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Mixing and CP violation

e Neutral mesons oscillates between particles and antiparticles (for K% D°, B°)
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Probability

e The probability of oscillations is given by:

Mixing and CP violation

1
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Am = m(Kp) —m(Ks) = (3.506+0.006) x 10~15GeV

e For charm and beauty systems:

1

18

=
-

o
N

0.2

D% meson

Very slow mixing

o Tst 4o Tt e~ Ms+TL)1/2 o Amt

e Ust o= Tt _ 0= (Us+T0)1/2 (g Ay

374 5 6 7 8

Proper time (p-s)-

mnensiy

B% meson

0.6

0.4

B, meson

Very fast mixing

0.2

56789100012345678910

Proper time (ps)

Proper time (ps)



B mixing and CP violation

Mixing of neutral B mesons governed by
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B mixing and CP violation

Decay amplitudes of flavour states decaying to the same final state f

= (f[H|B%) A, =(f[H[B") i
e
. q A A
One can define A A O =T
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B mixing and CP violation

[Phys.Lett.B 192 (1987) 245-252] [Phys.Rev.Lett.97 (2006) 062003]
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B mixing and CP violation

How to measure the B oscillation frequency?
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To measure the mixing asymmetry we need to know:

- When it was produced, was the meson a B% or anti-B°?
- When it decayed, was the meson a B% or anti-B%?
- What is the time difference between production and decay

Including experimental effects A_,— = {(1-2®)xcos AmAt}® R(At) 8



B mixing and CP violation

e Experimental effects:

Dilution of the oscillation (lost of sensitivity of the oscillation parameters)
due to reconstruction effects
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Decays/(0.04 ps)

B mixing and CP violation

Precise measurement of Am, at LHCb:
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B mixing and CP violation

Constraints on the CKM unitary triangle:
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B mixing and CP violation

CP Violation — T', # T

Three types:

A
eCPVinDecay: B> f = B » f _fil
e CPV in Mixing: B° > B’ » B’ > B ‘ﬂil Im {7, M, }0
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e CPV in Interference between mixing and decay:
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B mixing and CP violation

Direct CP violation in the B — Kmt system
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B mixing and CP violation

How to measure the time dependent CP asymmetry?

Determine the initial state (tag from the other B) [flavor tagging]

\
A(:'P(Af) = F(Bmo(At) — f(ip)

[(B'(A0 = fo)+ T (B'(80) > for)

Reconstruct the final state system / Measure the time dependence
[PID] [time resolution]

One example: B’ — J/\|J K®
B° Jy B°

J Iy
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B mixing and CP violation

Measuring the 3 angle of the CKM triangle

Golden channel: B° —» J/\|J K° i Y
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Measured wrong tag prob. w

B mixing and CP violation

Count number of tagged signal events reconstructed as function of time
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B mixing and CP violation

CKM fitter:
http://ckmfitter.in2p3.fr/
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