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Flavour Changing Neutral Currents

* Only allowed via loop (aka penguin) diagrams in the Standard Model

- Clear experimental signatures

- Extensive theory/phenomenology work on parameterisations of the decay rate
l+

Long standing saga, lots of experience y, Z0
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The SM as an Effective Field Theory

B decays can be described by an
effective theory by integrating out the

heavy fields:

%eff=
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Main observables in b — s£¢ decays

* Binned branching ratios: qz—bins

 Double ratios (Lepton Flavour Universality)

 Binned angular observables: qz—bins, flangles)

|

151 |
* Amplitude analyses: f(qr2 + angles) q* [GeV?/c']

g> = mX(£+e0)
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Today

* [Phys. Rev. Lett. 132 (2024) 131801]
BV 5 K O//i+/4 [Phys. Rev. D 109 (2024) 052009]

[LHCb-PAPER-2024-011, in preparation]

[arXiv:2401.07090]
* 5 K=/1T#] [Phys. Rev. Lett. 131 (2023) 051803 ]
[Phys. Rev. D 108 (2023) 032002]

[Phys. Lett. B 842 (2023)

B;) — utu [Phys. Rev. D105 (2022)"

[Phys. Rev. Lett. 128, (2022)
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Today

[Phys. Rev. Lett. 132 (2024) 131801]
BY — K0 i [Phys. Rev. D 109 (2024) 052009]

[LHCb-PAPER-2024-011, in preparation]
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Intriguing pattern...

Tensions have remained for ~10 years

2011: 1 fb~!
;:)o.;-....L':ic.b...,....,.....- Run1:3fb—1
= i — : Run 1 +2016: 4.7 fb~!
i W SM from DHMV o ———— I
A 'E LHCb Run 1 + 2016 1
i || SM from DHMV .
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[LHCb-PAPER-2015-051]
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which can still be investigated further

[JHEPO4(2021)124]
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Angular observables, built from combination of helicity amplitudes

ATLAS and CMS public results based on part of Run1 data only
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The tension: New Physics ?

- = Standard Model (SM)
New Physics (NP)

e Local contributions
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The tension: New Physics or QCD?

BO K™

'y,

E < 7
j
 Local contributions A

* Non-local contributions

B° — K*J/(18S)

* One-particle (1P) contributions, seen as
resonances and able to cause interferences far
away from the poles

* Two-particle (2P) contributions, from “charm-
loops” (D(*)D(*)) and 777" rescattering
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Global fits

1.0F

05t [EPIC 83 (2023) 648]
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By — ol 0~

<fl:] Fit for Cy, assuming SM for other WCs

* Current preferred solution from the global
fits: shift in Cy

 Many long-distance contributions
(vector-like) mimic this

* Current goal: could these be modelled, and
therefore disentangled in a fit to data”?



M

To bin or not to bin

Model independent

Model dependent

Binned fit

[PRL 125, 011802] (2020)
[JHEP 02, 104] (2016)

[PRL 111, 191801] (2013)

Binned angular
observables

. Vieites Diaz (CERN)

Z-expansion

[PRL 132, 131801] (2024)
[PRD 109, 052009] (2024)

() .
C'9,10 + non-local

polynomial

Dispersion relation

[LHCb-PAPER-2024-011,

in preparation] (2024)

C9(:)10’ Cs + non-local
magnitudes and phases

Today
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Z-expansion vs Dispersion relation

Experimental methodology (selection, combinatorial dispersion (ful
background, acceptance...) '

| Run1 +Run2)

Z-exp.

Local Form Factors, constrained to: ) Run1 + 2016

 Light-cone sum rules

| [JHEP 01 (2019) 150]
* Lattice QCD [PoS (LATTICE2014) 372]

But different:

Modelling of the non-local contribution 0

—_-~~
~
~

dB(B° — K*u*u)/dg?

artow ¢ broad cc¢ and
DD thresholds

q° [GeV?/cH

g* range

Dataset
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[Phys. Rev. Lett. 132 (2024) 131801 ]

Z - ex p a N S I 0 N [Phys. Rev. D 109 (2024) 052009]

d°T[B° — K*Oum—] B
dq2 dk2 dQ

Decay rate:

WCs WCs non—local

Theory

predictions

dB(B° - K*u*u)/dg*

2 214
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[Phys. Rev. Lett. 132 (2024) 131801 ]

Z - ex p a N S I 0 N [Phys. Rev. D 109 (2024) 052009]
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[LHCb-PAPER-2024-011,
in preparation |

Dispersion relation

Amplitudes parameterised in terms of effective Wilson Coefficients and local form factors

Local Non-local contributions

Dispersion -oeal |
Relation  Ci™(g% = €t + YO4  YIPA(g?) + Y2 ) Y,q)

ff,Ar ,2\ —
g7 =C

. . . K*O *
K \ This is determined c) \ Co K™ \
. theoretically at 4 - M
, -
A(:7 negative q2 values
K J K " J \ I+ J
Polarisation Subtraction term 1-particle 2-particle Tau loop
olarisation contributions contributions contribution
dependent shift Asatrian, Greub, Virto Includes:
to C, [JHEP 04 (2020) 012] o(182),  w2S), IDn;:_)Iudes: Sensitive to C
Negligible impact from light p(770), yw(3770), D*l%,
quarks $(1020), w(4040), pxpx C. Cornella, G. Isidori, M. Kénig, S. Liechti, P. Owen, N.
Iy, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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Dispersion relation

—» Amplitudes parameterised in terms of effective Wilson Coefficients and local form factors

Dispersion "

Relation Cgeff?(ﬂ% — # 4 YO L VIPA L2\ 4 yIPA) V2PA(g2

Fit determines 150 parameters:

C L R(Cy), R(Cyp)- R(CY), R(Cp), R(CY)

« Mag. and Phase of 1-particle resonances

[LHCb-PAPER-2024-011,
in preparation |

* % o K™
\ iheot  °© Real+lmag DD per helicity
AC? o |
,,1 / °99 « AC, per helicity v )
' ‘ * Form factors Je Tau loo
Polarisation Subtract - i p
. o -4tons contribution
dependent shift eane n, Greub, Virto Includes: neludes:
to C7 [JHEP 04 (2020) 012] 60(782), V/(gg’);o II)‘I%,U es: Sensitive to C(;
Negligible impact from light p(770), W ), D*D.
quarks $(1020), w(4040), D*lj:“ C. Cornella, G. Isidori, M. Kénig, S. Liechti, F en, N
Iy, w(4160) rra [Eur.Phys.J.C 80 (2020) 12, 1
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[Phys. Rev. Lett. 132 (2024) 131801 ]
[Phys. Rev. D 109 (2024) 052009]

5D fit using Run 1 + 2016 data, with charmonium vetoes

Z-expansion
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4D fit to Run 1 + Run 2 data, full g% spectrum
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Non-local amplitudes
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[LHCb-PAPER-2024-011,
in preparation |

'_‘/\ 6 T T T | T T T T : | T

s = h LHCb 8.4fb! Preliminary

- O\ 1
LHCb-PAPER-2023-032 z-exp.:w. theo.

I
| LHCb-PAPER-2023-032 z-exp.no theo.

B0
SRR KA

XX
XX

1

* Results shown per helicity

L
15

g2 (GeV?/c%

* Overall, good agreement with z-expansion

analysis

LLHCb-PAPER-2023-032 == [Phys. Rev. D 109 (2024) 052009]



[Phys. Rev. Lett. 132 (2024) 131801 ]
[Phys. Rev. D 109 (2024) 052009]

Wilson Coefficients in 2D

[LHCb-PAPER-2024-011,
in preparation]

New 2024!

Both analyses give a consistent picture, also with global fit from the binned analyses and other b — su™ 1~ decays

M. Vieites Diaz (CERN)

L '|' L
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First time measured!

Largest shift w.r.t. the SM
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[Phys. Rev. Lett. 132 (2024) 131801 ]
[Phys. Rev. D 109 (2024) 052009]

Wilson Coefficients in 2D

[LHCb-PAPER-2024-011,
in preparation]

New 2024!

Both analyses give a consistent picture, also with global fit from the binned analyses and other b — su™ 1~ decays

M. Vieites Diaz (CERN)

RN 3
tension not yet understood
3.5910:33) Co  3.5640.28 +0.18
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: ,_,///Compact Muon Solenoid

M. Vieites Diaz (CERN)

Today

KiSG Famas

[arXiv:2401.07090]
[Phys. Rev. Lett. 131 (2023) 051803 ]
[Phys. Rev. D 108 (2023) 032002

[Phys. Lett. B 842 (R023)"

BS — utu~ [Phys. Rev. D105 (2022)!
[Phys. Rev. Lett. 128, (022)"

[JHEPO9(R023)199

BY - putu~y| rarxivi2404.03375)
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Ratios of B(B* — K=¢/¢7)

 Robust test of Lepton Flavour Universality

* LHCDb’s double determination in the K and K* modes is leading in precision

Ry

S

B(BT — H3u+u_)/

B(Bt — Hgete™)

- Extensive checks with single 7, ratio, R(y(25)) double ratio and numerous data/MC corrections

* New CMS analysis (with B-parking data):

B(B*™ — HyJp(— p ™))

B(Bt — H,J/W(— ete™))

- Similar extensive crosschecks, using same two control regions, J/y and y(2S) | LFU test compatible with SM

33.6 b (13 TeV)

1 I | ] 1 1 I

HEPFIT
SUPERISO
FLAVIO
EOS

—— Data

..

[arXiv:2401.07090]
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Muon mode used to also extract differential branching ratio
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[arXiv:2401.07090]

25
R(K)™

dB/ dq2 systematically below theory predictions

CMS Up to 41.6 fb™ (13 TeV)

Rx low-¢> = 0.9941“%:%%‘%
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[Phys. Rev. Lett. 1381 (2023) 051803 ]
[Phys. Rev. D 108 (2023) 032002]
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Events/40 MeV

Residuals [Events]

Fully leptonic: B) — putu~

. Only hadronic contributions from the decay constants, fB(S) :

| b _
well known from the lattice £
B! t Yy
o Effective lifetime: in the SM, only the heavy mass eigenstate of o+
the BSO can decay to the "1~ final state °
[Phys. Rev. D105 (2022)]
[JHEPO9(R0R3)199] (Efnlsly 5. Lett. B 845 (%?Ozfi)fﬂ ) [Phys. Rev. Lett. 128, (2022)]
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B) — py

Well behaved

25

10
Decay time [ps]

055 <BDT <1.00
* PData
— Effective lifetime fit

LHCDb
9 fb!

[Phys. Rev. D105 (2022)]
[Phys. Rev. Lett. 128, (2022)]
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A new player: BSO — UTUYy

[arXiv:2404.03375]

» Sensitive to C; and ( (in addition to C;) and photon lifts helicity suppression 95’(38 —>utuT) ~ 95’(3? — utu"y)

 Poor knowledge of the Bf — y form factors and neutral in final state — mass resolution driven by calorimeter instead

of tracking (worse for LHCDb)

Phys. Rev. D70 (2004) 114028
CERN-THESIS-2020-303

=
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Search performed with LHCb Run 2 (2016-2018) data
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Conclusions

* With enough data and good analysis and interpretation of it, we will be able to disentangle its different
contributions and, hopefully, understand them at a fundamental level.

First analysis of BY — K*uu with full Run 1+2 data
sample.

ATLAS

. BS — UM branching ratio compatible with SM EXPERIMENT

Data prefers larger non-local contributions than the
formal SM calculations, regardless of the treatment of

* Effective lifetime measurements getting as precise

as A
the non-local effects. (TH’ TL)

S

CMS E
S
=
o
<]

S D
=

S

\ =]

< ‘ =
k=1

<

a

E

Q

o

First direct measurement of Cgf

Global compatibility with the SM at 1.3 (z-expansion) » LFU ratios (e/u) in agreement with the SM

and 1.5 (dispersion relation)

- B — Kuu differential branching ratio
systematically below SM in the low q2 region

- First direct search of the BY — utu~y decay,

sensitive to C;, Cg and C

= Keep working on squeezing the available data and on increasing the available data samples!
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The LHCb detector®
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

More on C7(3?

 The territory of the radiative penguins

 Radiative decays: described with a single operator! (clean)

m

. Right-handed currents very suppressed in the SM: (7 —C,
my, 0.50
L YL — 7R . .
. Photon polarisation: Ay = , constrained by | g st o
YL T YR 025 - SN
. . O _ Y | | e— B(B_)XS’Y)
 Time-dependent analysis of B, = ¢y arXiv:1905.06284 L s Jibet
TS 0.00 e
« Self-analysing decay of the A2 — A7 arXiv:2111.10194 g R oy
_ 0 v 4 o o . Global no A9 — Ay
e [virtual photon] angular B” — K*e"e™ arXiv:2010.06011 bl . Y . Global
' flavio 2.
. . —0.50 —— - — ]
 New/updated LHCb analyses in preparation! 050 025 . ((g?NP) 0.25 050
e 7’
 Large impact expected from Belle |l A. Paul and D. M. Straub, JHEP 04 (2017) 027 D.

M. Straub, “flavio”, arXiv:1810.08132
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