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OUTLINE

=Importance of CP violation.
«Why study K¢ » u u=?
= Eftects of introducing light scalars.

= Future avenues ol exploration.




WHY STUDY CP VIOLATION?

= Required to explain Baryon asymmetry.
= Integral part of the Sakharov conditions.

= Standard model predictions fail to explain observed
asymmeitry.

= Possible to measure such violations with current experimental
methods.
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= Can measure quantities like I's, I, Am = m; — mg.




RARE KAON DECAYS

= Three types: Lepton family number violating, short distance dominated, and long
distance dominated.

= Lepton family number violating: K+ - n¥u* et (Br ~ 10711).

= Short distance dominated: Kt - ntvo, K, » 0 (Br ~ 10711).
= Long distance dominated: K - wtyy (Br ~ 107°).

= Can also decay into charged lepton pairs.

» Example: K; = [T1™ (Br ~ 10719)




GOLDEN MODES: Kt - vy,
K, - vy

* Induced by semi-leptonic loop

FCNCs.

S VAN
= “Clean” decays, largely free ot ‘ ‘
theoretical uncertainties. t
U, C,
= Can determine CKM matrix
elements. Z ‘ ‘
% 1%

= Provides a measure of CP
violation i Standard Model.

Figure 1: The leading order electroweak diagrams contributing to
K — mvv n the Standard Model [3].

[3] hep-ph/0103166 @



K¢ - u™u~ AS A THIRD GOLDEN MODE

= Clean measurement of CKM matrix put
elements.

= Can use mterference effects to extract Ko P2
long distance contributions. L

*Br(Ks = u U )exp < 2.1 X
10-10 [5]. p

Figure 3: Feynman diagram depicting the rare
decay K¢ — u*p~ via mixing with light scalar ¢,.

[5] hep-ex/2001.10354 @



EXTRACTING EXPERIMENTAL
PARAMETERS
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EXTRACTING Kg FROM K;
BRANCHING RATIO.

= Assume that A} = 0.
_ NE
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LIGHT SCALAR PHYSICS

L2 %%, 000 (2 — ixPvs) a + iy bultris + hec.
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COUPLING CONSTRAINTS
FROM K. — utu~ AND MIXING

Parameter Space for BriKs »u*u~)

0.001

= Assume ¢ decays within 0.1m and

30 MeV < my < 350 MeV.
=1.19% 10713 < |y, | -

= Considering K¢ » utu~
Yl |Ake| < 1071
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Figure 5: Plot
showing the
parameter space for

Agp and y,,.

Figure 6: Plot
showing the
correlation between
Jsa and my from
mixing constraints.
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COUPLING CONSTRAINTS
FROM OTHER RARE DECAYS

70 = On-Shell

. = Assuming ¢ decays within 0.1m only
K H to muons.

\\\\q\bjz .ng S 10—13
= Off-Shell
"Isalu = 1072

1

Figure 7: Feynman diagram depicting
the rare decay K; » m%utu™ via light

scalar ¢@-. @



me VS Ysd & Yu VS Usa

—
0.001

Br(K, —mg)Brig - u*u~) Bftnano¢}grt¢ap+p—}
le-23 Brik =Xy, }:p“ My VS Jsd 1 BriKi = 1" exp
0.1
6x 10724 A
0.01
4x1072% N
& 3x 1024 1 Lgh i@, 0.001
° 0.0001
21072 011
le-05
: le-06 g ” T » T » T T _4.
M 50 a0 260 280 30 30 340 , N S . . poot ZAOT SxA0TaxIT oxa0
mg(MeV) 220 240 260 280 300 320 340 K
my (MeV)
Figure 8: Plot showing the available Figure 9: Plot showing the correlation
parameter space for gsq and m,.

between ggq and m,.

Figure 10: Plot showing the available

parameter space for g4 and Yy at
constant mass.
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KS — KL — ¢1 — ¢2

- = NF®
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= Can calculate experimental parameters for initially pure K° and KO beams.

_ T(KO-p*p™)-T(K>pu”)
~ T(KO-u*tpu~)+I(KO-putu~)

= As
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[ < T END T, > T,

= (a) Expanding in [; < I regime: = (b) Expanding in [;>> [} regime:
A(t) A(t)
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Figure 12: Time evolution of CP asymmetry for K¢ = u*u~ under both regimes (a) and (b). @
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SUMMARY AND THE FUTURE

= Can introduce light scalar for CP violating decay Kg —» utu~.

= Achieved saturation of experimental bounds with New Physics contributions.

= CP asymmetry shows iterference patters for stable and quickly decaying ¢.

= Further study of experimental parameters and time evolution asymmetry.

= Constraints from CP violation.
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