbidden; opposite -CPstates enhanced
A Tagging the CPof one D identifies the CPof other D.

Unique access to amplitude ratios, phases, & charm mixing.
A Exploit interference effects in time -integrated rates. strong phase
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A [P strong phases are necessary inputs for _'5 @
Charm mixing studies at B-factories, CDF, FOCUS 1D >
CKM studies atB-factories and LHCDb [Cabibbo-

favored]
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A Flavor eigenstates (D°, D’) # mass eigenstates ©;, D,). D,, = 7
< . AM A
A Mixing characterized by X=—— andy=—
I 21
A y=(0.73 £ 0.14)%: _ pes P
Direct lifetime measurements: K 7" DO
A Compare K'K- a n d*U With KU __Ir e—i@
Time-dependent Dalitz analysis of K7 |D° — 'Kz
KOLU*U- and KOKK- T -
A Intermediate CReigenstates give y.
A Interference between CP+ and CP- gives X.
8, ;connects

A yb y=0s8 - x sing = (0.48 + 0.23)%
Time-dependent wrong-sign rate D° — KU measurements

A Interfering DCS and mixing amplitudes modulate ~
exponential decay time. of y and yo

A Ambiguity from strong phase:
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Quantum-Correlations Overviewyy(3770)

Quantum correlations
are seen in data!

B QC Pred. (r=0.06, cosd=1, no mixing) B Data  ssosesorna
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Final States Time-Integrated Rate ( x Ai2Aj2) PRD 77, 019901 (E)2008)
] L+r2r2-2r, cos(Q+Q)7 Noy dependence

Exclusive . j r2+r2-2rr coyq- Q)

Inclusive i X 1+r2+ 2 rcos € Same as incoherent decay

A Interference with mixed amplitudes vanishes for C=-1
Exclusive rates probe bare amplitudes and strong phases directly.
A ' me from summing exclusive rates.
A Inclusive rates come from su g exclusive rates yOC—ZZAZri coSS
[

Dependence ony appears in the sum.
Interference between unmixed and mixed+DCSamplitudes.




A For some final states, we know r and & reference points for interference
CPeigenstates: r=1 and &= 0 ofir senkitive to cosO of the other side.
Semileptonic: r=0 fi sensitive to A? and r? of the other side.

To probe sin§ need to interfere with a final state with ©1 0 or U.

= M6 KU BR > KU

A UseCRtagged exclusive rates to extract: Hi , )
=r” H Y0 Y2

C_0 {Sreconstruct KK (CP+) with KUt = K'U* must come from D, (CR).
=~ RU -
ratecc By, (1+ Y) By, [1+re™’|” ~ By By, (1+ 2r coss + Rys+ )

Y: reconstruct K'K- (CP+) with semileptonic = SL must come from D; (CF-).
A Semileptonic width independent of CP but total width depends on CP.

Ne/kk /nKK(ST) = BJI' /T, ~ B,(1+Y)

A Mixing/amplitude/phase parameters from double ratios of yields:

n(f,f‘){ n(CP-) _ n(CP+) } n(f.)] n(CP-)  n(CP+)
an(f) [ n(CP-, ) n(CP+,f) Y= an(f) | nCP=1) _ n(CP+.)

Y+ 2r COSO ~

T L T T
ST
ek
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Experimental Technique

Pair-produced D° and D

A Single tag: fully reconstructone D

A Double tag: reconstruct both D and D ST X<— Q—)i

Both D° and P fully reconstructed. ' i
y DT | (_ Q_)

DX — KU B
nnnnn (CLEOC) ete- — DO DO

M BC — \/Et?eam_ | pD |2

1.88 .
Mbc, GeVic?

Or one missing)rparticle

Use detector hermeticity and beam
parameters to infer missing mass.

:

K+U- vs.
K oW
(CLEQC)

Clean event environment,
very low backgrounds

N
o
IIII|IHI|II\I|\II\|

0 1
MM? GeV?/c*
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Update: Strong Phase in P— Kn [A,Eﬂ

A Previous publication: PRL 100, 221801 (2008) / PRD 78, 012001 (2008).
Dataset: 281 pb-1 at (3770) = 1 million C-odd D°DP

First meas. of strong phase between CF A(D° — K-U") and DCSA(D® — KU).

Standard fit:

Extended fit;

[ Incl. external
mixing meas. |

cosd = 1.037557 4+ 0.06

cosd = 1.10 4+ 0.35 4 0.07
rsind = (4.47371+£2.9) x 1073

Type Final States
Flavored Krnt, Kta~
Sy KVtK—,ntn~, Kdn%2% Kzl
S_ Kgﬂ‘o, Kg'q, ng
et Inclusive Xetv,, Xe i,

CPV allowed

7\ 1 L1 -\ L1l ‘ L1l I | ] L \’\ 11
-3 -25 -2 -15 -1 -05 0 05 1 15
d (radians)

A New today : preliminary update with full CLEO -c dataset
818 pbl at O(3770) = 3 million C-odd DD .

Additional final states.
A Includes direct measurements of r, 2 and sinQ,
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Final States [A

~1400 KOU*U- vs. KU

~3000 — sing
A Single tags for all fully - CPRtagged KU
reconstructed modes except — COSE _l
KLU U,
Flavore_d CP+ CP Semilep Mixed
hadronic
A Double tags for almost all KUr KK K4P  Ke'2a KU (bin 0)
combinations of modes. KU U-ur KO Kre2 KU (bin 1)
Like-sign and opposite-sign. KOLPLP KoL K02  KUU (bin 2)
At most one missing KO, P KO, LPLP KG2  KJUU (bin 3)
particle ( K° or 2). e KOO (bin 4)
A Exceptfor Ke2vs. Ko, P . NN
% s seriEes) KoL New in update KOSL‘H‘I (bin 5)
I j Ko UHU- (bin 6)
’ . ~3500 KU (bin 7
A 261 yield measurements CRtagged KI2 JUbin7)
KOUU- from PRD 80, Sy
032002 (2009) ‘
~30 WSKIl2vs. KU

—> rKUZ

David Asner, Pacific Northwest National LaboratoryCharm 2010, IHEP, Beijing, China — —



Fit Parameters

”A 51 fit parameters (3.5x TQCAI)

A Number of DD pair and 21 branching fractions (8 for Kogt*n-)
B(K-utv), B(K°n), B(K° n%z% will be new CLEO-c measurements.

A We fit for all non -trivial r and cosd and sind (9 fit parameters each),
plus mixing parameters y and x>.

STyieldf ~Br~ 1+r2+ 2y r,cosd,

DT yield f/g ~ 1+ 121y 02 r,cosd r,cosd, 82 rsind; r sing,
DT yield f/gbar ~ [ + 14202 r,cosd; ,c080, + 2 rSind; I ;sind
Semileptonic: r=0

CP+: r=1,0=mx

CR: r=1,%6=0

A Mainfocus is on &, with secondary focus on .
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K%3*3 and K033

A CLEGC has studied strong phasesinD YV KUl [HERaEA At
_ _ < arxiv:0903.1681
Main tool: CP tagging, analogous to KU .
For multibody modes, must also account for coherence:

Phase Bins

f | | ‘ |€_iC(X) dx
N JlelF |
coherence

average i
strong
phase D(‘
Measure yields in 8 Dalitz plot bins against CP/KU / SKOJJ*U- tags:

A Use missing mass technique for KOLU*U' . Sngle tags for K°4J*U' only, not KO.UtU.
Each bin treated as separate decay mode withitsown Rc o sal®l Rs i .n ©

A Bins with ©~ 0 or U act like CPeigenstates.

A Statistics roughly equal to sum of all other (pure) CPeigenstates.
A Binswith ©~+U/ 2 al |l ows mesisyg®ement of
A Include Rc 0 sa® Rs i asdree parameters in fit.

factor

[=] - N [2] - [ o -~
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KOs +3I & KOL3+3|
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CP tagged Ks3"3

K% *'T vs CP-even tag K% *'T vs CP-odd tag
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SemrMuonic Decays

fymty
T T T T ]
R e

P

A CLEOmuon chambers inefficientbelow 1 GeV.
A Instead, use kinematics to separate * > K02 from backagr

using missing energy and momentum.
Main background: D° — K-UtL®
Roughly doublessemileptonic statistics.

' ' e ' > D°>KK |
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CLEGcC

4 SemiMuonic Decays [Az{  |preiminany

A Wrong-sign uses similar technique, but
300x lower yield. Right-sign
Primary background: mis-ID KU flavor in RS
decays.

Dramatically reduced by requiring kaon to
be in Cherenkov counter acceptance.

A S/(S+B) goes from 50% to 97%.

CombinedKegz KO2 r el ative uncer '
~25%.

A Unlike with incoherent DP, wrong-sign Wrong-sign
givesr?, not Ryg

Rys= BD° — K'U)/ BDP — KUY)

= +hay0  +yg)/2

Mixing effects cancel in the interference
term
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