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Rare kaon decays

Take place via FCNC

Suppressed in the Standard Model
Interesting probe of New Physics

S Requires reliable prediction in the SM

SD dominated
« K"—ntvr and K. —w’vv (golden channels)

LD dominated
e Ki—pup, Ks—pup , Kr—a0¢ and K, -7/, ...




Rare kaon decays

- Take place via FCNC

» Suppressed in the Standard Model
- Interesting probe of New Physics
S Requires reliable prediction in the SM

AG R
7

Weak effective Hamiltonian: Heg = ———= V" Wd— Z CLort
OL = (37, PLd) ey (1 = v5)ve), Og = (37, Prd)(iy"0), O1o = (57, Prd)(ir"y50)

NP contributions: ¢}, — CPM + §C,



KT—muy

1+ A 1 AeXe | o
BR<K+ — 7T+yﬂ) = /{—i_( + EM — Z [ )\tCL) + Re ( 5 + )\tCé)] (N =ViVa)

10
A 3°W - 54
« top loop: Cﬁ,SM = —Xsm(z:)/siy  NNLO QCD and 2-loop EW [Buchalla, Buras,’99; Misiak, Urban ‘99, Broad et al. ‘10]
- charm contribution: X. = M[PP + 6P?]  SD: NNLO QCD and NLO EW; LD: ChPT SDBuras etal, 05; Brod et al. ‘03]
:LIsiaori et al.
- O matrix elements known from K3, branching ratios — included in x [Mescia, Smith ‘17]

Csp /T >90%
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KT—muy

1+ A 1 AeXe | o
BR<K+ — 7T+yﬂ) = /{—i_( + EM — Z [ )\tCL) + Re ( 5 + )\tCé)] (N =ViVa)

A0 3°W - s2
- top loop: Crsm = —Xsm(@)/siy NNLO QCD and 2-loop EW [Buchalla, Buras,'99; Misiak, Urban ‘99, Broad et al. “10]
- charm contribution: X. = X*[PSP +6PX?]  SD: NNLO QCD and NLO EW: LD: ChPT EB[HE%?? ° 2:26055]; Brod et al. ‘08]
- O matrix elements known from K3, branching ratios — included in x [Mescia, Smith ‘17]
- T'sp/T >90%

BR(Kt — 7T vi)gm = (7.86 £ 0.61) x 1071 [DAmbrosio, Iyer, Manmoudi, SN 22]

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

1+ A 1 AeXe | o
BR<K+ — 7T+yﬂ) = /{—i_( + EM — Z [ )\tCL) + Re ( 5 + )\tCé)] (N =ViVa)

A0 3°W - s2
- top loop: Crsm = —Xsm(@)/siy NNLO QCD and 2-loop EW [Buchalla, Buras,'99; Misiak, Urban ‘99, Broad et al. “10]
- charm contribution: X. = X*[PSP +6PX?]  SD: NNLO QCD and NLO EW: LD: ChPT EB[HE%?? ° 2:26055]; Brod et al. ‘08]
- O matrix elements known from K3, branching ratios — included in x [Mescia, Smith ‘17]
- T'sp/T >90%

BR(Kt — 7T vi)gm = (7.86 £ 0.61) x 1071 [DAmbrosio, Iyer, Manmoudi, SN 22]

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

BR(K+ — 7T+VE)SM = (773 + 0.61) x 1071 [Brod, Gorbahn, Stamou ‘21]
BR<K+ — 7T+VE)SM — (8.60 :l: 0.42) X 10_11 [Burasl Venturini ‘22]
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KT—muy

o k(14 Apm) 1 AcXec
BR(Kt — ntuvp) = + <0 EM)gsévZ [Im2 (\C%) + Re? (— = +)\tC£)]
14

w
BR(KT — T vi)Nag2 = (10.6f§:g +0.9) x 10~ [DAmbrosio, lyer, Mahmoudi, SN ‘22]

BR(KT — nTvi)gm = (7.86 £0.61) x 1071 [NA62 Coll., Cortina Gil et al. 1]
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KT—muy

N I{_|_(1 + AEM) 1 Ae X,
BR(Kt — ntuvp) = <0 gsév > [Im* (AC) + Re? ( - o+ MC*
Y/ w
BR(KT — T vi)Nag2 = (10.6f§:g +0.9) x 10~ [DAmbrosio, lyer, Mahmoudi, SN ‘22]

BR(KT — nTvi)gm = (7.86 £0.61) x 1071 [NA62 Coll., Cortina Gil et al. 1]

New Physics effects:

Lepton flavour universal
18
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[
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BR(K T —=mtup) x 1011
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KT—muy

BR(KT — nfvp) = KJF(l;()AEM) %S%V Z Im? ()\th + Re? —)\25(0 + M Cp
V) w
BR(K™ — 77 vd)nas2 = (10.6752 +0.9) x 1071 [DAmbrosio, Iyer, Mahmoudi, SN 22]
BR(KT — nTvi)gm = (7.86 £0.61) x 1071 [NA62 Coll., Cortina Gil et al. 1]
New Physics effects:
Lepton flavour universal Lepton flavour universality violation

47.3 (6xSM)

39.4 (5xSM)

31.6 (4xSM)

6Ce

23.7 (3xSM)

15.8 (2xSM)

BR(K T —=mtup) x 1011
101! x BR(K * »m* vD)

7.89 (SM)

20 -10 0 10 20 30 40

6CH = 6C
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K;— vy

1
BR(K, — 7'v7) = {1554 D Im’ (ACf)
12

« CLsuy Same as for K*—atuy
« charm contributions below 1%
« 99% SD distance

BR(KL — 7T0V17>SM = (268 + 030) x 1071 [D’Ambrosio, lyer, Mahmoudi, SN ‘22]

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

BR(KL — 7T0V17)SM = (259 + 029) x 1071 [Brod, Gorbahn, Stamou ‘21]
BR(KL — WOVE)SM = (2.94 + 0.15) X 10_11 [Buras, Venturini ‘22]
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K;— vy

A0 3%
BR(K — WOVD)KOTO < 3.0x 107 at 90% CL [KOTO Coll. Ahn et al. 18]

BR(K; — WOUE)SM = (2.68 £ 0.30) x 10~ 11 [DAmbrosio, lyer, Mahmoudi, SN ‘22]

BR(K; — m'vi) = K—Llsél E:Im2 ()\th)
¢

New Physics effects:

Lepton flavour universal Lepton flavour universality violation
350 ' 53.8 (20xSM)
\ / KOTO @ 90% CL: 10** X BR(K,>m%up) < 300
300
— 40.4 (15xSM)
" 250 Y
= 3
e [
= 200 . 26.9 (10xSM) ;\1
2> < B
£ 150 2 om
1 13.4 (5xSM) %
- —
E 100 .—co
o —
m 2.69 (SM)
50
“~._SM
0 * 0
-100 -75 -50 -25 i} 25 50 5 100 =20 -10 0 10 20 30 40
6C1 6Cl'=6CF
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LFUV InK"— 70/

K+— x4 /( is long distance dominated, mediated by single photon exchange K+— 7y

.ﬂ Lbux LD >> SD ‘t,: —  precise SM prediction not yet possible

A(2) < GpMz(a +bz) + W™ (2)  2=m?((l) | M
v/

form factors loop term




LFUV InK"— 70/

K+— x4 /( is long distance dominated, mediated by single photon exchange K+— 7y

- ‘b LD >> SD = precise SM prediction not yet possible

A(z) GFMK a+bz)+ W™ (2) z=m>(l)/ M
v/

form factors loop term

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

a“# " indicates LFUV NP: a* — a%® = —v2Re[VigVii(Cl — CF)]

[Crivellin et al. *16]
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LFUV InK"— 70/

K+— x4 /( is long distance dominated, mediated by single photon exchange K+— 7y

- ‘b ~ Lb>>8D fj ﬁ = precise SM prediction not yet possible

A(z )O(GFMK (a+02)+ W™ (2) z2=m>l)/ Mk

¢ \ LFUV with K+ -+ 47
150 1

form factors loop term

LFU predicts the same form factors « and b, for f=e,u 1001

50 A

Vo
a# a indicates LFUV NP: ak¥ — a%¢ = —v2Re [Viq Vi (Ch — C§)] e
[Crivellin et al. *16] 0- z _|_SM
Channel a4 by Reference
_50 =
ee —0.561 +£0.009 —0.694 +0.040 E865 ‘99 and NA48/2 ‘09 comb.
[D’Ambrosio, Greynat, Knecht ‘18] —1001

T T T T T T T T T
-100 =75 -50 -25 0 25 50 75 100

p 057540013 —0.72240.043  NAG2 Coll. 22 6Ck
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Kp—pp

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

- f?(mf;,[)’ 2m,, Gpro, ¥ 2
BR(K; — uj) = 77 K K¢ | yLD _ B2 Re|l—e s L9008
(K, pit) = T, o T My Jom € Sf,V t&10
LD >> SD

NEP o (Xdisp + 9Xabs) —> NP = £[0.54(77) — 3.95] x 10~ (GeV) 2

[D’Ambrosio et al. ‘86 ‘97; [D’Ambrosio et al. ‘17]
Gomez Dumm, Pich ‘98;

Knecht et al. ‘99;

Isidori, Unterdorfer ‘03]
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Kp—pp

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

f}(’n? }8;_5 LD 2m GFO:'e }/(. ¢
N~ — E——"|Re|-Aco + XC
16m k £ 52, + Al

2
BR(K — pji) =

mg \/2m

LD >> SD

NEP o (Xdisp + 9Xabs) —> NP = £[0.54(77) — 3.95] x 10~ (GeV) 2
[D’Ambrosio et al. ‘86 ‘97; [D’Ambrosio et al. ‘17]
Gomez Dumm, Pich ‘98;

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

Prediction depends on the sign of A(K.— ) contribution
determining the effect of the SD-LD interference
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Kp—pp

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

me ) LD 2m,, Gpro, ¥ ¢ 2
BR(K — pji) = EINED — EZ__°) Re|=-Ae— + N C
16m k g ﬁ'}r Sf’V 12
i - 9.5:- m—— >
“e LD >> SD ( 1
( Ay <0
5 (’ 7, Z 9.0
NEP o (Xdisp + 9Xabs) —> NP = £[0.54(77) — 3.95] x 10~ (GeV) 2 % 8.5
[D’Ambrosio et al. ‘86 ‘97; [D’Ambrosio et al. “17] X 8.0
Gomez Dumm, Pich ‘98; % '
Knecht et al. ‘99; x
Isidori, Unterdorfer ‘03] & 75
Prediction depends on the sign of A(K.— ) contribution . Exp(PDG) B
determining the effect of the SD-LD interference 65 e
-0.5 0.0 0.5
SNEP
. LD(+): (6.8270%7 +0.04) x 1077
BR(KL — pii)gy, = e » BR(K — pjl)exp = (6.84 £0.11) x 107°
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] LD(_): (8'04—0'.97 iU.UQ) x 107 [PDG]

’ ’ ’
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Kp—pp

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

2m,, Gro, Y 2
_( L) Re!—/\CT“jL/\LCfF}
mg /2w Sty 2.0
1al — Af,>0
_ Afw<0

=
(@)
T

=
o
T

NEP o (Xdisp + 9Xabs) —> NP = £[0.54(77) — 3.95] x 10~ (GeV) 2

[D’Ambrosio et al. ‘86 ‘97; [D’Ambrosio et al. ‘17]
Gomez Dumm, Pich ‘98;

Knecht et al. ‘99;

Isidori, Unterdorfer ‘03]

N
(@)
T

108 x BR(K; = T ™)
o =
o0 N

p—— = —

‘ e

Prediction depends on the sign of A(K.— ) contribution et TR
determining the effect of the SD-LD interference

o
(@)]
T

S
I

-10 -5 0 5 10 15 20
6C1o

i LD(+): (6.8270:3 +0.04) x 1077
BR(KL — .UH) = BR(KL - H',a)exp — (684:|: 011) % 10—9

SM ;
; " a+1.46 | ¢ -9
[D’Ambrosio, lyer, Mahmoudi, SN ‘22] LD(_)- (8'04—0.97 iU.UQ) x 10 [PDG]
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KL%TFOKK

BR(K, — 7°00) = (Cli, + Clylas| + Chias|* + CL,)

Y

[Dambrosio et al. ‘98;lIsidor et al. ‘04;Mescia, Smith, Trine ‘06]

‘ Cﬁir ‘ Olfnt ‘ Cﬁnx ‘ C’ff}
f=e| (4.62+024 (wd, +w?) | | (11.3£03)wsn || 145+05 ~ 0
0= | (1.09 £ 0.05)(w?, +2.32w2,) || (2.63 £ 0.06 3.36+0.20 | 5.2+ 1.6
[Mescia, Smith, Trine ‘06]
1 )\‘:u’, 1 sd
ey = —Im | ——— [wral= —Im|— 7t C
o [1 07 x 1037 } e [1.407 x 10—401“}
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KL%TFOKK

BR(K, — n°¢0) = (Cdu, + Chylas] + Chlasl® + C4,)

/
&
d /A\

e K.
[Dambrosio et al. ‘98;lIsidor et al. ‘04;Mescia, Smith, Trine ‘06]
‘ Cﬁir ‘ Olfnt ‘ Cﬁnx ‘ C’ff}
f=e| (4.62+024 (wd, +w?) | | (11.3£03)wsn || 145+05 ~ 0
£ =p | (1.09 £0.05) 'u_rﬂ; + 2‘32?1;“) (2.63 +0.06 336+£020 | 5.2+1.6

[Mescia, Smith, Trine ‘06]

Wy = 1In —X!d Cy wn Al = lIm —)\?d C

[wrv = 5™ | Tggre10=2 0|+ [274= 5™ | Tqg7 g1 €10

BR®M (K, — n%e) = 3.4670 33 (1.557038) x 107" BROP(K; — n%&) < 28 x 1011 at 90% CL
BRSM (K, — n%uja) = 1.38%927 (0.94%921) x 107! BR™P(Kp, — npji) <38 x 10711 at 90% CL

[KTeV ‘00 and ‘03]

[D’Ambrosio, lyer, Mahmoudi, SN '22]
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KL%TFOKK

BR(K, — 7%07) = (Cdu, + CL Jag| + CL o las|? + 0,‘;7)

.___—:__ . L N\ / Y L /
/.‘ \ oy : KTeV bound for muon mode i
: zv // - -~ N
¥ : . Ky )
[Dambrosio et al. ‘98;lsidor et al. ‘04;Mescia, Smith, Trine ‘06] = o KTeV bound for electron mode
L
C fhr ‘ Clent ‘ Cﬁmx ‘ C’i*f ;é’ ol
f=e| (4.62+024)(w?, +w?,) | | (11.3+£03)wsy || 145+05 | =0 v
£ =p | (1.09 £0.05) ‘wﬂ, + 2‘32';1;“) (2.63 +0.06 336+£020 | 5.2+1.6 .‘Z'.O
[Mescia, Smith, Trine ‘06] — 10
1 1 Im 1 ] Im )\fd
Ty = — s | wral= — —
or | 1. 407 10— LT o T.107 x 10—4 Koyt -
0'(c?nstructiveintelrferenceassun":ed) | ) | Lol IJI
-60 —-40 -20 0 20 40 60
6Ch = - 6CY,
SM 0, a 1p+0.92 (1 4060 —-11 _ . .
BR™ (K — me€) = 3.46X 35 (1.557045) x 10 BR™P(K — nle) < 28 x 10711 at 90% CL

BRSM(K [, — 7%uf) = 1. 38+3 %Z BR*P(Kj, — °ufi) < 38 x 1071 at 90% CL

[D’Ambrosio, lyer, Mahmoudi, SN ‘22] [KTeV ‘00 and ‘03]

(0.9470:2) x 1071
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Global analysis




All observables

Rare kaon observables 6C§ # 6C% = 6CT

Bl Kt-ntvo i
Observable SM prediction Experimental results Lop L == Komu (AL, >0) :
. — _ _ I Ki-pu (AL, <0) S
BR(K* — nfwr)  (7.86+0.61) x 107" (106747 +0.9) x 107 A L A A
I
BR(K? — muw) (2.68 & 0.30) x 10 1] < 3.0 x 10~ @90% CL AT S !
e 21
LEUV(a — a5 0 —0.014 £ 0.016 %0 eee Kioomowp
BR(K, = ur) (+) (682797 <10 | [T . B
(Ke = ) (+) - (6:82%02) (6.84 +0.11) x 10~° v j 3
BR(Kp, — pp) (=) (8.04755)) x 107° S of ‘: i
BR(Ks — p1j1) (5.15+ 1.50) x 10-'2] < 2.1(2.4) x 10~ @90(95)% i
) ’
BR(K — nle)(+)  (3.4679092) x 1071 L L R - e
(Ko i (3:460z0) <28 x 10711 @90% CL 50 s rg
BRA—mleel(=) (1 551060) « 10-11 | (\ /
BR(K;, — m°up 1.383027) 5 10~ 11 _ ol ¢
( L Fif )( ) ( 0.2.) < 38 % 10—11 @90% CL j— /’(Qk/\/
BR{KL — m =) {09455 550" @3
;ILIOO —ISO 0 SIO l(l)O

5CH =6C]
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%,

Bounds from individual observables:

Coloured regions: 68% CL measurements
Dashed lines: 90% upper limits



All observables

Rare kaon observables 508 £ 50" = 50T
Observable SM prediction Experimental results
BR(K* — ntwp) (7.86 +0.61) x 107} (10.6732 +0.9) x 1071
BR(K) — 70v) (2.68 4 0.30) x 10 11] < 3.0 x 10? @90% CL I
LFUV(a — a%) 0 —0.014+0016 [T T B T
- +0.77 9
BR(KL = uu) (+) - (682%0) x 107 (6.84 £ 0.11) x 1072 o
BR(K, = jur) (=) (8.045550) x 107° 3
BR(Kg — i) (5.15 4+ 1.50) x 10712 < 2.1(2.4) x 101" @90(95)%
+0.92 -11 -
BR(K — m%e)(+) (3.46753) x 10 < 28 x 10-11 @90% CL ; EL_,W(A[J i}
BRFAT——mleed—) (1 557060 x 10- B .
Lo (AL, < 0)
+0.27 —11 LFUV with K+ —»n* 4
BR(K, — 7 up)(+)  (1.38103%) x 10 < 38 x 1011 @90% CIL e
BR{K, = map =094 50! K=
=20 -10 0 10 2I0 3I0 4I0 5]0 6I0 70
6C' =6CF
We assume NP contributions of the charged and neutral leptons o
related to each other by the SU(2). gauge symmetry and we Bounds from individual observables:
work in the chiral basis Coloured regions: 68% CL measurements

Dashed lines: 90% upper limits
[ L __ ¢



All observables / Global fit

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

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

30

20

6CE

—10F

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)



http://superiso.in2p3.fr/

Prospects for future measurements




Numerical values

used in the projections

Observable

SM prediction

Experimental results

NAG62 final

BR(K* — 7+ wi)
BR(K} — 7vv)
LFUV(al — af)
BR(KL = ppr) (+)
BR(KL = pp) (=)
BR(Kgs — pep)
(

BR(K; — 7%e)(+)
\
€

~—

Dl'\,UxL un

(7.86 £ 0.61) x 10711

(2.68 £+ 0.30) x 10~
0

27071y x 1077

A58 x 1070

5.15+ 1.50) x 107"

3.467032) x 1071

(1557060) x 10-1

(6.8
(8.0
(5
(

(
i
\
BR(K, — %)
Ay
)

(L387927) x 1011

(n (M-H) 21y 10~ 11

(+)
t

BRIRT = Anpp )

=207

(10.6752 £ 0.9) x 1071
< 3.0 x 1079 @90% CL
—0.014 £0.016

(6.844+0.11) x 10°°

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

< 28 x 107 @90% CL

< 38 x 1071 @90% CL

20%
current

current

current

current

current

current




Numerical values used in the projections

Observable SM prediction Experimental results NAG62 final HIKE Phase 2 HIKE P2 + KOTO-II
BR(K*™ — ntwp) (7.86 £ 0.61) x 1071} (10.6732 £0.9) x 1071 20% 5% 5%

BR(K} — 7vv) (2.68 £0.30) x 1071 < 3.0 x 107 @90% CL current current 20%
LFUV(al — af) 0 —0.014 £ 0.016 current +0.007 +0.007

BR(KL — ppr) (+)

(6

BR(KL = pp) (=) (8
BR(Kgs — pep) (5
( (

2% % 107
4 x 10

A5 4 1.50) x 107128 < 2.1(2.4) x 107" @90(95)% CL current current current

.8
(6.84 +£0.11) x 1077 current 1% 1%
.0

Y\ (n (]/1-&-0 21 —11
/ =0 u\ 10

BR(K, — +) (346703 x 1071 i
L — mee)(+) 080 < 28 x 10~ @90% CL current 20% 20%
BRtR—rrleel—)— (L 552%) x 101
BR(K — 7%up)(+) (1.38703) x 1071 )
(Kp = 7up)(+)  ( 025) < 38 % 10~ @90% CL current 20% 20%
AWd
T

BRIRT = Anpy

Projection B

Observables already measured are kept, others assumed to All measurements give current best-fit point
be match SM, all with target precision of HIKE (+ KOTO-II) with target precision of HIKE (+ KOTO-II)



NA62 final precision

e
30F —— NA62 final precision
Phase 2 (w/o KOTO), Proj. A _— =777
Il Phase 2 (w/o KOTO), Proj. B 5
20
QL’)“ 10
w0
0 .
-10r ) s
15 10 s 0 5
&CH
Projection B
Observables already measured are kept, others assumed to All measurements give current best-fit point
be match SM, all with target precision of HIKE (+ KOTO-II) with target precision of HIKE (+ KOTO-II)



HIKE without KOTO

e
30 —— Na62 final precision
Phase 2 (w/o KOTO), Proj. A  _— =777
Il Phase 2 (w/o KOTO), Proj. B
20+
G 0t
w
0_
| s S
15 10 5 0 5
6Ct
Projection B
Observables already measured are kept, others assumed to All measurements give current best-fit point
be match SM, all with target precision of HIKE (+ KOTO-II) with target precision of HIKE (+ KOTO-II)



HIKE without KOTO - impact of K™ — v

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

== NAG62 final precision
Phase 2 (w/o KOTO), Proj. A __— =777

30

10

6CE

1o of individual observables
I K*t-mntvb (5% Exp. uncertainty)

1 1
-15 =10 -5 0 5

6CH




HIKE without KOTO

Fit results (20 CL) LD: + for K, >y
= Current data
301 —— NA62 final precision
Phase 2 (w/o KOTO), Proj. A  _— =777
Il Phase 2 (w/o KOTO), Proj. B
20
w
0 L
0 T~ TP
1 1

1 1
-15 -10 -5 0 5




HIKE without KOTO - impact of K™ — v

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

== NAG62 final precision
B Phase 2 (w/o KOTO), Proj. B~ _— -t

30

20

10

6CE

—10}

1o of individual observables
I K*t-mntvb (5% Exp. uncertainty)

1 1
-15 =10 -5 0 5

6CH




HIKE without KOTO - impact of Kt w7 vy and K, —n°¢/

1

Fit results (20 CL) LD:+ for K~y
= Current data

== NAG62 final precision
B Phase 2 (w/o KOTO), Proj. B e

4”
e
-

30

20

10

6CE

1o of individual observables

=10 mm K;-né (20% Exp. uncertainty)

K. ~»mufi (20% Exp. uncertainty)

I K*t-mntvbd (5% Exp. uncertainty)
1 1

1 1
-15 =10 -5 0 5

6CH

Main constraining observables BR(K™— 7+ vv) followed by BR(K, — nefe™)



HIKE without KOTO

Fit results (20 CL) LD: + for K, >y
= Current data
301 —— NA62 final precision
Phase 2 (w/o KOTO), Proj. A  _— =777
Il Phase 2 (w/o KOTO), Proj. B
20
w
0 L
0 T~ TP
1 1

1 1
-15 -10 -5 0 5




HIKE with KOTO

Fit results (20 CL) LD:+ for K, -y
- current data
301~ — NA62 final precision

projection A

I projection B
20

w0
0 .
_10 -
1 1 1 1

-15 -10 =5 0 5

6CH




HIKE with KOTO - impact of K" —7tvr and K, — v

Fit results (20 CL) LD: + for K, >y
— current data

301 —— NA62 final precision
projection A
20+
(O] L
@) 10
w
O L

=101 10 of individual observables
Il Kt-ontvb (5%)
K -»rvi (20%)

1 1
-15 -10 -5 0 5




HIKE with KOTO - impact of K" —7tvr and K, — v

Fit results (20 CL)
— current data
== NAG62 final precision
Il projection B

30

20

6CE

=101 10 of individual observables
Hl Kt-ontvb (5%)
K -»rvi (20%)

1 1
-15 -10 -5 0 5




Rare kaon decays offer interesting information on short distance physics, even
those which are long-distance dominated

Hike (Phase 1 and 2) offers excellent sensitivity to new physics

KOTO-II measurement of K,— #’vr will improve this sensitivity

Measurement of K, — n°¢ /¢, especially in the electron sector gives a very effective
probe of new physics




Backup

167

R 2 (2m, Gra,
BR(Ksﬁuﬁ):q-Sm ﬁ3|N§D| +( p OF

mg \/Eﬂ

NEP = (—2.65 + 1.144) x 107 (GeV)~2

BR(Kg — pji)>™ = (5.15 £ 1.50) x 10712

BR(Ks—u " ~)

10404

2
‘ Y.
) T2 [_’\CsT + /\tOfO] }

“W

LHCb bound @90% CL

Prospect of LHCb limit @95% CL with 300 fb~! data




Backup

Asymmetric theoretical uncertainty of K, — uu

1o uncertainty of BR(K,—uu) as a function of reduced theory error

| BR(K,»u* ™) (Afw>-0] L SM prediction assuming negative LD sign
1 8.0 -
2.00 BR{KL**H+,U_]{AEW‘:O]
&
9O 1751 7.8 1
—
c
i = 7.6 1
D 150 g__
>
£ 125 T“ 7.4 1 SM prediction (LD:—)
o 1 v p :
5 % ~ I SM prediction (LD:+)
0O 1.00 7.2 1 5 [ Experiment (PDG)
> X -
= o
S 0751 S 7.01 .
E Experiment (PDG)
6_':_1' 0.50 ~ 6.8 SM prediction assuming positive LD sign
0.25 - 6.6 I
0.00 - : SE —_ e , 6.4 . . T .
6 9 10 1 12 13 oo oo oo oo oo
109 x BR(K; >t ™) KoY X £ AP D

(Improved theory uncertainty) / (Current theory uncertainty)



Backup

Asymmetric theoretical uncertainty of K, — w4/

0.8
mmm K -né (positive interference) 2.00 A _ mmm K -n’ujfi (positive interference)

0.7 1 h K —n’eé (negative interference) J_,-'::" K ~»n°ufi (negative interference)

e

-

w
I

0.6
1.50 A

1.25

1.00 A

0.75 4

0.50 4

Probability Density Function
Probability Density Function

0.25 4

i
! 0.5 1.0 15 2.0 2.5 3.0

10! x BR(K »mPu*u~)

1011 x BR(K;—»nete )



Backup

Fit (with Superlso public program) for negative LD contributions to K —

Fit results (20 CL) ‘ LD:— for K, —upu ]
= Current data
301 — — NA62 final precision
Phase 2 (w/o KOTO), Proj. A _— =777
EEE Phase 2 (w/o KOTO), Proj. B -
20
()] |
U 10
w
0 -
_10 . T e
1 1 1 1

-15 -10 =5 0 5
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http://superiso.in2p3.fr/

Backup

Fit (with Superlso public program) for negative LD contributions to K —

Fit results (20 CL) LD:— for K, —uu
— current data

30—~ NA62 final precision
projection A
Il projection B
20
(O] L
u 10
w
0 =



http://superiso.in2p3.fr/
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