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Motivation

= Exploit the experimental information available in Dalitz
analysis for charmless 3 body B decays Knr.

= B—>K=*n and B—»pK modes have the same isopin relations
as B— Kr, but more observables are accesible from DP
analyses.

= Our plan is to:
+ Test hadronic parameters asumming CKM from global fit.
+ Test CKM constraints using some hadronic hypothesis.
+ Using CKMFitter code
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Time-dependent Dalitz Plot Analyses

Amplitude parameterization using Isobar Model:

Dalitz Plot { A(DP) = z aij (DP) —— Shapes of intermediate

Isobar Model — e
Time-dependent DP PDF | mixing and decay CPV DCPV
i . Ailir f FmlAAY -'-'-‘
flAf, A — [ | + gy 2 illll-li.:l g ain{ AmyAt) = gy, ”I|_"HT|LM AmgAt)

CP violation varies over DP
Complex amplitudes ﬂ -and a . determlne DP interference pattern.

Module and phases can be dlrectly fitted on data.
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Time-dependent Dalitz Plot Analyses

Parametrizing signal PDF using Isobar Model:

a

Dalitz Plot A(DP) = z a‘jF}' (DP) [*— Shapes of intermediate

Isobar ModefY | — o states over DP
_ <+
| A(DP)=3"a,F,(DP)
Time-dependent DP PDF | mixing and decay CPV DCPV
i ' Afllr | FmlAAY -'-'-‘
flAf, A — [ | 4 firr..;'r illll-li.:l g ain{ AmyAt) = gy, ,,H—Hmu_‘am, At

A

CP violation varies over DP
Complex amplitudes ﬂ -and (CI determine DP interference pattern.

Module and phases can be dlrectly fitted on data.

Time-dependent CPV parameters: Interference helps disentangling
a,[* -] 2Im[a,a, ] | Strong and weak phases and thus
PTTE — iTT P raises the degeneracy on the
;| +|a,] ‘a;
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Time-dependent Dalitz Plot Analyses

Term sensitive to phase differences
Time-dependent DP PDF between A and A

\/
. Atlir f Wl A4 24
A —— ( | 4 r;,,,,,'r ill'll|'l‘ll|| ll,_,T—l.a.'J.-[_".m,; - ,,H—Hr ns( AmyAt)

Mixing angle is written explicitly

(AL, DP, gy,
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Time-dependent Dalitz Plot Analyses

Term sensitive to phase diferences
Time-dependent DP PDF between A and A

\/

. Atlir f Wl A4 -'-'-‘
A ||,—[l-|-r;,,,,,'r ill'll|'l‘ll|| g sin| AmgAt) = gy, ,,H—Hw_‘im, )

Term sensitive only to

flAt,

Time-Inteqgrated (T1) DP PDF

direct CP asymmetries
A" — A7)
DP, g, A A2 a | b
f '?tg (| | '|‘| | ( q¢§|4| _|_|42|)

All the information about phase

differences between A and A is lost
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Time-dependent Dalitz Plot Analyses

Term sensitive to phase diferences
Time-dependent DP PDF between A and A

\/

. Atlir f Wl A4 -'-'-‘
A ||,—[l-|-r;,,,,,'r ill'll|'l‘ll|| g sin| AmgAt) = gy, ,,H—Hw_‘im, )

Term sensitive only to

(AL, DP, gy,

Time-Inteqgrated (T1) DP PDF

direct CP asymmetries
A" — A7)
DPF, g, A A2 a | b
I '?tg x (| |‘|‘| |( q¢§|4|+|42|)
Time-Integrated (Tl) and No sensitivity to direct
tag-Integrated (tl) DP PDF CP violation at all
f(DP) o< (|A]* +|A%))
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Isospin relations K'n

Without loss of generality the complete B—K'n system can be
parametrized by eight amplitudes and the CKM couplings.

AB—K*n)=V V T + V V P~
A(B—Kn)=V V' T* + V V' P*
A(B'—K* )=V V' T + V V' P
A(B—Km) =V V' T® + V V P

It is implicitly understood that those amplitudes receive various
contributions of distinct topologies.
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Isospin relations K'n

If we assume isospin symmetry, then we can write these amplitudes as:

A(B»K'n)=V V' T- + V.V P
A(B+_) K*OTC+) = Vusv*ubN0+ + Vtsv*tb(-P+-+PCEW)
V2A(B*>K*n®) =V V' (T"+T *-N*)+V V' (P"-P®_ +P
0 *0 - * 00 © P
V2A(B°»K®n%) =V V' T + V.V (-P+P_ )

EW)

In this parameterization, we use three penguin P*, P PCEWand three

EW’
tree amplitudes T, N** = T> and T_ . The notation N* refers to the fact

that the tree contribution to the K°z* mode has an annihilation topology.
Since K’ is color-suppressed, its tree amplitude is denoted T _*

No other hypothesis than isospin Isospin relations:
is used A™ + V2A* = V2A" + A"
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Isospin K'n: measurement of y

(CPS/GPSZ)

Taking the B°-»K™*n~ and B°—>K™°n’ subsystems

Neglecting P__, the amplitude combinations:

EW’

3A,, = A(B’»K"*1") + V2.A(B°>K*x°) = VusV*Ub(T+'+T00)
A = AB'>K'T) + V2AB K5 = V'V _(T+4T%)

CPS PRD74:051301
GPSZ PRD75:014002

CPS/GPSZ: Direct access to vy

From experiment:

Measurable from K*'z'n’ and K°_n*n"

- |A(B’-»K*x)| and |A(B’» K x|

- |A(B"» K x*)| and |A(B"—K*x")|
Through BRs and A
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Isospin K'n: measurement of y

(CPS/GPSZ)

Taking the B°-»K™*n~ and B°—>K™°n’ subsystems

Neglecting P_ , the amplitude combinations:
3A3/2 = A(B°->K"7") + ‘/2.A(B°—) Kr°) = VusV*ub(T+'+T°0)
3R, = A K1) + V2ZABSK L) = V'V, (T+T%)

o — CPS PRD74:051301

Wwhich gives: R, = (3A,))/(3A GPSZ PRD75:014002
CPS/GPSZ: Direct access to 7y _
V2A

From experiment:

Measurable from K*n'n® __

¢ = arg(A(B’=»K*n)A*(B" - K" x"))

¢ = arg(A(B°> K x")A*(B° > Kx"))

Through interference in the same
DP B°(B’-bar) plane
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Isospin K'n: measurement of y

(CPS/GPSZ)

Taking the B°-»K™*n~ and B°-K™n’ subsystems

Neglecting P_ , the amplitude combinations:
3A3/2 = A(B°->K"") + ‘/2.A(B°—> Kr°) = VusV*ub(T+'+TOO)
3R, = AE-K 1) + V2ZAB K 1) = V'V, (T+T)

L CPS PRD74:051301

which gives: R, = (3A,,)/(3A GPSZ PRD75:014002
CPS/GPSZ: Direct access to vy _
V2A

From experiment:
Measurable from a Tl DP analysis of K° x*n~ 2

Ad = arg(K(B_°—>K*‘1c+)A*(B°—>K**1t‘)) \
Through interference with other

resonances contributing to the same - A -—
BaBar France 2008 Dalitz p|°t 3A_3!2 _ ( 12
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CPS/GPSZ use A¢(A(B’»K n*)A*(B°>K™*n")) obtained from a Tl
DP analysis of B—K nx

A¢ = arg((q/p)A(B° - K t*)A*(B°->K™*1"))

In our study we will also follow a "Nir-Quinn” like strategy
(as in Julie Malcles' PhD thesis)

Nir and Quinn PRL 67, 541 (1991)
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Experimental results for K*nt system

K'n Isospin relations: 11 QCD and 2 CKM = 13 parameters
A(BO_) K*+TC_) = Vusv*ubT+- s Vtsv*tbP+-
+ et — * + (Dt C
A(B _)K 015 ) - Vusv ubN0 B Vtsv tb( P +P EW)
V2A(B* 5K ) =V V' (T*+T-N*)+V V' (P-P°_ +P

* _ * 00 & P+
V2A(B°— K™ 1°) = vV T + V.V (-P"+P_)

EW)

Observables:
-4 BFs and 4 A _ from DP and Q2B analyses.

- 5 phase differences:
* Ad = arg((a/p)A(B" - K z*)A*(B" - K*x")) from B'-K' w'n
*Ad = arg(A(B°-» K" =")A*(B" - K"xr")) and
Ao = arg(A(B =K A% (B > K ")) from B’»K*n =’
*A¢ = arg(A(B*-»K*x*)A*(B*-K™*x°)) and
A0 = arglA(B=K x)A*(B—=K ") from B'-»K°x*x’
A total of 13 observables

Constrained

system...but...
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Experimental results for K*nt system

K'n Isospin relations: 11 QCD and 2 CKM = 13 parameters
A(B°-»K™*rn") = VUSV*ubT"' + V.V P*

ts tb
A(B+_) K*OTC+) = VusV*ubN0+ + Vtsv*tb(-P+-+PcEw)
VZA(B+_) K*+TC0) = Vusv*ub(T+-+T00-N0+) = Vtsv*tb(P+--PCEW+P

EW)

Due to Reparametrization Invariance (Rpl)
hadronic hypothesis have to be made to put a constrain on

CKM parameters from the K*n experimental inputs

* A¢ = arg((g/p)A(B"—» K" )A*(B°-»K"x")) from B'->K’_ m'x"
*A¢ = arg(A(B' - K*=°)A*(B"->K™*x")) and

A0 = arg(A(B’= K *s)A*(B°-» K x*)) from B'-K* n x°

*A¢ = arg(A(B* - K x*)A*(B*—- K"*=") and

A0 = arglA(B=K x)A*(B—=K ") from B'-»K°x*x’
A total of 13 observables

BaBar France 2008 Reina Camacho 15



Reparametrization Invariance (Rpl)

Due to Rpl we can not fit simultaneously CKM and hadronic
parameters. Without any hadronic assumption one cannot extract

a correlation in the (n,p) plane

A general parametrization of the decay amplitudes in term of weak
{0 ,0 }and strong phases {81,82} is:

A = A, ptidr i + My ptidz o102
A = My e ' @ 4 N, T2 e (1)

If now we consider a new set of weak phases {¢ 1,(|>2}

‘.'Hl I-;.+r.'\_—-| |:.I|'_.l'|.| _|_ '.'IH_: I:.I—E-__': til|i_l'l,= -
My e 2 4 My iR giRe (5)

A
A

London D., Sinha N and Sinha R. Botella, F.and Silva




Reparametrization Invariance (Rpl)

This change in the basis set of weak phases should not have
physical implications, because of Rpl

Consider two basic sets of weak phases {@1. @2} and {é@1. w2} with d2 £
29 1f an algorithm allows us to write @5 as a function of phvsical

observables then, owing to the functional similarity of equation (L) and

S, we would extract s with exactly the same function., leading to

I~ L

g = g, 1In contradiction with the assumptions; then, a priori, the

-

weak phases in the parametrization of the decay amplitudes have no

physical meaning, or cannot be extracted without hadronic input

At least one hadronic hyphotesis is heeded to
break RI

London D., Sinha N and Sinha R. Botella, F.and Silva
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Experimental results for K*t system

Fadle 2, Taoapin K% ;. experimental resulis

t..f.'l'lr.' ne [

A= Kitr

BY — K00

BT = K"

BT —=RK"s"

B0

1267, £0.9
110+ 1LA+0A+0.

G N
ot b i 1,54 2
|'|-:l1' bad=1.0-045

ABE0.7E0.

R RN
0.8+ 064
a7+06 "

GA+20+1.3

_I
i,
019t £ 0
—0.11 £ 0,14+ 0,05

=030 0.11£0.03

—0.007 5, £ 0.00
~0.15+ 0124002

0082 £006275418
=0, 149+ 006 £ 00228

=00

—032 + 0,050 24

0.04 £0. 2+ 0.05

Analgms |Mevenis|

DPF BY = K™ [BABAR 2318 £26)
(2B BY — Kgr*n™ [BABAR 2318+ 2.5)
DPTI B = R e =" [BABAR 4510+ 2.5)
DPEFT BY = K te” [BELLE 3520
QM — K" (BELLE 8500)
DPFBY = Ke oY [HABAR 2312 £26)
DPF B — Ra =" [BABAR 451.0)
Q28 BY = Ke 7Y ([BELLE 85.0)
DP B =R a «" (HABAR 38324+ 4.3)
DPTIBY — Rie ot ([BELLE 3560
[ Adachiefal BELLE - CONF - (827 300%)
QA B — R a7 x" (HABAR 23200)

PP = Dalilz analysis
(120 = Qs fwe hady anal yaia
{0 = 1ime dependent anal yais
T[ = Time infegraled analysis

BaBar France 2008

Reina Camacho
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Experimental results for K*nt system

A¢ = arg((q/p)A(B'- K =" )A*(B°»K*®")) |A,| <> BRs well measured
« |A | & BRs well measured - ¢ and ¢ obtained from Dalitz
! B'—»K*nn’:
The best solution is separated by

B°—K° n*n", see Alejandro’s talk 3.9 units of NLL from the next best
solution

= A¢ obtained from Dalitz B°-K° n*n:

20||||||||||||||||

BABAR
B°— K*n '’ arXiv:0807.4567

A¢ = arg(A(B°-» K =’)A*(B*-K*x"))
= (-5.2 *24.6)° (stat. + syst.)

IIIIIIIIIlIIIIIIlIIIIIIIIIIIIIIIIIII

-2A Log(L)
S
I|IIIIIII|III|III|III|III|III|III|III

A¢ = arg(A(B°-K’x’)A*(B'—Kx"))
S T T T T = (-21.2 *~29.2)° (stat. + syst.)

450 100 50 0 50100 %0
AO(K*(892)r)
A¢ = arg(A(B*-» K x*)A*(B*-K*x’)) and
A = arg(A(B-> Kz )A*(B—-K=x’)) from B*'-K’xn'n’
Ongoing Analysis.

BaBar France 2008 Reina Camach 19



Isospin K'n: exploring hadronic parameters

Using K*nt experimental inputs in a two step approach:

- Using Fit standard results on CKM parameters we make scans
on the hadronic parameters.

- Using some theoretical hypothesis, a scan on the p—n plane.
- pC -
PEW =P EW ~ 0

SU(3) limit for the color-allowed electroweak penguin amplitude,
which we call “IPLL”:

PEW = RY(T"+T%)
with R* = (1.35+0.25)x10
Errors suggested by Jerome Charles (also use a 100% error)

Always, the A and A parameters are fixed.

Same hypothesis will be
BaBar France 2008 Reina Camacho teSted fOI‘ Kp SVStem




Constrain in p-n plane using K*n
heutral modes
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Isospin K'n exploring hadronic parameters:
Results of measurement of o

Taking the B°—» K"z~ and B°—»K°n’ subsystems

p-1nscanP_ =0 p—1 scan IPLL

BaBar France 2008 Reina Camacho




Isospin K'n exploring hadronic parameters:
Results of measurement of o

Taking the B°—»K*zn~ and B°—»K°n’ subsystems

p-n scanP_ =0 p—n scan IPLL 100% of error

)
0.9

—0.8

—0.7

—10.6

o 7,,,,,,:, ‘ = -__-F‘:.-_ ! ‘ ] T T I 0.5

0.4

0.3

39 45 -1 05 0 05 1 15 2 25 3
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Exploring hadronic parameters
using the complete K*nt system
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Isospin K'n: exploring hadronic parameters

Taking the whole B— K n system CL>5%

Arg(P"/T™)

1 | § I | | § I | | | | | | N i N - | N - | N -
25 3 35 .4
IV, VIV Vool P/T

g T

IV, Vi/IV Vil PTT| 0.57
2 solutions |P/T|~1 and |P/T|~0:2
Boundin |[P/T| < 2.5 02

1 L 1 1 I 1 1 L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | L 1 L L | 1 L
-3 -2.5 -2 -1.5 -1 -0.5 0 0.5
Arg(P*/T")

Negative solutions preffered



Isospin K'n: exploring hadronic parameters

Taking the whole B— K r system CL>5%
Relm T%/T scan Mod Arg N°**/T scan

Im(T"Y/T™)
Arg(N"*/T™)

o 0.5I l 1 1 1 l l 1 I1.5I l 1 I2 l | 1 I2.5I 1 1 I3
Mod(N%/T*)

Bound in |[N**/T] < 2.5

The solution prefer IV quadrant

because C(K°z°) is at ~1c S 2%



Isospin K'n: exploring hadronic parameters

Taking the whole B— K n system CL>5%

— 0.02 1
3-;’ - !0.9
c 0.01—
£ - —0.8
> S IPLL aproximation
-0.01— 0.6
0.02- XN |PLL aproximation
) 0.4 100% of error
-0.03 0
-0.043— 0.2
- o | | 0.1
-0.05.02 0 0.02 0.04 0.06 0.08 0.1
Re(RPew™)

There are two solutions due to the two minimum of the phase difference

Ao = arg((g/p)A(B° = K ")A*(B°—K"7")). Imaginary component different from 0.



Isospin K'n: exploring hadronic parameters

Arg(Pew")

There is a bound in [P° | <0.25
Ba ew

Taking the whole B— K n system CL>5%

Mod Arg P°_ scan

1-CL

—0.8
—0.7
—10.6 "”'"""""'""""013"'6.55"'0.4
Mod(Pew®)
—0.5
} Arg P°
_0.4 8

Mod(Pew®)

Arg(Pew®)



Constrain in p-n plane using the
complete K*t system
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Isospin K'n exploring hadronic parameters:
Results of measurement of o

Taking the whole B— K n system
p-n scanP_ =P°_ =0 p—n scan IPLL

)
0.9

—0.8

—0.7

| —10.6

—0.5

0.4

0.3

oo e b Py g
2 15 -1 05 0 0.5 1 1.5 2 25 3

Constrain in (p, 1) plane A more complicated constrain

CL>5%
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Isospin K'n exploring hadronic parameters:
Results of measurement of o

Taking the whole B— K n system
p-n scanP_ =P°_ =0 p—n scan IPLL

!1 c
0.9

—0.8

—0.7

| —10.6

—0.5

0.4

0.3

IIII|IIII|IIII|IIII
15 -1 -05

)

BaBar France 2008 Reina Camacho




Isospin relations for the Kp system

Same relations of are valid for the Kp system:

AB>Kp)=V V. T*  + V.V P No Othel:

A(B+% K0p+) - VUSV*UbN0+ + Vtsv*tb(_P+-+PCEW) hypo.theSI.s
. o e 00 atos e than isospin

A(B'=K'p) =V V (T7+TT-NT) + V. V. (PP, +Pgy) is used

\IZA(BO—) KOPO) — Vusv*UbTOO + VtsV*tb(-P+'+PEW)

Observables:
-4 BFs and 4 A __from DP and Q2B analyses.

- 1 phase difference:
*2B = arg((q/p)A(B = K°p°)A*(B°— K%")) from B K’ n'n”
Only 9 observables. Less than in K*n

BaBar France 2008 Reina Camacho 32



Isospin Kp: experimental results

Valle 3, [aoapm pK . experimenial resulis

Channel Byi1o) At Analysts [Mevenis|
B = K BTG £ O 0.1 g £ 007 Di B < Kt (RABAR 23084 28]
(.14 £ 0.06 £ 0.0] DPBY = K" (BABAR 454.0)
T - —[ag s DP B = K% (BELLE 8067
BT — K" LA "ﬂ:[]E, 012017002 G20 (BABAR 25 26)
Bt = K" 3. {:-J:u 15t ,,-, O £ 0,107 ::’l', DP BT w K'r rt [BABAR 383.2447)
LEEDAT 000117 DPBY = K77 7" |BELLE 3860
0405+ 00101 ::j: [ Adachwfal BELLE - CONF — 0827 X00K)
B — R A9£08£00 GAE (BABAR 227.10)
O02£0.27 £ 0,08 £ 0,06 DP B — K% =" (BABAR 3830
6.1+ 107 OP B = K%« (BELLE 3]
~008 001 CRM 2008 BELLE

DP = Daliix analysa
Q28 = Quast hwve kady analyss
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2B_. from time-dependent DP analysis: K° n*n”

& |Aij| < BRs well measured

= Ag obtained from Dalitz B°»K°® n 7

25—

28_(p°(770)K°) 20

-2A Log(L)

||III|IIII|IIII|IIII
|IIII|IIII|IIII|IIII

I R I T N L . 1- I N RN TR N R A N N N M '
-100 -50 0 050 0. 100 150 200
2P (P (770)Ky)
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Exploring hadronic parameters
using pK whole system

Kp Isospin relations: 11 QCD and 2 CKM = 13 parameters
and just 9 observables

In this case we don't have enough information to obtain contrains.
Additional hadronic hypothesis would be needed. It is a pity
because there is a direct CP violation in the mode K*p°

Most of the constrains observed in hadronic parameters were soft
in Modules but strong in Arguments due to CPV in mode K*p°
BaBar France 2008 Reina Camacho 35




Isospin pK: exploring hadronic parameters

BaBar France 2008

-0.05

-0.1

-0.15

03,

Taking the whole B—pK system

Assuming also IPLL

1
!0.9
—0.8
—0.7
—10.6

—0.5

—0.4

—10.3

0.2
0.1

FS
o
FS

There is a bound in |P°eW| <0.25

CL>5%




Constrain in p-n plane using pK
whole system
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Isospin pK: exploring hadronic parameters

Taking the whole B—pK system
p-n scanP_ =0 p—n scan IPLL 100%

- - 0.5 1 1.5 2 2.5
p p

C train | I Only 9 available observables, so it isn't
onstrain in (p, 1) plane possible to obtain a constrain only

BaBar France 2008 Reina Camacho  With one hadronic hyphotesis 38




Conclusions and Perspectives

= K* has more observables than pK
- Safer constrains on CKM parameters

= Interesting bounds on hadronics parameters with
current data

= We plan to test other hadronic hypotheses (i.e.
SU3 relations)

= We plan to make a prospective study...Ongoing
= The goal is to produce a CKMFitter note

BaBar France 2008 Reina Camacho 39



Backup
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CKM Matrix: Current knowledge

1.5IIII|IIIIIIII|IIIIIIIIIIII

Mexcluded area has CL =0.95) % B
C o | % ]
L i ] |
1 ; ¢ y All measurement
- : Yo Am, & A - .
& g 3 wE% 4| compatible between
- i Am -
o5k | a . each other
e, o 1 | (Compatible with SM)
P A e =
B |vmwcb| : a
—+B — vy i G
0.5 . /4 | Compare “pure tree”
I N4 measurements with
A | 1 “pure loop”
- i R measurements
= tter i {excl alClL= 095) |
_1 5 B | TPGIPE':I]U?| || L1 | || || | || '}I’ | | 11 11 | | | | ]
-1 0.5 0 0.5 1 1.5 2
P CKMFitter Group (J. Charles et al.) Eur. Phys. J.

C41, 1-131 (2005)
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Reparameterization Invariance

General K't amplitudes (1): General K't amplitudes (2):
A* = CKM T+ + CKM_ P+ A* = CKM* T~ + CKM* P+
A% = CKM, T* + CKM_P* h A% = CKM* T* + CKM* P"
A**= CKM T** + CKM P*° A*= CKM* T** + CKM* P*°
A”= CKM T + CKM_P® A”= CKM* T* + CKM* P*

Isospin relations:
*+V2A = V2A% + A"
A%+ V2A*0 = V2A% 4+ A+

For a given value of the AY/A" and a given value of
CKM the ecuations (1) and (2) can always be

inverted for the T" and P" in such a way to satisfy
the Isospin relations.

BaBar France 2008 Reina Camacho 42
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