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Non—leptonic weak interactions

Tt theW cannot be considered
i as an external field
K
'*"'\H\F two very different scales
- involved: MK & MW

"double"EQFT approach to simplify the problem

1) Construction of theartonic effective]Ag=1 Hamiltonian

elimination of non—local structures
resummation of the lardegs generated in pQCD

S d
G. Altarelli, L. Maiani, ' 74
M.K. Galillard, B.W. Lee’ 74
= z
A.J. Burast al., 93— 94
“ ) M. Ciuchiniet al., ’93-" 94

. o log| (p, /M2 |

Purpose:
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HEs=t = 3 C,(u Q.+ O(IMy)

/ U = renormalization scale

Wilson coefficients (unphysical)

n 2\n
og(p)-log(p/ M, )", 1 < M,, — max.resummation

o () log(u/M )", of thelarge logs
> /\QCD - pQC.D still
applicable
Four—quark operators
~ s°rd’ o' ru L =2 m
A(K—mm) = ) (mrm|QIK ) (u)

pQCD effects  non-—perturbative dynamics -
The problem has been reduced to the evaluation of

hadronic matrix elements of a finite set of four—quark
operators ( 11 for m,< p<m,)
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2) Construction of the chiral |AS=1 non-leptonic lagrangian
He™ ! = 2 CnQ

v

transforming linearly under 8J (3), x8J (3),

" i .

(8,1) (27,,1) (8.,8.)

W

first non—vanishing  first non—vanishing  first non—vanishing

chiral realization chiral realization chiral realization

at O(p°) (unique) at O(p°) (unique) at O(p°) (unique),
(suppressed by O(¢e°)
relevant to CP only)

N.B.: Chira symmetry alone does not help to evaluate
hadronic matrix elements of 4—quark operators (new unknown
couplings), it only helps to relate each other the matrix
elements of a given operator in different processes
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L owest—order non—leptonic weak L agrangian

W

L2 = G,F*tr(AL, L")
4 2
+GZ7F [(Lu)23(L“)11—|—§(Lu)21(L“)13]

+G,Fr(AU*QU) + he

00O
L=(L)=iU"DU=uuu A=]001
|0 0 0|

G, = new unknown couplings (~E to be determined by

Naive factorization ansatz G,,G,, ~ SN%.G.
T j _u F u ~ y
—6
From the experimental Gy ~ 91x10™° Gev
dataon A(K — 2m) G,/G{ 57x107
GB GZ?

Q.=s y"uu y"d *sy"d b y'u
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O( p®) predictionswith L\

) K— 311 decays

K- [1=12] K°RO)->n’n’n® [I=1]

K ->rm'n’n® [1=1,2] K(R)-»m m m® [1=0,1,2]

IA(K =37)| oo 14+gY +j X+hY2+KX2+...

Y =(s,—s,)/M? rapidly convergent expansion
X=(s,—5,)/M? due to the smallness of
Lol the 31t phase space

s=(pc—p, )" so=ZiS.=§(Mi+ZiMi)

ampl. O(p®) | exp.Vaue
o, | 4740 | +91.71£0.32
8, ~165 —25.68+0.27
Z, 0 —0.47£0.15 |
) 0 ~1.51+0.30 242
x, = —41 ~7.3620.47 Mil Ay = 03
8, ~1.0 —2.43+0.41
Ys +1.8 +2.26+0.23 quadrati c terms
Z, 0 —0.21+0.08 ~—— inXand Yrequire
E, 0 _012+017 | 4 O(p”) operators
£, 0 —0.21+0.51
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1) K — 1ty decays

K(R:)=m Ty K*>m 'y
KO<KO)—>T(0 _n_Oy

General structure dictated by Lorentz and gauge invariance:

AK—-mmy) = E(z)e,(ap, ps—ap, pi)/ M3+
M(z)e" "¢, p,,P,,q,/M;

z=pq/M; z=2+7,=p,q/M;

E(z) = E (z) + E.(2)

M,z z, amplitude

E ()= eAK >, m,) (Qle) Bremsstrahlung

{ E.(z)=E,+E,(z,—z)+... Direct-emission amplitudes:

M(z)=M,+M,(z,—z)+...
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Non—leptonic weak interactionsat NLO

Li:,) = most general next—to—leading order structure
transforming as (8,,1.) + (27,,1.) + (8,8,

~

O(e’p*) O(€e’ p?)
regularization of the not available yet...
divergences generated by
LY (G, G,,)X LY

J. Kambor, J. Missimer, D. Wyler, Nucl. Phys. B346 (90) 17
G. Ecker, J. Kambor, D. Wyler, Nucl. Phys. B394 (93) 101

37 new operators considering only the
(dominant) (8, ,1.)sector !

The theory certainly has less predictive power...
... but alot of interesting & precise predictions can still be done
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A particular caset K. —oyy

Vanishing amplitude at O( p?)

Introduction to CHPT - IV

No counterterm of the type K°F*"F  alowed at Of p*)

The O(p*) one-loop amplitude must be finite

G. D’Ambrosio, D. Espriu, Phys. Lett. B175 (86) 237

TN
H"S { -I'l \_rh-ﬂ'r
e

M __f/r( 1,;[“

<

S

. A

AN

BR(K.—yy)*=21x10"°

BR(K ,—yy)®*=(2.4+£0.9)x10°

X
N

One of the most
interesting non—trivial
tests of CHPT in the
sector of non—Ileptonic
weak decays
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Classification of the O( p*) operators

(4 _ 2§ (4
L@ 1, = GgF? 2.  N\W,

37 [N,—N ]

35\‘ 2 contact terms
/\ Of eXtemal flel dS

13 operators with an

explicit Wiield 22 genuine non-leptonic

\ operators

O(G:) corrections to
semilept. Decays

9 operators with an
explicit F* tensor
13 operators without

/&pliiityfield

4 4—deriv. 9 <2-deriv. 4eect. (ly) 4mag. (ly) 1 (2y)

[Nl_N4] [NS_N13] [N14_N17] [st_N31] [le]
K— 31 K> 21T K— 21y K> 211y K> TIYY
(quad. slopes) K— 3m K— 31y K— 3y K- mmyy

K— Tl
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Non-—trivial chiral testsat NLO

) K— 311 decays

(8,,1) & (27,,1) operators with two or less derivatives
(w—w'?) provide acommon "renormalization” in
K — 2m and K — 3t amplitudes of both G, & G,,

Only the (few) four—derivative operators
modify the O( p?) relations between
K — 2 and K — 31 amplitudes

Tables

I1) Radiative processes
High—degree of predictivity (e.g. the combination

[N ,,— N, .—N_.— N | determine more than
five distinct observables....) still to be tested

Table
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Beyond O(p*)

Another particular example: K, >’y y

Vanishing amplitude at O( p®)
No counterterm allowed at O( p*)
The O(p*) one-loop amplitudeis finite

BR(KL—>1T0yy)(4) = (0.6)x10°°
BR(K, -7’y y)®® = (1.7+0.1)x10°°

Serious discrepancy inthe BR 6
good agreement in the large O(p7)
di—photon spectrum corrections

|20 )
[} ¢ [ata

ity + Bhg MC I (L
EEE Bl MG

Events 001 GaW/ c®

e -y 8 - - ] e G e, 1
a 0.l oz 03 o4

My (Gev/c)

Why K —n’yy issodifferent from K -yy ?
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1) Unitarity corrections

The one—-loop diagram does not provide the correct
iImaginary part if G, isfitted from K — 2m

I1) Vector—meson contributions

\ large O(p®)
N\N\'\r local term
\

Contrary to the K —yy caseinK, —m’yy wecan have
sizable contributions induced by spin—1 resonances

13



Conclusions

CHPT is an EQFT that provides a low-
energy realization of the Standard Modél in
terms of the light pseudoscalar degrees of

freedom

It Is not only consistent and predictive, but
also very useful to extract precise
Information about fundamental parameters

of the SM



