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Outline

* Physics motivation
* PEPII & The BaBar Experiment

* Measurement of sin2p
> Golden Modes (b—ccs)
» Tree + Penguin modes (b—dds)
> Pure Penguin modes (b—sss)

* Measurement of Sin2a. .¢¢ctive

» CP violating asymmetries
» Bonm, pn
» B — hn', n°°branching ratios

* Direct CP asymmetries
» Conclusion
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CP violation and the SM

1—%,12 A AV (p-in)

Vi Vs Vb 1
V=\Vy Vi Vg l|= -2 1—5,12 A2 |+ouh
Vi Vis Vo) | a0 poin) —AA 1
B — D*n, DK —
From CKM K, . B'—> J/YK,, D*D*,..
unitarity (1,0

ﬂ & All angles related to n

Vo4V YV =0 and p

l

New physics, ex: coupling between super-symmetric and
SM fields introduce new phases which may reshape the
unitarity triangle




CP_asymmetry

B factories measure time dependent
asymmetries between B and B° decay rates

CP violation in mixing

4 ()T L) T(E. () 1.)
" T(BL (1) > f.)+ (B (1) > f.) i
_25m4, 1|4, [ A =n q)\“" 7. | -,

sm( — cos Amt I o p A
S

l - @ Direct CP violation. Need
Interference between more than one amplitude

mixing and decay. with different weak and
(o,B,y) measurement strong phases.




PEPII PEP I

Low Energ}r

gt n? Eie\"]

Morth Damping

m‘% Iﬂ‘ﬂV] . ! !
Pasitran Refum Line Pasitron Source
I

&-gun
T

EDIEIPBE.['IB'H" Linac PEP Il High Energy Bypass [HEE)
injoctor
South Damping Bactor-10 ':'EP y PEP Il
Ring g-injector Hiah Ener
[1.15 GaV] PEF Il Low Energy Bypass {LEB) Hﬂ.lg (HEE{
|
Sactor-4 PEF I
et injeclor [9 GE‘U]

- 3 ki -

3.1 6eV e+ on9 GeV e- cms boost <By> = 0.55

Peak Luminosity = 4.60 x 1033 cm=2 s (3 x 1033 cm-2 s-1 design )
Positron current = 1775 mA

Electron current = 1060 mA

Number of bunches = 800

IP beam sizes = 147 um x 5 um




Data sample

‘Used in the analysis
81.2 fb! on peak
9.6 fb! off-peak

Y (4S) Energy Scan

: v
0.00} PEP-II / BABAR
preliminary

| PEP-II
| BABAR

0.05

0.00

A i " n A 1
—50 0 50

Ecy -M Y(4S)a (MeV)

100
95
90
80

=70

2002,/07/05 12.45

//
BABAR 17

PEPIT delivered ~99 fb-! //

BaBar recorded ~94 fb-1 //’3//

NS

— Recorded Luminosity

—  Off Peak -

~88M BB pairs considered I

E



The detector

SVT: 5 double side layers,
97% efficiency, 15 um z hit
resolution

DCH : 40 axial and stereo
layers

Tracking: o(p7)/py= 0.13 % x
pr + 0.45 %, o(z,) = 651 @
1GeV/c

DIRC: 144 quartz bars

EMC: 6580 CsI(TI) crystals
og/E=23 %EV4®19 %
IFR: 19 RPC layers, muon and

K, id

BABAR Detector

Instrumented
Flux Return

1.5T Solenoid

Drift Chamber

e~ (9.0 GeV)

Electromagnetic

Calorimeter
Cherenkov Detector

(DIRC) Silicon Vertex

Detector




Experimental measurement

‘ Flavor I
>Z v Tagging
B K-
Tag vertex
reconstruction

Y(4S) tag

C

|
I
|
| “_

+

X Brec | ™
E}f‘f&x | K?
Coherent BB pair : H{}Tﬁ
-

|
Af ~ Az 1 !Az

~ Exclusive B Meson and Vertex
< ,87/ > C Start the Clock Reconstruction




Tagging and

Vertexing

+Lepton's and Kaon's sign tags B flavor
- Improved effective tagging efficiency

I

) Q=28.1+ 0.7 %

Compared to Q=26.0 £ 0.8

+ Az resolution 180um

Tagging efficiency and vertex
resolution measured from the data

| Juy29,02ICHEP2002 Ykaryotads 9



sin2 (b—ccs) J
c
Charmonium states b 4 S

Nep = +1

Nep = -1 .
BO — J/y K’ BO - J/y K°,

BO — y(2s) K’
B0~ %, K's fiep = (1-2Ry)
B — 1. K’ B~ J/y K (K’s®)
B — f.)-f(B% —
S Boys > Jep) =S By = fep) _ sin 2B sin(AmAf)

S (B = fep)+ [(BS, .= fep) BLe:

E

ACP (t)=



Yields

Mode Ntag | Purity (%)
J/yK, (nr) 974 96.5
J/wK, (n°0) 170 88.5
y(2s)K 150 96.9
1 cKs 80 945
nKs 132 63.4
(cc)K, 1506 92.2
J/wK, 988 55.2
J /KK, n°) 147 81.2
All CP 2641 78.2
Brec (had.) 23618 84.2
J/yKO(K* ) 1757 95.8
Bflav 25375 84.5

Eventz [/ 2.5 BIaW /o2

Eventz / 2 BdaV

=
(=

EAlN

— T 1
BO—vJ/\VKOSO
_"V(ZS)OKS
_'Xc1|%s
_'ncKS

= J/y K'(K’n?)

5.3

54 576 5728
mes [ GaV /o)
I I 1 I I 1 1 I 1 1 1
B A T ]
150 L Jiv A} =imnal b} _
JeX background
1ag
Mon- J{'¢ backrround
50
D—EU | 0 | 20 40 | &0 o a0
AL (MaV)

N. has been added to the sample
N. ~ KK*n- and n, - KK

July 29,02 ICHEP2002, Y Karyotakis
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CP_asymmetries

_\‘|\\|||\\||||\| [ | \||| \||‘
® BO tags * Ky Background

—
N
o

Entries /0.6 ps

Entries /0.6 ps

Raw Asymmetry

Raw Asymmetry

At (ps) At (ps)

sin2p = 0.755 + 0.074 sin2p = 0.723 + 0.158

sin2P = 0.741 £ 0.067 (stat) £ 0.033 (syst)

Submitted to PRL, hep-ex/0207042




sin2p results (b—ccs)

Jw K (w'n) 44 0.82+ 0.08

Iy K (x°n”) |_._| 0.39+ 0.24
Y(2S)K, |_,4| 0.69t 0.24

Xer K, | . || L01£0.40

. K, - . | 0.59+0.32

WK, | 48 | | 0.72+0.16

JWK® |, 022+ 052
All modes | 0.74120.067

danlialar el by |.|..|..|_|_g
0 02 04 0.6 0.8 1 1.2 14
sin2f3

All consistent P(32) = 57%
E



Method

-

Eur.Phy:




Beyond the Standard Model

>No direct CP violation in the SM

Ap(t) =5, sin(Am t)—C. cos(Am 1)

=M,j>/

1+‘/1ﬁp ‘
>Leave A free and fit for |A| and S;

C

Only b—(cc)K,

|A] = 0.948 + 0.051(stat) + 0.017 (syst) |

and 5. -0.759 + 0.074 (stat)




sin2p (b—ccd) Cabibbo-suppressed modes
« D**D*, is not a CP eigenstate (L=0,2 and L=1)

0 * *_
B—>D""D * CP odd fractionR , R = - Ech |22 >
oA A+ A

- Transversity analysis

- é(l—RL)sinz 0, +%Rl cos” 0,

Lod
I'd cosd, 4

Events /(0.2)

1 | 111 | L 11 | L 11 | L 11 | L 11
0 02 04 06 08 1
cos(o,,)

- Juy29,02ICHEP2002 YKaryotakis 06
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sin2B from B°—>D*+D*%

We measure :

-S| Small (< 0.1 T) penguin
SIﬂZB contribution expected
.Im(}\‘-l_) *, *
— T ||||||||||||||||||||,,,,Bo_’D+D-
% °C BaBar -
o C preliminary a
"8' 25:— | _:
S b From 126 + 12 ,ul E
P m signal events | -
t 150 ‘ -
g - 1 ]
W ok | B
- | .
[A.] =0.98 £+0.25 (stat) + " L ol Wl 1
+ . -~ U, Stai) © ; > il!-“-:l _:: to Ry | Aty iy "1 ® % w0 | | |-I 5
0.09 (sysl) 32 s21 522 523 524 525 526 527 5 ’*3 509 53

m., (GeV)




B> Jly no I .

SRR . 40£7 events

Sy 2 > BABAR :
- _ f{; 3 20F Preliminary -
g’ W 7 + EC %N‘: .y g i:— :;
- - . 3 14 E
vvooa A T
810 E
. L h 1
If no penguins we measure -sin2f - T
0 s 2_2' 5. ZIIIéléléél235 |245I '2'5"5"2'6'5' 2I7I’I5I 2I8H5I29 5 3
BR(B—J/wyr')=(2.0£0.6+0.2)x10 m_ (GeVic?)
B o A LAl AN
£
£ o5k L 1
= + + < T
SJ/lWTO 0.05+0.49(stat) =0.16(syst) E -
C,, o =0.3820.41(stat) £0.09(spst) T |
o BABAR |
i Preliminary ]
T S D P

-8 -6 -4 -2 0 2 4 6 8
At(ps) 8
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B%—¢K’; pure penguin, tree highly suppressed

Within the SM we measure sin2p3 but new physics
may show up ’rhrough Ioop dlagr'ams

51 events
30 - -

o
V)

25k

20F

W)

Q"N aS
*

158

u, c, t
B = g

L0

Events / ( 0.0024 GeV )

sk

SH
-..-gl

0 ]
522 523 524 5325 526 527 528 529 53

BR(B —> ¢K')=(8.17' £ 0.8)x10" Mg (GeV)

-2.5

sin2 8 =—0.197)2 (stat) £ 0.09(syst)
Assuming |A|=1




Measuring sin2a

Experimentalists measure o ¢ # o due o
non negligible penguin contributions

pry Tt

_ ia 1+\P/T\ei5ei7
ﬂ”” a 1+\P/T\ei5e_i7/
. Extra weak phase -,
Cr o 8I0(0) strong phase §, and
sz _ \/I—C;Z Sin(20£eff) |P/T|, mOdlfy o bYK

200 =200 +K_,

| Juy29,02ICHEP2002,Ykaryotas 0



B> nn, K, KK

» Small branching ratios ( few x 10-°)

» Important continuum background
- Topological variables
- Kinematics

BUT

— The key issue is

Particle Identification

First results presented last year

| Juy29/02TCHEP2002,YKaryotads 2



n-K _separation e S,

W

-
ST~
." K

S n
- BABAR ' hypothesis hypothesis

K/mt separation ] :
with DIRC _ 2000 |

D*— D%* —» (Knt*)r*

— K sample
BABARi

T IR S N B |

20 -10 0 10 20

For s=85% Kaon (6-6 K)/a(8,)
P( K—)TC): 1.7%

K/ momentum (GeV/c) 4.25 P(TE —)K):2.7°/o

| Juy29,02TCHEP200Z,YKaryotakis o »

ol
1.75




Branching fractions and direct CP violation

Maximum Likelihood to extract branching
ratios and Kn asymmetries

No tagging or vertexing needed

Direct CP violation

Br(B' > K 77)—Br(B* > K'rx

A, = — - - | |sm(7) sin(o)
Br(B" > K n")+Br(B" > K'7n")
Mode Yield BR (10-9) Ay,
B — mn- 157 £ 19 47 0.6 £0.2
BY— Kim- 589 + 30 17.9£0.90.7 | ~0-p2 %0090
BY — KK~ 1+8 <0.6 (90%CL)

| Juy29,02ICHEP2002 Ykaryotas



m,._and AE for B%> w+ 1 -

20

> BO - ntx S
= S
| EIS_
g o

20 - 4 B
L M g0 -
ad -

J il
0 | | | l I— | 0 | 0.1 |
5.2 5.225 5.25 75 5. ;

/ GeVic AE GeV

IIIE g




Validation test <

From B°— Kr we

measure
>Life time 1
»Am
T =(1.56x0.07)ps At (ps)
WA

Am, =(0.517 + WEESY O | =1-540+0.014 ps
Am,=0.503 + 0.006 ps"




S..and C

=>From unbinned
maximum
likelihood fit

Events / 1 ps

:me 2 ps
Lh
|
L
+ L .
SR S v
: ﬁ I é

S__=0.02£0.34(stat) £ 0.05(syst)
C__=-0.30%0.25(stat) £ 0.04(syst)




From o, to o

ESOSpIR dHalySis is
FEqUiFEd! 10 xirad & i

AB° ")

ERE1'T) AR

J2

204 =200+ K,

£
o

AB—11) - AR 1)

E Need to measure
B* >7n'n’ B’ >z’
»Or put a limit on BR(B® > z'z")

‘20{ - 2aeff‘£ arccos \/1_175”{1 -2

Grossman-Quinn
Charles

and B’ > 71°rn’




B*— hr' I

B*— nt+ nt!
pure tree,

Events / 2.5 MeV/c

15

—_
o

no direct CP .

1u

o2
e}

Events / 2.5 MeV/c?
I
o

expected \

"2 sms s s 53 U2 sms s sas 33

mgg (GeVi/c?) mg (GeV/c?)

Mode Yield BR (10-9) A

B — rr® 125727 +10 5.570+0.6 —0.03%)15£0.02

B0 — Kt 239720 +6 12.857£1.0 —0.09+0.09+0.01

BO — KO n0 86 +13" 104£1.5+0.8 1 0.03+0.36+0.09

July 29,02 ICHEP2002, Y Karyotakis 28



B> 7% branching ratio

» Tagging and energy flow to reduce background

» B*— p * n’is reduced cutting on the n*n® invariant
mass and AE.

> ¢(B%— n'1%)=16.5%

Fit results : n, , =230

/1

i——> BR(B’ - n’zr")<3.6x10"at 90% CL

Central Value :
BR(B’ — n’z°)=(1.6").(stat) *)(syst))x107°

| Juy29,02ICHEP2002 Ykaryotas B



Measuring alpha ? 180 P Hoderetal, T
1202— . EZ

0 0 __0N = I 10 °
From BR(B" —7"7") & «f 1.
||m|T ﬁ; o} 1B 05
; o0 0.4
& 'B“:‘ 1H 03
. 0 0 -1205— San iﬂg&m @ — .
‘a Q| <51 at 90% CL | <. B3
T e 02 08 4 o5

BRI x10

If the BR(B—nr0)

is indeed as highas 1.6 x 10-¢

the "Grossman-Quinn" bound will

not constrain enough c.and nmmmmp Isospin analysis is then

necessary




9 T | T T
“ . P

b ¥ 5 .
;3! 7 < + Fil o
Br(B—pr) = (28.9 + 5.4+ 4.3)x10¢ |- d 1" d s
J))C{f ™ J))Cd P

Not a CP eigenstate .a I S _H
B d d 7P a PO

Four amplitudes

BO tag =1+ ACP”"')[“_J’ <D > )sin(AmAt)—(C , @m)cos(AmAt) }

Tagging dllUTlOﬂ No CP

Bo 50 i sin(Am ;At) ) coS(Am  At)

AC D 0.4 factorization pﬂ'




B%— prn

Events / 1.5 MeV/c?

Clear B%— pr signal
observed

N, = 413733
N, = 1472

Events / 1.5 MeV/c?

From B°— pr

1=1.59+0.12 ps
Am4=0.51 £ 0.09 ps”




B%> prt asymmetry

ALY =—0.221000 (stat) £ 0.07(syst)

ALY =0.197) 15 (stat) £ 0.11(syst)

C,, =0.45"0 1 (stat)+0.09(sysr)
S . =0.16207: (stat) £ 0.07(syst)

AC . =0.3870, (stat) = 0.11(syst)
AS . =0.1 57052 (stat) +0.05(syst)

Events/(1ps)

Events /(1 ps)

~ BaBar




B%— pn Direct CP Violation

NB,, > p n)-NBy, >p ")

N(B), - p'n )+ N(B), > p 7z

NB,, > p " )-NBy, >p'n)

NB), > p n")+N(B), > p'r)

A, = -0.82+0.31(stat) = 0.16(syst)
A_.= -0.11 + 0.16 (stat) £ 0.09(syst)




B-> D% K-

“future” goal 1s y
AB* > D K*)=|A|e®  Fali)

A(B+ N DOK+) :| A | eiézeiﬂf (V,;)Vcs) AB—> D) L/?A(B'—> D)
BB —»D'K")
R=————"=(831+£035+0.20%
BB —>D'rn)
and

Br(B —>D}pK )—Br(B" >DjpK") |

BB —>DpK )+ BB >DpK")




Direct CP measurements summary
_BABAR

0 e S —
G E—.X T
B+—} TE+KD o ..um--; R
B’— n°K° == —"— SN
B+—} T]lK+ Tz KJ—I—EL eSS

. D - + i E—I—
No evidence %‘"P g N
for direct CP B+:$K*+ e —
violation yet B K™ fmmmm —i— ===

BD_} ﬂ+ﬂ_ Pl AT, E—-— |

D :
B = nm e

Bﬂﬁ Tl:+p_ —— E= "xx S S

0 -+ :
B'— np’ P ek ===—=

Bonon = ——

1

-1 Q
time-integrated (direct) A,

| Juy29,02ICHEP200Z YKaryotdkis %6



conclusion,

- Measurement of sin2p = 0.741 £ 0.067 + 0.033

*New modes, T+P or P, may open the window on
new physics

- Time dependent asymmetries for B~ n*n~ and
BY/ BY - p*n*

* Building blocks, BR(B®— 7970 and B*— n*n®), for
an isospin analysis are on place

BaBar starts exploring the exciting physics for
which it has been built




Backup slides




Strateqy for measuring ¢=(c.B.y)

B Extract sin2¢ or (S¢) from theoretically
clean modes. 'Only’ tree diagram
contributions.
®» C.=0 and no direct CP violation is expected
®» Test unitarity as foreseen from the SM

B Use modes where the tree contribution is
not dominant, to explore new frontiers in
physics.

» Penguin bring extra weak and strong phases
» C. # 0 in general.
> Se#sin(2¢)

| Juy29,02ICHEP2002 Ykaryotads m



Analysis techniques

- Continuum background is rejected using topological variables ex:
-cos(6,) angle between sphericity axes of B and remaining tracks.
. L j
» Fisher discriminant from L, and L, LJ. = Zpi ‘COS :9,-‘

+ Time resolution functions and effective tagging efficiency are
measured directly from the data, using Cabibbo favored fully
reconstructed B decays, ~ 25K events.

- Simultaneous unbinned maximum likelihood fit, using CP signal
events and B flavor sample to extract branching ratios,
asymmetries or CP parameters.

*(m_., AE, F,... ) PDFs for signal and background are the input
parameters for the fit

‘PDFs determined using control samples or Monte Carlo

| Juy29,02ICHEP2002 Ykaryotads w0



Variables used

»>Beam - energy
substituted mass

mes :\/(S/2+pi:pB:)2/Ei2 _p129

s,p; and E, cm kinematic variables in the lab frame

pg and E; B candidate

E x
> A AE:EB—\/_%




Fully reconstructed B sample

BO
B_
BO
B+

Time resolution functions and
effective tagging efficiency
are measured directly from
the data, using Cabbibo

favored fully reconstructed B T

— —\  3wd- BABAR
decays, (b = cud or b = ccs). o & Prefiminary
— D(*)_ﬂ:+/p+/al+ %5009_—

0 50001~
—> D(*) T 4000 B

—>J/wK (K'7)
SJIwK, w(2S)K®

| 1 |
3.2 3.22

1 1 1 1 1 1
3.24 226 528 25,5
Mg (GeVie )




Effective tagging efficiency Q

o(sm2p)L

1

Jo

I">B’ I" >B’

K >B K —B

Tagging Performance
Category | Efficiency (¢) | Mistag Fr. (o) 5 Mistag Q=¢(1-20)?
Lepton 9.1 +0.2 33+06| -14+11] 7.9+0.3
Kaon I 16.7 £ 0.2 99+07| -11+11| 10.7+0.4
Kaon IT 19.8 + 0.3 209+08| -42+1.1 6.7 £ 0.4
Inclusive 20.0 £ 0.3 31,6 £t 09| -20+1.2 2.7 +0.3
Total 65.6 + 0.5 ) 28.1 + 0.7

Improved effective tagging efficiency compared to
the past. 7% equivalent more luminosity

July 29,02 TICHEP2002, Y Karyotakis
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Run 1
Run 2a
Run 2b

Run 2cd
Jhy—e'e
Jhy—p'n

B’ tag

B’ tag
Lepton
Kaon 1
Kaon 2

Inclusive

All modes

IT

1[*

_|_
_I__'t__l_

Tt

0 02 04 06 038
sin2f3

-—
<

1

1.2 14

0.63+ 0.14
0.86x 0.19
0.79£ 0.12
0.76x 0.12
0.69+ 0.09
0.78= 0.09
0.71= 0.10
0.76x 0.09
0.79£ 0.11
0.78= 0.12
0.73£ 0.17
0.45= 0.28

- 0.741£0.067

| Juy29,02ICHEP200Z YKaryotdkis M



CP_asymmetry in the tagging categories for the (cc) K

sample

0.5

Raw Asymmetry

-0.5

sin2p

:

Kaonl Kaon?2 Other
' Kaonl tag 1 Kaon2 tag : Other tag
+ gl

-7.5 -5 25 0 2.5 5 7.5
At (ps)

0.79 £ 0.11

15 -5 25 0 25 5 7.5
At (ps)

275 -5 25 0 25 5 7.5
At (ps)

0.78 £0.12

0.73+£0.17

-71.5 -5 -2.5 0 2.5 5 7.5
At (ps)

0.45 £ 0.28




Control sample asymmetry

7]
K* -0.194+0.144 e 0
Xe1 )—0—| g 2000 ® B tags
_0 /‘
) P B Btags
y(2s)K 0.258+0.121 9

b

c 1000 |

= N Background

JK” 0.047+0.046 )//
|| et '
>
JWK(K'T) -0.001+0.073 é 0.5
il
N 1l .
B'reco 0.017+0.025 < o —— —

2

a7

B'reco N 0.021+0.022
-0.5
e b b b b b b b
0.4-0.3-02-01 0 0.1 02 03 0.4 -5 0 5

sin2f

No asymmetry observed as expected




Systematic Errors for sin2j

Largest source comes from backgrounds _

e CP of Argus BG is zero in default fit. CP and Mix BG 0017
Attempt to fit for it in SB. Difference is
systematic (very conservative). Klong BG 0.015
e Klong BG contributions At meas. and RF 0.017
e Composition of J/yX BG : 0.007
e Shape/reslution of AE :  0.007 Signal Dilutions 0.012

; : , Fit bias correction 0.010
Some improvements over last iteration

e Switched from PDG 2000 to PDG 2002 for B B lifetime 0.004
lifetime and Am,. PDG uncertainties down
by x2 (thanks to us). Both were 0.010 last AMmg 0.003
time. Total 0.033

e Peaking BG now split by mode. J/yK, has
the lowest (0.3%, others >1.2%). Was
0.013, now 0.007.

e MC bias correction (or MC statistics). Used
X7 more MC this time. We understand part
of the bias. Was 0.014, now 0.010.

| Juy29,02ICHEP2002, YKaryotais

Total from winter 2002
result (56 fb-1) was 0.035




Pure or dominated penguin decays (IT)

BO—m’KOS : treeis color and Cabbibo suppressed KK
W+
b u

B+ —»n'K* : treeis Cabbibo suppressed

K"'K"’

Still working on that
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