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Introduction

1.5 ——

a and y: challenging measurements

o from nx, pp, (pn)°:
“penguin pollution”
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y from B+ —>D™)0K()*;
small interferences

[ | excluded area has CL >0.95 |

B precisely measured with
golden modes J/ y Kg, D'D’,...
sin(2B+y) from B°—Dn/p

CKM standard fit without
a and y measurements:

a=(97%5)°
y=(57.315%)°




Measuring a with B—nr, pp: SU(2) symmetry
A (At) = S sin(AmuAt) — C cos(AnmuAt)

Time dependent asymmetries in h*h-:

“Penguin pollution”: +
Tree: Penguin:
* T"{’ *
o Vi Vg W d} T _ uck p ViV
o I
b i g _
d d } . Pl
d d

In reality it measures o4 = additional info. needed for a

Neglecting P, S measures o:

C=0 S=sina) C 20

. . Gronau-London, PRL, 65, 3381 (1990)
Isospin analysis: Lipkin et al., PRD 44, 1454 (1991)

A0 =1/4/2-A+ + A

Neglecting EWP, A0 — A0
h* hY (I=2)=pure tree

S =+/1-C “sin(2 cerr) # sin(2 @)

Triangle relations allow determination
of penguin induced shift in O.- |OL = Oloff



Results for Bonr
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PRL, 95, 151803 (2005)

-0.09 £ 0.15 = 0.04
-0.30 £ 0.17 £ 0.03

 All measurements with 227x106 B pairs
* No observation of CP violation
- 170 observation (indicates non-negligible contribution of penguin) and measurement of C,
* New meas. BR(n"n") with efficiency corrected for the effects of final-state radiation
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Results for B—pp

Signal enriched sample
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o fL (p*p-) = 0.978+0.014+03

Data: 232 x10° B pairs | St (p*p-) = —0.3320.240.%

V-V state: need angular analysis: more difficult
1 d’r 9 {1

= =ZJ—(1—f, )sin®* @ sin* G, + f, cos’* & cos’ O
['dcosfdcosd, 4 (=) ! 2 & 1

4N >

transverse longitudinal
 f,.~1 = p~100% longitudinally polarized~pure CP even state
* interference with a,n, pnn, nnnn neglected ( =small syst.)

* B bkg = main source of syst.

-Sigpal enriched sample
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- No significant signal seen “ ‘
- f_ =1 assumed for most conservative upper limit 10 11 | | |
* small BR = small penguin contribution in pp modes [
— good sensitivity to o expected s |

PRL, 94,
131801 (2005)
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Measuring a with B—(pn)?—>n*nn0 : Dalitz analysis

Isospin analysis:

Time dependent Dalitz analysis assuming Isospin symmetry:

Not a CP eigenstates = pentagonal relations

EWP neglected: 12 unknowns for 13 observables = in principle possible
Unfruitful with the present statistics: current data does not constraint o

A. Snyder and H. Quinn,
PRD, 48, 2139 (1993)

AB’ > r'n )=, Alp'n )+ T A(p n")+ f,A(p° ")
)=, Ap )+ L A(p )+ f, A(p°z°)

— —0

AB -7«

f, relativistic
Breit-Wigner
form factors
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Interference between the p resonances at equal

masses-squared gives information on strong

phases between resonances = a can be
constrained without ambiguity

Direct CP asymmetries- e
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Constraints on o

* T

» 8 solutions within [0, 7] | I

« Need more statistics o B—nn BABAR
° pp 12 tEeEws L B—pn 1 Combined

» Golden mode for o (smaller penguin o B:_”)p '_H CKM fit

contribution in pp modes wrt nr) i :

* Additional assumption: neglect possible | g !

I=1 amplitudes (quasi2body assumption) < L

o constrained with no ambiguity at 1o 0.4 *

a=(113*77__ *6)° 02
c . 0 MJ‘ZQ """" L T 5 o R

 Combined constraint: 0 20 40 60 80 100 120 140 160 180

in very good agreement with CKM fit value o (deg)

CKMfitter = +10 \o
o pp, TT, TP (1 03 -9)




v from direct CP violation: B-——D®K®)-

Idea: using interference between B- —D%K- and B- —DOK- decays where the D°
and the D0 decay to a common final state f

b —c color allowed b —u color suppressed

Relative strong

A oc VeVl OC/13 phase 5z unknown AOCVudeéOCﬂ, / +77 &@

Rel. weak phase y

Size of CP asy )etry depends on Gronau-London-Wyler: Phys. Lett. B265,172, B253 483 (1991)

r(*) _ | A(B_ D K )| ~01-03 CP eigenstates

B = )0 :
|A(B-—>D" "K")] Atwood-Dunietz-Soni: Phys. Rev. Lett. 78, 3257 (1997)
DCSD D% and CAD%ex. : B-— (K" )y K-

Critical parameter: rg

Larger rg, larger interference, Giri-Grossman-Soffer-Zupan: Phys. Rev. D68 054018 (2003)
better sensitivity to y DO — K, n+ n— Phys. Rev. Lett. 78, 3257 (1997)




Results for GLW (f=CP eigenstates)

- 3 independent A - (B> D.,.K"")-T(B" > D, . K"") +2r,sindsiny
observables: Pi I'B > D, K" )+I(B' > DCP:K(*}.) chi

CP+
_ - - (*)- + - (*)+
A cp+R cps=-Acp.Rep. R _ ['(B - Dep. K )+I(B" - Dep, K 77) _ 2y .
= =147, £2r,cosdcosy
= I'(B~— D'K"" P
« 3 unknowns: v, §, rg (B — )
Ap Averages E Rp Averages E
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77777777 [ R S e o H
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,,,,,, L& Average el o Belle 0.94 + 0.28 + 0.06
a0 g N 1 . x :
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| . fAverage [N . 4062018 & :
& BaBar 026 + (140 £0.12 e B RS . ... oot
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S Average 7 . -G.08+0.32 x% Averagel 0.65+0.27
-1.4 1.2 -1 08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1 = 0 1 2 3

* Theoretically very clean
* No strong constraints yet on y because r;*) small
* Need more statistics



Results for ADS (f=K*r)

favored suppressed
« Small branching fractions B - D K B-— DK
- Amplitudes ~ comparable I Kt <nterference> I Ko
« 2 observables for 3 unknowns Suppmssg Aol
I'(B- > D K“)+I'(B* > D, K" , * Input:
P — =0 =13 TTp T 2151, cos(d; +0,)cosy _
I'(B > D'K"")+I'(B" > D"K™") rp=0.06+0.002
- — : : n —
DB 5 DK )-T(B" 5 D pK) 2ryrysin(, +8,)siny | _ [AD" — K*r)
o — * ) — + % )2 - I:I -
P T(B > D KY)+T(B” > D, K™) R, A(D" — K—7t)
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. (f= PRL 95, 121802 (2005)
Results for GGSZ: (1=Kg 7*7) | " os07101 .

* Final state accessible through many different decays = need Dalitz analysis
- Weak phase v, strong phase 6 and magnitude of suppressed-to-favored amplitudes
rg*) extracted from a fit to the interference pattern between D%and DCin the Dalitz plot

2
_ *12 x,,y, measured for three
At = + rpe’™ modes: DK-, D*K-, DK*
- « can be converted into
Ty vivir-<vrf B AN constraints on y, 5g(*), rg)
Ap(m?,m?) m?=M(K2r") Ap(m?m?)
m’>=M(K2n")
CP fit ey () 35O £y, | ¥=(67 228213 £11)° |
gives ( i y:I:) = (Re,Im){rB e s }

1 and 2c level contours
in the planes (y,
suppressed-to-
favored ratio) from

the three modes DK-,
D*K-, DK* taking all 3

| "  modes results

e ererararn S T ] simu'taneous'y

Krg

(GLW+ADS: r,=0.28%0-06 )




Constraints on y

* GGSZ method: powerful tool: the golden
mode for y

Yoosz= (67 £28 £13 £ 11)°
= (67 £ 33)°

« GLW and ADS methods:

12

* limits on suppressed-to-favored
ratios rg™)

* more statistics needed to really
constraint y

» combining different measurements
helps: combination of GLW/ADS (WA)
and GGSZ(BaBar) with all measured
modes:

CKMfitter = +23 o
YGLW,ADS,GGSZ = (51 -18)

1-CL

1.2

08|

0.6

0.4

02}.

----- DK™ GLW + ADS (

WA)

- EPsaosT ... D"K* GGSZ =1 Combined "
Full frequentist treatment on MC basis L CKM fit
T L BABAR |
o o O T
0 20 40 60 80 100 120 140 160 18C
Y (deg)



Conclusions
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* Best a measurement: pp (Lucky?: longitudinal polarization dominates and
small penguin pollution)

* Best y measurement: Dalitz analysis GGSZ

a

pp, T, TP

WA= (98.6+126  .)°

W
YGLW,ADS,GGSZ

12)°

» All results in good agreement with the global CKM fit
» Measure y at B-factories considered ~
* SMfit: a, B and y determine (p,n) nearly as precisely as all data combined
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impossible few years ago!

* New era: constraints from angles surpass the rest with increasing statistics



Backup slides:

14

« CKM matrix and unitarity triangle
* PEP-II performances
» The BaBar detector
* Analysis techniques:
AT measurement
B kinematical variables: m.q and AE
» Event shape variables
» Cherenkov angle
» General common features
 Further details on pp, nrisospin analysis
» p*p~ the golden mode for measuring o
» Method for B—(pn)? Dalitz analysis
 Extrapolations for B—pm isospin analysis
* 10 efficiency measurement
* sPlots technique
« Combined results for GLW and ADS in B-—DO%K*-
* GGSZ fit results



CKM matrix and unitarity triangle

Quark sector: masses eigenstates # gauge eigenstates
Mixing between flavour and weak eigenstates described by
3 x 3 matrix with 3 real parameters and one single phase

CKM matrix Wolfenstein parameterization:
Viga Vie Vs 1 — T“ A 4—1)\3({;1 —1in)
Vea Ves Vo | = ~A 1-4 AN
Via® Ves Vi ANY(1 = p—in) —AX? |
A
: . : : A
CP violation possible in the SM L |
only if CKM matrix is complex i.e. VuaVib ¢ i
UT area non zero i.e. n =0 VeaVebl | VeaVebl
|
|
Ve v Unitarity: N | (3
Vﬂ,dvt:b = vcdvcb = vtdjl”rtb — {} OD s 1"‘

15



The BaBar detector

1.5T magnet | Silicon Vertex Tracker (SVT) |

Drift Chamber (DCH)

Detector of Internally
Reflected Cherenkov
Light (DIRC)

Instrumented | Electromagnetic
Flux Return (IFR) Calorimeter (EMC)

Boost of Y(4S) in the lab

Pairs of B mesons from Y(4S)
decays: Y(4S)—B°BY B*B-

frame: bg ~ 0.56




PEP-Il performances
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Analysis techniques: time dependent measurements

€+
coherent BB
roduction
2 7(45)

- | Erec i 8 m EXxclusive
s
Brec Kg B meson
| | reconstruction
By ~ 0.55 || | I ™
Y~ .
At=1.6 ps < Az =200, 250 um | :
At=t. —t, ~AzlpByc

Time dependent measurements, flavor tagging:

- BB are in a coherent state at production

* There is a coherent evolution until B, decays

* Beco s flavour determined from B,,'s flavour and At
* Boost: At measured via space length measurement between B,,; and B, Az

* Flavor of the B, is determined by its decay product: charge of leptons, kaons, pions
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Analysis techniques: kinematics and event shape

Y(4S) rest frame

19

BB events

qq events
(g=u,d,s,c)

Beam Energy-substituted mass

E2

beam p B

- c(mES) 3 I\/IeV

5.2

1 1 1 1 1 1 1 1
521 522 523 524 525 526 527 SZE 529 53

Mg (GeV)

Event shape variables examples:
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0.05E
0.04:
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0.015
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Contiuum (data mg<5.25)

Signal (MC)
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|Cos(6)
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-0.5 ] 0.5 1 +5 2

Flsher Discriminant



Analysis techniques: K/r discrimination

Cherenkov angle versus momentum: K/ © separation versus momentum:

K-m Separation (G)
S
——
l

5 | |
-||||||||||||||||||||||||||||||||||: [}||||||||||||||||||||||||||||||
15 2 25 3 35 4 45 5 15 2 26 3 35 4 45
p(GeVic) p(GeVic)

Kit >2.5c upto4 GeV/c
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Analysis techniques: common features for nx, pp, pn

The 3 analyses (B — nn, B - pp, B — pn (Dalitz nnn)) share the same philosophy
and use the same techniques:

» Unbinned maximum likelihood fit using mcg, AE, NN/F, At, 6, for nn/K=n, Dalitz
variables for pm, resonance mass and helicity for pp.

» Each component has its own modeling in the likelihood:
* Correctly and misreconstructed signal events.
* Continuum, charmed and charmless B backgrounds (up to 20 modes for pp).

» Simultaneous fit of Signal/background yields, free parameters describing the
backgrounds, CP parameters and (polarization).

» Determination of At resolution function and mistag rates with fully reconstructed
events.

> Better statistical sensitivity than traditional “cut and count” approaches.
> Better control of the systematics thanks to this global likelihood technique.
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Further details on pp, nn isospin analysis

Amplitudes under SU(2) symmetry:
A= /2 = Te + Pe P
A = Toel? — Pe~
AT (Te + T)e”

<

Assumptions:

a can be resolved up to an 8-fold ambiguity within [0,x]

neglect EW penguins

(shifts a by ~ +2°) penguins

Unknowns| Observables | Constraints Account
neglect SU(2) breaking a, B~ s . c_ | 2isospin 13 unknowns
_ T+, P, w0 triangles — 7 observ.
in pp: Q2B approx. o po | B A landone | g it
: 700 poo | B0, (5, Cpp | SOMMON — 1 glob. phase
(neglect interference) » | side N

22



p*p- the golden mode for measuring o

Analysis more difficult:

77777777

>2 a0 in the final state. TR

»>Wide p resonances. GX fffff /A e

> V-V decay: T P

L=0,1,2 partial waves components: Helicity Frame LA

= Need angular analysis. :
1 d’Tr 91 . .
— =ZJ—(1-f_)sin* @, sin’ @, + f, cos” 6, cos’ 92}
["dcosfdcost, 4|4 X ~ J
~

Transverse Longitudinal
(Mixed CP state) (CP-even state)
But eventually the best mode:

» First measurement of a performed by BABAR in pp: PRL, 93, 231801 (2004).
» Branching fraction ~ 6 times larger than for B— nx.

» Penguin pollution much smaller than in B—nn

» f, ~1.0 = p are ~100% longitudinally polarized, transverse part suppressed

at the tree level: (m /Mg)? = B'—pp* is almost a pure CP-even state!

23



Method for B—>(p=)? Dalitz analysis  hep-ex/0408099

2 steps analysis: 213x10¢ B pairs
* Fit 16 Breit-Wigner parameters related to the quasi two body parameters S, C,...
* Fit results + correlation matrix:

= simultaneous extraction of weak and strong phases «, 6

Mar 185> = X 1APUT + 2 (Re[ffslUS™ — Im[fufa] U™)
we{+,—,0} k<oc{+,—,0}
I (Al ) = Y fulle + Y (Relfefol L5+ Im[fufa] i)
we{+,—,0} w<oc{+,—,0}
ot — Uy O — v- gt — 21, §— — 21_ = Uy -uz
E,IT__: 4 .[‘_-,IT__F L) E)‘T_-F ) L‘Tj_ ) [ar IDT_]I_— _|_ L;.";l—
Us = |A"P£A7,
li_':l":.I:,REI:Il'ﬂ:I — RE[I[‘.D:I [AHAJ* + Iﬁﬂ{r*} ? Apﬂ- = —0.088 £+ 0.049 £+ 0.013
S C =  0.34+0.11+0.05,
I, = Im|d%4 ] _,
S = —0.10£0.14 £ 0.04,

IR = Re _H”‘A“—IUA*‘*] ,
: AC = 0.15+0.11 £ 0.03

AS = 0.22+£0.154+0.03

B = Im[A%A7 4 Z74

g = TP AR+ CHARAC
o A+ —|2 A :
S L+ ACH A€ Ao = —02140.11+0.04
24 AF = % _ AIP’" ‘;;—-j‘;ﬂiﬂﬁ At = 047014 4£0.06
KT —AC - A,:C




Extrapolations for B—»>pr isospin analysis

Confidence level

24% = 24(B° — p°n%) = VaVaT&® — ViV (PT~+P %),
V2A% = V2ABY = pnt) = VVAT ™ — Vi Vi (Pt~ —P~t) | Eur. Phys. J. C41, 1-131,
_ _ CKMfitter group, (2005)
VIAYY = VIABY — pta®) = ViV (TH + 77+ + 18 - 1°F)

+VaVip (P77 —P7T)

VZ (AT +A) = 24 4 At At

VZ(ATO4A™) = A0 4 At 4 AT,
12 _I LI | LI | LI | rri | L | rri | L | LI | LI I_ 12 _I LI | LI | LI | LI | LI | LI | rri | LI | LI I_
-1 1ab™ 1 10ab™" = CKM fit ] -1 1ab™ 1 10ab™" = CKM fit
Tr j N Tr '- i
[ it 1 & [ small EiPT | ]
0.8 1 & 08[ i |
C i T [ i ]
06 F i 1 2 o6l b i
B { - @ ot I ]
I { T L i i
X 1 i L= L 1 e i
04 E"-. 4 & 04F R i
i . 1 O i N TR ]
02 AR 2 L I A i
o<, N I AR\ _
|| WWinder 2004 i y - T WWinker 04 T \ T
D _-I 1 1 | 1 L1 I 1 1 1 | 1 I.o-llr-.l I- 1 I\I 1 I'I\r'-J 1 I-I L1 1 I 1 L I_ D _I 11 I 11 1 | 1 11 I 11 'I'.I 1 1 I. I 1 1 I‘I"-J 1 I-I 1 L1 I 11 I_

0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

o (deg) o (deg)



Analysis techniques: n° efficiency

Method:
® Select eTe™ — 7777 with 77 — eTwvvand 77 — 7 (orp v
® N(7F — 75v) x e(nt) and N(7 — p*v) x e(n%)e(n)
T oL :Z].;'ll'_-i.'t ?_Lh L
® 7" momentum dependent double ratio: F{:Z-tr;?f[(};., o= Z(II—‘—]W?
T—TML MG Pl =\ MO

® Comparison with efficiencies of standard 7° cuts = discrepancy < 3% at 2 GeV

;—:} 1_2_ T T T T | T T T dl | T T T T T T T T T T T T T T T T ]
< = data ]
S - VM .
SLISE T =
o - TV — .
= r MC .
e LIE Pass 7 cuts * |
© E Mass selected 1 E
5 1.05 + + -
3 - 7
~ - 4 + ' -
n + + ]

AR S ¥ -

0.95 - 3% Syst. Error ]
0_9_ oo b o b v b b e L]

0 1 2 3 4 5 6

26 r° Momentum (GeV)



sPlot technique

27

Reference: Francgois Le Diberder and Muriel Pivk, physics/0402083

Method:

@ Fit without the variable x we want to plot

® We build the distribution by defining a weight for each event and for
each species we want to plot with the covariance matrix

Definition of the statistical weight for one event and for a species k:

1 Z\es I’LJT) Ue)

N 327 NiPi(ye)

= & Weighed distribution = ¢ {y} = real distribution of z ¢ {y}

PL(U(—:) —

Interest:

® All the events are used
® No information taken from the = pdf P(x)



Combined results for GLW and ADS B-—D%*-
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Frequentist approach (CKM-Fitter EPJ,C41,1 (2005)) to extract y and r,
from ADS/GLW combination for B—D9K*- modes:
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Results for GGSZ: (f=K 7* )
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Z_ 0085 £007 £003L002 006L000 001000 Ts— =Hrscos(dy—q) —0.204£0.20+£0.114+0.03
z, —013+007+003+003 0024+008+002+002 v =kresin(d, —~)  0.264+0.30 £0.16 £ 0.03
z: —013+000+£003+002 —014+011+002+003 2. = prgcos(ds +7) —0.074 023 +0.13 + 0.03

0.14 + 0,09 £+ 0.03 + 0.03

0.01 £ 0,12 4+ 0.04 + 0.06

e = Krgsin(dg + )

—0.01 £ 0.32 £ 0.18 £ 0.05
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* Small statistical
correlations

* Frequentist treatment
to convert them into
constraints on

s SB(*), rB(*)



