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FCNC as probe of NP

» The FCNC decays: Loop-suppressed in the Standard Model — loop only
SM, allowing heavy new particles to enter and
strongly enhance NP effects.

» The b — sl/ semi-leptonic decay:
» Clean signature: The ¢/~ pair provides a
clean experimental and theoretical signature .
» Tiny SM phase: The SM weak phase is
almost real. Any non-zero CP asymmetry is
therefore a direct, highly sensitive probe of
new phases.

New physics — tree-level Z’
Z/

= Excellent probe for NP!
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Wilson coefficients within the SM-EFT

4G .
Heg D —751/;1, ts Z(CZO" +ClOY) 4 he.

7

0 cy

Electromagnetic Vector Axial-vector
dipole lepton current lepton current
b — sv* oyHe LyH st

» Extended basis: scalar/pseudoscalar and tensor operators.

» New weak phases: Im CZ.(/) #0.
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Motivation: time-dependent CP violation in b — sf¢

Probing new physics with CP asymmetries

» CP asymmetries in b — s¢T ¢~ constrain the phases of the relevant Wilson coefficients [JHEP 03 (2023)
113]: direct CPV is sensitive to Cy or C'o, while mixing-induced CPV is sensitive to the phases of all
Wilson coefficients.

» The b — s¢T¢~ decay amplitude has tiny weak phase in the SM [PRD 104 (2021) 115004]:

[S ~sin28,C ~0]. at the leading order

> A large weak phase in B — K™ ¢t ¢~ is possible in NP models, e.g. the S3 leptoquark with ms, ~ a

few TeV.
A
¢* € (7,8 GV 1.9
SM,
B C)F only
B = —CN)
Atp B Chy, only
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Time-dependent CPV parameters in B® — Kopu"u~

> Kg,qup* is not a purely CP eigenstate. A complete study requires a time-dependent angular

analysis, using the u™ helicity angle 0;.

(B°/B°(t) = Ksll) _ vt
dideos O, Z Pi(cos ;) i [1 £ C; cos Amgt F .S; sin Amgt]
Observable Probed Wilson coefficients SM predictions
So C9,10,5,P,T S§M ~sin28, C§M =0
S Co.s SeM =0, CYM =0
SQ 09,10171 SQSM ~ sin Qﬂ, CQSM =0

» This analysis integrates over the angle §; and measures Sy and Cj.

» = BY — KYutu~ behaves like B — J/¢ K2 in the SM, with C =0, S = sin 20.

dr'(B°/B°(t) — Ksll)
- dt -
@ Henan Normal University % LHCb Collaboration

= e_ml_‘o[l + Co cos Amat F So sin Amt]

/15



Experimental method to extract (C,S)

Selection Mass fit Tagged decay-time (C,8)
B’ = Kg(— ntn )utp” + sPlot simultaneous fit confidence region

» Exclude J/v and 9(25) dimuon regions. i;cg: } o s
» Use both long and downstream tracking to E — Tota fit 9fb
3 - B’ Ky

collect Kg categories.

2

----Combinatorial bkg
» 943 £ 55 signals collected using full Run
142 data

Candidates/ (5 MeV/c?)
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Detector effects

The observed decay-time distribution is distorted by the detector.
To extract the true CP observables, three experimental effects must be accurately modelled:

T /
% o e(t")e /T8 [1 F DyagC cos(Amgt’) & DiagS sin(Amgt’)] @ R(t' —t).

Diag = 1 — 2w e(t) R(t' —t)

~ 5% effective statistical power. ~ Trigger and selection efficiency versus Effective resolution ~ 60 fs.
decay time; spline floated in fit.
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First result of time-dependent CPV in b — s¢™(~

Dataset
Run 1 + Run 2
9fh~!

Statistics-dominated; systematic

=~ 0.05.
S #0at 280
consistent with

sin 28 = 0.699 + 0.017
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Candidates/ (0.33 ps)

C = —0.13 + 0.32 (stat) = 0.04 (syst)

S = 40.82 4+ 0.29 (stat) 4 0.05 (syst)
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The parameter confidence region
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Best fit (5,C) = (0.82, —0.13);
» the SM benchmark (0.70, 0) lies inside the contours.
» the left region: No constraint on C and S. the right region: C? 4+ 5% < 1
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Complementary CPV measurements from B — K*0yu*~

The four-dimensional angular distribution connects experimental observables to the underlying
helicity amplitudes and Wilson coefficients:

) _ Ii(¢*) + Li(¢*) | Li(¢®) — Li(¢®)
dq? d cos 0 dcos0; do Z{ 2 + .

Experiment: 4D angular distribution

Ci] fi(0k, 01, 0)

Angular expansion (CP-averaged + CP-violating terms)
where the angular coefficients are built from helicity amplitudes:

) o 3 Re | AV (¢) AT ()

FBY

Interference of amplitudes

AV = Ny [(Co + ACE™! (%)) F Cro) Fa(¢°) + ka (C7 + ACr) Ta(¢”)

Short-distance Wilson coefficients + long-distance non-local effects
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Run 2 full-amplitude results in BY — K*0pu*p~
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integrated CPV measurement from the Run 2
full-amplitude fit.
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Constraints on the complex Wilson coefficients.
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Future prospects: precision constraints from BY — ¢u™ ™

Why B — ¢utpu=? Projected sensitivity

» Arich P— V(— KTYK™)¢t4~ decay. The
three-dimensional angular distribution
provides multiple helicity-interference
observables.

AT{Ci}

» Highly sensitive to chirality-flipped operators i :
(C%,Cy,C1o) and the imaginary parts of the 3 1
Wilson coefficients. B T S e S S R R

» The rapid Bs—B; mixing (Ams > Amyg)

makes it a powerful laboratory for Projected confidence intervals for §C; = C; — CSM at different
mixing-induced CP violation.

integrated luminosities.

Outlook: LHCb Run 3 and beyond

» Substantial Run 3 statistics = preliminary results soon.
» Optimized angular CPV observables = stringent SM test and phase extraction.
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Unified Roadmap: Probing NP Phases in b — suu

Shared b — sup Wilson Coefficients

Cr,9,10 and their chiral counterparts Why this network?

» Complementary probes: K3/ provides a
clean SM null test (S ~ sin23), while ¢upu

. B® — K2 BY — o of -
B® — K*%up Mixing_s”“ SMixin?m cross-checks this via the B phase ¢ and its
'I;m‘eantlefgtecl'l induced (Bg) induced (B5) helicity structure.
o 210 = Phase 8 = Phase ¢, Chiral

» Strict null tests: Leptonic By — pu has
Sup = 0 in the SM, making any non-zero

Future: Leptonic Bg,s — pup value a smoking gun for new scalar phases.
Effective lifetime 7, and S, (SM predicts S,,,, = 0)

» Global Synergy: Reaching sensitivity to S,
and 7,,—especially for the extremely rare
Bg s — pp—mandates a joint combination
of LHCb and other experiments.
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Run

3 outlook
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Total recorded luminosity — pp — 37.0 fb™!

Run 3 - 27.89/fb

e 2026 (13.6 TeV): 5.33 /b
2025 (13.6 TeV): 11.81/fb
e 2024 (13.6 Te’ 56/ fb

2023 (13.6 Te 37
2022 (13.6 TeV): 0.82/fb

Run 2-5.90/fb

e 2018 (13 TeV): 2.19/fb
e 2017 (13 TeV): 171 /fb

2016 (13 TeV): 1.67/fb
e 2015 (13 TeV): 0.33/fb

Run1-323/fb
2012 (8 TeV): 2.08/fb

e 2011 (7 TeV): 1.11/fb
— 2010 (7 TeV): 0.04/fb
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Integrated luminosity in LHCb Run 3.
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More data: Run 3 will provide a
substantial increase in integrated
luminosity.

Better K efficiency: The upgraded
detector and reconstruction algorithms
significantly improve the K2 detection
efficiency.

Higher yield. The Run 3 analysis is

currently underway, with new results
expected soon..
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Summary and outlook

@ First measurement: We report the first time-dependent CP measurement in b — sf+¢~,
extracting S = 4+0.82 + 0.29 + 0.05 and C = —0.13 £ 0.32 4 0.04 from 9fb ™" of
B — K%utp~ data.

@ SM compatibility: The parameter S deviates from zero at 2.8 o, and the result is consistent
with the SM benchmark sin 28 = 0.699 4 0.017.

© Outlook: The substantial increase in statistics from LHCb Run 3 and future upgrades will
drastically reduce uncertainties. Combined with angular CPV observables and B, modes, this
will enable the most stringent constraints on New Physics in b — s{T¢~ transitions.

Thank you!
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