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Similar questions - different approaches

©® 9 theory contributions
S. Schacht, M. Gorbahn, M. Rehoud,

SM
E.-H. Chao, R. Hill, L. Leskovec, C. Bouchard,

lattice
W. Altmannshofer, M. Bauer

~~

NP

® 12 experimental contributions
P. Naik, M. Koval, K. Shiomi, A. Mauri, M. Borsato, J. Serrano /
R. Tiwary, U. Egede, S. Stefkova, J. Libby / G. Mohanty, G. Fedi,
Z.Li, J. Serrano

BESII Wzé =72
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X no clear sign of NP

X generic TeV-scale BSM (Hierarchy Problem) under pressure
=»Unclear which NP scale accessible by current experiments

€

/. SALERNO

(|
[talk by Altmannshofer]
Aim for a broad experimental program
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WG3 @ CKM23

e B physics
B — K"l R and LFU, LFV (B — (1),
b — s/d (inclusive & exclusive), B — K®vv, Ay — Apy, ...

e D physics
DY) — pup, D — hhup (angular analysis), D — h(h/)ee,
D® — Ovw, A, — pup, A, — p+dark-photon,
large number of searches for rare/forbidden decays:
LNV (D° — hhetet...),BNV (D° — pe...), charged-LFV
(J/Y — ep...)

e K physics
K —mvv, KT — 7 pp, K — pp, K — g,
Kt = metvy, Ktntyy, ex

Cannot provide a full summary (apologies). Highlight some results
and their synergies (B<»D<+K and experiment<«>theory)
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B physics “golden observables”

® B,y — jupuat ATLAS/CMS/LHCh
[talks by G. Fedi (exp) and M. Gorbahn (theory)]

® Testsof LFU in b — s¢/¢ after 2022
[talk by M. Borsato]

® Radiative inclusive/exclusive b — s+ at Belle/Belle2
[talk by J. Seranno/R. Tiwary]

® B — Kvv atBelle2
[talk by S. Stefkova]

=» Results are important input for NP-fits and constraining the
allowed patterns for deviating from SM

WG3: E. Stamou 4



Bs/d — KL [talks by G. Fedi (exp) and M. Gorbahn (theory)]

- 1 b A |
L s, 20H%0
t,c,u |d Iy .
s(d) . - s(d) W50 -
w3i°

High-precision SM FCNC+loop, CKM, helicity suppressed
with single hadronic input fp

> B, = (3.65:+0.06) x (1.008) X Ry Rs X 107 [1311.0903]
including QED 0.8% effect [1908.07011]

> Input fs, (Lattice), CKM, m"® and a:
A _(fBS[MeV])Z( Voo )2(|v;,vts/vcb|)2 73, [ps]
=

227.7 ]\0.0424 0.980 1.615
Ri, = (my/(163.5GeV))*? (ag(Mz)/0.1184) a3
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Bs/d — KL [talks by G. Fedi (exp) and M. Gorbahn (theory)]

ATLAS - CMS - LHCb

M e —— 38370 S o R E— <19
EHC e st  — 3.09%% LD o = <26
ATLAS+CMS+LHCb 2.69°0%7 ATLAS+CMS+LHCb <19
+08
e ——— 28} Ao —T— <21
M 0.72 M
S oo ] 294%7% S o = <38
i O 0704 EHCE iy = <34
M Predicti M Predicti
I s Sl — 1032005
1 2 3 40 5 1 2 3 4 5 o
T B 0 - -
BB - wi) [10°] BB’ - ) [10 )
..
Projections
. 1. Also first measurement of
= OLHeb O LHCb projections | 3 .
xu O ATLAS O ATLAS projections | - B —) MM’}/ (LHCb) effect|ve
2 ocmMs ® CMS projections 7 S )
h —10 . . . .
1" lifetime, and first studies of
© SM: B) ]
s L Bs,a = ppppe, Bs g — 1T
by ]
g ;
= = 107"
L T sme w3 . .
N ] Moreis coming!
Il 1 1L 1
2008 2015 2022 2029 2036 2043

Year
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LFUinb — s¢¢| R

X B — Kup
LR

[talk by M. Borsato]

(B - K J/y/(ee))

% (B — Kee)

N
@
N
&

(B - K J/q/(,u,u))

® Among the most involved analyses of LHCb!

=» multiple improvements in particular successfully pinned down
bkg from electron misID v/

WG3: E. Stamou

a- T T
= > Ry central-g*
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~ | i
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= -~
0 " -

5000 5500 6000
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D Backgrounds from ¢* misID

14r LHCDh Ri  low-g® = 0.9941001

9 fb’1 Ry central-¢* = 0. g4g+<vvux

9 Rie low-g = 0.927410

12p Ryce central-¢* = 1027107
1ol + o .
08 moved ~20 up

1 Data =16, p=0812 0=02
o6k — SM

Ry low-¢*

Ry cent ml—q2 Ry lm\—q‘) Ry «:mm‘a]—q2



B — XS")/ and B — py at BE“E(Z) [J. Seranno/R. Tiwary]

® sensitive to NP, C; also relevant for b — s/

X et . ® inclusive B — X, difficult at LHCb
H i @ Inclusive Belle2 measurement with 210 fb—!
b — sy loop ® Most precise measurements for exclusive
mode B — py

(Belle 711fb~! and Belle2 362fb—1)

B — Xy B — pvy
PrEY A
= . — (Belle+Belle2)
e B(B* — pty) = (129739113) x 1077,
Bne el B(B® = o) = (7513410) x 1077,
L . .
A Acp (BY = p™) = (-84H13213) o
“— A1 (B = py) = (1ILOTHTEETEE) %,
"
} , Bellell1eafo Uncertainty: stat. + sys. +f,/f, (for A)
Babar 210 fb*

0.00025 0.00030 0.00035 0.00040 0,00045 0.00050
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Bt - Ktvv

SM (3body decay)
v
ZO
W v
> U

F|rstI evidence at Belle2

Ax erage

[talk by S. Stefkova and see also talk by M. Bauer]

Light NP (2body decay)

Dark Photon, Axion, ALP

<
\4
<

not done presently - requires recast

P
| —e— Belle 11 fb!, Combined) _ i -
: f JAEOT b - o 3.6 osignificance w.r.t background-only hypothesis
1o Belle 11 fb!, Hadronic) o 2.8 osignificance w.r.t SM signal hypothesis
i —o— Belle II evidence for the B* — K*vo decay,
! 1 clus .
B L Belle II (63 1!, Iuclusive) with
ot Belle (711 b1, Semileptonic(*) BB - K*wp) = [2.4 + 0.5(stat) {3(syst)] x 10~
] 104£06 PRD9G, ‘J'VHU\ )
1
e e Belle(Tlfb, H ic)(* X .
: Belle (711 b Badronic)() | £ o divections:
_._:; Babar (418 fiy!, Combined)
05405 PRIST, 12005 0 0 + w4
R Babar (418 fb!, Semileptonic) BY — Ks vy, BT - K vy,
1 D200 PRDN, 12003
: _IP_ Babar (429 fb!, Hadronic) BO — K* vy, B — K+l|ghtNP
: N ‘ UL Pl s
0 2 4 6 8 10

10° x Br(Bt—K " w)
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b — s(d)el

Multi-disciplinary and collaborative efforts to further our
understanding of data and their (in)compatibility with SM

® Form-factors from lattice: B — K™*/¢/ [talk by L. Leskovec] and
B — mlfand B — K/ [talk by C. Bouchard]

@ Dispersive analysis of local form-factors for a controlled
combination of LCSRs and lattice results [talk by M. Reboud]

® Data driven determination of charms loops [talk by A. Mauri]

WG3: E. Stamou
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b — S (d)££ Form'FaCtOrs [talks by M. Reboud, L. Leskovec, C. Bouchard]

® lattice progressinand B - mand B —» K
e.g., HPQCD 2023, first using fully relativistic b quark — 3x more
preciseatg? =0

® combination of LCSR (small ¢%) and

1 2 1 H his work
lattice (large ¢°) evaluations using e
ici 064 T LCSR (GKvD 2018)
a nalinCItyﬂ q n B." pole BN y— T LQCD (HLMW 2015) -+
eglon or Interes o 5 . ranch cu 1
(:: (mgl— my)? ‘ (mg+my)?=s. ’:; 945 B _> K*
. . . . 3 0.4 g
=» good fit, progress in Lattice will iy }
gradually replace LCSR for local FFs o3 1.
=» systematically improvable 021
approach 15 -10 -5 0 5 10 15 20
7 [G(-\“'ZI

[talk by M. Reboud]
non-local charm FFs more difficult — data driven methods

[talk by A. Mauri]
WG3: E. Stamou 11



B — K*pp

data-driven determination of non-local charm effects [talk by A. Mauri]
= Perform q2 unbinned amplitude analysis non-local hadronic
» model local vs non-local contributions M3LVix elements

“charm-lo0p”

o M, 5
(€ £ CHF] (g*) - 1677 m%m]}
by

Torw TFactovs
Polynomial expansion

® perform fit to constrain charm-loop parameters

2my M
A;‘”—A&{[(cgic(g (CmiCm\}Fﬂq)Jrinu ’?{

A=Lno wilsow coesS.

> Global compatibility [4 d.o.f]

¢* > 0 only

with SM 1 3 (1 4) o Fit result deviation
. . : . 1 resu from SM
A
1 GRvDV () 02+0.33 Ik
Q ;rﬁeﬁ 47 ::; oy Cy 0.93 03t 190
£ 2> Oonly Ci 0487050 150
r R c 048°01 094
U aQ+0.28
] Clo 0387523 15¢
(;; r } } :Il } 1 ¢* < 0 prior
i OO s pnnmnniiiadi) J— Co —0.6810% 180
3 00 e Co  028F 090
“ oskoi ‘ . LA c 026199 050
00 25 50 75 100 125 Cho 02705 100
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B° - K*r1 atBelle with 711fb—!

Decays

SM prediction

B%> 11
B> 1t
B0 - K*0tt

(2.22+0.19) 10°8[1]
(7.73+0.49) 107 [1]
(0.98:0.10) 107 [2]
(1.200.12) 107 [2]

B+ > K+t

* B hadronic tagging based on neural network
« Select event with 4 remaining tracks
* Reconstruct one prong t decays T >e/p/n

* Signal yield obtain by fitting the extra ECL energy (clusters
not associated with B, or B,,)

Background only fit with

Nsig = —4.9+6.0 signal superimposed

* Fit procedure validated on B->Dlv decays

Upper limit is set at 3.1 x 103 @90% C.L.

Improvements foreseen at Belle II: FEl, T - p mode,
multivariate analysis. Stay tuned!

WG3: E. Stamou

[talk by J. Seranno]

Best 90% CL UL

Events/(0.1 GeV)

—)

Pull

1.6 102 [3] LHCb
5.2 102 [3] LHCh
This result Belle

2.25 1073 [4]Babar

711 fb?

- - Rare B

W Signal (3r = 3. x10%) -~
-- B8

T T T T

EESF (GeV)



Ap — A(1520)pp [talk by U. Egede]

baryon decays sensitive to different linear combination of NP Ws
=»possible crosschecks for meson decays

« Branching fraction
measurement at the end is

dominated by statistical Fof ' ' LHCb ]
uncertainty R - 4 9fb!
« Comparison to theoretical ;7 ‘ —_
predictions are all over the place £ 10" o 1
. Some consolidation requiredon & | by Seiooi |
theory side to be conclusive I o o
10 ; i ;

15
¢ [GeV? 4]

WG3: E. Stamou 14



Lepton flavour violating decays (i by J. Libby/c. Mohanty]

D R
e

3)

%4)

Search for BY — £7 with the semi-leptonic tagging method at Belle  JHEP 08, 178 (2023)
Search for the LFV decays B¥ — K*7+£¥ at Belle PRL 130, 261802 (2023)
Search for the LFV decays B® - K*°ttu¥  JHEP 06, 143 (2023)

Search for the LFV decays B® - K*°ute™ and BY - pu*e™  JHEP 06, 073 (2023)

Main results

® Limits in the range of 1074-10° for modes with 7’s and 10~
for modes with electrons and muons

® results statistically limited, Belle2 results will follow

WG3: E. Stamou
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D physics

rare decays

Large number of new results

® BESIII [talk by Z. Li]
Charmonium weak decays, FCNCs, BNV, LNV, and charged LFV

® LHCb [talk by P. Naik]
Below some highlights

WG3: E. Stamou
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D% — 7% at BESIHI with 2.93fb—!

TMY e e

=== Wrong fags

- - - - Ofher D" decays

Signal Shape

Pull

0
ﬁi*,ﬂ, i
2

'++

SWILEH
{+{ t

t
Pk

0.2

0.4

06 08 1
Eenc [GeV]

12

14 1€

Number of experiments

0.5

Py YR T R e T

[talk by Z. Li]

[ Upper limit
[ scanning

MR R

1

TR

-0.2 0
Branching fraction

0.2

0.4

v Egymc: EMC energy not associated with ° and tag D decays

v If has signals, it will have events exceeding zero in Eg ¢

v B(D® - 7)) < 2.1 x 10~* @90% C.L.
V" The first experimental results of search for ¢ = uvv processes

New data sample with 20fb—! underway — further improvements

WG3: E. Stamou
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LNV and BNV at BESIII

Lepton Number Violation

« B(D* > K m etet) <2.8x107% @90%C.L.
- Kdm~ete*) < 3.3 x 107° @90%C.L.
« B(D* - K nltet) < 8.5 % 107% @90%C.L.

- B(D*

Baryon Number Violation

1.88

My (GeV/e?)
2 @
& 3

o
&

®
'

Mode (+c.c.) | BUL @90%C.L.

* Signal window D* > met | <1.4x107°

g D D* - Ae* | <6.5x1077

3 B Dt - 3%t | <1.3x10°°

 D° - petand D® > pe~ " " -

B <1.2x10°° @90%C.L. D™ — ne <2.9%x10"

-0.10 005 500 005 010 * 5 Aet <1.1x10°¢
AE™ (GeV)

Dt - x%* | <1.7x107¢

WG3: E. Stamou

[talk by Z. Li]
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Rare charm at LHCb [talk by P. Naik]

DY = up D*0 — pp
(full Run 142 analysis) (new - full Run 142 analysis)
[B(D" = y*u™) < 3.1(35) x 10~ at 0(95)%C.L.| B(D* — p#yr-) < 2.6 x 10-6 at 90% CL |

25 searches for forbidden decays of D(t)

DY s a 'ttt Ean I),*Ax;yi;ﬁ_ S+
, . P} 5wt =

D* = whrt % Df o K-ty .
D¥ — Kyt 3 D = K*utu - P
DY = moptet o x Observed K DE =70 e™ N % Olerved =3
DY s rtet o Expected x Df — mret Expected =

+lo, +20 . D = mhpte +lo, +20 x

ot te—— P 2 = =
Dt = whute BaBar bt D) - K p'e' BaBar %
DY — K*etp— CLEO L3 Df = Ktetu— - CLEO 1%
y = e | LHCh D¥ = K+pte— LHCh
Dt = K*ute x T = Ky %
B g e " D¥ —saetet- =
metet |
i - ) 5 Df = mtete o ==
—wlele o , B DI K oelel -
-+ | LHCDb S e++.— | LHCb . .
Dt Ktete—- & D & Ktete | =8
T LA B s e s R R L B AL
10 1077 10° 10° 10-% 107 106 10-%
Upper limit at 90% confidence Upper limit at 90% confidence

Complementary information to BESII|
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K physics

rare decays

® less modes than in B/D physics due to phase-space

® among most constraining probes of NP
=»new results in precision SM predictions for K — 7wvv and
Kg — () e=o [talk by M. Gorbahn]

® some modes long-distance dominated K — puu, K — ¥,
K — ~vy =dlattice efforts [talks by E.-H. Chao, R. Hill]

@ rich ongoing and future-planned experimental programm
with new possibilities (NA62,KOTO,LHCDb,...,HIKE)
[talks by K. Shiomi, M. Koval, P. Naik, and S. Schacht]

Below some highlights

WG3: E. Stamou
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The K — mvv golden modes in the SM [talk by M. Gorbahn]

> 2105.02868 Standard Model Prediction X:@NNLO
BR(K* — n*vi) = 7.73(16)sp(25).0(54)para. X 107",
BR(K. — n®v¥) = 2.59(6)sp(2)10(28)para. X 107"

LB e
[ SR TP P

> Using 2022 PDG CKM fitter values s —
BR(}(Jr - 7'(*1/17) = 825(1 1 )SD(ZS)LD(57)para4 X 10—11 , vli:

BR(K. — n®v¥) = 2.83(1)sp(2)1p(30)para. X 107" B w w m W

> V., dominates uncertainty: ex has similar Vg, (new)
dependence 1% — 0.1%

Small hadronic uncertainties in K mode =?lattice in future?

WG3: E. Stamou 21



K; — m% v at KOTO

[talk by K. Shiomi]

@ very difficult signature, only neutrals in final state
2~v+nothing+ missing pr

@ preliminary analysis of 2021 data

« No signal candidate observed

g 500 « BR<2.0x10°@90% C.L. SESx23
> —~ 500~ 5| with Poisson statistics
% g S00¢
Z iz 450 !45
o -5 2 400 4
% 3 3 o 35028 A . ]
g z < 300 3
2 200 o 2505 g %25
] = ( \ ' b
| 15
1
055l Y ol - 0 0
20007 3000 4000 5000 6000 0.5
Rec. 7 Z,y, (mm) 0004000 5000 6000

Rec. ° Z,,, (mm)

Future targets:

® 10times more POT in next 3 — 4 years

® reach 10719 sensitivity

WG3: E. Stamou 22



KT — wTvv and beyond at NA62

[talk by M. Koval, see also plenary by K. Massri]

» NA62 Run 1 = 2016 — 2018 data:
20 signal candidates, expected background: 7.0 events [JHEP 06 (2021) 093]

B(K* — mtvb)nase = (106148 |stat £ 0.95yst) x 107"

Run 2 targets 15% precision
Broad experimental program beyond K — wvv, news:

— Kt — atutpu~ decay [JHEP 11 (2022) 011]
[JHEP 09 (2023) 040]
(preliminary results)

— Kt = %ty decay
— KT — 7ty decay

E787 (1997)

Stevents

— B(K* = 7tyy) = (9.73£0.19) x 10~/

NA4872 (2014)

......
NAG2-2007 (2014)
22 events

I use such modes to extract FF information
NA48/2 + NAG2-2007 (201 )__ .
v Can lattice help?

A62 (2022) - this result

9 events

|
01 12 13 14

WG3: E*Stamiolf i
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Rare Kaons on the lattice [talks by R. Hill and E.-H. Chao]

First ideas for K, — pupu Lattice for K+ —  7tup
W) A = [ @ m() T L0 () (k)
\\/jf’f’ Ju(u) Hy(0) o Re-expressed using EM gauge invariance! 2:
VM

et N AP~ i [0+ ), — (M= M) 0] V()

\J};Nﬂ, Julv) G = ku = Pu:
AF(DA/N : z=q/Mz.

am

» A coordinate-space based lattice-QCD formalism for the V(z)=a+bz+ VT(2)
Ki, — pup~ decay is proposed, enabling the determination of
the phenomenologically inaccessible real part of the decay
amplitude.

@ Goal is to compute a, b
@ Simulating rare kaon decays K — wf* ¢~ using domain wall lattice
QCD with physical light quark masses
RBC-UKQCD (2023) s
[talk by E.-H. Chao] Phys. Rev. D 107, 116812 (2023) [arXivi2202.08705
Demonstrated  viability  of
method but FF not yet resolved

[talk by R. Hill]
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K — KL [talks by S. Schacht and P. Naik (LHCb measurements)]

K physics at LHCb (reach SM sensitivity with Upgrade)

B(Kg —pTpTptpT) <5.1x 1012
| B(K = prpr) < 2.1 x 10-10(90% CL) | | B(KY = ™) <23 x 109

Can we disentangle the short-distance from the long-distance
contributions?
=>decompose into angular-momentum states of dimuon

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

Ky — (o Ks - (uim
CP-odd CP-odd CP-even CP-even

@ CP-violating decays: Only SD

Ky —  (uio K, - (=
CP-even CP-odd CP-odd CP-even

Kg — (up)e=o CP violating and SD dominated!

WG3: E. Stamou 25



Kg — (HN)@:O from interference in time-dependent decay

[talk by S. Schacht]

® The amplitudes that enter the decay, enter also the
time-evolution
® Generic time dependence of K decay:
dr
( E) o Cre ™™ 4+ Cse™" + 2(Cy sin(Amt) + C, cos(Amt)) e

@ The 4 Cs are the observables:
» (1 isrelated to Ky decay rate.
» Cy isrelated to K decay rate.
» Cypand C.,yare due to interference.
T Cz,,, +C%
BKs = (' )1m0) = BKL = phpr) x = X =2
7L C;
IF we could measure the interference (Ceos, Csin), Wwe would have
access to the SD physics and an independent determination of 7

WG3: E. Stamou

26



New PhYSiCS [talks by W. Altmannshofer and M. Bauer]

New Physics
couplings &

ruled out SMEFT

SM + X hopeless SMEFT

>

New Physics

M
Two possibilities for testable NP modes o

® Heavy NP - more traditional / contact interactions =
higher-dim. operators

® Light NP - must be very weakly interacting (QCD axion, Dark

Photons, ALPS, sterile v/)
WG3: E. Stamou 27



Light NP and flavour [talk by M. Bauer]

® Precision Flavour provides valuable input to probe light NP

® One example: ALP with single interaction « cWW%WW coupling

K —nlete”

By - ppt

10° B /dg’ (B > Kee)

3 — K*a(up)

lewwl/f [TeV™"]

B = K*a(up)

107 107 1072 107! 1 10
m, [GeV]

@ in general: model-depedent competition between flavour-diagonal

and flavour-off-diagonal constraints
WGS3: E. Stamou 28



Conclusions for WG3

® Topics covered representative of the
ongoing, broad research program in flavour physics

® Compementarity
Rare decays: B+ D <> K
Experiment <> Theory (SD vs LD efforts)

Observables: CP conserving/violating <> LFU<+ LFV<+ LNV <> LNV

® Could summarise only a small portion of all new results
=»see original contributions

» No guaranteed discoveries anymore.
» We are in exploratory mode — “Leave no stone unturned”

» Anomalies need to be followed up in every way possible.

» Beyond anomalies, one can expect qualitatively new
insights into flavored new physics from a number of
pracesses in the near future.

WG3: E. Stamou
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