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Decay

Transition from a (unstable) state to other (stable) state
Conservation : Energy-momentum, charge, CPT, etc.

Key observation : decay probability
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Operator Production Expansion

Gp ri ,
AM — F) = (FHcs5| M) = 7‘2 > Vg Cilp) (F|Qi ()| M)
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Non-Lagrangian Models of Current Algebra*
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Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14850
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An alternative is proposed to specific Lagrangian models of current algebra. In this alternative there are
no explicit canonical fields, and operator products at the same point [say, j.(x)j*(x)] have no meaning.
Instead, it is assumed that scale invariance is a broken symmetry of strong interactions, as proposed by
Kastrup and Mack. Also, a generalization of equal-time commutators is assumed: Operator products at
short distances have expansions involving local fields multiplying singular functions. It is assumed that the
dominant fields are the SU (3) XSU (3) currents and the SU (3) X.SU (3) multiplet containing the pion field.
It is assumed that the pion field scales like a field of dimension A, where A is unspecified within the range
1<A<4; the value of A is a consequence of renormalization. These hypotheses imply several qualitative
predictions: The second Weinberg sum rule does not hold for the difference of the K* and axial-K* propa-
gators, even for exact SU(2) X SU (2); electromagnetic corrections require one subtraction proportional to
the I=1, 7,=00 field; n — 37 and 7o — 2+ are allowed by current algebra. Octet dominance of nonleptonic
weak processes can be understood, and a new form of superconvergence relation is deduced as a consequence.
A generalization of the Bjorken limit is proposed.




Amplitude for a decay of a given meson M
into a final state F is given as

AM — F) = (F|Hess| M) = crxmCi(p)(F|Qi(p)| M)

G Fermi Constant : Universal gauge coupling of the Weak int.
Veornmr CKM Matrix Element : Quark mixing
Ci(r) Wilson Coefficient : Short distance (perturbative) contribution

< F|Qi(n)|M > Hadronic matrix elements : Long distance (non-perturbative)

[M:KL —> F:T('()Vﬂ]
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Hadronic matrix elements

C. Smith, arXiv:1409.6162



Branching ratio

Im)\t
\°

At = V.!Viy <— From measured values

Br(K; — mvp) = kp( X ()=

A = 0.2252(9) Precise measured Cabibbo angle
A

] To get the matrix-elements of these
O . 2 2 5 operators, and to carry out the phase

Rr|=2.2BT = 0013 10T

space integration. parametrization wit

Long distance contribution BRSS!

X(x¢) Lim-lnami function
Short distance contribution
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Effects of Superheavy Quarks and Leptons
in Low-Energy Weak Processes K- pfit, K'> 7 vy and K°— K

TAKEO INAMI and C. S. Lim

Institute of Phvsics, University of Tokvo, Komaba, Tokvo 153

(Received October 13, 1980)

We investigate potentially important effects due to the existence of superheavy quarks and
leptons of the sequential type in higher-order weak processes at low energies. The second-order
A4S +0 neutral-current processes K.—pp, K —x"vy and K;-Ks mass difference are analysed
allowing for fermions of masses comparable to or larger than the weak-boson mass in the
Kobayashi-Maskawa scheme and in the general sequential scheme with an arbitrary number of
generations. Possible connection between heavy-quark masses_and light-heavy quark mixing
are also examined. The requirement that the rare decay processes such as K.~ pfi and K™ —
7y be absent up to order ¢G, vields a rather stringent bound on the magnitude of light-heavy
quark mixing: Such mixing has to be less than mw/maquarx times a factor much smaller than unity.




The K,—u'u  decay and the niZ-vertex in the
Weinberg-Salam model

M. B. Voloshin
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Determination of the Br.
- Using tree-level observables -

Br(K; — 7vi) = kp(

X (2;) = 1.481 &£ 0.005,), & 0.008..,
Im)\t |Vub’ ‘Vcb ‘ smv

Viplave = (3.88£0.29) X 1072, [Viplavg = (40.7 £1.4) x 1072

B(K; — nvp) = (3.44+0.6) x 1071,

A. Buras, arXiv:1503.02693



Determination of the Br.
- Using loop-level observables -

{|5K|7 AMd/AMm S¢KS}SM {AMd, AM;, SwKS}SM {|€K|, AMg, AM;, SwKS}SM

[Ves| [1077]
‘Vub| [1
[

0
03]
|Vial [107%]
|Vis| [1077]
B(K+ — ntui) [1071]
B(K, — r°vp) [101]
B(By — p*p~) [107°]
B(Bg — pp) [1071]
Tm()\,) [107]
Re()\;) [1074]

42591154
3.62701°
8.967038
41797153
9.1870:7
3.0170:3
3.6970 50
1.0970-08
1431002

—3.467918

41307362
3.5170:27
8.6870:55
40.5272%
8.39117¢
2.661053
3.467043
1.021547
1.3510%0

—3.2570-40

423518
3.617015
8.9510:27
41557147
9.0870 58
2.9810:32
3.6470:27
1.0970-0%
1427007

—3.43%01%

A. Buras, arXiv:1503.02693




Grossman-Nir Limit

K; — 7vp beyond the Standard Model *

Yuval Grossman®, Yosef Nir®

* Stanford Linear Accelerator Center, Stanford University. Stanford, CA 94309, USA
P Department of Particle Physics, Weizmann Institute of Science, Rehovor 76100, Israel

Received 29 January 1997
Editor: M. Dine

Abstract

We analyze the decay K. — #"vP in_a_model independent way. If lepton flavor is conserved the final state is (1o a
good approximation) purely CP even. In that case this decay mode goes mainly through CP violating interference between

mixing and decay. Consequently, a theoretically clean relation between thc measured rate and electroweak parameters holds
in any given model. Specifically, I'(K;, — #"vp) /T(K' — 7" v#) = sin’ # (up to known isospin corrections), where @ is
the relative CP v:olatmg phase between the K — K mixing amplitude and the s — dv¥ decay amplitude. The experimental
bound on BR(K" — #*»#) provides a model mdcpendent upper bound: BR(K;, — 7 vP) < 1.1 x 107" In models with
lepton flavor violation, the final state is not necessarily a CP eigenstate. Then CP conserving contributions can dominate
the decay rate. (© 1997 Published by Elsevier Science B.V.

Physics Letters B 398 (1997) 163-168




BNL E787 : Search for K™ — 7 vw

PHOTON
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PHOTON
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RANGE STACK TARGET

(a) DEGRADER DRIFT CHAMBER

@ Stopped Kaon (800 MeV/c) in target

@ Main Backgrounds: K‘I’ — 7T+7TO KT — ,u+u

@ K*incident, only one charged particle, AT
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BNL E787 Experiment
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E (MeV)

PRL 76, 1421 (1996) PRL 79, 2204 (1997)
Br(K* — ntup) < 2.4 x 107 Br(K* — rtvp) = 4.297 x 10710
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Decay amplitude

= (7°v3|H|KY), A= (7vp|H|K).
|A/A| =1 CP Limit (CP symmetry is exact)

1 _ 1 _
ﬁ(‘KO > —|K0>) |K2>= ﬁ(‘KO > +| K0 >)

CP EVEN CP ODD

K1 >=

1 . . — K
m(|1\|)+(|1\2>). IKL,S> P|KO> 4:61|KO> ] A g
1 o (77'02!17|H|KL,S) = pA F gA p
L) = W(U\’J)T(V\l))-
(K, — 7'vp) 1+4]|A* —2ReA
lg/p] #* 1 I'(Ks — 7%v#) 1+ |A]2+2ReA

Indirect CP Violation

|Ks) =

K
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CP-violating decay K — 7%vv
Laurence S. Littenberg

Department of Physics, Brookhaven National Laboratory, Upton, New York 11973
(Received 6 January 1989)

The process K? —7°v¥ offers perhaps the clearest window yet proposed into the origin of CP
violation. The largest expected contribution to this decay is a direct CP-violating term at
~fewX 107'2. The indirect CP-violating contribution is some 3 orders of magnitude smaller, and
CP-conserving contributions are also estimated to be extremely small. Although this decay has nev-
er been directly probed, a branching ratio upper limit of ~ 1% can be extracted from previous data
on K?—27° This leaves an enormous range in which to search for new physics. If the
Kobayashi-Maskawa (KM) model prediction can be reached, a theoretically clean determination of
the KM product sin8,sin8;sind can be made.

Direct CP-violation
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Al =1to O(10~) accuracy.
y

Leading CP Violation effect : Phase

Arbitrari phase between Direct and Indirect CP Violation
@ I'(K; — 7vd) 1 — cos 26

'(Ksg — 7%vp) 1+ cos26

= tan® @

(K, — 7'vp)

ST S T D) AK®? — nvp) 1
| — Cc0os 26 A(KT™ — mTuvp) - V2
- 2

acp —=

= sin? a,

BR(K; — 7%vi) < 4.4 x BR(K* — 7t vp)

TKL/TK+ — 4.17
T'is — 0.954




1.8x Bsu

Excluded area
Grossman-Nir bound
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3 years from now

@ Up-graded detector System
@ Higher beam intensity of J-PARC
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Experimental Status

.y

1 Camerini |
K+om+vy

Upper limit and expected sensitivity of K, — vy
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Still far from the goal ...




Studies on kaon decays
- Cornerstone of the SM -

—e DATA
“mwe= MONTE-CARLO CALCULATION

World Average

Re(e'/e) = (16.3£ 2.2) -

NA4S
(147:22n10"

KTeV
{207+28)10”




Highly suppressed process (in SM)

C. Smith, arXiv:1409.6162
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Hadronic matrix elements

C. Smith, arXiv:1409.6162

25



