Table 4.8. Pseudoscalar meson states as quark—antiquark combinations
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K° K°-bar oscillations
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Fig. 7.22. (a) Arrangement of Christenson ef al. (1964) demonstrating the C P-violating
decay K; — mtm~. K decays are observed in a helium bag, the charged products being
analysed by two magnet spectrometers instrumented with spark chambers and scintillators.
(b) Rare two-pion decays are distinguished from the common three-pion decays by the
invariant mass of the pair (490 MeV < M., < 510 MeV) and the direction, 6, of
the resultant momentum vector. The cos# distribution is that expected from three-body
decays, plus 50 events (shaded) collinear with the beam and attributed to the two-pion
decay mode. (Aus Perkins)



CP violation in K, decays

* CP conservation implies

= 9

DECAY TIME OF 0.9 x 10-10 SECOND
DISTANCE OR TIME OF FLIGHT

ECAYTIME OF 0.5 x 107 SECOND

-« CP violation in K, decay observed in 1964
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Fundamental difference between matter and anti-matter
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Fig. 7.23. (a) Event rates for K — 7%~ decays as a function of proper time. The best
fit in the upper graph needs the existence of interference between K; and K s amplitudes.
(b) The interference term extracted from the results: from the fit one can obtain the K —
Ks mass difference Am and the phase angle ¢, _ between the two amplitudes. (After
Geweniger er al. 1974.)

(Aus Perkins)
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Fig. 7.20. Box diagram for K° — K transition.
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Fig. 7.24. (a) ‘Tree’ diagram showing K° — 27 decay via W* exchange; (b) ‘penguin’
diagram showing K — 27 decay via the intermediary i, C, t quark states. The
interference between diagrams (a) and (b) gives rise to a non-trivial phase factor and
‘direct’ C P violation shown in the decay process itself, rather than the ‘indirect’ C P
violation shown in the ‘box’ diagram of Figure 7.20, where the mass eigenstates themselves
are mixed states of even and odd C P.

‘indirekte’ CP Verletzung

‘direkte’ CP Verletzung

(Aus Perkins)



CP violation with D and B Mesons

Fig. 7.25. Box diagrams for D'-D° mixing and B%-B% mixing, analogous to that for
K"-KY in Figure 7.22.

B-Mesons favored for CPV studies: BaBar, Belle/Belle-lI
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Neutrino oscillation: The Double Chooz EXperimem”“lvi’;_t\E_?
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Double Chooz — Published Resl¢ &~
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} Background acted signal

== No oscillation

T
= Best fit: sin®(26,;) = 0.109
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Rate+Shape analysis:
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—|— Background-subtracted signal

No oscillation
Best fit: sin’(20 ,) = 0.097
at Am? = 0.00231 eV 2

Systematic error

36284 IBDs (with BG)
240days
X2/dof = 38.9/30
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sin220,,= 0.097 +0.048
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in agreement with previous results



Double Chooz Results - Summary

DOU BLE
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Near detector
« construction ongoing

» expected to begin data taking fall 2014

Data analysis

» far detector only:

working on combined analysis with

expanded data set (~ 490 live days)

] ocHl sslection

L J DCHI selection

with improved selection cuts

Double Chooz Preliminary

projected sensitivity: o~ 0.03

Entries/MeV

 with two detectors:

L

reactor uncertainties nearly cancel 0

10 15 20

projected final sensitivity o~ 0.01 Enersy (MeV)



