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Introduction

Measuring the angles of the CKM Unitarity Triangle (UT) 1s
an important way to study weak interactions in the Standard Model
and to search for Physics Beyond the Standard Model
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Yy 1s the most poorly measured UT angle

This talk will focus on how high precision measurements
from CLEO-c provide information for measuring y
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vy from B — DK decays
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Determine Yy by measuring _ \ _
the interference of B ‘ I(D) K

y B

b » uandb - c transitions r. e | o 71/
- 0 /0 B
in B - D(D/D") K decays,

with the D/D°decaying to the same final state

* B* » DK*, D*K*, DK** and B’ - DK*’studies have been published

* Charm input provides information on D decays
- ADS (Atwood-Dunietz-Soni) method: D — K1t Koot Krut
- Binned model-independent analysis of D - K| T 1T
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Data produced at the
Cornell Electron Storage Ring,

a symmetric €'e” collider with
both beams in the same ring

CLEO-c Detector
- Covered 93% of solid angle

- Tracking: Gp/ p=0.6% @ 1GeV
- Shower Calorimetry:

0. /E=5(22)% @0.1(1) GeV
- Charged PID (dE/dx + RICH):

Good K/1tseparation
over whole momentum range

(p <2.5 GeV/c)

818 pb™ collected
@E, =M[W(3770)]



Quantum Correlation with e'e” - P(3770)

Best environment for Quantum Correlated D decays is e'e” — ()(3770) — D°D°
Since YP(3770) is C = -1, CP(D’D’) = -1
Reconstruct one decay of interest (e.g., D" — K _TUTD),

other is of known CP (e.g., D’ — TUTT, CP+)

Very clean signals
P(3770) — DK 1TT0)D(TTTY)
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6 “"for D — Krtdecays

For B - D(Km) K decays, two of four final states can have large CP-asymmetry
B~ — (K n )pK ™) ocrp+ (ri™?+2rp r3™ cos(6p + 65" — )
(BT — (K 7" )pK") occrp+ (rp™)* +2rp rp” cos(dp+ 65" +7)

AN
~0.1

e |6D
Need to know parameters related to the D decay /1/ DK\
r_|_ J— CI "
(K*n—|D”) _ _ il B~ f(D)K

1

K+n|D° (5
< | > \ rBe [—)Kyl/

~0.06

Possible to constrain Yy, but need to know BDK”

[1 Use quantum-correlated D decays
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Measurement of 5DK"

Measuring correlated J(3770) — D°D’decays allow access to D mixing parameters

Mode Correlated Uncorr.
K_TJ" . K_ 7T+ RM RWS
K 7, K"m~ (14 Ryg)* —4rcosd(rcosd +y) 1+ Ry
K 7", S. | + Ryg £ 2rcosd =y | + Ryg
K~m*.e I — rycosd — rxsind I DT
Si" Lgi O l
S_l_.. Lg_ 4 2
Ls‘iq (J_ l i \. l
I
a. : _
O Type Final states x=M,-M)T
I _
" Flavored K7 K7 y=(@,-T)2r
4+ KK, 757, ngowo, ngo RM = (X2 + yz)/Z
B
O ngo, Kgn, Kg(u Rws — 2+ ry' + RM
b Inclusive Xe“v,, Xe s, :
N y' = ycosd — Xsind
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o “"Results (281 pb™')

Use CLEO-c measurements of signal and double tag yields and Q

. : vs

external r’, X, y, X', y' measurements to determine r°, X, y, r cosd_""and rx sind " ©

(@)

from a least-squares fit [W. M. Sun, NIM, A556, 325 (2006)] E
'-D ] L L] T I T T L] .

o 0 Mode Yield =

2 5% CL Bt 25374 *+ 168 S

o K+qg 25 842 =+ 169 N

S K+K— |CP(S) 4740 = 71 >

- + 2098 = 60 —

ST K“wﬂw 2435 + 74 ,5

KQ=° 7523 * 93 S

KO ICP(S)— 1051 =+ 43 x

KQw 3239 = 63 o

EF g~ K5 5ag~ (2) 4 = 2 @

0 40 80 K- mt, KYa— (1) 600 = 25 3

o (degrees) K Fmm— L% (5 GOS5 £ 25 UO

DTl& #=. 5_ & 243 + 16 =

VAl +114+9 o Era . et 2 2346 + 65 2

() — ()) 12— J_J_) 5.. 8¢ (9%) 10 = 6 ot

S_.S_ (6%) 2+ 2 S

, - S, 5 12 242 + 16 S

First measurement of strong phase 0 Sy, eT (6) 406 + 44 F

D S_.,e* (6) 538 = 40

Will be improved by including more tag modes in analysis of full 818 pb™' (3770) sample
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ADS method for multi-body D decays

ADS method can be extended to multi-body flavor-tagged D decays with larger BFs
[Atwood & Soni, PRD 68, 033003 (2003)]

Intermediate resonances of multi-body D decays have many contributing amplitudes,
each point in phase space has its own relative strong phase

If particular intermediate resonances are not isolated,
then interference term is diluted by a coherence factor, e.g., R _for D - Krutt

F(B - (]ur _?T_TJF)D[(_) X 7?9“‘( o ) + 2 B 71&‘3l P[l 3 (O%(SB—Q—()A o "‘)

/

- R . =between 0 (several significant modes) and 1 (dominated by single mode)

- %"= average strong phase difference over entire phase space

- Large value of R __ allows for higher sensitivity to Y

R and 8°" can be measured with quantum-correlated P(3770) — D°D° decays

K3

Analogous parameters for other decays, e.g., Krut’
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Yields for D — K371 K7t analysis

Uses full 818 pb™ P(3770) sample,

CP+

CP-

I new CP+, 2 new CP— modes .. et
(as compared to 281pb” D — Krtanalysis) s Kun?vs KK
E —F T . 0 60—
NMode KT=nta+xr K=n+tmT i
KFr=n=nF 4,044 + 64 — i
40—
KT=gFgFg+ 291 +5.9 - i
KFgtg0 9,594 4+ 99 7,342 + 87 o0l
K=na+70 63.6 8.8 12.5+41.1 i
KFx+ 5.206 =72 7,155 + 85 IR | o SRR 1ol P NP
K*xTF 35.6 6.2 7.3+3.3 T A E 188 evids®
KTK— 536 + 23 764 + 28 1891
Tt 246 + 16 336 = 18 s .
K9m070 283 £ 18 406 = 21 2%
970 827 + 30 1,236 + 38 o1 g7
KYw 296 =4 18 449 + 22 F o,
K270 705 4+ 27 891 + 30 1.861 o
K2w 319 + 19 3890 + 21 e " . .
Ko 53.0 7.5 90.9 +9.9 F
KOn(~vv) 128 =12 116 =11 188 e
Koy(rtm w0 35965 36.3+7.2 2 (s .
KS7/ 35.7 +6.0 60.6 + 7.8 L8 sa 1es . dee 187 188 1,89
D, my, [GeVicT]
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Observables for D — K31, K1t

I =B
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Coherence Factors (818 pb™)

A4280308-001

4280305-002

o

(511 o — (ll—L+:)3)

r,~ 0.06

K3r

350 350
300 300
—~ 250 [ 250
o C .
T 200 - § 200
Dg 1502— gﬂ 150
" 100 £ “ 00
50 |- 50
0 bl N Ll . 0
0 0102030405060?0809 1
RK‘J‘ETI:O
Ry 0=0.84 +£0.07
Krml ~+14\0
op™ = (2277-)°
B - D(Krmut)K decays sensitive toy, B — D(K3m)K sensitive to r,
‘&//
(B~ — (K'r n 7" )pK™) o 15+ (k"

May 26-31, 2009

V2 +2rp T

CIPANP 2009

1

(pamrwqns) [xa-doy]zs 8t €060:AIX IR 0-OHTD



Measuring yusing D — K TUTU decays

The most precise measurements of y are from B — D(K_TTTT) K decays,
since D — KST[+T[" decays are Cabbibo-favored

3 I.LI T

m2 (GeV?/c?)
-2

—
T T T T

(8002) £20v€0 ‘8L dd :regeq

m? (GeVZ/c?) m2 (GeV/c?)
BaBar w/ 383M BB (K K'K™+ K TETC): ~ = [76 *3(stat) & 5(syst) % 5(model )|
[PRD 78, 034023 (2008)] (Kslﬁf only): = [63 T33(stat) & 8(syst) &+ T(model)|°
Belle w/ 657M BB (KST[+T[_ only): v = [76 T13(stat) £ 4(syst) + 9(model)]°

[arXiv:0803.3375[hep-ex], preliminary]
Model uncertainty arises from isobar model analysis of flavor-tagged

D - K TUTT decays from continuum-produced D** — D TT events
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Binning of D — K 1T7T Dalitz plot

Model dependence can be removed by performing binned analysis of Dalitz plot
Giri et al. [PRD 68, 054018 (2003)]
* Divide Dalitz plot into 2N bins 3

* =N to N bins (omitting N = 0) 25
* Symmetric about M*(K _1t') = M*(K 1) -

Bondar & Poluekov [EPIC 47, 347 (2006); EPIC 55, 51 (2008)] &

proposed to bin plot to minimize the variation T i

of A5 =8 (MA(K,TT)) - 5 (M*(K 1)) in each bin |

05}

2

Binning determined from BaBar model

O i L L L L

_ M2(K 7+
For B* - D(K ') K* )
<Nf> = hp [fx} BS r‘%h—_.—g + 2rpy I K _i(c; cos(0p £ ) + s; sin(0p £ 7))

N * = Number of B" events in bin i of Dalitz plot
K - Number of D events in bin i (-i) from flavor-tagged D sample

i(-i

C = COS A6D, s = sin ABD can be measured in quantum-correlated Y(3770) decays
l l
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CLEO-c binned D — K_ TUTT analysis

Uses full 818 pb L|J(3770) sample

620108014

x m1wa1s L L] LN L L L
Mode ST Yield K@r'r yield K}7 7 yield | 00T | ]
Flavor Tags _ Flavor, K'm*z- | CP+, Kt - |
K7t 144563 + 403 1447 2858 L2000 ‘ 1 2 o0l
K—7n+n0 258938 -+ 581 2776 5130 f‘g ¢ E i ]
K—7tatn— 220831 + 541 2250 4110 0 = !
K—etv 123412 + 4501 1356 - = ', S I
CP-Even Tags 3 1000 1 2100} -
r T — = = . @
K™K 12867 + 126 124 345 2 ¢ Z '
ata 5950 + 112 62 172 I c . 1 .
K3n0z0 6562 + 131 56 - - s 1 i W eine .
__ﬂ_.é-_—_ T IO L T O LU TS
IiL.u 27955 £+ 2013 229 - 00.1 0.2 03 0.4 05 Oﬂ.‘l 0.2 0.3 04 0.5
CP-Odd Tags M2, (Geviey M o (GEVZ/C?)
KZxY 19059 + 150 189 281 PR, _r
KOy 9703 4 69 20 i1 Use of KLT[ TU 1ncreases statistics
"0,| 51° Lrd _ .
Ksw 8512 + 107 33 by more than factor 2, but introduces ¢!, s and
KQn+m— - 475 867 o

A IKLJ_T

,,—\/L—l K'7tr

— A(Kgr™ 1)

KSﬁT[' vs. CP tags: ..-"l[t._ = hepe (N =2/ K, K_; + K_;) K : flavor-tagged Ksﬁn" in bin i

KS"T+"'[_ VS. Ksn+n_: Jljraj }E.CO?,T[I{{_IXF_j + irlv_.ifl'j — ?\/;T‘Lr.ijrf_jjrf_ijfj(t"ifj + Si.ﬂj))
K 17T vs. CP tags: A/~ hepe( K, F 204/ KIK , + K" ) K': flavor-tagged K TUTC in bin
K 07T vs. K TUTT M;; Peorr | I I it I{_t-_ff; + 2\/ KiK' KK Ci(‘;— + aata;)]
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K, Ln*n‘ Dalitz Plots

Kin' n-vs. CP-even Tags K?r* - vs. CP-even Tags
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K. TOTC Results (818 pb™)

Result * stat + syst + (K 1TTT «> K TT7TT7)

[9POIN

1-__|‘-v-1odel prediction Result

1 c; s; - \ | ‘/
0 0.743 £0.037 £0.022 £ 0.013 0.014 = 0.160 £ 0.077 £ 0.045 I " t .
1 0.611+0.071 +0.037 +0.009 0.014 + 0.215 + 0.055 + 0.017 U-5:— ‘

2 0.059 +£0.063 +£0.031 + 0.057  0.609 +0.190 £ 0.076 + 0.037 - I _

3 —0.495 £ 0.101 £0.052 + 0.045  0.151 £ 0.217 £+ 0.069 + 0.048 ﬁ o ‘ ‘+
4 —0.911 £ 0.049 £ 0.032 + 0.021 —0.050 £+ 0.183 £ 0.045 + 0.036 @ LK _

5 —0.736 = 0.066 = 0.030 = 0.018 —0.340 = 0.187 £ 0.052 £ 0.047 L\ T ¥

6 0.157 +0.074 +0.042 + 0.051 —0.827 + 0.185 + 0.060 + 0.036 B :
7 0403 +£0.046 +£0.021 +0.002 —0.409 + 0.158 + 0.050 + 0.002

-1 -0.5 0 0.5 1
3820306024 cos 5 i

Mean 60.54 Effect on precision of y
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Binned analysis of D - K. K'K"
S,L

As suggested by Giri ef al. [PRD 68, 054018 (2003)],
the binned Dalitz plot analysis method

can be extended to quantum-correlated D — K LK+K_ decays

Measurement of cl_('), s

1

currently underway at CLEO-c

using full 818 pb™ Y(3770)
data sample

~550 quantum-correlated
double tags
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Summary

Using the quantum-correlated P(3770) — D’D’ decays @ CLEO-c
* Measured relative strong phase for D - Kt 5%’: = ZZjBi}l )
- From 281 pb™ Y(3770) data sample
- Analysis using full 818 pb™' sample in progress,
additional improvement by using more flavor and CP-tag modes
* Measured coherence factors using 818 pb™' sample:
Ry 0=0.8440.07 Ryesr = 0.337039
-B - D(KT)K decays sensitive to y, B — D(K3M)K sensitive to r,

* Measured cosAO , sinAd_ for D — KST[+1T‘ using binned Dalitz plot method

\-rl\-r

- 0 <2’ from modeling of D — K.t (818 pb' sample)
- Binned analysis of D — K  K'K" in progress

These measurements will help limit the external uncertainties on y in future
measurements from present B-factories and from LHCDb and super-B experiments
BES-IIT will improve these measurements
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Backup Slides
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D Kp Results (281 pb™)

CLEO-c: PRL 100, 221801 (2008); PRD 78, 012001 (2008)

Bl ©C Pred. (r=0.06, cosd=1, no mixing) [l Data 2060500-011
——— CP+/CP+
1 1 1 1 [ I | [ | I 1
o CP—/CP—
1 1 1 | I I | I | I 1
CER v /CP—
1 | 1 1 [ I | [ | l
Ru/Rws
g = ' s W /K K
l’ I I | I I I | 1
1—4r? cos?20 - K-rt+/K*1—
] | ] 1 [ l 1 [ 1 I [ ]
1+2rcosdo+y KTt/CP+
I 1 ! L | 1-.. L I | L
1—2rcoso—y '-1 Kr/CP—
1 | 1 ] [ I ] [ ] I [

2

O 1
Avg (Yield/No-QC prediction)
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0 measurements for D — K311 K1urt’

Relations between efficiency-corrected yields, S, and p observables

F S(F|F) + S(F|F)

PLS T 9N eB(D" — F)B(D’ — F)

F|I\_u +b F|1T\
B(DOAF)[(DD . K+ _)_‘_F(DO—rF)E;{DD—'}I'LF_?T—F”

F _
F}KW-LJS _ |) :.'\T |:| [
- DDE

S(F|CP)+ S(F|C

)

F _
Popx 2N _=B(D? — CP)[B(D° — F) + B(D° — F)|]
Knn® S(K—nt7|K=37) + S(Ktn~ "*D|I'L+3?r
PKam LS = 2N o0 [B(DY — K=mt70)B(DY — K+3m) + B(D — K+n—7%)B(D° — K~3)]
T —0 .
N om0 = Number of produced DD pairs
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