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Asymmetric-energy B Factories

PEP-II at SLAC
9GeV (e—) X 3..1GeV (e") 13 countries,
peak luminosity: 57 institutes,
1.21x1034¢m2s! y? 400 members
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~.  KEKB at KEK

8GeV (e7) x 3.5GeV (e)
+ 11 countries, ov e peak luminosity:

_80 institutes, 1.65x1034cm—2s!
620 members world record
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Integrated Luminosity [fb™]
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* PEP Il Delivered Luminosity: 406.28/fb

BaBar Recorded Luminosity: 390.82/fb
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Both B Factories exceeding design specifications
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Accessing the phase of the CKM matrix

2
T A AX(p-in)
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AL’ (1—,0—1'77) —AA® 1

(Wolfenstein parametrisa‘gion)

f (¢,) : phase of V,
7 (¢;) : phase of V),
a (p)=n—=F-y

(o)

*
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B mixing Charmless B decays
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Experimental method
0

~ N Interference of decays with and without mixing
BO . 7Z.+ T ("double-slit" matter-antimatter experiment)

Time-dependent Decay Rates Asymmetry:

L(B'(t)—> [)-T(B' )~ f)

A (1) =—= = Ssin(Am, t)—Ccos(Am, t
POTTE O B gy e D
1_ 2
go2m) o 1A
1+]2] L+[4] *True in the case of tree amplitudes only
_ *C=0: no Direct CP violation
1=4 A _ o 2iBg2ir _ p,2ie +Requires time-dependent measurement
p A *Boost of asymmetric B Factories
S =sin(2a) -Silicon vertex detectors
C—0 *B flavor tagging (PID)
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A (t):F(Eo(t)_)f)_r(Bo(t)_)f):Ssin(Am t)—C cos(Am, 1)
LB () > )+L(B' (1) > f) i b

TP S =1-C"sin2a,,)
= €
T+Pee” C oc sin &
hoice of final states: nr, pr, pp, — _
choice of final states: nm, px, pp, o7 Aa — ‘a aeﬁ‘

challenge: measure or limit Ao
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Controlling the Penguins

$ tree Tua o0 b [ Large penguins lead to:
5, ;,‘L Lors » sizable 10
Color-suppressed tree {fu?
' B {d . | } ViaVeh C%“fri”fi tU?' . .
\dd“} And may give rise to:
»Gluon'f pengt;;j%ua Y S - Direct CPV in any mode

(!‘-\\j”ﬁf}

Extraction of a from B—hh (h==,p) requires a set of
measurements

» Strong upper limit on hOh° leads to strong limit on Aa

- Otherwise Ao must be calculated from full set of

measurements on all related channels
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Isospin analysis

AT =AB’ > h'h)
SU(2) symmetry relating u, d quarks T = A(EO SR

EW penguins and other SU(2)-breaking

+0 __ + +7.0
effects can be ignored at current precision AT =AB > h i)

levels A =AB~ > W h")
Need full set of BF and A measurements A" = A(B° - h°h%)
Gronau and London, Phys. Rev. Lett. 65, 3381 (1990) ZOO — A(EO N ho ho)
S =sin(2a + 2Aa)N1-C’

1, 1 _

wJEA A_H:] :ﬁﬁﬁ —|—ADD
2Aa 1

A7° 477+ 4"

-5
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Time-dependent CP analysis

7=0 fully reconstructed B°
R Az= AtvyBe
Coherent BYB° - | (Eg -
production RO ‘ --&m or prp-

| m—

o

BO tag I (e, u)

* Full reconstruction of one B decaying to CP eigenstate.

* Flavor tagging of the other B.
* Mis-tag probability measured in B, sample.

- Measurement of Aft.

» Extraction of S and C with ML fit on signal enriched sample.
» Signal PDFs from MC.
» Background PDFs from MC or sidebands
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Signal-background separation

mES \/ beam pzz AE — EB Eb

eam

éﬁii S|gnal HE 3= signal ’ _ Event Topology
o _ S - Variables combined in Fisher
L = oo~ “ ’ ’ ’
5 wouy- ] g | Discriminant or Newural Net
o i
E 15:10:::— — u%zmm— ]
1::: 1 o000 -
E-Z 5I21 5;’2 5;’3 51211 5;5 5‘3 5 Slﬂ 5129 5-.3 %2 -o_l15 ‘{;1‘ 005 .u 0os ‘ uj1 U,IIS 02
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o E 0 5 .
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i o & ;
“ background 1 w-packground | *PID info:
g-E '5‘21"5:?2' IS;?:E SA'I-.‘;;I.I IS:'!SI IS; SIZ':' ISIEI 525 5-.3 %2 {JJ.IISI ‘-(]l.l ‘-(].IUISK ‘vlll E;il!i Uf1 “{;.ll‘S 02 * DIRC + dE/dX (BaBar‘)
e GV AE (GOV) » Aerogel + dE/dX (Belle)
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B —

Common wisdom (pre-2003):
- Best system for extracting o (experimentally easiest modes)

But penguins turned out to be large:

- Sizable 19 ¥ (BABAR and Belle)
- Large Direct CPV (A) in ° 1™ (Belle)

C. Touramanis - Alpha - HQLO6
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BABAR. Borxnx

hep-ex/0607106

New Results (ICHEP)
347x10° B pairs
675+42 signal events

S _=-0.53 +0.14 £ 0.02
C. =-0.16 0.1 = 0.03

— @By | (preliminary)

80;_ BIO tags .I BABIA\R _i

Preliminary -

Events/ ps

Events/ ps

0.5

Asymmetry / (2 ps)

-0.5

] (S,0) = (0,0) excluded
/ | at a confidence level of 0.9997 (3.6 o)
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New Results (ICHEP)

D>

</[O

535x106 B pairs

1464+65 signal events
S, =-0.61=0.10 = 0.04
C,,=-0.55+0.08 +0.05

L
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Large Direct CP Violation (5.5 o)
Large Mixing-induced CP Violation (5.6 o)
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STCTE

B — 77~ A long-standing issue

= ~ Belle
- ,|L l <+ BaBar
- || -------- oo e t
- T %:{h """"""""""""""
;\ | T R R R S N T S BN R
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i::_:::::::::::_:::::::::::::%:::::3|.;:::::::_ﬂi‘{::::::::::::::::::::::3,\:%
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(c=—A)

+ -
T T SCPVS CCP

|ICHEP 2006
Cep PRELIMINARY
0 - BaRar""—
‘ Belle
B Average
02 - \
L L 1 1 1
0.8 0.6 -0.4 0.2 0
Sce

ontours give -2A(ln L) = sz =1, corresponding to 60.7% CL for 2 dof

2.3c discrepancy
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BABAR. Bornn' n'r

New Results (ICHEP) hep-ex/0607106
347x10¢ B pairs (preliminary)

N_- o =572 & 53 Ny, = 140 = 25
LI BB m R G | B4BiR Mg
= Preliminary ES ~ Preliminary
= . S 40
Q I A () #
= 100 2 + ] Eso
| 2% —
%) -oUE U)ZO_—
"§ 50%— 0% 5% s - EZ%SG Ny cg)ze ] E E
ooy L Lo B* 5 p*rr
0 +H|1HH_‘H il HH. | ) i e . '. L
5.25 5.26 5.27 5.28 5.29 Q.Z 5.22 5.24 o. 26 5.28
Mg (GeV/c?) Mg (GeV/c?)
Br o =(5.12 £ 0.47 £0.29) x 107 B, =(1.48+0.26+£0.12) x 10°°
A, =-0.019+£0.088+0.014 C,oo=—0.33=0.36=0.08
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1-CL

Summary on « from B — 77

—— . L B 1 [ b I I
— e B —> 1t (BABAR) ' A
_ m - verages
1.2 | Ean B — nn (Belle) | B (nn?) = (5.75 £0.42)
1 1 Boan (_V-VA) | ] | B(n'm) = (520 £0.25)} x 10

B (1'% = (1.30 £0.21)
C (m%r%) =—0.35 £0.33

S(ntn) =-0.59+0.09
C(n*n)=-0.39 £0.07

"-1‘ More data needed to:
‘Resolve nt - issue
*Achieve meaningful

| constraints on a

- ‘.' '4
'-.lll'._.l.:°J-I-‘lIII|III|III|III|III

40 60 80 100 120 140 160 180

BABAR.
o (deg) [Ac|<41° (90% C.L.)
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b — pp

» Challenging:

- Experimentally complicated £ p~ — '
- Angular Time Dependent analysis to extract CP content

But turned out to be most sensitive to o

- Small pY p© (small penguin pollution)
- Dominant longitudinal polarisation (CP-even final state)
- No significant 3-body and 4-body components

C. Touramanis - Alpha - HQLO6
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CP 1n a vector-vector final state

* three partial waves:
- S (L=0, CP even)
- P (L=1, CP odd)
- D (L=2, CP even)

OR
* three transversity amplitudes:

? & 4, ———S+\/7D (CP —even longitudinal)

Ea eﬁ /ﬂ \/7 1D (CP —even transverse)
<@ @ 4, =P (CP—odd transverse)

C. Touramanis - Alpha - HQLO6
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A A R. B % - /0+ Jo, hep-ex/0607098

347x10° B pairs (preliminary)

&'\ T T T T ~~ :g
S BABAR 3 E
% p ry s :;
= 100 | 3 E
L, : Z =
3 ) =
: E
V%5 5% 52 58 52 =
Mes (GeVIK) =
g 20 L helicity | > 10 ] )
5 F ) 0.6 © |3
e ~ > E ]
o 0 504 . . =
z £ 50 B oo — T asymmetry —
S e E I e —— E
if = : — =
T | 3-02E T I
05 05 6 %5 06 07 o8 2 V/oz)l <'g'gz_ E
i m 0 e V.o . . 1 . . . 1 . . . 1 . . . 1 . . N 1 . . .__
N\ — (1= 4+ = o . o -6 -4 2 0 2 4 6
i\p+ - = 61:‘1 + :'17 dominated by self-crossfeed At(ps)
—_ +0.05
Br ;- =(23.5£2.2+4.1)x 107 Siong = ~0.19 £ 0.21 "7
f;(B — pp)=0.977 £ 0.02453013 Clopg =—0.07 £ 0.15 £ 0.06
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B' = p'p

275x10° B pairs prr o6, 171801 (2006)
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SCP
Contours give -2A(In L) = AxQ =1, corresponding to 60.7% CL for 2 dof
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. A . Rm B N ,0 ,0 hep-ex/0607092

232x106 B Palrs (preliminary) 30.. Norpr =390 = 49
é 60E S 80t o
< < ol R 1 T
7 40| % S =
£ 20 > 20f -
z m
O_. A B RS O_. N T R R
526 527 528 529 -0.1 0 0.1
Mg (GeVic) A E (GeV)

Bry» = (16.8 £2.2 +2.3) x 107 6 l&(ﬂi—rpipﬂ) 0.905 = 0.042-0033
A, =-0.12£0.13£0.10

: —6 befmre
Phys. Rev. Lett 91, 221801 (2003) PDG 2004: (26 +6) x 107

Phys. Rev. Lett 91, 171802 2003 ~ Belle: (31.7 =7. 1+qB x 1078 %
Previous BaBar : (22.5725+58 ) x 1078
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BO —> pO ,OO hep-ex/0607097

347x106 B pairs  (preliminary)

—~ _IIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ] ~— _I T T T I T T T I T T I I I_
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= . 60 —
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s F° 1 12 s
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> — 1 1 0 C
w C 1 - ] -
20 — = 30 b
15 | — -
B . 20 —
10 [ ] -
- ] 10_—
5 B
:....I....I....I....I...I 0_ pecgenge ; n
Q24 50245 525 5255 526 5205 527 5275 5.28 5285 52 008 -006 -004 -0.02 0 0.02 004 006 0.08
mES (GeV) AE (GeV)

N = 98 + 32 + 22

Brpp= (116703 £ 0.27) x 1076 f;(B"— po)=0.86:41} + 0.05
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A

o from B — pp

25

i ﬁ BABAR i 1 1 | I 1 I 1 I 1 I | 1 1 1 1 1 | 1 I 1 1 1 1 1 |
20f (74 preliminary @ 1 B—pp (WA)

[ 1.2 - Liter + -0 m
155\ |Ac|<18°at68% CL. e e WA &B-pp~ (Babar)
ol I — WA & B—p*p™ (Belle) 1

3 |Acx| <21° at 90% C L. 1l R - ;

o L ' ]
U_....I ...................................................... I..I.... _I 0-8
30 20 mmpp”{deg}m 20 30 O

. | L ; ]
. _ .9\0 L : ]

¥ . - 9!5 t5+b ¢ — 06 H
oft =( 6.2) : CKM fit i ]

. : no oo meas. in fit
1 [74, 117 041 |t " .
ol | at 68.3% C.L. preliminary i v ]
n.si— a 0.2 — _
D.-i:— i - . “. 7 ]

C O — [ | i I I B T P R
02 0 20 40 60 80 100 120 140 160 180
Dn_ B T R R TR TR T '15[:'*;'1?0 04 (deg)
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(GeV-ic)

S_

B’ - (pﬂ)o

(i

—>|\prn |\>rxrrx

Nk

0

_Monte carlo

AB’ 51 m )= fLAP T )+ AP T )+ fd(p'm

"‘-\_-_

AB > 77 7%= fLA(P 7 )+ £ AP T+ fLd(P°7

O Interference

Time-Dependent Dalitz plot

s, (GeV2/ch

5 10 15 20 25

analysis and Isospin
symmetry assumption
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BA BA RTM B ! —> OTT hep-ex/0608002

347x10° B pGiI"S (preliminary)

A. Snyder and H. Quinn, Phys. Rev. D, 48, 2139 (1993)

UML fit with 27 coefficients (bilinear form factors)
Simultaneous fit for time-dependence

Fit includes p(1450) and p(1700)
CP parameters extracted from subsequent fits to these coefficients

no constraint at 2o level
T

Events / 0.04GeV/c”

minimum of the three di-pion invariant masses 1L | | | |
T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T | [ -
i 0 BABAR |
.—data BABAR i [75, ];52] PRELIMINARY]
100 PRELIMINARY] 0.75 - at 68.3% C.L. ]
L projection of the fit result | 1 -
{ . | 5 os
signal misreconstruction -
50 * expected B background —
* continuum background 0.25
{414
+ L
O L L ‘ L L L L ‘ L L L +\ ‘ L L L () + 0

0.5 1 1.5 2
2
m_.. (GeV/c)
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449x10¢ B pair's hep-ex/0609003

e Dalitz + Isospin (pentagon) analysis

e 26(Dalitz) + 5(Br(p*n*), Br(p=°),
Br(pn*), A(p*n°), and A(p°r*))

prTT pmt
20 f ol
0
0 a0
% :E .|.‘|' } w0 t N
E 20 20
10 J
bs 06 o7 08 oz s 06 a7 08 03 R
160 F . ok
o t
120
100
a0
&0
40
0 i
o === il

-1 -08-06-04 02 0 02 04 06 08 1
oog

C. Touramanis -

B’ — pr

30

[0,8]° U [60,95]° U[129,180]°

-1 -05-06-04 02 0 02 04 086 05 1
oot

Alpha - HQLO06

) | at 68.3% C.L.
— 1
&)
— .8
0.6 |
0.4 |
0.2 \-/-\/V \/VJ
0 1 1 1 1 1
OTCO 0O 30 60 90 120 150 180
F\AM o
SCF
BB bkg
e i{ﬂ continuum
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1-CL

CKMfitter http://ckmfitter.in2p3.fr/

PUTT'“Q |T G“ TOgeTher‘ UTTit http://utfit.dreamhosters.com/

b -
! T o ! | T - - "
[ = 7] UTfit
e B nn | € -
12 W—— ... B — pn (Babar) [ Combined | % 0.006—- = | '
@ p.006 ! .
----- B—pp e  CKM fit o ! Global Fit
)
1 ; S B = - >
- -a B Eo.omf
08 '.I g 0.004— = -
= o [
Mol O
04 0.002-
0-2: L " PR I
0 | 11 he o L--jﬁi-‘ |.'|; 1 Lo by IS I "| P IR | 00/-:\\_' I I 5|0 I
0 20 40 60 80 100 120 140 160 180

+11 .o (deg)
a =93, Direct (deg)

a =100 Indirect (deg)

a =99" Global Fit (deg)

a =92+7 Direct (deg)
o =93+6 Indirect (deg)
a =93+4 Global Fit (deg)

C. Touramanis - Alpha - HQLO6
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Summary and prospects

Large data samples and elaborate analysis techniques
allow direct oo determination with precision of 10°.
Result in excellent agreement with global U.T. fit

More data from the B Factories will clarify possible
experimental discrepancies, and could provide precision
around 5°.

LHCb and Super-B required to go beyond that

E g 7 el
0.6 — 2 BEAUTY 2006 |
0.5 ;_E sin2p /% _;

- (:fé'l.“gtct:ol_siﬁofgns) Y .
0.4 — —

= - =
0.3 — —

0.2 —
0.1 =

0 : a\ 1 | 1 1 1 I 1 1 | 1 1 1 | 1 1 L | 1 1 1 L L :

0.4 -0.2 0 0.2 ‘3 0.4 0.6 0.8 1
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Backup material

C. Touramanis - Alpha - HQLO6
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Exclusive B reconstruction

All particles detected

Total E, p in Y(4S) frame:
E*s,p*s
>0 - _
G) - = = - -
902: ] ... BaBar
. . . . m 0.2 - - 7
Kinematic variables: 4 <
AE=E*_ - \s /2 0.1 - .
_ % 2 i
M= \(8/4 - p*y 0L
o | -0.1 - - _
suo- BABAR ' - o
51200'— -0.2 - - ’525%25 7
5 TTlgEals
il000 — ! R
R _03 | ]| | |=:I§E\ - ]
o 52 522 524 526 528 53
60af- (a) mg (GeV/cz)
00}
200}
P e e b e Extraction of background characteristics
5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 52300
Beam-Energy Substituted Mass (MeV/c )
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A real B'— 1% ¥ candidate event

C. Touramanis - Alpha - HQLO6
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Conservative uncertainty on mis-reconstructed e
signal fraction which can be reduced.

Table 4: Summary of additive/systematic uncertainty contributions.

BO—p*p-

Contribution 0(Nsignat) 0(fL) &(Siong) (Clong)

PDF parameterisatic il]/ -_H%lt;z tﬁ:)lb';;; flil[;iijl’t tﬁ:u:i:}:

SCF fraction | st0 g socom vosom

mpes and AFE width 229 0.005 0.011 0.012

B background normalisation f}'—‘g tf::;[:gé T::.r:';"fﬁ tlf:::[(:il. ®

floating B backgrounds 33.6 0.004 0.033 0.006

CPY in B backsround 3 romm somm oo

: w1 wgem eom g0

A CTH T

tagging and dilution - o0 HpadE  H0aes

transverse polarisation CPV | 103 10081 +ooms  sooms

WT SCF CPV 41 HEE Sl AN popo | 4o
DCSD decays = — 0.012 0.037 - -
Interference 14.8 0.0036 0.023 0.022 f L
Fit Bias 28 0.007  0.002  0.022 Slong
SVT Alignment — — 0.0100 0.0055 (-"long
Total ST BT S

C. Touramanis - Alpha - HQLO6

hep-ex/0607

Improvements in
modelling correlations and
backgrounds result in a
reduced systematic
uncertainty on S and C.

Improved upper limit for
B—a,p also helps to
reduce systematic
uncertainty.

(23.5 £ 2.2(stat) & 4.1(syst)) x 1

0.977 4 0.024(stat) 70 015 (syst),

—0.19 £ 0.21(stat) Ty o2 (syst),

—0.07 £ 0.15(stat) + 0.06(syst).
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Events / 0.13

Events / 0.084

Events / 0.07

New BaBar results: B’ — (pn)’ o

‘ ‘ ‘
150 [ BABAR -

N§ PRELIMINARY . . . . . .
3 minimum of the three di-pion invariant masses
< 100
8 T T { T T T T { T T T T { T T T T { T =
ER . data BABAR
g > 100 |- PRELIMINARY]
o 3
5.275 5.28 5.285 H H .
. (Gevic) Q I L projection of the fit result |
e L o
100 At/o(Af) = signal misreconstruction
75 0 10 E 50 - expected B background —
3 S continuum background
50 E >
D 10 L )
25
0 0 ()
0 0.5 1 .10 0 10
NN output 0.5 1 15 2

| ‘ Ao(At)
ol S

m... (GeVi/c?)

100 100

Events / 0.07

50 50
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New BaBar results: B — (on)’

S,»=0.01 % 0.12 % 0.028

C,,=0.154 % 0.090 = 0.037
Ay =—0.142 % 0.041 = 0.015

a more physically intuitive way to represent direct-CP quantities:

A, =0.03 £0.07 + 0.03
A, =—0.38513 + 0.07

parameters from the quasi-two-body description of B — pr:

AS = 0.06 £ 0.13 = 0.029
AC,,=0.377 % 0.091 = 0.021

C. Touramanis - Alpha - HQLO6
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C.L.

0.75 |

0.5

0.25

An interpretation
of the new B’ — (pn)° results

the relative phase between the amplitudes of

5+— - arg(AJr*A_) : B’ — p_72'+ and B — p+7Z'_

- BaABAR

| PRELIMINARY 6_
[5, 63]°

at 68.3% C.L.

-100 0 100
d,. (deg)

C.L.

no constraint at 2o level
T ‘ T ‘ T

L75, 152" PR EBLIAI:/IiBI\'IA\AFIi Y
075 - at68.3% C.L. ]
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The constraint on a from B — (p7)° is relatively weak — but free from ambiguities!
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