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[Weak interaction of quarks in SM
Elementary Left handed quarks in doublets q ', = g.t )
" 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.
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= 3x3 unitary matrix ==> 4 parameters
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[ The CKM Matrix

= An irremovable complex phase in V., is the
origin of CP violation in the SM

W-I-
b E U The phase chqnges sign
> . in the CP-conjugated
V* Pt process
ub

= In the Wolfenstein parameterization:

( 1-% A AN (pCin)
V =

1-5 AN ) +0(\Y)

AM-,;. A
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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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BaBar: B and charm Factory

|\ ——77 : :
: Y|/ Electromagnetic Calorimeter Instrumented Flux
6580 CslI crystals
Bl 0 and Return
e e+ ID, T and y reco 12-18 layers of RPC/LST
L7 _ uIb
2N

Cherenkov Detector
144 quartz bars

K, 1T, p separation

€ [9 GeV]

1.5T Magnet

et 3.1 GeV]

Drift Chamber
40 layers

tracking + dE/dx

Silicon ‘Ver"l'ex Tracker

5 layers (double-sided Si sensors)
vertexing + tracking (+ dE/dx)
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Extraction of y with B=> DK

A

A .
NpE————————— V.V
S VidVi | Yy =arg [—M]
4 u K- ﬁ\/ﬁ: oL I VsV ea
b—< C
B-_ ~ DO AT B
u u \ 0 P 1
Common
. final state f
b \\\ u ]—)0 /
i C
B_
S _
u u

Color suppression

/

| : 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 =

better constraints on vy.
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[ A Simple Interference Algebra

Amplitude 1 =Aen
Amplitude 2 =B e®
Total amplitude = Ae" + Be'®

Decay Rate = A2 + B2 + 2AB cos(0—y)
Decay Rate of CP-conjugate decay
= A? + B2 + 2AB cos(d+y)

If 2 parameters are known (A/B and 9§), use the 2
equations to solve for B and y.

B— DK, through a slightly more complicated analysis,
allows you to measure y when o Iis not known.

Kalanand Mishra 7/30



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.

Main Drawback:

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, DY—= K+, while at least 2 modes are needed. Nee

additional input of

strong phase difference in D decays.

No significant signal with current data

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

o 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 y
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[ Discrete Ambiguities

The observables are cos(d + y) and cos(6 - v),
which are invariant under

4 S,: 0 <y

\/S,_,:6—>—6, Y—> —Y

v S.: 0—=0+m, y—=y+m

If 8; 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 6,. 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 y 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
v. 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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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 on B——D___ K- sample

JTITITO
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*® 11 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 R ' .
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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11 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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Step L D0—gr-rr+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) DO—gr O Event Reconstruction

D—mn*n’ Reconstruction Background Sources
> m and nt* tracks are fit to a vertex » Charged track combinatoric
> Mass of n® candidate is constrained » Mis-reconstructed n?
tom_ at mx* vertex > Real D, fake m
» Py (D0) > 2.77 GeVic » Knn? reflection in sideband

D* Reconstruction

» Dt candidate is made by
fitting the D? and =n_* to a vertex

constrained in x and y to the T Event Selection
measured beam-spot. T

» |mp. -m o -145.5| < 0.6 /%Y Pcu (D% > 2.77 GeV/c
MeV/c? |mp« - m o - 145.5]
» Vertex y2 probability > 0.01 < 0.6 MeV/c?

soft

» Choose the best candidate
per event with the smallest 2

for the decay chain ete =D+ X
(multiplicity = 1.03).

' Phys. Rev. D74, 091102 (2006)
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*» 1| Dalitz Plot Analysis of DO—mr*r°

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

N
1 1.5 2 2.r5n 2(7':%0) hep-ex / 0703037

Kalanand Mishra 16/30



Kalanand Mishra

siep 1 | DO—gr" 7t 7t Dalitz Plot Fit Results

pt :68 %  Small contributions from hep-ex/0703037

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 =
f0(980) [0.05240.004+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
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Seel | DOyt tY Dalitz Plot Fit Projections

LU B B SN B B B B SN B B B B B N N B R NN N B B R B

“© 7000F
> :
& 6000}
— 5000F
= -
~, 4000
S 3000
/2 2000}

1000¢ 3

® 051715 2 253
m2(x*tn0) (GeV?/c?)

p(770)* :

Ks veto

20001

1000}

Events /0.1 GeV/c?

o 1 5
m2(xnt) (GeV2/c?)
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*» 4000 % -
. . p(770)~
aa
3
g |
= 2000}
"E B
L i
S
G -

m2(xn0) (GeVZ/c*)

Excellent agreement
between data & fit.
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— [ Event Selection for B=—D -+ oK*

Based on BR and asymmetry analysis | Phys. Rev. 072, 071102 (2005)

5.272 <mgg < 5.3 GeV (Avoids DP-mcq correlations in bkg)

1.83 <mp < 1.895 GeV (Avoids DP-mj correlations in bkg)

Kaon, pion identification

Ks— mt veto (D%—=Kgn is a CF decay unrelated to GGSZ method)
q>0.1 (continuum NN)

d>0.25 (fake D° NN)
e = 11.4% (efficiency)

vvvvvvvvvv

0.12F

ozt | ] 2 b
: 01
0.15 . 008:—

0.1 ] 0.06}
0.04f
0.05 ;
o.ozilr;
1 1 1 1 ] :. PEETENS BN EETURPUN RSN SRS N SR R S N
% 0z 04 06 0.8 1 0 02 04 06 08 1
q d
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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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2| BR & Asymmetry for B=—D__ + oK=

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

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

;240:_l l T T T | T T T I T T T I T T T | T T T I T T L | :l I T T T I T T T I T T T I T T T I T T T I T T T
] o
O 220F
wn

3 _ BR(B_%DmmOK_) ~
3 E (4.6+08=+0.7)x 10°°

b il

8 200

< 180F +

< 180¢ L

£ 160

2 140
120
100
80
60
40

3 i | AB =D, K)=
o 3 3 |-0.02£0.15+0.03

L RARNRERN RRARRARNRARE RRRN LERNRRRD
IIIlI]lIIlIlIIlIlIIIIIl

o =y N w Lo o (2] ~
TTT TT LN LA B TT TTT[T

P S T R ES R R IR B [ el re0®
-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
A E (GeV) A E (GeV)
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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 ya u K = Jg is strong phase diff. of A(B-
Bt b— T 5 >DK-) and A(B- >DPK")
u u \ = Unknowns: rg, 8z and y

oL 1 A

/ Dalitz plot variables

0 L .
Af(s*,st) — fIz(SiS‘) + rpel(oy) fD(‘S_,SJF)

- O
: C

> K
u

_|_

B+—D__ K*amplitude D°—mnn amplitude DY—gn’ amplitude
Based on GGSZ method of PRD68, 054018, so far used only with D—Kmw*m~
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@31 Add more Information to the Likelihood

The Dalitz plot shape |A*(s*,s7)|? depends on the CP
parameters|rge'®*) =x, +vy,
Previous Dalitz analyses, with Kgttni~, used only this signature

But the branching fractions = [|A%*(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 Kgttt~ — need to check. If the same is true
there, expect significant improvement in Kt~ sensitivity to y
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*@3 | Combined behavior L = Lpp + Lga

2 45 4 05 0 05

SN ana nasas .

P
|

0.5F ‘f 6

— °§ C  Highest sensitivity

°-5§ » But correlated contours due
I to polar symmetry of L,

i  Can’t quote sensible errors
-2

2 -1. -1 -05 0O 0.5 1 1.5 2

X+
Kalanand Mishra 24/30
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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

50F

[, [ 111} T T R s rewn T Pre raes TS S RS R FTEE N PR PR T Fa Tl PRl STl ARl An e R ]
% 02040608 1 12 14 1.6 1.8 2 % 02040608 1 12 14 1.6 1.8 2 % 02040608 1 12 14 16 1.8 2
p P P
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*»?| Result with 344 M e*e'—BB Events

rpe™ =x, +vy, 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

= First measurement of CP-violating quantities in
B—D__K 2001

m First combined use of DP distribution and absolute
BR to extract CP parameters. Ls0k

= 0O, ls too large for a meaningful
extraction of y from this analysis alone

= o, is small enough to contribute :
significantly to overall fits for vy X marks point of no b—u amp P+
p=0.856=180°

Kalanand Mishra 26/30
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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 1
20 0.9
> 60 g'é
0 0.5
0.4
-60 03
120 gf

-180

0O 025 05 0.75 1
I'g

a |
04
03/
02
0.1

180

90 180
v (deg.)

90 0

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

Kalanand Mishra
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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
bound on ry <O\OQ < g <0.78

hep-ex / 0703037

'300 < Y < 760 accepted for

_270 < 6 < 780 publication in PRL

These bounds come from the results of this analysis alone.

Sensitivity to rg, y, and d arises from the Dalitz plot and the
BR asymmetry.

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.
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y from B*=—D .o - + K*

D->Ksnre Dalitz plot distribution in signal region

Used frequentist method to

S a BABAR | & b BABAR

Pl BBk BLp°  BBAR | extract vy, rg,8; from (x.y.)
|~ s | --.'.’

S | B->D%K{ ¢&

E E

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

g
2.4
o meeey rp < 0.142 (rp < 0.198)
0.4l @) BABAR -

34710988 | 1o (20)
DOK | |v= (92 %41+ 10+ 13)°
| (stat) (syst) (Dalitz)

preliminary -

N (5dim confidence intervals
d =2rylsiny| = 0= direct CPV

_0-4:_,.,,,.,,,|,,,,,,,,.A‘|

-0.4 -0.2 0 0.2 0.4

projections)

. T hep-ex/0607104
X rb hep-ex/0507101
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Summary

» 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.

End of Talk ! Thank You!
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Kaon/Pion Discrimination: DIRC

LAYOUT

Central
Support
Tube

Cherenkov angle vs. momentum
for pions and kaons

0.84F (a) -

>4 o separation
at 3 GeV/c

1.5 2 25 3 35 4 45 5
Momentum (GeV/c)
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[Methods to Extract vy

ne ® Do/po decay to common final
Yy =arg| ———— —
[ Vcchd] U state
K~ ® The interference depends on V
color W S and therefore on y
allowed
C ® Critical parameter: ratio of
B Q ODO Sf amplitudes:
- ABB~ =D K°)
vy = . —~0.1
+ A(B-—=DK")
4 ® Select the D° decays that
b ub - i
— enhance the interference:
B—I\JI W= O 3-body (e.g. Kgmr): Dalitz
7 O CP-eigen. (e.g. Ksn?): GLW
color O DCS (e.g. D9>K*x): ADS
suppressed

v measurements are overwhelmingly dorminated by statistical errors.
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Gronau-London-Wyler Method

» B— DY..K(), where DY, is a CP-eigenstate decay
(CP+: DO — 1r*11, K*K- CP-: D% — K 1)

» We have the following observables:

(B~ =D, K)+T(B"— D.,.K")

R =1+2r,cosycosd, +r:
CPx+ XL(B" %DOK_) B Y BT
\Lormalized to flavor state
=D K)-T(B*—=D’, K" o
Ap, = (B cpK ) =T cp-K7) = +27,siny sind, /R,

* (B — DY K)+T(B" — D K")

» 4 observables (Rqp., Rep,Acps, Acp.) = determine 3 unknowns (rg,05,Y)

BF(B — DK) ~ 10 -4, BF(D— f.p) ~ 10 -2
Small... = strongly statistics limited
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[Gronau-London-Wyler Method Results: BABAR

Ny=214100 | DY K- DOcp K* - (K* = K ") N,,=227 10°
R, =0.87x0.14+=0.06 R, =1.77x0.37+0.12
A, =0.400.15+0.08 A, =—-0.090.20=0.06
R, =0.80+0.14+0.08 R, =0.76+0.29=0.06""
Ap.=021%x0.17+20.07 A, =-0.33+0.34+0.10- (+1.15x0.12)(A4,,_ - A4,,,)
N p *0 (DO . 70\K - Additional systematic error
Niy=123 10 b (D CPTt K on Aqp- ( CP even background)
R, =1.09=0.26""
A, =-0.02+0.24+0.05 From D -pK*

Loose bound on vy Rep, + Rop_ =2(1+7;) ry =0.23+0.24

More CP eigenstate final

More statistics needed to constrain Yy
states still to be added...
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Atwood-Dunietz-Soni Method

D decay into flavor state

favoredo B suppressed
B et 00 2 K ”‘@ w15
B~ —D°K~ DY - KT

Count B candidates with opposite sign kaons

Br([K'n 1K )+ Br([K n"]1K™")

Ravs = (K 1K) + Br(K 7 1K)

2 2
=7, + 7, + 21,1, c0s8(0, +0,)COSY

_ Br(K*m 1K) -Br((K a*1K*)
S Br(K*w 1K)+ Br([K n*1K")

= 2ryr, Sin(0, + 05)siny / R,

No significant
=0.060£0.003  signal in
current dataset

| A(D° = K*n7)|
| A(D° = K"n")|

Input: 7, =

D decay strong phase 6, unknown
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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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Assessment of Some 3-body DP Decays

Mode BR(D%—f) [A" || 4D/ 4D Bgd | Comments
Ksn+7'3_ 2.9% n=0 | -)21to 1 OK Attractive due to high stat & low
background
oL e 1.5% n=1 | ~1 n Expect similar sensitivity as Kgm
if background under control
KK~ | (0.34® 0.26)% | n=1 | ~1 OK | Expect similar sensitivity as surun?
Kirtn® | ~0.2% n=2 | ~1/A\2 n° S/B probably too small for now
K+K-nt¥ 0.3% n=1 | ~1 n° Low stat, but low background, so
E?(d, sensitivity could approach mmm?
good
K | ~1% (+7?) n=0 | 1 2n® | CP eigenstate, low S/B
Ksn+n‘n0 5.5% n=0 | ~)\2 So-so | High stat, but 4-body analysis is

hard. Large phase space reduces
DO-DO%ar interference
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N —

Analysis with Multi-body DO Final States

The simplest extension of the 2-body analysis.

Divide phase space into small bins, so that variations of r, and o,
within each bin can be ignored. Distant bins will have values of r;
and 9; that are different enough so as to constitute different final
states, and the analysis can be carried out, in principle, with as few
as 2 bins.

A more accurate solution is not to ignore the variations of r; and d;
over the bin. But this introduces a new unknown for each bin. We
now have 3 unknowns - r;, sin d;, and cos §;. The analysis then
requires a minimum of 4 bins.

The only approach carried out so far is to parameterize the
continuous variation of r, and o; over phase space by using a sum
of interfering Breit-Wigner resonances.
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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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11 Introducing Angular Moments

Schrodinger's Equation .
7 V() =0
——— V2 W(P) + V(DV(F) = BV (7) ¢ p_P_ T, o MM
24 TR & my1 + mo
©.@)
i) = W, = Y Uj(r)P(cosd) Angular Amplitude
=0
00 210 1kr
wszwf—wizé (2l—|—1)me 25_ 1 l(cosf})er
= \ 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:
Va4 <Y1 > = 2‘SHP‘ COS Pgp

Van(¥;)

7\

= i P? We cannot solve these Eqgs for the nx system (due to crossfeeds) to
JE extract |S|, |P|, and cos ¢ in @ model independent way.
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021 BR & Asymmetry for B=—=D___+ o K*

“Normalize” neural net variables q & d
q g q, = tanh_l[(q o % (qmax+qmin) / 1/2(qmax o qmin)]

0.2

Fit B-——D___K-sample with AE, q, d

TTTTITO 0.15

Obtain signal yield & asymmetry 01

Nsig 170 + 29
Asym -0.02 £ 0.15 o

1 1 1 1
02 04 06 038

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

|||||||||||||||||||||||||||

NN
@ONS
S © o

nRaa]

BR(B-——D,_K) =
(4.6 +0.8+0.7) x 10-6

s /(0.005 GeV )
Events /( 0.005 GeV )

: E A(B_%DJ‘EHJ’EOK—) -
zzg'éo' B I R ;go“‘ o A N 10 -0.02£0.15+0.03

e
e
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see2 | BR of B=—D_-_+ oK* : Fit Projections

A E projection q’ projection d’ projection

T T ™TT ™71 T ™TT ™7 T ™ T :.\200 : i
o o i
<180 g .
2 2 ]
160 3 .
> > i
w w

| A P I T I 1
s -0.06 -0.04 -0.02 0 0.02 0.04 0.06 t!5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 1 0 1 2 3 4 5
A E (GeV) q’ d’

Nsig 170 + 29

Asym -0.02 £ 0.15 \

BR(B-—D__K-)=(4.6 0.8+ 0.7) x 10-6
Negrep | 1138 + 76

N fake b 2383 + 71

N 57 + 20

Np.s/Ngs | 0.53 £0.15
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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

i S 1] Mean x 1.026
Meany 1.159
RMS x 0.7427

3 - - -
8l - 'L RMS y 0.7549

4

2(

0

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

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

JTITITO

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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@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 Lpp & Lga fOr Xiue = Yirue = 0

rpe® ) =x, +y,

Toy exp., S+B

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

15

1

05

N
o
(3]
-
-
3]
N

N

g

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

From (pi’ ei) tO ( r.B’ 6’ Y )

Use frequentist method to extract y, ry,8; from (p,,6.)
(3dim confidence intervals projections)

~ 180 ~ 180
o o
3120 3120
o 60 o 60
-0 -0
-60 -60
-120 -120
-180 -180
0 025 0.5 0.75 1 0 025 0.5 0.75 1 -180
'y 'y
al - 1 T 1 ]
— [ ]
04r 7
03} .
02 -;
i 0.1F .
0 025 0.5 0.75 1 -180 -90 0 90 180
Iy Y (deg.)
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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 . I\/I 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
Ngg 0.0049 0.01 0.0046 0.01 13.19
Total 0.0375 1.79 0.0360 1.24

CP systematics
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[y: Key Analysis Technique

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

VEZ —pi AE=E, —E Event topology

mES = beam
”43) AL AR RARA] RARA] RARA ~ T T T T
w_ 4
2 2 000
(9 4oocor- 7] g
g 35000 . gmm
o‘ 30000} R G
< 25000 R = 20m)
§ZX)!D— - 2
i 1 20000
a 150(!)_— 7 l%l
10000/~ ] 10000
S0 -1
...... L N , L
;.2 52| 522 523 524 525 526 527 528 529 53 02 015 01 005 -0 005 0! 015 02
Mg (GaV) AE (GaV)
5 L
§ sw
5 ¢
o 4o
o L
~ 300
g |
s
200
@
100
P PP PR P TP PV TOVI PO T
52 521 522 523 524 525 526 527 528 529 53 02 015 01 005 -0 005 m 015 02 ’
GaV) A
"a! AE (Go) jet-structure)
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DO >Kntn~ Dalitz Plot analysis

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

— 3 AN L
o | a) BABAR
o preliminary
—
D
g L
o+ 2
E -
1+
III I1 IIII 2 3
m2 (GeVZ</c?
c)y A
8000 mZ(KSOn+) —
2000 K*(892)* |
) .DCS . -

270 fb-1
40000 —
K*(892)
20000 —
m2(K.0x)
o= %
10000— | -
5000 —
o
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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)

f:u = 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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Sensitivity to y over Dalitz plot

m  Sensitivity varies strongly over Dalitz plane o2 (y) ~ 1
2nd derivative of the log(L) event-by-event weighs d*In(L)
the event dy’
ot rp=0.12 weight = a lngL)
45 d)/

v=70°

25

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~

05
(suppressed) with B~ — D [— K7z 1K~
= ADS like

DCS K, (1430) e

O i 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 1 I 1
0 0.5 1 1.5 2 2.5

m

-
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+ K=, role of ry

KSJ'IJJ'IJ

[y from B=—D
DK', DoK' [EEEE

y PRELIMINARY
T T T T

BaBar: y =(92+41x10+13)°
Belle: y =(53%.+3+9)

........................ i [D*K included]

BaBar B*

. panen better precision of BaBar (x,y) does NOT
petle s translate to a smaller error on y. Why?
Averages
5z o1 o e oz
Contours give -2A(In L) = Ax® = 1, corresponding to 60.7¢% CL for 2 dof fhe error of Y is —~ proportional 1.0

the uncertainty in (x,y) and

A D> Av~ 1 inversely proportianal to the
Ax = Ay = A0 Y /rg distance from (0,0).

Belle measurement is consistent
with larger rg.
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Development of New ldentification
Selectors for K, 7t, P, and e

. ® to replace kaon neural net, used in B-tagging

1. “BDT Kaon” :® Use Bagger Decision Tree algorithm to
Selectors: : separate kaon signal from pion background

- ® will continue to provide kaon id at 4 levels of
: strictness: Very Loose, Loose, Tight, Very Tight :

: ® separate K, m, p,e from one another
: ® use multi-class learning

o will provide particle identification at 6 levels of :
: strictness: Extra Loose, ..., Extra Tight =

2. “KM’J
Selectors:
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[Why New Selectors ?

- For B-tagging, need new Kaon selector to replace the old selectors.

- The kaon neural net hasn’t been trained since circa 2001; there
have been many changes in detector performance since then (e.g.,
new dE/dx calibration).

- Trained on MC, but are used to evaluate performance in real data.
- Give degraded performance for high-momentum tracks.

- For kaons, protons and pions, there is only one selector of choice for
analysis: Likelihood-based. There is room for improvement.

- For electron, the only available selector is likelihood-based.

- Some analyses (notably Leptonic) will benefit enormously from high-
performance selectors for both low and high momentum tracks.

- Improvement in performance needed for crucial BaBar analyses
looking for New Physics, rare decays, CP violation ....
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What is New in the New Selectors ?

Training on “real data”
Include new corrections for dE/dx.

Employ powerful statistical tools to separate signal and
background, use bagging on weak classifier and multi-
class training.

For each class of particle hypothesis: “kaon”, “pion”,
“proton”, and “electron”, the other three classes are
treated as background for classifier training. Apart from
“muon”, no additional vetoes.

Include many additional useful input variables, including
P and 0 after flattening the two-dimensional P: 6
distribution. No need for separate trainings in P,0 bins
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Software Implementation: StatPatternRecognition

_IIlI[I[III|IIIIIIII|III|II||I|I|]|I|I]_

For details on the algorithms:
& arXiv:physics/0507143

O — Pion (by ||ya Narsky, CaITech)

— Proton

50000

electron

Events

® Decision Tree splits
nodes recursively until a
stopping criteria is
satisfied.

® Bagger decision tree
divides the training data
sample into a number of
bootstrap replicas, and
trains on each one of them
separately.

® The final classification is
02 04 06 08 1 12 14 16 18 2 done by majority vote.

Classifier Output

40000

30000

20000

10000

IIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIII|IIIIIIIIIIIIIIIII

co
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t Mis-identification Rate

-t
-

0.4

0.3

0.2

Performance of BDT Kaon Selectors

I I 1 1 I 1 I 1 I I 1 1 I I 1 I 1 Jl 1 1 I l_
sssssssshess ..................: ............ Il ...................................... —
New BDT Kaon Selector P 7]
®  Qld Kaon Neural net Selector :
..................................................................................................................................... ST 1 SRR
I | | | I | | | | I | |

0.8 0.85 09 0.95 1
Kaon Identification Rate

Kalanand Mishra

Includes all
momentum
and 0 ranges
and all
tracks.
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BDT Kaon Performance in Mom. Bins

El T 1T T 1T L L T 1T T 1T LI [ T 1T [ LI IE
S 0.985 : : =
g 0.97 ; o I S G = New KNN =
& 0.96E" “mi - T " Current KN~ Caveat: | have changed the
3 0.95F = L = ey . .
= "~ N E definition of the Y-axis variable.
0.93F - = =
0.925 ' ¥ E . .
e . e - The higher curve/ point
FdE/dx. - DRC " 3
0.9 E0E/OX IR 2e LR E represents better performance
0.89F e . , B
ossc_transition: LY
" E - \ E =
0.87 E : 8 < P <1Ge\//c ................................................................. L .............. _g
0-86 :l 11 11 1111 L1 11 1111 111 I“" 1111 1111 L1 11 “\ 111 I:
09 091 092 093 094 095 096 097 098 0.9
K Efficiency
= T T T ryrrrr1rryg 0.97F ! ! =
§ oseE - fose=t — 1
S E e = New KNN 4 © 0.95E Tyt =
@ 0.97p=imugry fy g — @ = e = New KNN 5
£ .06 T R B . " Curentigiv}... 3
o = . I Q 0.92E - l‘-. =
0.95 - Tony - g.gﬁi Toime i-.‘ =
0.93F li};h_ = g:ggg ""'9 T - =
0.92 : o E o SIS SR R S L = -
= Intermediate ra ge: -'.lj_i= - g:ggi momeniume: = . "l_h}. =
0.9§ A\ ™ AN N “‘_ E':'!- § 0-842 : _O < FD < 3_2 = a g
= 1LY < F < Z.1GeV/C e E 0.83E - TR
089 v sEGeVic "
R L e i A I L T e 0.8 NI
09 091 092 093 094 095 096 097 098 0.85 0.86 0.87 0.88 0.89 0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97
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BDT Kaon Performance by Track Quality

< 0.99F e . 0.8 .
2 e 3 ::\,\\ -
_g 0.98; B I = New KNN ; 0.75F '-\-\'\ .
g 0.7 E".‘ ""I'\l,lq. . = Current KNN f E - \:\”\t‘;l\ m New KNN E
= - 'l-“ - 0.7 > :‘ = Current KNN -
0.96 N - '-i_- : = ’”;‘:\;,\\ .
0.95" " . 1 065¢ '-'l'“-ff,‘\, .
o -, Tracks in . 3 . Tracks passing *".- :
~E “. DIRC » 2 F through cracks A .
0.03¢ L " 1 osst-between the BN -
0921 ;‘ e - DIRC bars N
Y T e e —— a{. n 0'52 L e L L e
0.93 0.94 0.95 0.96 0.97 0.98 0.7 0.75 0.8 0.85 0.9
K Efficiency K Efficiency
B L e i B s s
'g ; -::“ ] = New KNN _E
%‘ 0.9§ "‘:::'5.:-_:5 = Current KNN ;
g T - Conclusion:
i e g Improvement in
0.75 ’ -
__I Tracks passing throu ?1“7\ : performance
... cracks between the % £ everywhere.
... PIRC bars: P > 1 GeV/c -

0.6 0.65 0.7 0.75 0.8 0.85 0.9
K Efficiency
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True Class Label

Electron

Proton |

Plon |

Kaon

Performance of KM Selectors

<
S
3

Multi-class Learner Classification Label

Kalanand Mishra

10°

Number of
data events
used for each
category =
1.22 x 10°
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Bkg Rejection

Performance of Kaon Selector
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Performance for Pion, Proton & Electron
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