Time-dependent Amplitude Analysis of
B°> K°.x*n- decays with BaBar
and
constraints on the CKM matrix with the
B->K'n and B> pK modes

Alejandro Pérez
Seminar LPC Clermont — Friday 3 April 2009




Outline

= [Introduction

= Analysis: time-dependent amplitude analysis of
B°— K’ n*n~ decays with BaBar

= Phenomenological interpretation: SU(2) isospin
analysis of the B— Kt and B—pK modes.
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CP Violation and the CKM Matrix

In the Standard Model (SM):
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CKM Matrix and the Unitarity Triangle

v quark mixing only described by
cxm¥ ckm T |—| .3 real rotation angles and,

- 1 irreductible phase with all the CPV information

quark flavor sector
highly predictive!
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CKM Matrlx and the Umtarlty Trlangle

t
CKM CKM

= 1

—
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L td
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CKM matrix
Vud Vus Vi
Vea Ves Ve

Vi

quark mixing only descrlbed by
- 3 real rotation angles and,
- 1 irreductible phase with all the CPV information

Wolfenstein parameterization:
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CKM Matrlx and the Umtarlty Trlangle

t

= 1

CKM CKM

Alejandro Perez,
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CKM matrix
Vae Vus Vb
Vea Ves  Vap
Vie Vis Vi

Experimental hierarchy
among CKM elements

quark mixing only descrlbed by
- 3 real rotation angles and,
- 1 irreductible phase with all the CPV information

Wolfenstein parameterization:
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CKM Matrlx and the Umtarlty Trlangle
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CKM matrix
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Vi

quark mixing only descrlbed by
- 3 real rotation angles and,
- 1 irreductible phase with all the CPV information

Wolfenstein parameterization:
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CKM Matrlx and the umtarlty Trlangle

v quark mixing only descrlbed by
cxm¥ ckm T |—| .3 real rotation angles and,

- 1 irreductible phase with all the CPV information

CKM matrix Wolfenstein parameterization:
Vaa Vus Vi -4 A AN (p—in)
Vea Ves Vo | = -\ & e

Vi Vis Vo AN (1= p—in) Ay L

oong GKM elements
among CKM elements CPV only possible in the SM if n#0
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CKM Matrlx and the umtarlty Trlangle

v quark mixing only descrlbed by
cxm¥ ckm T |—| .3 real rotation angles and,

- 1 irreductible phase with all the CPV information

CKM matrix Wolfenstein parameterization:

Vi Vas Vi -5 A A
Voo Vis Vi | = ) -4 A
Ve Voo Vi AN(—p—in) —AR 1

Unitarity Relations:

Ko V. dVJS + Vdv* + Via {; — 0| ~A, ~A, ~A° P Flat triangle
BSO Vusvjb + VCSVC’Z + Vi, tz — 0 | ~A%, ~A%, A2 Flat triangle
—

non-degenerate

B VuaViiy + VeaVii + ViaVii, = 0 [ =A%, =A%, ~A
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CKM Matrlx and the umtarlty Trlangle

v quark mixing only descrlbed by
cxm¥ ckm T |—| .3 real rotation angles and,

- 1 irreductible phase with all the CPV information

CKM matrix Wolfenstein parameterization:

I/ud I'Ju.s [u b
Vea Ves Ve
Vie Vie Vi

|

Unitarity Relations:

Ko VudVys + VeaVe, 1iVle = 0 ‘

A
A
VoV /1% ViaVib

0 . VudVub Vid Vb
BS Vus ub A V ch + I/a*ﬁ =0 VeaVeo| Ve Vabl

B0 Vu Vi + VeV + ViaViy = 0 F:’hase Vi Phase

ub
d e =
P
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B mesons Oscillation

Weak states |BL) _ b|BO) -I- q|§b> B me§ons scillation
# A _—
flavor states |Bg) = p|B”) —q|B") i W

t,c,u

arg(VV o) = B

Time evolution of a B? state at t=0,

1BY(t))y = e—impt —L'gt/2 Oscillation frequency

Am gt \  —
[cos( 2d )lBO) -|—n ,@) |BO)]

Mixing parameter

In the SM g/p = e?F
- High Mass (large phase space)

- Direct couplings with complex elements of the VCKM
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B mesons and CP violation

Types of CP violation
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B mesons and CP violation

PR S T AL - e T i e s e

Types of CP violation

- CPV in mixing: |B’—>B°*# |B°>B°|*> |q/p| = 1
For B mesons |g/p| ~ 1

- Direct CPV: |B—f]? # |B—f|?
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B mesons and CP violation

............ s mnnm = TR s e

Types of CP violation

- CPV in mixing: |B’—>B°*# |B°>B°|*> |q/p| = 1
For B mesons |g/p| ~ 1

I % 4001
- Direct CPV: |B—f|* = |B—f| E :
= % 3001
[(B—f)-I'(B>f) =

BABAR

Preliminary

1

B°- Ktz
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B mesons and CP violation

T e s T S e s

Types of CP V|olat|on

- CPV in mixing: |B’—>B°*# |B°>B°|*> |q/p| = 1
For B mesons |g/p| ~ 1

-Direct CPV: |B>f2# [Bof? it il
2 :‘E 1
|B—f + B—f) —>812 g
# =
2 & =&
|B—f + B—f ) —>812 E

A¢12=8 -0 06 07 08 09 1 L1 07 08 09 1 L1 L2
m_ (GeV/c?) m_ (GeV/c?)
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B mesons and CP violation

............ s mnnm = TR s e

Types of CP violation

- CPV in mixing: |B’—>B°*# |B°->B°? |q/p|# 1
For B mesons |g/p| ~ 1

- Direct CPV: |B—f]? # |B—f|?

- Mixing and decay CPV: [B°—f_+ B’ »B°—f_|* =
IB°>f_+ B° -»B’>f_|’

A_.(t) = Ssin(Am At) — Ccos(Am At)
S =2ImQA_)/(1+A_ %)
C=(1-A_ I Y(1+IA_I) A, = (alp)[A(B’ T )A(B*—f )]
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B mesons and CP violation

............ s mnnm = TR s e

Types of CP vinlatian
— — Time-dependent CP asymmetry
- CPV in mixing: |B°—B’|* # |[B°-B’[’ in JIPK®_ decays

For B mesons |g/p| ~ 1

BiBAR"

23005_' 0 preliminary

) DiII SM Prediction: 20 ]
S = sin(2p) L

— C =0 o gt e R e - :

- Mi B 5B .. b

Latest BaBar result: — AW;‘\ m E

B"—>E; " N

S = 0.660 * 0.036 + 0.012 0 W i

m At) s s

C =0.029 £ 0.026 + 0.017 At (o)

“WCP"" I"CPI 7

C = (1_|;\'CP|2)I(1+|;\'CP|2) ;\'CP = (qlp)[A(Bo—)fcp)lA(Bo—)ch)] |
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Unitarity Triangle Parameters

Unitarity Triangle (UT)

By ViaVi, + VedVa, + ViaViy = 0

Rescaled UTby | V V'

For each observable,
its theoretical expression

is a function of (p,n)

Measurement:
constraint on (p,n)

The CKM Unitarity predicts
that all constraints intersect
at a point!
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Current Status of CKM parameters

Standard CKM fit uses diverse measurements theoretically under control:
- From B factories: Amd, sin2p, |Vcb|, |Vub|, o, Y
- Other sources: |e_|,Am,, [V [, [V ]|
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Current Status of CKM parameters

............

............

Standard CKM fit uses dlverse measurements theoretically under control:
- From B factories: Am , sin2B, [V_|, [V |, o,y

- Other sources: |8K|, Ams, |Vud|, |Vus|
15 . I T T T | | e e | | [l I | oo 1 ] | T | | | ] . . . . .
| emammeient 1 | - Combined constraint limited in a
oL 4 <1 | small region of parameter space.
- sin 2B 1 | - Striking confirmation of CKM
0.5~ | | mechanism.
SR ~ | Two simultaneous strategies:
: - -
05 A a -| | - Improve precision of measurements
o - e, 1 | - Look for processes sensitive to NP
Wit Y Ay | _
_1-5 L ] e | | i e | i e e | | e e | | I I | | o (L [l ] Th' h l :
0 05 00 %5 0o 2 amplitude analyses of loop
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B°->K® n*n~ Analysis

J. Ocariz, A. Pérez, M. Pierini, J. Wu

P. Del Amo Sanchez, T. Gershon, P. Harrison,
C. Hawkes, J. llic, T. Latham, M. Gagan,

HPWS Group:
E. Ben Haim, M. Graham,

UK Group:

N. Soni, F. Wilson
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Motivations
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Motivations

| New physics in penguin dominated modes Standard Model

- b —ccs (i.e. JIFK® ) golden modes

*b —-qqgs (q = u,d,s) loop dominated

Sccs = Sqqs + ASSM = sin2p

C =C =0
cs qq

C S

New Physics

Sccs i Sqqs + ASSM

S

C =C
ccs qq

To the B°—>K°su*1c‘ Dalitz Plot

contribute two penguin
dominated modes:

f (980)K’, and p°(770)K",

A
A
11 |
% |
Vo L 1% VigVib
VeaVeb)/ | NeaVepl
:
|
|
|
I
Y | p
0 — —
0 ; 1
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Motivations

=T SRS N

™ B

| New physics in penguin dominated modes | sin(2B") = sin (2¢ B)HEAC

0

Moriond 2007
PRELIMINARY

b—ccs  World Average! jl
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Motivations

PR T T AL~ B R T T T e T

CPS/GPSZ method:

use B—»K'® modes access to y

CPS PRD74:051301
GPSZ PRD75:014002

K*(892)r~ contribute to the
B"— K’ x*'x" Dalitz Plot
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Motivations

CPS/GPSZ method:

use B—»K'® modes access to y

CPS PRD74:051301
GPSZ PRD75:014002

A CPS/GPSZ Revisiting:
A access to o
Nf======""2 |
Vi, & 1@ Vig Vi *
ud_ td "tb K*(892)x~ contribute to the
VeaVebl/ VedVep B’>K’.x*x" Dalitz Plot
|
I
|
I
I
Y | p
0 ' >
0 ] 1
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PEP-Il: a B factory at SLAC

As of 2008/04/11 00:00

Electron
Gun

|II|

500 EP Il Delivered LUMINOSity: 553.48/f NG+ rreesssserreesssissmses ey
BaBar Recorded Luminosity: 531.43/fb

- BaBar Recorded Y(4s): 432.89/fb

BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
4001—. Off Peak Luminosity: 53.85/fb 7 ek, —

ased B Factory:
PEP-Il and BABAR

/\ >
. Dampin
7 Ringg g‘
. X
7, Positron. \0"
Return Line Q\“
o«

&
Electrons Q}‘"\

300

Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)

Integrated Luminosity [fb™]

Recorded Luminosity Y(3s)
Recorded Luminosity Y(2s)
Off Peak  eeeeeeeeeeeeesesseeeneennneeeeeeneeefu —

| 433 fb at Y(4S)

PEP-II

Rings >~

Positrons =
Vs

Low Energy Ring
(new) .
BABAR Detector S

’/Electrons 200 476_3x1 OGB pairs ......................................................................... —

High Energy Ring B

(upgrade of existing ring) -

Both Rings Housed in Current PEP Tunnel ]
L OO oot oo —]

» On-Peak: Vs at the Y(4S) peak
. Off-Peak: Vs 40 MeV below
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The BaBar Detector

Magnet“1.:5T I Silicon Vertex Tracker (SVT) I

: > i Reconstruction of decay vertex
and tracks close to the IP

e+
—

| Drift Chamber (DCH) I

o
=1

Reconstruction of deviated
i S gan charged particles tracks:
e momentum and angles

Detector of
Cherenkov light (DIRC)

Intrumented flux
return (IFR) Identification of charged particles

Separation K/t >2.50 up to 4 GeV/c

Identification of p *-

I Electromagnetic calorimeter (EMC) I

Detection of y , e-identification
Reconstruction of m °->y y , Energy measurement

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 13



Time-dependent amplitude analyses

Counting rate analyses — signal identification
Time-dependent analyses — time-evolution of signal

Amplitude analyses — Interference of signal

Time-dependent amplitude analyses —
time-evolution of signal interference

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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At measurement and flavor tagging

= Neutral B mesons produced in a coherent B°-B° state
= Flavor tagging with B partner

= At extracted from Az measurement (At = AzyPB)

B K Flavor tagging
PEP-I St - > Q =30%
e- phe
Y (4S) Mix; B Tt B'— K’ 11
\_ ")g T S
. N~ Eff.~25%
Az=260pm [ Np- ™S’
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Dalitz Plot (DP)

Trée-body decays described by two parameters:

. 2 2
Mandelstam variables m; =(p, + p )

10— A A NS
| ()t Dalitz Plot |
8 | : | p3
ﬁ B—on Resonance()
s {12} — p2
2 P - })res +p3
S i R’es_)pl+p2

n . | | | Iél | | | | | 1
0 1 2, 3 1 \\
g (GeV) (Distribution around

Kinematic boundary resonance mass)
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Existing Measurements

- TD Q2B analysis f,(980)K°,. 123x10° BB, BaBar 2004 (PRL94:041802)
= TD Q2B analysis f,(980)K’,. 386x10° BB, Belle 2005 (arXiv:hep-ex/0507037)
= TD Q2B analysis p°(770)K°,. 227x10° BB, BaBar 2006 (PRL98:051803)

« 11 Q2B analysis Ksn+1c‘. 232x10° BB, BaBar 2006 (PRD73:031101)

s Tl tag-integrated DP analysis.
388x10° BB, Belle 2006 (PRD75:012006)

= Our Preliminary Results TD DP analysis presented at LP07.
383x10° BB, BaBar 2007 (arXiv:hep-ex/0708.2097)

= Two weeks before my thesis: TD DP analysis

657x10° BB, Belle 2008 (arXiv:hep-ex/0811.3665) TD Time dependent

Tl = Time integrated

DP = Dalitz Plot
Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 Q2B = Quasi-Two Body




Data Set

....... T e T i s s T

- Run 1-5: 347.3 fb"' — 382.9x10° BB pairs.
- Reconstruction and Selection — 22525 events

DP

% s 10 15 20 25
m2(n* K2)(GeVZ/c?)
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Data Set

....... T e T i s s T

- Run 1-5: 347.3 fb"' — 382.9x10° BB pairs.
- Reconstruction and Selection — 22525 events

DP

N

)(G_?V2/c4)

0
S

m?(n” K

IIII|IIII|IIII|IIII|IIII|I

% s 10 15 20 25
m2(1* Kg)(GeV?/c?)
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Data Set

- Run 1-5: 347.3 fb"' — 382.9x10° BB pairs.
- Reconstruction and Selection — 22525 events

N

)(G_?V2/c4)

0
S

m?(n” K

% s 10 15 20 25
m2(1* Kg)(GeV?/c?)
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Data Set

....... T e T i s s T

- Run 1-5: 347.3 fb"' — 382.9x10° BB pairs.
- Reconstruction and Selection — 22525 events

DP Square DP

LI I N T T 1 T 1:HH|III'I’|;;|>»I,, ‘l_:,lllllllllll

0of < Al -

N

nonHinear o7 =

transformations B

)(G_?V2/c4)

@050 o, -

0
S

m?(n” K

I|IIII|III||I

(| E—— 4\

:||||||'|||’|‘|-|' P l
10 15 20 0 0.1 0.2 0.3 04 05 06 0.7 08

m2(1* Kg)(GeV?/c?) m
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Data Set

....... T e T i s s T

- Run 1-5: 347.3 fb"' — 382.9x10° BB pairs.
- Reconstruction and Selection — 22525 events

I|IIII T T T I_ 1_‘

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

DP Square DP

0.9;—
0.8§—-
0.7 : |
03~

0.2f

o1 SR

11 E||l|||||i||-|||-||l'lII'II-I’lII.'I'-IIIlIIlII.I.Illlll_

% 5 0 15 2 25 % 0.1 02 03 04 05 06 07 08 09 1
m2(n* Kg)(GeV</c?) m’
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Likelihood Function

| The Likelihood Function |

L;n‘-’ﬂ‘n: N:E:(l"fsc;rfjpm+N E.fscr QCF+VWEW+ Z\B & P B¢ )
c=1 i
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Likelihood Function

| The Likelihood Function |
L=[]e™[]| N.e.\l- fur JPY + N, €. ficr
| S S SCE

Continuum Component
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Likelihood Function

| The Likelihood Function |

5 N

=TT Tl Vel ™

L:H(’ “H .;M:{':{.(l f,f_'s:“{-)P +,;,V£' f qq}::}qc
i=i i=1

B-background Components
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Likelihood Function

The Likelihood Function |

Y

Signal Component

A
[ \
™ SCF

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Likelihood Function

| The Likelihood Function |

j w .,
. - a:\’ﬁ S i . . ‘i ;

L :l—[é’-’ H ‘M:&s"-l—fff*r |
o=l fa=] |

x3,

€ s P §F+V g +ZV3 &5 Py |(%)

qq.c

P = P(m_,AE,NN)xP(Q_ ,At,DP)

Discrimination Dynamics

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 19



Parameterization

Parameterizing Decay amplitude using Isobar Model:

DalitzPlot | A(DP) =) a,F;(DP)
Isobar Model A(DP) = > EJF} (DP)

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot A(DP) =
Isobar Model E(DP) _

Isobar amplitudes:
Weak phases information

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot
Isobar Model

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot
Isobar Model

Kinematic
function

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 20



Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot
Isobar Model

Relativistic Breit-Wigner: K*(892)xn

Flatte: f (980)K

Gounaris-Sakurai: p(770)K
S-wave Kr: LASS lineshape.

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Isobar Model

Dalitz Plot {A(DP) =Y ¢ ;F,(DP) \—__ Shapes of intermediate

e
T F.[] Gf_r?

: 2 2 : q
geotdp — iq, (mg —m3. ) —imglg—1—

T g &
T _|_ FE?(’JB

Rj(?nﬁ'?r) =

Gou Effective?ange Term
S-wave Kr: LASS lineshape.

| Nucl. Phys., B296:493, 1988 |

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 20
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

DalitzPlot | A(DP) =} a,F,(DP)
Isobar Model K(DP) _ z EjF_:i (DP)

Time-dependent DP PDF (|q/p| = 1)

L el
F(ALDP.gu) o (1A +]AP) S
| 2Im|(q/p)AA*] AP —AP
(l + Qtag AP+ AP sin( AmgAt) — Giag AE T (AP cos( AmgAt)
mixing and decay CPV DCPV
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot A(DP) =} a;F;(DP)
Isobar Model A(DP) = > a, F; (DP)

Sensitivity to phase differences

between (I;and (] :amplitudes.

S e—wl/f
f(At,DP, guag)  ox (|A|2+\A!2)
q/ JAA" AP - AP
1 X (AmgAt . os(AmgAt
( —Hj’tg, ‘A‘Wsm My ) th’\AP \AP q( Mg )
mixing and decay CPV DCPV
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

DalitzPlot | A(DP) =) a,F;(DP)
Isobar Model A(DP) = > EJF} (DP)

Sensitivity to phase difference
between amplitudes in

Time-dependent DP PDF (|q/p| = 1) the same DP plane (B or g,)_

—|At| /T

4T

| 2Im|(q/p)AA"]
(l + (tag ‘A‘Q n ‘A‘Q Slﬂ(/ﬁ‘ﬁldﬁt) — (tag

mixing and decay CPV DCPV

e

f(At,DP, q.g) o< (|A]* + |A]?)

COS(A-n'szt)>
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot A(DP) =} a;F;(DP)
Isobar Model A(DP) = > EJF} (DP)

Time-dependent DP PDF (|q/p| = 1)

) - e—|:’lt|/’7’
f(At, DP, qus) o (JAF +]AFf) —
, 2Iml(q/p)AAT] ., AP - AP |
(l + Qtag AP+ AP sin( AmgAt) — Giag AE T (AP cos( AmgAt)
mixing and decay CPV DCPV

Complex amplitudes a; and (7. determine DP interference pattern.
Module and phase con be directfy fitted on data.
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Physical Parameters

Direct CP avsymmetr\jes: ) Y
a.| —l|a. : a-| —|d.

i Y Y CP (- 2 2
a.| +la aj + aj

The mixir‘]\g and d(Jecay CPV S parameter:

_ 2Im[dia; (a/p)] _

2 N 1 = = =
. — V(1-C?) sin(2f ) sinus ambiguity
a,| +|a|
I?hase differences:

2p! =argla, aj’f (a/p)' 1 — for f (980) and p°(770)
Ap -=arg|a.a: (a/p)]  — for K¥(892)n (“CPS phase”)
JJ A

The phases can be accessed through
interference over the DP

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Nominal Signal Model

List of components included :

s B’ — p%770) K° (GS)

s B°— f (980) K° (Flatté)

= B’ > K(892)r (RBW)

= Kn S-wave (LASS)

= Non-resonant (flat phase space)
s B’ — f,(1300)K° (RBW)

s B — f (1270)K° (RBW)

= BY — %K’ (RBW)

Common Signal Model for all BaBar
B—-Knr analyses

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Nominal Signal Model

List of components included :

s| B — p?%770) K° (GS)

| B — f(980) K° (Flatté)
= B’ > K(892)r (RBW)

= Kn S-wave (LASS)

= Non-resonant (flat phase space)
s B’ — f,(1300)K° (RBW)

s B — f (1270)K° (RBW)

= BY — %K’ (RBW)

Common Signal Model for all BaBar
B—-Knr analyses
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Nominal Signal Model

List of components included :

s B’ — p%770) K° (GS)

s B> f (980) K° (Flatté)
= |B° > K(892)r (RBW)

= |Kn S-wave (LASS)

s Non-resonant (flat phase space)
s B’ — f,(1300)K° (RBW)

s B — f (1270)K° (RBW)

= BY — %K’ (RBW)

¥ F
- “0.5F

Common Signal Model for all BaBar
B—-Knr analyses

k
. ®0.5
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Nominal Signal Model

List of components included :

s B’ — p%770) K° (GS)

s B°— f (980) K° (Flatté)

= B’ > K(892)r (RBW)

= Kn S-wave (LASS)

= Non-resonant (flat phase space)
s |B° — f,(1300)K°, (RBW)

= |B* — f,(1270)K°; (RBW)

= BY — %K’ (RBW)

Common Signal Model for all BaBar
B—-Knr analyses
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Maximum Likelihood

Fit Results
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Fit Results

Fit Parameters:
- 11 yields (Signal and background),

- 34 shape parameters (i.e. signal and background
PDFs for discriminant variables),

- 30 moduli and phases of isobar amplitudes

Total: 75 parameters floated!

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Fit Results: Non isobar

Parameter Name

Fit Eesult 5ol-1

Fit Besult Sol-11

| ENTL 0.0 016 |
Hi{B" — D 7™ 3361 + 60 3362 + 60
N(B" — J/YRY) 1804 £+ 44 1803 £ 43
N(B" —n' K 16 + 16 144+ 16
H(B" — U{29)KY) 142 4+ 13 142413
N({cont-Lepton) 46+ 8.9 4749
N{cont-KaonI) 800 4+ 31 S00 4+ 31
N{cont-KaonII) 2127 49 2127 +49
N{cont-KaonPion) 1775 + 45 1775 + 45
N{cont-Pian) 2048 4+ 48 2048 4+ 48
M{cont-Cther) 1614 + 42 1614 + 42
Nicont-NcTag) 5829 £ 80 5829 + 80
ﬁ-m-,v,l'k.i\.E) Signal 0.63 4+ 0.14 0.634+0.14
peore(AE) Signal —~1.340.7 MeV —1.3 £ 0.6 Mev

T e |:-‘—"I-E;| Sigﬂal

Peait (AE) Signal
Tiait(AE) Signal
Slope(AE) Continuum
plmps) Signal
on(mps) Signal
on(mps) Signal
Argus Slope(mgs) Continuum
a,(NN) Continuum
agfﬁﬁ;\r'] Continuum
as(NN) Continuum
as( V] rj] Continuum
Heammon [At) Continuum
Feore(At) Continuum
ffrl,iJ?ﬂtll Continuum
Trait(AE) Continuum
fouttier(A#) Continuum
g.’.l.ltl'a';'ex.r(ﬁt) Continuum

=

171+ 1.4 MeV
—-7.3+29 MeV
312+ 4.6 MeV
~851 £5.77
5.2788 +0.0001 GeV/e”
2.24 +0.06 MeV/e®
2.73 £ 0.07 MeV/e*
~03+0.2
19401
3.2+ 0.4
~1.1+0.1
~047 £0.05
0.018 £ 0.007 ps
114+ 0.02 ps
0.16 + 0.02
28+0.2ps
0.030 & 0,004
10.7 + 0.9 ps

17.1 £ 1.3 Mev
—T7.4 £ 3.0 Mev
314 £ 4.6 Mev
~8.49 £ 5.77
5.2788 £ 0.0001 Gev/c”
2.24 +0.06 Mev /¢
2.73 £0.07 Mev/c”
—04+02
1.9+0.1
3.2+ 0.4
~1.1+01
—0.48 + 0.05
0.018 + 0.007 ps
114 4 0.02 ps
0.16 + 0.02
284£0.2ps
0.030 + 0.004
10.7T £ 0.8 ps

e A ]

R e e I et i

There are two
solutions almost
degenerated.

They differ by 0.16 in
-2Log(L) units
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Fit Results: Non isobar

Parameter Name Fit Result Sol-1 Fit Result Sol-11
ANLL .0 .16
N{B" — D777 3361 £ 60 3362 £ 60
N(B" — J/YRY) 1804 4 44 1803 4 43
N({B" = q7'K) 16 + 16 144+ 16
N(B" — U(28)KY) 142 +13 142 413
N{cont-Leptaon) 46 + 8.9 4749
N{cont-KaonI) 200 4+ 31 S00 4+ 31
N{cont-KaonlII) 2127 £ 49 2127 +49
N{cont-KaanPion) 1775 + 45 1775 + 45
N{cont-Pian) 2048 4+ 48 2048 4+ 48
M{cont-Cther) 1614 + 42 1614 + 42

Hicont-NoTag)

5820 + 80 5829 + 80

There are two
solutions almost
degenerated.

They differ by 0.16 in
-2Log(L) units

ﬁ'f.irr LliE) Sign.al

0.63 +0.14 0.63 +0.14

Heare (&Ej Eiq nal
Oeore|(AE) Signal
peait (AE) Signal
Oiait(AE) Signal
Slope(AFE) Continuu

Non-lsobar parameters
identical in both solutions

plmes) Signal
on(mps) Signal
grlmes) Signal
Argus Slope(mps) Con
GIENN] Cont inuum
a-_;lf\;"v';i\a"] Continuum
as{ NN) Continuum
as( N Ni] Cont inuum
Heommon (;_\‘Lf) Continuum
Feore(At) Continuum
frait (At) Continuum
Trait(At) Continuum
fouttier(A#) Continuum
‘:r.-,.,-;f,l;’.gv,-liﬁt:] Continuuam

‘3,;24. j: DLDG I“'!ID“,":!;ICE 2‘24 j: D,Dﬁ I'\'[D'l._."lf'!cg

2.73 £ 007 I".-'In:?*sf:.i"r:2 2.73 £0.07 Mev /e
tinuum —~03+02 —-044+02
1.9+ 0.1 La+0.1
32404 32404
—1.14+01 —1.14+01
—047 £0.05 —0.48 +0.05

0.018 £+ 0,007 ps 0.018 £+ 0.007 ps
1.14 - 0.02 ps 114+ 0.02 pe
0.16 4+ 0.02 0.16 + 0.02
28+0.2ps 284£0.2ps
0,030 £ 0.004 0.030 £ 0.004
10.7 + 0.9 ps 10.7T £ 0.8 ps

e A ]

N massssasva ada ~ o Amassavaav 4 Apas — A =
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Fit Results: Isobar

lsobar Amplitude ~ [A[ SolI  ¢[deg] Sol-T ~ [A] SoFII  ¢[deg] Sol-1T

A(fo(980)K2) 1.0 0.0 1.0 0.0

A(‘ﬁ(%ﬂ)f{ﬂ) 37404 -T39+196 32406  -1123+209

A(p(TTOKY) 0104002 35.6+149  0.09+£002  66.7+18.3
A(p( n)ht: 0.11 4 0.02 1;s;tznn 0.104+0.03  —0.1+182

A(NR) 26£0.5 3.3 £ 16.- L9+ 0.7 06.7+ 23.6
A(NR) 2.7+£0.6 36.1 £ 18. { 3.1+ 0.6 -45.2+ 178

h“’ 892)77) 0.154£0.016 —138.7+£25.7 0.145£0.017 -107.0+£24.1
3‘)7‘)7‘r+) 0.125+£0.015  163.1£23.0 0.119£ 0015  76.4+ 23.0

1((!‘!}7{}! )
A(Ka)pynt) 76406 13624198  73+07 5264203

69406 -15L7+197  65+06  -1225+£203

(f\ (1300) K, 141+ 023 4324+ 22,0 L40+£0.28 8.9+ 248
A(fx(1300)KY 124 £ 027 316+ 23.0 102+ 033 6791221
]

)
)

ALI2Z0)KT) 001420002 58£192  0.012£0003 23.9+ 227
)

f ,(1270) Aij 0.0114£0.003 2404280 0.0114+0.003 —83.3424.3
AlyoKT) 033£0.15  6lL4+445  028+£0.16 5.9+ 384
( 0K%) 044£009  151£300  043£008 —585+279

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Fit Results: Isobar

Moduli of isobar
amplitudes
similar in both
solutions

(Mean differences in

NR and minor
components)

(.43 £ 0.08

[sobar Amplitude [ Al SolI 1 o|deg] Sol-I [ Al Sol-II | 0|deg] ‘ml [l
mﬁTﬁwﬁrﬁﬁwwmwmqﬂmwmwWmmﬁﬁwmwwmwmxﬂmwmwmm() —
A(fo(980)K3) 37404 |-T3.9+196 ] 32406 [-1123+20.9
4muunhﬂy” 0104002 | 35.6+149 | 0094002 | 66.7+183
Ap(Tr)K%) | 0114002 | 15, iL’HH 0104003 | =0.1+182
A(NR) 26405 | 35.3+16. 19407 | 56.7+23.6
A(NR) 2.74+0.6 ahlilh& 31406 |-452+178
KT 392)77) [ 005420016 [-138.7£25.7[ 0.15£0.017 [-107.0% 241
A(K* wn 0.125+0.015 | 163.1+£23.0 | 0.119+0.015 | 76.4+ 23.0
1uh7 Bt ) C6.9+06 -7+ 1907] 65+06  |-1225+20.3
1Hhﬂ“r) 76+£06 |1362+£198 | 7.3+07 | 5264203
A(f(1300)KY) | 1414023 | 43.24220 | 140£028 | 85.9+ 48
A(fx(1300)K%) | 1244027 | 3164230 | 1024033 |-67.9+221
A(f(1270)KT) [ 0.014£0.002 | 58£192 [ 0.012£0.003 | 23.9+22.7
r;1 )\U 0.0114+0.003 | -24.0+280 | 0.0114+0.003 |-83.3+24.3
AlyoKT) 033£015 | 614£445 | 0284016 | 51.9+38.4
U\mh ) 044009 | 1514300

-58.5+279
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Fit Results: Isobar

Isobar Amplitude  [A] Soll | o[deg] Sol-T | [A[SolIL | ¢ldeg| Sol-Il | But some
A(fy(980)KY) 4.0 0.0 1.0 0.0 phases vary
_____ ARG | ST201 | 02100 ] 52800 L-11234 00 | significantly!
A(p(TT0)KY) 0.10£0.02 | 3H5.6+£149 | 0.094£0.02 | 66.7+18.3
A(p(TT0)KY) 0114002 | 15.3+£20.0 | 0.10£0.03 | -0.1+182
A(NR) 2.6+0.5 35.3 4+ 16.4 1.940.7 56.7 4 23.6
A(NR) 2.740.6 3614183 | 31406 | -45.24178
AK*T(892)77) 0,154+ 0.016 | =138.7+25.7 [0.145£0.017 | -107.0 £ 24.1
AK*(892)77)  0.12540.015 | 16314+23.0 [0.119+0.015 | 764+ 23.0
CA(KT) ) 69406 | -15L7£19.7 | 65406 | -1225+20.3
A(Km )y nt) 76406 | 13624198 | 7.3+£07 52,64 20.3
A(fx(1300)KY)  1414£023 | 432+£220 | 140£028 | 8.9+ 248
A(fx(1300)KS) 1244027 | 31.6+23.0 | 1024033 | —67.9+22.1
A((1270)K¢)  0.014£0.002 | 58+£192  [0.012£0.003 | 23.94+£22.7
A(f(1270)KY)  0.011£0.003 | —24.0£280 [0.011+£0.003 | —83.3+24.3
Alyok?) 0334015 | 614+445 [ 0284016 | 51.9+38.4
AlxaK?) 0444000 | 1514300 | 043+£0.08 | -58.5+279
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Fit Results: Isobar

| Isnh:‘u J\mplmul

Ay (08
A(,ﬂl, r<_ ., Ag,

|1\ Sol-1

1.0
3.7+04

¢|deg] Sol-1
7394196

|A] Sotl

3.24 006

[ oldeg SobIT

-1123+ 209

A(p(T70)KY)
A(p(TT0)KY)

0.10 + .02
0.11 4 0.02

J5.6 4+ 14.9
15.3 4 20.0

0.09 £ 0.02
0.10 4 0.03

06.7 £ 18.3
—=0.1 £ 18.2

But some
phases vary
significantly!

A(NR)
A(NR)

26+£05
2.74+0.6

303+ 16.4
36.1+ 18.3

1.9+ 0.7
3.1+ 0.6

6.7 £ 23.6
-45.2+ 178

A(K* T (R92)77)

»1[11 \‘} ’]Tr*
ll([\ Th] ks
A((K),

Ambiguity in resolving the
| interference pattern in the DP

T6+06

136.2 £ 19.8

73407

52.6 4+ 20.3

Al fx (1300

LAL 4+ 0.23
124+ 0.27

43.2 4+ 22.0
31.6 + 23.0

1.4 )£ 0.28
1.02 £ 0.33

80.9 & 24.8
—67.9+22.1

it s

)
)
Mn ) K

{)
K3
A(f2(1270) K

g

)
)
)
)

0.014 £ 0.002
0.011 4 0.003

58 +£19.2
~24.0 4 28.0

0.012 £ 0.003
0.011 + 0.003

2.9+ 227
—83.34+24.3

'“ \r“h”

A

*11 ;[I)H )\
)
leﬁ ')

0.33 £ 0.15

0442009 |

61.4+ 44.5
15.1£30.0

0.28 +£0.16

5.9+ 38.4

0.43+£008 | -58.5+279
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Goodness of Fit
(Projection Plots)
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Flt Results. Proj. Plots (I)
L|keI|hood Ratio

P Lo
E'I’ﬂ--f + LSCF + ﬁcontiﬂ.uum + E'BBCLCR'
L L /(L +L L L /(L +L
5|g S|g back 5|g 3|g back
og, ( /( ) og. ( /( )
T ' L L LN LR BLLAL L ™1 T L L BN B

1800 « Dat

o :Tagignal Charm backg!round

WE" = scF signal removed easily

1400 B-background .
S 1200 HEM Continuum with veto
S =
S 1000 L.
§ 800:_ ||||||||||||| 16 deVIatlon
6a] r

600—

wfE = 20 deviation _

200 -
'az 4: 4 | |
= 2 i J':|# % """ + "rT_LIr"-t'*'—':"'T"f: """""""""""""""" + "-H-'r'.
R e e et it ALY TR Ot SEmurcaresisciaseremas e
e 2 ﬁﬂmiﬁwﬁm IPMH* +H+UI A I m“ﬂﬂ :41""0'9""o'lé'"0'7""OE'"0§'"'0'4"'o3"r'02""o'i"'o
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Zoom on the signal region
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Fit Results: Proj. Plots (I1) i
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Fit Results: Proj. Plots (lil)

Alejandro Perez,
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Fit Results: Proj. Plots (lil)
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Fit Results: Proj. Plots (lil)

m__ (all events)
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Fit Results: Proj. Plots (lil)

Alejandro Perez,
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Fit Results: Proj. Plots (IV)
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Fit Results: Proj. Plots (V)
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Fit Results: Proj. Plots (V)
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Fit Results: Proj. Plots (V)
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Asymmetry/(0.8 ps)

Fit Results: Proj. Plots (Viil)
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Fit Results: Proj. Plots (Viil)
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Fit Results: Proj. Plots (Viil)
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Fit Results: Proj. Plots (Viil)
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Systematic

Uncertainties

Seminar LPC Clermont Apr. 3rd 2009
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Systematic Uncertainties

\
= Reconstruction and SCF model

= Ks efficiency, tracking effic., PID and luminosity Experimental.
= Fixed params. in fit > Relatively small
= Tag-side interference

= Continuum and B-background PDFs )

= Signal DP Model:

- Lineshapes fix parameters: mass, width, radius.
\

- Uncertainty on the signal model

components - Dominant

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 39



Systematics: Signal DP Model (1)

s Isobar Model: predéfined Ii-st of res-onant c"omponents

s Signal model construction: add resonances that improves fit significantly,
exclude the rest —» Systematic uncertainty

s Systematic evaluation:
- Use MC high statistics samples with rich resonant structure
- Isobar parameters estimated in the best way available

®&¢ BF(p(1450)) = 13.0 % * BF(p(770)) (From px analysis)
® BF(p(1700)) = 7.0 % * BF(p(770)) (From p7 analysis)
@ BF(fo(1710)) = (3.0 = 11.2)(%) * BF(f0(892)) (From fit on Data)

® BF(xc2) = (1.5 = 0.7)(%) * BF(yc0) (From fit on Data)

® BF(K*2(1430)) = (4.1 £ 1.5)(%) * BF(K*0(1430)) (From fit on Data)

® BF(K*(1410)) = 2.7 % * BF(K*(892)) (From charged Kn)
® BF(K*(1680)) = 15.6 % * BF(K*(892)) (From charged Krnr)

= Fit high statistics samples with nominal signal model
Systematics evaluated as bias on isobar parameters

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 40



Systematics: Signal DP Model (1)

s Isobar Model: predéfined Ii-st of res-onant c"omponents

s Signal model construction: add resonances that improves fit significantly,
exclude the rest —» Systematic uncertainty

s Systematic evaluation:
- Use MC high statistics samples with rich resonant structure
- Isobar p]

Biases:

BFp(144 - BFs small
BF(p (17
BF(f0(17 'ACP small

BF(xc2)

srczd = dominant in phases
BF(K*(1J
BF(K*(1 - Z7] (T TOTTCITargetr 1)

= Fit high statistics samples with nominal signal model
Systematics evaluated as bias on isobar parameters
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Alejandro Perez,

Results on physical

observables

Seminar LPC Clermont Apr. 3rd 2009
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Fit Results: Measured observables

“Counting rate like”:
-9 BFs —» 8 exclusive and 1 inclusive

-9 ACP — 8 exclusive and 1 inclusive

Interference pattern: o
- 0(f ,p°), ¢(P-wave Kr,S-wave Kn), ¢(p°,K’) for B or B

= 1D CPV (counting rate only access to S = sin(ZBeﬁ)):
-CandB__ — f(980)K",
-CandB__ — p°(770)K",

Phase difference between B° and B° (“CPS”)
-A9 — K*(892)n

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Fit Results: Measured observables

“Counting rate like”:
-9 BFs —» 8 exclusive and 1 inclusive

-9 ACP — 8 exclusive and 1 inclusive

Interference pattern: o
- 0(f ,p°), ¢(P-wave Kr,S-wave Kn), ¢(p°,K’) for B or B

= 1D CPV (counting rate only access to S = sin(ZBeﬁ)):
-CandB__ — f(980)K",
-CandB__ — p°(770)K",

Phase difference between B° and B° (“CPS”)
-A9 — K*(892)n
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F|t Results.
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Fit Results: (B_,C) f (980)Ks

——— - Physical region:
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Fit Results: (B_,C) f (980)Ks
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Fit Results: (B_,C) f (980)

Ks

Physical region:
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Alejandro Perez,

(B eff’C)

Fit Results- B »C) p°(770)Ks
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F|t Results- ([3 C) p’(770)Ks
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Fit Results: (B_,C) p°(770)Ks
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Flt Results. CPS Phase I(*(892)1|:

A1’('((892)‘“)

- Sensitivity not by direct interference

- Only by interference with other components in the DP:

f (980) and p°(770)

301

25 5:,

* Ad(K(892)rt): measured by
= interference in the corners
: / of the DP




Fit Results: CPS Phase K'(892)x
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- Only excludes negative
values of the phase
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Fit Results: DCPV

Component DCPV

C(B" — fo(930)K") 0.08 7172 4 0.03 + 0.04
C(B" — p"(T70)K") —0.057525 +0.10 + 0.03
Acp(BY — K*H(892)r~)  —0.21 4+ 0.10 £0.01 4+ 0.02
Acp(B" — (Krm)jtn™) 0.09 £ 0.12 + 0.02 + 0.02
C(B" — £,(1270)K°) 0.28F 050 +£0.08 £ 0.07
C(B" — fx(1300)K") 0.1315 38 +0.04 £ 0.09
C(NR) (-0.87,0.53) at 95% CL
C(B" — yco(0)K") —0.29 + 0.53 £ 0.04 + 0.05
Alne —0.010 £ 0.050 4 0.008 4 0.006

All compatible with no CPV
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Fit Results: DCPV

Component DCPV

C(B" — fo(930)K") 0.08 7172 4 0.03 + 0.04
C(BY — o' (770)K?) —0.05102% £ 0.10 +0.03
Acp(BY — K*H(892)r~)  —0.21 4+ 0.10 £0.01 4+ 0.02
Acp(B" — (Kr)yTn ) 0.09 £ 0.12 £ 0.02 £ 0.02
C(B" — £,(1270)K°) 0.28F 050 +£0.08 £ 0.07
C(B" — fx(1300)K") 0.1315 38 +0.04 £ 0.09
C(NR) (-0.87,0.53) at 95% CL
C(B" — yco(0)K") —0.29 + 0.53 £ 0.04 + 0.05
Alne —0.010 £ 0.050 4 0.008 4 0.006

All compatible with no CPV
B’ - K*(892)% 26 away from zero
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Parc Il:

The Phenomenological Analysis

J. Charles, R. Camacho,
J. Ocariz, A. Pérez

= Isospin analysis of the modes B -K'®

= |sospin analysis of the modes B —»pK

= Isospin analysis combining the modes B -K'n and B -»pK

With the world averages of
BaBar, Belle and CLEO

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009

Work with CKMfitter software
http://ckmfitter.in2p3.fr/
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B—)I(*u System- Isospin relatlons

B> K-
Tree Pengumnj
SU(2) Isospin relations: i 5 Ve N g
A™ +V2A*= 2A% + A" e N
_0++ '\/2A+0 ,\/2A00+ A+- b - ‘::h - u ]
d g d d > d
0 S N S % +- * +-
b AB—»K')=V V T + VV.P

. 0 . vron e e
(S) A(B*-»K"'x*) = V.V uIDN0 + V.V (-P™+P°_ )

+ 4 — * +- 00 0+ * +- pC
V2AB'SKR) =V, V' (T+T, N") + V, V(PP +P
VZA(BO_)K ) = Vusv ubTooc + Vtsv tb(-P+-+PEW)

EW)

- N®* : annihilation contributions
- T : color suppressed tree

-P_, and PCEW: color allowed and color suppressed electroweak penguins

- Hadronic amplitudes receive contributions of different topologies
cjanaro rerez, SCHIarl LPC CICITHoNt Apr- ord 2009 -r




B— K'r System: measure y (CPS/IGPS2)

A(B’-»K™n )=V V T" + V.V P"

+ Ot e * 0+ * +- c
AB'»K'n')=V V N + V.V (PP )
V2AB'K') =V, V(T N”) + V, V(PP +P

ZA(BO_)K 0150) = Vusv ubTOOC + Vtsv tb(-P+-+PEw)

(S)

EW)

Neglecting P_ , the amplitude combinations:
3A = AB'>K'n) + V2AB K n’) =V V' (T+T%)

3/2

3A,, = A(B'5K'n") + V2.A(B'-K ') =V V (T"+T)

] o _ T CPS PRD74:051301
which gives: R3/z (3A3/2)l(3A3/2) @ GPSZ PRD75:014002

Direct access to y CKM angle

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009



B—K'n System: measure y (CPS/IGPS2)

Neglecting P_ , the amplitude combinations:

3A,, = A(B'->K"'n7) + V2.AB' K ) =V V' _(T"+T™)
3A,, = A(B°-»K't") + V2.A(B°»K’z%) = V'V _(T*+T%)

o — CPS PRD74:051301
which gives: R, = (3A, )/(3A,) GPSZ PRD75:014002

From experiment:

Measurable from \/ZAOD
K*n'n° DP analysis

¢ = arg(A(B"-K"x)A*(B°->K"x’))
¢ = arg(A(B* - K n")A*(B"»K’x’)) NVZA o
Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 3A3!" 2 (



B— K'r System: measure y (CPS/IGPS2)

Neglecting P__, the amplitude combinations:

EW’
3A,, = A(B'->K"'n7) + V2.AB' K ) =V V' _(T"+T™)
3A,, = A(B°-»K't") + V2.A(B°»K’z%) = V'V _(T*+T%)

which gives: R = (3A_)I(3A, ) @ CPS PRD74:051301

GPSZ PRD75:014002

From experiment:

Measurable from ‘/ZAOU
K° n*n” from a T1 DP analysis

K*%")) \§_+

A = arg(A(B"-> K n")A*(B’—

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 3/2 (



Revisiting CPSIGPSZ

........................

- Original plan: extend CPS/GPSZ method by including all available
observables of K1t system

Phase difference between B° and B° amplitudes only accessible
from TD DP analyses (include g/p factor)

From K°su+7c‘:
Ad = arg((q/p)A(B’—»K =*)A*(B°->K*%")) and not
A¢ = arg(A(B"=» K 1*)A* (B> K %))

- We claim R, is not a physical observable
-R',, = (@P)R,, is
-WithP_ =0,R",_=(q/p)R =e*’e? = e?"
—>Direct access to ¢ and not v!
-Incaseof P, #0, R, =exp(-2i¢_ ), ¢, :“o shifted”

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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B— K’z System: Physical Observables

S T S e s

ABSKT)=V V. T+ V.V P*
o e
AB'-K )=V V. N*  + VV (-P*+P°_)
V2AB K ) =V V' (T-+T% N*)+V V' (PP +P_) [ (S)
V2AB-K ) =V V T% +  V V(PP
11 QCD and 2 CKM = 13 unknowns

Observables:
-4 BFs and 4 A_ from DP and Q2B analyses.

- 5 phase differences: Constrained
VR L R S N P R - e | system... but...
* ¢ = arg(A(B'-> K" z’)A*(B°—>K"n)) and

¢ = arg(A(B" =K n’)A*(B"-» Kx*)) from B'>K* &=’
* ¢ =arg(A(B'—K"z")A*(B'-K"x")) and
¢ = arg(A(B=K" n )A*(B=>K=x") from B'>K x*%’
A total of 13 observables

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 952



B— K’z System: Physical Observables

AB'>KT)=V V T  + V.V P*
+ 0 +) = I\ (& * +2.pC
AB'>K’z)=V V' N + V.V (PP )
V2AB K ) =V V' (T-+T% N*)+V V' (PP +P_) [ (S)

V2A(B*->K %) =V V' T + V V' (-P"+P_)

Reparameterization Invariance (Rpl):

Impossible to fit for hadronic and CKM
parameters simultaneously

It is not possible to extract at the same time hadronic
and CKM parameters without additional input

— AR SR T A B SK ] MOMB SRk T
* ¢ =arg(A(B'—K"z")A*(B'-K"x")) and
o= arg(K(B‘—)Kmu‘)F‘(B'—)K"u(’)) from B'- K w'®’
A total of 13 ohservables

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 952



B->K*u system: two strategles

Scenarlo 1: use CKM from external input (global fit) and f|t hadronic
parameters:
- Uncontroversial: only assumes CKM unitarity
- inputs: CKM from global fit and exprimental measurements
- output:
* Prediction of unavailable observables
* Explore hadronic amplitudes, test of theoretical calculations

Scenario 2: use external hadronic input and fit for CKM:

- If Had — Had + 5Had gives CKM — CKM + 5CKM ©
Ex.: o fromB — ©tn

- If Had — Had + 5Had gives CKM — CKM + ACKM &

Goal: test CPS/GPSZ method

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 93



B— K'n system: Theoretical prediction

GPS/CPSZ: relation between the P_ and T, =T" + T%_

-Bo=nn: P, =RT,, R=1 .35% and real. (SU(2) and Wilson coeff. |c, | small).

P and T CKM of same order — P__ negligible

(same as ©w and SU(3))

-B->Kn: P_ =RT,,
P amplified CKM wrt. T (|V_V* IV V* |~50) — P_ non-negligible
-B—Kr: P.,=R_T.

-R__=R(1-r )/(1+r ),
- T .complex — vector-pseudoscalar phase space,
- GPSZ estimation |r | < 5%

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009

54




Scenario 1: prediction of unavailable phases

T SRR T S e s

Input here:

- Experimental measurements

- CKM from global fit

(No assumption on any hadronic amplitude)

9] = |arg(A(B* =K xn*)A*(B* =K ™n?))| 10| = |arg(A(B =K r )A*(B'—K"x"))|
12— 1.2 T T
e 1t
§ o Tt
04F . 0.4
o.2i ------------------------------------------------------------------------ —_ 0.2
e o v o
Arg(K /K 1) Arg(K /K 7%)
Central value = 58° Central value = 95°
(0,85)°at 1o (68,107)°at 1o
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Scenario 1: exploring hadronic parameters

P+ T

150

100 0.€ 100

Arg(P"IT*)

-100

-150

-4 -3 -2 A o1
Log, (IV, \Vi/VeV lIP/T™))

Input here:

- Experimental s0f
measurements o
- CKM from global fit £*
. <E';-50:

(No assumption on ook

any hadronic amplitude)

Alejandro Perez, Seminar LPC C

-150F

"T°°IT*‘

2 -1 0
Log, (IPS,/T*))

KKKKKK

-2 -1 0
Log, (IN"/T*])

PEW,T312

KKKKKK

-2 -1 0
Log, (I ReffK."|)

0.8

0.6

0.4

0.2
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Scenario 1: exploring hadronic parameters

e VRS NN x ot -u T TR - e

Input here:
- Experimental measurements P /T
- CKM from global fit E 312
(No assumption on any hadronic

_ 150
amplitude)  HEEY 44900 U

100 0.8
— GPSZ error
—5*GPSZ error <% 0.6
$
< 0.4
Constraint marginally 100
compatible with GPSZ . 0.2
prediction (~20) L |

P_ =0 better compatibility
with data rd 2009 57




Scenario 2: exploring CKM

[ PR T T A = o0 B R T T T e T

1.5_|||||||II|IIII|IIIII|II||||
ichi - Standard CKM Fit
Vanishing P__ £ i
Reff =0 B
05N 00 e
= 0
Constraint set , o
on ¢ hot ! ' | R i

0.2

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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Scenario 2: exploring CKM

[ PR T T A = o0 B R T T T e T

1.5

andard CKM F|t

P.,=R_T

eff 3/2

R_ = 1.35% (GPSZ)

0.8

i
J

Constraint set
on “o. shifted” (¢, )

. lfmillnzzzu:tqmmmii mammunm:umpmmmz ol

-1 -0.5 0 0.5 1 1.5
P
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Scenario 2: exploring CKM

1.5 T | T T T T T 171 L L

PE =R ffT3,2 andard CKM F|t

R_=1.35% (GPSZ)

Small change in Reff ~
changes significantly , &
the constraint:

dominated by A
theoretical uncertainty -

. I l L

1577 05 0 0.5 1
D

N%m

58
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Scenario 2: exploring CKM

P =R T
W

E eff 3/2

R_=1.35% (GPSZ)

Conservative 0.5
theoretical error
dilutes strongly
the constraint -0.5[

CPSIGPSZ method
totally dominated by .1 st
theoretical errors

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009



B-opK System: Physical Observables

0 +- = * gt * +-
A(B"—p'K)=V V t + VV.op

ts
AB-p°K) =V, V 0"+ VLV (PP,

Same Isospin
V2A(B*=p*K) =V V' (t+t"_-n™)+V V' (p*-p°_ +p_) |LEEUHEEENE)

'\IZA(BO_)p()KO) = Vusv*ubtooc + Vtsv*tb(-p+-+pEW)
11 QCD and 2 CKM = 13 unknowns

Observables:
-4 BFs and 4 A_ from DP and Q2B analyses.

- 1 phase differences: Under constraint
* 2B = arg((a/p)A(B"—p K)A*(B'—p°K’)) from B'—» K’ m'*n system

A total of 9 observables
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B-opK System: Physical Observables

A(B°—p'K)=V V t* + V.V p"
AB-p°K) =V, V 0"+ VLV (PP,

s Same Isospin
V2A(B*=p*K) =V V' (t+t"_-n™)+V V' (p*-p°_ +p_) |LEEUHEEENE)

V2A(B’ ' ¥ r

( No possible constraint on
CKM parameters
s Some weak bounds on

Bk hadronic parameters
(Rl Under constraint
* 2 = arg((a/p)A(B"—p K")A*(B°—p°K’)) from B'- K’ #*%" system

A total of 9 observables

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 59



........................

Global phase between Kt and pK now accessible:
-K'n: 13 parameters

-pK: 13 parameters
- global phase: 1 parameter
A total of =27 unknowns

Observables:
- K'nt only: 13 observables

-pKonly: 9 observables

- 7 phase differences from: interference between K'n and pK resonances
contributing to the same DP

- ¢ = arg(A(B’ - p°K")A*(B"—»K"x")) from B'»K’_w*x"

- ¢ = arg(A(B*—p K)A*(B"=K"x%)) and CP conjugated from B’ K" &%’
- ¢ = arg(A(B'—=p°K)A*(B* - K'’%*)) and CP conjugated from B*'-K'n x*
- ¢ = arg(A(B’—p*K’)A*(B°->K"x")) and CP conjugated from B'— K'x*%’

A total of 22 experimentally independent observables

P T T e
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........

Global phase between Kt and pK now accessible:
-K'n: 13 parameters

-pK: 13 parameters
- global phase: 1 parameter
A total of =27 unknowns

Observables: Many redundant

-K'm only: 1 observables
- pK only:

- 7 phase differences from: interference between K'n and pK resonances
contributing to the same DP

- ¢ = arg(A(B’ - p°K")A*(B"—»K"x")) from B'»K’_w*x"

- ¢ = arg(A(B*—p K)A*(B"=K"x%)) and CP conjugated from B’ K" &%’
- ¢ = arg(A(B'—=p°K)A*(B* - K'’%*)) and CP conjugated from B*'-K'n x*
- ¢ = arg(A(B’—p*K’)A*(B°->K"x")) and CP conjugated from B'— K'x*%’

A total of 29 experimentally independent observables
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pK+K'n system: explormg 9

PR S T AL - e T i e s e

- We use two independent ¢ :

A(B°—»K™*) + V2.A(B’>K*r°)

AB =K ')+ V2ZAB =K  oXPC2ie,,(K'T)
A(B°->Kp*) + V2.A(B° > K’")
A(B"'»K*p) + V2.A(B’>K’p?)

R, .(K*®) = (d/p)

R',,(PK) = (alp) = exp(-2i¢, ,(0K))

- both are independent functions of observables

- both can provide constraints on (p,n)
with additional theoretical input.
Ex.:P_,=0—>¢

3/2

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009
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pK+K'n system: exploring ¢._(K'x)

3/2

1 | | L | 1 | | 11 | | 1 1 | 1 | | 1 | 11
120 140 160 180 0 20 40 60 80 10§ 120 140 160 180
0, (K n)(degree+ ¢, (Kndegilies)

0||| ||| ||||| 0||| lI|l||

0 20 40 60 80 100

(~18° — ~15°)

- Error for each solution improves by only adding pK system
- Adding the additional phases will further improve
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pK+K'n system: exploring ¢, (pK)

............ s mnnm = TR s e

1.2 | T T T | T
I 1 ¢,,(pK) fixed with
: 1 information from
081 - interference of different
3 0 ob> 7 K=w and pK resonances.
“c N | P Limited constraint with
0ok 4 current experimental
N1 inputs and errors
0 20 40 120 140 160 180

60 ¢3/fp?()(de};?ges)
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pK+K'n system: Extrapolation

Assuming R = 1.35% (GPSZ2)

1.5_ T 1T 1 | T T 1 T 1T 1 | T 1T 1 | T 1T 1 | T T 1 ] 1
Inputs: - Standard CKM Fit
- All 27 K + pK observables L |
- Assume central values in - 1 —0.8
agreement with global CKM fit | i
0.5 -
Extrapolated errors: 1 0.6
- ~5° on phases = 0 —
-~3% on BF - ]
- 41 —0.4
-~3% on ACP -0.5~ 0
roughly equivalent to i
current systematics -1 Warning: no theoretical error on Reff
_1 5_ 1 1 1 | I 1 1 1 | i 1 1 1 1 I 1 1 1 | I 1 1 1 | | 11 1 1

-1 -0.5 0 0.5 1 1.5
P
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Conclusions

PR T T AL~ B R T T T e T

Experimental analysis

= Measure (B_,C) for f (980)Ks and p°(770)Ks
f (980)Ks: - CPV conservation excluded at 3.5

- Agreement with b—ccs at 1.1¢
- Trigonometric ambiguity not resolved

p°(770)Ks: - B_ measured for the first time

- Trigonometric ambiguity disfavored at 1.9
- Preferred solution in agreement with b—ccs

= Ap(K*(892)n) measured for the first time

Alejandro Perez,

Seminar LPC Clermont Apr. 3rd 2009
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Conclusions

Before these measurements After these measurements

sin(2f*") = sin(2¢;") HEXY sin(2f") = sin(2¢;") HEXY

PRELIMINARY PRELIMINARY

0.68 £ 0.03 b—ccs World Average i M 1. 0684003
TN DAZE A1 0100 BaBar —p—tn | |} ¢ 0.21+0.28 £0.11
Belle | 5 et . 0.50+0.21+£0.06

0.39 £ 017

b—cecs  World Average!
'mm;m'BaBar : : |
x Belle i i R 0.50+0.21 +0.06
= Average | : = 0.39+0.18 v Average: i b=l -
o “BaBar TR i 7058+ 010+003 BaBar : ; .= ! 0.58'+0.10 + 0.03
x Belle 0.64 +0.10 + 0.04 Belle - : P 0.64:0.10£004
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¢K°.

i

TI’KU '
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BaBar : : © 0.71+0.24 +0.04

' BaBar 0?1+[]24+004
2 ; i 11 A 0a5 0 Belle : i 1| | o030+032+008
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& Average : e 0.58 +0.20 gveBrage . +D.55i0.20
BaBar ; g DT UBET 0284 004 S asar P ¢ 04080235003
: : Belle . : i a ¢ 0.33+0.35+0.08

oW
X Belle 0.33 + 0.35 + 0.08 9
-

Ks Ks Ké

Pess
8

: \ : : = Aymrare H H: H ! 0204040

_____________ Average L = 0oSTU0ZT B:ESaru S F £:|61 +022+009f008"
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___?_Q_-___Average________:________ ____: - - ___:_______ 020_-'_-_(_)_5_?__ T -Q‘“wr R -I-E-I- [ --’”--g----'l-- ﬂ[—‘e"ws+ﬂﬂ9“
BT : — Tee oo TOU2 ; = :

X' Bell : — it ' 011+046+007 < Belle ! ———t—— ] : o11:o46+007
) Ae € : ' S S s Average : : — : 0.48 +0.24
(Average i . io...b4Br024 S BaBar LT e T gs0 067

% BaBar : : : 0.62+0.23 Belle -— 0.18£0.23 +0.11
o Belle = 0.18+023+0.11 _Average:  0.85+007
oo Average aBar— { 1 072+071+008

; ! —f 0.42+017 N
BaBar — | . 072%0.71%0.08 O Belle | : | 0.43+0.49+0.09
| % Average : : | -0.52 +0.41

<
(=]
ke Average — | -0.72 +0.71
R TBaBar@ze ;|| 0:41+0.18+0.07+0.11 TBaBar ¢ TR T e 01 TR
v Belle 10.68 +0.15+0.03 *7) Belle | i M 4.68+0.15+0.03 22
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IO K

f‘f:

KK KO
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Conclusions

Before these measurements

sin(2 BEﬁ)

in(20;"

Maoriond 2007

After these measurements

sin(2 BEﬂ)

sin(2¢;") EENY

PRELIMINARY PRELIMINARY
bces  World Average! { : 0.68 £ 0.03 b—ccs _World Average i W 1 0.68 +0.03
~ 7 BaBar T T T T 0421031 40,10 o BaBar | =l 021 £0.26 011

X Belle ; 0.50+ 0.21 +0.06 < Bele : =1 0.50 +0.21 +0.06
= Average : 0.39+0.18 oo PAverage: i =l D 0.39 +0.17
o777 BaBar A T 0B 010 40,08 o  BaBar ; g 0583010003
< Belle L 0.64 +0.10 + 0.04 - Belle ' P : 064:0.10+0.04
= Average : : 0.61 +0.07 o Average: i W 061007
T T BaBar ‘ BN R RN x:m BaBar ' : - 0.71£0.24 £0.04
& Belle 0.30 £ 0.32 +0.08 x Eﬁgfa e'- : i
. Average SR T 0581020 '""‘"'BaBa,g R Sl et At & - Rt S PN ot S
@ BaBar i : 0.33+026+0.04 & Bell o i 0‘33 . 0‘35 s oloa
Xx Belle ’ i 0.33 + 0.35 + 0.08 5 Aﬁe‘?age'; : : S 0381019
= . H : s~ ...:......'...._E-. -
--------- mAverage o 033+0.21 xa”' BaBar ! : ElE GI61 022 1 0.09 +0.08
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o T BaBar T =T 0251 0.027) & : : =0 : 020
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s e S P e (| - n ; - papar . ; e 000 T 0.07
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- T . W LI ---g-------------—-—-—-'— S U | Mg [ 58 p - - .
e e m e o T e E B Wi TULY T TULUG
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= Theoretical expectation on P_ marginally compatible with data
s CPS/GPSZ method dominated by theoretical uncertainty

e DY
= ¢, current precision ~20

s Decreases using all observables

= [ts potential for CKM physics will depend on evolution of theoretical
errors
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The BaBar Detector

BaBar Collaboration:
11 pays, 80 institutions
623 physiciens
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............ RIS s e

Experimental analysis

Physics approved
The plan is to submit for publication in PRD

Other Knt analyses are ongoing in BaBar (LPNHE)

P loaical analysi

Work in progress
The plan is to publish soon

Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009



The BaBar Detector

Silicon layers

Silicon Vertex Detector (SVT),
momentum (n slow), vertex,
identification, flight time
measurement




The BaBar Detector

Drift Chamber (DCH):
momenta, charged

tracks ID dE/dx

dE/dx vs momentum

80% truncated mean (arbitrary units)

Il
10~ 1 10
Track momentum (GeV/c)

5

15



The BaBar Detector

Cherenkov Detector (DIRC):
PID (K/mn separation)

15



The BaBar Detector

Electromagnetic Calorimeter (EMC):
energy v, e*"/y PID, ®°reconstruction

001 GeV

Entries / 0
(2] o]
[ ]
[ &
|c| T ncw

ol 4000}

2000 1

L L L L
0905 0.1 0.15 0.2 0.25
m, (GeV)

15



The BaBar Detector

Solenoid (1.5T)

15



The BaBar Detector

15



Background discrimination

Fit Variables: X,

Beam-energy substituted mass

Mepg = \/Ebeam waz

ﬁmm Correctly
- reconstructed
~ 20000 BB events

= 20000+

wou- 0= 2.5 MeV

[*)
52 521 522 523 524 525 526 527 526 529
m_ (Ge

Sﬂ TN NN

Combinatorial
Background

s o eles val s val o aal o aal sl oyaal s salarg
2 52| 522 523 524 525 526 527 528 529 5.3
m_, (GeV)

(0018 GeV )

Events /
g
g

Events/ | 0.016 GeV )

Discrimination

Energy difference

AE = E, - E,,

eam

g §
4

:
7

L N M , 1
L2 0I5 01 Q0Os -0 Qo5 o 015 o2
AE (GeV)

{:2 015 £1 ©O5 -0 005 01 015 02
AE [GeV)
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Event Selection

= 7t candidates from standard list
= K’ candidates from two n*n~ (standard list)

= B’ candidates using mass constrained vertexing
= 5.272 <m__ <5.286 GeVI/c®

- |AE| < 65 MeV Total efficiency ~ 25%
= |At] < 20 ps

= 0(At) < 2.5ps

= |M(Ks) — M(Ks)PDF| < 15 MeV/c?
= Lifetime significance > 5

s cos(Ks,Ks daughters) < 0.999 Multiple candidates:
= NN>-04 cadidate selected
arbitrarily, in order to not

to bias the AE distribution

= PID requirements to separate from
kaons and reject leptons

Mod(timeStamp,nCands)
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B-background Model

= List of B- background components
¢ B'>D(—>n K°s)1r, (Same final state as S|gnal)\

e B°—5Jhy(— I'NK’, (r/p mis-ID) Modes treated

o B SY(2S)K’, > exclusively
e B°-n'(=py)K’,

o B’—a’n” Y,
1123 B° = X,B° — D", D"F — D%, D° — X + CC Cat. 1 N\
1126 B° — X,B° — D*t7z~,D* — Dt Dt - X +CC :

1160 B° — X,BY — Dt~ , Dt = X +CC
(excluding modes 1501 2437 and 3740)

3200 B — D~KR* (D~ — K’ Modes treated
3749 B° — D*s~,Dt — K°K +cec, - Cat. 2 . lusivel
2437 B = D nt(D” — Ktn—77) semi-exc u_s“,e y
3733 BY — D utu(D” — K% ),B0 — X +ce 2 grouped into
1159 B - X,BY — D*p~, Dt = X +CC categories

(excluding modes 7330 and 5635)
7330 B" - X,B° - DVp,Dt - Klnt +CC

5635 B — X,BY — Dp~, Dt — K'Kt +CC > Cat.3
1157 B° - X,B° — D**p™,D+x — Dn’,D — X + CC
1158 B? — X,BY — D"ty ,D+ — D%, D" - X _ j

- Neutral Generic (Exclusive and semi-exclusive modes vetoed) Modes treated
- Charge Generic Inclusively, ,



Parameterization (1)

o T i e e T

Fit Variables: x, = | \E'. NN ., Otag., Ar, DP)

Standard Parameterizations:
- Signal TM: Bifurcated Crystal Ball (parameters floated)
» Signal SCF: Non-parametric (Keys)

- Dt and J/I|IK°S Bbkg: Share same PDF as signal. Allows to fit
parameters directly on data.

* All other B-backgrounds: Non-parametric (Keys)

- Continuum: Argus (parameters floated)
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Parameterization (Il)

Fit Variables: X, = (722 Ei\"*, Otag.At, DP)

Standard Parameterizations:

- Signal TM: Doble Gaussian (parameters floated)

 Signal SCF: Gaussian (fix parameters)

- Dn: Share same PDF as signal. Allows to fit parameters
directly on data.

 All other B-backgrounds: Non-parametric (Keys)

- Continuum: 2" degree polynomial (parameters floated)
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Parameterization (lll)

e T i e e T

Fit Variables: x. = (J}-? Fg - AL

Standard Parameterizations:

- Signal TM and SCF: Non-parametric (Keys). Separated in
tagging categories

* All other B-backgrounds: Non-parametric (Keys). Same for all
tagging categories

- Continuum: conditional PDF. Non-negligible correlation with
DP Variables
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Parameterization (lll)

Diag ., At, [)P)

Fit Variables: X, = i(mES.__,

Continuum: Non-negligible correlation with DP Variables
PDF dependent on the DP:

Pyi(NN; Apaiiz, A, Bo, B, By) = (1= NN)* (B,NN* + BINN + By
A = a1+ asApalitz,

o3
-

|
T
-
+
Co
()
>
-
=
e
Y

ADa"tz : Distance to DP center

o3
[T
|
e~
()
|
I
T
ba
>
-
=8
=
5

o3
b
|
0~
b
|
|
T
&
>
o
=8
=1
5
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Parameterization (lll)

Fit Variables: X, =

Continuum: Non-negligible correlation with DP Variables

Fit on off-peak data for different DP regions

1
| Continuum NNouput, m<0.7 GeV/cA2 (DP edges) | | Continuum NNoutput, 0.7<m<1.0 GeV/cr2 |
= 600 o
[} ©
8 S1000
(] (]
(2] ]
8 500 8
s S 800
% 400 g
i & 600
300
400
200
100 200
[} » 1 1 1 1 1 1 1 1 - 0 [ 1 1 1 1 1 1 1 1
0o 01 02 03 04 05 06 07 08 09 0 01 062 03 04 05 06 07 08 09
NN Output NN Output
| Continuum NNoutput, 1.0<m<1.5 GeV/cr2 | [ Continuum NNoutput, 1.5<m GeV/cA2 (DP center) |
— —~ 400
2 2
81000 3
3 2 350 =
[x] []
3 3
< 800 < 300F- -
2 2
c c
g § 250 .}, 3
@ 600 I
200 3
400 150 3
100~ i -
200 =
50— =
o [ 0 : llllllllllllllllllllllllllllllllllllllllllll
061 02 03 04 05 06 07 08 09 001 02 03 04 05 06 07 08 09
NN Output NN Output
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Parameterization (V)

e T i e e T

L INN @J fe A

Fit Variables: X, = (72,5, AF

Background Parameterizations:
- DP PDF: Non-parametric PDF.

- Continuum: constructed using off-peak and on-peak
(m_.,AE) side band data.

- B-background: constructed using MC
* At PDF:

- Continuum: empirical parameterization (triple-gaussian)

- B-background: same as signal for most neutral modes.
Customized PDFs for charged generic and Dt components
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Fit Results: Proj. Plots (V)

Dt Band
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LVULiia. arvoauuaas

Fit Results: Proj. Plots (Vi)

Jhy Band
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Asymmetry/(0.8 ps)

Fit Results: Proj. Plots (IX)

At" depéndeht asymmetries
Dr Band

Zero time-dependent
CP asymmetry.

As expected!
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Systematlcs. Slgnal DP Model (i)

Results

Par. Syst. Error | Par. Syst. Error
C(fo(980)) 0.04 C(p"(770)) 0.03
FF(fo(930)) 0.6 FF(pD (770)) 0.23
20, s 5 (fo(980)) 4.1 205y (p"(980)) 3.7
Acp(K*(892)) 0.02 Acp((KT))) 0.02
FF(K"(892)) 0.5 FF((Km)y) 0.90
Ap(K*(892)) 8.1 Ad((KT)]) 4.4
C'( f2 '12?'0}) 0.07 C( fx(1300)) 0.09
FF(f2(1270)) 0.69 FF(fx(1300)) 0.87
$(f2(1270)) 10.4 $(fx (1300)) 4.5
C(NR) 0.04 Cxec(0)) 0.05
FF(NR) 0.60 FF(x~(0)) 0.09
$(NR) 7.5 (xc(0)) 8.2
Arﬁ(fg, ) 4.4 FEFyp . 1.15

AP(K*(892), (Km)3) 4.7 A 0.006

Ap(p? (Km)5) 8.7 Signal Yield 31.7

Ap(p", F K™ (892) 12.7 R

Alejandro Perez,
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Total Systematic

Parameter Total | Parameter Total
C'( fo(980)) 0.05 | C(p"(770)) 0.10
FF(fo(980)) 1.03 | FE(p"(770)) 0.52
2855 (fo(980)) 5.9 | 28.75(p"(980)) 7.0
Acp(K*(892)) 0.02 | Acp((Km))) 0.03
FF(K*(892)) 1.00 | FFE((Km)}) 2.08
A (K*(892)) 9.3 | AP((Km)E) 6.0
C(f2(1270)) 0.11 | C(fx(1300)) 0.10
FF{(f2(1270)) 0.74 | FF(fx(1300)) 0.94
o f2(1270)) 12.1 | o(fx(1300)) 6.2
C(NR) 0.08 | Clxe(0)) 0.06
FF(NR) 1.17 | FF(xc(0)) 0.11
PN R) 8.4 | o(xc(0)) v.5
FFEpo 2.40 | Al 0.01
Ad( fo. p) 7.5 | Ap(K*(892), (Km);) 6.6
Ap(p (Km)5)) 133 | Ad(p”, K*(892) 15.4
Signal Yield 12.1

Alejandro Perez,

Seminar LPC Clermont Apr. 3rd 2009
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Fit Results: Branching Frations

Component Branching Fraction B(107°)
BY — £,(980)K" 7.027095° 4 0.70 £ 0.17
BY — p2(770)K° 4.3370-08 4 0.41 +0.12
BY — K**(892)7~ 5511000 +£0.49 £ 0.42
B’ — (Kn):tn 22691115 +2.03 £ 0.45
B’ — f»(1270) K" 1.16103% +£0.16 + 0.35

0 — £x(1300)K"° 1.827025 +0.24 +0.43
Non-resonant 5.7841%:88 + 0.71 £ 0.30
B — ye(0)K© 0.5215) +0.04 £ 0.05
Inclusive 50.12 + 1.61 + 3.99 + 0.73

All BFs are consistent with
previous mesurements
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Local Minima conflguratlon

——

 Local Minima structure is qualitaively the same.

* Previously there were two solutions close in NLL units, but one of
them was hidden by the other

«  With the new fit configuration the minima shifted a bit

Vs (p[f K Randomlzed Scans .
Y] T T T T | 60 T | I | T T | T T T T
= C : ]
25—_ LPO7 =4 T NOW .
B _ 50— —
20— - F ]
- - e .. -
15:— H|dden m|n|mum . : - =T _:N E : Now the IQ_CﬂI mlnlmum o E
- 15 % can be seen E
10 -4 £ | ]
- 1 20— -
5:_ . = 10 -
o1t)| I 5|0 L L |- -l-(-|)-|.l -l L I | I I L '160__ :—I T R B B B |-:|: ciciti | 1__
- -150 -100 -50 0 50 100 1 50
o[f,KY] - offset 2Beﬁ(fo(980)Kos)

Global minimum shifted to zero
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Local Minima conflguratlon

——

 Local Minima structure is qualitaively the same.

* Previously there were two solutions close in NLL units, but one of
them was hidden by the other

«  With the new fit configuration the minima shifted a bit

P vsA¢[K’(892)n1\ Randomized Scans

Nx r T T UL LU L T T T 1 I T 17T |l 60'_" T | T T T T | T T T T T T T T L.l.l T T T T T T | T T T T | TeT ]
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- LP07 : o 7 : Now
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20— i s T - . ]
: T i 40— .t -
15— o Tene — - ..0 ]
CHidden minimuth _ 1 . F . . . o ]
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- H — 20__ .. __
5 . - - .
. . _ ] 10p~° o

0__I [ |.|q.|-|--‘.-| vl b v by Lo v b by a |_T oi*'?.T.l T |.T..|..| “0 e9e .I...I.:'.I‘T.I.... °
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Global minimum shifted to zero
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Flt Results. 1D Like. Scans (l)
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Flt Results: Like. Scans (Vi)
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Fit Results: 1D Like. Scans (i)
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Dlrect CP asymmetries
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Flt Results: 1D Like. Scans (V)
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Belle results 2008: 2p__
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FIG. 5: Likehhood scans of o H for B — 2 ( 770) I\. (top) and BY — fU[{?EU)ﬂ (bottom) for
Solution 1 (left) and Solution i"f (right). The solid t\dmhed}l curve contains the total (statistical)
error and the dotted box indicates the parameter range corresponding to +1a. 08



Belle results 2008: A¢(K*(892)x)

30- AY(K™ ) = +14.6°2

TP TP | :‘“ bl = “, [T | ., G L Lo IH"" S . |
-100-75 -50 -25 0 25 50 75 100 -100-75 -50 -25 0 25 50 75 100
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FIG. 7: Likelihood scan of Ad for Solution 1 (left) and Solution 2 (right). The solid (dashed) curve
contains the total (statistical) error and the dotted box indicates the parameter range corresponding

to +1o.
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B—- K'n System: Isospin relations

B— Kt system can be parameterized by: B> Kt~
- 8 hadronic amplitudes
U

- CKM couplings Tree i

”*H;,;’ V., s
AB’»K*n)=V V' T +V V' P* b
AB'-K'n) =V V' T"+V V' P* d - d
A(B'»K*n’)=V V' T?+V V P* b _

. . ) n In

A(B"—K"r’) = VeV ubToo *VY tbPoo ehgu W

Hadronic amplitudes receive
contributions of different topologies
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No Free Lunch Theorem: Rpl

S e s T e S s e

Freedom in writing decay amplitudes in terms of weak and
strong phases.

A = M e et + M, e "2 |

A = M, e "™ e 4 M, e "% ' |

Jonsider two basic sets of weak phases {@. oo} and { @, 0o} with o #
Consider two basic sets of weak phases {¢1, @2} and { @1, o} with ¢

wo; if an algorithm allows us to write ¢ as a function of physical
observables then, owing to the functional similarity of equation ((1]) and
o)), we would extract @, with exactly the same function, leading to

By = o, 1n contradiction with the assumptions; then, a priori, the
weak phases in the parametrization of the decay amplitudes have no
phvsical meaning. or cannot _be extracted without hadronic input.

It is not possible to extract at the same time hadronic
and CKM parameters without additional input

Botella And Silva
Alejandro Perez, Seminar LPC Clermont Apr. 3rd 2009 PRD71 094008 (2005) 57




B—- K'n system: experimental inputs

Parameter BABAR Belle CLEO WA
B(K*tr™) 12.673£ +0.9 8.4+ 11750 1670 +2 10.3+ 1.1
B(K*"x") 3.6+0.74+04 04712 +0.1 0.0% 0100 2.440.7
B(K*Ort) 10.8 + 0.6} 0.7 £0.610; 7637 L16 10.0+08
B(K*+x0) 6.9+20+1.3 - 71T 10 6.9+23
Acp(K*77) —0.304+0.11+0.03 - 0.26 05 oge —0.25+0.11
Acp(K*070) —0.15+0.12 4+ 0.02 - - ~0.154+0.12
Acp(K*7t) 0.032 + 00527015 —0.032 + 0.0597 03 - ~0.020100%7
Acp(K* ") 0.04 +0.29 +0.05 - - 0.04 +0.29
Ap(K™) —58.3 £ 32.7 £ 9.3 (global min.) - - —583£340
—176.6 + 28.8 + 9.3 (A2 = 0.16) - - ~176.6 + 30.3
H(K*Or0 /K7 ~21.2420.6 + 8.0 - - —21.24+22.1
H(K*Or° /K —n) ~524+20.6+17.8 - - ~5.2427.2

Alejandro Perez,
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B—-pK system: experimental inputs

Parameter BABAR Belle CLEO WA
B(K+p™) 8.03£0.6 15.113 -31+§:;} 1675 +3 8.6
B(K ) 49+08+09 6.1+ 1.0tl ) < 39 4+”
B(K"ph) 8.0715 +£0.6 < 48 8. 0“
B(K*p) 3.56 &+ 0.4570°7 3.89 + 0. 4*+3 ooos4atitiis 3.81t8 jg
Ac'p(ff —) 0.14 £ 0.06 £ 0.01 0. 22+g q3’+3 0 - 0.15 4 0.06
Acp(K° —0.02+0.27 +0.10 0.0375:2* +0.16 - 0.01 +0.20
Acp(K° p ; —0.12+0.17 +0.02 - —0.12+0.17
Acp(KT ) 0.44 +0.1079¢ 0.405 £ 0. 101+g e - 04197545
26u (K p 20.4 +19.6 + 7.1 (global min.) — _ 20.4 +20.8
33.44+20.8 + 7.1 (Ay? = 0.16) - - 33.4+22.0
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pK+K'n system: experimental inputs

Parameter BABAR Belle CLEO WA

WK /K Tr™)  —174.3+28.0 £ 15.4 (global min.) - - —1743+£320
173.7+£29.8 £ 154 (Ax2=0.16) - — 17374335

(T "+p JK*77) 2124216 +178 - - —2124280

(K~ pt /K7t —42.4420.6 + 8.0 - - 4244221

(K p i JK*O7t) 29.0 £ 16.6 4 10.0 - - 20.0 +£19.4

O(K=p" /K*'7) ~26.14+15.5+06.8 - - -261+16.9
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B-pK system: exploring hadronic parameters

[ O NNRE x T TR S I ]

150

nnnnnn
=7

100

a
o

Arg(p"1t")
o

)
=)

-h ]II]IIIIIIIIIII]IIIIIIIIIIIIIIIIIII

i
I
i
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IIIIIIIIIIIIlIIIII

-100
-150 |
T VU S DU R
|vtsvtblvusvub| |p+-/t +-l
Exclude negative values of phase Weak constraints on

most paramters
Due to Significance in K'p” Direct CPV
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Parameters of the Unitarity Triangles

B, - DK,DK" Kx....
B,»r'm and B 5 K'K

B-DK (r-2)
B, D (y+25)

B, mixing phase;
B, mixing phase:

¢y = 2p = -arg(V ")
(p\ — 21_ Hrg(‘v"hz}

Weak decay phase: y = -arg(V,)

40



The f,(1300)

B'->K'nn*
BaBar PRD78:012004 (2008) Belle

PRL96:251803 (2006)

o I BB | 1 180 | | | |

t -

% 250 N
250 ] o :

C B -~ 140 F

—+ b -

EJ 200 13 120
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LY
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i

Events /(0

0.4 0.6 0.5 ] 1.2 1.4 1.6
My (GeVic™) M) (GeV/cE)
M=1449 + 13 MeV

I'= 126 £ 25 MeV
Data prefers scalar over

vector and tensor
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M=14791+ 8 MeV
I'= 80x 19 MeV
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