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Introduction

Indirect searches of New Physics (NP) via Flavour Changing Neutral Current (FCNC) processes

o Rare B decays: b — s processes

o Rare K decays: s = d processes

Both loop suppressed in the SM

Box diagram: Vet fw Penguin diagram: . °

b — s transitions

= Abundant data already available (from BaBar, Belle, LHCb) & more to come (Belle Il, LHCb upgrade, ...)
= Good control over long-distance strong interactions (m;, much larger than Ag¢p)
= Although tensions in theoretically clean observables Ry, Rx+ and BR(Bs — uft) gone there are still

deviations in branching ratios and angular observables of B —» K*uji, By = ¢uii and B = Kuji
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

%) 4+ - = Hadronic uncertainties cancel out
R (x) = B(B — K( )IJ’ H ) Hiller, Kruger, ]
K% B(B — K(x)ete—)  Phys Rev. D69 (2004) 074020 = theoretically very clean O(1%)
Jun. 2014
LHCb (1 fb~1)
2.60 in[1-6] GeV?
of Rg
) ——1LHCb —=—BaBar —Belle
s —r r 1 r 1 1 1 1 1] —r T 1 7T
> - | i R3M([1.1,6.0] GeV?) = 1.006 + 0.004
1.5F ! .
1-( SM exp 0.090
: ] - . Ry ([1.1, 6.0] GeV?) = 0.745J_r03074 + 0.036
0.5F - — 2.60 tension
0' o 1 NP R .I.. P
0 5 10 15 20
[PRL 113, 151601 (2014)] q: [GeVz/ c?
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

*) 4+ — = Hadronic uncertainties cancel out
R (x) = B(B — K( )IJJ H ) Hiller, Kruger, .
K B(B — K(x)ete—)  Phys Rev. D69 (2004) 074020 = theoretically very clean O(1%)
Jun. 2014 May. 2017
LHCb (1 fb™1) LHCb (3 fb™)
2.60 in[1-6] GeV2  2.20in [0.045-1.1] GeV?
of Ry 2.50 in [1.1-6] GeV?
Of RK*
2.0 C T T ! |
L 1 RPN =0.906 + 0.0204gp + 0.020g
= Lor ] SM,bin 2 [Bord Isidori
i ] R>. =1. + 0.01 ordone, Isidori,
i - ] K 000+ 0.010qep Pattori, 1605.07633]
1.0 :_ ___________________ - ASTUTSUTTTTTYs SUVSSSUUTUUUUUUUOTRTTY SESTUUUTURTUTUO _:
5 } | exp,bin 1 +0.110
051 ® LiCh R =0.66077370 (stat) +0.024 (syst)
. LHCDb Preliminary - gfﬁn i
0.0 ————— e REXPPINZ =0 685+0113 (stat) +0.047 (syst)

2 254
GeV< /e
[JHEP 1708 (2017) 055] g | /c’]
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https://arxiv.org/abs/1705.05802
https://arxiv.org/abs/1605.07633

Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

(x), +,,— = Hadronic uncertainties cancel out
R —= B(B — K [ ) Hiller, Kruger, .
K() B(B — K(x)ete—)  Phys Rev.D68 (2004) 074020 = theoretically very clean O(1%)
Jun. 2014 May. 2017 Mar. 2019
LHCb (1 fb™1) LHCb (3 fb~1) LHCb (5 fb™1)
2.60 in[1-6] GeVZ  2.20in [0.045-1.1] GeV? 250 in[1.1-6] GeV?
of Rk 2.50 in [1.1-6] GeV? of Rk
Of RK*
IT | T T T T T T T T | T T
BaBar L
= 0.1 =g?=812GeV/c?
[PRDS6032012]
Belle
N , L0=g?=6.0GeVict
[THEPO3{2021)105]
1] I 1 L L L 1 L L L I
0.5 1 1.5
RK

[PRL 122, 191801 (2019)]
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

(x), +,,— = Hadronic uncertainties cancel out
R —= B(B — K [ ) Hiller, Kruger, .
k() B(B — K(x)ete—)  Phys Rev.D68 (2004) 074020 = theoretically very clean O(1%)
Jun. 2014 May. 2017 Mar. 2019 Mar. 2021
LHCb (1 fb™1) LHCb (3 fb™1) LHCb (5 fb™1) LHCb (9 fb™1)
2.60 in[1-6] GeV2  2.20in[0.045-1.1]1 GeV*  2.5¢in[1.1-6] GeV?  3.10in[1.1-6] GeV?
of Rk 2.50in [1.1-6] GeV? of Ry of Ry
Of RK*

IT | T T T T T T T T | T T

BaBar L
= 0.1 =g?=812GeV/c?
[PRD86032012]
Belle
N , LO=g2=6.0GeVct
[THEPO03{20213105]
LHCb 9 fb' |
i 1.1=g%=6.0GeV/¢c?

[LHCH-PAPER-2021-004]

1] I 1 L L L 1 L L L I

0.5 1 1.5

RK
[Nature Phys. 18 (2022) 3, 277]
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

(*),,+,,— = Hadronic uncertainties cancel out
R — B(B — K KR ) Hiller, Kruger, .
K&)' ™ "B(B — K()e+te—)  Phys.Rev.D69 (2004) 074020 = theoretically very clean O(1%)
Jun. 2014 May. 2017 Mar. 2019 Mar. 2021 Oct. 2021
LHCb (1 fb~1) LHCb (3 fb~1) LHCb (5 fb~1) LHCb (9 fb~ 1) LHCb (9 fb~1)
2.60 in[1-6] GeV2  2.20in[0.045-1.1 GeV?* 250 in[1.1-6] GeV?  3.10in[1.1-6] GeV? < 1.50 in[1.1-6] GeV?
of Rk 2.50'in [1.1-6] GeV? of Rk of Rk of R+, Ryg
Of RK*
] | !
. R, Belle N o+ 0 0 ot e
L1 < g2 <60 Gevres BT — K* ¢ ¢~ and B® — K217/
. R .. Belle
- 0.045 < g2 < 1.1 GeV¥¢*
E +0.18 +0.03
. j Ky Belle 2 R+ = 0.70Zq 13(stat) o oa(syst)
' 10<¢?><60GeV/ct
* 1 _ +0.20 +0.02
—— 0545 2.2 £ 60 GeVee Rko = 0.667 5 15(stat) g .04 (syst)
R LHCb 9 fb!
R 1.1i< g <60 GeVct
0 1 2 3
[PRL , 126 (2021) 161801, JHEP 03 (2021) 105] Ry
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

(%) +, — = Hadronic uncertainties cancel out
R — B(B — K [ ) Hiller, Kruger, .
k() B(B — K(x)ete—)  Phys Rev.D68 (2004) 074020 = theoretically very clean O(1%)
Jun. 2014 May. 2017 Mar. 2019 Mar. 2021 Oct. 2021
LHCb (1 fb~1) LHCb (3 fb™1) LHCb (5 fb~1) LHCb (9 fb™1) LHCb (9 fb~1)
2.60 in[1-6] GeV2  2.20in[0.045-1.1]1 GeV? 250 in[1.1-6] GeV2  3.10in[1.1-6] GeV? < 1.50 in[1.1-6] GeV?
of Rk 2.50'in [1.1-6] GeV? of Rk of Rk of R+, Ryg
Of RK*

= More than 40 significance for New Physics
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

(x), +,,— = Hadronic uncertainties cancel out
R — B(B — K K ) Hiller, Kruger,
K&)' ™ "B(B — K()e+te—)  Phys.Rev.D69 (2004) 074020 = theoretically very clean O(1%)

December 2022

1.4 [ LHCb Ri  low-¢° = 0.994700% + Compatible with SM with a
- -1 Centralo?  — ) Q40-0-048 .
91b Ry central-q” = 0.9497 417 simple y* test on 4 measurement

9 ga=t0.099
Ry low-¢° = 0.9277 5503

1.2 L Ry central-¢° = 1027f%%§;

]
YT T —t—

at 0.2 o

RK,K*

0.8 The results presented here differ from previous LHCb measurements of fy |32| and
I Data 2 ) 2 ) Ry« |29]. For Ry central-¢%, the difference is partly due to the use of tighter electron

x =16, p=0812 0 =02 . = o T o - .
0.6 - —_ SM identification criteria and partly due to the modeling of the residual misidentified hadronic

backgrounds; statistical fluctuations make a smaller contribution to the difference since
the same data are used as in Ref. [32].

Ry low-¢° Ry central-¢> Ry low-¢> Ry central-¢
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Tensions between data and theory for lepton flavour universality violating b — s#¢ decays

Lepton flavour universality in B = K£1£~:

* — = Hadronic uncertainties cancel out
R — B(B — K( )[_L+M ) Hiller, Kruger,
K ™ B(B — K(xJete—)  Phys.Rev.D69 (2004) 074020 = theoretically very clean O(1%)
December 2022

Lepton Flavour Umversallty
o Vlolatlon

RLP.
RK;' '

© Born:Jun.2014 ‘__'Born ‘May 2017
iDied:Dec; 2022 -5 - Died: Dec. 2022 |
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B — K™ upu angular observables

Several deviations (“anomalies”) with respect to the SM predictions in b = suu measurements

o Pg (B - K*u*u™): Long standing tension since 2013
M 2020 LHCb update with 4.7 fb~1 [PRL 125, 011802 (2021)]

Q,

W

E T U ]
C LHCb ]
£ «Run 1+2016

0.5 « Combined .
T I SM from DHMV

0 - /\

0.5F - ]

1 C . ]
0 5 10 15

g* [GeV?/ 4]

o First measurement of BY —» K**u*u~ angular observables

15

B full Run 1 and Run 2 dataset with

-T F L |
tl: [ l b—!—:_I_'
+ LHCb
[ —4— Data 0fb 1
SM from DHMV
| 8M from ASZB

[ 3 - . 1 A A 1

0 5 10 15
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1.5

9 fb~1 [PRL 126, 161802 (2021)]

» =~2 .90 local tension

— significance depends on estimation of
hadronic contributions

LHCb
—— Data 007!
SM from DHMV

77| SM from ASZB

» overall results confirm the trend of

tension with respect to the SM

................

10 5
7 [GeV¥ el
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https://arxiv.org/abs/2012.13241
https://arxiv.org/abs/2012.13241

Branching ratios

Several deviations (“anomalies”) with

o Branching fractions

respect to the SM predictions in b — s measurements

€€T (¥102) 90 daHI

mLCSR Lattice -sData L CS5R Lattice —= Data
r L B L LS LU L L L L l: l'\-\:l—' rrrro 9. r-rmmm—¥47¥mqmrmmmMT—MmTyTrDmT—TTT?™Y ":
o B> K'y'u -3 BoK'pu 7 7%
& LHCb § Y4 LHCh § ©
.T-.a ] h ] ‘E.r
® 3 . = 5 ®
= 1 =1 |: 1 &
s ++ B =\t E =
4 1 '-'E_ -+— ] |
) 103 )
= : . I B | [ n I::I L L I (B S [ ] l:::l - [
=0 5 10 15 20 = 10 15 20 = : 0 15 20
q* [G{.‘:sza:""] g’ [GCVEJ'("‘] q* [GeV</cd)
N —F LHCb O < e - - o
5 - LHCh 3 % L sk mipicun Ay P AHHE -
= SM (LCSR+Lamice)| — % | ,E ] am
S | SM (LCSR) N T .F ™ ¥
'ﬁ M (Lattice) N2 .I.T 2
415 4 IF | I e
s e & 2 o E
2 == 12 2 wpE o - EF-
1 . S 0 m'—_{ +) r
T = 3 ﬂ__‘f— | LHCh — =
3 . s\, T LHCh 3%
0 e 10 i% 20}

15
¢ [GeV?/c]

& [GeVY

J Measurements below SM predictions with ~ 2 — 3¢ significance

) Large theory uncertainties (several form factors involved)
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Theoretical Framework
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Theoretical framework: effective Hamiltonian

Theoretical framework: Weak Effective Hamiltonian

Separation between low and high energies using Operator Product Expansion

4GF *
Mo == ZVaVa (32 (GO + CmOm))
2 j=1---10,5,P
4-quark electromagnetic chromomagnetic semileptonic
operators dipole operator dipole operator operators
b s
O ) ) Oo.10 .
E (+
q q Y a (-
01,2 X [,§F#c} [él—‘#b] 07 o [EUWPRE)] FHY Og X [EO‘HVTGPR(L)H Gi” Og o< [S_;’)/#PLb} [{’Y’uﬂ
Os...6 o [5T,,0] [Z 18] O'y o [7, PLb] [+ 75(]

Most relevant for b = s#€: 0, Og, O4; in the SM: C;, =~—03, Cy=4, C(Co=-—4

Additional operators: Chirality flipped (0;), (pseudo)scalar (Og and Op)

O Wilson coefficients C; — €M + 5¢N":
perturbative, short-distance physics (g% independent), well-known in the SM

J Matrix elements of local operators:
non-perturbative, long-distance physics (q? dependent), main source of uncertainty
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Matrix elements for B - M{¢ (M = K, K*, ¢)

Effective Hamiltonian has two parts: Heg = Hil

4\(/;—F Vo Vis { Z

i=7,9,10,8,P

Heff__

o]

Cy

(MOHEL| B) oc AL Ggyve + AL eyuysve + As @eve + Ap Geysvg

local contributions:

— 2 O (M50 gy, P b|B) + Ca(M|5~* Py, b|B)

= Cg p(M|5 Prb|B)

B M = K: 3 form factors
B M = K" ¢:7form factors

Determined by Lattice QCD (high g?), Light-Cone Sum Rules
(low g?) and combined fit of LCSR + Lattice (low + high g?)

Ball et al’ ‘04; Khodjamirian et al. '10; HPQCD ‘13; Altmannshofer et al. '14;
Bharucha et al. “15; MILC ‘15 ; Horgan et al. ’15; Gubernari et al. ‘18

Siavash Neshatpour

/Hhad

(MELHERY| B oc N™ ey, ve

non-local contributions:

-----

/'(Nm - Z (2(,' {7’\;#’(/

q

Calculated for low g2 at LO in QCD factorization (QCDf)
Beneke et al ‘01 and ‘04

higher powers not fully known (“guesstimated”)

S recent progress using analyticity + experimental
dataon b — scc show these corrections should be small

Bobeth et al. 17, Gubernari, et al. ‘20 and ‘22
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New Physics Fit
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Global analysis

b — s ¢~ observables

Q O BR(B-X,utu") O B, - ¢ utu~: BR,ang. obs.
Q BR(Bsq — utu”) O BR(B - Xse'e) Q B - KO+~ BR, ang. obs.
a BR(BS N €+€_) O BR(B — K*€+€_)I BR, ang. Obs. Q B - K*("')‘u""u_; BR, ang. obs.

O A, > AuTu: BR,ang.obs.
Many observable interconnected via Wilson coefficients = Global fits

Minimization of 2, scanning over the values of §C;
x2 = (01 (5C;) — 0°%P) - (S + Zexp) - (01(5C;) — 0°P)
(Zth T Zexp)_l: the inverse covariance matrix

Theoretical uncertainties and correlations
L) Monte Carlo analysis
L) Variation of the input parameters: masses, scales, CKM, decay constants, form factors, ...

L) Parameterization of uncertainties due to power corrections:

Leading Order QCDf of
non-factorisable piece

2

X (1 + a;, exp(ipy) + by - G?eVz exp(i@k)> with a; 10 to 60%, by, ~2.5a;

Computations performed using Superlso public program
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NP fit with two operators; all observables

2-dimensional fit to all available data

68% CL (2019)
0.2 1 I 95% CL (2019)
0.1 -
i
9
& 0.0
de
O
w0
_.Ul -
_.[]2 -
-0.4 —0.3 —0.2 —0.1 0.0 0.1
M p—~5M
6CH/C3

2019: Run | results
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NP fit with two operators; all observables

2-dimensional fit to all available data

68% CL (2021)
0.2 [ 95% CL (2021)
==== £58% CL (2019)
— 95% CL (2019)
0.1
=
ne
2
= 0.0 -
I
Q
w
—0.1
—0.2
T T T T
0.4 0.3 -0.2 -0.1 0.0 0.1

6Cq/C3"
2019: Run | results

2021: (partial) Run Il updates, mainly for B — K*ut =, R and Bs — ppu~ (LHCb)
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NP fit with two operators; all observables

2-dimensional fit to all available data

68% CL (2022)
0.2 1 I 95% CL (2022)
-=== §8% CL (2021)
— 95% CL (2021)
0.1 - ==== 68% CL (2019)
— 95% CL (2019)
=
ha
9
& 0.0
de
O
w0
_.Ul -
_.[]2 -
T T T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1

6Cq/C3M
2019: Run | results

2021: (partial) Run Il updates, mainly for B — K*ut =, R and Bs — ppu~ (LHCb)
2022: (partial) Run Il updates, mainly for Bs — puTu~ (CMS), Ry« , RKg and Bs — ¢uTp~
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NP fit with two operators; all observables

2-dimensional fit to all available data

PUHSM = 550 68% CL (2023)
NP significance depends on assumed®-2 7 I 95% CL (2023)
hadronic uncertainties!
0.1 1
S
= 0.0 - S
I
O
w
_Dl -
_.|:|.2 -
0.4 0.3 —0.2 -0.1 0.0 0.1

6Cq/C3"

Post LHCb R (- update - also includes 2023 CMS results on R and BR(B* — K ¥ up)

“Unnatural” cancellation between Cj and Cf, to compensate the LFUV introduced
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NP fit with two operators; all observables

2-dimensional fit to all available data
Impact of separated based on theoretical treatment and uncertainty

mmmm All b-sif
PullSM = 5.50 mmm g2 €[0.1, 6] GeV2 bins

g? €6, 81 GeV? bins
mmsm high g2 bins
mmmm LFUV ratios
= BS a1

\
.

NP significance depends on assumed ).2
hadronic uncertainties!

0.1 -

0.0

BCisICTY

_0.1 .

N

—0.2 -

-0.4 -0.3 -0.2 -0.1 0.0 0.1

Hy~SM
Cg /Cg [Hurth, Mahmoudi, SN, arXiv:2310.05585]

Post LHCb R(-) update - also includes 2023 CMS results on Ry and BR(B* — K ¥ up)

“Unnatural” cancellation between Cj and Cf, to compensate the LFUV introduced
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NP fit with two operators; all observables

2-dimensional fit to all available data
Impact of separated based on theoretical treatment and uncertainty

0.3
Pullgy = 6.0g == Albwstt
NP significance depends on assumed mmmm 2 €[0.1,6] GeV? bins
hadronic uncertainties! 21 g° €[6,8] GeV? bins
mmm high g2 bins
w— B g0l
0.1 1
%o
— 0.0 1
O
~
o
—
O -0.1-
w0
—-0.2 4
—0.3 A
_0.4 T T
-0.1 0.0 0.1

-0.4 -0.3 -0.2
6C9/CSM [Hurth, Mahmoudi, SN, arXiv:2310.05585]

Post LHCb R(-) update - also includes 2023 CMS results on Ry and BR(B* — K ¥ up)

10 October 2023

Siavash Neshatpour



Rare Kaon decays
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NP with rare kaon decays

Rare kaon decays (s — d transitions):
= More complicated to gain information on short-distance physics
= Long-distance contributions often dominating

= Most cases, large uncertainties for SM prediction

Weak Effective Theory, similar to b — s:

4GF e  A~F
= T E ey Qe
Hesr 5 ts g Ek COg

Oy = (37, Prd) (("0), Oy = (37, Prd) ((v#75¢) , Of = (57, Prd) (Ber*(1 = 75) )

Siavash Neshatpour 10 October 2023



NP with rare kaon decays

Rare kaon decays (s — d transitions):
= More complicated to gain information on short-distance physics
= Long-distance contributions often dominating

= Most cases, large uncertainties for SM prediction

Weak Effective Theory, similar to b — s:

4GF e  A~F
= T E ey Qe
Hesr 5 ts g Ek COg

Oy = (37, Prd) (("0), Oy = (37, Prd) ((v#75¢) , Of = (57, Prd) (Ber*(1 = 75) )

We assume charged and neutral leptons are related to each other by the SU(2), gauge
symmetry and we work in the chiral basis:

5Ct = 5C§ = —6CY,

Siavash Neshatpour 10 October 2023



K - mvv

Golden channel with precise theory prediction K = nmvv

1+ A AeXe g
BR(K" — 7 vi) = azd :_m EM) 51,1, E [Im ()\LC'L) + Res ( 2 T A;}de’Eﬂ
Sw

BR(K = 7tvp)™ = (7.86 £ 0.61) x 107 BR(K — 7tvp)™ = (10.6137 £0.9) x 10!

[NA62, JHEP 06 (2021) 093]

BR(K} — 7°vp)®™ = (2.68 4 0.30) x 10~ BR(K — 7'vp)™P < 3.0 x 107 @90% CL

[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148] [KOTO, PRL 122 (2019) 021802]
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K - mvv

Golden channel with precise theory prediction K = nmvv

1+ A AeX, g
BR(K" — 7 vi) = azd :_m EM) 51,1, E [Im ()\LC'L) + Res ( 2 T )«;}de’Eﬂ
Sw

BR(KT — nTvi)™M = (7.86 £ 0.61) x 1071 BR(K" — 7Twp)™P = (10.673% £ 0.9) x 10~

[NA62, JHEP 06 (2021) 093]

BR(K} — 7°vp)®™ = (2.68 4 0.30) x 10~ BR(K — 7'vp)™P < 3.0 x 107 @90% CL

[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148] [KOTO, PRL 122 (2019) 021802]

18

=
=2

[y
S

-
(%]

[y
o

BR(K * =mtvv) x 1011

=

0
-30 =20 -10 0 10 20 30
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K - mvv

Golden channel with precise theory prediction K = mvv

ko (1+ Apn) 1 . DY A
BR(K" — nfvi) = + 110 EM) ;5312 [Im2 ()\LC'}i) + Rez( — Szfr ‘ '{C’Eﬂ
; ,

BR(K, — 7°vi) = ;fb isﬁ Zlm kel

BR(KT — nTvi)™M = (7.86 £ 0.61) x 1071 BR(K" — 7Twp)™P = (10.673% £ 0.9) x 10~

[NA62, JHEP 06 (2021) 093]

BR(K} — 7°vp)®™ = (2.68 4 0.30) x 10~ BR(K — 7'vp)™P < 3.0 x 107 @90% CL

[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148] [KOTO, PRL 122 (2019) 021802]

47.3 (6xSM)

39.4 (5xSM)

31.6 (4xSM)

6

23.7 (3xSM)

15.8 (2xSM)

BR(K * =mtvv) x 1011
10! x BR(K * = * vi)

7.89 (SM)

—20 -10 0 10 20 30 40

6CH =6CT
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Kt - mtes

K* — n* ¢ is long distance dominated, mediated by K+ —» nty*

dl/dz o GgMZ(a + bz) + W™ (z) z=m(£+e7) /M2
a and b are form factors K3, loop term

= LD effectin a and b are purely universal
= LD contributions cancel out in the difference between K™ -» nteeand K* - ntupu

— sensitive only to short-distance effects
att — a%t = —V2Re [VigVii(Ch — CF)]

Lepton universality predicts the same a, b for = e, u

Clurrent sitwation

Channel g by Reference
ee ~0.561 £0.009 —0.694 +0.040 comb. [60]
L —0.592 £0.015 —0.699 +£0.058 NA62 [16]
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Kt - mtes

K* — n* ¢ is long distance dominated, mediated by K+ —» nty*

dl/dz o GgMZ(a + bz) + W™ (z) z=m(£+e7) /M2
a and b are form factors K3, loop term

= LD effectin a and b are purely universal

= LD contributions cancel out in the difference between K™ -» nteeand K* - ntupu

— sensitive only to short-distance effects ToT T T
200
KL ee __ * e e
a" — ¢ = —/2Re [VigVyi (CL — CF)]
100
Lepton universality predicts the same a, b for = e, u @l
= 50
Current situation
Channel g by Reference 0 +SM
ee —0.561 +0.009 —0.694 & 0.040 comb. [60] -
[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148]
Jij —0.592 4+ 0.015  —0.699 +0.058 NAG62 [16] ™ R = = b T BT

6CH
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K, - £¢

K; — €% is long distance dominated, mediated by K; = y*y*

2,3 ¢ -
fremgeBu
167

2 Y, |
NLD _ ( my GF(L) R-e[—/\cT' N )\E,Cfn}
mi \/2x Sw

BR(I(L — }L,{:‘} =TL

NEP = £1[0.54(77) — 3.95i] x 10~ (GeV) 2

Long distance (LD) Short distance (SD) [example] 2.0
W N :
J JB' YT ‘ | ' 184 — Ay >0
K° t K° — Al <0
P ' " 16k Lyy
\ s d Y 1 . e \ s + A% - T +:5-
- :Tl 1.4 Ci = Cisu + 0Cy,
Prediction depends on the sign of A(K; — yy) which g 1.2 8
determines the effect of the SD-LD interference M 1.0F
X
“é 0.8+
) oy JED(): (6825051 +0.04) x 1077 0.6
BR(RL — ,u’u_.)“ = ] 1.46 o Measuremer 1. PDG
LD(—): (8.04%555+0.09) x 107 04t . : . . . l
' =20 =15 =10 -5 0 5 10
[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148] 6Cf
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KL - T[O'e‘?

BR(K — WOEE_) = (C’dw -+ Cmt\as| + C’ﬁux|a \2 + C’,‘iw)

Direthlng In ect CP- V|o|at|ng \

e

¥

Ct el CL,

“dir int mix

l=e (4.62 £ 0.24) (w2, + w2 ) (11.3£0.3)w7y | 14.5£0.5 ~ 0
{=p | (L.09 £ 0.05) (w2, +2.32w2,) | (2.63 +£0.06)wry | 3.36 £0.20 | 5.2+ 1.6

)\ i )\ aor KTeV bound far muon mode
1 7 1
iy = —Im | ——t ], o4 = —Im|——L O
R ll 407 x 104 } S F l1 407 x 107 1“} <
=
C’t: 0 KTeV bound for electron mode
&
BR¥M (K, — n¥ce) = 3.4670-32 (1.557059) x 107! & 2
X
BROM (K, — 7%uj) = 1.387027 (0.94702)) x 1071 o
[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148] — 10}
BR™P(K; — n’ee) <28 x 10711 at 90% CL Kot
i O (constructive interference assumed)
BR.GKP(K'L — ?TG;L;_L) < 38 X 10_11 at 90% CL 50 10 = o 20 20 %
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Global fit to kaon observables

Current data:
e Kt osmtvy

* K - pp(LD:+) 50
+ +pPp
e Kt >ntee [LD:+ for KL—>,u,u]
« K, > m%eé (90% upper limit) .
30+
20}
Ly
QO
o)
10
0 L _
Bl Kt-ntvp
—-10F I KL—>,U,'J (Afyy>0)
LFUV with K* >+ 22
==== K —nlee
20350 ~10 0 10 20 30 40

6CF = 6C7

[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148]
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Global fit to kaon observables

Current data:
e Kt osmtvy

* K, - pp (LD:+) 50
e Kt >ntee (LD:+ for KL—>,ou
« K, > m%eé (90% upper limit) ol
Fit to current data 30 F
20
L
QO
w0
10 |
O - .
Fit to all current data
K*-mtvp
-10F Ki—pp (Af,, > 0)
LFUV with K+ >+ i/
K;—»m%ee
—-20 I I 1
=20 -10 0 10 20 30 40

6CF = 6CF

[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148]
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Global fit to kaon observables

Current data:
e Kt satyv
* K - pp(LD:+)

- [ Fit to all current data
e Kt osntes B Kt -ntup
« K, - nlee (90% upper limit 3T mm kopuat, >0
LFUV with K+ >+ 4
==== K -nlee
Fit to current data 20F
L B
U 10
'e)
0 E .///, — —
_10 -
-15 -10

[D’Ambrosio, lyer, Mahmoudi, SN, JHEP 09 (2022) 148]
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Global fit to kaon observables

Current data:
e Kt osatyy
* K - pp(LD:+)

+ + 07 - current data [LD:+ for K — J
© KT o T[O 1’0_3 o == NAG2 final precision LR
° KL —>TmTree (90% upper limit 30 projection A

Il projection B

Fit to current data 20

10

Future Projections:

6CE

Kt ->ntw, K, - uy,
K* - nt£¢ confirmed

at target precision of HIKE
K; — n°ee assumes SM -10
value +20% uncertainty

Projection B 15 10 o 0 5
All measurements give 5Cf

current best-fit point used
with target precision of HIKE.

D’Ambrosio, Mahmoudi, SN; work in progress
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Global fit to kaon observables

Current data:
e Kt osatyy
* K, - up(LD:+)

. + + 0D Fit results (2o CL) LD:+ for K
K™ —>mn™tt o - Current data [ L—>,u,uJ
e K - noeé 90% upper limit 30—~ NA62 final precision
L
Bl Phase 2 (w/o KOTO), Proj. B _— -
20
- - . QJ
Future Projections: O lof
w0
+ + or
K™ > v vy, K, = uu,
Kt - it confirmed
at target precision of HIKE 1o of individual observables
K; - m9%ee assumes SM =10 K*-ntvbd (5% Exp. uncertainty)
value izo% uncertainty [ KL—»rrOeé (20% Exp. uncertainty)
K;-»n°ufi (20% Exp. uncertainty)
Projection B 15 10 ~5 0 5
All measurements give 5Cf

current best-fit point used
with target precision of HIKE.

D’Ambrosio, Mahmoudi, SN; work in progress
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Conclusions

» Flavour changing neutral current process are effective probes of New Physics

» No sign of LFUV between electrons and muons in b — s decays but still strong
indications of LFU New Physics in b = s processes mainly as NP contributions to §Cq

» Interesting to see if LHCb in the Run Il measures the same anomalies observed in
decays to muons, also for electrons (if the anomalies are indeed due to NP, it

should!)

» Rare Kaon decays give complementary information on short-distance physics

> Future HIKE data, especially on K; — m%ee will be a very effective (and the only)

probe of s = d transitions for the electron mode
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decays to muons, also for electrons (if the anomalies are indeed due to NP, it

should!)

» Rare Kaon decays give complementary information on short-distance physics

> Future HIKE data, especially on K; — m%ee will be a very effective (and the only)

probe of s = d transitions for the electron mode

Thank yow!
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