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Outline

o Neutral B mixing
@ The Standard Model picture

e Amy & 7o With partial reconstruction technique
@ Partial B — D*~/*v reconstruction (BABAR)
@ Partial B — D*~ =t reconstruction (Belle)
@ CP violation in B mixing with dilepton events (Belle)

e Fully reconstructed B
@ Determination of Al', CP/T/CPT violation in mixing (BABAR)
@ Determination of Amq,7g0,75+ (Belle)

e Conclusions
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Neutral B mixing
The Standard Model Picture

Flavour Eigenstates: B® & B°

|¥) = a|B% + 8|B)
i 1) = H|y)
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CKM constraint

Amyq is proportional to [V |? |Vig |*

GZ ~
Amg = 6—7:2m§\, mp S(mZ/m3,) f2 Bg Mg |Vip|* [Via|?

Unfortunately the proportionality factor is known at ~ 15%
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Time dependent analyses:

B~y = 0.56 %&“&
o

hundreds of microns

@ B pair produced by 7°(4S) decay:

B%)[B®) — [B%)[B°) = |Bw)|BL) — [BL)|Bn)

@ Coherent state: time evolution is a pure phase

@ The first B decay tag the state of the surviving one at the same
moment

E. Paoloni (Universita di PISA & INFN ) WIN 2005 5/24



Partial B — D* ¢*v reconstruction
hep-ex/0408039
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Partial B — D* ¢*v reconstruction
hep-ex/0408039
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Partial B® — D* /v reconstruction

hep-ex/0408039
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Partial B® — D* /v reconstruction

hep-ex/0408039
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@ 7 ~ atrest in D*~ frame
o ﬁD* NH ﬁ:r*ﬂ and ED* ~ f(Eﬂ'soft)

@ B? ~ atrestin 7(4S) frame

° M2~ (\/E/Z_ED*_EE)Z_(ISD*‘FQ)ZJ

Event selection

Lepton: 1.3 < p* < 2.4GeV/c
Soft pion: 60 < p* < 200 MeV/c
Neutrino mass: M2 > —2.5GeV/c?
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Companion B flavor tag

3 A second stiff lepton is required in
S BABAR
Ssooo | PRELIMINARY the same event
L @ Its charge tags the flavor of
‘Unmixed th thg B 9
4000 o data € otner
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1 other
] —— background
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@ Precise Az reconstruction
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Amg & 1o determination
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Fit results and systematic errors
hep-ex/0408039
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Partial B¢ — D*~7+ reconstruction (Belle)
PRD 67, 092004 (2003)

Kinematical constraints
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Final result:
PRD 67, 092004 (2003)

@ Lepton tag for the companion
B

@ Resolution function from
“tuned” MC

@ Amy is the only free
parameter in the At fit

Fit result (31 x 10°BB pairs):
7500 1000 500 O 500 1000 1500 Amy = (0.509i0.017i0.020) ps‘l

Az (pum)

E. Paoloni (Universita di PISA & INFN ) WIN 2005 11/24



CP violation in B mixing

In the previous analyses it was assumed CP in B mixing i.e. ‘g’ =1
Time dependent decay rate for same sign dileptons if CP is violates:

_ \Az|4E—\At|/TBD ‘E
q

2 Ar
r (T(4S) — etet, At) = [cosh <7m> — cos(Amyg At]

TR0

r(res) — e, at) =1 (1@s) — 't at) ‘gr

Time independent CP asymmetry:

F(X(4S) — ¢+, At) — T (XY(4S) — ¢~¢~,At)  1—|q/pl*

A= T (T(@S) = 77, A) + T (T(4S) — (=0~ A1) _ 1+ [a/pf*

Robust SM prediction: Ag ~< 1073

R. Cahn et al. PRD 60, 76006 (1999)
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Belle new measurement of Ay
hep-ex/0505017
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Belle Tracking : Charge Asymmetry

hep-ex/0505017
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Belle Tracking :

hep-ex/0505017
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Belle result for Ag
hep-ex/0505017
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CPT and Al' = 0 assumed so far

Releasing the CPT requirement on the B B mixing matrix the mass-width eigenstates are:
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How to measure z,%,Ar in a single shot

@ Fully reconstruct one Bboth in CP and flavor eigenstate decay
modes

@ tag the companion B
@ fit the proper time distribution with:
dt

X

1 1 . .
el {20+ cosh A't/2 + 5¢_ cos Amt—¥s sinh ATt/2 + Ss sin Amt}

@ AT explicitely appears in the hyperbolic terms
@ z and % appear in the c+ and s coefficients
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Data Sample

L£=282fb~1, ~ 88 x 106 BB palrs
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Fit results
PRD 70, 012007(2004)
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o Background, mistagging, resolution

o Doubly Cabibbo suppressed interference
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a) Mixed events

b) Unmixed events
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Fit results
PRD 70, 012007(2004)

Results
sgr{R(\cp)]AT /I = —0.008-+0.037 + 0.018
lq/p| = 1.029 +0.013 + 0.011
3(z) = 0.038 +0.029 + 0.025
Jz| :':42 CP,1,CPT viokaled —CPTCPLyiolaled
The 90% confidence-level interval it 3 m
for AT/T 28
osk o BABAR
é / Hadronic
sgrR(\cp)]AT /T € [~8.4%, 6.8%)] - f \
-0.04 -0.02 0 0.02 U.l'i4q/p|-.?.ﬂ5
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Belle Semileptonic & Hadronic selection
PRD 71, 072003 (2005)

Hadronic £ =140fb7"
o BY — DXzt D*pt+ IO | Semileptonic
© Bt — D", JpK* @ BY — D* (ty,
16000 @ D — D% DO
Kn(r...

4000 & 6000

Number of events / (0.002 GeV/c?)

2000
2000

Entries/0.1

052 522 524 5.225 528\ 53 052 522 524 5.225 528 53
My (GeVi/c?) My (GeVi/c?)
Mpe = 5/4_|p_é|2
AE:\/§/2—EB N = 84823

V.
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Belle Analysis Results
PRD 71, 072003 (2005)

Unbinned simultaneous fit to all distributions (32 parameters)

B® 0% B* 04

Entries/ps
Entries/ps

VAP
*

(OF-SF)/(OF+SP)
S S o o
g s

10 Jr ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, * H

T DT T T p
20 15 -10 -5 0 5 10 15 20 20 -15 -10 -5 0 5 10 15 20 Y 2 4 S\All(as) 10 12 14
At(ps) At(ps) ?

Fit results:
Amg = (0.511+0.005 + 0.006) ps~*
7o = (1.534+0.008 + 0.010) ps
T8+ /Tgo = 1.066 +0.008 = 0.008
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Conclusions:

@ Amy measurements at B-Factories are reaching the O(1%)
precision level.

@ The measurements are quite sound. Different methods with
completely different systematic effects are in good agreement.

@ New ideas: search for CP/CPT violation in mixing, but...

@ The Standard Model framework correctly describes the observed
data.

@ Progress on the theoretical side (fg, é) and more data on the
experimental side may still bring some surprises.
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