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4+ Introduction

+Experimental results
4+ D'—>K*rn (CLEO-c & BESIII)
4+ D°>K %t (CLEO-c)
4+ D'—K K*r- and D’ K °K'n* (CLEO-c)
4+ D%5Kr*n’ and D°>Krn*n*n (CLEO-C)
+ ycp measurements (BESIII)

+Summary and prospect

See Xiaorui Lu’s talk for details of related BESIII analyses.



Charm facilities

4+ Hadron colliders (huge cross-section, energy
boost)
4+ Tevetron (CDF, DO)
4+ LHC (LHCb, CMS, ATLAS)

4+ e*e Colliders (more kinematic constrains,
clean environment, ~100% trigger efficiency)

+ B-factories (Belle, BaBar)

4+ Threshold production (CLEOc, BESIII)

+Quantum Correlations (QC) and CP-tagging are unique
4+0Only D meson pairs, no extra CM Energy for pions

+Lots of systematic uncertainties cancellation while applying
double tag technique



Quantum Correlations at the y(3770)

+ ete > y(3770) > DD : Pure JPC =1 -initial state
y(3770) : spin=1, cc bound state, Mass: 3.773 GeV
DC: spin=0, Mass: 1.864 GeV
= D mesons created =~ at rest in CM
= DD orbit angular momentum L=1

4+ A typical entangled 2-state system
4+ L=1 and Bose statistics = DD state anti-symmetric

+ |0y = 5 (ID°@)IDO(-p)) - D)) ID°(-p)) )
= DD and DDV are prohibited
4+ At any time until one D decays : one D% and one D°
+ Similar to CP eigenstates |Dp,) =(|D°)+|D%))V2, assuming no CPV:

+ )= (IDcps PN Dcp—(—p)) = |Dcp- @)D eps (—P)))
4+ At any time one D¢p, , 0ne Dgp.
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4+ inputs from Quantum Correlated (QC)

y(3770)->DD decays

+ (Averaged)Strong phase difference: 8,

+ Coherent factors: Ry

+ (Averaged)Strong phase in Dalitz bins: c;, s;
4+ B factories, LHCb, Super B factories are the

customers
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o and y/¢, Input

— .
4+ D hadronic parameters for a final state f: 2%%2 = —rpe 0
4+ Charm mixing parameters: x = % Y = %

4+ Time-dependent WS D? - K*n rate =
y' = ycosdyg; —xsindg, = (0.72 + 0.24)% (LHCb 2012)

+ Oy, QC measurements from Charm factory
4+ y/d; measurements from B— DK

4+ bou:ylp;=argV,,

+ most sensitive method to constrain y/¢,; at present

4+ GLW method (Gronau & London, PLB253, 483 (1991); Gronau & Wyler, PLB265,

172 (1991))

4+ ADS method (Atwood, Dunetz & Soni, PRL78, 3257 (1997); PRD63, 036005 (2001))
+ GGSZ (Dalitz) method (Giri, Grossman, Soffer & Zupan, PRD68, 054018 (2003))

4+ GLW and ADS methods in B—» DK
4+ DO%to doubly Cabibbo suppressed decays K*n', Kt n°
4+ Decay rates:

T(B* — (f), K*)oc 12 +r2 + 21,1, cos(5, + 5, + ,)

+ 15,05 QC measurements from Charm factory
% (rg, dg, ¢35 ) 3 unknowns, 4 measurements



C;, S; for y/¢, measurements

+ GGSZ (Dalitz) method in B> DK =5
+ Most powerful method nowadays -
4+ D%to 3-body decays Kcn'm, KK*K,... 15 ]

4+ Partition the Dalitz plot to 2k bins T
0.5
4+ B Signal yields in ith Dalitz bin T
i L B B L B B
extracteic_ifromflt QC measurements 0s 1 1.5 3 2.8 312
B* = DK* yields tothe B" yields from Charm factories

/ Ava

(VD)= ha[Kui+ 2K + 2 KR GG £y360)]
+ Averaged phases in each bin: c;, s; (ciriet. ai. PrD68, 054018 (2003))
Ao (512:5,5) = A€ = A —> K (p)z (p)7 (py)) € = J APA13A312 C0S(01515 — O1s1)

=AD" > K (p)7z" (p,)7~ (ps)) S, = : APA 5137512 SIN(01513 = F1315)

_ —m?2
S, =M o S;3= mKS,,+

T, : dpA122,13
7 i



Charm tagging at the y(3770)

ete- 2y(3770)>DD
4+ Pure DD final state, no additional
particles (Ep = Eeam)-

4+ Low multiplicity ~ 5-6 charged
particles / event

4+ More kinematical constrains to
reconstruct decay channels with v

+ Single Tag (ST)

4 Reconstruct one D meson

4+ Double Tag (DT)
4 Tag one D meson in a selected tag mode. Study the other D (signal D).

+ Flavor Tag
4+ Tag the flavor of D° or D°

4+ CP tag (CP4)
+8 Tag the CP eigenstate: Dqp, Or Dp.




Time-integrated decay rates

4+ No time dependent information at Charm
threshold

+ Anti-symmetric wavefuction: ,
r2; = [(i[p°){j|D®) — (j[D®)(i[ D)
4+ Double tag rates:
AiZAjz[l + rl-z‘rj2 — 211 cos( 8;+6;)]

4+ CPtag: r=1, 6=0 or &; I* tag: r=0
4+ Single and Double tag rates

Selected references:

Goldhaber and Rosner, PRD 15, 1254 (1977)
Bigi and Sanda, PLB 171, 320 (1986)

Xing, PRD 55, 196 (1997)

Gronau, Grossman, Rosner, PLB 508, 37
(2001)

Atwood and Petrov, PRD 71, 054032 (2005)

Asner and Sun, PRD 73, 034024 (2006);PRD
77,019901(E) (2008)

_ — Apcs _ x2+y?
+ Zf:ZCOS(Sf,rf:ADCF,Rva 2
C-odd f 7 | cP+ | CP-
f RM[1+rf2(2—sz)+rf4]
f 1+712(2—2z6%) + 1t Ry|1+71/2(2 —z/%) + 1
I r 1 Ry
I 1 r2 1 R,
CP+ 1+ rf(rf + Zf) 1+ rf(rf + Zf) 1 1 0
CP- 1+ 7r(ry—zp) 1+ r(r;— zp) 1 1 4 0
Single Tag 1+r2 —rpz;,(A—y) 1 2[1+ (A-y)]
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Analysis techniques

Quantum Correlated topics

+ Mixing (x2+y2):DD — (K1*v)?, (K'1t*)?

4+ Strong phase cosd: Double Tag Events: Kzt vs CP=*

4 Charm Mixing (yqp): Flavor Tag vs CP*

4+ DCS: Wrong sign decays Krt* vs K'l*v

4 Strong phase ¢,s; (Dalitz) : Kt vs CP*; Kot vs
Flavor Tag; Ksn'n vs Kg ¥

+ Typical Kinematic variables for full reconstruction
4+ Energy difference & Beam Constrained mass

AE = Ep — Egeam

Mpc = \/EZBeam — I_jzp
Global fit method

4+ Combined analysis to extract mixing parameters, DCS,
strong phase plus charm hadronic branching fractions




Data samples @ charm threshold

4+ CLEO-c: 818 pbt @ y(3770)
+BESIIl: 2.9 b1 (~3.5 x CLEO-c data) @y(3770)

3000 - Lol
2000 -
1000 + 518 pb
96pht  33pb” I
; /

MARK-IIl BES-II  CLEO-c  BES-III
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O, IN D — Kn (BESIII: 2.9 fb!)

(Km|D")
(Km|D°)

(K7t|D p.)=((Kn|D®)X(Kn|D%) /N2 = V2Acp. =Ax T A,

io
rKTl'e Kn

A simple picture:

Akn
AKn

|Acp—|?> — |Acp+|?
ZT'K * COS 61{ = ACP K =
" " TR Aep-|* + |Acp+|?

_ BT(DCP_ —>K1T)—BT(DCP+ —>K71')
~ Br(Dcp——Km)+Br(Dcpy—KT)

+ Measuring o, from rate differences if using external r
4+ Reconstructed modes:

4+ Flavor tags: Knt*, Kfw

4+ CP+ tags (5 modes): KK*, m*n, Kon’n®, n°n°, p°n?

4+ CP-tags (3 modes): K2r°, Kon, K20

12



O, IN D — Kn (BESIII: 2.9 fb!)

4+ Signal reconstruction: Single Tags
+ Single Tag (ST): CP tags s e 1
gle Tag (ST) g §15000 K* K _.

4+ Double Tag (DT) : Kr + CP Tag
+ Kinematic variable: Beam Constrained Mass (MBC)§10000

4+ Singal shape: c®MC-truth - prelimi
4+ Background shape: ARGUS function

Event

0
NKncP+ €
4 Br(D.p, —» Kn) = =522 . (P4 Mgo(GeV/c?)
- Ncp+ EKn,CP+

1.84 1 86 1 .88

+ Ngncp+ an(_JI ncps are event yields for DT and ST Double Tags
from MBC fit &_1_000 N —

+ exncp+and gcpy are detection efficiencies of DT ‘>\-’ Z K n, K'K
and ST from MC simulation % j o

4+ Most systematics cancelled for ratio €cpi/ €gn cping?C0f preliminaty

0~1%37 186

MBC(GeV/c )
(Sys ))

Events/(

BES Il preliminary:

ACP—>KT[ = <12 77 + 1. 31(Stat )—O 31

13
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Oy, IN D > Kz (BESIII: 2.9 fb?)

+If we don’t ignore the mixing effect

21k, c0S8k; +y = (1 + Rys) " Acp—kn
F DO—>K+ — , 2+ 2
¥ Rys = FED0—>K‘2+§ N ern tTgny t = zy )

+ External inputs from HFAG2013 and PDG

4r Kzn' =0.347 + 0.006%,
+Rys = 0.380 + 0.005%

+BESIII preliminary results:
CoOSOkg,=1.031+0.12+0.04 £+ 0.01

(Uncertainty is dominated by the statistical error.)
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updated 6 in D - Kn (CLEO-c: 818 pb)

. . PRD86,112001(2012)
4 Previous results in 2008

+ cos&=1.03773710.06 ~1400 Kogmm- vs. K
+ PRL 100, 221801 (2008) / PRD 78, | 3000 - sind,,
012001 (2008) ot
_ _ -tagged Km
+ Global fit for hadronic and l' vr Tv
semileptonic branching fractions, — cos6yy
mixing and DCS parameters to Flavored
extract hadronic CP+ CP- Semilep Mixed
+ Updated results K KK+ Kom? Ketv  Kmm~ (bin 0)
4+ full CLEO-c dataset: 818 pb-! . . p Kev Ko (bin 1)
+ Additional final states N oo Kosn P s
+ Single tags for all fully- st 5 v Komr (bin 2)
reconstructed modes except Kome Kmen® Ky K% (bin 3)
KOmta K°.n KOs+t~ (bin 4)
+ Double tags for almost all KO, w New in update Ko~ (bin 5)
combinations of modes. A
Kot~ (bin 6)
+ At most one missing particle ~3500
(K% or v). (Except for Kev vs. Kot (bin 7)
KO, 70 (2 missing particles)) CP-tagged Klv
4+ 261 yield measurements -y
+ K9a*n from PRD 80,032002 ~30 WS Klv vs. KT
(2609) —

— r 2
Courtesy of Werner Sun, CKM2012
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updated 6 in D - Kn (CLEO-c: 818 pb)

4+ Fit has 51 parameters : PRD86,112001(2012)
+ Npp + 21 BFs + 24 amplitudes & phases for K m + 5 K1r and mixing
parameters

+ Statistical errors on y and r,cosd,,, 3x smaller than 2008 analysis
(standard fit)

4+ First direct measurements of r?,_and sing,
+ When used to average y and y’, improves overall precision by 12%.

+ sind,, sign ambiguity in standard fit
4+ All measurements are statistics-limited

p ¢ HFAG 2010 Fit: no ext. meas. Fit: w/ ext. y, x, ¥’
arameter CLEO 2008 (standard) (extended)
y (102) 0.79  0.13 42+2.0£1.0 VLGRG el ATECEITERE
y' =y cosdy, — X sind
x2 (103) 0.037 £ 0.024 0.6 +2.3+1.1 0.022 £ 0.023
M (1073) 3.32 + 0.08 5.33 £+ 1.07 + 0.45 3.33 £+ 0.08
COSGK" 1.10 + 0.36 0.81 +0.22 +0'07-0.18 0.05 1.15 +0.19 +0_0'17 0.08 2.50 diff. due to
fluctuations in
sindy,, -0.01 £+ 0.41 £ 0.04 0.56 *0-32+0.21 . ., r2andy,
Oy, (°) [derived) 22 *11, %9 10 *28+13 . o 18 +11 correlated

with cosd,.

16 Courtesy of Werner Sun, CKM2012




DK, h*h- (CLEO-c: 818 pb!)

PRD80,032002(2009) ;PRD82,112006(2010)
+ Motivation: extract c;, s; for

v/¢; customers

4+ Decay modes:
+ DoK'

+ D'—>Kg KK

QC = “CP eigenstates filter” =
Clear differences in Dalitz plots
for CP+ and CP- tags

K2 n*n~ vs. CP-even Tags Kim*n - vs. CP-even Tags
. . . . . 3 e T T N : T T T .
+ l[a)iarl: gt)z analysis (divided into 8 Cp+ Tags” | < | |cP+ Tags ")
| T T ] o — ]
S R 2 |
= | w 30
+ Tagged modes: A T =R o o |
= I % i | 8 2 0 7
4+ Flavor tags: Knt*, Kn*n?, K- T v ] 8 Ksp |
nint n, Ketv ; : 5
0 ' : ol — '
WK+ ot 0,00 0 1 2 3 0 0.5 1 1.5 2
+ C|(2)>+0tags. KK ', Kgn'n®, V(o) -
KL T 0 0 0 K2n*n=vs. CP-odd Tags Kin*n-vs. CP-odd Tagzazmosms
) . 0 8 _ -—_ _
4+ CP tagS Ksﬂ: , KSTI’ Ks(x) [ FiCP — Tagstc; g cP — Tagsid)__
0 - [ >
+ K¢n'n tags o} 3
A 8
< | S
= £
| ]
: it
o- l R "
0 1 2 3

17 S



DK, h*h- (CLEO-c: 818 pb!)

PRD82,112006(2010)

+ Model-independent measurement of y/¢,

4+ K)n*m mode proposed by Giri et. al. PRD6S,
054018(2003);

4+ Pioneered by Belle, Bondar& Poluektov EPJ C 47,
347 (2006); EPJ C 55, 51 (2008)
Updated results: PRD82,112006(2010)

Choice of binning is optimized for
precision (Compare CLEO-c measurement
with Belle model)

+ Toy MC = Model uncertainty in y/¢,
measurement reduced from ~7°to 1.7°

Belle used CLEO-c ¢, s; as input

+
4 uncertainty in c;, s, can be further reduced
at BESIII

+ <+

extracteg from fit  measured by CLEO
to the B yields [PRD82, 112006 (2010)]

VD) = hp K+ 2K + 24 KK (e 173650
y = (773435 £4.14+43)°

8 stat exp sys C,S; error

25|
20
9 1.5
NEI 3
10
0.5
05 10 15 20 25 30
m?2 (GeVz/c*)
1.5¢
~ ACLEO | oBelle
1 5¢ E‘_‘E model
: T [ N
L s b
0.5 / "‘-._I
i .‘f 2? ‘
- 17
0 ';,'.4 -4 ?
i !"-._1 4 1 | 81 /
0.5\ A g 8 mio
C L ", .3 ° /12
C ~ 1 e
-1_— “"'I/
: o
15 L 1 L I:? . |

a polar-to-Cartesian re-mappindpf
previous & in each bin: ¢c? + s?=1



DO KK and DK Knt* (CLEO-c: 818 pb)

PRD85, 092016 (2012)
4+ Non-flavored, non-self-conjugate modes

(Singly- -Cabibbo- -supressed)

U

4+ Motivations << I
4+ Coherence factors & Strong phases = input g

for y/¢; measurements c s

+ “Generic” Dalitz analysis = resonant D’ _

u

substructures, BFs of two modes
4+ CLEOIIl continuum charm w/ D* tag

CPV (Malde & Wilkinson, Phys. Lett. B701, 353 (2011)) ¢
4+ Formalism (Dalitz case)
[(B* — D(K=7*)K™)  (rg)? + (rE™)* + 2rprk™ X cos(8 + 6875 ),

o ) K ., 0 K _
[(B™ — D(KIK=m )K™) = (rg)? + (ry" ") + 2rgry) K‘Rm r pos(ds + 35" % ),

| Axax {mH%H.mKﬂ_}ﬂK?K ﬂ. {mm&K. mKn_Jdeﬂ:Kden_

+ CLEO-c with flavor tags <
4+ Time-dependent study = Charm mixing &

c|la aqum <o

K97 _ AKIK
o

x‘x— _

Ryog €

Agok 7 AKK 7 Agog- gz

4+ Coherence factor R can be [0, 1]

4 One state dominant = R~1
19



DO KK and DK Knt* (CLEO-c: 818 pb)

+ PRD85, 092016 (2012)
4+ Coherence Factor Analysis:
+ Data sample: CLEO-c with CP-tags
4+ Tagged modes:
4+ Flavor tags: Kn*, Kn*n’, Kn*n* v
4+ CP+tags: KK*, n*m, Kon°n®, K¥n®, K0n,
K)o, Kiv’
4+ CP-tags: Kon°, Ko, Koo, Kon’, Knon°
4+ Mixed CP tags: Kin'n , Kdn'n
4+ Results in full Dalitz plot region:

4+ R=0.73%0.08
4+ 5=(8.3%15.2)p

4+ Results for arestricted region ( 100 MeV
around K*(892)*):
+ R=1.00%0.16
+ 5=(26.5+15.8)°

20
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100 -
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ol
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-150 - * Best Fit
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D—Knr'and D—K3r (CLEO-c: 818 pb)

+ Motivation PRD80, 031105(R) (2009)
+ Coherence factors & Strong phases = 350 - camminon
input for y/¢; measurements : 1 (a)
: : . 300 o
4+ Formalism (Dalitz case: similar to sk [ 20
0 o F
D9—KKmn) E 200t M 30 Q
RKn-n.t:e—eﬁff“ﬂ _ fﬂﬁ' a0 (X) A g 7 po(X)dx K-r'r‘ —A—K LA OE 150'?— % Best Fit
Ag-at ARt 7 o0 Ag-z'm?  xo -
““ 100E
4+ Tagged modes: 50 -
+ Flavor tags: Ko, K'n*n®, K'n'n* %070.1 0203 0.4 05 06 0.7 08 0.9 1
4+ CP+tags: K'K*, n*m, Konn, K%, KV Ry
* CP tagS KSTCO KST]’KSO‘) K Tl, Ks(l) 35&; (b)
4+ First determination of Ry, Rka,, » 8pK™, -
8 K3n —_ EEEI;
D ® 200F
+ D—Knn': Large R = Significant coherence =
4+ D—K3n: R~ 0.3, No significant coherence % mn%
4+ LHCb time dependent analysis = Constrain R 5ok
and & (See Sam Harnew'’s talk in 9/1) N A o

0h
0 010203 040506070808 1
21 R
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Ycp Mmeasurement (BESIII: 2.9 fb!)

K’ 4+ Single Tag decay rate (CP tags)
P T% < T 2Acps AT )
# Double Tag decay rate (Flavor tags +

9. € . CP tags)

*Lcps |14,] |ACP+|

e(u) Flavor Tag 4+ Neglect term y2 or higher order
e(u) *y ~ 1 (FI;CP+FCP— _ Fl;CP—FCP+)
P a\I'pep-I'cp+  Tuep+lcp-

4 Reconstructed modes:
+Flavor tags: Kev,, Kuv,

4+ CP+ tags (3 modes): KK*, n*n, K{n°nO,
4+ CP- tags (3 modes): K9n° Ko, Ko

22



Ycp Mmeasurement (BESIII: 2.9 fb!)

4+ Signal reconstruction:

4+ Single tag yields extraction:
4+ Singal shape: c®MC-truth
4+ Background: ARGUS function
+ Kinematic variable: Mg
4+ Double tag yields extraction:
4+ Singal shape: c®MC-truth
4+ Background: Polynomial
4+ Knr® background shape from data
4+ Kinematic variable:
Upniss = Emiss — |Pmiss| (=0 for signals)
+ BESIII preliminary results:
p= (-1.6+1.3+0.6)%
4+ Most precise measurement wit
charm mesons

+ In the limit of no CP violation: y p =

miss

23
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2000

Events/1.0 MeV/c?

Events / (0.005)

Cinad Le aos
‘‘‘‘‘‘‘‘ T T T T ™
[ M =17244142 T E 000 "} ﬂzmz 162 I ﬂ ‘ 7
[ Ny, = 92852 111 | K'K ] [N, =3017% 87 Ko
- mean=002+0.05MeV | - E 3000 =0.01+0.17 MeV —:
r sigmal =0.14 £ 0.05 MeV \— : gm:li 0.15+ 0.14 Me’ V ]
| sigma2=0.19:0.08 MeV % 2000 [ sigma2=0.21+0.13 MeV J
[ yeindof = 1.81 ] e [ yzindof=1.52
m -
1000 - PreI|m| ar ]
- u |
1.84 1.86 1.88 1.88
2
M, (GeVic Mg (GeVic?)
£ Tﬁgs —
i S [ Nyg= 35320
o 100 - KK, Ky Ny, = 145% 10
b — L pn=-2.40%+ 10.89 MeV
MeV | ; L 0,=1.53+5.25 MeV |
0 QE L P I . 02:5‘31:6.34 MeV |
] o r relli 1
] > 50 =
w L i
— 0 La, 4 T 3
0.1 01  -0.05 0 0.05 0.1
U.... (GeV)
- -
2
£791 1999 i . { 0732 + 2.890 + 1.030 %
3.420 = 1.390 = 0.740 %
CLEO 2002 I ; ; } -1.200 + 2.500 = 1.400 %
Belle 2009 H 0.110 = 0.610 = 0.520 %
LHCb 2012 }) 4 |‘ 0.550 = 0.630 = 0.410 %
Belle 2012 H 1.110 = 0.220 + 0.110 %
0.720 = 0.180 = 0.124 %
THIS WORK H—e—
World average H 0.866 = 0.155 %
wliaaal oo bonvabovoa b b Lol
4 -3 210 1 2 3 4 5
Yep (%)



Summary and prospect

4+ Quantum Correlated measurements from CLEO-c
played very important role on improving the precision
of y/¢; and D mixing parameters

+ When used to average y and y’, improves overall precision by
12%.

+ For Belle analysis, theoretical model uncertainty of y/¢;reduced
to 4.2° by using CLEO-c strong D phase input.

4+ CLEO-c have stopped data taking, and most QC results are
statistics limited.
+ BESIII have shown first QC results, and released the
most precise cosdy, measurement. Many more QC
analyses are undergoing.

4+ The simultaneous fitting package has been developed
In BESIII. The package will be applied on §,,. and y.p
measurement.

4+ Possible extensions: C-even (C=+1) Quntum Correlated
Analysis DDy , D°D%nm’from higher-energy data?
4+ Thanks to CLEO-c and BESIII colleagues.
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Unitarity Triangle

VooVL VIV, V. V) (1 0 0

us

VWV =1=|V. V. Vv, V. V,|=|0 1 0

ts cS
b V th ) \O O 1 )

t; ) \th Vv

ts

B'>nn |

B 2pr (f-)aﬁ)

<
<

* * * — vV _V
Vib VudtVep VeatVip Vig =0 7ot e
(B system)

B> DOt
B*>DK T~ t

B> JhK,
B® DK,
B’ > D)D)

2013/9/3 26




¢, from B- - DK

2013/9/3

S

c

u

A(B* — D°K™)

A(B* — D°K ")
4+ No hadronic uncertainty

4+ Methods

4+ Gronau-Wyler original method
4+ Atwood-Dunietz-Soni Method

4+ Dalitz method
4+ Problem: statistics

27
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Gronau-Wyler original method

VZAB —> D{K)

{

ABT— DK

/

VZAB ™= DK

A%BB' — D'K)

AB™—D'K") = AB—>D'K)

Theoretically clean

Experimentally challenging
Hadronic D decay modes: hard for D flavor tagging
Semi-leptonic D decays : Background too high
CP eigenstate decays of D: small Branching ratio

28



Atwood-Dunietz-Soni Method

Use interference between
B*— DK* and B*— DK~ follows by D (D) —

To get a , we need
Double Cabibbo Suppression (DCS): =K*zn , K*K-
K-Kmixing: =K, Ktn

D hadronic parameters: ~ A__ (D’ — f)

0
Decay rates: Aca(D” > 1)
[(B* — (f )y K*)oc 12 +12 +2r,1r, cos(5, +Sp £ 4, )
5, 0p :measured from Charm factory (see next
slides)

(rg, g, ¢3) 3 unknowns, 4 measurements = ¢,

= I’Dei5D

29



o, from Charm-factory

+ Getr, from the large tagged D decay samples (B-
factory or Charm factory (CLEO-c sensitivity: ~0.05 from 3fb1))

+ 0, < Charm factory ony(3770) accurately measured
(Soffer hep-ex/9801018)

4+ Reconstruct Double Tags: CP and f
+ CP+: K*K, 7#* 7, K22 7°
4+ CP-: K2, Ko, K
+ Asymmetry in CP+ and CP- of D decays:

Br(D,,, — f)-Br(D,_— f)
A=
Br(D,,, — f)+Br(D,_— f)
4+ Input Ry=rp2 from PDG COS 5D _ A

cp+

Cp+

ZQ/RD
4+ BESIII sensitivity: <0.06 from 10fb-!for cosé,
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Dalitz method

+Three body D decays: Ksn'n n'nn®, KKK ...
4+ Effect of D = D iInterference

/—?A
3 - - 200 y

1 g+ 225 - —=
v hl BRI 1
" [ 7 J
9 : & o )
2.5 —3 Nl o
R T i |
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B S M, et - GeV
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05 L - Wi
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n 5 TN
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T 37 333
AR et

Most sensitive regions on the Dalitz plot (6 = 0°, ¢3 = 70°).
5 x 10* detected events (equiv. [ L ~ 50 ab™1).
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Formalism (Giri,Grossman,Soffer,Zupan)

+ B* = (Ksm'n)p K2 (hep-ph/0303187)

+ D hadronic parameters 5 . . i )
, Ao (82, 813) = Apie 7 = AD™ = Ko (p) 7 (p,)7 (Ps))

S, =M% _,S.=m> . _
oo TR =AD" > K2(p)7" (p)7(py))
4+ Partition the Dalitz plot to 2k bins

4+ Label bins below symmetry axis i, abgve axis i

. S
Ci = dpA12,13A13,12 COS(512,13 — 513,12) T
/ .i 2.5
unknown T

\Si . dpA12,13A13,12 Sin(512,13 — 513,12)

4

1.5 —

) Measurable from tagged D ; |
dpAizz,/ 1

13 0.5 -

T.

! Ci:Ci,SiZ—S. FFF’I’I’I’I’I’ISQ

[ 0.5 1 1.8 2 2.5 13
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¢, extraction

+2k bins x 2(B modes) = 4k equations

4For the i bin:

dF(B —> (K 7" ) K7) = T+r2T +2r,

[~ =[dl'(B” - Kz 72"), K7) =T +rZT, +2r,

[ = 'df(B* - (Ko7 7"), K7) =T + KT, + 2r,

= dF(B+—>(K 7)o KT) =T, + 12T + 21,
+2k+3 unknowns: Ci, Si, I'g, O
for k=2

C0S(55 — @,)C; +8IN(J5 —@,)8,
c0S(55 —¢,)C, —Sin(J — ,)s, |

c0S(55 +@,)C; —SiN(5; + @), |

cos(5 +@,)C, +SIn(o; +go3)s
5, @3 Solvable

4+ Belle results frolqg Dalitz method |n 2095:

¢, =68° 15 +13° +
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) Decay model
11 Systematic
Uncertainty




¢. ,s; from Charm-factory

+ D double tag: (Ksn*m vs General state: g)

[ | ocTiT]g +T.T7 =2(cc} +s;s}
) 4 If g: KSTC+TC_ and J:| — Czi +82i
[ o 2-|'iTi — 2(Ci2 + Siz)

+1f g=CP+ = s9=0, T%,=T" =xc’=¢,
[ oc T, +T: £ 2¢;
4+ Belle studied relationship between systematic
error on ¢, and # of CP tagged K z*7 events in

Charm factory (BESIII)
42000 CP+ and CP- tagged events =06 ¢, (Sys)~ 1° -2°
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