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Impact for Rare Kaon decays of Testing the Standard Model in Charged-Weak
Decays

Predictions for the rare kaon decays
from QCD in the limit of a large number of colour
With M. Knecht and S.Neshatpour

e-Print: 2409.08568 [hep-ph] MDPI

° / °
o Giancarlo D" Ambrosio
THANKZSS;ri .gzléc;kéora’r|202(s)4ltlg§|61231yer Neshatpour I N F N S e z i O n e d i N a P O l i

THANKS to NA48 HIKE LHCB KOTO
T. Kitahara

CP violation in K — ;ﬁu‘ with and without time dependence through a tagged analysis

Giancarlo D'Ambrosio (INFN, Naples), Avital Dery (CERN), Yuval Grossman (Cornell U., LEPP), Teppei Kitahara (Chiba U. and KMI, Nagoya and Nagoya U.), Radoslav
Marchevski (EPFL, Lausanne, LPPC) et al. (Jul 17, 2025)

e-Print: 2507.13445 [hep-ph]


https://arxiv.org/abs/2404.03643

e Discussion of the Golden modes

SM: Z-penguin & box diagrams
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Rare Kaon Decays at LHCb

A lot of recent activity

Theory

D’ Ambrosio Kitahara, @ Brod Stamou, 2209.07445
1707.06999 @ Dery Ghosh Grossman

Dery Ghosh Grossman Kitahara Schacht,

Schacht, 2104.06427 2211.03804

Buras Venturini, 2109.11032 @ D’Ambrosio Dery Grossman
Dery Ghosh, 2112.05801 Kitahara Marchevski

D’ Ambrosio Iyer Mahmoudi Martinez Santos Schacht,
Neshatpour 2206.14748 2507.13445

Experiment

NAG62, 2412.12015, 50 observation of Kt — ntvy:

B = (13.0’_’%;3) 10711,

KOTO, 2012.07571: Improved upper limit on K; — #°v¥.
Proposal for KOTO II: 2501.14827.

LHCb, 2001.10354: Upper limit on Kg — pu*u~.

LHCb, 2212.04977: Upper limits on Kg; — 2(u* ).

v

Stefan Schacht

Flavour Physics at the Intensity Frontier Manchester, January 2026
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K — muvy
NEED KOTO/KOTO II NA62 AND LHCB

A(S — dV?)SM ~ ELL ) L/Y X Z | qu m?>

S

W d
U, C, 1
§ ~
S 0
(

Z

SM V—AQV — A Littenberg

CP violating
'K — n°uvp) = J = A\
S Only top

Buchalla and Buras,
hep-ph/9308272, Buras et al,

1503.02693.



K-> nvv (PNN): A Long Game...
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NA62 Projection, Karim Massri @KAON2025

K*—m*vv: Final dataset projection #462 ()

Latest K*—m*vv result (2016-2022 data) discussed in detail [Bu BV4:1311 G 1YY

Final dataset (2016-2026) projection

* Projected to be ~ 3x the 2016-2022 statistics (> 60 SM K*—m*wv)
* Assume same NN,,, /day as 2024, assume same B/S as 2021-2022

?;('s(r "R Uisheg 12023-2024, 325 days, WIP | /4 ® i BNL

v Work In Progress | ;

< 51 roeee ‘ e NA62: 2016-18

4 2016, 45 days, PLB 791(2019)156 I f

N E - -

o 40 / -k ®- 1 ol -

; 2017, 160 days, JHEP 11(2020)042 ,/ f NAG2: 2021; =

&N / | :

5 301 g ,--J’ .

5 2018, 217 days, PRL 127(2021)131802  / —— NA62: 201 6"22

5 20- -t NA62 Projection

.:]2: 2025-2026, 320 days, projetted | j [CenterEd on 2016- 22 reSU"]

= LS2 |

U Bl e . g SM [JHEP 09 (2022) 148]

3 v / 2021-2022, 300 days JHEP 02 (2025) 191 | 1 K SM [EPJC 82 (2022) 7 615]
"TTTo016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 5 10 15 20 25 30 35 40

Year B(K'>n*vv)x10"

Expect BR(K*—x*vv) uncertainty < 20% (stats + analysis improvements)



Rec. P.. (MeV/c)

KOTO Projection, Tadashi Nomura @ KAON2025maE=¢lge=)

" , , Discussion based on
Limit vs SES considering BGL modified-frequentist method

(CLs method)
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NAG62: .%(K"' - 7;"'1/17) = (13()38) x 10~ 11

1=

1.5

1.0

0.5

Kaon UT: testing the SM across flavor sectors

[arXiv:2412.12015]
- ComdaWmOGTE] o,{ 4 B
- Mostly v %
E B-physics | % Amy & Am;
i sin2p ‘

llllllllllllll
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0.0 — — <
p -
-05 y
1.0 - K —
- : sol. w/cos2p<0 -~
- Summer 23 E (excl. at CL > 0.95) =
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4
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Kaown? |

ekl

Does the plot rely purely on kaon information?

: - Kt-> vy

Avital Dery



Shift to the (ds)-tria ngle picture

Ll L] T T I T L) L T I gpFp VOV VT v

1 95% C.L. .
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Ol

Uncertaunty artificially inflated.

dependent on B input (| V,,|)

Avital Dery

| AD [arXiv: 2504.12386] ]

;\ ' 1 B K- ttvv
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A*(1-p)

parametric uncerta Lwtg shrinks

purely k,aow—phgsios determined



The four i1slands

15 T — e
- 95% C.L. S ]

. | €k 4
1.0f oo island 7

Four (almost) disconnected regions op el

0.5
&c 0 0 [ SM island

Approximately symmetric around < Y. .\

left island

~ (—0.3, 0) -0.5

-1.0 bottom island

—1.50 |
15 -10 -05 00 05 1.0

A%(1-p)

Avital Dery LHCb Implications workshop 2025, CERN



1
: »
LA
L4
b -0
f
TFYIL . IT - \‘
.
4
‘ » 3
5 -‘
[ : :
s b v L A
L
.
- g
e’ N g 'y
$ ‘ \\ - *
' ' | g
« : - 1
- - - - - - ben - - -
’ L

®m  LHCb experiment has been designed for efficient reconstructions of b and ¢

®  Huge production of strangeness [O(10'3)/fb-! K%] is suppressed by its trigger
efficiency [e~1-2%@LHC Run-I, e~18%@LHC Run-II]

® LHCb upgrade (LS2=Phase I upgrade, LS4=Phase II upgrade) could realize high
efficiency for K% [e~90%@LHC Run-III] (M. R. Pernas, HI/HE LHC meeting, Fermilab, 2018]

® In LHC Run-III and HL-LHC, we could probe the ultra rare decay Br~O(10-'1~12)



Rare Kaon decay program at LHCB

PDG Prospects
Ks — ppu <9x 107 at 90% CL (LD)(5.0+£1.5)-1071% NP < 10~}
Ks — pppp — SMLD ~2x 10~
Kg — eeupu — ~ 10~ H
Kq — eeee — ~ 10~10
Kg — nup (294+1.3)-1077 ~ 107
Kg —mtr—ete”  (4.794£0.15)-107° SM LD ~ 107°
Ks—ntan putu~ — SM LD ~ 10~ 14

Prospects for Measurements with Strange Hadrons at LHCb

A.A. Alves Junior (Santiago de Compostela U., IGFAE), M.O. Bettler (Cambridge U.), A. Brea Rodriguez (Santiago de Compostela U., IGFAE), A. Casais Vidal (Santiagc
de Compostela U., IGFAE), V. Chobanova (Santiago de Compostela U., IGFAE) et al. (Aug 10, 2018)

Published in: JHEP 05 (2019) 048 - e-Print: 1808.03477 [hep-ex]

Rare n Strange 2017: strange physics at LHCb
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KL=>M M

- T(KQ - ptp~ YI(KY —» ntz™ )

A N VALUE (107°) EVTS DOCUMENT ID TECN COMMENT
o 3.48 + 0.05 OUR AVERAGE
3.474 +0.057 6210 AMBROSE 2000 B871

3.87 +0.30 179 1 AKAGI 1995 SPEC

— + [(k,,p) (ky,0 )]
/ i 3.38 +0.17 707 HEINSON 1995  B791

« » » We do not use the following data for averages, fits, limits, etc. « + »
\ 3.9 +0.3 +0.1 178 2 AKAGI 1991B SPEC In AKAGI 1995

J B(KrL — pt i )exp = (6.84 £ 0.11) x 10~°

l(k, j0) = (k0]

®. o

y (k) y(kg KL — W//y ‘exp known

(b)

FIG. 7. Leading contributions to A +RN—y+y. To lead-
ing order in My™?, the diagrams in (a) reduce to those
of (b).

Gaillard Lee

Dispersive calculation: Re A, Im A



We do not know the sign of  A(K; — ~v)

L
Y
A(KL—>2’yJ_)O(p4): A(KL—>7TO%2’}/J_)—I—A(KL%778%2’}@_)
) 1 1 1 |
= A(K NA(T® — 2 —_ ~ ()

Kaon Decays in the Standard Model
Vincenzo Cirigliano (Los Alamos), Gerhard Ecker, Helmut Neufeld (Vienna U.), Antonio Pich, Jorge Portoles, refs therein




GD Espriu 86

v GD Isidori Portoles
/ Isidori Unterdorfer 04

W d 8
K; [Hoferichter, Hoid, de Elvira]
u,c,t u,c,t arXiv:2310.17689

(} <<
S ~

) v, ZY
(

x. 0

I'(Kp — pp
( = 'ulu) ~ ‘ReA‘Q + ‘ImA|2 Absorptive calculation
F(KL — /yry) \ model independent

Subtracting from expt. the Absorpfwion 27 14

0.98 £0.55 = |Re A" = (3 (M) + Xshort — 5.12)°

|Xshort‘ = 1. 96(1 11 —0. 9210)



Additional constraints

Schematie

135
95% C.L.

Neutral kaon decays -

Fundamentally different from B physics, as K; 1.0-
and K are also (approximate) CP eigenstates —

0.5
CP-even transitions result in vertical bands < g
Ky = nwp” c
-0.5-
CP-odd transitions result in horizontal bands ,
K, - 7 -1'0;
e'le 545 10 05 00 05 10
Acp(K° = ptu) A*(1-p)

Schematie

Avital Dery LHCb Implications workshop 2025, CERN



Magically comes LHCB
measuring Ks — g

Mostly i, decays outside fiducial volume



Dr. Gaillard at Berkeley in the early 1980s. AIP Emilio Segre Visual
Archives, Physics Today Collection

S—>MM

PHYSICAL REVIEW D VOLUME 10, NUMBER 3 1 AUGUST

Rare decay modes of the K mesons in gauge theories

M. K. Gaillard* and Benjamin W. Leet
National Accelevator Laboratory, Batavia, lllinois 60510}

(Received 4 March 1974)

Rare decay modes of the kaong such as K —ull K — xvl K — vy - =y, and K -~ re
are of theoretical interest since here we are observing higher-order weak and electro-
magnetic interactions. Recent advances in unified gauge theories of weak and electromag-
netic interactions allow in principle unambiguous and finite predictions for these processes.
The above processes, which are “Induced” |AS! =1 transitions, are a good testing ground for
the cancellation mechanism first invented by Glashow, Iliopoulos, and Maiani (GIM) in order
to banish |A S| =1 neutral currents. The experimental suppression of K ; —~ uji and nonsup-
pression of K, — Yy must find a natural explanation in the GIM mechanism which makes use
of extra quark(s). The procedure we follow {s the following: We deduce the effective inter-
action Lagrangian for A +0t~=[+[ and A + &~y +¥ in the free-quark model; then the appropri-
ate matrix elements of these operators between hadronic states are evaluated with the aid of
the principles of conserved vector current and partially conserved axial-vector current. We
focus our attention on the Weinberg-Salam model. In this model, K — uji is suppressed due to
a fortuitous cancellation. To explain the small K, -K 3 mass difference and nonsuppression
of K;= vy, it is found necessary to assume m,/m,: <<1, where my is the mass of the
proton quark and m,: the mass of the charmed quark, and m, . <5 GeV. We present a phe-
nomenological argument which indicates that the average mass of charmed pseudoscalar

— — sti-

K) - ut INSPIRE search |Je
S ” ” has the
v IX Kg = W W gtal o/t tllo‘:)p"

Test for AS = 1 weak neutral current. Allowed by first-order weak interaction combined with electromagnetic interaction.

VALUE CL% DOCUMENT ID TECN
<21x1071 90 1 AAJ 2020AE LHCB |
- « « We do not use the following data for averages, fits, limits, etc. « « -

<8x 10710 90 2 AAL 2017BQ LHCB

<9x107° 90 3 AALJ 2013G LHCB

<32x% 1077 90 GJESDAL 1973 ASPK



BR(Kg = u* ™) theo~10712

BR(KS -» utu™) < 2.2 x1071%@ 90% CL

PRL 125 (2020) 231801

= prospects to reach 0(10~11) sensitivity

with Run 3 data (analysis ongoing)
JHEP 05 (2019) 048

Impressive limit, opening the way to
phenomenological implications (see next)



To good approximation:

@ LD effects are CP conserving. = CP violating amplitudes are purely SD.

Short-distance (SD) and long-distance (LD) physics
@ CP-conserving decays: SD and LD

/ K;, —  (uu)i=o Ks —  (uu)=1
CP-odd CP-odd CP-even CP-even
(%0) —— kg, 0] \ @ CP-violating decays: Only SD

? o Ks — (=0 K - (=1
' CP-even CP-odd CP-odd CP-even
(b)
FIG. 7. Leading contributions to A +N—=y+y. To lead- @ We can cleanly calculate it in the SM.
ing order in My™?, the diagrams in (a) reduce to those
of (b). A2257
B(Kg — ()=o) = 1.7-10713 x d
(Ks — (up)i=0) (1.3 < 10_4)
Gaillard Lee [Inami Lim 1981, Isidori Unterdorfer hep-ph/0311084, Dumm Pich hep-ph/9801298,

Brod Stamou 2209.07445]

a Hadranie 11necartaintiec from .. - 107,



Ks=> UM

Ecker Pich '90 / A No CP conserving Short Distance due to Furry Theorem
= ,

Kg Gaillard Lee

7

LD 5x 10" 20% TH err
Dispersive treatment of Kg — yy and Kg — yIT1~ S hor“l‘ D i S'I'an ce

SM 107°|S(V;eVia)|? ~ 1071
NP few 1071 allowed

elo, Ramon Stucki, and Lewis C. Tunstall

Summarizing
B(KY — putp~
( S e )SM |[Ecker, Pich '91; Isidori, Unterdorfer '04; Chobanova,
— (518 - 1-5OLD 4 0.0ZSD) % 10—12 D’Ambrosio, TK, Martinez, Santos, Fernandez, Yamamoto '18]

|
(4.991p + 0.195p) SD7??







CPLEAR Flavor tagging

Such an interference has been discussed from '67 [Sehgal and Wolfenstein], and has been observed/

utilized in many processes: e.g., KO — mm, KO — 370, KO — m+m-719, and K0 — s0e+e-

cf. CPLEAR experiment

(1990-99@CERN)
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Neutiral—kao ecay time (7]

{Kg,Kp} > nmtm™

measured the interference between KL and Ks

|[CPLEAR collaboration '95]
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6 8 10 12 14 16 18

Neutrcl—kaon decay time [7]






Can we sfudy Ko(f)? o e

mp— KK X
mp— KX 5> K7 X

10 10—+
: : SM (=)
08} ! \ —
0.6_‘ 0.6-‘ \ —_—
= : = :
~ L Tt~ ~ - -II---_
047 -=Z=---_“T2o--- 0.4 T-=SSIIIITszzooo oo
0.2 0.2
OO ||||||||||||||||||||||||||||| ] OO |||||||||||||||||||||||||||||
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Neutral kaon decay time t [7g] Neutral kaon decay time ¢ [7g]




275 T(K° = fline. < A(Ks — f)* x A(KL — f)
O(1m): LHCDb detector size




p\::eTtZr: K0 ) 215 D(K° = fint. x A(Ks = f)* x A(K, — f)
O(1m): LHCb detector size

--------------------

Interference T 2Ts
I(t) = —|A(K )[2e Tt + |A(KL)| e ''' + DRe [e “*MK' A (Kg)" A(KL)] ™ t+0(€)

Gra
ZA K1—>'u, o K2—>H w / [ . F )\ty7A(3’)’p,’75d)(/1fY 75#)-|-h%

spin

16iG4 MA F2 M2m?2 sin® 6
— FmW K"K "p WIm[)\t]y.’?A{ LW—27rsm HW(Re[)\t]ym-l-Re[)\c]yc)}

3

Coefficient is / vy loop
pure imaginary

Leading contribution is proportional to D X Im[4,] X Im[A(K; — yy — uu)]

It looks like [weak phase] x [strong phase], namely the direct CPV in meson decay



[D'Ambrosio, Kitahara, [arXiv: 1707.069991]

K(t) > pu~

[AD. Ghosh, Grossman, Schacht, [arXiv: 2 104.06427J]

The K — u™u~system can be described by four parameters:

-
A(KL,)CP—C\/C[] | CL — IA(KL)CP—t‘.\"CIll
Al $)CP—add I C\' - 1""1( l\\. )( ‘P—odd | +/}u |A(K‘S')Cp—cvcn I
|A(KS)CP—cvcn I Clnt. = lA ( A’_\. i}( P- m_itiA(‘KL)CP—cvcn I
P, = arg (A (Kg)rp \_"A(KL)CP__C\_M) %o
dT' (K (K"))

C e T+ Cse™Ts' £2 C, cos(AMyt—g,)e™

dt
CZ
Interference term holds the - | A(K¢) p—odd Theoretically clean
CPV (SD) information CL -

The same effect induces Aqp: the difference between K and K vates.

Avital Dery KAON 2025, Mainz



KS g “+,u_: PrOSpeCtS arXiv:2507.13445

See A. Dery’s talk

» K95 utu~ interference grants access to SD

'\3’ $ K’ p'u spectrum - Time-dependent rate
> 45 s 0 i 1 dI'(K° — ptp~
s E Eo_’“ e ( Hp) =Cre  t + Cge 15t + 2 Cpe. cos(AMgt — p)e™ "
= 40F ¢ K — u'u spectrum dt
g F — R i
S 35 - 2 Short-distance
w = — =
a0F- Ci A(K,{,)£=0|/ CPV contribution
= \ Simulated spectrum of Cs = |A(Ky) '2+ﬁ2|A(K Vo1’
25— LHCb Upgrade Il detector o odicam H dit=ll s
= with 300 b1
S Cat. = |A(Ks)e=o||A(KL)e=ol
15— |
: = Also grants access to CKM n
10—
5 ===l | » Time-dependence and Tagging required
o L L L L s e Benefit from extending acceptance (Downstream tracks)

Decay Time [t/t ]

LHCb Upgrade Il might be able to achieve:
KAON2025

» %1/ ~35%

= Sign of A7, with at least 3o 1

Luis Miguel Garcia Martin - Rare Kaons at LHCDb 10/09/2025




Rare Kaon Decays at LHCb

Acp(K® — utu™) at LHCb

[D’ Ambrosio, Dery, Grossman, Kitahara, Marchevski, Martinez Santos, Schacht: 2507.134435]

|4 (K")dt - J G &Dat 20, I,
Acp = =

f (K )dt + f (Ko)dt CLIL + Cslg

~B(K; - u ") (known)
~ B(Ksg — u*u~) (unknown)

[
IL(t) — f Feﬂ(tl) e—rLtldtl
0
[
I4(f) = f F () e TS gy known (4-fold ambiguity in v)
0

[
o (8) = f FR() cos(AMk? — po)e ™ dt
()




Possible future
et L

NAG62 expectation:

15 % uncertainty on B(K™ — ntvo)

Planned KOTO II projection:

20 % uncertainty on B(K; — n'vb)

=> A measurement of (A*#)

Complementary measurement of (A%#) via
Acp(KY = p*p™) at LHCD

“Progress in rare kaon decays

- Projection, SM

1.0

0.5

-0.5

-1.0-

-1.5

(exp+pheno+dispersion+Lattice) allows to start probing the
kaon UT plane, with constraints sensitive to various NP
operators, using vastly different experimental and theory
techniques, complementing the B-physics CKM picturein a

unique and crucial way”

top island
. bottom island
95% C.L.
15 -10 -05 0.0

A%(1-D)

K/_—)Tl'o Vv |
Acp(KO»pup)

05

K*= T'Vv -

| €kl

1.0



KAONS: RICH POTENTIAL

Rare Kaon decay program at LHCB

PDG Prospects
Kgs = pp <9 x 1077 at 90% CL (LD)(5.0 £ 1.5)-10"12 NP < 10~ !
Kg = pppp - SMLD ~2x 10!
Kgs — eeup ~ 10-11
Kg — eeee - ~ 1010
Kg — mpup (29+1.3)-107? ~ 109
Ks—ntn~ete”  (4.79+0.15)-107° SM LD ~ 10~°

Ke—ntanutp~ - SM LD ~ 10~

K" — ntyy og/B ~ 5% BSM physics, LFUV
K" > at¢€~ Sub-% precision on form-factors LFUV
Kt - n ¢t Kt — nue Sensitivity O(1071%) LFV /LNV
Semileptonic K* decays og/B ~ 0.1% Vs, CKM unitarity
Rk = B(K* — e*v)/B(Kt - utv) o(Rk)/Rx ~ 0(0.1%) LFUV
Ancillary K™ decays %o — Yoo Chiral parameters (LECs)
(e.g. K¥ = ntyy, Kt — ntnlete™)
K; — 70¢te og/B < 20% ImA, to 20% precision,
BSM physics, LFUV
Ky —» utu” og/B ~ 1% Ancillary for K — uu physics
K; — n(x%)ute? Sensitivity O(1071?) LFV
Semileptonic K decays og/B ~ 0.1% Vs, CKM unitarity
Ancillary K;, decays %o — Yoo Chiral parameters (LECs),
(e.g. K1 — vy, Kr — n'yy) SM K1, — uu, Kr — n¢*€ rates




LHCDb Sensitivity to Strange particles

(l am adapting material from the presentation of Luis Miguel Garcia Martin @KAON25)

Channel €], €D or(MeV/c?)  op(MeV/c?)
KO > ntnete 1.0 (0.18) 2.83 (1.1) ~ 2.0 ~ 10

K = ptp ete 1.18 (0.48) 2.93 (1.4) ~ 2.0 ~ 11
Kt > atete 0.04 (0.01) 0.17 (0.06) ~ 3.0 ~ 13

Xt > pete ~0.13  1.76 (0.56) 3.2 (1.3) ~ 3.5 ~ 11
A= prete ~045 <22x107* ~17(<2.2) x107* — —
Channel €r €D or(MeV/c?)  op(MeV/e?)
Ke — pte” 1.0 (0.84) 1.5 (1.3) ~ 3.0 ~ 8.0
KY — pute 3.1 (2.6) x1072 13 (11) x10~° ~ 3.0 ~ 7.0
Kt —snatutes ~2 3.1(1.1) x1072% 16 (8.5)x107? ~ 2.0 ~ 8.0

Channel R €r €D or(MeV/c?)  op(MeV/c?)
K — ptp~ 1 1.0 (1.0) 1.8 (1.8) ~ 3.0 ~ 8.0
K = ntn™ 1 1.1 (0.30) 1.9 (0.91) ~ 2.5 ~ 7.0
K? - nutp~ 1 0.93 (0.93) 5 (1.5) ~ 35 ~ 45
K = yutp 1 0.85 (0.85) 4 (1.4) ~ 60 ~ 60
K = ptpptp 1 0.37 (0.37) 1(1.1) ~ 1.0 ~ 6.0
KO = ptp~ ~1  27(2.7) x107%  0.014 (0.014) ~ 3.0 ~ 7.0
Kt 5 ntanta~ ~ 2 9.0 (0.75) x10~2 41 (8.6) x10~3 ~ 1.0 ~ 4.0
K+ = ntutyu- ~2  6.3(2.3) x1073  0.030 (0.014) ~ 1.5 ~ 4.5
St s oputus ~ 0.13 0.28 (0.28) 0.64 (0.64) ~ 1.0 ~ 3.0
A = pr ~0.45  0.41 (0.075) 1.3 (0.39) ~ 1.5 ~ 5.0
A — pu~v, ~ 0.45 0.32 (0.31) 0.88 (0.86) - -
== > Au~v, ~0.04 39 (57) x1073  0.27 (0.09) - .
== 5 20w, ~0.03 24 (4.9) x1073  0.21 (0.068) - -
== S prm ~ 0.03 0.41(0.05) 0.94 (0.20) ~ 3.0 ~ 9.0
=0 s prr ~ 0.03 1.0 (0.48) 2.0 (1.3) ~ 5.0 ~ 10
O = Ar- ~0.001 95 (6.7) x10=3  0.32 (0.10) ~ 7.0 ~ 20
/

JHEP05(2019)048

R — ratio of production w.r.t. Kg
e — ratio of efficiencies w.r.t. K{ - utu~

It was realised that a strong kaon programme can be realized in LHCDb



Conclusion

® | HCB has a chance to test short distance physics in a

® Golden Channel complementing NA62 and KOTO



Prospects

Crivellin, GD, Hoferichter, Tunstall ‘16

GD Iyer Mahmoudi Neshatpour 2206.14748

K+ — gtiT]— LFUV test ¢t —a°
® Global tests lepton flavour universality violation

® SCGIGI" and .l'enSOr Couplings Phys. Lett. B 855 (2024) 138824

GD Iyer Mahmoudi Neshatpour



WAbBZ ()

(p, 1) Kaon Unitarity Triangle
.................. : VudV:b 4 Vch:.l;, + thV;Z — 1

K — 7nuv : Precision test of the Standard Model

SM: Z-penguin & box diagrams
S W V S %4 1)

u’S 7‘7
AN WWWWWA -
u.c.t n.e.% R
e ty YE, M, T T
Mﬂ
AV =
d % v % v S; 7 1 145 Re
—N g . K, — B charm
o AB(K — mvr) highly suppressed in SM K= pn)
m
. GIM mechanism & maximum CKM suppression s — d transition: ~ —L V¥V
My

e Theoretically clean = high precision SM predictions
 Dominated by short distance contributions.

« Hadronic matrix element extracted from B(K — A +vf) decays via isospin rotation.

Mode SM Branching Ratio [1] SM Branching Ratio [2] Experimental Status
K+ > a*wp | (8.60£0.42)x 107" [(7.86 +0.61) x 10~ [(10.6 +4.0) X 10" ez 1013
K, - n’vb | (294£0.15)x 1071 [(2.68 £0.30) x 107!! |<2Xx 107  KOTO(2021 cata

| N F N Joel Swallow ARecent SM calculations [1:Buras et al. EPJC 82 (2022) 7, 615][2:D'Ambrosio et al. JHEP 09 (2022) 148] 3
LNF

CERN Seminar (Differences in SM calculations from choice of CKM parameters: see [Eur.Phys.J.C 84 (2024) 4, 377])

NA62 16-22 (13.0)F30 x 1071 1873
Bkg




Isidori Unterdorfer

->MM: our sign ignorance
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