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BaBar and PEP-II

« B-Factory took data till April 7th, 2008.

480 -10° BB pairs final T(45) dataset
380 -10° BB pairs used by most analyses

ete” — Y(4S) — B'BY, BB~
Ecp, = 10.58 GeV

Moritz Karbach
TU Dortmund

=
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CKM quark mixing mechanism

Via Ve Vi 1 — A2/2 A A)\E(p@
Verkv = Veaa Voo Va | = —A 1—A%/2 AN +O(\Y)
Via Vie Vi AAS(l—p@ —AN? 1

» flavor eigenstates are not mass eigenstates — relate Eagibbo "
them through a unitary matrix obayashi

Maskawa
 irreducible phase is the only source of CP violation in the A~ 0.23
Standard Model A~08
~ 0.2
» test the SM by over-constraining the unitarity triangle fm 0.4
ViV =1 quark decay D
VudViy + VeaVy + ViaViy = . Vap /
= arg ( V.'thtE) = \W+
3| (o) YV

anti-quark decay
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B from B® = J/¥ r°

. .. 466 -10° BB
« Cabibbo suppressed b — ced transition to CP even | 5 2008 new:

final state. BY — B0 mixing amplitude contains B. | arxiv:0804.0896

» time dependent measurement to extract S and C

Moritz Karbach
TU Dortmund

—|At|/Tgo
f+(At) = c . - 1+ sin(AmgAt)FC cos(AmgAt)]
BoO
§ « Tree level expectation is S = -sin2f and C = 0. If there is a significant
%ﬁ penguin amplitude this mode could be sensitive to new physics.
T & . . . . . .
o t ;
< ree 4 penguin J
:d b W d
wW,* C C
e c t,c,u,np

= (1.69 £ 0.14(stat) + 0.07(syst)) x 1077,
= —1.23 £ 0.21(stat) 4= 0.04(syst),
—0.20 4+ 0.19(stat) £ 0.03(syst ),

non-zero at 4.00 !
Consistent with tree dominated SM.

Asymmetry  Events/2.0ps Events /2.0 ps
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B — more results

Moritz Karbach
TU Dortmund

— 383 -10° BB
BO — CCS October 2007
measurement

T/ WK, T/WK?, h2S)KS,
XclKgr nch, and J/l,bK*n

sin2f = 0.714 = 0.032(stat) = 0.018(syst)

August 2007

383 -10° BB
PRL99, 231802

cos2f >0
@86% C.L.

from
B0 — D®RKO

April 28" 2008

PHENO
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& from B°—=non®, B¥*—= ', B*—=K*n®
| 383 -10° BB
« Measure o through interference B - = f November 2007

of b—u decays with and w/o _ PRD76, 091102
B mixing. ~pB -

« But BR measurements of B— it indicate penguins are large, so only
sensitiveto a=a +90

Moritz Karbach
TU Dortmund

e use isospin relations to decouple penguin contribution

0 < 39°@90% C.L.
o — (961%0)0 VTi(EfS]tSCI\(/?mpatible

April 28" 2008

PHENO

+ }
=
=
\
A
3
=

A . —
~ 3-fold - g
ambiguity . 1;‘"

- 0.8¢

0.6F
Mode B(107°%) Asymmetry 0.4E
B - 7’7"  147+0.25+012 -049+035+0.05 a i
B - r¥r0 5024046+£029 0.03+0.08+001 O2L0 \ _______________________________________________________ ;
B* - K*r° 136+0.6+0.7 0030400394000 O —35% 100 150
o (degrees)
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O — more results

106 ~@'—---B;n'(wm"
EE B_’( TE)O 131/752010(; BB . o B—>EP(WA) ] COMBINED
2z p Y I B—nm(WA) j
£ 5 PRD76, 012004 - S .
Q o " ifl:d TREER i
S || a = (87113)
EE L %= 87.5°[+6.2):5.3]  CKMfitter |
= » Measure coefficients of time- T sl Y (AT
dependent decay rate over [ | 1 SKMIGHL
= Dalitz plot = no isospin analysis 04p Sl -
o [
E 384 -10¢ BB 0214k | RN A
=< 0 0N July 2007 :.;.::‘."--‘-:‘:‘—;T.I.T'T-r-\_u—';"‘:'l_-\-'\'r-l"\"'-T;-‘h 1 tw
B _’p p PRD76, 052007 %20 40 60 80 100 120 140 160 180
i i | d
» Vector-Vector polafization! i |
final state is a mixture of CP BO— pOpO 427 -10° BB
even & odd states — angular August 2007
analysis required (f, S/, C) e isospin analysis | arxiv:0708.1630
_ more effective
* Flavor SU(3) analysis BR(B— p°p°) < BR(B—°r) :
a = [83.3,105.8]° @68% C.L. o — aef| < 16.5°
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Y from B = DK

* Y is the least well known CKM angle.

« Methods use final states B_/DK ~

accessible for both D”and DK fD/D
DO. Tree dominated, e "’ + strong phase
no new physics.

Moritz Karbach
TU Dortmund

§ « Sensitivity on y depends on amplitude ratio r. The uncertainty scales
%g roughly like 1/r. i
=< IA(B — DMOK)| WS s
"7 JA(B = DWK)| b_. R
r=~0.1 B_O

Several D final states can be used: Gronau & London, PLB 253, 483 (1991)

.« CP eigenStateS (GLW) Gronau & Wyler, PLB 265, 172 (1991)

Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),

° Flavor eigenstates (ADS) Atwood, Dunietz, & Soni, PRD 63, 036005 (2001)
Giri, Grossman, Soffer, & Zupan, PRD 68, 054018 (2003)
« 3-body states (GGSZ Dalitz) Bondar, PRD 70, 072003 (2004)
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y from B* = D% K*

GLW method uses CP final states accessible for Feb 2008 new!

both D° and DO .

381 -10° BB
arxiv:0802.4052

» Dbased on triangle relations of amplitudes — inherent 8-fold ambiguity

Moritz Karbach
TU Dortmund

Hepy
Acprt

1+ r? + Zrcnsﬁcc@

+2r sindsiny/Rep4

['(B~—Dgp  K~)+ I(BY*—=Dgp, K¥)

Events / (0.0175 GeV)
g8 &8 8 &

April 28" 2008

PHENO

(B-—DK~-)+T'(B*—D°K+)| /2
JB_lelj%Piff_)——FLB+¥%JD%Pif(+)

—)+ I’(BJF;/D“CPiKJF)

o 8 &5 88 8

D° mode

Acp

1.06 & 0.10 = 0.05

1.03 £0.10 £ 0.05

<U-27" +0.09 = ”-[Dl At current statistics

—0.09 X0.09 £ 0.02

compatible with no CP violation @2.80!

T & ® Nelvana

the sensitivity on y is
low. Combine results

with GGSZ Dalitz!
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Yy : B* = DFOK®* with D= KK*K", Kot rr
383 ‘10° BB
« The GGSZ (Dalitz) method is the most precise single | April 2008 new!

o) -
_§ § measurement of y arxiv:0804.2089
5
M Q
> 2 « Dalitz plot shows dynamics of the matrix element.
S m? = m(K%r)? 2 _ (KO0 +)2
» | * Dalitz amplitude depends on amplitude ratios r, the weak phase and a
S strong phase
28 Al )(m ,m+) < Aps + AT‘E_:;}AD:I:
T &
A <€

« obtain a Dalitz model .Ap-+ from a high statistics control sample, fit it

to the DK data D*~Dm, D-oKnm ~ B—DK, D—K.m
| . 5’ Sl @]
Cartesian coordinates: < <
Q |
(almost gaussian errors) S I SO ]
I\IE‘I' | E -

2 = ?’*J(B)cos( g) F )
yg] = T‘J(g) Sln(c‘ig) T )

,_.4
2
o

m? (GeVZc?) m? (GeV?/c*)
page 11
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Y : GGSZ continued

Parameters B- — D°K~ B~ — D*'K~— B~ — D'K*~

T, T, Ta_ 0.090 & 0.043 + 0.015 £ 0.011 —0.111 £ 0.069 £ 0.014 + 0.004 0.115 + 0.138 £ 0.039 £ 0.014
y_ Y, Y 0.053 4 0.056 =+ 0.007 = 0.015 —0.051 £ 0.080 & 0.009 4 0.010 0.226 4 0.142 + 0.058 + 0.011
Ty, T, Ty —0.067 & 0.043 & 0.014 + 0.011 0.137 + 0.068 + 0.014 + 0.005 —0.113 £+ 0.107 #+ 0.028 + 0.018
Ut . UL, Yst —0.015 %+ 0.055 & 0.006 % 0.008 0.080 4 0.102 %+ 0.010 & 0.012 0.125 4 0.139 + 0.051 = 0.010

Moritz Karbach
TU Dortmund

« Obtain ratios, strong phases and y using a frequentist method.

§ rg = 0.086 4+ 0.035 Y = (76:|:22:|:5:|:5)D (mod 1800)
s, stat syst Dalitz
%g rg = 0.135 = 0.051
T &
== | reo= 0815 g fTTTIII T
- [ HE S 4 i
mm - A |-—Bt = Dk .
e 0.8 ||l combined | 7
Bt s D'K* s " J i
""" =2l sl 4 CPV significance:
E ] B—DK 2.20
FE N 6] B—DK 2.50
1 o02f 4 B— DK 150
e .2‘.’0'5 L/ __ _ ..22g6] combined 3.00
Ok 077150 -100 50

T & ® Nelvana
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Moritz Karbach
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PHENO

Improvements on the apex

0.5

-0.5

UTTFit

before the 2008 Winter Conferences
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Improvements on the apex

UTTfit
Moriond 08

Moritz Karbach
TU Dortmund

April 28" 2008

PHENO

combinations

of direct measure-
ments of the
angles:

Y =80°[+13 -13]° ot =87.5°[+6.2 -5.3]° B=21.5°[+1.0 -1.0]°
UTfit Moriond 08 CKMfitter CKMfitter
LP/EPS 07 LP/EPS 07

T & ® Nelvana
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summary

« BaBar has published many results on the CKM angles for the Winter
conferences, some are covered in this presentation.

e CKM ot : Accessible in B = ntir (and higher res%ances). But penguin
contributions need to be controlled. & = (96J_r6 )O

Moritz Karbach
TU Dortmund

= | + CKM B : Precision measurements in the B = cCs system are
X available: sin2 = 0.714 + 0.032(stat) = 0.018(syst)
-
A <

« CKMY : Clean tree only environment in B =+ DK. GGSZ Dalitz
method measures 7 = (76 £22+54+5)°

The datataking period of BaBar has ended by April 7th.

thanks to: Soren Prell, Viola Sordini,
Cecilia Voena

moritz.karbach@slac.stanford.edu
page 15
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&9 CKMfitter

cl=
g g 1S5 T T T T 1 T T BN T T T T
'; E 1excludecl area has CL>0.95|§ 1% ] CKMfitter
s A | % .
£ 5 - = 5 1 Summer 07
h — —
A o e i
g 0.5 -
ox B
§% ‘ -
= Z IS B S e
0.5 — ]
1 :— R _:
0 I \\i
- Summer 2007 | | | —
45111 N L1 1] L1 I Lol 1|
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0.5
Y
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Moritz Karbach

PHENO

TU Dortmund

April 28" 2008

1.5

1.0

T & ® Nelvana

I T T 1 | I T T 1

™ | excluded area has CL > 0.95
1

1

es CKMfitter

CKMfitter
Moriond 08

0.5
B3
= o0 >~
0.5 -0
-1.0 B
_1_5_|||||||||||||||||||||||| L1 thanks to
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 Stephane
P T'Jampens
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es references

Moritz Karbach
TU Dortmund

April 28" 2008

PHENO

CKMfitter Group (J. Charles et al.),
Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184],
http://ckmfitter.in2p3.fr
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« from B—(pm)°

375 -10° BB
_ _ _ July 2007
 full time-dependent Dalitz plot analysis of (rtrtm)° PRD76, 012004

—|8t]/75
fr(At) ~ & —— (LEn;Ssin(AmgAt) - C cos(AmgAt))

B

Moritz Karbach
TU Dortmund

« strong phases of the p vary over the dalitz plot — no
Isospin analysis needed to resolve ambiguities!

S
S
@\
o % |  fit for 26 form factor coefficiencts,
=8 combine them to S, AS, C, ...
% §:|!3°—>n+r;_n°(kin_) o g" T End 1 :
25 interference regs. I i g I
T © 075
sl ‘| o5 ?/ % 19 o5
“i 0.25
b N N i R 0

i L T L1 0 sl Caa f e b by b gl h H (e g [
10 15 20 25 30 0 01 02 03 04 05 06 07 08 09 1

m’n*n®) (GeVvic? m'
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« from B%—p*p- and

BO_; pOpO

Moritz Karbach

PHENO

TU Dortmund

April 28" 2008
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384 '10° BB

* Vector-Vector | . 5007

final state is a

PRD76, 052007

mixture of CP
even & odd states — angular
analysis required (f, S, C))

» Flavor SU(3) analysis

¥

&

2

a

S

2

a

i g —+ |7

: T Tt |

< 05 7294+-60 .
1§ 4 5] 0 3 i 3

At(ps)

= [83.3,105.8]° @68% C.L.

1-C.L.

0.8

06

04

0.2

427 -10° BB
August 2007
arxiv/0708.1630

e tracks in final
state enable

time-dependent
analysis

« BR(B—p°p°) < BR(B—mn):
iIsospin analysis more effective

S = 0.5+09+0.2
CP? = 04+09+0.2

fr,=0.70+0.144+0.05
B

= (0.84 £0.29 + 0.17) x 107°

without CED and SE'D
00 : 00
with G~ and without S|

= with C{* and S

a — El:’eﬁ‘ < 16.5°

.......................................................... @90% C.L.




B from B° — cCs

383 -10° BB

. . . October 2007
s | this is a precision measurement PRLO9, 171803
- 2 J/YKY. T/ UK, $(28)KY. X1 K9, nKY, and J/yK* _
% 8 | « time dependent decay rate is A = (q/p)A/A)
TP governed by a sin (CPV in mixing) sin2B = 0.714 = 0.032(stat) =+ 0.018(syst)
= and cos (direct CPV) term |A] = 0.952 *+ 0.022(stat) = 0.017(syst)

~ 400 : : :
2 | + in SM direct CPV and CPV in mixing it

O%‘: are negligible in b — c¢c¢s. Easy
Z access to sin2p:
<

Acp(At) = —(1 = 2w)n,sin2 Bsin(Am,At)

RO epton  Wtag = 0.3

hadron

Raw asymmetry Events /(0.8 ps) Raw asymmetry Ewvents/ (0.4 ps

T & ® Nelvana



es SIn(ZB-’-Y) BO_}DS(*)-I- T[-, DS(*)+ p- ) DS(*)+ K(*)-

: e . 381 -10° BB
« There is theoretically clean sensitivity to sin(2B+Y) March 2008 new!

arxiv:0803.4296

from B° = DO*r and B° = DY*p- decays.

 The method requires knowledge of r, ratio of interfering amplitudes.

This is challenging because r is small in the D< i1 system :r’ ~ 0 02
- (a)

Moritz Karbach
TU Dortmund

2

z | » Use flavor SU(3) to relate it to the Z
S . < 20
o % D O system: o X
Z = 5 [B(BY = DYt :
=8 r(D™7) = tan 6, I )\/ ( - {*)_?Z) w
ng*) B(B — D m ) E i
2
r(Dr) = [1.75+0.14 (stat) 4 0.09 (syst) & 0.10 (th)] %"
r(D*r) = [1.81101] (stat) &= 0.12 (syst) & 0.10 (th)] %
r(Dp) = [0.717020 (stat) & 0.11 (syst) =£ 0.04 (th)|%
r(D*p) = [1.507537 (stat) £ 0.16 (syst) £ 0.08 (th)]%

B(B® — D**tp~) = [4.4%15+0.8] x 107° 3,90

Events / ( 0.0025 GeV/c?)

B(B® — D" K*F) = [3.0£15£0.3] x 107° 3,10 & oSttt ttdenin .
m (GeV/e?)
page 23
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y from B% = D°K™ with D° = K%'

_ o | 371 -10° BB
* Novel technique! Works similar to the GGSZ Dalitz April 2008
method. Same CKM elements are involved. preliminary

« The charge of the K from the K*® decay tags the B flavor — no time
dependent analysis needed.

Moritz Karbach
TU Dortmund

« At current statistics, r,=[0.3, 0.5] needs m::z;: preliminary :

2 to be plugged in from external studies 3 “ -
ok to obtain limits on y - HHHHHHH:
E % 30c_” 040203 04 05 06 07 08 'olé'i-:

%3“;- preliminary
3=
S 20f %
preliminary §15:
Y o= (162 + 56)0 or (342 + 56)0; u’im_
= (62 £ 57)° or (242 £ 57)°; >
&

rs < 0.55 at 95% probability.
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sin(2P) : b = s penguins

.- | * Mosttheorists expect
g S S(b—sss)— S(b—ccs) >0
'g g ( ) ( ) (2B )— (Z(I)l ) LP 2007
g E . PRELIMINARY
$e | Most experiments measure s WoldAerage | [f | oeszoss
EE AS <0 3 BaBar : h——- L 021+026+0.11
> S Belle | § - | 0.50%0.21 +0.06
« HFAG averages need to be x Eal'f""" T zzg:zizi
00 . elle ; e 0.64+0.10+0.
S taken with great care. < BaBar | - H— 07140244008
% %(g] For instance, S(fOKS) from zm Belle | e : 0.30+0.32+0.08
nlks : : ©»  BaBar | i ———H| I 040+023+0.03
T < KSTE.T[Jr Dalitz anaIyS|S has C’t Belle . © 0.33+0.35+0.08
highly non-gaussian errors p°Ks  BaBar | . 061 GE+0.00+008
5% BaBar | LT 0.62 "5 +0.02
° KSTE'TIZ+ iS in the process Of S Belle ’ - : 0.11 +0.46 + 0.07
_ ] 2 BaBar ﬂ—*—- : 0.25+£0.26+0.10
publlcatlon. ~° Belle S a— : 0.18+0.23+0.11
arxiv:0708.2097 X' BeBar——— 10.72+0.71 +0.08
o  Belle i» —h 1-0.43 +0.49 +0.09
 most BaBar measurements o BaBar 0765011 50
use 380M BB pairS . 1 Be!‘le F—HD.Ei:BtOJEiO.OS_D:m
b—qgs Naive average i M ; 0.56 + 0.05
updates are expected. '
) -1 0 1 2
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