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Threshold Charm Production

= Running near cc threshold produces quantum correlated D° and D°:
ete — w(3770) > DDO [C=-1] OR e*e — y* — DD% [C = +1]
At @(3770), same-CP final states forbidden; opposite-CP states enhanced
= Tagging the CP of one D identifies the CP of other D.

Unique access to amplitude ratios, phases, & charm mixing.
= Exploit interference effects in time-integrated rates. strong phase

_ 2 (weak phases are
Correlated o\/ : o\ —/: 0\/: 0
B v -[10°)(i o) (31010

[Cabibbo- trivial in charm)
suppressed]< —0>
l
= DO strong phases are necessary inputs for _'5 @
Charm mixing studies at B-factories, CDF, FOCUS 1D >
CKM studies at B-factories and LHCb [Cabibbo-

favored]

magnitude

= CLEO-c y(3770) measurements of strong phases in
D° —» Km Kmn® Kmmwmn K °hth- (h=Korm)
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A AT
= Mixing characterized by X= — and y=—

21
= y=(0.73 £ 0.14)%: |
Direct lifetime measurements: <K _7Z'+ D > /
= Compare KK~ and '~ with K. _ I e_i@
Time-dependent Dalitz analysis of N o\ = |['Kzx
Kot~ and KOKHK- <K 7| D > o

= Intermediate CP-eigenstates give y.
= |nterference between CP+ and CP- gives X.

"y’ =y COSOy, — X SinOy, = (0.48 + 0.23)%
Time-dependent wrong-sign rate D° — K+m:
= |nterfering DCS and mixing amplitudes modulate

exponential decay time.

Oy, connects
measurements
of yand y’

= Ambiguity from strong phase:
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Quantum-Correlations Overview: y(3770)

C =1 Quantum correlations
w(3770) A ' l
ete-—|y* ‘= DODO are seen in data!
:y \\ B QC Pred. (r=0.06, cosd=1, no mixing) [l Data  sssosesrta
—— CP+/CP+
Forbidden by P+ P+ — | 1 L
CP conservation cP- CP- —— ._._.l CP-/CP-
1 1 1 l 1 1 l 1
Maximal enhancement P+ CP- —0 CP+/CP—
Forbidden if no mixing Km K . !
] Ty [ . K-m*/K-m*
Kt CP+ ! 1 |
Interference of - —4r0018(rcol - ) — :
CF with DCS (gives cosy,) | cp+ K-+ i i 1 K-n*/K*n
- l 1 I 1 1 1 l L
CPi 1+(2rco|s§+y)/(1+RWS) | 1._ KTC/CIP+
Single Tags Unaffected | Km* X - = '
SL 1— (2rcosd+y) / (1+R,,) --1 Krn/CP-
I 1 L 1 I 1 I 1
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Avg (Yield/No-QC prediction)
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Final States

Eva-l.;Jating e = ‘<i | D°>< j |F>—< il D°><i |§>

with <i 50> e

i J 1+ r?r?—2rr;cos(d;+ 6j)7
Exclusive j r2+ri—2rr;cos(d;- 6))
Inclusive i X T+rf?+ ZMF,-COSGI- €

2

] Anti-symmetric
is 8Ives wavefunction

Time-Integrated Rate ( x A;%A;?)

Quantum-Correlated Decay Rates: y(3770)

Selected references:

=Goldhaber & Rosner, PRD 15, 1254 (1977)
»Bigi & Sanda, PLB 171, 320 (1986)
=Xing, PRD 55, 196 (1997)
=sGronau, Grossman, Rosner,
PLB 508, 37 (2001)
sAtwood & Petrov, PRD 71, 054032 (2005)

sAsner & Sun, PRD 73, 034024 (2006);
PRD 77, 019901(E) (2008)

No vy dependence

Same as incoherent decay

» [nterference with mixed amplitudes vanishes for C = —1
Exclusive rates probe bare amplitudes and strong phases directly.

= Inclusive rates come from summing exclusive rates. 2
| y oc =2> A’ COS S
Dependence on y appears in the sum. :

Interference between unmixed and mixed+DCS amplitudes.

David Asner, Pacific Northwest National Iaboratory
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Extracting Physical Parameters from Yields

DT rate ~ A2A2[ 1 +r2r;? — 2 r;r; cos(;+9;) ]

= For some final states, we know r and &: reference points for interference
CP eigenstates: r=1 and 6=0 or m — sensitive to cosd of the other side.
Semileptonic: r=0 — sensitive to A% and r? of the other side.
To probe sind, need to interfere with a final state with d = 0 or .

Rys = T(D° — K*m)/T(D° — K-Tr*)
= rig? + N’ + (0C+12)/2

COSGK“: reconstruct K*K- (CP+) with K-t = K-1* must come from D, (CP-).

rate oc B, (1+ Y) BKE‘1+ re‘”‘2 ~ By Byx,(d+2rcoso + R, +V)

= Use CP-tagged exclusive rates to extract:

V: reconstruct K'K~ (CP+) with semileptonic = SL must come from D, (CP-).
= Semileptonic width independent of CP, but total width depends on CP.

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

= 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—,f) n(CP+f) Y= ()| nCP=1)  n(CP+.I)

Yy +2rcoso ~

e
P
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Experimental Technique

ir- 0 no
= Single tag: fully reconstruct one D Pair-produced D" and D

= Double tag: reconstruct both D° and DO ST X<— Q—) i
Both D° and DO fully reconstructed. ' i
y o1 j<—(D)@)—
= o ko N
j (CLEO-¢) ete- -D"D

I\/IBC :\/Elfeam_l pD |2

1.88 .
Mbc, GeVic?

Or one missing particle (v or K° ):

> F T ¢ B Use detector hermeticity and beam
40 Kim—vs
= KLono. parameters to infer missing mass.
30
F (CLEO-c)
20
10 Clean event environment,
0 0, o very low backgrounds
MM*, GeV“/c

David Asner, Pacific Northwest National Laboratory Charm 2010, IHEP, Beijing, China S —



Update: Strong Phase in D? —> Kt [8,]

= Previous publication: PRL 100, 221801 (2008) / PRD 78, 012001 (2008).
Dataset: 281 pb-! at @ (3770) = 1 million C-odd D°DO
First meas. of strong phase between CF A(D° — K1) and DCS A(D° — K*m-).

Standard fit: . g5 — 1_03+8:?% + 0.06

CPV allowed

Extended fit: cosd = 1.10+0.35 +0.07
[ Incl. external & sind = (441_%5 + 2.9) x 1073
mixing meas. |

Type Final States AG average
Flavored Krnt, Kta~ i
Sy KVtK—,ntn~, Kdn%2% Kzl
S_ K270 Kn, Kdw L S
et Inclusive Xetv,, Xe™ b, 0\|\\\\\\¢/\
-3 -25 -2 -15 -1 -05 0 05 1 15

d (radians)

= New today: preliminary update with full CLEO-c dataset
818 pb' at y(3770) = 3 million C-odd D°DO, Not yet in
Additional final states. HFAG average
= |ncludes direct measurements of r,,2 and sindy.
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Final States [6g, ]

~1400 KOcrm— vs. Km

(2 missing particles).

~3000 — SinOy
= Single tags for all fully- CP-tagged Km
reconstructed modes except — €0SOy; _l
e
Ko ravored - cp, CP-  Semilep Mixed
adronic
= Double tags for almost all K KK+ KOs Kev K (bin 0)
combinations of modes. K+ o Kon Kev Ko (bin 1)
Like-sign and opposite-sign. KOs mom© K°cw K-ptv Ko.mrm- (bin 2)
At most one missing KO, 0 KO, om0 Kruv Kocmrrm- (bin 3)
particle (K% or v). Ko,n KO- (bin 4)
" Except for Kev vs. K% Ko,w New in update KOst~ (bin 5)
(bin 6)
(bin 7)

= 261 yield measurements

KOst~ from PRD 80,
032002 (2009)

David Asner, Pacific Northwest National Iaboratory

4
~30 WS Klv vs. K

> I?
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~3500 KOs~ (bin 7
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¥4 Fit Parameters

a 51 fit parameters (3.5x TQCA-I)
= Number of DD pair and 21 branching fractions (8 for Kct*n-)
B(K-utv), B(K%n), B(K° %) will be new CLEO-c measurements.

= We fit for all non-trivial r and cosd and sind (9 fit parameters each),
plus mixing parameters y and x2.

STyield f ~Br~ 1+ r?+2yrcosd;

DT yield f/g -~ 1+ ré ry - 2 rCosd; ,Co8d, - 2 resind; rysingd,
DT yield f/gbar ~ ré + ry? - 2 r{osd; rycosd, + 2 resind; r sing,
Semileptonic: r=20

CP+: r=1,8=mn

CP-: r=1,06=0

= Main focus is on 4., with secondary focus on vy.
David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China




 K%ntn and Klrntn™

Phys.Rev.D80:032002,2009

= CLEO-c has studied strong phases in D — KO-
Main tool: CP tagging, analogous to Krr.
For multibody modes, must also account for coherence:

Phase Bins

 JIA)[AX) e “®@dx
B ApAp |
coherence

average i
strong
phase o

Measure yields in 8 Dalitz plot bins against CP/Km/SL/ KOSIT+1T tags:

= Use missing mass technique for Ko.m*ni~. Single tags for Kosm*m~ only, not Koumm.

Each bin treated as separate decay mode with its own Rcosd and Rsind.

= Bins with 0 ~ 0 or m act like CP eigenstates.
= Statistics roughly equal to sum of all other (pure) CP eigenstates.

= Bins with 0 ~ +m/2 allows measurement of sindy,
= |nclude Rcosd and Rsind as free parameters in fit.

arXiv:0903.1681

factor

[=] - N [2] - [ o -~
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= Not identical — 180° phase difference for Doubly Cabibbo suppressed amplitudes
David Asner, Pacific Northwest National Iaboratory

Charm 2010, IHEP, Beijing, China




CP tagged K%sn'n™

R veirin).

= Not identical — CP-odd K%p not in CP-odd tag, CP-even nr S,D-wave not in CP-even tag
David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China
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¥4 Semi-Muonic Decays

B
]
P
EIRIATEI RIS

P

= CLEO muon chambers inefficient below 1 GeV.
» |nstead, use kinematics to separate D° — K-p*v from backgrounds

using missing energy and momentum.
Main background: D° — K-tr*m®
Roughly doubles semileptonic statistics.

) IS R T : - DO>KK |
08 i e v D om 2zad Ik : . = : _: 0.71%
ooe .08 > - -
0% c0e
CLEO-c i MC
Preliminary " ‘ “
0t ¢ D°-Kn
2 3.2%
004 E::!i_..:_:;g
0% bt A . :-' 223
B < I .. MC - Signal MC |
o1 L x 0 01 0P 03 0&4 05 06 07 08 03 1
U _ E | P | D o1 02 03 04 os FPE o7 UGH VCIQ 1 P I Gev/c )
= . — . miss? I
RS RS o o S
o . e “lis . 7 :
-} e . . " D°—>K1CR°
ace - 90.51% MC
wn D'—sKev |
o L 31%
o a e P LB
00 e MC
a0 Dt e et
0 . o 08 - Back d E"; i-'—h.—
) N ackgroun mEizsl
DATA oFn Component s
02 02 04 OB 0;» 0 r. 08 o8 °' 5751 o2 e 3 Da 05 00 OF r;« 08 1 Unspecmed
| P | Pruten: GeV/c Proten GeV/c o 248%" . McC
. T T L L b
. . — . SR
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CLEO-c

Semi-Muonic Decays [6g. ] Preliminary
: .. : Kuv vs. Kt
= Wrong-sign uses similar technique, but _
300x lower yield. £2% Right-sign
Primary background: mis-ID K flavor in RS ¢ M
decays. 150 If E
Dramatically reduced by requiring kaon to 1000
be in Cherenkov counter acceptance. sol FI Iﬂ%?ii@_
= S/(S+B) goes from 50% to 97%. - MHJ] E
Combined Kev/Kpv relative uncertainty ©-1-0.080050.040.92 9 _0.020.40.950.08 0.1
~25%. U= Emiss - IPmissl
= Unlike with incoherent D% wrong-sign °" Wrong-sign
gives r2, not Rys. °
4
Rys = M(D° — K1) /T (D° — K-Tr) A
= rKn2 + rKny’ . (x2+y2)/2
2 H
Mixing effects cancel in the interference | T rﬁ"’L
term ;I__ e J: ) u}% :L;-F."J-lﬂtfln__ AL
-%.1-).08-0.06—0.04—0.02 0 0.020.040.060.08 0.1

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China —— —



CLEO-c

Preliminary
Kuv vs. Kt
£100 ) ) £a50f . .
z Right-sign \q g Right-sign
: : : =z L
60 150/ F‘ L
a0 100} FI IE%
. ‘ j F ; i ‘iw' 3 ‘ ‘ - i _.-'-'JI:LL‘-H._ %
ol L] e e ST PRI PPN el I el I R
9:1%67080.06:0.040.02 0 0.020.040.060.08 0.1 9'170.080.06.0.040.02 0 0.020.040.060.08 0.1
U=Emiss_ IPmissl U=Emiss_ |Pmiss|
£ F . 1 ff 2 e[ .
245 Wrong-sign |- £ [ Wrong-sign
z 4F ; ‘ Z 5
3.5 i
3 41
2.5F S R 3l
2f e |
1.5 [ 2 il
1| IR 1 i Jf L
05 : : _,J' : ‘ 1 ; I ] ;‘I_- Ll J:- u—,’%-- :L;—"'I.I l .H""L J"LJ il
977-0.080.06:0.040.02 0 0.020.04 0.060.08 0.1 9.170.080.06.0.04.0.02 0 0.020.04 0.060.08 0.1
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Kev vs. KL’ [k ]

T T T T ]
R e

P

= Doubles the number of Kev vs. CP+ Paar/Brower: NIM A 421, 411 (1999)
. .. . BaBar: PRL 97, 211801 (2006)
» Technique for two missing particles: Belle: PLB 648, 139 (2007)

Used at B-factories for semileptonic decays _
Kinematic constraints on v and K° define two cones for D° and D°.
If cones intersect, then 0 < x,2 < 1.

40

20

Z
-a+
Py (Ke ) 140 = CLEO-c
}f ~ Kev l.'KO_I:I . .
0; — C Ko, .-Lk:g - S . l Preliminary
Py Z_ HD_ D, %D ) 121]:_ Everything else ]gna
- All MC
100{— .

80— |

60—
m

=]

&
]

L)
[ ]
i

-
-

fam i m T w
ST
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» |Fully-reconstructed single tags:

Fit beam-constrained mass
distribution.

BC \/Ebeam _l pD |2

= |Fully-reconstructed double tags:

Two fully-reconstructed STs
Count events in 2D Mz plane.

= |Exclusive Kev DTs:
One fully-reconstructed ST
Plus one K and one e candidate
Fit U distribution

= KO {n% n, w, mn% DTs:
One fully-reconstructed ST
Plus {m% n, w, m°m% candidate
Compute missing mass-squared

= Signal peaks at MZ(K°).
David Asner, Pacific Northwest National Iaboratory

Other Yield Measurements [y ]

D' K'K (Data
3 g e
2 [DD°—K'mw,CP+
: & 188
: -
E a L
E 1 L L
E £ 1.87 —
E e L =
E o r A e
c - -
e g I ‘5? ; _E'.. s
0 £ 1.861 -
6001 5 £ :
E Q [
400F E 1.85 D C
mz 2 = .
5 184 185 186 187 188 89 1.84 B
Mbc, GeVIc2
. DL

— 1835 T84 i85 86 187 188 180

Beam-constrained mass (GeV/ict2)
Kev vs.
100 |- K o.n.o L
S = 1

I -0 Kt~ vs.
80 — _| —

7 7 - K, Ono
60 |- - 30 :_ -
w]- | 11120 £ —
o} J -1 110 —

' "y ' - =

U = Erniss — | Pris | MM GeV /C
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External Measurements [0y ]

(%4 (¥

Parameter Value (%) Source Average (%)
Yor HFAG 1.107 £ 0.217
T 1.9753 +£04+£04 CLEO ILV [47] 0.419 £ 0.211 [41]
0.80 £ 0.29 4 0.17 Belle [48]
0.16 £ 0.23 £ 0.12 4 0.08 BABAR
y ~144+24408+04 CLEO ILV [47] 0.456 4 0.186 [41]
0.334+0.24 £0.15 Belle [48]

0.57 £ 0.20 = 0.13 £ 0.07 BABAR

Correlation Coefficients

72 0.364 = 0.017 Belle [50] 1 —0.834  +0.655
Y 0.0675:30 1 —0.909
' 0.01870 055 1
72 0.303 & 0.016 + 0.010 BABAR [51] 1 —0.87 +0.77
Y/ 0.97 + 0.44 4+ 0.31 1 —0.94
' —0.022 £ 0.030 4 0.021 1
2 0.304 = 0.055 CDF I —0971  +0.923
Y 0.85 + 0.76 1 —0.984
' —0.012 £ 0.035 1
r? 0.333 £0.011 Average 1 —0.848  +0.701
Y 0.48 +0.23 1 —0.942
2’ 0.002 £ 0.012 1

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China




Systematic Uncertainties [6g, ]

= Mixing/amplitude/phase parameters determined from double ratios.

Reduces effect of correlated uncertainties.

= Efficiency systematic uncertainties (correlated) determined with

missing mass technique.

Source Uncertainty (%) Scheme
Track finding 0.3 per track
K* hadronic interactions 0.5 per K+

K? finding, flight signif. & mass cuts 0.94 per K¢

7 finding 2.0 per "

7 finding 4.0 per 7
dE/dx and RICH 0.1 per 7 PID cut
dE/dx and RICH 0.1 per K= PID cut
EID 0.4 per e*

= QOther correlated uncertainties: modeling of ISR and FSR, AE cut,

mass cuts, vetoes on extra tracks/showers O(1%) each.

AE=E_, —E

beam

= Uncorrelated uncertainties: yield fit variations, sideband subtractions

= |n the end, statistical uncertainties dominate.
David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China




CLEO-c

Fit Results [0y ] Preliminary
= 51 free parameters = Statistical uncertainties on y and
Npp, 21 branching fractions ryCosOy. (W/0 ext. meas.) 3x
24 amplitude/phase parameters smaller than 2008 analysis.
for KO- Estimated impact on HFAG
5 Kt and mixing parameters average: o(y) reduced by ~10%
= Fit performed with and without First direct measurements of r, 2

external measurements of y, x, v’ and sinOq

(same as in HFAG May 2010 avg) = Preliminary systematic uncertainties

Previous: PDG,

Parameter HFAG, or CLEO Fit: no ext. meas. Fit: withext. vy, x, y
y (102) 0.79 + 0.13 3.0£2.0+1.2 0.635+0.118  Average of y and
X2 (10°3) 0.037 + 0.024 1.5+2.0 + 0.9 0.022 £ 0.017 | ¥ =Y €00k = XSiNOy
(now limited by sindy,)
e (1073) 3.32 + 0.08 4.12 + 0.92 + 0.23 3.32 + 0.08
COSGK" 1.10 + 0.36 0.98 +0'27_0.20 - o 0.08 1.15 b o 0.16 b o 0.12
Sindy, -0.04 + 0.49 + 0.08  0.55 *0-36 . + 0.08
Sk (7)) [derived] 221,49, 0:22+6 15411 47

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China —— —
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| Strong Phase in D' — K-n*n® and K-t m*

= Published result using 818 pb-' of y(3770) data
[ PRD 80, 031105(R) (2009) ]

= Similar formalism for K, except now include coherence factors (R)
for multi-body decay as free parameters.

Type Final states
Flavored  KTrn*, KTntrtnT, KTatq0 From like-sign DT rates of
CP-even K"K, mtn, K7, KV70, KQw Km0 vs., Ktmmo
CP-odd Koo', Klw, Ko, Ko, Ko/ K vs. KA
~ - R2
total CP-tagged  ~3200 vs. K1t (1-R")

events ~4700 vs. Krmrm°

= 41 DT yield measurements.
= No single tags — estimate from external branching fractions.

b
P

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China I —

ey
Ry



rrrrrrrrrrrrrrrr
--------

CLEO §

=
=
-
-
|
-
|
=
-
-

B

.
]
S E iR
Y

P

¥] Combining K'n* and K n*n’/K n*nm

Parameter Mixing constrained Mixing unconstrained

= K n/Kmnm analysis Ry 081+ 007 {]_TSJ:H:%é
includes §,,, as external sEm (2) 227+11 239+32
input. ﬁ?ﬁw .3 Uiig 35 035813 ghl

= Butthereisalso ;;D{%)( ) 0.96 + 0.25 —0.8}%33
independent sensitivity u (%) 0.81 4 0.16 0.7+24
to Oy, - { sK™ —151.5+9¢ 1308 ]

= |n particular, (K m/Kmmmnmm)=0orm
= K~ vs. K%/ K'n—m*tn~ DTs have enhanced sensitivity to sind,..

Final States

Time-Integrated Rate ( x A;2A;2)

cos(0; +0;) =

. i T 1+ r#rf =2rrjcos(5; +6) cosd; cosd; — sind; sing;
Exclusive j r#+r?-2rr; cos(d; - 6))
nclusive i X 1+ r2+ 2y rcosd No sensitivity to sind; when sing; ~ 0

= Combined analysis of Kfm~and K%/ K*m—*mr~ in progress.

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China E— L —
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Summary and Outlook

. _Q_Qantum-correlated CLEO-c dataset has yielded direct
determinations of amplitudes and strong phases in D° decays.

D° —» Km Kmmn® Kmmwm o K %hth
All measurements are statistics-limited.
Already significant impact on charm mixing and CKM studies. -
= BES-IIl has exceeded CLEO’s y(3770) integrated luminosity.
Should be able to improve on CLEO-c results.  n.b. CLEO-c analysis
Eventually: relies on RICH detector

= Competitive measurements of mixing parameters.

= Use C=+1 D°D% from higher-energy data.
= Orthogonal sensitivity to mixing parameters and strong phases.

= Access to CP violation.
= Super B-factories: radiative return to y(3770)?
Also gives boosted D°DP pairs—time dependent analysis is sensitive to x.
= Many more possibilities to explore! —

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China I —
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HFAG: New Charm Mixing Average with CLEO-c

Parameter HFAG:FPCP2010 HFAG:CHARM2010 o >
y (10?) 0.79 £ 0.13 0.83 £ 0.13 Surprising?
X (102) 0.59 + 0.20 0.55 012, . Large impact on
re 2 (10 3.32 + 0.08 3.32 + 0.08 X uncertainty
Oy () 27.6 112 4, 5 31.0*107 4,
g ® A HFAG-cham . ‘
= : FPCP 2010 CPV allowed I ; CHARM 2?10 P
1t 1{_ .............................
0.5 050
o ol
Hic
3 H36 1
“ ic .
_ TR NN VR T S N T e
-1 -0.5 0 0.5 1 1.5 2 T -0.5 0 0.5
X (%)

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China
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 CESR & CLEO

197§—2008, symmetric ete- collisions @
/s =2—12 GeV.

Last 5 years: CESR-c/CLEO-c, /s ~ 4 GeV
= Good for flavor physics (weak interaction):
Threshold production: clean events

ete- — y*: initial state w/ known energy and
quantum numbers.
CLEO-c

Hermetic detector with excellent & oL
particle ID.

Ring Imaging Cherenkov
= Contributions to HEP for 30+ years

2230104-002

\ Detector

N k Chamber
. o _ Inner Drift Chamber /
“Small” collaboration: SC Quadrupole ,/, Beampipe
Pylon @ 2/ |
[ | §

Drift

~20 institutions, < 250 authors.
Over 500 papers.

= Relevance of flavor to LHC era:

Quad I CaEI::;ae’:er
New Physics constraints from flavor u ’“’;‘;":Eaﬂh 445 4/
are much higher than TeV scale. Quadrupole \ { e
NP that solves hierarchy problem must .. -
have non-trivial flavor structure. e Chambers

David Asner, Pacific Northwest National Iaboratory Charm 2010, IHEP, Beijing, China




= (C+ contamination of initial C— state (not expected, cf. A. Petrov):
e*e~ — yDODO is C+, but photon must be radiated from
= DO or DO
= (3770)
= virtual D* intermediate state.

ISR, FSR, bremsstrahlung photons do not flip C eigenvalue.

= Allow fit to determine C+ fraction.

Include same-CP double tags (CP+/CP+).
= Allowed decay only for C+.
= All yields consistent with zero.

Fit each yield to sum of C— and C+ contributions.
Results (from 2008 publication): C+/C— = -0.001 + 0.023.

= No evidence for C+.
= QOther results unchanged.
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Charm Mixing (no CPV)
o) () e a1 e

H,,,H,.#0 = flavor eigenstates (D°, D°) = mass eigenstates (D,, D,).

M' 1 h t - d b X = M and y — £ D.. = E
ixing characterized by T o s N
Short distance No mixing Long distance [A. Zupanc ]

c d,s, b u in SU(3) limit

> [

g g o C
D" vné %w D’ D° D"
« « u u

Cc

d.3,b . - .
and GIM suppression Contribution from hadronic intermediate states

u
Effective CKM
. Iyl < 102 X,y ~ upto 1%

= Standard Model predictions for x and y have large uncertainties.
= But measurements of x and y can constrain New Physics models.
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CLEO-c

Likelihood Contours [6g_] Preliminary

= |mproved likelihood behavior New prelim. results - statistics only
(no ext. meas.)

over 2008 publication: \ e = \\

Previous nonlinearities from use | ! )
of Ry to derive r,.2 $ >
0.00F -
Rys = [(D° — K*T)/T(D° — KTT*) | &
\. 1 N | -

= rKTrZ + rKTry’ + (X2+y2)/2 1 1 1 L 1 1 DVOAEN N > i

Likelihood
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cosd cosd

Solved by our new independent 2008 publication

3950108-001
]
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measurement of ry, i > (o
(WS Klv vs. K'IT) = 0.04
f 0.00 |
Will give more robust averages oo
with other experiments (HFAG) -
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