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Quark mixing in the Standard Model

Quark €electroweak ] V.V, V. P
doublets are composed of ~ |y «

- - S cd "cs b S
mass eigenstate mixtures P by
given by amixing matrix. - | td Tts Ttb|jcgkm -

(p. M)
Via Vub Vea Vib

Unitarity of the mixing g
matrix can be shown [Vea Veo|
graphically as atriangle.

(0,0) < (1,0)
Non-zero triangle area (a,b, or g!=0) implies CP violation

A ‘triangle’ which doesn’t close implies non-SM physics
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BO B® Mixing

B9 B® mixing can

proceed through
EW box diagrams
e—|At| /750
fMixngjj: (&t) = X [1 T COS &mﬁvﬂ &t}
QTBD

Dmgois sensitiveto [V 4V, |
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CP Violation via Mixing Interference

| nterference between mixed / \

and unmixed B, decaysto CP
JIY KO

elgenstates induces atime and \» o

flavor-dependent rate

—I,&:r|;’-|:BEJ

e - '
Jep (AD) = iy, x [1=sin2 B sinAmpoAl]

Flavor-specific rate vs time depends on sin2b
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CP and Mixing at the j (4S)

i (4S) b BOBC proceeds via coherent P-wave. Tagging
the flavor of one B at decay determines the flavor of the

other at that instant.

Iy .-

-

l/ o* Reco side
By boosting the B <
i (4S) the decay P97 056 .o o P
time difference
becomes
observable. 5 T~ o

~ ~250 rrm Tagging side
o A
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PEPIl at SLAC

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-Il and BABAR

b
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-~ positran ﬁ
Eeturn Line
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FEP-II
Rings ™.

Positrons :

Low Ena Ring
(new)
BaBAR Detsctor
1

High Energy Ring
[upgrade of axisting ring)

Both Ringe Housed in Surrent PEP Tunmnel
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The BaBar Detector

Silicon Vertex - | Superconducting
Tracker (SVT) 7 f Coil (1.5 Tesla)

Drift Chamber
(DCH)

Csl Calorimeter (EMC)

Instrumented Flux Return (IFR
Cherenkov Detector (DIRC) (IFR)
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The BaBar Data Sample
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23 Million BOBP pairs recorded
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A Fully-Reconstructed j (4S)p B°B° Event

BOsD*rr - BO— W(25)K",

D*+— DO+ Y(2S) - utu-
DV— K-t KV — mr -
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Event

‘Stable’ particle rec
® Tracking

O dE/dx and DIRC PID

O Vertexing (kg, y, BY)

® etand n¥in EMC and IFR
® Neutrals in EMC and IFR

i (4S) b BB selectio

® Event shape cuts (FW thrust)

Reconstruction

onstruction

|  7°Mass E’a> 500 MeV

25000
g BaBar
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r%-mass = 135.0 MeV
3000 m’-width = 6.8 MeV
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JIy K, andy (2s) K, Reconstruction

_ , _ 4  p2
AL = EB_Ebeam‘CM Mpg = JE beam — F B‘CM
N 160 -
S 1 K T
0 - S 80 - 0,00
2 120 O - [ ] J/\VKS(E T)
5 0 B yOSKAn'n)
v i g 40 -
S;J 80 5 ol
0 - 0 - N
j:; 40 ; -120 -80 -40 0 40 &0 120
Lﬁ . AE (MeV) |
O = 1 - — | = — |
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meq (GeV/c?)

363 Events above background
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JIy K, Reconstruction

K_are found in EMC and IFR

® Cluster with no associated track
® Inconsistent with p%or g

B°mass used to reconstruct candidates (no cut)

: 2" *
% ) JIK] signal MC 2 T UK signal MC
£ e Data 2 & Data
ﬂ b —] —
s 40 {1 Background U"_j 30 [ Background
EMC clusters ol |FR clusters
20 |- . _
10|
AV . S
-20 0 20 40 60 80 T e T w e w

AE (MeV)

182 Events above background

AE (MeV)
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Events/0.002 GeV/c>

Hadronic (non-CP) B°® Reconstruction

1750 DA BAR f 1@Bo%p D™ (p,r,a,)*
1500 | E ©D b Kp*p*, K%
1250 ®DO b Kpt*, Kp*p°,
1000 | | B - K-p*pp*, Kopp*
750 | | ©D* b DO

00 | j |@BOp J/y K*O

e SV S _ OK* b Kp*

%2 522 524 52 528 53
Energy Substituted Mass (GeV/c?)

4637 Events above background (CP fit)
6368 Events above background (Dmgo fit)
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Flavor Tagging

Tags are assigned hierarchically
© Leptons from semi-leptonic decay (b P ¢ W-, W- b en,)
® Kaons From Cabibo-favored hadronic cascade (b b c P s)

® Neural net (1 and 2)
O Low-momentum leptons, soft pions, additional kaons

Efficiency and mistag rates are determined from B°decays
© Parameters in sin2b, Dmgo Likelihood fits
® Cross-checked with BP D*€n

Tag Category (%) w(%) Q%)
Lepton 109+£04 116220 64+07 e = efficiency
Kaon 365+07 17.1+13 158+13 _
NT1 77404 212+29 26405 W = mistag rate
NT2 137405 317426 1.8405 Q =e(1-2w)?
Total 68.9 % 1.0 2.7+ 1.6
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Dt Resolution

Dt » Dz/bgc
Dz from vertex difference

: P ete Val
® Tag B°z resolution ~180 nm aramee =
: . Score 1.1+0.1
® Signal B°z resolution ~70 nm Srai 284 0.9
Resolution modeled with 3 frait (%) 1145
Gaussians fouttier (%) 0.8+0.5
©® Core,Tail, and Outliers gﬂﬂ'%“?“"(‘ (]:}’B) g‘gf I 3‘3}2
® s scaled to vertex error estimate f"”’“““ e 0.01 4 0.10
d tail) Coneart. {PS) Solons
(core an Scorent (0S)  —0.18+0.09
® Shifts from 0 allowed (charm S1ail (pS) —0.46 + 0.38
vertex flight)
Fit Parameters in sin2b, Dmgo
Likelihood fits
o "ﬁl
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BO B Mixing Result (Preliminary)

Fit for Dmgo + 33 parameters for tagging effects and Dz
resolution for signals and backgrounds

_ J(unmixed) — f(mixed)

@ 40— 17— 71— A .. = : : = cos(Am pAt)
o I : ] mixing B
- o : Unmixed Events BABAR . f(unmlxed) + f(mlxed)
(=] u o
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& f | Eo06_ :
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David Nathan Brown 17 Les Rencontres de Physique de la Vallée d'Aoste 7 March, 2001



Comparison with Other Results

This Result » BABAR Hadronic H—‘—H 0.519+0.020+0.016 ps™

BABAR D*Inu (Osaka) \_‘_._‘_‘ 0.508+0.020+0.022 ps™

BABAR Dilepton (Osaka) Hot] 0.507+0.015+0.022 ps™

Belle Dilepton ie 0.463+0.008+0.016 ps™

ALEPH * M 0.44610.020+0.018 ps™

0.496+0.026+0.023 ps™

L3 S 0.444:0.028+0.028 ps™

OPAL T 0.479+0.018+0.015 ps™

SLD . 0.526:0.043+0.031 ps™*

CDF* . 0.495+0.0260.025 ps™

LEP+SLD+CDF 0.4860.015 ps™
ICHEP2000 | , | . | ! Sne e
) 04 045 05 055 0.6

working group average AmBO (pS-l) .
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CP Rates by Mode and Tag

40 - Bg — JIyK BABAR BABAR
30 B = V(28)KY
20 141 B’ tags 138 B’ tags

129 B tags
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sin2b Extraction

4 _ faag=B% - fttag=B%)
CP — —
f(tag = BY) + f(tag = BY)

0
_ _ 5-0.5
= MNepsSin2fsinAm gy At 5
% 1
Fit for sin2b + 33 < 05

parameters for tagging
effects and Dz resolution
for signals and
backgrounds

o

=
n

1
[S—y
T

hep

sin2b =0.24+0.22+ 0.05" |

-

-1 BABAR

| |
——

=1

’w
i sin2b =0.86 + 0.51 + 0.14' |

| . [ ]

-5

0 5
At (ps)

sin(2b) = 0.34 + 0.20 + 0.05
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Systematic Errors and Cross-Checks

Systematic Jhp K2ap(2S)K2  Jhy K} Full sample
At determination 0.04 0.04 0.04
Jf K2, ¥(28) K¢ back. 0.02 — 0.02
J/ K} back. — 0.09 0.01
J/y K? Sig. fraction — 0.10 0.01
Tgo 0.01 0.01 < 0.01
Ampo 0.01 < 0.01 0.01
Other 0.01 0.01 0.01
Total 0.05 0.14 0.05

No significant differences are seen dividing sample by tagging
mode, signal mode, decay mode, ...

No significant direct CP violation
No CP asymmetry in fits to B* samples

David Nathan Brown 21 Les Rencontres de Physique de la Vallée d'Aoste 7 March, 2001



Comparison with Other Results

ThIS ReSUIt p» BABAR H 0.34+0.201+0.05
0.32 +0.09
Belle |_._1 0-58+.0.34 +-0.10

+0.41
CDF j_,_‘ 0.79" 04

ALEPH | | . | 0.84*33% +0.16
1.8
3.20",,+0.5
Average H 0.48+0.16 New WOI’l d

a L L i I R L 1 I P . | I. I S | I Lol I. L 1 1 :. L 11
0.5 0 05 1 15 2 2. 3 35
sin2[3

Average
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CKM Constraints
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Conclusions

BaBar has measured Dmgoand sin2b in ~21 fb-! of
recorded j (4S) decays
® Most precise single measurement of sin2b

® Consistent with other measurements and world average
® World average sin2b is now 3 s away from 0

BaBar Is running again since February 1
® 0.6 fb-'recorded so far

©® Peak luminosity ~1X1033/cm?s
® We expect an additional ~30 fb-lof data by August
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Mixing and sin2b measurements are done with the same strategy: do a
global fit to all the events that can carry information:

Mixing : tagged flavour eigenstates

sin2b  : tagged flavour and CP eigenstates

We float in the fit as many parameters as possible

parameter Hparams
sin2b 1
Dy 1
w & Bw 8

Dt resolution 9
Background t 6
Background w 8
Background Pt 3

Sensitive evts

CP Only in CP fit
flavour Only in mixing
flavour

flavour and CP
sidebands

sidebands

sidebands
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Inclusive JJY MC

JIY sidebands

JIY K, composition

Fraction(%o) EMC
signal 40.3
IYKOKPY 9.1

\TAS
\AS

CTKPYY  14.4

Ks(PPPY) 6.4

Other- J/Y 20.8
Non- J/Y 6.3
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