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° Branching Ratios: DO > TC_TC+TCO, K_K+TCO Phys. Rev. D 74, 091102 (R) (2006)

e Dalitz plot analysis: D% &> K-K*xn? Phys. Rev. D 76, 011102 (R) (2007)

e DP of D% = nn*n® & measurement of

Phys. Rev. Lett. 99, 251801 (2007)

y using the decay B* > D_._, o K*
e Search for CP violation at the 1% level

Preliminary

in D% 2 'l K-K+nd

Also, for angular moments analysis of the above Dalitz plots:

arXiv:0711.1544 (2007) (HADRON-07 proceedings)
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Precise BR Measurement of DO—t 0, K-K+7o
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Background Events in Simulation

L LA ~ KK*m°
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Note Log y-scale.

* K-n*n reflection events peak in the sidebands of mr*n?, K-K*xP.

* \We take the shape of the reflection events from simulation and their
numbers from data.

Phys. Rev. D 74, 091102 (R) (2006)
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Signal Reconstruction Efficiency
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Results on B.R.

D? decay mode Our Results(%) PDG-2006 (%)

> 5¢ difference with PDG-06. B(mm+m? )/B(K-x* % |10.59 + 0.06 + 0.13 | 8.40 = 3.11
Excellent PID has greatly

improved our sensitivity. || B(K-K+*m?)/B(K-n*m° |[2.37+0.03+0.04 | 0.95=0.26
 ~
‘\T

Using 2-body B.R. values from PDG:
Decayrate T’ = <|M|?>.® "9 y B VLSS T

— : _ IM|2(r-1r+) | |[M]?(K-1r+) = 0.034 + 0.001
M = decay matrix element, ® = phase space KK ) | [MI2(K-17) = 0.111 = 0.002

= | For 3-body decays: area of the Dalitz plot IMI(KK*) /' |M*(mrre) = 3.53 = 0.12
For 2-body decays: momentum of either Very different from naive expectations.
daughter in DO rest frame.

Using branching ratio values from above table: Roughly consistent with

|M|2(rr-1r+119) | |[M]2(K-Tr*110) = 0.0668 =+ 0.0004 = 0.0008 naive expectations,
IMI2(K-K*1r%) / [M2(K-Tr1r°) = 0.0453 = 0.0006 = 0.0008 | € j.e.. sin20, = 0.05

|M|2(K-K+1r0) [ |M)?(rr-1r+1r0) = 0.678 + 0.014 + 0.021  ( Naive expectation = 1.0 )

Phys. Rev. D 74, 091102 (R) (2006)
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DV—K-K+7t0 Dalitz Plot Analysis

Interference among three types of singly
Cabibbo-suppressed amplitudes
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Color-suppressed
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Motivation

- Nature of Kt S-wave
below 1.4 GeV.

- Is there a charged « state?
- Nature of fy/a, (980): KK
S-wave.

DY decay reconstruction

7132



Dalitz Plot for D0—K-K+7t0
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Fit Results for DO—K-K+m° Dalitz Plot

Strong-phase Difference & Amplitude Ratio K*+ + 45 0

: ,— : *- + 16 0

TDBZJD = 000K Kt BZ(JK*—K+_5K*+K—) « }g O;O

a:DO SK*tK-— (I) . 0
fo/ag: 7-10%

BaBar CLEO
rp = 0.599 + 0.013 (stat) = 0.011 (syst) | 0.52 = 0.05 (stat) = 0.04 (syst) {\mbigléljt&; 2etween 8?
8, =-35.5° (stat) + 1.9° + 2.2° (syst) | -28° = 8° (stat) + 11°(syst) lj‘,[?; 10T)“If2,(f532"§)_
%2 Prob = 62 % Model-I %2 Prob = 48 % Model-IT

State Amplitude, a, ~ Phase, ¢, (°) Fraction, f; (%) Amplitude, a,  Phase, ¢, (°) Fraction, f, (%)

K (302)F 1.0 (fuxed) 00 (fixed) 452108206 10 (fxed) 00 (fixed) 44408406
K'(1410)F| 22040374020 [ S67EI20£06 | 374l.1+L1
°S) | 1.764036+0.18 [1798421.3412.3 | 16343442.1| 36640114000 -1480+2.0428  TLIE374L9

¢(1020) 0.691£0.01+0.02 -20.7£13.6+9.3 19.3x0.6+04| 0.70+001£0.02 18043.7£3.6  19.4+0.620.5
fo(980) 0.51£0.07£0.04 -177.5£13.7£86  6.7t1.4x12| 0.6420042003 -60.8+2.5+£30 10.5+1.1+1.2

K*r

ao(980D 0.4840.0810.04 |-154.0£14.1£8.6] [6.0£1.8+1.2]| [0.68+0.06+0.03| |-38.5+4.3+£3.0] |[11.04+1.5£1.2

.[\ T

)
f2(1525) 1.1140.3810.28 -18.7£19.3x13.6 0.08+0.04£0.05
K'(892)” |0.601£0.011£0.011  -37.0£1.9422  16.0£0.8+0.6|0.597£0.013£0.009 -34.1£1.9+22  15.940.7£0.6
K*( 1410)' 2.6310.51£047  -172.0£6.6£62  4.8+1.8+12

°(9) 0.701£0.271£0.24 1332+22.5+25.2  2.7x1.44+08| 0.85x0.094+0.11 1084478189  3.9+0.9£1.0
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Each event is weighted by the spherical harmonic

functions Yi'(cosbu) = \/=— Pilcosbu) (1=0,1,2,.....).

-

J\o

-

Analysis of Angular Moments

Excellent agreement between data & models.
21 41 Large interference between S and P waves.

"
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Higher moments above 1.1 GeV are coming from cross channels.

2
Var (Y)) =87+ P ,
«— For S- and P- waves only, in the absence of cross-feeds from other
0 channels, the amplitudes and the relative phase are given by:
Var (Y} = 28| Plcos g, D PRse ATERRER DY

) We solve these equations for the K'K* system in a limited
van <Y20> =—_ P’ mass range (where the above conditions are satisfied) to
\/g extract |S|, |P|, and cos ¢cp.
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Partial Wave Analysis in K'K* channel

Look into the distributions of the spherical harmonic

. 1 21 +1
functions Yi'(cosfu) =\ =~
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Solve these equations to
extract |S|, |P|, and cos Ogp.
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Because of the interference from
the crossing Kr channels, the
model independent partial-wave
analysis performed here seems
valid only up to about 1.02 -1.03
GeVi/c2.

A  Model-II

1.1
Kalanand Mishra

Choose the solution with
increasing S-wave phase
(Wigner causality)
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[Weak interaction of quarks in SM

E:;n:t?zlt:;v Left handed quarks in doublets q' = \ ¢ )
| Right handed quarks in singlets = do not couple to W

i," 63 = The electroweak coupling strength of W
Qe A A to left-handed quarks is described by
Three Families of Matter Cabibbo-Kobayashi-Maskawa matrix

g ___
—ﬁwi =5 ﬁ Ur, ’}’“ (VCKM)Z] dL] le- + h.c.
u. =u,c,t
w+

‘/i' _ -
d,=d,s.b

= 3x3 unitary matrix ==> 4 parameters

relative
- Vua  Vus Vb - - maghitude
V= Vea Ves Ve — m [l - of the
Vida Vis Vb . - - elements

Univ. Cincinnati, January 22, 2008 Kalanand Mishra 12/32



The CKM Matrix

= Anirremovable complex phase in V- is the origin of CP
violation in the SM

W™ wt
7 - the phase changes sign
b u b /L‘ ““““ in the CP-conjugated
........... rocess

Vub VJb - i
= In the Wolfenstein parameterization: T T
A? 3 05 %Esmfs » p: mﬂ;; {Sm’y:
-3 A ARCID) SN
V= A XA [+00)  E
AAS(]. . @) _AAQ 1 %4 .0&_0\2. ‘ lnlﬁ.z‘r‘) YR 'Bofsl :1

» Expecty to be ~ (60+10)°, if the Standard Model is consistent.
» But need to measure it directly, need redundant measurements ....

» Several ways to measure vy, no single one of them is “silver bullet” !

Univ. Cincinnati, January 22, 2008 Kalanand Mishra 13/32



Extraction of y with B=> DK

A
NP a V.V
S VoaVes | y = arg [—M]
4 u K- |vc:v;": | Ol I VsV ea
b—~——¢ |
B- — — DY . Y . [3
u u \ 0 p 1
Common
. final state f
b \\\ ]_)O /
i C
B_
S -
u u Color suppression
oy i ‘/ , 0.4 The bigger the better!
Magnitude ratio = rp=~ |42 . <. _pP-m U7 0.1 Largerrg = larger
Vcb Vus N colors N colors 3 interference term =

Univ. Cincinnati, January 22, 2008 Kalanand Mishra

better constraints on vy.
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[ A Simple Interference Algebra

Amplitude 1 = A el Discrete Ambiguities
Amplitude 2 =B e® Observables cos(d + )

_ . . and cos(d - y) are
Total amplitude = Ae" + Be™® ivariant under

Decay Rate = A2 + B2 + 2AB cos(8—y) | ¥ S..: 6 <y
Decay Rate of CP-conjugate decay S; 1 d—=>-),

v
= A2 + B2 + 2AB COS(6+Y) v s - Y6:_6Y+ﬂ:

Y=Y+ T
If 2 parameters are known (A/B and 9),

: If 8; and &y are different,
use the 2 equations to solve forBand y.| ~ f

S, Is resolved, since you

can’t simultaneously
B— DK, through a more complicated analysis, satisfy both 8; <=y and
allows to measure y when o is not known. 00 <>y

Univ. Cincinnati, January 22, 2008 Kalanand Mishra 15/32



Univ

Analysis Steps for B=—D__+ oK*

Step 1: Obtain D% = s*x-xn® Dalitz Plot
parameterization using D**—D%* (and c.c)
sample

Step 2: FitB-—D___ K- (and c.c) sample to
obtain signal yield and branching-ratio
asymmetry

Step 3: Fit for CP parameters using results of
Steps 1 and 2 for B——D___K- sample

JTITITO

. Cincinnati, January 22, 2008 Kalanand Mishra 16/32



> 1| Dalitz Plot Analysis of DO—mr*n

e 232 b
Motivation: CKM angle y using B+>D[>n ™ n?] K* 4500
. . + i .
» Three / =1 particles in the final state 400 +1G region: Events
: : C o 3500 = 45000
« Gives rise to a rich interference structure 000E events used
 The three p regions are clearly enhanced in the 2500 for bkg
DP, and p-p destructive interference is evident 2000 shape
1500
& [T T T T T T T
E 3 . 4 P-p destructive interference ";00
B2.5 i e K veto T ¥ R ¥ T Y R Y
¥ 3 m () [GeVic']
ok purity = 98 %
1.5/ The 3 destructively interfering px

amplitudes suggest an I = 0, Al

= 1/2 dominated final state.
C. Zemach, Phys. Rev. 133, B1201 (1964).

lzllellllllllllllllllllllllll

ll‘lllll:l[l[lllllll

1 1.5 2 25 3>
m?*(1T°)
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011 Fit Results
pt* 168 %  Small contributions from Phys. Rev. Lett. 99, 251801 (2007)
p- :35% higherp, f,, f, and o states
p? : 26 % Systematic errors:
State Amplitude a, Phase ¢, | Fraction f.(%) * oand p(1790) parameters
p ¥ (770) 1 ol 678+00+02 |* reconstruction & PID eff
p°(770) [0.588+0.006+0.001 [16.2+0.6+0.3| 26.2+0.5+0.4 |* Form factor variation
p~—(770) [0.71440.008+0.003 | -2.0+0.6+0.5| 34.6+0.8+0.1] | * Flavor mistags
pT(1450)| 0.21£0.06+20.10| -146+18+8[0.11+0.07+0.06
p°(1450) | 0.3340.06+0.04 10£846[0.30+£0.11+0.07 —
p (1450)|  0.8220.05+0.04 16+£3+3|1.7910.22+0.12 | 1he distribution is marked
pT(1700)|  2.2540.18%0.14 17+2+2|  4.1+0.7£0.7 | by 3 destructively
p”(1700) 2.51+0.154+0.13 _17+2+2]  5.0+0.6+0.9 | interfering pt amplitudes,
p~ (1700)|  2.004+0.114+0.07 -50+£3+3| 3.24+0.4+0.6 | suggestingan I =0, Al =
fo(980) [0.052+0.004+0.006 -59+5+3(0.2540.0440.04 | 1/2 dominated final state.
fo(1370) | 0.2240.03£0.03 1562:9+6]0.370.1120.09 | ¢ 7emach, Phys. Rev.
fo(1500) | 0.20£0.02+0.02 12£0£4[0.392008£0.07 | 433 51901 (1964)
fo(1710) | 0.39£0.05%0.06 51+8+7|0.31£0.07+0.08 ' :
f2(1270) | 0.30£0.01£0.06| -171+3%2[1.32+0.08+0.08
o (400, 600)  0.2410.02+0.04 8+4+3[0.82+0.10%0.10
Non-Res | 0.57£0.07+0.08 11+4+2(0.84£0.2110.12

Univ. Cincinnati, January 22, 2008
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11 Mass-projections & Angular Moments
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Excellent agreement between data & fit.

Large interference between S and P waves.

-100

0.5

1 E 05

2, PR
m(mn") (GeVieT] m(rn") (GeVieT]

Univ. Cincinnati, January 22, 2008

1.5 0.5 1 1.5,
m(n'n’) [GeVieT]

Kalanand Mishra

0.5 1 1.5,
m(r') [GeVieT|

19/32



021 BR & Asymmetry for B=—=D___+ o K*

Fit B——D___K-sample with AE, q, d >
Obtain signal yield & asymmetry o1
0.1
Nsig 170 £ 29

0.05

Asym -0.02£0.15
0
0

Phys. Rev. D72, 071102 (2005)

g = continuum NN
AE PDFs are Gaussian and 2"d-order polynomial: d = fake D° NN
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*»?| Result with 344 M e*e'—BB Events

rpel*) =x, +y, p0-=0.72+0.11 £ 0.06 ;
: 0-=(173+42+16)°
0
piE\/(Xi_)f )-l-y: p+:O752|2011:|:OO6,
xY=10.85 0+ = (147 £23 £ 11)°

)
X, —X

% 250_ -
!
= First measurement of CP-violating quantities in S
B—D__K 200 -
= First combined use of DP distribution and absolute
BR to extract CP parameters. 150l _
= 0O, ls too large for a meaningful !
extraction of y from this analysis alone [
1001 —

= o, is small enough to contribute

to overall CKMFitter/UTFit fits of Y X marks point of no b—>u amp

0 =0.85,0=180°
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Step 3 [From (pi, ei) tO ( FB, 6, Y )

Use frequentist method to extract vy, ry, & from (p,,6,)
(3dim confidence intervals projections)

~ 180 L 1-CL———
D’ 09 | -
3 120 0.8 0.4__ ~
. 0.7 i ]
= 60 0.6 03F .
0 0.5 : :
04  02]

_60 0.3 I ]
“120 gf 0-1;‘ !
180 gl VYL
0 025 05 075 1 180 <90 0 90 180

I's Y (deg.)

1o, 20, and 3o regions are defined as containing the three-dimensional significance,
1-CL, smaller than 19.9 %, 73.9 %, and 97.1 %, respectively.
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Step 3

[Constraints on(rg, 0,7)

1o bounds on the physical parameters, including both stat. and syst. errors

First direct lower <@ < g <(0.78

bound on rg
Phys. Rev. Lett. 99,
-30° < Yy < /6° 251801 (2007)

-27° < 0 <7/8°

These bounds come from the results of this analysis alone.
Sensitivity to rg, y, and & comes from the Dalitz plot and BR asymmetry.

(0]
* DK Ot —] K=* < 0.142 (rg < 0.198 y = (92 £ 41+ 10+ 13)
B*—=D[=KS n*n ] K=, [7B o (Té o) ) (stat) (syst) (Dalitz)

Hopefully, a more powerful bound will be obtained after combining the
results of this analysis with with those from B*—D[—K/%n*x~] K* analysis.

Univ. Cincinnati, January 22, 2008 Kalanand Mishra 23/32



Time-integrated 2P in SCS D° Decays

SM predictions 0(0.1%). < CPV in charm decays highly suppressed.

= New Physics must be playing a role if an asymmetry is observed with
present experimental sensitivity [O(1%)].

= 3-body decays permit the measurement of phase differences
which are required to create CP violation in the interference
between SM and non-SM processes.

= Access to both CP eigen states (p’n?, f,m%, ¢11° ) and flavor states
(p*n", K**K-*). Therefore, can probe diverse possibilities of CPV.

With the present data sample, we are sensitive to asymmetry of
O(1%) in amplitude and O(2°) in phase in the main decay channels.
Sensitivity is higher in D—rn*n® decay compared to D—K-K*r0.

. Y. Grossman, A.L. Kagan, and Y. Nir, Phys. Rev. D75, 036008 (2007).
For details: 11 Bigi. hep-ph/0104008 (2001).
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Methodology to Measure CP Asymmetry

Perform a blind analysis to search for CPV

= Use 4 independent methods to measure CP asymmetry:

- directly compare Dalitz plot distributions for DY/DO events. (Model
independent, calculate y?/v and compare with null hypothesis).

- compare angular moments of the cosine of helicity angle (Model
independent, calculate y?/v and compare with null hypothesis).

- fit the D and D° Dalitz plots separately and extract asymmetry in
amplitudes and phases. (Model dependent).

- asymmetry in the total number of signal events. (Model independent).

The model independent methods would help establish asymmetry,
the model fit can help interpret measured asymmetry in data.

Univ. Cincinnati, January 22, 2008 Kalanand Mishra 25/32



[ Sensitivity to CPV: Simulation Studies

3 T

4

Plot the difference in the Dalitz plot
distributions of D° and DO events
(in number of standard deviations).

1 l | I S l | | |

Clear signal of asymmetry
in expected places.

0 1 o 3
% ’ i . I 5'0$p0':rc°'arlnp' cHar'\gédﬂ | '564‘)-7& 'an'1p‘ch'an'ge'd
T | by -.5%, phase by -5° Poy -5%, phase by -5°
2 = ge
;
0
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- = :'|'| e K DO—K-K*+Jt0 3
L |. ol -I P il B sl il -1. 1 J | | | L L . | 1 J
% 1 2 2, 4y 3 % 200 2 a4 2 °
m?(t'n®) (GeV*/c”) . \,OQ m*(K %) (GeV*/c")
............ R -
5 igma 86 + B (9@ ; Sigma 0.03649 + 0.500141
i Consistency S AQ}“*‘ Consistency
ol with No CPV @ = with No GPV
328% | & - 16.6 %.
=r - @ * 6 10— -
N
| A N RS | A _
0.95 1 1.05 1 1x , (J 0.9 0.95 1 1.05 1.1 1.15 2

Conclusion: no hint of CP violation in direct comparison of DPs.
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[Asymmetry in Data: Angular Moments

= T T T T T T T T T 3 - = T T T T T T T T T 3 N O T T T T 71 T T T 7T

E A
}-f channel

AL O L B s

1\ Consistency with No CPV: 28.2 % Only 3 moments shown here, but
v2/v comes from first 8 moments

\|, Consistency with No CPV: 28.4 %
x [T T T T T ¢ °f

aﬁ{

1 channel
1 moments

|||||||||
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[Asymmetry in Data: Angular Moments

m(K'K’) (‘GeVIcz)

x 3fF

|||||||||

|||||||||

m(K'K)) (éeWc’)

1\ Consistency with No CPV: 63.1 %

|||||||||||

|||||||||||
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m(K'K") (éeWcz)

1 KK~
i channel
i moments

Only 3 moments shown here, but
v2/v comes from first 8 moments

\I, Con5|stency with No CPV: 23.8 %
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X 3
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_5 moments
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Asymmetry in Data: Model Fit

> B A | A A
State Aa, (%) Adr (°) Afr (%)
p+(770) |-3.241.740.8|-0.841.041.0]-1.641.140.4
p°(770) | 2.14£0.940.5 | 0.841.040.4| 1.64+1.440.6
p_(770) 2.0+1.14+0.8(-0.6+£0.9+0.4| 0.7£1.110.5
p+(l450) 241148 -30£2549( 0.0£0.1£0.1
po(l450) 13+8+t6 -1£1443( 0.1+0.240.1
p—(1450) -3+645 8+7+3[-0.2+0.31£0.1
pt 1700) 19+£27+9 9+7+3| 0.4£1.0+0.4
P°(1700) | -31£20+12|  -7£6+2|-1.310.840.3
p_(lT'OO) 3114411 -34+8+3(-0.54+0.61+0.3
fo(980) 0.04+0.1£0.2 -3+7+4| 0.0+0.110.1
fD(lSTO) -0.3£1.3+1.2 T£14+5(-0.24+0.11£0.1
fo(l500) 0.4+1.1£0.7 -1£1241| 0.0+0.140.1
fo(lTlO) -3+£34+2| -25413+11| 0.04+0.1£0.1
f2(1270) 8+4+5 2+5+2| 0.1+0.1+£0.1
0(400) -0.3+0.7£2.0 -4+743(-0.1+0.140.1
Non-Res 1247+£8 11+9+4| 0.24+0.31+0.2

D—K-K+T°

State Aa,| Ag¢r (°) Afr (%)
K*(892)* | 0.0240.0340.02| 10+1243| 0.8+1.1+0.4
K*(1410)* 1.040.740.4| 142146| 1.7+£1.840.6
K*7°(S) -1.340.6+£0.5| -94+10+6]-2.3+4.7£1.0
¢(1020)  |-0.0140.0240.01 | -10+20+5 | -0.4+0.8+0.2
£2(980) 0.140.2+0.06| -12425+8| 0.442.640.2
[a0(980)°] | [0.240.240.06]| [-7+16+8]|[0.6+1.9+0.2]
fo(1525) -0.440.74£0.1| 6+36+12| 0.040.1+0.3

K*(892)~ | 0.014+0.03+0.01 | -7#442| 1.7+1.3+04

K*(1410)~ 1.34£0.940.7|-234+1349| 1.742.840.7
K~7°(S) 0.1+0.7+0.4|32439+14| 0.442.4+0.5

Conclusion: No evidence for CPV in any CP eigen or
flavor state in either decay mode.
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Phase-space-integrated Asymmetry

_0.01F =
By | ‘
I % 0.05F — .
T iy |
0 3 ~
.
-0.01 . 1
: -0.05 ]
- — — N B B B
0'020' —02 0.4 06 0.8 0 02 04 06 038
| cos Og.',“| | cos O " |

mwtnls agp=[-0.31 £ 0.41 (stat) + 0.17 (syst) ] %
K'K*n%: ap= [ 1.00 + 1.67 (stat) £ 0.25 (syst) ] %

_ 0. _r._ Consistency check,
mrtn’. ae=[-0.28 £ 0.34 (stat) £ 0.19 (syst) ] % £ 2,50 region for

KKt aep= [0.62 + 1.24 (stat) + 0.28 (syst) ] % reco. D mass peak
Conclusion: consistent with no integrated asymmetry.
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Summary

e Performed branching ratio measurements of the SCS
decays D° 2 nn'nf, KKK*nO relative to the CF decay
DO > Knttnd

» Dalitz plot analysis of the decay D% > K-K+nY

» Dalitz plot analysis of the decay D® - nnn®

» Measurement of y using the decay B* > D_ . oK*

» Search for CP violation at the 1% level in the decays
DO = nmntnf, KK*+xn0

End of Talk ! Thank You!
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[Back up slides



Kaon/Pion Discrimination: DIRC

LAYOUT
Central ‘
Support =" Support
Tube ——— Gusset
e+ i/ ‘
~Sa
Bar
Box
Bucking e-
Coaill

Tube ~ Box

Univ. Cincinnati, January 22, 2008

Cherenkov angle vs. momentum
for pions and kaons

0.84F (a) -

A a
A T

>4 o separation
at 3 GeV/c

1.5 2 25 3 35 4 45 5
Momentum (GeV/c)
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B.R. of the Decays D%—mt w0, K-K*+m?

Use the the Cabibbo-favored decay D°—K-t*n? as reference for normalization.
Reconstruct the decay chain: [ D**—D%_*, D°—h-h*n?, x’—yy]and c.c.

Event Reconstruction

1. Precision measurement of the » Py (D%) > 2.77 GeV/c
branching ratios of 3-body Cabibbo- » |mpy. - m 5o - 145.5] < 0.6 MeV/c?

suppressed decays of DO.
2. To investigate the anomaly in the BR K"/ m* K/

of 2- & 3-body CS decays of DO,

Motivation

The charge of the n_ ;, determines the charm
content of the D° meson (i.e., whether it is D°

or D9).

Background Sources

» Combinatorial

> KanO reflection in men® and KKx® modes
Data Sample = 232 fb-1
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DO—m T, K-K*oo

D%—h-h*n’ Reconstruction Background Sources
> h-and h* tracks are fit to a vertex » Charged track combinatoric
> Mass of n? candidate is constrained » Mis-reconstructed n?
tom_o at h-h* vertex » Real DY, fake
» Py (D?) > 2.77 GeVic > Knn® reflection in wrn®

and KKn® modes

D* Reconstruction

» Dt candidate is made by fitting the D° and the n,* to a vertex
constrained in x and y to the measured beam-spot for the run.
» |mg. -m 5 - 145.5| < 0.6 MeV/c?

» Vertex y2 probability > 0.01

» Choose a single best candidate with smallest x2 for the whole decay
chain ( multiplicity = 1.03 ).
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K-K*71t? branching ratio: CLEO result

3300190010
250IIICILIEIOIIIIIIIIIIIIIIIIIIIIIIIIIIII
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]
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kY
P S—

50

1 l H Signal yield 151 £ 42
Efficiency 9.2 £ 0.3 %

0lllll|lllllllllIllllIlllllllllIllll

1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05
2
M K+K_7r° ( GeV/c )
FIG. 10. The invariant mass distribution of K+ K~ x° after doing the normalized mass difference

sideband subtraction. In fitting, we exclude the region between 1.92 and 2.02 GeV/c? due to an
excess of misidentified D° — K ~7+7° events which survive the veto.

Univ. Cincinnati, January 22, 2008 Kalanand Mishra

Phys. Rev. D54, 4211 (1996)
B(D%—KKn?)/ B(D%—KKn?) =
0.95 + 0.26 %

High pion-to-kaon
misidentification rate =
contamination from D0—K-
n*n0 events very high.

Had to apply various
vetoes and the
corresponding efficiency
corrections.

Combinatorial background
not fully understood.

A new cross-check done by the CLEO
collaboration shows B(D°—KKn’)/ B(D®
—Knn?) =2.21 %0.14 (stat) %, which is
consistent with our measurement.

Phys. Rev. D74, 031108 (2006)
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3-Particle Phase Space

= 2 Observables - Dallitz plot provides info on angular distr.
From four vectors 12 - Also about dynamical amplitudes involved.
Conservation laws -4 - Flat if no dynamics involved.

Final state particle masses -3 DO—m -t Dalitz plot

Free rotation in decay plane -3 AR .
C0s20 -
> 2 2.5 L .
] S, [N e distribution § 42
u Usual choice ~e ‘ o s :.-_-._Of P meson —;
Invariant mass squared m?,, E
Invariant mass squared m2,, 1410
P .
0 -
: 8 1
" \ By
3
e .
< /\ ..... b T m?2._,

3 Tt
n Dalitz applied this method first to K -decays
- To resolve 1/8 puzzle with only few events

- goal was to determine spin and parity
{m ,my w; }={mnt % n-} = And he never called them Dalitz plots !
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Isobar Model Formalism

three-body decay D—ABC decaying through an r=[AB] resonance

{13}

1
< + — O, + —<
3 3 2 3 , 3
2
. id ior
D decay three-body amplitude 4, (s,,,s,,) = a,e’” + 2 a.e” A(s,,S;)
a,, 0y, a,, 0. : Free parameters of fit L’NR term(direct 3 body decay)
J J J J Relativistic Breit-Wigner
A (81y,83) =Fp F xM, x BW, ” 1
L» BWJ (S) — Mr2 —-8= iMrrr (\/E)
' 1 ,(980)
Mrz —s—i (P& +p,g) (980)

» Angular distribution

» D and r Blatt-Weisskopf form factors
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Introducing Angular Distributions

Schrodinger's Equation .
7 V(f) =0
——— VWD) + V(AW(F) = BV(F) ¢ p_P_ T, o MM
24 TR & my1 + mo
oo
i) = W, = Y Uj(r)P(cosd) Angular Amplitude
=0
00 210 1kr
Vg =WV, = % (2l—|—1)me 25 — 1 l(cosf})e

r
= \ Dynamic Amplitude

(BW, Flatte, S-wave)
In case only | = 0 (S-wave) and 1 (P-wave) amplitudes are present :

/ 0 2 2
ar <Y0 > =5"+P For S- and P- waves only, in the absence of cross-feeds from other

0 channels, the amplitudes and the relative phase are given by these
Var <Y > = 2‘SHP‘ COS Pgp relations.

7\

m<yzo>=%[_)2
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Kr and K*K- S~-wave Amplitudes

For Kn S-wave

- The LASS amplitude gives the best fit.
- E-791 fit worse at low mass.

- kK model yields

mass 870 + 30 MeV/c?
width 150 £ 20 MeV/c?

significantly different from the values
reported for «O.
- ¥ with E-791 parameters does not

give a satisfactory fit.

For KK* S-wave

- f,(980) and a,(980) virtually indistinguishable from each

other.

- Both f,(980) and a,(980) give satisfactory fits.

Univ. Cincinnati, January 22, 2008

LASS Nucl. Phys. B296, 493 (1988);
3 - — E791 Phys. Rev. D73, 032004 (2006);

SRR
LT,

N
()

N

-
0

| Amplitude |

- Kx invariant mass range available in ﬂ» J
10—t 0

D¥—K K" x* decay.
o —

o
()

L L L 1
0.6 0.8 1.6

‘ 1 ' 1 12 ' ‘ 1 14 ‘
m(K-t+) [GeV/c?2]

Use LASS amplitude for nominal fit and
E-791 amplitude for syst. uncertainty.

Since they are so
similar, we try each as
a description of the
KK S-wave amplitude.
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KKn?: Kyt S-wave Parametrization

- Km S-wave in mass range 0.6—1.4 GeV/c? is not well-understood.

- A possible k state ~ 800 MeV/c? has been conjectured, but has only been reported in the neutral
state.

- For the K*n® and K-n® S-wave amplitudes, we try three models:

Phys. Rev. D73, 032004 (2006);

{No evidence in Kz elastic

Scattering.

> . L 4
£ i
o

% 1 Normalized to

arbitrary scale for
m > 1.15 Gev/c?for
easy comparison.

o
0

(]

SR T 25 .
1 1.2 1.4 1.6 0.6 0.8 1 1.2 1.4

m(K-rt+) [GeV/c2] m(K-t+) [GeV/c2]
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LASS Kit S-wave Parameterization

Kt S-wave amplitude is described by the coherent sum of an effective
range term and the K*,(1430) resonance:

S(s)= (\ s/ p), sinA . ei

A =|cot'[1/ap +rp/2] | + :ot-'[(mZ%z-s)/(m;Tx)]

Effective Range (NR) term K*,(1430) resonance term

a = scat. length, r = eff. range, mg = mass of K*,(1430), I'r= width
p = momentum of either daughter in the Kt rest frame.

For Kt scattering, S-wave is elastic up to Kn' threshold (1.45 GeV).
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Kit S-wave from DO—K-t+t+ DP
| E791 Collaboration, slide from Brian Meadow’s Moriond 2005 talk |
Divide m?(K-nt*) into slices

Find s-wave amplitude in each slice (two parameters)

Use remainder of Dalitz plot as an interferometer

d*T 5 i
S D 3 | [7 To
ds12ds13 < |5+ (P+D) g
For s-wave:
- Interpolate between (c,,y). £

Model P and D waves.

X F(?(QaTD)F(?(paTR) |
T~ S (“partial wave”)
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Partial Wave Analysis in K'K* channel

Solve the equations on the previous 60 / (06 . [ ) (1020)
slide to extract |S|, |P|, and cos 6gp. & T gl )
z 40f o4 e | <«—— Data _
KK S-wave amplitude, extracted in a 201 —
model independent analysis of the — 0] [ I
decay D%—KK*K®, ol . ' o :
1 1.1 1 1.1
Phys. Rev. D 72, 052008 (2005) m(K'K") [GeV/c?] m(K'K") [GeV/c?]
I 1 Two solutions for 6, =

__*— upper one is the physical

+ i Because of the interference from
4 the crossing Kx channels, the
model independent partial-wave
analysis performed here is valid
only up to about 1.02 -1.03 GeV/c?

m(K K [GeV/icT)

150F

B, (deg)

100f

Breit-Wigner

e Data
<of phase for P- O Model-I
wave, (])(1020) A Model-II
0.

1 1.1
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Step L D0—gr-rp+7t0 Dalitz Plot Amplitudes

Interference between three types of singly Cabibbo-suppressed amplitudes

(I11)

0 -+ _07 — o 2 e 2
./4[12 = 7 ] = fpo(mii o, M5 10) m2+o+m2-0+m2+-=

fi[DO S 7r+7r_7r0] = [po (-m.fr 0 fmfr * 7r(,) m2 + + m? - + m? 0+ m?50

PDF for signal events = | f |2

Assumes no D-mixing, no CP violation in D decays!
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*® 1| Signal Dalitz PDFs
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Sep 1} Strong-phase Diff. & Amplitude Ratio

= The strong phase difference §, and relative amplitude ry between the
decays of D%and D° to p(770)* n~ state are defined, neglecting direct CP
violation in D decays, by the equation:

a5 (Lo _, oo _x
’]'L) (3.“51‘) — L p_T (ft(olJ -t ()/) For )
A Ho_, pta
= We find
BaBar Cleo
rp = 0.714 £ 0.008 (stat) £ 0.003 (syst) | rp=0.65 = 0.03 (stat) = 0.04 (syst)
op = -2.0° (stat) £ 0.6° £ 0.6° (syst) 0, = -4° £ 3° (stat) £ 4°(syst)
Hep-ex /0703037 (2007) Hep-ex / 0306048 (2003)

These measurements are consistent with each other.
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The Unitarity Triangle

V is unitary: VV*=1 =V, Vi, + VogVih + VigViy, = 0

l in the complex plane

Vi
0 = - -
B’ — nw, pr... VEAs T

* ch” cd
Via Vib

(p:M)

B — D*rn, DK,
K, ...

B> JiyK,, D*D¥, ...
(0,0) > (1,0

» Expecty to be ~ (60+10)°, if the Standard Model is consistent.
» But need to measure it directly, need redundant measurements ....

» Several ways to measure vy, no single one of them is “silver bullet” !
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Evolution of Methods on vy

= Gronau, Landon, and Wyler (GLW) Phys. Lett. B 265, 172 (1991)

®  This was the original B—DK paper. Reconstruct D in a CP eigenstate.
* Additional measurements are needed to determine them all: rg, 9, v.

BF(B — DK) ~ 104, BF(D— fzp) ~ 10 -2
Small... = stronqgly statistics limited

= Atwood, Dunietz, and Soni (ADS), Phys. Rev. Lett. 78, 3257 (1997)

®* Noted the sizable interference between the DCS and CF decays of D, and
proposed to use them, to realize the interference.

° Method can’t be used standalone either, since there is onlgl one 2-body DCS
mode, D°—K*x-, while at least 2 modes are needed. Need additional input of

Main Drawback:

strong phase difference in D decays. [\ significant signal with current data

m  Giri, Grossman, Soffer, Zupan (GGSZ) Phys. Rev. D68, 054018 (2003)

° Outlines the method for using multi-body D decays with : :
model-dependent and —independent analysis Will elaborate on this later

= BaBar, hep-ex/0507101 and Belle, hep-ex/0504013 (2005)
®* The experimental measurements of y using B—DK, D—=Kgn*rn~

= Bondar, A. Poluektov, ph/0510246 (2005)

® MC study of the model-independent (binned Dalitz plot) measurement of vy
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[ Discrete Ambiguities

® The observables are cos(d +y) and cos(d -v),
which are invariant under
4 S,: 0 <y
\/Si:6—>—6, Y—> -
v S.: 0—=0+m, y—=y+m

= If &; and &;- are different enough, S, is
resolved, since you can’t simultaneously satisfy

While measuring y, one encounters two devils: statistics and
ambiguity, and they often feed each other.
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2-body vs Multi-body DO Final States

Advantages of multi-body final states:
Effectively, provide many final states, due to the variation of r; and &;. This helps to
resolve ambiguities down to an irreducible 2-fold ambiguity :)

Add statistics — access to modes for which the 2-body final-state technique for
measuring vy is not applicable :)

Disadvantages:
More complicated analysis :(

New systematic errors (how well do we understand the D final-state phase-space
distribution?) unless using model-independent analysis approach :(

Overall:

A-priori, both kinds of states are approximately equally useful in measuring .
Measurement is statistically limited, need all the modes we can get. In practice, some
modes will turn out to be more useful than others.
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Dalitz Plot Method

= We saw that at least 2 D final states are needed in order to solve for
all the unknowns.

= This 2-state requirement can be satisfied by a single multi-body D
final states, in which each point in the final state phase space (Dalitz
plot for a 3-body decay) serves effectively as a different final state.

= In terms of the y analysis, what differentiates 2 final states is their
values of r; and/or o;. In this sense, different points in phase space

can function as different D final states when they have different
values of r; or 9.

= Broad resonances are the most obvious cause for variation of r; and ;
in different points of final-state phase space.
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Sep 2 [ Event Types in B=—=D_-_+ oK*

—‘QO.OO.\‘ OO0 Ao~

DK,: Correctly reconstructed signal (“signal”)
DKygq: Mis-reconstructed signal events
Dxy: Correctly-reconstructed Dxt with m misidentified as K

Dr,.4p: D7t events with a fake D candidate. K candidate is usually a
true kaon picked at random from the event

DKX: B—DK with D —non-nnn®. The K is good

DnX: B—Dn/p with D —non-ntn®. K candidate is usually a true kaon
picked at random from the event

BBC,: Combinatoric BB events with a good D candidate
BBC, 4. Combinatoric BB events with a fake D candidate
q9p: Continuum with a good D candidate

O Qd.qp- CONtinuum with a fake D candidate
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P2 [ Event Selection for B=—=D___: oK*

Based on BR and asymmetry analysis

Phys. Rev. D72, 071102 (2005)

°© 5272 <mgg<53GeV (Avoids DP-mcg correlations in bkg)
° 1.83<my<1.895GeV  (Avoids DP-mg correlations in bkg)

* Kaon, pion identification

*  Kg— nw veto (DO—=Kgn® is a CF decay unrelated to GGSZ method)

° q>0.1 (continuum NN)
° d>0.25 (fake DY NN)
°  £=11.4%

0.2 _>I

0.15
0.1

0.05

1 1 1 1
OU 02 04 106 038
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Ser2 | BR of Bx—D_ -+ oK*: PDF ShapeS

“Normalize” neural net variables q & d
q g q = tanh 1[ 1/2 CImax qmm) / 1/z(qmax o qmin)] aooé

Events/(0.2)

0.2

0.15

0.1

0.05

AE PDFs are Gaussians and 2"%-order polynomial: N e

ET

Fit B-——D___K-sample

JUTTITO

with AE, q, d

Obtain signal yield and
asymmetry.

Events / ( 0.005 GeV )

-y N (2] » 2] (] ~

y 2
=
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021 BR & Asymmetry for B=—=D___+ o K*

“Normalize” neural net variables q & d

q — q, = tanh_l[(q o % (qmax+qm|n) / 1/2(qmax o qmm)]

0.2

Fit B-——D___ K-sample with AE, q, d o1
Obtain signal yield & asymmetry 01
Nsig 170 + 29 0.05
Asym -0.02 £ 0.15 %

AE PDFs are Gaussian and 2"d-order polynomial:

SRR
8 8 8
T

|

vents / ( 0.005 GeV )
- N

E
-
838
Events /( 0.005 GeV )

-
o

120F
100F
8of

AR
e

.............................
(1]
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1 1 1 1
02 04 06 038

10

Kalanand Mishra

BR(B-——D,_K) =
(4.6 +0.8+0.7) x 10-6

AB——D__,K7)=
-0.02+0.15+0.03
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sepd | B=—D__+ oK* : Bkg Dalitz Shapes

Fake-D background Dalitz shapes are NR + 3 incoherent,
unpolarized p’s:

Shape for 2 event types can’t be fit to this way.
We use an empiri(I:aI shape from simulation:

T .1 i =
B L o 2 BBBadD
= .

Entries 2005

4 1

Mean x 1.026
Meany 1.159

E oo 2 RMS x 0.7427
8 " "l P RMS y 0.7549

4

2(

0

1 1.5 2 2.5 3
M(mt*%)? (GeV2/c?)

- Fit DO = a*x-n® Dalitz plot from B-—D___K- sample with AE, g, s*, s~

JTITIT0

For CP Fit| - NN variable d not used — highly correlated with s*, s-

- mgg and My not used — correlated with other variables for the background
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Step 3

Systematics details

Dalitz model p— f_ o 6.
NRg, p(770) 0.0633 17.70 0.0359 —7.30
D I . M d I . + f0(980) 0.0583 22.86 0.0260 4.63
alitz Model: s 0.0010  7.20 —0.0138 —8.50
+ p(1700) 0.0248 4.12 0.0043 —10.46
+ fo(1370,1500,1710), f2(1270) | —0.0249 —11.89 —0.0287 —1.67
+ o 0 0 0 0
+ NRp 0.0106  —0.23 0.0086 —1.46
+ w, f5(1525) 0.0091 266  0.0077 —2.07
R=0 0.0017 —8.56 0.0005 —0.09
Source BF error (%) | Section
PID efficiency 3.1 13.12
BR: 70 efficiency 3.0 13.16
Tracking efficiency 1.5 13.17
B counting 1.1 13.18
Total 1.70
Source o _ Py f4 | Section

B(B~ — D°K~) |0.0288 1.56 0.0277 1.05| 13.19
B(D" - K—«*tx% | 0.0174 0.88 0.0167 0.66 | 13.19

B(DY—natr—x0)
e A 0.0058 0.0l 0.0056 0.0l | 13.19

Signal efficiency 0.0148 0.02 0.0141 0.03 13.19

CP systematics

Ngg 0.0049 0.01 0.0046 0.01 13.19
Total 0.0375 1.79 0.0360 1.24
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Step3 | Extraction of y : Basic Idea

Atwood et al., PRL78, 3257 (1997)

/ S Giri et al., PRD68,054018 (2003)
_|_
b—c o u K = Qg is strong phase diff. of A(B-
Bt b c S0 >DK-) and A(B- ©>DK")

u u \ = Unknowns: rg, 8z and y

oL 1 A

/ Dalitz plot variables

_|_

\ u -
\\ D() /, :
AN A*(st,s7) = fi,(st,57) + 1,610 f(s7,8")
S K 4 N x
u

B+—D__ K*amplitude D°—mnn amplitude DY—gn’ amplitude

» Based on GGSZ method of PRD68, 054018, so far used only with D—K*m~

* Goal: add modes for maximum y precision
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@31 Add more Information to the Likelihood

The Dalitz plot shape |A*(s*,s7)|? depends on the CP parameters r,e!®*")

Previous Dalitz analyses; )@H—@fn‘, used only this signature

But the branching fractions = [JA*(s*,s7)|? are also sensitive to the CP
parameters

Using both the shape and the absolute rates gives higher sensitivity

It turns out that in this mode, the BRs give a higher sensitivity

Don’t know how it is in Kgntn~- — need to check. If the same is true there,
expect significant improvement in Kstn~ sensitivity to y
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@31 CP Parameters: Max Likelihood Fit

To make use of both the shape and the absolute decay rates, we
minimize the function

L=Lpp+Lga
Lpp=—log [ [Ppp L,,=%Y, Vij_l Yj

V = error matrix from N and Asym fit

Y = Nmeas - Nexpected
Asym__ —Asym

meas expected

N expected = M JIAS(s*, )P e(s%,87) / JIfp(st,s7)P e(s™, 87)

A
~ N

1/2 Ny, ¢ BR(D® —nnn®) BR(B-——D'K-)
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>3 | Behavior of Lyp & Lga fOr X6 = Yirye = 0

15

rpel® =x, +y,

1

Toy exp., S+B 05

3
1
N

N

* Lyp (Lg,) has Cartesian (polar) symmetry
* Ly, 1s more sensitive (denser contour lines)
in radial direction (p), not sensitive at all in 0

N
N
ry
[$]
-
o
(3]
ok
o
[$]
e
-
[$]
N
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Step 3

Univ. Cincinnati, January 22, 2008

L
&

1.5 2

X+
Kalanand Mishra

Combined behavior L = Lyp + L,

* Highest sensitivity

* But correlated contours due
to polar symmetry of Ly,

» Can’t quote sensible errors

» Switch to polar coordinates
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Step 3

[Polar coordinates

P. E\/(xi_f())"'yiz HiEtan_l(x y_ixo)

x0 = [ (s7,5)* f(s7,s7) ds~ds* = 0.85

p, =x" and 6 =180° for ryz =0 (no CP violation)

300f

@ 350F

300
250F

200F

150
100f

n o

[ N P rewn e PEwre rarw e s P e FTEE N PR PR T Fa Tl PRl STl ARl An e R ]
% 02 040608 1 12 14 16 1.8 2 % 02040608 1 1214 16 1.8 2 % 02040608 1 12 14 16 1.8 2
p P p*
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Summary on vy

» Direct measurement of y is crucial to constrain new physics
contributions in quark sector of the Standard Model.

» Many different approaches to measure y. Information from GLW, ADS,
GGSZ, and other methods are all useful.

» The GGSZ/Dalitz method has emerged as the most powerful technique.

* Precise parameterizations of the amplitudes and phases and the
inclusion of information on branching ratio and decay-rate asymmetry
improve sensitivity in y. A lot of progress made in the analysis and

technique development.

» Statistics are the only thing holding us back ! Adding additional D
decay modes to B—DK and combining results from them will definitely

help in the future analysis.
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[y: Key Analysis Technique

Exploit kinematics of e‘e- — Y (4S) — BB for signal selection

G "2 -E -E Event topolo
Megg _\/Ebeam — Ps AE _EB Ebeam p gy
;mw-"']"' LR AR LA A A LA IR '-: ; -'"'l""l"""""""""'l""l"‘-
amw: 7 8@“)
:mco_— 7 2 soc0f- i
:zm,__ . = 30000 -
& oot : i ]
10000 ] 10000 .
oo ]
;.2 5I21 522 523 524 525 526 527 S‘E 529 53 02 015 of] 005 ;) 005 0:1 of]s 02
Meg (GaV) AE (GaV)
E 0
: 5
0 E 0 L
gy § T < 3w
R i |
§ = Background ‘% - ¢ = Background )
o | oo} .
52 521 522 523 524 525 526 527 528 529 53 %2 ‘{‘1.15‘ O| A '005 A-OA Om 01 l 0]5 AU.Z -
Mg (GOV) AE (GaV) jet-structure)
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DO >Kntn Dalitz Plot analysis

Motivation: CKM angle y using B—>D[Kr*n~]K~ decay

— 3 e Ay T
<57l a) BABAR |
N preliminary |
— _
D
g | .
o~ + 2 N
E | -
1= .
B T 3
m?2 (GeVZ?/ch
c)y A
8000 mZ(KSOn+) —
2000 K*(892)* N
. . DCS | | .
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270 fb-1

'b)' I ' ! T ' ! T ' I
40000 .

K*(892)
20000 ]
m2(K.0x)

o= %
10000 I _
5000 —

o

Kalanand Mishra
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[D°—>K80n+n' (Isobar Model)

Component Re{a,.e'¥r} Im{a,e*r)} Fit fraction (%) K*(892)~ : 58 %
K*(392)- 122320011 | L3461 % 0.0096 w1 PU7OP:22%
K (1430) ~1.698£0.022 | —0.576 % 0.024 6.7 2‘226%‘3?“8 %A i
K5(1430)~ —0.834 £ 0.021 0.931 £0.022 3.6 K*(1430)_ .7 0
K*(1410)~ —0.248 £ 0.038 —0.108 £ 0.031 0.1 £ (980) 6 %
K*(1680)~ —1.285 +0.014 0.205 £0.013 0.6 L

K*(392)T pes| 0.0097 £0.0036 | —0.1271 % 0.0034 05 Important for y
K:(1430)tyes |  —0.0274£0.016 | —0.076+0.017 0.0 | €— and D-mixing
K;(1430)+Dcs 0.019 £ 0.017 0.177 £ 0.018 0.1 measurements
o(770) 1 0 216

w(782) —0.02194 £ 0.00099 | 0.03942 £ 0.00066 0.7

fa(1270) —0.699 £ 0.018 0.387 £ 0.018 2.1

0(1450) 0.253 + 0.038 0.036 + 0.055 0.1

Non-resonant —0.99 £ 0.19 3.82+0.13 8.5

fo(980) 0.4465 £ 0.0057 0.2572 £ 0.0081 6.4

£o(1370) 0.95 +0.11 _1.61940.011 2.0

a (490, 406) 1.28 £0.02 0.273 £0.024 7.6 hep-ex/0607104
a' (1024, 89) 0.290 £ 0.010 —0.0655 £ 0.0098 0.9
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The ‘Cartesian coordinates’

Goal: Fit the Dalitz plot distributions of D°>Kgrmrt from B-
and B* decays to extract rg, 05 and y

Complication: The Maximum Likelihood fit overestimates
rg and underestimates the error of y

Solution: Write the Likelihood as a function of the

cartesian coordinates X,, y,: | Xz =r;c0s(0; F7)
Ve =1 SIN(05 F7)

£ +2x, Re(f, 7} 2y, m(r, f7)
7P +2x Re(f £ w2y 1m(r £

T(B*) = |f.] +(x2+)?)
LB ) |f [ +(x2+y7)

f3= AD(miomi)

Likelihood is Gaussian and unbiased in x,, vy,

Strategy: Extract x,, y, from ML fit to the D> Kqnx Dalitz
plot and derive rg, 05 and y from x,, y, with stat. procedure
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From x,y to vy

D->Ksnre Dalitz plot distribution in signal region

Used frequentist method to

S, a BABAR | T & b BABAR

2 lhn® BBk Liia®  BABE . exiract y, rp,8; from (x..y.)
BRI | Y "-’ J

S |\ B->DOK{ & it iLim B>DOK]

E E .

(x,,y.) are extracted
from the D9>K nn

-0.4 -0.2 0 0.2 0.4

b R Dalitz plot
T
Lo mGeVe rp < 0.142 (g < 0.198)
0-4;‘ :)ebol( lgﬂ.ﬁ.‘;‘aﬁ . 34710988 | o (20) )
0.2 h DOK S| = (92 + 41+ 10+ 13)
B (stat) (syst) (Dalitz)
ol N 2o
[ Blioc
0ol ] (bdim confidence intervals
- d= ZFB‘Sin )/| = () = direct CPV 100 g - projections)
1 ,
T L L HHHH S S S hep-ex/0607104

o
o
—
=]
o
w
o
=

X, rb hep-ex/0507101
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3

2.5

0.5 -

Univ. Cincinnati, January 22, 2008

Sensitivity to y over Dalitz plot

Sensitivity varies strongly over Dalitz plane
2nd derivative of the log(L) event-by-event weighs

the event

15=0.12
v=70°

DCS K, (1430) e

1.5 2 2.5

S0

1
2
O’ ~N —_—
"~ )
dy’
2
weight = d lngL)
dy

events: points (weight = 1)

Interference of B~ — D’[— K p° 1K~
with B~ — D [— K p"]K"

= GLW like

Interference of B~ — D°[— K *n" 1K~

(suppressed) with B~ — D [— K7z 1K~
= ADS like
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[ CP Violation in Charm Decays

SM predlctlons 0(0 01 %) <— CPV in charm decays highly suppressed.

= New Physics must be playing a role 1f an asymmetry 1s
observed with present experimental sensitivity [O(1%)].

= The CP violation can be of any of the three types:
- 1n decay <— direct CPV.
- in mixing between D? and D°
- in interference of decay with mixing

m Indirect CPV is universal.

= Direct CPV 1s localized => different parts of phase-space
might have different asymmetries (and may even cancel each
other out when integrated over the whole phase-space).

<— indirect CPYV.

For details: Y. Grossman, A.L. Kagan, and Y. Nir, Phys. Rev. D75, 036008 (2007).
or detalls. | 11, Bigi, hep-ph/0104008 (2001).
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[Why 3-body SCS DO Decays ?

3-body decays permit the measurement of phase differences
which are required to create CP violation in the interference
between SM and non-SM processes.

= Access to both CP eigen states (p’n?, f,m%, ¢11° ) and flavor states

(p ot KCR=K- +\ Therefore_can nrobe diverse nossihilities of CP\/.

= Also, these are relatively high statistics modes (84000 D%/D°—nr
n® and 15000 KK events).

Find that, with the present data sample, we are sensitive to
asymmetry of the order O(1%) in amplitude and O(1°) in phase in
the main decay channels. Sensitivity is higher in D—an*n® decay
compared to D—K-K*n°.
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[ What is Known ?

m CLEO measures Asp in DO—mat*n® decays

+0.07

ACP - 0.01 -0.05 + 005

Asymmetry in the Dalitz-Plot-integrated
coherent sum of all amplitudes in the
Dalitz Plot for D° and D° events.

= No A, measurements available for DO—K-K*10

PDG 2006 =

BaBar 2007 =

Univ. Cincinnati, January 22, 2008

A p(K*K) =0.014 £ 0.010

A p(Tr* 1) = 0.013 £ 0.012

A p(r01r0%) = 0.00 * 0.05

A p(K*K1r*1r) = -0.08 £ 0.07

Ap(K*K?) = (0.00 % 0.34 + 0.13)%
Ap(Tr*TT) = (-0.24 + 0.52  0.22)%
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Sensitivity to CPV: MC Studies continued ..

- Asymmetry: 5%, 5° in DO—¢n®

no asymmetry
L " | L !

0 1 m2(K*n0) 2 0 1 m2(K*0) 2

Generate asymmetry in amplitude, phase of either D9—>p0® [D0—¢n] or
DO—p-n+ [DO—K*-K*]. Then fit the resulting Dalitz plot to see with what
sensitivity we get the original parameters back.

v

Find that, with the present data sample, we are sensitive to
asymmetry of the order O(1%) in amplitude and O(1°) in phase in
the main decay channels. Sensitivity is higher in D°—mn*n® decay
compared to DO—K-K*x?.
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n._:
4

Sensitivity to CPV in Simulation

Plot the differenc_e of moments
between D° and DO events

Only 4 moments shown here, but x2/v comes
from first 8 moments. Also take correlation
among the moments into account in each bin.

(i) When there is no asymmetry (i.e.,

Univ. Cincinnati, January 22, 2008

“noise level”)

Kalanand Mishra

5 p; .
o b
o’ JF +ﬂ rJ,HH |i1 'Jr
Tt
'5: | T SR TR SR TR NN ST TN TN SR N SN
0.5 1 15
m(r'r") [GeVic]

5 P 15 P, ] 5 5
f*ﬁLET' -Lu: -l'} | ‘Ilhl#l; J{++ 2 Jr
AT IR TR R i NTM N A 1 |
SO AT 4} ﬁ*ﬁ' i
.5'—| ........- .5'-l | e .5'-l . |
05 15 05 1 15 05 1 15
m(r'r") [GeVic] m(rr) [sew&]_ m(r'r") [GeVic]
(i) When D%—p%x® amplitude is changed by -5% and its phase changed by -5°
TR TR
4|Jf{-t b 1 i it 4 .1|l+ {.'" 1 J{r 4.‘!#-"'{' ' . H’I[. | “':| ' IH"lf-
FHH I i g i F""{ﬁ'ﬁ“ﬁﬂ'*fﬁ+ﬂ.ﬁ_ o
s ‘ﬁ ........ s | o s f | o s | |
0.5 1 15 0.5 1 15 0.5 1 15 0.5 1 15
m(r1’) [Gevie] m(rr') [Gevic] m(r1’) [Gevie] m(r1’) [Gevie]
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Definition of 2 for Model Indep. Methods

Dalitz Plot Comparison: Calculate normalized residual in each bin

Ao (nﬁo - R npo)

\( +R° O;Do

Then y2= X A2
bins

R = Np /Nppgr

Angular Moments Comparison: Calculate normalized residual in each bin

for first eight moments (1 =0-7)

P -R.P
"f‘i + B’-’.af,:

X
\I

Then 2 =2 X X X; py X

bins i j

where p; is the correlation between
moments of order i and j in a bin

X X5 ) = (X {X;)

pi; = T

V'\ '-' 3,. V":‘\j. \
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x2/v from Dalitz Plot for No CPV

Constant 64.61+ 3.69 ~ ;Onstant 13;)92;:1 i; 2;22
Mean 1.012 £ 0.001 (T T T T T T73% T O : 'ean .021+0.

B Sigma  0.01786 + 0.00063 50 i 09‘9\,09’5& | Sigma  0.03649+ o._oo141
i | : (9’0 O® ]
60— — 40 K@ % N
i | X -
i . \Qt 0 :

A’b . Q?
i D0_>Jt-n+n0 (72) 3&* D°—>K'K+JT}°
- 1O oY _
] 1.2 & ]
S’ N - ]
i N \& 20 ~
i Pl & [ 1
20— OO - i
\\ s B -
i \ QK\ 10— 7
: (Jo N ]
0 Il 1 1 1 1 1 1 1 ) 1 | I | 0 i i 1 1 1 1 1 1 | 1 1 1 1 1 1 | 1 I Il ]
0.95 1 1.05 1.1 0.9 0.95 1 1.05 1.1 1.15

Y3V eIV

- Ploted the %?/v distribution for Dalitz plot distribution from CP
symmetric 500 toy MC samples (v = number of bins in the Dalitz plot)
- Use the same number of events in each experimental sample as the
number of events in our real Data sample.

- These plots give an estimate of the scale and spread in x2/v values.
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v2[v from

Ang. Moments for No CPV

Constant 46.46 + 2.64
Constant 73.33+4.14
Mean 1.027 + 0.001
: Mean 1.032 + 0.001 - — — Sigma  0.02085.: 0.00074
80— Sigma 0.02628 + 0.00090 - g - —
- i 50— =
- — 30 __ ]
wof ] : Az CIE
- i 20— =
20— — E E
L b 10— _
0 ol ]
0.95 1.1
x2/v (9 &o v2[v
&Q/ ‘\ Constant 32,78+ 1.90
Constant 65.17 + 3.76 D X2 | Mean 1.017 + 0.001
Mean 1.019 + 0.002 40 ,§) ! (90 Sigma  0.02853 + 0.00103
i Sigma  0.03323 + 0.00114 N\ ¢ =
B +170 7
- E K" -
B < F@A -
i 2o E
: & & -
40| ¥, SPE E
o s% Q{‘\\G 15 —
20— O 10 —
- 5 E
i : 1 1 1 1 I 1 1 1 1 | 1 1 1 L :
83 B9 0.95 1 1.05 1.1
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Angular Moments: Consistency with No CPV

Constant 73.33+4.14
Mean 1.032 + 0.001
80— I Sigma 0.02628 + 0.00090
i -
60— Jt J'I: ]
: Consistency
with No CPV
- 28.2 % |
20— —
0 595 — 1I {)’ 1.05 R
(50 x2/v
beb Qé Constant 65.17 + 3.76
* @ Mean . + 0.
L Q/ ; Q/\ b l Sigma 0.0331221_*-90.1;)0?‘?2
&L 1
PN |
60 COQ/ ‘\\6 K+ K— .
S ]
C

1 1 | 1 T I T IOI 1

Consistency

” with No CPV
o 63.1 %
8.9 0.95 1 1.05 1.1 i

Univ. Cincinnati, January 22, 2008

x3/v
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Constant 46.46 + 2.64
Mean 1.027 + 0.001

B Sigma  0.02095 + 0.00074
50— -

: +170 =
ok JUHIT E
e Consistendy

- with No CPV
2 28.4 %o
10 —

0555 1 o5  E—
~v2[v
Constant 32.78+1.90
- : : | Mean 1.017 + 0.001
40— Sigma 0.02853 + 0.00103
30/ K*J10 -
20 Consistency
e with No GpPV
10 23.8 %
B.; 095 4 — 1.(|)5' i -
x3v
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Decouple Localized vs DP-integrated A,

CP asymmetry can be:

- either localized in some specific part of the Dalitz plot
(as predicted by most new physics models)

- or integrated over the whole phase-space (a la 2-body decay)

Best way is to decouple the two:

- For obtaining asymmetry in the Dalitz plot distribution, normalize
DY and D° events to the same number:

x2/v = np - R. Ny, / Poisson error R = Np /Nppar

- obtain the phase-space integrated asymmetry after applying the soft
pion efficiency corrections as done in the 2-body D9—KK, nix decays.
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Validation Studies

Validation studies on toy Monte Carlo treated as data

- Analysis on CP-symmetric D—mt~ 7t 70, K-KTmt® samples
- Analysis on asymmetric samples

Validation studies on signal Monte Carlo treated as data

- Repeat the above steps

Validation studies on data

- We are still *blind".

- Divide the data sample randomly into two disjoint samples of
equal size (without looking into the flavor of the D meson)

- Perform the whole analysis

- Repeat the procedure several times

Summary: We find consistent results and get the input parameters back.
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Study of Systematic Uncertainties

i L 0 DO i
Experimental: - efficiency parametrization dDiff:?SnltDCQ?%lcihear:g slightly
- PID corrections ’

- MC statistics Similar to the ones in
- background shape the original DP analysis

\4

Model dependent:
- form factors )

- inclusion / exclusion of some resonant states
- uncertainty in the shape of component amplitudes

~—

J

Do / DO cross-feed: Tabulate the systematic uncertainty for different levels of cross-feed

Take into account the correlations among Legendre polynomial

Plus: moments of different orders in each bin
There are some discrete ambiguities in the asymmetry measurement.
Also: Fortunately, this can be resolved in a straightforward way in most cases.
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Summary on CPV in Charm Decays

= CPV with present sensitivity would signal new physics.
s DO—mrtn?, KK*n® sensitive to asymmetry in amplitude and phase
for CP eigenstates and flavor states.

= Model independent methods show no evidence of CPV in either
decay modes.

= Model dependent measurements of asymmetry in the amplitudes
and phases show no CPV either.

= Phase-space-integrated asymmetry consistent with 0.
= These results do not contradict SM.
= Can provide constraints on some theories beyond SM.
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