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The BaBar Detector

1.5 T solenoid

! 1 Electromagnetic Calorimeter

Cerenkov Detector
(DIRC)
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Instrumented Flux Return
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Some detector performances
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Detector Upgrades

Drift Chamber Level 1 Trigger

Installation of a new trigger measuring the z coordinate of tracks.
Will reduce Level 1 Accept rate by a factor 2.

Commissioned in parallel with the current trigger.

Switch to new trigger around this February
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CKM Matrix
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CPV In decays

All B's
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Other manifestations of CPV
BY's only

S:
)

time dependent asymmetry
A At)-S sin(A mg; A t)_Cf cos(A mg A t) BaBar
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Time dependent asymmetries

y At = _AZ/ yBc B,.. - Fully reconstruct to CP final
‘ Z _‘:AZ:?:?ﬁD”m' - state Determine vertex from
" 7 2 por IR s T, charged tracks © ~ 50 um
> JBEE. - T Ak i I A Beam
0 GeV ﬁ'}j&n ----- . 3.1 GeV
B — g Inclusive reconstruction : B flavor
: using charge/b-flavor correlations.
Bmg Determine vertex from other charged tracks.
o~ 170 um
Category £ (%) w(%) Q%)
Lepton 0.1+0.2 3.3:t0.6 7.9+0.3

Neural Network _
based tagging Kaon+soft pion 16.7+0.2 10.0+0.7 10.7:x0.4

in 5 physics ~ otherKaons ~ 19.8£0.3 20.9+08 6.7£0.4
categories: other tags 20.0+0.3 31.5+09 2.7+0.3
untagged 34.4+ 0.5
Total Q 28.1+ 0.7

Gerald Grenier University of lowa : KEK Oct 24 2003



b-cCs
b-SSs
b-sqq
b - ccd
b-u+
b-u+
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Coming next
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b - CCS

"pure" Tree diagrams
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same weak phase as Tree or suppressed
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B° . charmonium

sin(2B) = 0.741+ 0.067+ 0.034
A| = 0.948t 0.051+ 0.030
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No Tree diagram
All other SM contributions suppressed.

In SM, direct CP violation small ~1% and measure §in(2
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B - @K, B - @It

Measured B 4-momentum
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Bo(t) - @K,

Event yield maximum likelihood fi
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BO(t) - @K,

Systematic uncertainty due to S C
Fit bias 0.04 0.05
Event yield 0.01 0.05
Parametrization of At resolution 0.03 0.02
Background composition/CP asymmetry 0.03 0.05
m_. background parametrization 0.02 0.05
Uncertainties in the SVT alignment 0.01 0.01
Beamspot position 0.01 0.01
PDFs for the event yield in signal and background 0.004 0.04
Potential S-wave contamination 0.002 0.015
BY/B° efficiency difference 0.002 0.02
Doubly-Cabbibo-suppressed decays 0.009 0.027
Total 0.07 0.12

Systematics are small and well understood from b to ¢ cbar s studies
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o |

:1 ™n',p...

b TP Penguin dominant

| = Tree Cabibbo and color suppressed
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B _n'K

88 million B pairs
(a)

Events /1 ps
SHBREY

T

-0 8 -6 -4 -2 0 2 4 6 8 10

Asymmetry

ONARMNOMNERERO0OO W
T T T T T T T

i i i i
OPO0, OO0

5t (o)

—

hep-ex/0303046 AP

with

One step simultaneous fit gives
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{ B= (76.93.5+4.4)x10°
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sin(2p)

Gerald Grenier University of lowa : KEK Oct 24 2003 18



BO _, K, 10

Comstedininnx-y to
beam-spot

B
S

B - Standard

Lag

= 012
K Method £
e = 00k
all=rrann "‘41:!'m: o e— S Ef'm . D'm_'
...an "
Inflated Beam 0.06 -

KS reconstructed with a transverse extended 0

Beamsppot aonstiatdedvertéx fit
Az resolution mostly depends on the number

-
E "'F-"
K
gt
"seay,, 5
i,

/’f
n-‘u

dN/dl
—— ﬁ_‘
= sy layars
"
L
3 * 4

. "...*

T

Only have vix info here

+
"'Ii Beam

eeeteea® t uui) |4

i

P

—0.18
10,16

—0.12

S o o
= ] =t
[ e ]

e 0o s Byl
=
=
E

=
=
ol

of T tradishitS it S BY T 0
BL M K ¢ usetaas cantichagiiple.

GerdltliGeaniet wniveisityfdhlowak IKEKI©21 28(P003

-
K decay length in xy plane [cm]

(0

Kq vertex resolution <o, > [em]

e
(-



Events /3 MeV/c’

Events /20 MeV

124 million B pairs
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Charmonium Modes

PKS
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b - ctd

tree with small penguin contamination

d
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Phys Rev Lett 2003 (90) p221801

88 million B pairs
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B° _, D™ D"
D*"D* “is a mixture of CP even (S+D waves) and CP odd (P wave).

Transversity frame COS(G) cos(, ), cos(@,) dlstrlbutlons depend on
3 amplitudes: AO, par, A perp

-]T+

Polarization’
Iongltudlna( /

or transversé CP-even CP-odd
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B° _, D* D"

D*D* pairs reconstructed in (D°m ,D°n )(D°m ,D m°)(D° m°,D°m )
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Jiyr @

D*— D~ D*'D*T

BABAR 02
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072+042+008
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B2 d

b—>u+

mixture of Tree and Penguin
Only Treell C=0 and S=sin(@)

With penguin:

C#0 and S=1-C S|n(20( )

R Kl u,dTtP
T W il Fg\g% i
u,c,t u, TLP _,:.__u,r:.',r 4.__
u, d TP i, cl
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B . 1T 1T : B K% T[Tr, B K* K-

2 steps simultaneous likelihood
fits of all channelst&K mis-Id).

Events / 0.01 GeV
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Bonmnm:BoKTm: BoKK

5 discovery
T[O T[O B:(Z.liO.G 10_3))(16 124 million B pairs
hep-ex/0308012
-6
+ , B=(12.81%+1.0x10
KT A=.0.09+0.09+0.01 88 million B pairs

6 hep-ex/0303028
+ o, B=(5.55:8+0.6%10

T A=-0.03¥8:0.02

P
KTt B=(22.3+1.7+1.1%10 *prelimnany
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B — Kn, trt, KK

- Babar HFLG Augruist S007
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B° - p*1T; B° - p*K°

- flavor _

Edependert not CP eigenstate
Irect CPV \

[ﬂSpHA Spn)sin(A mg A t)_(C A\ Cpn) cos(A mg A t)]

pTL
+TOr b har
o \ P cnarge \

trong lavor Non CPV
CKM rLEhase L ependen LsymmetrL
symmety Witferenc irect CP

J s
Spn=A S, 11 (C_.=AC,,) sin(2a 4:3)
Summing over the chargeA  t-S, sinAmgAt)-C  cosAmgAt,
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B° - p*1T; B? - p*K*

Simultaneous fit for yield and CP parameters

124 million B pairs

pPTt preliminary
B= (22.621.8+2.2)x10°
A=-0.114+0.062+0.027

C=0.35+0.18 +0.05

AC = 0.20+0.13 +£0.05
AS = 0.33+0.18 +0.05

pPK
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Define asymmetries: preliminary-

A N(B.p') N(B.p' )
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0.5 i

No direct CP\;
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charmless B- VV

0. oo~ 25 _+87_+§ preliminary hep-ex/0308024
88 million B pairs

p" pfraction of longitudinal polarization = 0. _8@10.03
[11s mostly CP-even
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B-nK;B -nm

Large dlrect CPV theoretlcally p033|ble
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11111
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ww "G

5.26 528 -0.2 2 :
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B-nK~*, B-nK~*;
B-np;,B-n'p;B-nm

mode B<10° A
B°.nK*® 19.0537.1.3 0.030.11.0.02

B nK™* 2573%.1.8 0.150.14.0.02
B " .npt 10.535.-1.3 0.060.29.0.02
B°.n'tt -4.5

N
O ' *0
Doy s & =84 90 % CL
B _.n'K"™ -12
B .n'p 22

hep-ex/0308015
88 million B pairs
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CP Asymmetry in Charmless B Decays
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Y=0,
Interferences between

b - c and b- u

sensitive toy
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B* - DK-*

interference betweelB . D°K and B . D°K -

extracty: relative strong pha

RR+ _ 1/+4r2+2r cog(3)cos(y)
DK'/DK “amplitude ratios

A;Liz  sin(8)sin(y)

Asymmetry
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BO (t) - DO

for O1f, A,-Sysin(Am,At) CcodAmyAt)
for D'TT, A =S_sin(A mBAt>+C cos(A mBAt>

B flavor with lepton tag

= (Eoﬁ 20 Tf) smalll c-1
A (an D T[) S ~2rsin2B:y,cosd)-2r cos2B:y,sind,

a C

r—

For hadronic tag, B¢ + b- u interference in the flavor tag decayd'r'

C-C;=Ci,-21;'COS2(+Y)SINO; ") tag dependent

The sin term in the amplitude
has a CP-B independent term:

b,-2r,'sin2B+y,coso;"

Parameters forD :a ,b,c, & ,
Parameters for D*: a*, b, c*,ré*
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BO(t) — DT

Not reconstructed
BC DDi_-(_) DO 'Ui) T hep-ex/0307036

Q A hep-ex/0310037
<> \(\’0‘ 82 million B pairs
Lepton tag % “ Kaon tag
§ --0.078.0.052.0.021 P
: ki SO
S --0.070:-0.052:0.019 E st
ﬁ' :
Kaon tag — |
d‘ =—0054—"0032"—'0017 1.|IEE 1.-IB-‘-'I 1.IEE 1.88 0 1.IEE 1.|I54 1.-IEE 1.88

Byon--0.009:0.019.0.013 Mmiss (GeV/c?) Mmiss(GeV/c?)
Ckaon—+0.005:0.031:0.017 -
~-0.063:0.024.0.014
Clep=-0.004-0.037-0.020
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Full CP B reconstruction BO(t) — D(*)+_’_[+

88 million B pairs
In D and D* = : ;
b {00 |2 background ~ hep-ex/0309017
D°modes S : B_-D"'x
K 1T g B =B
K 1T E 50
K 1T 25
K g T[+ T[_ D a—t 3 -
B - D
. . ~J
Simultaneous time 1 B, =B
dependent fit of
10
all channels.
5
0 L= ' iy | g |
-10 0 10 -10 0 10
At (ps)

a--0.022.0.038.0.021 & --0.068.0.038.0.021
Ciep=+0.025:0.068.0.035 éep=+0.03]¢0.070i0.035
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BO(t) -~ DO+’
Interpretation from a*, 3 and S* values

1
0.9
0.8
0.7
0.6
0.5
0.4
u'3 .

02Fcvaliidad 0 N Tl

0.1 partial D*reonly

u : 1 i 1 i 5
0O 001 002 003 004 005 0.06 ﬂ.l}k?
r

hep-ex/031003Y
~-..._.combined

_ —

No assumption onr* O - :

95%
lower limit of |sin(2 [ +7)|

Excluded
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Conclusion

—B factories have confirmed that CKM

Mo W N ) . :
\ matrix provide an adequate explanation
1Y W or CP violation in the Standard Model.
. W tn sPrecision measurements are entering
o an era where they can test and measure
A N (e theoretical model assumptions and
[V Ve ven might hint at new physics.
ol \ ?Dvugj,thbD, b- sy will contribute to
[ . . this precision testing of the CKM
' . matrix.
= 1‘&\ i
P sy E T e o 1, SN I\‘-I"‘;. -

a4 w5 0 o 1 15 #The coming data will be very exciting.
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