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K (pk) — m(px) £1(pe) ve(py)

‘ | nvar iant amplitudel

¢ =a(p )" (1 —vs)v(pe) t=(Prx — Pr)’

1 for K2,
Ck = N
% for K5
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Form factor parametrization I

vector form factor  fX7(t)

scalar form factor  fg*™(t) = f3™(t) +t/(Mzp — M2) fE™(t)

_ FE™ (1) t 1 ., t2
Km(4) = =+ = 14 —
7 () FE=(0) Tz T
- T K (o) M2, T2 M2,
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Decay distribution I

7, z) = APV, 2) IFET®1 + A (y,2) FET @ FET () + AL (v, 2) |[FET (1))
Ago) (y,2) = 4(z4+y—1)1Q1 —y)+7re(4dy+ 3z —3) —4r + roe(rr — r2)
Ago) (y,2) = 2ry(3—2y—z+ 71— 75x)
A:(,,O) (y,2) = 7re(l 47— 2 — 1)
. — 2Pr Pk _ 2F; _ 2Pk -pe _ 2B, Ty p o Mm
— MI2( —MK’ Yy = M12< —MK’ E—‘MIz(a ‘l'l'—MI2<
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Decay ratel

QM) = [ dydz pO(y,2)
D3

3-body Dalitz plot Dj:

2T Sy<1+r,—7x, a(y)—bly) <z<a(y)+b(y)

2—y)A+re+7rr —v)
2(1 4+ 70 — v)

_ VY2 —4rg(1+ 7o + rn — y)
2(1 4+ 7 —v)

a(y) = ,  b(y)
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Radiative correctionsl
| Short distance electr oweak correctionsl

universal factor Sew = 1+ 22 (1 — £2) X log 22 4+ O(2%) Sirlin

47 T2

‘ L ong distance EM correctionsl

CHPT with virtual photonsand leptons Knecht, N., Rupertsberger, Talavera 2000

K3 (general formulae): Cirigliano, Knecht, N., Rupertsberger, Talavera 2002
numericsfor K.3: Cirigliano, N., Pichl 2004

numericsfor K3 (update) and K,,3 (new): Cirigliano, Giannotti, N. 2008
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analysisat O(e?p?)

a(py) " (1 — v5) v(pe) - (PK £ Pr)p ~ O(P?)

— EM correctionsto f£™ start at O(e*p?)

Yy 2, Ty T ~ O(1) — Ag?%,:; ~ O(1)

—— EM correctionsto decay distributionsand rates start at O (e?p?)
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Virtual photonsl

FET (@) — () 4+ 6FET () + e De(vsmy, M5 M)
FET@) — rET(@) + 655 (v) (3)

charged meson mass Me; v = u = (px — pe)? (KZ5); v = 8= (prx + pe)? (K2)
Le(v,mg, MZ; M2): universal soft photon corrections (IR divergent)

(Sj-‘i . structure dependent terms

— shift to differential distribution of O (e?p?):

5_EM_Virtual(y’z) — Ag())(yaz) . 25‘1:_'[_('#(,0) ‘|‘ o [e(v, meaMz Mz)

+ AP(y,z)- 65 (v)
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Real photonsl

only inclusvesum of K — wfv and K — wflv + n~ IR finite and observable

need only K — wlv~ for our analysis

2G2 | Vs |2C2

K¢ K¢
5 Tir + 1ig

S IMy (K = mhvey) =

pol

Integrate over all variablesexcept y, z —

(871
55EM_real(ya Z) — Ag()) (y’ z) y ; IO(ya zZ5 M’Y) + AI1B (y’ z)

Tirn — IO(ya 22 M'y)

TIB E— A{B

H. Neufeld Euroflavour 08



combine virtual and real photon contributions — IR finite function

1
A (y,z) = Io(y, z; M) + Erc(vamz’ M?*; Mvz)

2R

— [R finite shift to differential distribution:
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Decay distribution with EM correctionsl

‘ Fully inclusive decay rate I' (K3[+]) I

( fEm(0) )2 9

%en = On(Pa) + 0em(Paca)s 95U = Fpome
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resultsl Cirigliano, Giannotti, Neufeld 2008

Tico (i) | OEG(Ds) (%) | 6157(Das) (%) | OEG (%)
K9, | 0.103070 0.50 0.49 0.99 + 0.22
K= | 0105972 -0.35 0.45 0.10 + 0.25
K%, | 0.068467 1.38 0.02 1.40 + 0.22
K, | 0070324 0.007 0.009 0.016 %+ 0.25

errors. estimates of higher-order contributions
K from Ananthanarayan, Moussallam 2004

X! from Descotes-Genon, Moussallam 2005
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“ soft-photon factorization”
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(includesincomplete higher order termsin the chiral expansion)

—— Vvalidates estimates of theoretical uncertainties

dpnt(D3) (%) | dpni(Da—3)(%)

O (%)

0.41
-0.564
1.57
-0.006

0.59
0.528
0.04
0.011

1.0
-0.04
1.61
0.005

H. Neufeld

Euroflavour 08



13

0.2
0.15
0.1
0.05

-0.05

-0.15
-0.2

0.5 I 1 1 I 1 I I I I

EM correction to differential distribution of K%;:  §pEM(y, 2) /p(9) (y, 2)

H. Neufeld Euroflavour 08



14

0.2
0.15
0.1
0.05

-0.05

-0.15
-0.2

0.5 I 1 1 I 1 I I I I

EM correction to differential distribution of K1,:  6pEM (y, 2) /() (y, 2)

H. Neufeld Euroflavour 08



1.05

0.95

0.9

0.85

0.75

0.7

0.65

0.6

0.55

15

0.1

0.08
0.06
m 0.04
0.02

- -0.02
-0.04
B -0.06

0.4 0.5 0.6 0.7 0.8

EM correction to differential distribution of K7 ;:

H. Neufeld

0.9 1

6p*M (y, 2) /P (y, z)

Euroflavour 08



16

K3
T - 0.005
0
0.95 |- N -0.005
-0.01
0.9 - 7 -0.015
-0.02
0.85 . -0.025
-0.03
N 08 - 7 -0.035
-0.04
0.75 - N -0.045
07 |
0.65 [ .
0.6 |- N
0.55 ' ' '
0.4 0.5 0.6 0.7 1
y

EM correction to differential distribution of Kj3: 6pFM (y, 2) /p(?) (y, 2)

H. Neufeld Euroflavour 08



17

Summaryl

[ AQHPT suitable framework for EM corrections in semileptonic decays
[ EIM corrections for all K;3 decay modes at fixed chiral order e?p?
[_fully inclusive prescription of real photon emission

[_update of structure dependent EM contributions

[_ploper treatment of EM corrections mandatory in analysis of K3 data
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