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The Message

Large No + CHPT' give a precise vesult
fot 6'/6 once all [arge logs are include?d :

® Scale difference My <> M yo:

v/ Q¢ s receive main corrections and
are well estimated in large-N¢ as

v/ Matching S.—L. D. is exact
® Chiral logs <> FSI !l

x m-minteraction with
CHPT (1-loop) and Omnes (h.o.)



Initial conoitions

Tree level, penguin and electropenguin
diagrams at the M scale..

Q1 = (Saup)y_p (Usda)y_y -
Q2 = (Su)y_p (ud)y_,

Q35 = (5d)y_p 24 (@2 vea
Qs = 2.,(5¢)v_ 4 (@d)v-

Qs = —2_,(59)g,p (qd )S—P
Qry = 5(3d)y_, >0 €0(Q)vsa 5
Qs = =32 ,6:(5¢)g,p (qd)s—p

Qu = =32 ,60(5¢0)y_ (@d)v-a



Renormalization group eq.

Large UV logs are generated In the
passage My — M yo.

uﬁiﬂ%( )ag (Mz/u*, g%) =

§IC(M/u, ¢°)
C(u) = Ulp, Mz)C (M)

...looking at the ADM, in the limit
N, — o0

(%O))66,88 = —6/V,



Large N Erpansion

At leading (non—trivial) order

® All ingredients are computed  /
® Matching S.—L. D. is exact v
... but care of large logs!!

x Scale difference My < M o

x Chiral logs <+ FSI !



At lowest order ..

I *
LAS=1_ \/g s {98 (AL, LV)+

2
g27 (Lu23Llf1 + §L,u21Llfg> +
e 905G ew <)\UTQU>} + h.c.

where L, = —z'fQUTDMU and then ..

£A51 3%7 v (982]508



MATCHING WITH LARGE Ng

Factorization (J=colour singlet):
gy = ()1 + O(1/Ne)}
. 1n practice ..

e For i # 6, 8§,
Qi ~ (V—A)@(V::A)
~ (J) is physical observable

® Qes ~ (S +P)®(5—-P)
~ Now (m.J) is physical observable!!
= J~m tand C ~ m?
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MATCHING WITH LARGE Ng

L
23206

gs —[ 02——01—|—C4] 16f

3
9270025 (Cy + C)

Imggoo ~ BZCﬁ
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AMPLITUDES AT LARGE N¢
Including O(p*) in xPT,

0 [14AcA®] T = 0 [T (M2)
62 gSOO [gew + AC’~A2(€w) — (62 gSQew)oo
4L

where fE7(M?2) is a L.C. of f&™(M?),
(m|5y"q|K) = Cgr {PY fE™(t) + P* f57(1)}.

All these leads to Re €/ /e ~ (0.5 —0.8)1073
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ISOSPIN AMPLITUDES

AK? — ntr]

1
./4()"_—2./42,

7

A[KO — 7TO7TO] — ./4() — \/5./42

where A; = A exp {z’ég} a
(6 — 05) (M) =45° -

nd
- 6°

Phases are born at 1-loop in yPT

Big phases <+ Big 1-loop corrections!!

e
NG

ReAs ReA

|
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CHIRAL LOOP CORRECTIONS

e At tree level no phase is present!

e Loop effects are NLO in 1/N,

AP i

C}R) ~ 1+ ALAgR)

C® =1.27 £0.05 + 0.46 i
c*” = 0.96 & 0.05 — 0.20 4
c{*™) = 0.50 £ 0.24 — 0.20 i

e All absorptive contributions are from 77
scattering, i.e. the depend only on the
final isospin of the outgoing pions.
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Final State Interactions

Tt

Tt

Rescattering of n’s with I = 0 provide

a ~ 40% correction already at one loop!!
2

because of Inm:.

What about higher orders?  Omnés
approach allows a partial resummation of
all these effects
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Final State Interactions

Aj(s) analitic, with a cut [4m?,00) for
s > 0 and real, using Cauchy and Watson
theorems...etc....

Ap(s) = A1(s0)(s, s0)=A1(s0)R1(s, s0)e”1*)

S — 8§ dz Or(s
Q1 (s, 50) = exp{ - / =) }
T Am2 2 — S0Z — S — 1€

T

= Dependence on sg cancels in the product

= limg, 5 27(s,50) =1
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Final State Interactions

The case of Kaons..

i = e (ME) = Qi(ME, s0) € (s0)

To reproduce the O(p*) xPT results

C}R)(So) p— C}R) [1—5Q[(M[2<,80)]

~ 1+ AL.AgR) — 5Q](MI2<, So)
Table 1: Resummed loop corrections with one
subtraction and z = 1 GeV?.

8 27 ew 27 ew
so |18 11es™1 ] Ies™ 1 | 1es™ 1 | les™)
0 1.37 | 2.47 1.38 1.06 0.62
M2 | 136 | 242 | 1.37 | 1.05 | 0.61
oM2 | 135 | 236 | 1.36 | 1.05 | 0.60
3M7% 1.33 2.28 1.34 1.04 0.59
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The Omnes analalysis confirms the
one—loop results!!

‘C(SS) — %O(M?(, 80) 668)(80) =131+ 006,
‘cgm — Ro(MZ, 50) C¥(50) =2.4 £ 0.1,
|C(gew) — %O(M?(, 80) Céew)(SO)ZIS]. + 007,

\cgm — Ro(M2, 50) C27(50) =1.05 =+ 0.05 .

|c§ew> — Ro(M2, 50) CE) (50)=0.62 = 0.05 .
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C§27>
cs?

€ etm/t
Re— =
3 V2 € ReAg

W

ImA2 B (1 B Q}Tgy

) ImAO

Further improvements

* ag(m;) = 0.345 £ 0.020

* ImAyo, € o< ImV,;Viq. Using €4, —
Bg explicit and poor dependence on UT
etn = BgImV, Vg (21.3 £ 1.9)

Bk|n, = 3/4

Q79 = 0.16 + 0.03.
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Experimental Status for Re ¢/e

O WA~ (1.7240.18) 1073

Theoretical Status for Re £'/¢....

% 1/Ng+1-loop ~~

(1.5-107%) el = (1.8 - 10~%)

+ 1/Ng+FSI ~

(1.4-107%) Gl = (1.6 - 10~%)

O Final result ~(1.7 £ 0.272 + 0.5, /) 1072

Re e’ /e =1.7+£0.9
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Conclusions

x SD + RGE to the 3-flavour
theory (u S me)

7 ¥PT matching+y—loop corrections

» Omnes resummation for higher
order contributions

Y SM can well account for the
observed value of &' /e

Re 8//8 = 1.74+0.9
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