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Introduction

Standard Model : A success story!
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Flavour is at the heart of the Standard Model!
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) ) ) ) Flavour is at the heart of the Standard Model!
- What fixes the size of CP violation

Need for a more complete and predictive theory!

Flavour physics provides a unique pathway to understanding the fundamental organizing principle of the SM

N. Mahmoudi 2 J-PARC 2024 workshop - KEK Tokai, 27 Jul



Kaon Physics

Kaon decays are highly effective in probing new physics

Even more suppressed than B-decays
- CKM and GIM suppression of the SM contributions
— kaon observables generally exhibit greater sensitivity to new physics than B-meson decays
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From : Physics Briefing Book : Input for the European Strategy for Particle Physics Update 2020
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The first indications of new physics could emerge through flavour measurements!

N. Mahmoudi 2 J-PARC 2024 workshop - KEK Tokai, 27 Jul



Rare kaon decays

* The rare decays of a charged or neutral kaon into a pion plus a pair of charged or neutral
leptons are strongly suppressed in the SM

— historical tools to study Flavor Changing Neutral Currents (FCNC)

* The "gold-plated” rare kaon decays K*-=1t*'vv and K.—1t°vwv do not suffer from large hadronic
uncertainties

- rates very precisely predicted in SM
- complementary to B physics

* Mostly experimentally clean due to the limited number of possible decay channels
- complementary probes of New Physics
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Rare kaon decays

Weak effective Hamiltonian:

Semi-leptonic local operators:

Scalar and pseudoscalar operators:

NP contributions:

Cr — CM +6C),

_ A4Gr L e Y
Her = 5 Ve Via in zk; CrOk

Of = (57, Prd) (me " (1 — v5) ve)
Of = (59, PLd) (Iy"6),  Ofy = (s, PLd) (I"s0),
Og = (gPRd) (EE) ) Op = (§PRCZ)(E’Y5£) ,

+ the chirality-flipped counterparts
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Rare kaon decays

= SD dominated

e Kt-1m"w and K.—=mlw (golden channels)

Excellent theoretical precision!

= LD dominated
* Ki=»pyy, Ks=>pp, K -1 €8 and K. »m°Le, ...
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K*-=T1Tt'wW

~ ko (1l 4+ A 1 Ae X,
BR(KT — nvo) = + NG EM) gsévz [Im2 (ACL) + Re? (— = +>\tC£>]
V) w
7\1 = WS Vid

* Sum over the 3 neutrino flavours
* Electromagnetic radiative correction: Aem = -0.003 [Mescia, Smith ‘07]

* Inthe SM (top loop): Cﬁ,SM = —XSM(xt)/S%V NNLO QCD and 2-loop EW  [Buchalla, Buras,'99; Misiak, Urban ‘99, Broad et al. '10]

SD:[Buras et al. ‘05; Brod et al. ‘08]

. i ; . __ \41pSD LD . . .
charm contribution: X, = X*[P" + 4¢P, ] SD:NNLO QCD and NLO EW; LD: ChPT '\ 0 s

* O matrix elements known from Ks¢ branching ratios = included in k- [Mescia, Smith ‘07]

« I'sp/T" >90%
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K*-=T1Tt'wW

1+ Apy) 1 X
BR(KT — nvo) = R (L+ Aen) 25w > [Im2 (ACL) + Re? (—A + Aﬂﬁ)]
14

10 2
A Sw

7\1 = WS Vid

SM prediction:

BR([{+ — 7T+V77)SM — (7-86 + 0.61) X 10_11 [D'Ambrosio, Iyer, FM, Neshatpour ‘22]

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

BR(K+ — 7T+VI7)SM = (7.73 + 0.61) X 10_11 [Brod, Gorbahn, Stamou ‘21]

BR(K+ — 7T+VI7)SM = (8.60 + 0.42) X 10_11 [Buras, Venturini ‘22]
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K*-=T1Tt'wW

1+ Agym) 1 AeXe
BR(K+ — 7T+Vﬂ) _ Ku-l—( + EM § %/V E [ )\tCL) + Re (— 5 + )\tC%)]
2

A0 s2
BR(K" — 7t vo)nas2 = (10.6752 £0.9) x 10~ [NA62 Coll.,, Cortina Gil et al. 21]
BR(K'+ — 7T+VD)SM = (7.86 + 0.61) X 10_11 [D'’Ambrosio, Iyer, FM, Neshatpour ‘22]
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K*-=T1Tt'wW

14+ Apy) 1 cXec
BR(KT — nuvi) = g2 ;O EM)gsévZ [1m2 (A\C%) + Re? (—A +Atcf)]
12

2
S'lU
BR(KT — 7 vi)Nage = (10-6f§j§ +0.9) x 10~ [NA62 Coll., Cortina Gil et al. 21]

BR(K'+ — 7T+VD)SM = (7.86 + 0.61) X 10_11 [D'’Ambrosio, Iyer, FM, Neshatpour ‘22]

New Physics effects:

Lepton flavour universal

18

BR(K*—-=mtvp) x 101!

0
=30 =20 -10 0 10 20

6C,
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K*-=T1Tt'wW

~ ke(l+ A 1 AeX
BR(KT — ntvp) = + <0 BM) gsév > [Im2 (MC1) + Re? (— ;2 ¢+ NCY
e w
BR(K' — 7T vo)nase = (10.6752 £0.9) x 107 (62 coll, Cortina Gil et al. 21]
BR(K'+ — 7T+VD)SM = (7.86 + 0.61) X 10_11 [D'’Ambrosio, Iyer, FM, Neshatpour ‘22]

New Physics effects:

Lepton flavour universal Lepton flavour universality violation
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K= 11° W

Theoretically very clean!

Sensitive to the CP-violating phase of the CKM matrix
: .- 0.~ _ Kkl

Branching ratio: BR(Kp — mvv) = 310 35w

* Sum over the 3 neutrino flavours

* K. encodes the hadronic matrix element

* CLsw Same as for K*->T1'w

* charm contributions below 1%

* 99% SD

Z Im2 ()\t0£)
12
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K= 11° W

1
BR(K; — m'vip) = %gsﬁ) E Im? ()\tC’f)
¢

SM prediction:

BR(KL — 7TOVI7)SM = (2.68 + 030) X 10_11 [D'’Ambrosio, Iyer, FM, Neshatpour ‘22]
Sources of uncertainty:
SD~2%, LD~1%, Parametric~11%

BR(KL — WOVD)SM = (2.59 + 0.29) x 1071 [Brod, Gorbahn, Stamou ‘21]
BR(Kp — 7°v)sy = (2.94 £ 0.15) x 107! [Buras, Venturini 22]

N. Mahmoudi Kaons@J-PARC 2024 workshop - KEK Tokai, 27 July 2024


https://arxiv.org/abs/2105.02868
https://arxiv.org/abs/2203.10099
https://arxiv.org/abs/2209.02143

K= 11° W

BR(K — WOVD)KQTO <3.0x10" 2 at 90% CL ko0 Coll, Ahn et al. ‘18]

BR(KL — 7TOVI7)SM = (2.68 + 0.30) X 10_11 [D'’Ambrosio, Iyer, FM, Neshatpour ‘22]
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K= 11° W

A0 3

BR(K — WOVD)KQTO <3.0x10" 2 at 90% CL ko0 Coll, Ahn et al. ‘18]

BR(K — mvp) = ALl > Im® (MC)
12

BR(KL — 7TOVI7)SM = (2.68 + 0.30) X 10_11 [D'’Ambrosio, Iyer, FM, Neshatpour ‘22]

New Physics effects:

Leoton flavour universal Lepton flavour universality violation
350 40 g 53.8 (20xSM)
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K= 1t° w - Grossman-Nir bound

The matrix elements for K. - 1° v and K* - 11* W transitions are related through isospin
resulting in the Grossman—Nir bound :
BR(KL - m°w) £4.3 x BR(K* - 11" W)
Valid in the presence of most NP models

Considering the NA62 measurement of the charged mode:

100

50 A

6Ce

—50

—100 4

—-100 =50 0 50 100

6Cl'=6C]
S. Neshatpour, Symmetry 2024, 16(8), 946
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K= 1t° w - Grossman-Nir bound

The matrix elements for K. — 1°vv and K* - 11" vv transitions are related through isospin

resulting in the Grossman—Nir bound :
BR(K. - m°w) £4.3 x BR(K* - 11" W)
Valid in the presence of most NP models

Considering the NA62 measurement of the charged mode:

350 \
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=
QO 250
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S. Neshatpour, Symmetry 2024, 16(8), 946
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Kt - 11'e e

Analogous mode to B —» K £¢
CP- conserving, different from K. — 11°€¢
Can also be sensitive to scalar contribution

Long-distance dominated, mediated by single photon exchange K- 1t'y*

LD >>SD =  precise SM prediction not yet possible

The one—photon exchange has been studied at O(p®) in the chiral expansion
Gilman, Wise, '80; Ecker et al. '87; D’Ambrosio et al '98

- includes an unknown combination of chiral couplings
. described as a linear expansion: (a. + b. ) Z=m?(88) / M
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LFUV In K* = 11°¢ ¢

A(2) o GpME (a4 bz) + W™ (z)  z2=m’(2t)/ My

v / a. and b. are not theoretically determined precise
form factor parameters loop term enough to probe short distance physics

LFU predicts the same form factors a and b, for £ = e,

oee#akt indicates LFUV NP: @ — a% = —V2Re [V Vi(C — C§)]

[Crivellin, D'Ambrosio, Hoferichter, Tunstall ‘16]

Channel a4+ b4 Reference

ee —0561 :|: 0009 —0694 :l: 0040 E865 ‘99 and NA48/2 ‘09 comb.
[D'’Ambrosio, Greynat, Knecht ‘18]

jayes —0.575 £ 0.013 —0.722 £ 0.043 NA62 Coll. ‘22

Lattice: determination at the 10% uncertainty can be expected
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LFUV In K* = 11°¢ ¢

A(2) o GpME (a4 bz) + W™ (z)  z2=m’(2t)/ My

v/ a. and b. are not theoretically determined precise
form factor parameters loop term enough to probe short distance physics

LFU predicts the same form factors a and b, for £ = e,

L LFUV with K+ —-m* 21
oee#akt indicates LFUV NP: @ — a% = —V2Re [V Vi (Ch — C§)] 150/
[Crivellin, D'Ambrosio, Hoferichter, Tunstall ‘16]
100
Channel a4 by Reference 50
Lo
@)
ee —0.561 £+ 0.009 —0.694 = 0.040 E865 ‘99 and NA48/2 ‘09 comb. 0 . +SM
[D'’Ambrosio, Greynat, Knecht ‘18]
LUt —0.575 £ 0.013 —0.722 £0.043  Na62 Coll. 22 =501
~100
Lattice: determination at the 10% uncertainty can be expected 100 -75 -50 -25 0 25 s0 75 100
éCg
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KL—>'|'[OEE

Smoking gun for the detection of direct CP violation!

BR(K — 7'00) = (Cf, + Chylas| + Chilasl* + €L, ) - 1072

. N - 0

ep e

[Dambrosio et al. ‘98; Isidori et al. ‘04; Mescia, Smith, Trine ‘06]
* Cqir: direct CP-violating term: purely short-distance effect contributing via the vector and axial Wilson coefficients Cy and Cio
It is proportional to the imaginary part of A

* Cmix: indirect CP-violating term: long-distance dominated contribution of the single photon exchange via the Ks - 1° y*
It is proportional to €

* Cint: Interference term of the above two contributions

* C,y: CP-conserving term: long-distance-dominated contribution via two virtual photon exchanges.
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https://arxiv.org/abs/hep-ph/9808289
https://arxiv.org/abs/hep-ph/0404127
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KL—>'|TOEE

‘ Cﬁir ‘ Crifnt ‘ crf;ix ‘ C‘?’y
(=e| (4.6240.24)(w, +w2,) (11.3+0.3)wyy || 14.5+0.5 ~ 0
0= p | (109 £0.05)(w?, +2.32w2,) | (2.63+0.06)wry|| 3.36£0.20 | 52+ 1.6

[Mescia, Smith, Trine ‘06]

woy = ! Im —Afd C wr Al = llm —/\id C
WV = oo 1407 x 10-2 2 > LA o™ 17207 x 10210

SM prediction:
BROM(K}, — n'ee) = 3.467092 (1.5575:59) x 107!
BRI (K[, — n0uf1) = 1.38%0:27 (0.941021) x 1071
[D’Ambrosio, Iyer, FM, Neshatpour 22]

Experimental results:

BR™P(K — nle) < 28 x 10711 at 90% CL
BR™P(Kp, — m’pufi) < 38 x 107" at 90% CL

[KTeV ‘00 and ‘03]
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KL—>'|'[OEE

‘ Cgir ‘ Cifnt Crti'lix ‘ C‘?'}f
l=e| (4.6240.24)(w2, +w2,) | (11.3+03)wypy || 14.5+0.5 ~ 0
0=p | (L.09+£0.05)(w?, +2.32w2,) | (2.63 £ 0.06)wry|| 3.36£0.20 | 5.2+£1.6

[Mescia, Smith, Trine ‘06]
1 Al 1 Agd 40} \\\ ////
= 1 %ﬂ , = —1 #. KTeV bound for muon mode
o [1.407 x 10—} WrAl= o0 [1.407 x 10—4 e

SM prediction:

w
o
T

KTeV bound for electron mode
BRSM(Ky, — nee) = 3.467038 (1.5570%0) x 1071
BR™M(K;, — n’up) = 1.387037 (0.94702)) x 107

[D’Ambrosio, Iyer, FM, Neshatpour 22]

101! x BR(K,—»m° 1)

fuy
o
T

Expreimental results:

BR™P(K — nle) < 28 x 10711 at 90% CL — Komete-
BREKP(KL — 'ﬂ—oplﬁ) < 38 X 10_11 at 90% CL O_(c?nstructive intelrference assumled) ) | - IKL_)HOH+MI_
-60 -40 =20 0 20 40 60

[KTeV ‘00 and ‘03] 6C$ = — 5Clio

The electron channel is more sensitive to NP contributions than the muon channel!
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The branching ratio of the neutral mode Ks — 11°€£ is about two orders of magnitude smaller
than that of the charged mode

— even more challenging to extract information on short-distance physics

The experimental determination of as is crucial for the SM prediction of the branching
ratio of K. — 11°¢€ which is sensitive to NP contributions.

The branching ratio has been measured by NA48/1 experiment:

a%| = 1.06193] and |aL"| = 1.54173)

The LHCDb upgrade will be able to reduce the uncertainty in the determination of as
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Ki = pp

K. = pp is long distance dominated, mediated by two photons via K. = y*y*

2 m3. 2m,, Grao Y.
M N%D_( pUF 8) Rel—}‘cTL—l—)\thD} Bu = \/1—4m2 /Mg

2
BR(Kp — pjt) = 7

Short distance: Y. (charm contribution) and C;¢°™ = -Y(x)/sw? (top contribution)

Long distance: 2-photon exchange:
- absorptive part: calculable with good precision, almost saturates the experimental measurement
- dispersive part: smaller, but introduces a large theoretical uncertainty

NEP o (Xdisp + iXabs) —> NP = £[0.54(77) — 3.95i] x 10~ (GeV) 2

[D’Ambrosio et al. ‘86 ‘97; [D’Ambrosio et al. “17] .. . . :
Gomez Dumm, Pich ‘98; [Hoferichteretal. 23] Prediction depends on the sign of A(K.— yy) contribution

Knecht et al. ‘99; determining the effect of the SD-LD interference
Isidori, Unterdorfer ‘03]

See talk by Martin Hoferichter on Sunday
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Ki = pp

K. = pp is long distance dominated, mediated by two photons via K. = y*y*

_ f?{m;{{ﬁp LD (QTTL GFOze) l Y. £:| 2
BR(K — pji) = 1 =2 |N° — | —£ Re|—Ae—— + AN C
( L W) L 167 L My \/ﬁﬂ' LS%@' t“10
SM prediction: 95 [-oreee jE"Vf
9.0 S
i LD(+): (6.827051 £0.04) x 1077 3 85
BR(KL — pit)gy, = e :;L
LD(—): (8.047555 4 0.09) x 1077 z 80 —
[D'Ambrosio, Iyer, FM, Neshatpour ‘22] oé; 750"
Experimental results: L — g
65 - | T
BR(KL — fifi)exp = (6.84 +0.11) x 107° ~05 0.0 05

[PDG]
Precise experimental measurement (less than 2% uncertainty)!

Large and asymmetric theoretical uncertainties!
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Ki = pp

K. = pp is long distance dominated, mediated by two photons via K. = y*y*

2

BR(K — pjt) =7, 16

NED _ (—Qm” Grae “e) Re!—)\c% + ,\tcfo}

2.0

SM prediction:

~
o

=
>

LD(+): (6.821051 £0.04) x 10~*
BR(KL = pjt)gy = |
M LD(—): (8.047%% +0.09) x 10

[D'Ambrosio, Iyer, FM, Neshatpour ‘22]

=
o

108 x BR(K;»u T u~)
o =
(0] N

o
[e)}
T

\

Measurement (PDG)

Experimental results:

o
SN
T

BR(KL — pfi)exp = (6.84 +0.11) x 107° 10 -5 0 5 10 15 20
[PDG] 6C10

Precise experimental measurement (less than 2% uncertainty)!
Large and asymmetric theoretical uncertainties!
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Ks = up

LD contribution for Ks = pp is cleaner: The leading O(p?) chiral contribution of Ks » 1t U = yy = u*
is theoretically under better control

Bu = \/1—4m?/ M%

NEP = (—2.65 + 1.144) x 107 (GeV) 2
[D'’Ambrosio et al. ‘86 ‘97;
Gomez Dumm, Pich ‘98;

Knecht et al. ‘99;
Isidori, Unterdorfer ‘03]

The theoretical prediction is not affected by sign ambiguity
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https://arxiv.org/abs/hep-ph/9801298
https://arxiv.org/abs/hep-ph/9908283
https://arxiv.org/abs/hep-ph/0311084

Ks = up

ng 2 2m, G e

167 mi /27

SM prediction:

BR(Ks — pi) ™M = (5.15 + 1.50) x 1072

[D'’Ambrosio, Iyer, FM, Neshatpour 22]

Experimental results:

BR(Ks — pp) < 2.1(2.4) x 10710 @90(95)% CL
[LHCb, 20]
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https://arxiv.org/abs/2209.02143

Ks = up

~ 2m3ﬁ 2 2m,, Grae 2 Y.
BR(KS%MM)=TST{53|N§D| +( s )Im2 [_)‘674‘/\1%51[0]

mg \/§ﬂ' SW o
SM prediction: LHCb bound @90% CL
- -10L Prospect of LHCb limit @95% CL with 300 fb~! data
BR(Kg — pjn)>™ = (5.15 + 1.50) x 10712 L0 '
[D'’Ambrosio, Iyer, FM, Neshatpour 22] +:,_
1)
| ¥
Experimental results: 4
M 5 o-1
BR(Ks — pup) < 2.1(2.4) x 1071 @90(95)% CL
[LHCb, ‘20] . ) ! ! !
-40 —-20 0 20 40
6C1o

— Future measurements of BR(Ks —» pp) at LHCb will be crucial for exploring new physics scenarios involving scalar
and pseudoscalar contributions!

- Interference effects between K. = pp and Ks = pp could provide valuable insights into short-distance physics
D’Ambrosio, Kitahara '17; Dery et al. '21
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https://arxiv.org/abs/2209.02143

Ks = uu - scalar contribution

Add the scalar operator:

Hyr = C.0+ C,0

2 2m,, Gpoe 2 Y,
BR(Ks — ufi) = TSme—I;B# {52 B§D|2 N ( my Gra ) Tm? [_)\CST + AthOI
| W

[Chobanova et al ‘“17]

How to get a handle on the scalar operator?
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Kt - 11842

[Gao. ‘03,
Let's go back to K* — 118 Chen et al.'03 ]

2

d*r G2 M3 el
= SRR ) ¢ Il SN - 2 o) + |fof

dzdcost 2873

FRe( i fs) - BN2(z) cos b} re = me/ M

anae) = S e i) /(T2

Difficult to do this for the electron mode

AFB is non-zero only in case there are simultaneously vector and scalar contributions!
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https://arxiv.org/abs/hep-ph/0311253
https://arxiv.org/abs/hep-ph/0302207

Bounds on fs

| (KT = 7mrutu) || (KT — nfeter) |
NA48/2 exp |fs| < E865 exp | fs] <
AFB (-24 + 18) x 1072 | 4.2 x 107> AFB — —
BR | (9.624+0.21) x 107% | 1.0 x 10~* BR | (2988 +0.040) x 1077 | 6.8 x 107°
NAG2 exp | [s] < NA48/2 exp Ifs] <
AFB (OO + 07) x 1072 7.7 %107 AFB - -
BR | (9.164+0.06) x 107% | 5.6 x 10~° BR (3.14+£0.04) x 1077 | 6.8 x 107°
W W

[D'’Ambrosio, Iyer, FM, Neshatpour 24]

® we constrain the scalar interactions by examining both the BR and the AFB

The upper bounds on fs from both observables demonstrate the sensitivity of current
experimental measurements

®* The most stringent limit on fs arises from the NA62 measurement of AFB, highlighting its
potential to probe new physics scenarios involving scalar interactions

NA62 will have further results for K* = 1*¢¢ (for muons and electrons)
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https://arxiv.org/abs/2404.03643

Global analysis
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All observables

Rare kaon observables

5C% + 5C% = §CT

| K*—»n*lvﬁ i
Observable SM prediction Experimental results 100l B Koy (AL, > 0) S |
BR(K* — 7tww)  (7.864+0.61) x 1071] (10.6740 +0.9) x 10711 Lo it oot
BR(K? — 7%u) (2.68 4 0.30) x 10~ < 3.0 x 10-° @90% CL T Noes 2
| === Ki=snluu ! \
LEUV (0 — a¢) 0 ~0.014 £ 0.016 [ eeee omove. A
BR(K 68270y x0T [ A
(e = ) (+) - (6:82%02) x (6.84 +0.11) x 10~° o E ! ;
BR(KL — pp) (=) (3.04%555) = 107° S of i i i
BR(Ks — p1j1) (5.15+ 1.50) x 10 2] < 2.1(2.4) x 1010 @90(95)% CL i C
- 0 +0.92 —-11 i “\ i /
BR(‘KL - ee}("") (3'46—0.80) x 10 <28 % 101 @90% CL T =l -:--'\-\\ ------------------------- :—--7'- ----------
BROK, — wu)(+) (L3802 x 1071 i A
Lo R0 < 38 x 10711 @90% CL ok i
- BR(K, = n'u) (=) {0:947550>< 10 <L N |
-100 =50 0 50 100
6CH=6CF
We assume NP contributions of the charged and neutral o
leptons related to each other by the SU(2). gauge symmetry Bounds from individual observables:
and we work in the chiral basis Coloured regions: 68% CL measurements

Dashed lines: 90% upper limits
5CY = 8C§ = —3C%,
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All observables

Rare kaon observables

Observable SM prediction Experimental results
BR(K* — ntvi) (7.86 4 0.61) x 10711 (106742 +0.9) x 10711
BR(K) — 1) (2.68 £0.30) x 10~ < 3.0 x 1079 @90% CL
LFUV(al — a) 0 —0.014 £ 0.016

BR(KL — pp) (+)
BR(Kp = py) (=) (8.04%557) x 1077
BR(Kg — ) 5.15 + 1.50) x 1072
BR(K, — 7e)(+)  (3.46505) x 1071
— BR(KL —wlee)(—=) (L55000) x 101
BR(K, — mup)(+)  (L385937) x 1071

0.21 -1
L= TRE)= 090

6.827050) x 1077

(
(
(
(

(6.84 4 0.11) x 10

< 2.1(2.4) x 1071 @90(95)% CL

< 28 x 107! @90% CL

< 38 x 107 @90% CL

We assume NP contributions of the charged and neutral
leptons related to each other by the SU(2). gauge symmetry
and we work in the chiral basis

5CY = 8C§ = —3C%,

6Ce

5C% + 5C% = §CT

50

40+

30F

20

10

- o ) ]

 Kt-ntub
B Ki-up (Af, > 0)
K, —up (A[‘w <0)
LFUV with K* >+
== K-nee

—10}

== Kp—nuu
:

2
920

2|0 3|0 4|0 50 6|0 I 70
6CH =6C]
Bounds from individual observables:

Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits
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All observables / Global fit

Fit (with Superlso public program) for positive LD contributions to K. — up

Bl Kt-ontvo
| B K- (Afw> 0)
L1 LFUV with K*-nt
== K,-nee
I Global fit to current data

30

20

5CE

-0 BC

1 1
-15 -10

5CH=6CT
Lighter / darker purple region: 68% / 95% CL of global fit

Main constraining observables BR(K* = 11* w) followed by BR(K. = )
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http://superiso.in2p3.fr/

Prospects for future measurements
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Prospects for KOTO-II

Fit results (20 CL) LD:+ for K, = uu
[0 Current data

current sutuation

30

20

G 10f
IS
O -
_10 -
—ZII.5 —ZILO —I5 (I) 5
6Cl!

Projection A Projection B
Observables already measured are kept, others assumed All measurements give current best-fit point with
at their SM values, all with target precision of KOTO-II target precision of KOTO-II
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Prospects for KOTO-II

; Future Precision
Fit results (20 CL) BR(K* -1+ v0): 15% LD:+ for K, = uu
- Current data BR(K, - m°v0): 25%
| W KOTO-II, Proj. A
I KOTO-II, Proj. B

current sutuation

30

°1 Scenario 1
v o Final NA62 precision for K* - 1" w
@) 10
IS
o Final KOTO-II precision for K. =» 1° w
0 -
—10}
15 =T Zs 0 5
oCt!
Projection A Projection B
Observables already measured are kept, others assumed All measurements give current best-fit point with
at their SM values, all with target precision of KOTO-II target precision of KOTO-II
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Prospects for KOTO-II

30

20

6CE

-10F

10

Fit results (20 CL)
- Current data
| W KOTO-Il, Proj. A
I KOTO-II, Proj. B

Future Precision
BR(K* »m*vi): 15%
BR(K, - n°vD): 25%
BR(K, - nee): 25%

LD:+ for K. = pu

1
-15

Projection A
Observables already measured are kept, others assumed
at their SM values, all with target precision of KOTO-II

N. Mahmoudi

1
-10

=5

6CH

current sutuation

Scenario 2

o Final NA62 precision for K* = 1" w
o Final KOTO-II precision for K. =» 1° v

0 KOTO-II K. —» 1t° ee

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

Fit results (20 CL) ;:t(?(rfrrnicni;i)?ris% LD:+ for K, = uu
- Current data BR(K, - mv0): 25%
301 mmm KOTO-II, Proj. A BRUK > n°e): 25%
0, . %
BN KOTO-Il, Proj. B PRLZTHI: 25%

current sutuation

°! Scenario 3
v o Final NA62 precision for K* = 1" w
@) 10
IS
o Final KOTO-II precision for K. =» 1° v
o 0 KOTO-II K, - T ee
wl 0 KOTO-II K, = T pp
—ZII.5 —I10 —I5 (I) 5
6Cl!
Projection A Projection B
Observables already measured are kept, others assumed All measurements give current best-fit point with
at their SM values, all with target precision of KOTO-II target precision of KOTO-II
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of the main decays

Scenario 1

. Future Precision
Fit results (20 CL) BR(K* —1* v5): 15% LD:+ for K, - uu
- Current data BR(K, - nm°v): 25%
301 mmm KOTO-II, Proj. A
20
[} |
U 10
(o]
0 -
-10 1o of individual observables
Kt ->ntvb (NA62-final 15%)
K; - m®vb (KOTO-Il 25%)
1

1
=5 0

6CH

1 1
=15 -10

w

Projection A
Observables already measured are kept, others assumed
at their SM values, all with target precision of KOTO-II

N. Mahmoudi

6CE

30

20

10

-10

Future Precision
BR(K* »m*vb): 15%
BR(K, - m°vD): 25%

Fit results (20 CL)
- Current data
| B KOTO-Il, Proj. B

LD:+ for K, = uu

1o of individual observables
Kt ->ntvb (NA62-final 15%)
Ki - m®vb (KOTO-II 25%)

1
-5 0 5

sCH

15 10
Projection B

All measurements give current best-fit point with
target precision of KOTO-II
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Impact of the main decays

Scenario 2

Future Precision
BR(K* -»m*vi): 15%
BR(K, - m°vi): 25%
BR(K, - n%ee): 25%

Fit results (20 CL)
- Current data
| B KOTO-II, Proj. A

LD:+ for K, = uu

30

20

1o of individual observables
—10F mmm K* ->n*vi (NA62-final 15%)
K, - mvi (KOTO-II 25%)

[ K, - nee (KOTO-II 25%)

=15 -10 =5 0 5

sCH
Projection A

Observables already measured are kept, others assumed
at their SM values, all with target precision of KOTO-II
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6CE

30

20

10

-10

Future Precision
BR(K* »m*vb): 15%
BR(K, - m%vi): 25%
BR(K, - n%e): 25%

Fit results (20 CL)
- Current data
| EEE KOTO-II, Proj. B

LD:+ for K, = uu

1o of individual observables
rEm K* >t vo (NA62-final 15%)
Ky = mPvb (KOTO-II 25%)

Superiso v4.1

[ K, - nlee (KOTO-Il 25%)

1
=5 0 5

sCH

15 =T
Projection B

All measurements give current best-fit point with
target precision of KOTO-II
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Impact of the main decays

Scenario 3

7 Future Precision
Fit results (20 CL) BR(K* 1+ v5): 15%
- Current data BR(K, - m°vb): 25%

30T mmm KOTO-I, Proj. A BRIK~nCee): 25%

BR(K, > muu): 25%

1o of individual observables
Kt ->ntvo (NA62-final 15%)
K; = m®vi (KOTO-Il 25%)
K, - nee (KOTO-Il 25%)
K - nup (KOTO-II 25%)

=15 -10 =5

sCH
Projection A

Observables already measured are kept, others assumed
at their SM values, all with target precision of KOTO-II

LD:+ for K, -

6CE

T
. Future Precision
Fit results (20 CL) BR(K* -1 v5): 15% LD:+ for K, = uu
- Current data BR(K, - n%vi): 25%

[ EEE KOTO-Il, Proj. B BR(K.—>n’ee): 25%
BR(K, - m°up): 25%

1o of individual observables
Kt ->ntvo (NA62-final 15%)
r K; - m®vb (KOTO-Il 25%)
K, - nee (KOTO-II 25%)
K - nfuu (KOTO-1 25%)

(]

1 1
=15 -10 =5 0 5

6CH

Superiso v4.1

Projection B

All measurements give current best-fit point with
target precision of KOTO-II
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Conclusions

* Rare kaon decays offer valuable insights into short-distance physics

= providing indirect portal to new physics

* K - 1 vv decays are predicted in the SM with very high precision

= An experimental measurement of K. = 1tvv will be of utmost important

= Together with K. — 11° ee and K. — 1° pp provides a great potential for probing
and distinguishing new physics scenarios

= will be further enhanced via advancements in theoretical precision
using continuum, data-driven approaches and lattice calculations

Improvement in the theoretical and experimental determination of rare kaon
decays offers promising avenue for uncovering signs of new physics
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Rosemary Fowler discovered the kaon particle during her doctoral research in 1948

She received an honorary doctorate
from Sir Paul Nurse, chancellor of the
University of Bristol on 22 July 2024

... at the age of 98!

UNIVERSITY OF BRISTOL

© 2024 Guardian News
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