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Basic expressions

Isospin decomposition

1 . 1 .
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3 2 3 .
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€ at first order in CP violation

e = __ el(xa—x0) l:
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o

ImA, = 0 in the isospin limit (m, = my = €* = 0). But,
ReA
o Al=1/2rule! w= g2 =1/22
@ Chiral enhancement of EW Penguins!

SM estimates include them even when they break isospin

Beyond the order of magnitude? — Chirally unenhanced contributions are a must |

In this work we assess them using xPT, updating Cirigliano '03 )
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The short-distance effective Lagrangian

K — 77 transitions —» AS =1 — EW origin!

9

My > Mg T

As far as you can, use perturbative (OPE) methods

9
My——>my ——>me ——>p —>Mp 7

10

_ G X ,
= —7’% Vid Vie Y Ci(usp) Qi(usp)  Buchalla '95
i=1

We work at NLO, updating inputs for the running and the matching
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Chiral Lagrangians

@ We do not know how to analytically evaluate {(77)|Qi(usp)|K)
@ However, we know how Q; transform under SU(3), x SU(3)r
@ Enough to build their low-energy realization — xPT

Lowong = 5 (DLUDHUTX U U0 L OP+F2 T2, X, OF +0(p) |

LAS=1 — Gy F4 (ADHU'D,U) + Gg F2 "2, N, OB
—‘,-G27 F* (L#23L'¥1 —+ %LﬂzlLﬁ) —+ G27 F? 2’221 D; 0,27 aF O(GFP6)

Lam = €ZFH(QUIQU) + & F2 M, K 057 + 0(ep?)

LASE = €% Gg gewr FO (AUTQU) + 2 Gg F* 12, Z, OFW + O(Gre?p*)

e Qs
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LO amplitudes

e =m, — my = 0 limit: a £25=1 insertion needed! O(Ggp?)
2
Aip = —V2GF {(M,i - M,ZT)} - % GorF (My — M2)
10
Asp = —5CuF (Mg — M2)
A5/2 = 0
IB pieces
o 70 — 1 mixing. Myy(73,n8) # 0! —
o Mass corrections M2, = Mz — 4% Bo(mg — m) +2e” ZF?
o LAY (O(Grp?)) — LR (O(GFep?))

Gy < Gg — We neglect IB (Isospin Breaking) from the 27 part ]
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IB at NLO

Ay = —Gor Fr (M}; . M,%) AP _ Gy F, (M,z< - Mfr) [Ag@ 4@ Agf)]
+e2 Gy F3 [ A + Z AP + gownc AP
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Low-energy constants

Only remaining piece for a very precise evaluation: The LECs! )

o LECs encode the SD information — Take £42=(C;(12)Qi(1)) and match
@ Nonperturbative analytic matching??
o Use large'NC limit: <J . J> = <J><J>(1 + O(NLC)) - <J>quarks = <J>Chiral

o {Ci(usp), ms a(psp), Li, Kit — {g5°, 855, €*(gsgewk )™}
o {Ci(usp), ms,q(psp), Li, Ki, Xi} = {(g27Di)*>°, (gsNi)>°, (g8Zi)>}

Updates:
o Ci(usp). Inputs from PDG, FLAG'19, ATLAS
@ ms 4 from FLAG '19
o L; from FLAG '19, Bijnens '14
@ K; (mostly) from Ananthanarayan '04
e X; from Cirigliano '06 (+ reassessment of some resonance parameters)
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Fitting the CP even parts of the LO couplings

Regs 5
Regor Regs®

Regg®

In the CP even sector, O (ﬁ) correction cannot be neglected in the LO couplings

They encode key information about operator running (see next talk)

We can fit them to data (together to the phase shift difference) J
LO fit NLO fit
Regs 5.002 £ 0.002 exp = 5:052 s, | 3581 £ 0.001 e, £ 3347, F0928 1t
Regor | 0.251 £ 0.001 exp 51004 ey | 0-296 & 0.001 exp “ 51603 1 5,503 s
Xo—X2(°) | 47.97 £0.920x, 1335, | 51.395 £ 0.806ex, T 1333, T00%2 0
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Isospin breaking parameters in € /e

I _ i ai(x2—X0) ImA;, _ ImA;
€ 2 € W 1 Redy ~— Reh,

i ImA TmAS™P
¢ = — L elbaxo) m_?o)(l_ )_m_z‘(o)
V2 Ay ReAS

R A(O) [m ARCR—emp
Qp = 2 ?o)' ! © (A(O) isopin limit)
ReA, ImA;

ImA; ReAY

Ny = —— =
° ImA(()O) ReAo

ReA}
U = Ropp — AL+ B2}

Qe = g — Do — f52
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Qeﬁ - QIB*AO*)%/2

a=0 a#0
102 LO NLO Lo NLO
Qe | 137 171134 [ 106+48 26.0+8.2
Ny | —0.002 —051+0.12 | 5.6+1.6 57747
2 0 0 0 82+3%%
Qe | 137 176135 [ 140+40 121750
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Qe = U — Do — f52

a=0 a#0
1072 LO NLO LO NLO
Qs 13.7 17.17%% 19.6 £4.8 26.0+8.2
Ao | —0.002 —051+0.12 | 56%1.6 5.7+ %
fs)2 0 0 0 8.2+%4
Qefr 13.7 17.6 755 140+40 121755
Set-up AW fs/2 Qs Qef
Central | 0.0565 | 0.0820 | 0260 | 0.121
owsp | “Goms | “oon | “Gor | “Gon
Tuy 0.0017 | T4%2 | 0034 | T4OT
owc | 0.0067 | 0.0009 | 0.001 | 0.004
ol | 00136 | 00017 | 0.040 | 0.029
oL, 0.0011 | 0.0000 | 0.060 | 0.061
oK, 0.0019 | 0.0031 | 0.018 | 0.013
ox; 0.0021 | 0.0003 | 0.003 | 0.005
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Qe = (12.1739) - 10—2J

0.05

; Lr-107%
-0.30 -0:25 -0.20

/S AR

-0.45 1 -0.40 -0.3!

Those analyses that include in Ag the EM penguin contributions should subtract
them from Ay :

N

Qeir = Qg — Aola=o — 52 = (18.3732) - 1072
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Conclusions

Al =1/2 rule makes compulsory assessing isospin breaking corrections in €' /e J

Main limitation of analytic methods: Matching of LECs beyond N, — oo )

Qg are ~ 25% compared to the leading isospin conserving pieces J

Qe = (12.1139) - 1072 Consequence for €’ /€? See next talk!
8.8 J
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