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Theoretical Framework

e Sensitivity to Short-Distance Scales:

d

Charm mass prediction

w d w 4
w Top quark
20 GIM cancellation
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New Physics ?

e Long-Distance Physics:

. < ) ,4©_< Chiral Dynamics
e Multi-Scale Problem:
log (M /1) (OPE) , log (1/ Mz ) (xPT)
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Wilson Coefficients in the Fermi EFT
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Lot = \/_; Via Viz O1,23,43 ; Op23,4r = (17" (1 —75)q2] [G37u (1 — 75)qa]
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Fierz: [V (X =)ap D@ =v)]5 = =1V (1 = ¥5)]as [vu(l—5)l6
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TRANSITIONS

G
A
L&~ = \/—% Via V. Z Ci(p) Qi(p)

Q= (gauB)V,A (Eﬁda)v_A Q@ = (EU)V,A(Ed)V,A

Q3,5 = (gd)V—A Zq(atﬁv;A Q = (EadB)V_A Zq(ﬁgqa)V_A

Qo = 3(3d),_ A 2q (@94 Qo = 3(Sads)y_, g€ (daqa)y_a

Qs = _82 ( LqR)(quL) Q = —12 quq(quR)(aRdL)
Qu = (Sd)V_A e (M)v,A Qu = (sd)y_,4 > (Tv)y_a
¢ a>pi Gl = z(n) — i) (Vig Vio/ Vi Vi)

O((](gtn) , O((kg+1tn) [tE Iog(M/m)] Munich / Rome

o g < p: (mm|Qi(pn)|K) ? Physics does not depend on
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Energy Scale Fields Effective Theory
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CHIRAL PERTURBATION THEORY (xPT)

Expansion in powers of pz/l\i 1 A=), A (k12 Gev)
Amplitude structure fixed by chiral symmetry
SU(3)L ® SU(3)r — SU3)v

Short-distance dynamics encoded in Low-Energy Couplings

O(p?) xPT: Goldstone interactions (7, K, ) o= L 3%g
as=1 4 u 4 m 2 i
£y = G FATR(AL,LY) + Gor F* ( Luaslhy + 5 L Ll
Gr zf% VgViner  Lu=—iUTDLU © x=1lxezp Uzexp{iﬂq)/F}

Loop corrections (xPT logarithms) unambiguously predicted

LECs can be determined at N¢ — oo (matching)

O(p?) LECs (Gg, G7) can be phenomenologically determined
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Nonleptonic Decays

A(K — 7)) 1=0

e Octet Enhancement: AK S 7)o

22
— Short-distance: gluonic corrections, penguins

— Long-distance: large xPT corrections (FSI)
— Ongoing Lattice efforts
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Nonleptonic Decays

A(K — 7)) 1=0

e Octet Enhancement: AK S 7)o

~ 22
— Short-distance: gluonic corrections, penguins
— Long-distance: large xPT corrections (FSI)

— Ongoing Lattice efforts

e Direct CP Violation: ny = Aazrin)

A(Kg —mizl)

Re (6,/6) = % (1 — :i ) = (16.8 + 1.4) -1074 NA31, E731, NA48, KTeV
+_
Re (6//6)81\’[ == (19 :I: 2 tg :I: 6) . 1074 Pallante-Pich-Scimemi
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AK® = 7F77]
A[K® — 7970

AKT — 779

1) Al =1/2

K — 27 lIsospin Amplitudes

= Ape'Xo + — Ay e'Xe

V2
= Ao eiXO — \/§A2 eiX2
3 i +
= 5 A; € Xy
Re(A2)
Rule: = N —
“ = Re(A) = 22

2) Strong Final State Interactions: y, —y, ~ §, — 4, ~ 45°

T itex) {Im(Ao)_Im(Az)}
V2 Re(Ao)  Re(Az)
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K — 27 lIsospin Amplitudes

. 1 .
AK® = 7tn7] = AgelX + —= Ay el

V2 Age'Xo = Aip
A[KO — 7-(-07_[_0] = AO eiXO _ \/§A2 eiXZ Ao Xy — A3/2 n A5/2
i 2
AKY = 7t7% = 2 AL o A = ey = 2 g
2
Re (A2)
1) Al =1/2 Rule: W = ~ L

2) Strong Final State Interactions: y, —y, ~ §, — 4, ~ 45°

G- e, () i)
K \/§ Re(Ao) Re(Az)
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O(p?) xPT

2
L8571 = Gy F* (AL, LYY + Gy F* (le L+ 3 Luat Ulg)

GR=-%LV,Vig i Li=-UDU ; A=1ixi i U= exp{i\/§¢‘/F}
1
Aijp =V2F; (Gs t g G27> (Mg — M2)
K "
10
< Asjp = 5 Fr G (Mg — M2)
.A5/2:0 ; (5025220

[M(K = 27) + 0ilgy, —- lgs| ~5.1 lg27| ~ 0.29
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O(p* e?p?) xPT 0 = diog (3,3,
= 2
£2AS—1 = Gg F* ()\L#L”> + Gy F* (LH23 Lllll + 3 L1 L’1L3)

+ e?F5 Gy g, (AUTQU)

A1/2 = \/§F7r {GS |:(M}2(_M72r) (1_ _EF262 (gew+2z):|

2 5(2))
3Vv3 37

1
+ 9 Gor (M — Mfr)}

2 5 2
Azpp = 3 Fr {(- G+ —=¢? GS) (Mg — M2) — F2 &% Gg (gew+2z)}

3 V3
As;p = 0 ; b =9, =0
@ = (v/3/4) (mg — my)/(ms — /) ~ 0.011 ; Zr (M2, —M2))/(2€°F2) ~ 0.8
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0 [p4, (m, — my) p?, e2p°, e2p2] \PT
— T T w =

¢ Nonleptonic weak Lagrangian: O(GF p*)
‘Cs:lle)ak = > GeNiF> Of + 3, Gy D F? 07" + hec.

e Electroweak Lagrangian: O(Gr e?p%?)

Lrw = €2F5Ggg,, Tr(A\UTQU) + €2, Gs Z; F* OF" + h.c.

e O(e?p®?) Electromagnetic + O(p*) Strong: Z,K;, L;
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Weak Currents Factorize at Large Nc

0@ @ -0d

O(Nc)

AKO - 7079 =0 = Ay=12A;

No AI:% enhancement at leading order in 1/Nc¢
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Weak Currents Factorize at Large Nc

0@ @ -0d

O(Nc)

AKO - 7079 =0 = Ay=12A;

No AI:% enhancement at leading order in 1/Nc¢

e Multiscale problem: OPE iz log (%) ~ tx4
Short-distance logarithms must be summed
e Large xPT logarithms: FSI NLC log (MLW) ~ Tx2

Infrared logarithms must also be included [5, ~ O(1/Nc) , §, — 5, ~ 45°]
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Dynamical understanding of the A/ =1/2 rule

AP — E. de Rafael, PL B374 (1996) 186

G _ _ _
Lot = —5 F [ T(Q, L) (@ 1) + b (@) L. 1) + € TH(Q ’oi"LuL“)}
o 0 Vy Vus _
O(N2) W . 02”7(3 gt ) o ="
o
™M a 3
@ o =32(a+b)—b+c
ome) <l & = 5(+0)
™ Ly 3
b “ c g27 5 (a + b)
_ 2
a=1+0(%) ¢ =ReG-16LsReGo(s) {%} +0 () = 03402

gr| =~ 020 i b:—0.52+0(NL3) - g 1,1+0(NL§)
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Dynamical understanding of the A/ =1/2 rule

AP — E. de Rafael, PL B374 (1996) 186

G _ _ _
Car = =S P [a (ol L m(@f 1) + b w0l 10l ) + e maf ol 1)
o 0V Vs _
O(NZ) » M . o{’):<g gt ) Q) — gt
o
r a 3
@ =3z(a+b)—b+c
O(NC ) ob@ob @ g8 5 ( )
i Ly o 3
b “ c g27 - 5 (a + b)
_ 2
a=1+40(%) i c=ReC—16LsReGo(ss}) {%} +0 () = 03402

gy | =~ 020 i b:—O.52+O(NL3) - g 1,1+0(NL§)

b < 0 predicted through explicit calculations AP-E. de Rafael, NP B358 (1991) 311

Bardeen-Buras-Gerard, Bijnens-Prades, Bertolini et al
Confirmed through inclusive QCD analysis M. Jamin-AP, NP B425 (1994) 15
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Dynamical understanding of the A/ =1/2 rule

AP — E. de Rafael, PL B374 (1996) 186

G - . .
Lor = =2 F* [a (@ L@ 1) + b (@ L0 1) + e i@y ol )]
2 Q & _ (9 Vua Vs () (Dt
O(N2) . we T o = ( )
o a 3
@ =3z(a+b)—b+c
o) efome T & = 5(2+h)
i Ly o 3
b “ c g27 - 5 (a + b)
_ 2
a=1+40 (%) . ¢ = ReGi— 16 Ls ReGs(12) {%;‘»} +O (%) ~ 03402

gy | =~ 020 i b:—O.52+(’)(NL3) - g 1,1+0(NL§)

b < 0 predicted through explicit calculations AP-E. de Rafael, NP B358 (1991) 311

Bardeen-Buras-Gerard, Bijnens-Prades, Bertolini et al
Confirmed through inclusive QCD analysis M. Jamin-AP, NP B425 (1994) 15
Confirmed recently by lattice calculations RBC-UKQCD, PRL 110 (2013) 15, 152001

PRD 91 (2015) 7. 074502
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“A qualitative picture towards the understanding of the underlying
physics begins to emerge” AP — E. de Rafael, PL B374 (1996) 186
yis
g, = 2(a+b)—b+c
Q QY
g, = 3(a+b)

S 1+0(N%) . b=-052+0 (%)

c

“Emerging understanding of the Al = 1/2 Rule from Lattice QCD”

RBC-UKQCD, PRL 110 (2013) 15, 152001 3.0

!

018 =
& o s,
L g L Qg i %Hi@%m
& O &0 §w, Hagg, t000

-3
0.5 + éézpmmmmmmmmmmmmmwm@@@g’

0.0 . . . . .
b~ —0.7a 0 4 8 12 16 20 24
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Effective Action Model: Bosonization in Gluonic Background

AP-E. de Rafael, NP B358 (1991) 311

1— &

25,2
2 1672f4 +O(asNe)

1 { Ne (25 G?)

g ~ o C() {1+A+O(1/N%)}
gsz% ) {1—A+(9(1/NC}+ L (142) {1—|—A—|—(91/NC}+C
- 2
c = G(p’)—16 Go(1°) Ls Wf—?} + O(1/NE)
:—C+ {1+A+(’)1/NC}——C 2 {1-a+0(1/N2)} < 0

po~me, (2 G?) ~ 330 MeV* — b~ —0.6 +O(1/NZ)
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TWO-pOint FU nctions AP-E. de Rafael, NP B358 (1991) 311, PL B374 (1996) 186

M. Jamin-AP, NP B425 (1994) 15

yas=h2 (g /dxe'qx 0|T( A$12( ) H ASIZ(O ) ZCC Wi(q’)

@@@@@@

E as(t)Ne /Ci]
4 ™

IV (t) = 0() 4 N2 (1 = i) (f) us(8) 2% C2(M3y) [1+

_ 9 _1F1/Nc
at = Loy, 1-6/1IN,
Koo=1 30587 1 n 164936 1 51591 1 n 440193 1 3649
T 3630 N 10965 N2~ 14641 N3 ' 322102 N? T 3645
30587 1 169706 1 70335 1 1810209 1 18278
K_ =1+ — + o + — + — T =+t
3630 N. 19965 NZ 14641 N? 322102 N 3645
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Multi-Scale Problem: Summation of logarithms needed

A large log(M;/M;) compensates a 1/N¢ suppression

® Short-distance: NLC log (Mw /1)

{ g2 = 1.13£0.05, % 0.08,, & 0.05,,
— .

g2 = 0.46+0.01,,

® Long-distance (PT): NLC log (p1/my)

gsLO =50 == g8NL0 =3.6
LO _ NLO _
&, = 0.285 = 8, = 0.286

© Isospin Violation: g0 =0.297

A. Pich Non-Leptonic K Decays

Bardeen-Buras-Gerard

Cirigliano et al, Pallante et al

Kambor et al, Pallante et al

Cirigliano et al

Cirigliano et al
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Nc—>OO

g = G C2—§C1+C4> 16 Ls <<‘_’q>(“)>2cﬁ(u)

3
g1 = ¢ (G+ G)

— 2
5 8o = =3 (<"">(")) [ca(u) + X e (Kg—leoﬂ

F3
<E’ q>(/14) _ Ml2<° 1 — 8Ml2<° (2L —L ) + 4M72r° L
F (ms -+ ma) (k) F A

e Equivalent to standard calculations of B;

e 1 dependence only captured for Qg g
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Anomalous Dimension Matrix

-5 = 0 0 0 0 0 0 0 0
c c
3 3 1 1 1 1
Ne T a2 3N2 3N: 3N2 3N: 0 0 0 0
ot 11 _ 2" 2 0 0 0 0
0 0 3N2 3Nc 3N2 3Nc
3 _ e 3 ¢ nf
0 0 &~z s~z T 3N 0 0 o 0
0 0 0 0 7 -7 0 0 0 o0
E
=1 0 o -2 v B g4 m 3 9 0 0 0
3N2Z 3Nc 302 3N: T N2
0 0 0 0 0 0 % —& 0 o0
-t =% —nt ny—"g ¥ C3
0 0 3N2 3N, 3N2 3N. 0 3+ N2 0 0
L 3
o 0 N2 3N, N2 3N, 0 o v 0
0 0 —ny+g =4 nut§ ny—§ 0 0 0o _3
3N2 3N, 3N2 3N, N2

Only g6 and ~gg survive the large—N¢ limit
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A. Pich

Anatomy of &’/e calculation

% 105 MeV 1% ¢ 212 (3/2)
Cx | 1 MeV B )
€k |:ms(2 GGV):| {Bﬁ (1 Qeff) 0.4 BS }
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Anatomy of &’ /e calculation

! 2
~ | — s ( off) — 0.4 Bg
€ ms(2 GeV)
® O(p*) xPT Loops: Large correction (NLO in 1/Nc¢)
Al('IX) — agx) [1 + A AEX) + Ac AEX)] Pallante-Pich-Scimemi
AL AT, =027 £ 0.05 + 047
ALA(12/72) =1.02 £ 0.60 + 047/ ; A Ag2;2> = —0.04 + 0.05 — 0.21/
ALAE), =027 £0.05+047i 5 ALAE) = —050 £ 0.20 - 0.21
A. Pich

Non-Leptonic K Decays

FSI
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Anatomy of &’ /e calculation

/

2
S [105MV 17 f ) g g g
£k [ms(2GeV) {Be (1 —Qeq) — 0.4 B }

® O(p*) xPT Loops: Large correction (NLO in 1/N¢)  FSI
AS,X) = a&x) [1 + AL .AEX) + AC .AEX)] Pallante-Pich-Scimemi
AL AT, =027 £ 0.05 + 047
ALAT) =102 4060+ 0477 5 AL AT = —004 +0.05 - 0.217
ALAE), =027 £0.05+047i 5 ALAE) = —050 £ 0.20 - 0.21
. . X
® O(p?) LECs fixed at N¢— oco: Small correction A A0
© Isospin Breaking O [(m,—my) p®, e’p?|: Sizeable correction
Qeﬁ‘ == 006 :l: 008 Cirigliano-Ecker-Neufeld-Pich
O Re(gs), Re(g27), xo — X2 fitted to data
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Isospin / Im Ay’ (14 Do+ fyp) — A2
€, ~ W — o 0 5/2) T — 0
P! “ * | ReA? 2 ReAY
Breaking
. ’ Im Ay Im AP
n ¢ /€ ~w (1-Qc) — —5-
/ “ | Re A ’ Re A
_ Redr (14 ) _ Re4 0. _ Redy Im Apen—emP
Y= ReAs >/2 “ = Red, = BT Re AV Im AY
Cirigliano-Ecker-Neufeld-Pich
a=0 a#0
LO NLO LO NLO Qg = 0.06 + 0.08
Qi 11.7 159+45 |180+65 22.7+7.6 = Q15— Do—fy
Ao | —0.004 —0.414+0.05| 87+3.0 84+3.6
fs 0 0 0 8.3+24 70
5/2 Qs =0.16 4+ 0.03
Qeorr 11.7 16.3+4.5 934+58 6.0+7.7
A. Pich Non-Leptonic K Decays 24



/

|

105 MeV 12 ( (1) 3/2
7)] {Bé/)(l—Qeff)—OABé/)}

ms(2 GeV

Delicate Cancellation. Strong Sensitivity to:

.mS

e lIsospin Breaking (m, # my , «)

(quark condensate)

ms(2 GeV) = 110 4 20 MeV
Q. = 0.06 +0.08

Cirigliano-Ecker-Neufeld-Pich

e Penguin Matrix Elements

XPT Loops (FSI):

A. Pich

B2 x (135+0.05) ; B

Non-Leptonic K Decays

x (0.54 + 0.20)

25



/

e [ 105MeV 1% ¢ a2 (3/2)
S Q) - 048
[ms(2 GeV) {86 (1 =) — 0.4 By }

Delicate Cancellation. Strong Sensitivity to:

e ms (quark condensate) ms(2 GeV) = 110 £ 20 MeV
e lIsospin Breaking (m, # my , «) Qe = 0.06 +0.08
Cirigliano-Ecker-Neufeld-Pich
e Penguin Matrix Elements
XPT Loops (FSI):  BYY?) x (135+0.05) ; B{/? x (0.54+0.20)

Pallante-Pich-Scimemi '01

Re ('/e) = (10 42,74 461/ ) x 107

Experimental world average:  Re(c//c) = (16.8 £ 1.4) x 10~*

Challenge: Control of subleading 1/N¢ corrections to xPT couplings

A. Pich Non-Leptonic K Decays 25



Recent Lattice Results

Isospin limit: RBC-UKQCD 1505.07863, 1502.00263
\/gRe Ay = (1.5040.04 +0.14) - 10~ ° GeV exp : 1.482(2) - 107% GeV
0.10
\/glm Ay = —(6.99+0.20 +0.84) - 10" GeV
\/gRer = (4.6641.0041.26)-10 ' GeV exp :3.112(1) - 1077 Gﬁ/ﬁ
\/glon = —(1.90+1.23+1.08)-10"" GeV
Re(e'/e) = (1.38+5.15+4.59)-10"* exp: (16.8+1.4)-107*
220
do = (23.8+49+1.2)° exp: (39.2 £ 1.5)° 290
6 = —(11.6 £254+1.2)° exp: —(85+15)° 100
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Modelling (some) non-factorizable 1/N¢ corrections

Buras-Gérard, 1507.06326

3] F (m% —m2) A?

g _q_3[_Fx K (1 + 25) =1 0.66 In(1+ =5
( yoy o s e n(l+ 2) 0.66 In(1 + 2)

2 2 A2 2
B/ _ Ml 14+ =—)=1+008In(l + —
C T gy Mt Rg) = 1008 ()
2 .2 A2 A2
BOD _q _omik—mz), o A L A
8 e +m§) 0.17 In{ +m§)

- B2 < BP? <1
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Modelling (some) non-factorizable 1/N¢ corrections

Buras-Gérard, 1507.06326

2 9
Bél/g) _1 3 { F } (mK mz)

2| Fx —F.| (4nF,)?

A? A?
In(1+ =5) =1-0.66 In(1 + —)
mg

~2
mg

2 _ 2 A2 A2
B2 _ 4 Ml 14+ —)=14+0.08In(1+ —
s + (UnFL)? n( +m§) +0.08 In( +m§)
2 2 A2 A2
B(3/2):1_2M1 14+ 2)=1-0171n(1 + —
8 unrre 20T ) O )

- B2 < BP? <1

e FSI (1/N¢) not included
e Part of 1-loop xPT corrections (7)

e Difficult to account in a matching calculation
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Modelling (some) non-factorizable 1/N¢ corrections

Buras-Gérard, 1507.06326

2) A2 A2
™ In(1 + =1-0.661 -5
(4mFr)? n(l+ g) n(l+ mg)

B(l/g) _1 _§ F (m%( —-m
6 FK_FTI'

2 2 2 2

a2 _ o, (mg—mz) A A
B =14 S mg) =140.08In(1 + mg)
2 _ 2 A2 A2

BOD _q _omik—mz), o A L A
5 (47 Fy)2 n( +m§) 017 In( +m§)

(1/2) (3/2) Not true
—) Bﬁ S BS <1

in QCD

e FSI (1/N¢) not included
e Part of 1-loop xPT corrections (7)

e Difficult to account in a matching calculation
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Summary

Kaons continue providing important physics information:

Interesting interplay of short and long-distances

Sensitive to heavy mass scales. New Physics?

Superb probe of flavour dynamics and C’/D

Excellent testing ground of xPT dynamics

Increased sensitivities at ongoing experiments (K — mv7)

Theoretical challenge: precise control of QCD effects

A. Pich Non-Leptonic K Decays 28






Phenomenological K — wm Fit

Cirigliano-Ecker-Neufeld-Pich

LO-IC | LO-IB NLO-IC NLO-IB

Re gs 4.96 4.99 3.62£0.28 3.61 £0.28

Re g7 | 0.285 | 0.253 | 0.286 £ 0.029 | 0.297 £ 0.029

Xo — X2 || 47.5° | 47.8° | (47.5+£0.9)° | (51.3£0.8)°

IC = [my—myg=a=0] IB=[my—mg#0, aa#0]

Isospin Limit: [60 — 02)k e = (52.5 1+ 0.8¢xp +2.8¢4)°

T — T 8o — 0 = (47.7 £ 1.5)°

Colangelo—Gasser—Leutwyler '01
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B BG MOdeI Bardeen-Buras-Gerard

Cor = 2 {(DMUTD“U> +r(m(U+U) = 5 (m(D*U+ DZU*»}
X

@ Equivalent to O(p?) xPT + Ls term (Li=0,i#05)
Most L; are leading in Nc =» L. does not represent large-Nc QCD
@® Cut-off loop regularization: M ~ (0.8 — 0.9) GeV
fﬂ?(M2) = F3+2I2(mfr)+lg(mf<) y /2(m,2): ! |:M27m,? log (1+ K§>:|

1672
© Large-N¢ factorization assumed to hold in the IR (u=0): (J-J) = ())())

O M identified with SD renormalization scale p: C;(p) running

Meson evolution <&=»  Quark evolution

@ Vector meson loops included through Hidden U(3) Gauge Symmetry

Could partially account for L 239,10
Lg still missing =» (gq), Qs,g not quite correct even at large-Nc

@ 77 re-scattering completely missing =» Jp, =0 , FSI absent
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Electroweak Penguins contribute at O(p?)

(mg,p — 0)

e’ gsgen F® = 6 Gr(1) (O1(11)) —12 Ca(p) (Oa(p)) ">

(Oa(p)) =

(O1(p)) = (0l(st7* dr)(dryu57)10)

— 00

-3 Gol) (a9(4)?

(0|(s.5r)(drdL)|0)
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Electroweak Penguins contribute at O(p?) (mg, p —0)

e%gogew F® = 6 Gr(n) (O1(1)) —12 Go(p) (Oa(p)) "5~ =2 Cs( ) (Ga(n))?
(01()) = (0|(sev*di)(drV,5r)[0) ; (O2(p)) = <0|(5L5R)(deL)|0>

These D=6 vacuum condensates appear in the left-right correlator:

Mg (q) = 2i [ d*xe™ (0| T(L*(x), R¥(0)1)[0) = (—g"“a* +q"q") Mir(~q%) = 3 MY _a4(a)

ul—az,L ) w ‘ALE‘PH, HLR(Q2) B l /00 ” ImMe(t) B 1 i (O2nt4)
. © T (VA IZD v, - 2 - 2\n+2
2f —— parton mode!/perturbative QCD ™ 0 ¢ + Q 2 n=1 (Q )
e Data QCD OPE
u’..:. . )*WMHNH#» ] Qzlin —Q°MR(Q?) = 4mars [ (O2) + — ((90] + O(Ozi)
i . "‘,..0 [ ]
2o 0.‘5 ‘1 1‘5 ‘2 2‘5 ; 35 Ol) / (27‘|’)D LR / dQ Q ﬂ (Q )

Mass? (GeV/c)?
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Electroweak Penguins contribute at O(p?) (mg,p — 0)

s F® = 6 Grl) (01(1)) =12 Gali) (Oa()) " =35 Ga(1) (Ga(1))”

(O1(1)) = (0](sey*di)(dr7y.sr)|0) ; (Os(p)) = (0|(s5r)(drdL)|0)

= ((2m)1=2| Qa(0)IK®) |, _ s

= 2 (Oalio))

o = 2 GeV

N¢ — oo

2 _
Mg "=~ = (qq(n0))’
N 2M F3
(ms + mq)2(ll0) Fﬁ




ng/Nc Correction to QCD PENGUIN (m, — 0)

Hambye-Peris-de Rafael '03

(

B

- 2 00
tm(gs) = 1m{Go(1)] {—16L5 (Z2) + o | a2 0™ WDGRR(Q2>}

—ga5> Woerr(—d") = / dQqd*xd'y d*z & (T [(5.ar)(x) (GRAL)(0) (drva uR)(Y) (BRY* SR)(2)]) com

Large non-factorizable contribution claimed before

Available theoretical information: (poor)
42 Wog 1) 4 Sy 2
) Filma (dq)
[ % ) = — * 1 —16L (7>
@ Q" Woerr(Q) 602 s\

) 2 2
Q|2ImoQ Wperr(Q7)
N

z Big enhancement (~ 3) claimed

1 2 3 4

Q" 2

Infrared unstability fro ion pole: aQ> —>— ~ =
nfrared un ility from pion p /0 Q roE ppy
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