DPF2006 + JPS2006 £
VNIVTEKSITAT

Joint Meeting of Pacific Region Particle Physics Communities POVALENCIA %

Measurement of the UT angle y
at BaBar
Virginia Azzolini

IFIC — Universitat de Valencia — CSIC
(on behalf of the BaBar Collaboration)

Outline:

Measurements of y using B* . D™K®):
GLW Method @@@
ADS Method CL® (&

D° Dalitz Method (GGSZ) ~®




Methods overview

Access Yy via interference between b->cus and b-»ucs decay processes
Reconstruct D in final states f accessible to both to D° and D°

3
| A~ A | Three methods
: Color favored u e
_ RILS GLW ADS GGSZ
-, s | D° CP-modes DCSD mode Dalitz
() ool | KK, I KT Ko |
i [CP"] D°— K*TT suppr. i
;. .......... VUb .............. M ....... B KST[O’ sz’ Ks(p D'—s K*TT fav. :
: 5 pHHo [CP-] i
B~ W~ - e "
p s . & = relative (unknown) strong phase
éCoIorsuppressed UK ¥ = Wea_k_phase _ _
A ~ \31.( iy @i ... r) = (critical) ratio of suppr./fav. amplitudes:
: oo AB = DK 010
Theoretically clean: 5 - ABB . D™ K) : :
contributions. Larger - PL B265, 172 (1991)
- Larger interference PL BS57, 198 (2003)

— better y experimental precision
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Gronau-London-Wyler method

Phys. Lett. B253,483; Phys. Lett. B265, 172 (1991)
. Reconstruct D meson in CP-eigenstates (accessible to D° and D?)
even (CP = +1 m'rr, K'K) & odd (CP = -1 Ks°r?, Ks’q, Ks'w)
.. Measure 4 observables R, A... (formulae for D°K):

((B” =~ Dep K)+T(B” = Dep K _ 45 ocvcoss, + 2 | Theoretically clean
XX (B - D°K) S e but
- 0 -\ + 0 + . .
Acps (B~ Dep & )"T(B = Dep K ). +2r,siny sind, /R, | 8-fold ambiguity
© (B - DY, K )+T (B - D.KY) :

DY, = (D"t D)/N2 §§;
1 rs

0
B_ D"K PRD 73, 051105 - 232 *10° BB pai

R, = 0.90+0.12(stat.) + 0.04(syst.) Re= 0.86+ 0.10(stat.) + 0.05(syst.)

A, =0.35+0.13(stat.) + 0.04(syst.) A= -0.06=+0.15(stat.)= 0.04(syst.)

cpP
X, =-0.082+0.053+0.018, x-=0.102+0.062 +0.022, r32= -0.12 £ 0.08 £ 0.03

B_ D°K* PRD 73, 071103 - 232 *10° BB pairs

Rep, = 1.96 = 0.40(stat.) + 0.11(syst.) R_;= 0.65+ 0.26(stat.)+ 0.08(syst.)

A, = 0.08+0.19(stat.)+ 0.08(syst.) Ax= 0.26 + 0.40(stat.) + 0.12(syst.)
x, =032 £0.18 £0.07 , x-=033 #0.16 £0.06, r?= 0.30+0.25

B_ D*°K b 193 *10° BB oai
R, = ~1 .06 + 0.26(stat.) + 0.10(syst.) CP not reconstructed
A, = 0.10+ 0.23(stat.) = 0.04(syst.) 5

Virginia Azzolini DPF-06

RCPi




Atwood-Dunietz-Sony method

Phys. Rev. Lett. 78, 3257 (1997)

Classic two body: Decays into non-CP state, where the color-favoured mode decays
via Doubly-Cabibbo Suppressed (DCS) channels

Color favored Doubly CKM suppressed . Signature = opposite :

B~ DK D°. K'm ¢ .signkaons |
Color suppressed CKM allowed Py [KTm] 5 K-

B_HQOK_ QO—» K*m

Small BF (~107), but amplitudes are similar — expected large CP symmetries
Observables R, __and A, _(based on opposite sign and same sign kaon decays):

CBr(K'm 1K)t B(KT'IK')
aps BrE[K'n*]K';+ BI’E[KWT']K*; B r1§+ ,,BZ+ 21,1, cos(0 , + 0 ;) cosy

- BI”([KWT_]K_)' B”'([K_ﬂJr]KJr) =2 7 Siﬂ(d +90 )Slny/R
ADS Br([K+n_—]K—)+Br([K—n,+]K+) B D D B ADS

with unknown parameters: r, dandy
input : ‘A(DO - K'm)

- AD - K1) = 0.060% 0.003 (D*+ _ D°( Km) mr+ decays - - PRL91,171801(2003) )

rD_

o N g D(*)’K: PRD 72, 032004 - 232 *10° BB pairs
Virginia Azzolini D“K*: PRD 72, 071104 - 232 *10° BB pairs 3
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hep-ex/0607065 - 226 *10° BB pairs

i1000

ADS B - DO[K mm’]K

Multi-body: similar to previous analysis with f = K*rrr?.
Complication for y extraction from |A,|, 8, variation

across the D° Dalitz plane:

Events

F<B+_)[K_7T+7T0\]‘D0K+)+F(B+—>[K_1T+7TO]DOK+)—I—F(B_) R e
(B -[K' ] K)+T(B —>[K mn’]K)+T(B)

R ps=

we can express R __as

— i(65ty) i6p

A(B - D K)|

r (0= ; ~0.1-0.2
IA(B" » D™ K)|
ry? =MD’ K tme)/ (D% - K1t 1) = (0.214+0.011)% (BaBar, preliminary)
1
C =

r BR(D' - K'7r't) A’ - K mn’)AD’ - K ') cos Adm dm

Virginia Azzolini A=5 +3 - 5? 4
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/( 0.003)

Events

‘ADSB S DK mmlJK

RADS

TT T

BABAR -

:;Nsig: ils + preliminary E

3%%11% T%{um H% ] %
sg 1 o Bl 1 8
Jf %M&T g
. N -
%2 521 522 523 524 525 526 527 528 g g
Signal yield nl6e) 8
from fit

wrt f=K*mt~:

more background
but smaller r,

and r, distribution extraction

hep-ex/0607065 - 226 *10° BB pairs

A priory probability is ﬁ

Gaussian consistent with

.

.

.
..
.
s
st
.
.
----
.
.
.
.
.
.
.
.

.

- rp,? =(0.214+0.011)% (BaBar,prel.)
Ryps=Tp+Ip+2r,1,C oSy
v, A
""""" Distributed flat in
[-1,1] and [0,1]
°'°°3: BABAR
0.002 RADS<0'039 -
(95% C.L.) B 0.006
00017 é BAIBAR
. i 3 preliminar y
# % 0.004
% 002 002 b6 008 04 § I'B<0.185
Experimental R,,c Raos « (95% C.L.)
likelihood
0 PR T NI N SR

\ P
0 02 04 06 0.8 1

Rupe <0.039

using | Ccosy | =1

r, <0.185 95% C.L.

Bayesian L(ry) g
(flat ry and |Ccosy| prior PDFs)

5
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D(*)°K: PRD 72, 032004 - 232 *10° BB pairs
D”K*: PRD 72, 071104 - 232 *10° BB pairs

‘ A DS aver ages hep-ex/0607065 - 226 *10° BB pairs

Comparison with other analyses RADS Averages &
PRELIMINARY
T . | 'BaBar | i | | 0.013°050
B DK A PRD 72 (2005) 032004 '_‘L_‘ n
{ o T Belle 0.000 + 0.008 + 0.001
5 RAD < 0.029 90% C.L o xl BELLE-CONF-0552 ' *
: g < 0.23 0%CL { 0 Average + 0.006 + 0.006
wn: v HFAG
<D,; 8 BaBar T o002
—_ | PRD 72 (2005) 032004
I i
B R <0.023 (D*_ D) VL R . 51
U‘—U ADS 5 0O BaBar : * 0.011 ‘2218
; < 0.045 (D*°-D%) 90% C.L. { <, PRD72(2005) 032004 [;
' r.<0.16 90% C.L. : El Average L 0.011 0515
. B - [K'r] K* Oy BaBar T * n.nasfu.ﬂm +0.008
d ; PRD 72 (2005) 071104 | :
% = . +(. g B ! :
R 0.0460.032 rlo_ 0.20 +0.14 1o < Average 5 * 0.046 +0.032
) s g DL EAG b
2 B - [K+71e 0] DK- X BaBar [fons 0.012 + 0.012 £ 0.009
NI Rups <0.039  95% C.L. £ "epexooinn <
= r,<0.185  95% C.L. || ¥ ﬁ;féage L 0.012+0.015
(] 0 i :
D 1 1

-0.08 -0.06 -0.04 -0.02 0 .02 004 006 0.08 0.1
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Giri-Grossman-5Soffer-Zupan (Dalitz) method
D9,D° decay to 3 body final state K rtmr

K- Color- Ks Color-
-< allowed TU" suppressed
b K K b—> C TT b—» u
0 S amplitude amplitude
B- < f/:” D<
u -
The interference is a function of the Dalitz plot point : g
g imin e TTTTTTT T e i 3
é B-: M(mzamf): ‘A(B - DOK)‘[f(mzamf)+ reldBe lyf(mmm )
O T e L
L& B M (nlm)s L) ftmd] [N
E g ---------------------------- 3 %
E> m? = m(Kn ™)’ |
os m; = m(Kgn" )

pros: Only Two-fold ambiguity (3;,y)=(3;+1,y+11)
significantly larger statistical power Br(D-»K rur) ~10*Br(D"~>f_)

Virginia Azzolini
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‘ GGSZ [P - K_rt method

hep-ex/0607104 - 347 *10° BB pairs

&

f( m?m 2) extracted from unbinned maximum likelihood fit to tagged D°

m? (GeVZc?)
/

- *

mz= (Gevzfc“)

Ll A
@m_ | "'. ii. 1
s P |
g’m_ R [
St * 1 Ji
iy Sy 4
.%m—"l ¥ LU A
t [ Kk DES |
Taadans

m2 (GeV2/c%)

(from D™+ _ D°r1+ decays, ~390k evts @97.7% purity).

Isobar model (= coherent = of Breit-Wigner (BW) amplitudes)

K-matrix Model *
. include tut S-wave terms

. unitarity

.‘E:,: 'b)' ' | A * L T 7 LA b T
P | K(892)
8 _
= |
@Oﬂ— ||| 2
g I :
P N .
g ; — z — 3
m2 (GeV3/cY)
3 \
s | |1 ft o(770)
T /xf’; :
£ | |
- ’ |
g | Y ! ‘
N |
n‘l’.lll IG_I‘S ; = ll.'Sl
nﬁw{Ge‘J’)'c‘]

...X2 /dof similar to BW model

Virginia Azzolini

. 3-body D° decays proceed mostly via 2 -body decays

LA =

16 distinct resonances + 1 NR term

.. Not so good for Tt S-wave
.. 0(500) /0'(1000) added to describe reasonably well the data

Component Re{a e} | Im{a,e'"} | Fit fraction (%)
K (892) —1.223 4+ 0.011 1.3461 £ 0.0096 58.1
K§(1430)~ —1.698 £ 0.022 —0.576 + 0.024 6.7
K3(1430)~ —0.834 4 0.021 0.931 £ 0.022 3.6
K*(1410)~ —0.248 £ 0.038 —0.108 £ 0.031 0.1
K*(1680)~ -1.285+£0.014 0.20540.013 0.6
K*(892)F 0.0997 £0.0036 | —0.127140.0034 0.5 |
K} (1430)* —0.027 £ 0.016 —0.076 £ 0.017 0.0
K3(1430)* 0.019£0.017 0.1774£0.018 0.1
p(770) 1 0 21.6
w(782) —0.02194 4 0.00099 | 0.03942 + 0.00066 0.7
f2(1270) —0.699 £ 0.018 0.3874+0.018 2.1
p(1450) 0.253 £ 0.038 0.036 £ 0.055 0.1
Non-resonant -0.994+0.19 3.82+£0.13 8.5
fo(980) 0.4465 £ 0.0057 0.257240.0081 6.4
fo(1370) 0.95£0.11 —-1.6194 0.011 2.0
a 1.28+0.02 0.273+£0.024 7.6
a’ 0.290 £ 0.010 —0.0655 £ 0.0098 0.9

* LJ.R.Aitchison.Nucl.Phys. A189, 417 (1972) 8
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hep-ex/0607104 - 347 *10° BB pairs

GGSZ D - K mtmethod i~

Dalitz model systematic uncertainties:
. introduce 8 alternative models

.. generate high statistics toy MC (x100 data statistics) experiments according

nominal (BW) model
.. fit with both nominal & alternative model
.. take the maximum of the absolute value of the differences

N N N N N NN NN R NN N R N NN N NN R N R N N N N RN N N NN N N N NN N NN N N N NN R NN N NN R N N N N NN E N N NN N RN N K NN N N AN N RN A E RSN EEEEEEEE EEEEEEEEEIEEEEEEEEEER,

. .

. .
““““
o .

ot P-wave: Change p(770) parameters according to PDG
Replace Gounaris-Sakurai by regular BW
Remove p(1450)
ot D-wave: Zemach Tensor as the Spin Factor
KrtS-wave: Allow K*,(1430) mass and width to be determined from the fit
Use LASS parameterization with LASS parameters
Kt P-wave: Use B - J]/psi Ks i+ as control sample for K*(892) parameters
Allow K*(892) mass and width to be determined from the fit
Kt D-wave: Zemach Tensor as the Spin Factor
Blatt-Weiskopf penetration factors
No running width

~.Dalitz plot normalization
V|rg|n|a AZZOIInI ................................................................................................................................................................................................ 9
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hep-ex/0607104 - 347 *10° BB pairs

GGSZ ¥ - K ot method i~

Cartesian Coordinates:
From previous studies, parameters (r_, y, d) badly behave statistically

No sensitivity to y for r,<0.1 (+underestimated errors on y and J)
- Fit 4 cartesian coordinates (x+, y+)

X , = Re (rye®) vy, = Im (rye®m)

. Gaussian Errors on X, y (no unphysical zone)
. (X7, y"), (X,y) uncorrelated
... Unbiased results O r_

.... Easier to combine different results

Note: GLW results also sensitive to x_and through the relations

Virginia Azzolini




‘GGSZ D’ - K it method &

. Dalitz distribution of selected B* candldat S

af | BABAR E o4 - 0 * BABAR ]
. B DK preliminary | .. Fitted values of x®, y®, B D K

B+

0.2~

i oal
B- ] z_| 0.041 £ 0.059 + 0.018 &= 0.011 i
B* 1 y_ | 0.056+ 0.071 =4 0.007 = 0.023
24| —0.072 £ 0.056 &+ 0.014 = 0.029

i _ Y+ | —0.033 &+ 0.066 & 0.007 = 0.018 -
0ol i z* | —0.106 == 0.091 + 0.020 = 0.009 02l
i 1 y* | —0.019 + 0.096 4 0.022 + 0.016 i
2% | 0.084 £ 0.088 + 0.015 =+ 0.018

041 ] yi 0.096 =0.111 = 0.032 4+ 0.017 04
1 I L 1 1 | 1 1 L | 1 1 1 I L 1 1 I L 1 I 1 1 1 | 1 1 1 | 1 1 1 ‘ Il 1 1 I 1

=]
T

preliminary -

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4
X, frequentist [Neyman] approach X,
used to build 5D confidence level on (y, r, O, rB*,ESB*)

1o and 20 projection contours on r ), y

[ymod 180° = (92 % 41 £ 11  12)° |
St;t Sys% DaIi’gz
r.<0.142 (r, <0.198)
: 0.016 < r." < 0.206 (r, *< 0.142)

B

0. 0.2 0.3 o o 1 2 i
Virginia Azzolini Ty Iy 10' (20’) 11
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hep-ex/0607104 - 347 *10° BB pairs

GGSZ D’ - K rmrmethod i~

Comments on the results:
Better precision on X,y wrt to Belle,
o, worse due to smaller measured central value of 7,

A

70

h,  BaBar

60 preliminary

a(y)

50

40

a(y) = Ax/ry

30

20

10

0 PR T TR TR AN SR TR TR TR NN TR TR TR SR NN SR TR TR SR SN SR TR SR SR N SN TR S SR S

o
=
o
Lh
o
—
o
—
Lh
o
[\
o
[\
Lh
o

3]

v

X

Experimentally we can improve the measurement of the CP
cartesian coordinates but the improvement on error of y
depends on the true value of the r; parameter.

Similar behavior for statistical and systematic error.
DPF-06
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hep-ex/0507101 - 227 *10° BB pairs

GGSZ B D°K* (K" - K1), D - K ot method

4

Analogous to previous analysis, one additional fit parameter & to take into

account non- resonant B -

plot. -—
o a)
—~ — | T B - DK*
™~ S i
% 30_3;;‘;%%5 N, =428 <’
= [
(op) I
EZO_ S
5 + m?2 (GeV?/c*)
S
- IS
1 + 1] +J ’g,
-]- 2100
(| — | o
5.2 5.25
m, (GeV/c?)
(T, = KT, cos(ds —y) —0.20£0.20+0.11+ 0.03)
Ys— = Krgsin(ds —vy)  0.264+0.30£0.16 £+ 0.03

0s
0

Tst = KT's COS(

\Ys+ = KPgsin(dy

s+
_|_

v) —0.074+0.234+0.13+0.03
v)  —0.01£0.32+0.1840.05)

Virginia Azzolini

m2 (GeVZc?

DOK, 1t background and r;, &, variation across B Dalitz

|O%)
1]

T

b ]
'B* . DK**

N N B
1 2 3

m?2 (GeV?/c*)

—> 1o limit
 y (alone)

13
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* GLW+ADS+GGSZ + sin(2B+y)  present and prospect

GGSZ method:

0.001—

. powerful tool:
.. the golden mode for y
ymod 180° = (92 £ 41 £+ 11 + 12)~

0.0005—

Probabﬁlty density

GLW & ADS methods:

. more statistic needed to really constrain y
. combining different measurements helps ~

combination of all the measured modes:
= 8220 ([ 41,126] @ 95% Prob.) [UTfit]

= -98 £ 20 ([-139,-33] @ 95% Prob.) [UTfit]

y GLW,ADS,GGSZ

yGLW,ADS,GGSZ

still crucial is combining methods & decay modes
along with more statistics

If r;>0.1 at|1l ab!| y will be know with a
[precision close to 10°]

0.001

0.0005

UTyit

ALL the
methods

100 0 100

Error on y (deg)
T
]

]
o

T
LA
|

B Dalitz+ GLW +ADS
& Dalitz+GLW ]
Dalitz .
[ Dalitz m odel error i

r=0.1

B

Dalitz model error prediction
Q.5 | .3 2 25 3 35 4
Luminositv (ab™

Virginia Azzolini DPF-06
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4 N\
Bt — DK

GLW, ADS and
DO0-Dalitz methods

o /

Virginia Azzolini
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' Selection of sighal events

B mesons identification
% 120 ;— ' ' ' —;y

_ *2 *
es =\ Egeay — 75

so |- H Jo,,, 02.5MeV
s b E " "
40 ;f iAE: EB - E,Bsa/.l
S o Sy B —_— T 7
L S o A B! ' ' ' L
b T TR
-100 ? . L - €E| . . . . . . ) 3
52 522 524 526 5.28 0 10 20 30 40 50 60 70 80 90

- -

mes (GeV)

Variables that distinguish
spherical B events from jet-

like continuum.

| Fisher

Virginia Azzolini

Variables that distinguish
Y(4S)-» bb from ere>»>qq

F bb signal
- bb background

0 01 02 03 04 05 06 07 0§ 0T

K/m: Cherenkov angle

0.84F (b) =
oo 1| Excellent
' separation
! between 1.5
0.78 R ~ Jand 4 GeV/c

3 35 4 45 5
p(GeV/c)

Thrust angle defines the jet-like event

e'e 2> Y(45)~ BB

ete»qq

N

\/ eThrust

Combinatorial ete- - qq bkg suppression

DPF-06



Phys. Lett. B253,”483; Phys. Lett. B265, 172 (1991)

D°K : PRD 73,
D°K*: PRD 73,

Gronau-London-Wyler method  vox:erom,

051105 - 232 *10° BB pairs
071103 - 232 *10° BB pairs
031102 - 123 *10° BB pairs

. Reconstruct D meson in CP-eigenstates (accessible to D° and D°) @

even (CP = +1 m'rr, K'K) & odd (CP = -1 Ks°r?, Ks’q, Ks'w)
.. Measure 4 observables R, A... (formulae for D°K):

- L D° )+ L, D° *
R p, = (B DCPiK_) F(OB - Dep: K ) 1+ 27, cosy cosd, + 7,
: 2N (B~ - D°K)
(B - D%.K )-T(B" - D2 K" .
( - L2 _) ( - L +)=i2rBs1nysmdB/RCPi
[(B - DK )+T(B - D°.K")

CP+

Theoretically clean
but
8-fold ambiguity

131 CP+

DY, = (D°+ D')/N2

40

Events/(0.01 GeV)

3 ind. observables

« DATA
..... B—D{, K

's~ AR = D°K)|

3 unknowns:
y O = strong phase diff. E
- 0 |- A(B - D°K) & =
_ |A(B - D°K)| AGB - D° K) s

Virginia Azzolini
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‘ GLW ! results
@

0
B- DK PRD 73, 051105 232*10° BB
[RC,,+ = 0.90 + 0.12(stat.) = 0.04(syst.) ﬁcp~ 0.86 + 0.10(stat.) + 0.05(syst.) J
cP

A, =0.35+0.13(stat.) + 0.04(syst.) A= -0.06+0.13(stat.)+ 0.04(syst.)

CP

0 K*
B~ DK PRD 73, 071103 232*10° BB
Rep. = 1.96 + 0.40(stat.) = 0.11(syst.) R_;= 0.65+ 0.26(stat.)+ 0.08(syst.)
A, = 0.08+ 0.19(stat.)+ 0.08(syst.) A= 0.26 + 0.40(stat.) + 0.12(syst.)

B_ D*¥°K PRD 71, 031102 123*10°BB
[RC,,+ = 1.06 + 0.26(stat.) + 0.10(syst.) CP not reconstructed }

A, = 0.10+ 0.23(stat.) + 0.04(syst.)

:

. With current statistics, these DO NOT constrain (alone) y /@, nor r()

.. however, they provide competitive measurements of the cartesian coordinates x_,

used by Dalitz, through the reIationsX CRL(AFA)-R(IFA,) Ry +R, 2
. 4 B 2

X, =-0.082+0.053£0.018, x-=0.102+0.062+0.022, r7?=-0.12+0.08+0.03 g_ po K

(=4

x,= 032 $0.18 +0.07 , x-=0.33 #0.16 #0.06, r’= 0.30+0.25 'B_ D°K*
3

Virginia Azzolini
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GLW averages

Rep Averages

Moriond 2006
PRELIMINAR":‘

g BaBar 0.90+0.12 4 0.04
o :
x Bell_e 1.13+0.16 £0.08
S
a) Average 0.9840.10
i BaBar 0.86+0.10£0.05
o
x Bell:e 117 +0.14£0.14
S :
o Average 0.93+0.10
mg BaBar 1.0640.26 *8 2,3
X Bellge 1.41+0.25 £ 0.06
o "
[#] ' :
o . Average 1254019
N = . - .
Q H
c Belle 1.15+0.31£0.12
x :

. .5 Average 1.15£0.33
e S - ) N
o BaBar 1.96 + 0.40 £ 0.11

¥ E :

o, Average 1.96+0.41

._.D___.%_._._.__:..___._ ) R - -
o BaBar 0.65+0.26 + 0.08
X :
5 Average 0.65+0.27
< : :
-1 0 1 2 3

Virginia Azzolini

V2
&
a

ACP Averages

Moriond 2008
PRELIMINARY’

¢ BaBar 035+-:113+004
< ;
X Belle 0.06 + 0 14 +0.05
S : ’
[ Average L 0 22+0.10
o BaBar —006+013+004
<
X Belle -0.12+014+005
o
(&)
0 Average (I 09 +0.10
{g BaBar 010 i 0.23 *3 83
x Belle -0.20 + 0 22 +0.04
K% :
h | Average —015+016
_________ s IS _ N
< Belle ke 013+030+008
h -

L5 Average e 013+031
S 3K S et I R I N
< BaBar e -0.08 + 0 19+ 0.08

v =
5 Average =t -:1 08 +0.21
._.D....%.. I .._........E._._..'..E._._._.. - -
< BaBar L} -026+d40+012
~
o Averagla % -q.26¢0.42
1.4 -r1_.12 -1 -08 -0 -04 -02 0 0.2 0.4 0.6 0.8 1 1.2 1.4

Implications for r; and y see body of the talk
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D(*)°K: PRD 72, 032004 - 232 *10° BB pairs
D”K: PRD 72, 071104 - 232 *10° BB pairs

ADS results (

10 0.07 1
> 8_N=H5J_"3‘ ev B - DK 006 | i
> R <0.029 90% C.L ot =
" e ADS i g
g 0.05 | %

92 525 5.3 0.0 | Y 2
~ 0O r :

e st [N =-0-2_+(1)'3 B - [Pm, K 0.02 | “
= | R, . <0.023 (D*°_.D"r) : g
w L :
SR <0.045 (D*°_, D) 0ot | :
2 ol 90% C.L. s .
;% 1 0O 0.05 0.1 0.15 0.2 0.25 03

0 '
L DK :r <023  90%C.L. at least
2 = + - tor %k-
2 JNT e ] B~ KK D*K: 1, < 0.16 90% C.L.

R =0.046+0.032 1

. .. | e g DK*: r=02020.14 1o
S 4
2z 2‘ l } } . No significant signal
)
g T -~ A, __ No measured

52 505 53 imi

Mg (GeVle) limit (_)n_ RADS _
Virginia Azzolini limit on r_ using |cos(d, + & )cosy|<1s
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. New BaBar result in [K*rn] K-

% E:‘mj No Signal YEt in
S BaBar preliminary suppressed modes
" ol hep-ex/0607065
oo 226 10° BB
mi_l-l,.”*:a..'!-i*%-{"'— 1=
Ej - 5.21 y 5.2‘2 : s.m 524 - ﬁﬁ .526 .5.2'.'!‘ S.R %29
m__{GeVic
DK <.0.039 (95 % CL) m*“""  » R ADS Averages R
8 Err #d fooddh v doatdos < T PRELIMINARY
. swga’*f“fﬁ“@ et ] ‘BaBaf | T 0015
E oE 5 3 v PRD 72 (2005) 032004 | "
6 woE TS . Belle 0.000 + 0.008 + 0.001
2o0f @@F x BELLE-CONF-0552
o b o Average 5 0.006 + 0.006
QEe e e pgecea e o I D . (|
m g 0V 3 BaBar i -0.002 *5 50
o | PRD 72 {2005) 032004
E  Average -0.002 508
1 r - - 0 3 0.006
N . * . -0.013
BeIIe hep eX/050804/386 106 BB 5_| PRD 72 (2005) 032004 | one
oo ] Average : 0.011°7
> [K+ﬂ:] K/ > [Kﬂ:*] ] .| HFAG . =% o
v [ D CRRE D ] A R S = R S S
s b p= ] ¢ BaBar : 0.046 }- 0.031 + 0.008
e 1 < . III* a 1 = PRD72(2005) 071104 ! '
£ \ - T + H 1 X Average 0.046 + 0.032
$+ H{i + +++ J! . 'u._..“' i : X " BaBar Lo [ 0.012£0.012£0.009 |
IR K | . ST W DE hep-ex/0607065 =27
-0.20 -0.10 . 0.00 0.10 0.20 -0.20 -0.10 nnn 0.10 0.20 5 Avera e E 0.012+0.015
DK<0.014 (90 % CL AE o e T
< ' ( o ) -0.08  -0.06 -0.04 -0.02 0 0.02 0.06 0.0&8 0.1

Virginia Azzolini
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B DMK, DO K rrTr

IE (and ™, 0") from

3 known DD - K 1Tt Dalitz model f,(m,?,m_?)

— B7/B" decay rates vs m,2,m_?
2 2
[ (m_,m,)0]

2 +2/7{-‘;(*) Re[f:j;]+yf’ Im[ﬁ—r f:}
Updte of eV A O

— 1.5x more statistics

347 *108 BB pairs
BABAR-CONF-06/038

my=m(k m)

X(*)j:: r(*)Bcos(a(*)B:l:y)

yO. =1 sin(07pEY)

)2 — *)2 *)2
rB() _X:t() +yi()

— More refined evaluation of systematic uncertainties (esp. Dalitz model one)
— Same Dalitz model (apart from K*(1430) parameters), larger D/D° - K Tut sample

c?)

Signal D

W
=]
N
=]

GeV/c?)
25 GeV/

~
o

D*K, D*_, D%
93+12

%)

0.00225 GeV/c?)
o

00225
]
o
(0.002

4

Events/(0
n
(o]
Events /
=
\®]
o

Y
B | T
T

Events /

T

— ]
L —
:
—4

=

[ L ., N

vo

mg¢ (GeV/c?)
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0.2

0.1

-0.1

0.2

Results on y

+ +_-
DK ,D—-Kmn ALMaLS
FPRELIMIMARY
T T T T T
Contours do not ingimie
Dalitz model errors||||||
B BaBar BJr 7]
Belle B'
BaBar B
Belle B
Averages
] ] ] ]
02 -0.1 0 02
X

Contours give -2A(n L) = j;(; = 1. comesponding to 80.7% CL for 2 dof

Virginia Azzolini

. HFAG averages for x, = r,cos( o,y ),y, =r;sin(d,+y)
. UTfit find y = 78+30° based on B- - D™ K- decays
. Note: 0, depends significantly on the value of r,

DK.D D1 &DY, DoK'

ICHEP 2006
Y PRELIMINARY
T T | T T
0 4 |Contours do not includfe _
Dalitz model errors
02 F -
0 r i
02 L BaBar B |
Belle B~
BaBar B
Belle B
04 Averages |
I T e I I
-0.4 -0.2 0 0.2 0.4
X

Caontours give -24(In L) = &y® = 1, comesponding to 80.7% CL for 2 dof

DPF-06



2B+y
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‘ CP violation in neutral B’ decays — time dependant

. Use interference b - cud / b - ucd instead of b - cus/ucs to extract 23+y

. . B0 e
Vi 4 \h+\ Ve d *— B D™n
@* =7 ~zD C Na—0

oF—Lul T . owet—op M’ D @
B’ ;D” BB cH ~
- - ulgl - o
.. Wrt DK, the favored b - c amplitude is O(A?), the suppressed is O(A*)
- Higher yields
T = [ABY = DOTE)A(B® —» D) & [V, V[V, V.
— Smaller asymmetries and sensitivity to y strong phase befween
b->u and b>c¢

... SiN(2B+y) is measured from the time evolution:

a =2rsin(2B+y)cosd
.
..... €, = 2 rcos(2 B+)) sind

P (B°,At)0 1-1 cos(Am,At)- (ai-nb-nic)sin(Am A1) L Only B's with lepton tag

n=+forDm*, n=-forD"m"

.... In present experiments no hope to fit for *
— determine elsewhere (B°>D ™ 1vp assuming SU(3), neglecting annihilation)

Virginia Azzolini 12
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PRD73 :111101 - 232 *10° BB pairs
PRD71:112003- 232 *10° BB pairs

sin(2B+y) from B> — D) 1y/p

38000 fully reconstructed D®1y/Dp | 90000 partially reco’ed B° - D*rt (D* — D°m, D° — X)
(purity ~ 90%) | (purity ~ 35%) 0 *.
B - D
”§ 6000 | “c  |Lepton tag X l_)
> B %ZOOOP*H' D*p -
E o0 Purity: 87.0+0.3 % E Coml_)inatoric BB - L X
§ Yield: 15038 + 132 § Peaking BB
p S 1000 ‘Continuum -
<2000 " > -
LE |t S MR M R S [_E O e
VR ¥ S ¥ S ) S K P81 1.82 1.83 1.84 1.85 1.86 1.87 21.88
T \Gc‘vylluz) m._. (GeVI C )
a” = -0.010% 0.023+ 0.007 ¢y = -0.033% 0.042£ 0.012 miss
a" = -0.040% 0.023+ 0.010 ¢ = 0.049+ 0.042+ 0.015 a®" = -0.034£ 0.014+ 0.009
a™ = -0.024+ 0.031% 0.009 ¢ = -0.098+ 0.055+ 0.018 ¢ = -0.025¢ 0,020 0.013

/ Using

Ip, =0.019+0.004

Frequentist I+ =0.015+0.006
confidence level

ry, =0.003+0.006

[lsin(2[3+y)| >0.64(0.40) @ 68(90)% CLJ

Virginia Azzolini Isin(2B+ v)! 13
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hep-ex/0604012 - 230 *10° BB pairs

% Observation of B° - D)t =, DCSK ™ b

sin(2B+y) in B - D% needs r(D™m) = |A(B° - D™+ 1e)/A(B? - D™ 11)|
but
current available data Xi direct BF measurement

SU(3)
7* fD(*) B(BO — Dg*)—l—ﬂ‘_)
fD(*) B(BO — D(*)_ﬂ“")

tan@: Cabibbo angle

JoufT o+ L0 of

measured BF throught D,* reco in o) ;ZOnsf( )

D.-» ¢, KK* and K™K* modes :

r(D(*) T) = tan @,

N(D.*tt) = 48

}

4
=]

BF (B°-D* m)=(1.3%0.3#0.2)*10°
BF(BY-D** Tt) = (2.8 + 0.6 % 0.5) * 10°

r(D m = (1.3+0.2+0.1)* 102 (30% smaller) Négs;;gu) =42
r(D*mM) =(1.9+0.2+0.2 ) * 102 (25% larger)

1S5 b signal PDF
- comb. Bkg

chamless & crossfeed

=
=1

: ]
Events /( 0.0025 GeVie ™)
(2]
=]

L

- Improved o, but smaller <r> L

— expect no big improvement on o(2B+y) o —ro ettt B
Virginia Azzolini o T me (Gevith

DPF-06




hep-ex/0604106 - 226 *10° BB pairs
PRD73:071103 - 230 *10° BB pairs

Sin(2B+y) from B DX°K? and Da,,,,? @
. . Both b- c and b - u amplitudes are color-suppressed
f = DK, ~ BR~ 105, r=f*|V,V_|/|V,V,| =f*0.4

(f: different strong interaction dynamics in b - ¢, u)
D™0K° (K° - K;) BFs and r in the self-tagging final state

f = DMa,(2)

3

yo- . DOK*0. K*0 _, K1t(assuming that r for DK™ is the same as r for DK°)
Ds Qg DS Qy

o 2
g s S AT T
% 1 S 8 o ) 3
= | = s n H+ J(
=0 = o5k T o14E
g D*tag £ g ) luﬂf 'E
32 ' @ 15F i) sf | JE
M 6F 4» +W HH} #
E 4F 3
1 é | I SN N S T EN N N T S| |E 27 E

E 0=%1 005 0 005 0l 0=373 60

. AE [GeV] AL [GeV]

503 5026 520
mps (GeV/c?)

We measure (SU(3)- related) D™.a,,, BF uppe

e
o

(" B(B" = D'K") =
B(B" — DK
B(B" — D) =

\B(ED_)EOK*O)

5.3+ 0.7+0.3)
3.6+1.2+0.3) x 1077
4.0+0.7£0.3) x 1077
0.0405+0.3) x 10

BF(B- Da;)<19110°  BF(B- D]'q;)<36010°
BF(B- Da;)<19110°  BF(B- Da;]< 200"

o~ .

(+(DK)<0.4 @ 90% C.L.:]

BF(D(*)SaO(Z))<=1O'6.
r, smallerthan theo. expected

Since €<=10% and secondary BFs ~10%,
channel is not usable to measure sin(23+y) at BaBar

not useful to measure y value yet

Virginia Azzolini DPF-06



Experimental technique

—
I T s
o

0“
0

Az g
<|Az|> 0250 pm

3. Reconstruct inclusively
the vertex of the "other”
B meson (B;,;)

4. Determine the flavor of

Brse

1. Reconstruct one B meson (By,)
in a final state of interest
(e.g. D)

2. Reconstruct the vertex position

6. Fit the At spectra

5. Compute the proper time difference At 0Az/yBc (RMS ~1.1 ps)

Virginia Azzolini
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« Atthe PEP-II B-factory at SLAC

1.5T
solenoid

DIRC (PID)
144 quartz bars
11000 PMs

Drift Chamber
40 layers

BaBAR : where? what? who?

ElectroMagnetic Calorimeter
6580 CsI(TI) crystals

Silicon Vertex Tracker
5 layers, double sided strips

Instrumented Flux Return
iron/ RPCs [ — LSTs ]

« BABAR collaboration consists 11 countries and ~590 physicists !

Virginia Azzolini
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