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Rare kaon decays

Rare Kaon decays take place via s— d Flavour Changing Neutral
Current (FCNC) processes which are strongly suppressed in the SM

e Historical tools to study FCNC
» Interesting probe of New Physics (NP)
— Requires reliable prediction in the SM

, . , 4GF % Qe
Weak effective Hamiltonian:  Heg = —ths Via - zk: CLO%

O, = (57, Prd) (e (1 — v5)ve), Of = (57, Prd)(ev"€), Ofy = (57, Prd)(ly"v50)

+ other operators

New Physics contributions: Cy — C2™ + §Cy,
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Rare kaon decays

e Short-Distance dominated

Kt—ntvry and K — v ( )

e | ong-Distance dominated

Ki—pp, Ks—pp, Kt—a4fand K, — 7w 01, ...
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SD-dominated
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Kt—m1Tvy

BR(K+ — 7T+Z/D) — KI+( T EM) gS%V E [Im2 ()\t0£) —+ Re2 (— + )\tC£)] (Ni=VisVia)
14

10 2
A 54
e top loop: Ci,SM = —Xsum(z:)/siy NNLO QCD and 2-loop EW [Buchalla, Buras,’99; Misiak, Urban ‘99, Broad et al. ‘10]
e charm contribution: X, = M[P?P +6P>)] SD: NNLO QCD and NLO EW; LD: ChPT SD:[Buras et al. ‘05: Brod et al. ‘08]
LD:[Isidori et al.’05]
e (O, matrix elements known from K3, branching ratios — included in k. [Mescia, Smith ‘07]

[ ] FSD/F>90%

e Sources of uncertainty: SD ~ 2%, LD ~ 3%, Parametric ~ 7%

e Sum over the three neutrino flavours

BR(Kt — 7mtvi)gm = (7.86 £ 0.61) x 10~ BR(KT — nvi)naee = (13.0553) x 1071

[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [NAB2, Cortinal Gil et al. '24]
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Kt—m1Tvy

A\10

1+ A 1 AeXe L
BR(KT — ntvp) = £+ (14 Anm) gsﬁ/ § [Im2 (Ath + Re” (— + )\tcf)] (Ai=ViVia)
14

New Physics effects:

Lepton flavour universal

T T T T T
-30 -20 =10 0 10 20 30

oC,
BR(Kt — nmtvi)gm = (7.86 £ 0.61) x 10~ BR(K" — nvi)naee = (13.0553) x 1071
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [NA62, Cortinal Gil et al. '24]
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Kt—m1Tvy

10 2
A Sw

14+ Agy) 1 Ao X, |
BR(Kt — ntup) = w41+ Apv) gsév > [Im2 (MCL) + Re? (— + )\tcf)] (N=ViVi)
12

New Physics effects:

Lepton flavour universal Lepton flavour universality violation

18 40 1 47.3 (6xSM)

16
~ 30 39.4 (5xSM)
2 S T Y e N Y $ (e ,§
X 124 20 31.6 (4xSM) e
= 1
=10 A
5 (o} +
[ Q 10 23.7(3xSM) X
r° © 4

[an]

L B 0 15.8 (2xsM) %
Z 3

5 -10 7.89 (SM)

Updated from JHEP 09 (2022) 148
4] T T T T T 204 022) 148 0
=30 =20 —10 - 10 20 30 -20 -10 0 10 20 30 40
6C1 6Cl' = 6CF
BR(Kt — nmtvi)gm = (7.86 £ 0.61) x 10~ BR(K" — ntvp)nace = (13.0155) x 1071
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [NAG2, Cortinal Gil et al. '24]
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K;— vy

0. _ kol 2 ;
BR(Kp — mvp) = WgstIm (MC1)
14
e (sy Same as for K*—ntvw
e (Charm contributions below 1%
e 99% SD distance
o [yn/I'>99%

e Sources of uncertainty: SD ~ 2%, LD ~ 1%, Parametric ~ 11%

e Sum over the three neutrino flavours

BR(K — mvv)sy = (2.68 £ 0.30) x 107 BR(K1 — m’vv)koro < 2.2 x 1077 at 90%CL
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [KOTO, Ahm et al. '24]
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K;— vy

A0 3%
New Physics effects:

BR(K; — nvp) = ALl > Im? (MC)
12

_ Lepton flavour universality violation
Lepton flavour universal

350 53.8 (ZOXSM)
KOTO @ 90% CL: 101 X BR(K; %) < 300
300
. 40.4 (15xSM)
2 250 ;2
X =
—~ 200 26.9 (10xSM) T
|§ QC)“ g
% 1504 s %
1 13.4 (5xSM) X
g 100 :'O
o —
m 2.69 (SM)
50
0- Updated from JHEP 09 (2022) 148
—100 7]:'5 7I50 755 (I) 2I5 5‘0 7I5 100 -20 -10 0 10 20 30 40 0
oC, 6C; =6C}
BR(K — mvv)sy = (2.68 £ 0.30) x 107 BR(K1 — m’vv)koro < 2.2 x 1077 at 90%CL
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [KOTO, Ahm et al. '24]

Siavash Neshatpour EPS-HEP 2025 — Marseille, 10 July 2025


https://arxiv.org/abs/2206.14748
https://arxiv.org/abs/2206.14748
https://arxiv.org/abs/2411.11237

K;— vy

Matrix elements of K; —n’vr and K+— 7t vv are related via isospin resulting in the
Grossman-Nir bound [Grossman, Nir ‘97]

BR(K; — m’vv) < 4.3 x BR(K'T — ntwv)

valid in the presence of most NP models

Considering the 2024 results of NA62 for BR(K*™— 7 wv)

100 ~

50 A

BR(K, = m0vp) x 1011
6C¢

—50

—100 4

-100 -75 -50 -25 0 25 50 75 100 _100 _5o 0 50 100
oC, U T
6CH = 6C}
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LD-dominated
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LFUV InKt— 7t /i/

K+—nt{/{ is long distance dominated, mediated by single photon exchange K*— ny°

v+ LD >> 8D — precise SM prediction not yet possible

A(z) o« GEMz(a +bz) + W™ (2)  ==m>(00) ) M
v

form factors loop term

LFU predicts the same « for £=e, u and similarly for b

a“#a" indicates LFUV NP: af#* — a%¢ = —V2Re[VigV£(C — CF)]

[Crivellin et al. “16]
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LFUV InKt— 7t /i/

K+—nt{/{ is long distance dominated, mediated by single photon exchange K*— ny°

v+ LD >> 8D — precise SM prediction not yet possible

A(z) o« GEMz(a +bz) + W™ (2)  ==m>(00) ) M

¢ \ LFUV with K* =+ i
150 1

form factors loop term

LFU predicts the same « for £ =e, i and similarly for b 1007

50 A

Vo
a#a indicates LFUV NP: ak¥ — a¢ = —v/2Re [VigVi5(Ch — C&)] e
[Crivellin et al. “16] 0 : _|_SM
Channel at by Reference
._50 =
ee —0.561 £0.009 —0.694 + 0.040 E865 ‘99 and NA48/2 ‘09 comb.
[D’Ambrosio, Greynat, Knecht ‘18] =100 1
_100 -75 -50 25 0 25 50 75 100
i —0.575£0.013 —0.722 £0.043 NA62 Coll. ‘22 5C§1
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KL%TFOKK

BR(K, — 7°00) = (Clis + Clylas| + Chylasl” + €1, ). 1072

~ ~ .

70 : '3 \\
I
| oy KTeV bound for muon mode
L : A
S
[Dambrosio et al. '98;Isidor et al. ‘04;Mescia, Smith, Trine ‘06] °|: 308 KTeV bound for electron mode
! ¢ ¢ STZ‘
‘ Cflir ‘ Oint ‘ lex ‘ C’ﬂ' E:’ ol
l=e| (4.62+024 (wd, +w,) | | (11.3+03)wry || 145+£05 | =0 v
(1.09 + 0.05) 'u_.rﬂ, + 2‘32?1;“) (2.63 +0.06 3.36+020 | 52+1.6 .‘Z'.O
[Mescia, Smith, Trine ‘06] — 10
1 Axs T 1 Age
atd— _I 7'5 . i = _I ;
o [1 107 x 10429 » [wral= g m [1 407 x 10- 4} i
- 0 '(c?nstructiveintelrference assumled) . ) . 5 H “I
-60 —-40 -20 0 20 40 60
6Ch= —6Ch,
SM 0, = 9 1p+0.92 0.6 -11
BRM (K — n%e¢) = 3.4670:33 (1.5570:59) x 10 BR®P(K — nle) < 28 x 10711 at 90% CL
- 0, - ag —11
BRSM(K; — nup) = 1. 3g+g %’g (0. g4+g 5(1)) x 10711 BR*™P(Kp — npji) < 38 x 10 at 90% CL
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [KTeV ‘00 and ‘03]
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Kr—pp

K. — pp is long distance dominated, mediated by two photons via K, —~" v

2 Ye Ye i
NED _ (ﬂ GF_Q) Re[—/\CT' + )\chn}
myg /27 Sw

5 .
fiemis Bu

BR(f{L — fJJ:'J} =TI
167

LD >> SD

NP o (Xdisp + iXabs) —> NFP = £[0.54(77) — 3.95i] x 10~ (GeV)~?

[
3
+
3
L
[D’Ambrosio et al. ‘86 ‘97; [D’Ambrosio et al. 17] 5 12
Gomez Dumm, Pich ‘98; o
[an]
X
[ee]
o
—

Knecht et al. ‘99; 1.0

Isidori, Unterdorfer ‘03;

Hoferichter et al. ‘23] 0.8
® Prediction depends on the sign of A(K;— ~y) contribution 0.6k \

. . . Measurement (PDG)
® Uncertainty highly asymmetric 0.4F . | . | .
-10 -5 0 5 10 15 20
LD(+): (6.8213%7 +0.04) x 107° 6C1o

BR(K, — i)y, =

; - 1.46 -9
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] LD(_) : (8‘U4t0.97 i 009) x 10
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BR(K — pil)exp = (6.84 £0.11) x 107 ppay
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All observables

Rare kaon observables e b s
5C¢ 4 6CH = §C7
Bl K*-ntvb 1 :
0 K—pp (Af,, > 0) N Kt >ntub
100 F
Kipy (Afy, < 0) 30 T Kioup (Afy, > 0)
LFUV with K* -+ 14 | Ki-up (Af,<0)  cas
== K -nlee LFUV with K* ->n* 1L
5 | Ki~nup == K- nlee
=== K -nvd 20
" ______
__________ emnencg B e
o i IS L
w 'I‘ U 10
i Lo}
1A
(AN
—50 [ | o i N EaEmE s of
3
Yy
I b(/V
44
A0V _10k
—100 F 4 //b 1 10
ot ! ;
-100 -50 100 ) )
M _ T -15 -10 -5 0 5

6CH = 6C]

We assume NP contributions of the charged and neutral leptons
Bounds from individual observables:

related to each other by the SU(2). gauge symmetry and we
work in the chiral basis Coloured regions: 68% CL measurements

p y ’ Dashed lines: 90% upper limits
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All observables / Global fit

Global fit (with superIso public program) for positive LD contributions to K, — upu

Bl Kt-ntvo
| B K- (A, > 0)
LFUV with K+ —»m+{{
==== K -nlee
I Global fit to current data

30

20

6CE

=10

1 1 1
=15 -10 -5 0 5

6CH = 6C]
/ darker purple region: / 95% CL of global fit

Main constraining observables BR(K* — 7 vv) followed by BR(K . — uu)
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Prospects for future measurements
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Prospects for NA62 & KOTO-II

Fit results (20 CL) LD:+ for K. - yu
a5 [ Current data

- (Current situation

20

QG‘ 10F
w0
ol
_10_
15 10 =5 0 5
6Ct
Projection A Projection B
Observables already measured are kept, others assumed All measurements give current best-fit point with
to match SM, with target precision of future NA62 & KOTO-II target precision of future NA62 & KOTO-II
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Prospects for NA62 & KOTO-II

: Future Precision
Fit results (20 CL) BR(K* »7* u0): 15% LD:+ for K. - uu
- Current data BR(K, - m°vb): 25%
| B KOTO-II, Proj. A
I KOTO-II, Proj. B

30

20

10

6CE

_10 -

1 1 1 |
=15 -10 -5 0

5

- (Current situation
Phase 1

e NAG2 final precision for K+ — 7t v (15%)
e KOTO-II final precision for K; — w°vv (25%)

[KOTO, Ahn et al. '25, KOTO & KOTO Il Ahn et al. ‘25 ]

6Cf [D’Ambrosio, lyer, Mahmoudi, SN ‘24]

Projection A

Observables already measured are kept, others assumed
to match SM, with target precision of future NA62 & KOTO-II

Siavash Neshatpour

Projection B
All measurements give current best-fit point with
target precision of future NAG2 & KOTO-II
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Prospects for NA62 & KOTO-II

: Future Precision
Fit results (20 CL) BR(K* 1" vb): 15% LD:+ for K, - uu
- Current data BR(K, - m°vb): 25%
[ W KOTO-Il, Proj. A BRIK ~nee): 25%
I KOTO-II, Proj. B

30

20

10

6CE

_10 -

1 1 1 |
=15 -10 -5 0

- (Current situation
Phase 2

e NAG2 final precision for K+ — ntvr (15%)
e KOTO-II final precision for K; — w°vv (25%)
o KOTO-II measurement of K —nete (25%)

[KOTO, Ahn et al. '25, KOTO & KOTO Il Ahn et al. ‘25 ]

6Cf [D’Ambrosio, lyer, Mahmoudi, SN ‘24]

Projection A

Observables already measured are kept, others assumed
to match SM, with target precision of future NA62 & KOTO-II

Siavash Neshatpour

Projection B

All measurements give current best-fit point with
target precision of future NAG2 & KOTO-II
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Impact of projected measurements

Phase 1

: Future Precision ; Future Precision
Fit results (20 CL) BR(K* > 1+ vb): 15% LD:+ for K, = uu Fit results (20 CL) BR(K* >+ vb): 15% LD:+ for K, — uy
Current data BR(K, - m000): 25% = Current data BR(K, - n°v0): 25%
30 mmm KOTO-II, Proj. A 30 mmm KOTO-II, Proj. B
20 20
w w
0r 0
=10 10 of individual observables —10F 10 of individual observables
I Kt ->ntvp (NA62-final 15%) I Kt ->ntvd (NA62-final 15%)
KL—H'[OVD (KOTO-1l 25%) K, - mPvp (KOTO-Il 25%)
1 1 1 1
-15 -10 -15 -10
H , . . .
6Cf [D'Ambrosio, lyer, Mahmoudi, SN ‘24] 6Ct

Projection A Projection B
Observables already measured are kept, others assumed All measurements give current best-fit point with

to match SM, with target precision of future NA62 & KOTO-II target precision of future NAG2 & KOTO-II
EPS-HEP 2025 — Marseille, 10 July 2025
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Impact of projected measurements

Phase 2

: Future Precision ; Future Precision
Fit results (20 CL) BR(K* »1* ub): 15% LD:+ for K, - uu Fit results (20 CL) BR(K* >+ vb): 15% LD:+ for K. - uu
= Current data BR(K, - m°vi): 25% - Current data BR(K; - nOvi): 25%
30T mmm KOTO-Il, Proj. A BR(K~n%e): 25% 30" mmm KOTO-Il, Proj. B BR(K »n°e): 25%
20 20+
Ly L L L
(y 0 O 10
w w0
0 ok

1o of individual observables
10 K* ->ntvd (NA62-final 15%)
K, - v (KOTO-Il 25%)

1o of individual observables
—10 - mmm Kt -ntvb (NA62-final 15%)
Ky = b (KOTO-Il 25%)

K~ e (KOTO-II 25%) SHpEEE K, - mOee (KOTO-I 25%)
—115 —iO —I5 0 5 —I15 —I10 —l5 (I) 5
6Cf [D’Ambrosio, lyer, Mahmoudi, SN ‘24] 6Ct
Projection B
Observables already measured are kept, others assumed All measurements give current best-fit point with
to match SM, with target precision of future NA62 & KOTO-II target precision of future NAG2 & KOTO-II
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® Rare kaon decays offer interesting information on short distance physics, even
those which are long-distance dominated

® Global analysis gives a stronger and more coherent bound on NP

® Measurement of K, — 7°¢¢, although long-distance dominated, especially in the
electron sector gives a very effective probe of new physics

® Future improvements of kaon measurements are crucial
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® Rare kaon decays offer interesting information on short distance physics, even
those which are long-distance dominated

® Global analysis gives a stronger and more coherent bound on NP

® Measurement of K, — 7°¢¢, although long-distance dominated, especially in the
electron sector gives a very effective probe of new physics

® Future improvements of kaon measurements are crucial

Thanle jc;)u!
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Backup
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Theory and experimental results used in the fit

Observable SM prediction Experimental results Reference Precision for projections
BR(K™ — 77 vi) (7.86 = 0.61) x 1071 (10.673Y £ 0.9) x 1071 1
BR{KY — x"vw) (2.68 = 0.30) x 107" = 1.99 x 107" @90% CL 46
LEUV(a"" — a%f) ] —0.014 + 0.018 119] Current.
BRIK,, —» ppe) (+) (6.827055) x 107 ]
(Ko = ) (1) (6:3270) (6.84 = 0.11) x 107° E Current

BR{Kp — ppp) (=) (3.047040) x 107°

< 6.4 x 1071 @95% CL (LHCh@300 fh=! [32133])

. < 21(2.4) x 10710 @90(95)% CL
BR(Ks — i) (5.15 £ 1.50) x 1072 (2:4) (5)7 Bl

(09155 x 10710

Ky, — e 3 AGTUEZY 5 11 N
el () (346055) < 98 % 10-"" @90% CT, E o517
Ky — wee)(—) (L5574 x 1071

(

{

BRIK A ISHM; w10 .

( L 1“1“)[ J ( —0.25 } < 3% % 10 11 (@gﬂ[}é L 25[‘}{I
(K. — i) (=) (0.947038) x 1072
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Uncertainties in K;, 0/

Asymmetric theoretical uncertainty of K, — uu

4 o BR(K —sut ™) (Afw >0) o5 _ ;qp IO .
2.00 4 | BR{KL“".L"+.‘-"_](AEVF<0] [ Lyy
S | Afﬂ,‘:ﬂ
2 175 9.0
0
= —_
150
- i I 85
2 [ | T
= 125 -
oL | h'd 8.0
] ; ~ 8.
0 1.00 - %
> x
= <)
= 0751 | E 7.5 ]
N " Y S Lo -
a
O 050 70
o . R
Exp(PDG) Tt e
0.25 e O
S - -_\_‘_h-\“‘-‘-\_\-‘_‘_\_‘_ 6-5 I e L L L E L LT
0.00 A : == . " | |
10 11 12 13 -0.5 0.0 0.5
109 x BR(Kj=»u*tu~) 5N|[D
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Uncertainties in K;, 0/

Asymmetric theoretical uncertainty of K, — uu

1o uncertainty of BR(K_ —»uu) as a function of reduced theory error

| s BRK—u*p-) (Afw>0] oo lt SM prediction assuming negative LD sign

2.00 | BR(K -~ * 1) (Af, < 0) :
c B
2 1751 7.8
-
c

i 3 7.6 1

g 150 | g:
> [ T
5 125 | v 74 SM prediction (LD:—)
5 | o I SM prediction (LD:+)
0 1.00 7.2 1 . [ Experiment (PDG)
>, 1 X o —
B o -
= 0751 S 7.01 —
E Experiment (PDG)
O 050 6.8 SM prediction assuming positive LD sign
& e —

0.25 6.6 1 Lf7lJ*"”"’/J?/i//(77/77

0.00 - o , 6.4 — . . .

6 10 11 12 13 oo oo oo oo oo
109 x BR(K;»u* ™) R X £ AP A®

(Improved theory uncertainty) / (Current theory uncertainty)
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Uncertainties in K; 7%/

Asymmetric theoretical uncertainty of K, — 7/

0.8
B K -nleé (positive interference) 2.00 A mmm K -nlufi (positive interference)

0.7 1 th K —n"eé (negative interference) K -n’uji (negative interference)

L
-
w
I
S

0.6

/
¥
|
|

1.50 4

1.25

1.00 4

0.75 4

0.50 1

Probability Density Function
Probability Density Function

0.25 4

. U
' 0.5 1.0 15 2.0 2.5 3.0

11 04+ —
1011 X BR(KL—’HOG‘_'—E_) 104" x BR(K; =" ™)
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CKM unitarity
Z%k k= A+ A+ =0
k

Amplitude = sum over all internal up-quarks:

N v M) = A\ Fw) + A Fla) + A Fl)

CKM factor for B-mesons
Re(\) ~ )\, Re(A.) ~ N, Re(\) ~ A2
Im(\,) =A%, Im(\.)~ A8, Im(\) ~ A\
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CKM unitarity
Y VaVii=0  A+A+\=0
k

Amplitude = sum over all internal up-quarks:

N v M) = A\ Fw) + A Fla) + A Fl)

CKM factor for Kaons
Re(\,) ~ A, Re(\.)~A, Re(\) ~N°
Im(\,) =0, Im(A\.)~N\, Im(\) ~N°
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Inami-Lim functions: [Inami, Lim '81, Buchalla, Buras, Harlander ‘91]

5
Tq—>00
XO (mﬂ}) ; '/’Eq sl DO(x)
x,—0
Xo(z,) —— x4log 2,
3k
2} X0(x)
I //
o} /
T q—>00 0 1 2 3 4 5

r - log Lq . . .
0 No large suppression for u- and c-quark (unlike B-physics)
q

— —logz, <large contribution of low-energy physics
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https://academic.oup.com/ptp/article/65/1/297/1856353?login=false
https://www.sciencedirect.com/science/article/abs/pii/0550321391901862?via%3Dihub

Ks—pp

= f?{”zg(ﬁp 2 | A7LD |2 2my, Gra ’ 2 Ye ¢
BR(Kq¢ — = 7o 8 T Ng —= Im* | —Ae—5— + M C"
(Ks — pj1) = 7s T6m 8. |Ng°|” + o 2t MClo

The long-distance contribution is cleaner, as the leading O(p*) chiral contribution of Ks— 7wt n~—~yy— ptu-
is theoretically under better control  [Ecker, Pich ‘91]

_ / _ LHCb bound @90% CL
BR(Ks — ufi)™ = (5.15 + 1.50) x 1012 )
[D’Ambrosio, lyer, Mahmoudi, SN ‘22]

I’\ 10—10 - Prospect of LHCb limit @95% CL with 300 fb~! data
S ;
+
BR(Ks — )" < 2.1(2.4) x 1071° @90(95) o1
[LHCb '20] Tn
=
=
e Ks— pupu NOt very sensitive to axial currents @ o-11f

e Sensitive to new physics scenarios involving scalar and
pseudoscalar contributions

—-40 -20 0 20 40
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https://doi.org/10.1016/0550-3213(91)90056-4
https://arxiv.org/abs/2001.10354
https://arxiv.org/abs/2209.02143

Scalar and pseudoscalar contributions in Ks— 1 u

Adding scalar contributions

AG R
2

0% = (5Prd)(00), 0% = (5Prd)({~5()

HEE™ = — =LV Via 3o [C506 + CROp]

2

2 3
BR(Ks — ppi) = 7s —fKTéKBM {5
i

GFae [ )\tCS ]
Re | ——————
\/_7'(' ms + My
My

I — + A —Im |\
(\/_W) m[)\S%v+ tcm]ijermdm[tCP} }

[Chobanova et al. “17]

e Ks— pup measurement currently two orders of magnitude above SM

e \What can we say with current data about scalar and pseudoscalar contributions?
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https://arxiv.org/abs/1711.11030

Scalar contributions in Kt —71//

Looking again into K+ — x* £+ ¢~ in the presence of scalar contributions

M = 4—fV( 2)(pr + pr) Oyl + Grmi fsll
d re=mg/mg,
d2F G m OZZ =Mz VK
dedeosd = 2iq3 PAN(2) X {\fvP Az)(1 = B cos? 6) S
Bi=+/1—4r%/z,
[Chen et al. ‘03, Gao '03] 4+ |fS|QZB§ n Re[f‘*/fs] OeTy 6£>\1/2( )COSQ} 2)\)(2) :1+22+'r'#—2(z+727+zm

AFB(Z) — fol (dzd(’) 9) decos ) — f (dzd(‘()e,.‘)) dcos 6
fol (Zeeorg) deosf + f (L) dcos

a.Gomb,

—osa Tt ?)\(z)Re[f{k/fs]/ (dl;(;) )

—> AFB(Z) =

o |f assumed SM-like only fi contributes
e Argonly non-zero in case fs#0

e In the case of electron mode suppressed by electron mass
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https://arxiv.org/abs/hep-ph/0302207
https://arxiv.org/abs/hep-ph/0311253

Scalar contributions in Kt —71//

90% and 95% CL upper bounds on |f5| with 3-dim fit to dl/dz (+A)

e dT/dz (90% CL)
NAG2 F.9x10°° dljdz (95% CL)
Kt—snmgtutu- B dT/dz + Ara (90% CL)
dlifdz + Apg 195% CL)
NAB2 9.0 x 10"
K+ smrp*tu- 1.2x 104
NA48/2
K+ smrp*tu-
NA4E/2 1.0x10~4
K'osnmtp'u~ 1.3x10*
NA4S/2
Ktontete™ 5.1%x 107
EZ65 8.0 x 10-3
Kt sntete- 1.0x10°*
[D’Ambrosio, lyer, Mahmoudi, SN ‘24]
0 1 2 3 4 5 6 7 8 5 1o 11 12 13 14

|fs| Upper Bound (x1073)

e Only bound on fs so far via study of BR(K*— ©tete™) from E865 data fs<6.6x 10~° at 90% CL

e |n the muon mode also Arg can be considered

e ~one order of magnitude stronger bound by analyzing simultaneously BR and dI’/dz with
fs<7.9%x10°% at 90% CL
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https://arxiv.org/abs/2404.03643

Kr—ati/

dl’ o’Mg | 3 2 ri 2 Y M
e~ a8 (14272 W) W(e) = o ry = M
W = GrmZ fo(1 + 6z) W = Grmi(a+ bz) + W™ (2)
| This paper (dI'/dz) | This paper (dI'/dz)
fo 0.486 = 0.012 a —0.589 £ 0.012
) 2.826 = 0.150 b —0.716 £ 0.040
p(fo,0) —0.992 p(a,b) —0.973
x?2 /dof 49.9/48 x?%/dof 47.3/48
BRx 108 9.165 4 0.059 BRx108 9.161 £ 0.056
W = Gpm% fo(1 + 6z + §'2?) W = Grm%(a + bz + c2?) + W™ (2)
| This paper (dI'/dz) | This paper (dT'/dz)
fo 0.589 £ 0.048 a —0.595 =+ 0.047
5 1.113 4 0.643 b —0.677 % 0.322
5 1.998 + 0.743 ¢ —0.065 =+ 0.526
x?/dof 45.0/47 x?/dof 47.3/47
BRx107 9.165 + 0.178 BRx108 9.161 £ 0.057
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