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Calculating with Kaons

« Weak OPE

Amp1icude Wilson Coeff. Matrix Element

\ ) /

M = £x ) (O,

« Hybrid Methodology

C,idj(,u) . MS renormalization
L Quark Mote!
(©®y, - Cutoff renormalization ‘ﬁ\“" It Capansion
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o Typical Scales ()
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The Weak OPE (without QCD)

¢ Full and Effective Hamiltonians'
Hor = Hom = -0 W T4
We)
Hot = % e +..] o =,
¢ An Example
B SELR IR D o 1
e Preliminary Findings

LG =1 (Gp/V2=g}/(8M}))

2. d > 6 operators suppressed by 1/Mg,.

'Notation: (a) Omit CKM dependence, (b) Denote dimension via saperseripts.



The Weak OPE (with QCD)

e Effect of QCD

Gp 10

Heg = \/E ?g C(ﬁ] Q

e Categorizing the d = 6 Operators
Current-current ({ Q-@})
Q%ﬁ] = tfaI"Euﬂ ﬂ,:,FLSf, Ser

QCD Penguin {Qg 5.6})
0" = dlfua £ Gl -

Electroweak Penguin ({Qﬁg,g,m})
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Dimension-eight Operators in
the Weak OPE

e This issue is somewhat subtle:

1] In a pure cutoff scheme, dimension-
eight operators occur in the weak hamilto-
nian at order Gpa,/p?, i being the separa-
tion scale.

2] This is explicitly demonstrated in a cal-
culation involving a LR weak hamiltonian.

3| In dimensional regularization (DR), the
d = 8 operators do not appear explicitly in
the hamiltonian at order GG pa,. However,
the use of a cutoff scheme (such as lattice or
quark model methods) for the calculation of
the matrix elements of dimension-six opera-
tors requires a careful matching onto DR for
which dimension-eight operators do play an
important role.




Dimension-eight Operators in the Weak OPE

Vincenzo Cirigliano, John F. Donoghue and Eugene Golowicl
Department of Physics and Astronomy, University of Massachuselts
Amherst, MA 01008 UUSA
vineenzobhatd. physics.umass.edu donoghuetiphysics. umass. odu
golowich@pliysics. umass. odu

Abstract

We argue that there is a potential Aaw in the standard treatmont of wesk
decay amplitudes, including that of ¢ /e, We show that (contrary 10 conven-
tional wisdom) dimension-eight operators do contribute to weak amplitudes,
at order (par, and without 1/M§, supprossion. We demonsteate the existonce
of these operators through the use of a simple weak hamiltonian, Their con-
tribution appeass in different places depending on which schome is adopted
in performing the OPE. If one performs a complete separation of short and
long distance physics within a cutoll scheme, dimension-sight operators oc-
cur in the weak hamiltonian at ordor Gpa,/u?, j being the separating scale.
However, in an MS renormalization scheme for the OPE the dimension-eight
operators do not appeir explicitly in the hamiltonian al erder Gipay,. In this
case, matrix elements must include physics above the scale g, nd it s here
thitt dirnension eight effects enter. The use of & cutolf scheme (especially quack
modal motheds) for the caleulation of the matrix elements of dimensionsix
operators is inconsistent with MS unless there is careful matching including
dimension-cight operators. The contribution of dimension-sight eperators can
be minimized by working @t large encugh values of the seale . We find from
sum rule methods that the contribution of dimension-sight operators to the
dimension-gix operalor Qw isat the 100% level for p = 1.5 GeV. This sug-
pgests that presently available values of p are too low to justify the neglect of
these efforts. Finally, we digplay the dimension-cight, operators which appear
within the Standard Model at one loop.

Typeset using REVTEN
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Physics of a LR Hamiltonian

e Calculating €'/e

Need ((rm)o| Q6| K) and ((n7)2| Q4| K)

Chiral fimit: ((77)o| Q43 K) — (0|O]0)

¢ The Two DG Sum Rules

DG1:

2 2
%wi‘”)(m = [®ds & 111( 2- )&p‘(s)
DG2:

(08 ) ) = [* ds s Ap(s)

8+ p



A Chiral Matrix Element

M(p) = (7 (p)|Hie| K (p))

M = M(0) = lim M(p)
B SG&M% 50 48 Q" 12
N :aax/ﬁ‘wﬂFﬁf” W g A
_ Gr mheny o« 3 v (M), w6
£ 2‘/«@}-‘?[(01 e+ 3—“111 r (@057 ),
3 &£B
e e
lﬁﬂﬂ' “E
(=012 — 3.84 + 0.64+... (n=1GeV)
) =028 — 349 + 0.30+... (u = 1.5 GeV)
= ] =044 — 3.24 + 0.17+... (=12 GeV)
| =0.89 — 2.63 + 0.04+ ... (=4 GeV)
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B¥'?) ana B{/?

e Determine <@1-,3>£m§ev

(i) Sum rules DG1, DG2 at p = 4 GeV.

(ii) RGE running down to i = 2 GeV.

(Os)SENPRY) _ (1,994 0:95) - 10~° GeV®

(O)SENPR) — (1,02 +£0.17) - 10~% GeV® .

e Determine Béﬁf %) and Béaf )

3/2)|(MS|NDR
B/ (MSINDR)) _

3/2)(MSINDR
B{/2)|(FSINDR)) _

PRELIMINARY




FESR Analysis

(Maltman and Golowich)

¢*-plane

— g 1, dg® w(g?) ATl(¢%) = 50 ds w(s) Ap(s)
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d = 8 Operators in the Standard Model

15 @tw

%

QCD PENGUIN -

¥ - TV

CURRENT-CURRENT
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Current-current

- Dimension-eight Operators’

O = DD is dl%u o+ A02D,Ds d%u + ar%s d D, Mu 4 als D, D
O = ariD,s driD*u + a4 D" 1% d D, Iu
= ﬁp Pys dTy Dl 4 8D, s d D" IYu
o = aD,D, Lys dUu + ArsD,Dys dlu + alYs d D,D, Tru + alys dUD, D
@ = aD, s dD, Mu+al"D,s A Dy
) = g 15;[ g8 ﬁ’:‘D..u + 4y Dys Eﬁ, Mu
QY g™ prued [ﬁl";a Uy~ 6iF8 &T‘f,u] .

i

« Dimension-eight Wilson Coefficients

® _ a 1 @
C; i A

i” | ol || ol | 2 | nf® o)

15/3(22/3|8/3|—1/3[16/3|14/3[1/3]

"(6) T = 5% = 49,3+ %), (b) Cutoff schome adopted, (¢) Chiral limi



QCD Penguin:
« Gauge Invariant Basis (d = 6)
Hor = 700 + cff o)

o, - d rLs g Fh

¢ Matching (Two Generations)

p Mttt RN

Defini = § find
nin e, © .
£ Ge Z+md’

I

g 12 4 m? 2
R e

"HEMINDER - Working in the chiral limit!
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QCD Penguin

- Dimension-eight Operators

Op! = dT% DD, F™ |

; a b
01(132] Mf )i— “}‘_] F}:S E’aﬂp” ;ﬁ )

23
J[xe 2 .
0¥ = g E”?Lpis DR, .

¢ Dimension-eight Wilson Coefficients

1 1m? 2 4 2 i ]

c® - T ATy & i T 2

. 3 [ 4m? 10 13 2 .

c® - Ok ——t 8 e e s L i
~(8) N = Qg 1_ fimg 9 .__4.2._...1_3'
Crs () 31 p? +m?2 |3 p T4 3% Ca




Dimensional Regularization — I

e Comments
Most used approach
Calculate in d dimensions
Introduce scale 4.

Observe: piq,. i8 not a separation scale.
e Chiral Matrix Element

(O§G)> (d,r.) = <0§ﬁ)> Lc.ﬂ.)

It

d- =1 “dr 2
s Taja) b 99 Q7 AT(Q)
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Dimensional Regularization — II

¢ MS-NDR Matrix Element
MS: Remove 2/e — 7y + In(47)
NDR: Chirality in d-dimensions

¢ Relation between C.0O. and D.R.
{0%5)>LH§*NI)H) - (0?")') (c.0.)

m
3 [ mi. 1 (6) 3 &Y
T In 2 - (@08 ") + Tom? 2 G

e —

e Comments:

The effect of the d = 8 contribution to
the weak OPE now appears in the d = 6
MS-NDR operator matriz element.



Conclusions

e A new insight to the weak OPE . ..

o Inferring (0(6)).@?) from (0(6})£f-°-3
requires careful matching.

e Dimension-eight effects play a role!

e Omitted in the ‘usual’ approach.

e Existing work on €' /e affected.

e Numerically important for p < 2 GeV.

e Updated values for Bﬁ{ % presented.
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