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A scenario formerly known as wasteland

"The par

All measurements listed on previous slide
very sensitive to virtual NP effects

Three tangible scenarios in 2013
NP at GPDs and LHCb

NP at LHCDb but not at GPDs

NP at GPDs not at LHCb
o But maybe a few 2-30 effects

o Trivial to motivate upgrade in first two
o If we can build a powerful case for
scenario 3 then we can justify upgrade
before we see any NP signature
o There is a scenario 4 (LHC wasteland)
o No one wants this!
o However, virtual effects will be the only
way to set scale of NP
22/6/2007 Cosener's Heavy Flavour Forum

With apologies to Jim Libby whose misfortune here was to sum up reality in a neat soundbite
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And still we press on... why?
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Our best theories of the microscopic and macroscopic universe remain fundamentally inconsistent 8
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Many observables, many curiosities

[Submitted on 5 Mar 2008 (v1), last revised 23 Dec 2009 (this version, v2)]
First Evidence of New Physics in b <--> s Transitions

The UTfit Collaboration: M. Bona, M. Ciuchini, E. Franco, V. Lubicz, G. Martinelli, F. Parodi, M.
Pierini, C. Schiavi, L. Silvestrini, V. Sordini, A. Stocchi, V. Vagnoni

We combine all the available experimental information on Bs mixing, including the very recent tagged
analyses of Bs to J/Psi phi by the CDF and DO collaborations. We find that the phase of the Bs mixing
amplitude deviates more than 3 sigma from the Standard Model prediction. While no single measurement
has a 3 sigma significance yet, all the constraints show a remarkable agreement with the combined result.
This is a first evidence of physics beyond the Standard Model. This result disfavours New Physics models
with Minimal Flavour Violation with the same significance.

Comments: S pages, 2 figures, 2 tables. v2: added a note on more recent Tevatron results
Subjects: High Energy Physics - Phenomenology (hep-ph)
Cite as: arXiv:0803.0659 [hep-ph]

(or arXiv:0803.0659v2 [hep-ph] for this version)
https://doi.org/10.48550/arXiv.0803.0659 0
Journal reference: PMC Phys.A3:6,2009
Related DOI: https://doi.org/10.1186/1754-0410-3-6 0

Submission history

From: Luca Silvestrini [view email]
[vl] Wed, 5 Mar 2008 13:43:04 UTC (106 KB)
[v2] Wed, 23 Dec 2009 16:51:41 UTC (135 KB)



Many observables, many curiosities

[Submitted on 5 Mar 2008 (v1), last revised 23 Dec 2009 (this version, v2)]
First Evidence of New Physics in b <--> s Transitions

The UTfit Collaboration: M. Bona, M. Ciuchini, E. Franco, V. Lubicz, G. Martinelli, F. Parodi, M.
Pierini, C. Schiavi, L. Silvestrini, V. Sordini, A. Stocchi, V. Vagnoni

We combine all the available experimental information on Bs mixing, including the very recent tagged
analyses of Bs to J/Psi phi by the CDF and DO collaborations. We find that the phase of the Bs mixing
amplitude deviates more than 3 sigma from the Standard Model prediction. While no single measurement
has a 3 sigma significance yet, all the constraints s,pmitted on 16 May 2010]

This is a first evidence of physics beyond the Stat - . e .
with Minimal Flavour Violation with the same sigr Evidence for an anomalous like sign dimuon Charge

asymmetry
Comments: S pages, 2 figures, 2 tables. v2: added a | The DO Collaboration: V.M. Abazov. et al
Subjects: High Energy Physics - Phenomenology
Cite as: arXiv:0803.0659 [hep-ph] We measure the charge asymmetry A of like-sign dimuon events in 6.1 fb™' of pp collisions

(or arXiv:0803.0659v2 [hep-ph] for this recorded with the DO detector at a center-of-mass energy 4/s = 1.96 TeV at the Fermilab Tevatron
https://doi.org/10.48550/arXiv.0803.06  collider. From A, we extract the like-sign dimuon charge asymmetry in semileptonic b-hadron

Journal reference: PMC Phys.A3:6,2009 decays: $\aslb = -0.00957 \pm 0.00251 ({\rm stat}) \pm 0.00146 ({\rm syst})$ . This result differs
Related DOI: https://doi.org/10.1186/1754-0410-3- by 3.2 standard deviations from the standard model prediction
$\asIb(SM) = (-2.3A{+0.5}_{-0.6}) \times 10A{-4}$ and provides first evidence of anomalous CP-

Submission history violation in the mixing of neutral B mesons.
From: Luca Silvestrini [view email]
[v1l] Wed, 5 Mar 2008 13:43:04 UTC (106 KB) Comments: Submitted to Phys. Rev. D
[v2] Wed, 23 Dec 2009 16:51:41 UTC (135 KB) Subjects: High Energy Physics - Experiment (hep-ex)

Report number:  Fermilab-Pub-10/114-E

Cite as: arXiv:1005.2757 [hep-ex]

(or arXiv:1005.2757v1 [hep-ex] for this version)
https://doi.org/10.48550/arXiv.1005.2757 0
Journal reference: Phys.Rev.D82:032001,2010
Related DOI: https://doi.org/10.1103/PhysRevD.82.032001 @

Submission history

From: Guennadi Borissov [view email]
[v1] Sun, 16 May 2010 16:18:52 UTC (183 KB)



Many observables, many curiosities

[Submitted on 5 Mar 2008 (v1), last revised 23 Dec 2009 (this version, v2)]
First Evidence of New Physics in b <--> s Transitions

The UTfit Collaboration: M. Bona, M. Ciuchini, E. Franco, V. Lubicz, G. Martinelli, F. Parodi, M.
Pierini, C. Schiavi, L. Silvestrini, V. Sordini, A. Stocchi, V. Vagnoni

We combine all the available experimental information on Bs mixing, including the very recent tagged
analyses of Bs to J/Psi phi by the CDF and DO collaborations. We find that the phase of the Bs mixing
amplitude deviates more than 3 sigma from the Standard Model prediction. While no single measurement
has a 3 sigma significance yet, all the constraints s,pmitted on 16 May 2010]

This is a first evidence of physics beyond the Star . . e :
with Minimal Flavour Violation with the same sigr Evidence for an anomalous like sign dimuon Charge

asymmetry
Comments: S pages, 2 figures, 2 tables. v2: added a | The DO Collaboration: V.M. Abazov. et al
Subjects: High Energy Physics - Phenomenology
Cite as: arXiv:0803.0659 [hep-ph] We measure the charge asymmetry A of like-sign dimuon events in 6.1 fb™' of pp collisions

(or arXiv:0803.0659v2 [hep-ph] for this recorded with the DO detector at a center-of

https://doi.org/10.48550/arXiv.0803.06  collider. From A, we extract the like-sign di 3 -C

Journal reference: PMC Phys.A3:6,2009 decays: $\aslb = -0.00957 \pm 0.00251 ({ 0.30 >_<1|0 e I ——TT —TT T 1.0

Related DOI: https://doi.org/10.1186/1754-0410-3- by 3.2 standard deviations from the standar - .
$\asIb(SM) = (-2.3A{+0.5}_{-0.6}) \times 1 - ’ 0.9

Submission history violation in the mixing of neutral B mesons. 0.25 — —
From: Luca Silvestrini [view email] L _ 0.8
[vl] Wed, 5 Mar 2008 13:43:04 UTC (106 KB) Comments: Submitted to Phys. Rev. D B i 0.7

[v2] Wed, 23 Dec 2009 16:51:41 UTC (135 KB) Subjects: High Energy Physics - Experimen .~ 0.20 — ]
Report number:  Fermilab-Pub-10/114-E a - . 0.6

Cite as: arXiv:1005.2757 [hep-ex] T B 7]
(or arXiv:1005.2757v1 [hep-ex] fol 0.15 — — 0.5

https://doi.org/10.48550/arXiv.10 e - i
Journal reference: Phys.Rev.D82:032001,2010 oc B i 0.4
Related DOI: https://doi.org/10.1103/PhysRevD o 0.10 — — 0.3
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Many observables, many curiosities

[Submitted on 24 May 2012 (v1), last revised 20 Sep 2012 (this version, v2)]

Evidence for an excess of B -> D(*) Tau Nu decays

[Submitted on 5 Mar 2008 (v1), last revised 23 Dec 2009 (this version, v2)]

First Evidence of New Physics in b <--> s Transitions

The BaBar Collaboration

The UTfit Collaboration: M. Bona, M. Ciuchini, E. Franco, V. LUbiCZ, G. Martinelli, F. Parodi, M. Based on the full BaBar data sample, we report improved measurements of the ratios R(D(*)) = B(B

Pierini, C. Schiavi, L. SiIvestrini, V. Sordini. A. StOCChi, V. Vagnoni -> D(*) Tau Nu)/B(B -> D(*) | Nu), where | is either e or mu. These ratios are sensitive to new
physics contributions in the form of a charged Higgs boson. We measure R(D) = 0.440 +- 0.058

+-0.042 and R(D*) = 0.332 +- 0.024 +- 0.018, which exceed the Standard Model expectations by

We combine all the available experimental information on Bs mixing, including the very recent tagged 2.0 sigma and 2.7 sigma, respectively. Taken together, our results disagree with these

analyses of Bs to J/Psi phi by the CDF and DO collaborations. We find that the phase of the Bs mixing expectations at the 3.4 sigma level. This excess cannot be explained by a charged Higgs boson in
amplitude deviates more than 3 sigma from the Standard Model prediction. While no single measurement the type Il two-Higgs-doublet model. We also report the observation of the decay B -> D Tau Nu,
has a 3 sigma significance yet, all the constraints js,pmirted on 16 May 2010] with a significance of 6.8 sigma.
This is a first evidence of phySics beyond the Star EVidence for an anomalous Iike—Sig n dimuon Charge Comments: Expanded section on systematics, text corrections, improved the format of Figure 2 and included the
with Minimal Flavour Violation with the same sigr effect of the change of the Tau polarization due to the charged Higgs
asym met I'Y Subjects: High Energy Physics - Experiment (hep-ex)
Report number:  BABAR-PUB-12/012; SLAC-PUB-15028
Comments: S pages, 2 figures, 2 tables. v2: added a | The DO Collaboration: V.M. Abazov, et al cn: as: arxw:1zos.544,z [hep-ex]
Subjects: High Energy Physics - Phenomenology (or arXiv:1205.5442v2 [hep-ex] for this version)
Cite as: arXiv:0803.0659 [hep-ph] We measure the charge asymmetry A of like-sign dimuon events in 6.1 fb™' of pp collisions https://doi.org/10.48550 /arXiv.1205.5442 @
(or arXiv:0803.0659v2 [hep-ph] for this  recorded with the DO detector at a center-of Joural veference: Fiiys. Rev. Lett. 109, 101602 (2012) o
https:/ /doi.org/10.48550/arXiv.0803.06  collider. From A, we extract the like-sign di B REmed DO heps://dol.org/10.1103 Plyshevter-109.101802
Journal reference: PMC Phys.A3:6,2009 decays: $\aslb = -0.00957 \pm 0.00251 ({’ 0.30 <10 L e — T — T —r—— Submission history
Related DOI: https://doi.org/10.1186/1754-0410-3- by 3.2 standard deviations from the standar B From: Manuel Franco Sevilla [view email]
$\asIb(SM) = (~2.3A{+0.5} {-0.6}) \times 1( B [vl] Thu, 24 May 2012 13:43:06 UTC (444 KB)
Submission history violation in the mixing of neutral B mesons. 0.25 — [v21 Thy, 20 Sep 2012 19:54:26 UTC G708
From: Luca Silvestrini [view email] B i 0.8
[vl] Wed, 5 Mar 2008 13:43:04 UTC (106 KB) Comments: Submitted to Phys. Rev. D B | 0.7
[v2] Wed, 23 Dec 2009 16:51:41 UTC (135 KB) Subjects: High Energy Physics - Experimen .~ 0.20 — ]
Report number:  Fermilab-Pub-10/114-E a - - 0.6
Cite as: arXiv:1005.2757 [hep-ex] T B 7]
(or arXiv:1005.2757v1 [hep-ex] foi m 0.15 — o 0.5
https://doi.org/10.48550/arXiv.10 ~r L |
Journal reference: Phys.Rev.D82:032001,2010 oc B i 0.4
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Many observables, many curiosities

[Submitted on 24 May 2012 (v1), last revised 20 Sep 2012 (this version, v2)]

Evidence for an excess of B -> D(*) Tau Nu decays

[Submitted on 5 Mar 2008 (v1), last revised 23 Dec 2009 (this version, v2)]
FI rSt EV'd e nce Of N ew Phys I cs I n b < - > s Tra n s Itlo n s [Submitted on 22 Mar 2021 (v1), last revised 13 Sep 2022 (this version, v2)]

The UTfit Collaboration: M. Bona, M. Ciuchini, E. Franco, V. Lubicz, G. Martinelli, F. Parodi, M. Test of lepton universality in beauty-quark decays sort improved measurements of the ratios R(D(*)) = BB
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Vu and Vep
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Measure using inclusive or exclusive semi-leptonic beauty hadron decays and fix the CKM triangle apex



Vub and Vep
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One of the longest standing tensions/puzzles/discrepancies in flavour physics



Recently however...

B — D™¢i Branching Ratios and Evidence for
Isospin Breaking in Y (4S) Decays

Martin Jung® Stefan Schacht?

“ Dipartimento di Fisica, Universita di Torino & INFN, Sezione di Torino, I-10125 Torino, Italy

b Institute for Particle Physics Phenomenology, Department of Physics, Durham University, Durham
DH1 3LE, United Kingdom

E-mail: martin. jung@unito.it, stefan.schacht@durham.ac.uk

ABSTRACT: We introduce a new method for the determination of the ratio of production
fractions R*" = B(Y(45) — B*B~)/B(Y(4S) — B"B") based on B — D'*)¢i decays.
Given the importance of these modes, we perform a comprehensive analysis of the avail-
able data, extracting the information on their branching fractions and R*" in parallel and
providing their correlations in order to avoid double-use of this information in phenomeno-
logical analyses. We obtain the most precise value for R*" from a single channel so far,
about 20 from unity. The combination with previously available determinations from other
channels yields R*? = 1.062(19), constituting evidence for isospin violation in Y(45) de-
cays. This demonstrates the necessity to take this effect into account in experimental and
phenomenological analyses. The results for the B — D*)fi branching fractions are up
to 1.60 larger compared to averages available in the literature, owing to the removal of
overlooked inconsistencies in the treatment of older analyses and correcting for d’Agostini
bias where possible, thereby reducing the V; puzzle.



Evidence of isospin breaking @ 1(45S)

Mode no isospin 1sospin

x? /dof 19.8/19 19.9/21
Ax?/Adof 19.7/18 19.8/20
BY — D*T(p 5.02(11) 5.02(10)
B~ — D*%p 5.44(20)

BY — DY/ 2.17(7) 2.16(6)
B~ — D%p 2.31(6)

R*0 1.063(21) 1.062(19)
/e 0.00264 500021 0-002647 550001

In the analysis of the B — D®) ¢ branching fractions, we correct several misinterpre-

tations of measurements in the literature and re-analyze several measurements to avoid the
d’Agostini bias [58]. We find a number of shifts of both signs, partially cancelling each
other, but resulting in a net upwards shift of about 1o in both isospin-averaged B — Dfi

and B — D*¢ branching fractions, see Table 4 for details.

This result reduces the Vy,

puzzle, as will be discussed in detail in a forthcoming publication [37].



https://arxiv.org/abs/2604.08391v1

Tests of lepton universality (LU)

For this talk focus on beauty hadron decays involving one or two charged leptons



Reach of LU measurements

Two Higgs Doublet Model
Experimental data
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Null tests of the Standard Model, whose energy reach is competitive with direct searches



LU in semileptonics as of CKM 2025
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Persistent deviations in semileptonic beauty hadron decays, but general unease to claim new physics... 23



LU in semileptonics as of Moriond 2026
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R(D) = 0.336 + 0.022
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p=-0.51
P(x*) = 0.76%

The new BaBar semileptonic tag analysis, first teased in a thesis almost 4 years ago, is public!
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If this is BSM, what implications?
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If this is BSM, what implications?
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LU in b—s?#f decays — quite the mirage
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As of 2021, this was generating a great deal of excitement...



LU in b—s?#f decays — quite the mirage
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Including a range of fairly strong global fit statements



The mirage fades away
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Unfortunately it turned out that the deviations were caused by underestimated hadronic backgrounds 30
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A lesson in experimental coherence
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Nevertheless, we press onwards
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https://lbfence.cern.ch/alcm/public/analysis/full-details/5670
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b—sff transitions beyond LU
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Credit to Patrick Koppenburg for making the plot



b—sff transitions beyond LU
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b—sff transitions beyond LU
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The latest LHCb binned analysis of K*uu maintains the discrepancy and increases its significance
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The latest LHCb binned analysis of K*uu maintains the discrepancy and increases its significance
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An unbinned look at K*uu
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Unbinned analyses can estimate contributions from long-distance QCD processes ("charm loops")
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urther probing hadronic effects in K*uu

MITP-26-013

Large Hadronic Effects in B — Kuu?

Wolfgang Altmannshofer,"* Samuel G. Christensen,"t and Peter Stangl?*

! Department of Physics, University of California, Santa Cruz,
and Santa Cruz Institute for Particle Physics, Santa Cruz, CA 95064, USA
2 Institute of Physics, Johannes Gutenberg University Mainz,

Staudingerweg 7, 55128 Mainz, Germany
Abstract

Recent results from LHCDb have confirmed the long-standing P} anomaly, an intriguing discrep-
ancy in the angular distribution of the B — K*u™pu~ decay that might be a sign of new physics.
In addition, the new results hint at a non-zero value for S7, another observable that character-
izes the B — K*u™p~ angular distribution. We stress that a non-zero S7; cannot be explained
by heavy new physics but instead necessarily requires a sizable hadronic effect that introduces a
strong phase. We argue that, under plausible assumptions, the hadronic effect is of the correct size
to also explain P. The direct CP asymmetry in B — K*utpu~ emerges in principle as a clean
probe of new physics in such a scenario. We show that a combined fit of hadronic parameters and
Wilson coefficients retains sensitivity to new physics and we find strong bounds on imaginary parts

of new physics Wilson coefficients.

S7 may hint at large strong phases, but as of yet no viable model for how long-distance QCD effects arise! 40
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An unbinned look at CPV in K*uu
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An observation of CPV at anywhere near current sensitivities would be an unambiguous sign of NP 41
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Depending on the form-factors (and their uncertainties!), agreement with the SM improves
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Leptoquarks for both b—s?f and b—c/v
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The unitarity triangle apex




The unitarity triangle apex




We have come quite a way in 15 years
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First LHCb Run 3 gamma measurement!
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Around 3x higher efficiency for KS0 decaying in the vertex detector compared to Runs 1&2! 51



First LHCb Run 3 gamma measurement!
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First LHCb Run 3 gamma measurement!
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Good agreement with previous results, and sensitivity to gamma is as expected given value or rB(DK) 53



A measurement going remarkably to plan
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The LHC as a hadron factory
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Exotic hadron spectroscopy
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What are these 4 and 5 quark states?

Molecule model - nuclear forces

F.-K. Guo et al., Rev. Mod. Phys. 90 (2018) 015004




What are these 4 and 5 quark states?

Molecule model - nuclear forces Tightly bound quarks - color forces
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F.-K. Guo et al., Rev. Mod. Phys. 90 (2018) 015004 J.-M. Richard, Few Body Syst. 57 (2016) 1185




What are these 4 and 5 quark states?
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From observation
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2019-014.html

To characterisation
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Charm hadrons - the up sector
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The only up-type quark which forms weakly-decaying hadrons
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Precisely characterising charm mixing

LHCDb paper 2024-044
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Two production mechanisms — a challenge but also an opportunity for understanding systematics



First doubly charmed hadron in Run 3!
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First doubly charmed hadron in Run 3!
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First doubly charmed hadron in Run 3!
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A permille knowledge of the CKM apex

excluded area has CL > 0.95 7
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A permille knowledge of the CKM apex
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A percent-level map of b—s#? transitions
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A percent-level map of b—s#? transitions
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Red bars are projected sensitivities (roughly drawn) at the end of the HL-LHC era



Probing FCC-hh energies, today
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Charm beyond 10-5
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LHCb's ascent
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LHCb's ascent

Align and calibrate detector in
quasi-real time, full detector

reconstruction and pileup
suppression in trigger
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Itworks!'Concept ofiforward Greatly improved tracker & PID
flavour detector validated; many granularity, 30 MHz detector
world-bestmeasurements readout & GPU tracking trigger




LHCb's ascent

Align and calibrate detector In Enhance PID with precise
quasi-real time, full detector timing and improved granularity,

reconstruction and pileup explore enhanced readout
suppression in trigger boards with fast tracking
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LHCDb's ascent

Align and calibrate detector In Enhance PID with precise
quasi-real time, full detector timing and improved granularity,

reconstruction and pileup explore enhanced readout
suppression in trigger boards with fast tracking
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9 b1 23 fb-1 50 fb-1 >300 fb-1

Itworks!iConceptiofiforward Greatly improved tracker & PID i Deploy 4D tracking, PID, and
flavour detectorvalidated, many, granularity, 30 MHz detector calorimetry + a highly granular

world-best measurements readout & GPU tracking trigger il °'x¢! tracker to be processed by
a heterogenous trigger




LHCb Upgrade 2 detector layout

Magnet
stations TORCH RICH2 PicoCAL




LHCb Upgrade 2 detector layout

o o , Rough timing information
Precision timing information *

Magnet
stations TORCH RICH2 PicoCAL

A nearly 4-dimensional detector and thus a pathfinder for the future!



LHCb U2: DAQ & real-time analysis

A. Cerri, University of Sussex
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LHCb Upgrade 2 will be the biggest data processing challenge attempted in HEP

2040



LHCb U2: DAQ & real-time analysis
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Trigger saturated by signal — must perform real-time analysis!


https://cds.cern.ch/record/1670985?ln=en

An ascent with a view to the future

Trotman & Zhang 1307.1179
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Triggerless readout and real-time data analysis is the future for all HEP detectors
86

Requires both a technological and sociological shift in community thinking, but this is underway
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Process BxB[K*n°] BxB[K3n*] T4 Refs
Dt - KIK*t 2.89(30) x 1073 12.91(11) x 10~2 0.99(11)  [3-5]
D° —» K*“etv 7.03(84) x 10® 76.82(15) x 10~ 1.03(12)  [6, 7]
D° — K*~ptv 76.91(17) x 10~ 6.30(80) x 10~® 1.10(14) [8, 9]
D° — K*~ 7t 231(30) x 1072 1.64(15) x 1072 1.41(22) [2, 10-12]
D° —» K*TK~ 1.52(8) x 107®  1.89(30) x 1073 0.80(13) [2, 13, 14]
D’ - K* Kt 5.4(4) x10™*  6.2(1.1) x 10~* 0.87(17) [2, 13, 14]
D} - K*TK2 2.04(33) x 1072 *3.19(29) x 1073 0.64(12) [15-17]
Bt — K*Tn% 2.70(64) x 107° 2.13(34) x 107° 1.27(36) [18, 19]
Bt = JWK*t 4.43(57) x 107* 4.10(62) x 10~* 1.08(22) [20]
B° — K*tn~  2.67(45) x 107% 2.46(16) x 107° 1.09(20) [2, 21-24]
Process BxB[K%n"] BxB[K*r¥] To Refs
Dt — K*%ty 18.27(22) x 1072 3.77(17) x 1072 0.88(5) [2, 25-27]
Dt - K*%7%  2.64(32) x 107% 1.04(12) x 1072 1.02(17) [2, 28-30]

Dt 5 B0yt
Dt - K*K*
DO SN I_(*O'ﬂ'o

Df - K*°K*
Df — K*On™
BT — K*x™

9.7(9) x 1073
5.2(1.4) x 10~*
*5.97(90) x 1073

*4.81(44) x 1073
*4.3(1.2) x 107*
1.68(33) x 107°
2.00(42) x 1074

T4.15(18) x 1072
2.49(10) x 1073
1.95(25) x 10~2

*2.62(5) x 1072

*1.68(26) x 1072
6.69(54) x 107°
8.67(87) x 104

0.93(10) [2, 31, 32]
0.84(23) [2, 3, 5, 33]
1.22(24) [10, 34, 35]

0.73(7)

(16, 17,
36, 37]

1.02(33) [17, 38-40]
1.01(21) [19, 41, 42]

0.92(21)

[20]




The cited measurements can be grouped into those
which are limited by the available statistics [4, 6, 8, 15,
19, 21, 34, 40], those which are limited by systematic
effects [3, 10-12, 14, 28, 29, 31, 32, 41, 42|, and those
in which these two sources of uncertainty are of roughly
equal size [5, 7, 9, 13, 16-18, 20, 22-27, 30, 33, 35-39].
As the majority of the cited measurements fall into the
latter two categories, combining them requires assump-
tions about potential correlations in the methods used to
evaluate systematic uncertainties.

Process

BxB[K*r°

BxB[K3n*]

"+

Refs

Dt — K2K*t 2.89(30) x 107* 12.91(11) x 1073
D’ » K*~etv 7.03(84) x 1073 16.82(15) x 1073
D° —» K*~putv 16.91(17) x 10~* 6.30(80) x 1073

D° - K* nt
D’ 5 K*TK~
D’ - K* K%
Df - K*tK%
Bt - K*trn°
Bt — JWK*t
B 5 K*tr~

2.31(30) x 102
1.52(8) x 1073
5.4(4) x 1074
2.04(33) x 1073
2.70(64) x 10~°
4.43(57) x 107*
2.67(45) x 107°

1.64(15) x 102
1.89(30) x 1073
6.2(1.1) x 1074

*3.19(29) x 1073
2.13(34) x 10~°
4.10(62) x 10~*
2.46(16) x 107°

0.99(11)
1.03(12)
1.10(14)
1.41(22)
0.80(13)
0.87(17)
0.64(12)
1.27(36)
1.08(22)
1.09(20)

[3-5]
[6, 7]
8, 9]
[2, 10-12]
[2, 13, 14]
[2, 13, 14]
[15-17]
[18, 19]
[20]
[2, 21-24]

Process

BxB[KZm]

BxB[K*7¥]

To

Refs

DT = K*%ty
Dt — K*Ox ™
Dt - B0,
DT —» KK+
DO - I_(*O'ﬂ'o

DY - K*°K*
Df —» K*Oxt
Bt — K*On*
B° — JWpK*°

18.27(22) x 1073
2.64(32) x 1073
9.7(9) x 1073
5.2(1.4) x 10~*
*5.97(90) x 1073

*4.81(44) x 1073
*4.3(1.2) x 107*
1.68(33) x 107°
2.00(42) x 1074

3.77(17) x 1072
1.04(12) x 1072
T4.15(18) x 1072
2.49(10) x 1073
1.95(25) x 1072

*2.62(5) x 1072

*1.68(26) x 1072
6.69(54) x 107°
8.67(87) x 1074

0.88(5)
1.02(17)
0.93(10)

0.84(23) [2, 3, 5, 33]
1.22(24) [10, 34, 35]

0.73(7)

1.02(33) [17, 38-40]
1.01(21) [19, 41, 42]

0.92(21)

[2, 25-27]
[2, 28-30]
[2, 31, 32]

(16, 17,
36, 37

[20]




Together towards the summit

The cited measurements can be grouped into those
which are limited by the available statistics [4, 6, 8, 15,
19, 21, 34, 40], those which are limited by systematic
effects [3, 10-12, 14, 28, 29, 31, 32, 41, 42|, and those
in which these two sources of uncertainty are of roughly
equal size [5, 7, 9, 13, 16-18, 20, 22-27, 30, 33, 35-39].
As the majority of the cited measurements fall into the
latter two categories, combining them requires assump-
tions about potential correlations in the methods used to
evaluate systematic uncertainties.

i

bination. It is entirely possible that a coherent analysis
" of these datasets would change both the average central
" values and their uncertainties, but there is no way to L,: -

_ quantify this supposition given the information reported
| in these analyses. Given the available information, we =~
combine measurements assuming that the reported sys-
"W tematic uncertainties are fully uncorrelated. =
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Gligorov & Robinson 2503.09772

Process BxB[K*n°] BxB[K3rE] Ty Refs
Dt — KSK*+ 2.89(30) x 102 f2.91(11) x 10~® 0.99(11)  [3-5]
D° - K*~etv 7.03(84) x 107* 76.82(15) x 10~* 1.03(12)  [6, 7]
D° - K* v 16.91(17) x 1072 6.30(80) x 1073 1.10(14)  [8, 9]
D° — K*~rt 231(30) x 1072 1.64(15) x 107% 1.41(22) [2, 10-12]
D » K**K~ 1.52(8) x 107*  1.89(30) x 10~® 0.80(13) [2, 13, 14]
D° - K* Kt 5.4(4) x10™*  6.2(1.1) x 107* 0.87(17) [2, 13, 14]
Df - K*TK2 2.04(33) x 1072 *3.19(29) x 1072 0.64(12) [15-17]
BT — K*t7% 2.70(64) x 107¢ 2.13(34) x 107° 1.27(36) [18, 19]
Bt = JWK*t 4.43(57) x 107* 4.10(62) x 10~* 1.08(22) [20]
B° — K*tn~  2.67(45) x 107% 2.46(16) x 107° 1.09(20) [2, 21-24]
Process BxB[KZm] BxB[K*7¥] To Refs
Dt — K*%ty 18.27(22) x 1072 3.77(17) x 1072  0.88(5) [2, 25-27]
Dt — K*%7%  2.64(32) x 107° 1.04(12) x 1072 1.02(17) [2, 28-30]

Dt — Bt
DT —» K*K+
DO - I_(*Oﬂ'o
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Df — K*On™
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5.2(1.4) x 1074
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The cited measurements can be grouped into those Process BxB[K*nr°] BxB[K37F] ry Refs

which are limited by the available statistics [4, 6, 8, 15, DT — K3K*t 2.89(30) x 1072 12.91(11) x 1072 0.99(11)  [3-5]

19, 21, 34, 40], those which are limited by systematic D° — K*"efv 7.03(84) x 107° 76.82(15) x 107° 1.03(12)  [6, 7]

effects [3, 10-12, 14, 28, 29, 31, 32, 41, 42|, and those D° — K*~p*v 16.91(17) x 107° 6.30(80) x 107 1.10(14)  [8, 9]

in which these two sources of uncertainty are of roughly D’ — K*"n" 231(30) x 107° 1.64(15) x 107* 1.41(22) [2, 10-12]

equal size [5, 7, 9, 13, 16-18, 20, 22-27, 30, 33, 35-39]. D% K™K~ 152(8) x 107°  1.89(30) x 107 0.80(13) [2, 13, 14] S

D° - K* Kt 5.4(4) x10™*  6.2(1.1) x 107* 0.87(17) [2, 13, 14]
Df - K*TK2 2.04(33) x 1072 *3.19(29) x 1072 0.64(12) [15-17]
BT — K*t7% 2.70(64) x 107% 2.13(34) x 107°% 1.27(36) [18, 19]
Bt — JWK*t 4.43(57) x 107* 4.10(62) x 10~* 1.08(22)  [20]
B° — K*tn~  2.67(45) x 107% 2.46(16) x 107° 1.09(20) [2, 21-24]

As the majority of the cited measurements fall into the
latter two categories, combining them requires assump-
tions about potential correlations in the methods used to
evaluate systematic uncertainties.

Process BxB[KZm] BxB[K*7¥] To Refs

— . . : P ¥ DY K%ty 1827(22) x 107 3.77(17) x 1072  0.88(5) [2, 25-27]
bination. It is entirely possible that a coherent analysis Dt — K*Ont  2.64(32) x 107%  1.04(12) x 1072 1.02(17) [2, 28-30]

of these datasets would change both the average central Dt - K% 9.7(9) x 107%  4.15(18) x 1072 0.93(10) [2, 31, 32]
~ values and their uncertainties, but there is no way to L D — K*°K* 52(1.4) x 107%  2.49(10) x 10~ 0.84(23) [2, 3, 5, 33]
. quantify this supposition given the information reported D° — K*97%  *5.97(90) x 1073 1.95(25) x 1072 1.22(24) [10, 34, 35]
| ~ in these analyses. Given the available information, we ) (16, 17,
= combine measurements assuming that the reported sys- D — KK™ "4.81(44) x 1077 "2.62(5) x 107°  0.73(7) 36, 37]
— - tematic uncertainties are fully uncorrelated. - Dy — K*m™ "4.3(1.2) x 10:4 "1.68(26) x 10__3 1.02(33) [17, 38-40]
- — BT — K*°7z"  1.68(33) x 107° 6.69(54) x 107% 1.01(21) [19, 41, 42]

B° — JK*® 2.00(42) x 107* 8.67(87) x 107* 0.92(21)  [20]

om the ultimate experiments is essential.
Work to enable it must get underway now and be ba ) the data processing logic by the 2030s! 91
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Evidence for B, Kyy

SM Average

0.49740.037 f.3:l;0.4

—— Belle IT (362 fb™!, combined)
2.340.7 This analysis

Belle II (362 fb'!, hadronic)

1.1+ 1.1 This analysis

Belle IT (362 fb!, inclusive)

2.740.7 This analysis

Belle II (63 fb!, inclusive)

1.94+1.5 PRL127, 181802

Belle (711 fb!, semileptonic)

1.04+0.6 PRD96, 091101

® Belle (711 fb!, hadronic)

29+1.6 PRDS87, 111103

BABAR (418 fb'!, semileptonic)

0.24+0.8 PRDS82, 112002

BABAR (429 fb!, hadronic)

1.54+1.3 PRD87, 112005
I 1 1 1 I 1 1 1 I 1 L 1 I

0 2 4 6 8 - 110
10° x Br(BT™—K Tvp)

Q

Q

Belle 2 collaboration 2311.14647 99




Phenomenology of b—s?f transitions

29 Broad charmonium
$(25) resonances (above the

open charm threshold)
Photon pole
&~ enhancement (from C7) ﬂ

JH

dI'/dg?

Sensitivity to
/ Cg and 010

< >

CKM suppressed
¥ light-quark resonances

Sensitive to C7—Cy phaseslh

interference suppression
< >
4 [ [ [ [ I [ [ [ [ I [ [ [ [ I [ [ [ [
0 5 10 15 20
<« increasing hadronic recoil q2 [Gev 2]

increasing dimuon mass =»

Rich laboratory for studying beyond Standard Model effects!



U2 installation schedule

LHCb Upgrade 2 Scoping Document

Baseline scenario 2032 2033 2034 2035
12 01 02 03 04 05 06 07 08 09 10 11 12 01 02 03 04 05 06 07 08 09 10 11 12 01 02
Remove and install services D
Remove beam pipe (2 — 4) -
Remove SciFi and bridge G
Remove RICH2 -
Install magnet stations G
Install RICH2/TORCH D Downstream
Install bridge G Of
Install MT D D
Dismantle ECAL CED M ag N et
Modify ECAL modules  ———
Install PicoCal D
Replace muon chambers e
Remove UT G
Remove RICH1 optics and beam pipe 1 -
Remove RICH1 mechanics -
Remove VELO G
Install VELO vessel o Upstream
Install RICH1 mechanics G of
Install beam pipe 1 [ )
Install UP oE—— Magnet
Install beam pipe (2 — 4), bakeout G
Install RICH1 optics and photon detectors G

Install VELO modules L)
Global commissioning D

Completing all work in 2 years is challenging but achievable



Why another LHCb upgrade?

LHCb Upgrade 2 Scoping Document

Observable Old LHCb Upgrade I Upgrade 11
(up to 9fb~")  (23fb~Y)  (50fb™")  (300fb~1)
CKM tests
v (B — DK, etc.) 2.8° [18,19] 1.3° 0.8° 0.3°
¢s (BY — Jhpo) 20 mrad [22] 12 mrad 8 mrad 3 mrad
Vol IVl (AY = puv,, etc.) 6% [55,56] 3% 2% 1%
Charm
AAcp (DY - KTK—,7t7=) 29 x 107> [25] 13x107° 8x107° 33x107°
Ar (D° — K+K~,ntn) 11x107°[29] 5x107° 32x107° 1.2x 1075
Az (D° — Kdrtn™) 18 x 107° [57] 6.3 x10° 41x10° 1.6x107°
Rare decays
B(B® — utu™)/B(BY — ptu~) 69% [30,31] 41% 27% 11%
Sup (B — ppi™) — — — 0.2
AP (BY - K*0cte) 0.10  [58] 0.060 0.043 0.016
Ser (B — @) 0.32 |59 0.093 0.062 0.025
a, (A) — A) s [60 0.148 0.097 0.038

Key precision observables remain statistically limited + unique reach for ions, baryons & exotic hadrons

After showing that systematics scale with luminosity in Run 3 — aim to build the best quality U2 detector!102



LHCb Upgrade 2 luminosity scenarios

Levelled £,ca (10%* cm™2s71)

B:/8; (m)

Npunen total/colliding in LHCh

Levelled pile-up

Delivered L, per year (fb™')

Levelling time %, (h)

Optimal fill length ¢, (h)

tiev/Topt

RMS luminous region (z) at ¢ = 0 (mm)
Peak pile-up density at ¢t = 0 (mm™1)

Round optics

Flat optics

Levelled Luminosity

1.5 % 10**cm 257!

— 1.3 % 10%*cm%s™!

0.5/1.5
2760/2574

— 1.0 % 103*cm~2s!

v
)

2760/2574

28
el

g
o

8
73 57.89 §63.36

e
o

I~
=

43.30 43.31 43.31 | 38.41 38.44 38.45

Peak luminosity (10** Hz/cm?)
o

o
[

o

Many thanks to our LHC machine colleagues for their hard work and support!

Looking forward to the results of machine tests to understand if flat optics are feasible.



LHCDb data acquisition enhancements TDR

The aim is to exercise the following |

features ahead of Run 5 e =
1. Clock distribution with jitter and TR e, BT
deterministic phase of O(10) ps g e s I
2. The usage of IpGBT links e T 5
3. The usage of very high speed o e ]

links running at 100Gbit/s using ]

data-centre protocols like
Ethernet 400 or PCle Genb Fodf R, - - | | | |
4. Creation and use of oif 3 4B W ;
reconstruction primitives 02 6 E
embedded within the readout, 02 ) g
o . o -04F . -100 |- —
with potential gains for osf 58 + Gonrd ilz I =
o o o _08F &£ %" o ¥ Reconstructed track - - z B
triggering already in Run 4. i I
X, z [em]


https://cds.cern.ch/record/2886764?ln=en

LS3 enhancements: particle identification

T 300 % —— =
S < 220 ) +>2.5Ge =
" 200 "§ 200 SpaCal regions E—2lfu(n}3:VS/B=1.1 —;
"g 180 | ‘ — izzj-dse/t:ioi \;vith 48 b S/B=02 _;
100 8 160 Simulation ‘ ' 3
= 140
. 120 =
100 E
-100 80 E ] -
60 | E
-200 40 L =
20 Ellrnpr hop I I'I' . r'I"'I""'I"* U 5
w00 -300 -200 -100 0 100 200 300 X for] - -300 -200 -100 0 100 200 300 X for] 49000 5000 6000 7000
MK 7zy) [MeV/c?]
|
No time gate
6.25 ns
Sensor FE ASIC FPGA i Back-end 3
LHC Run 3 MAPMT CLARO Kintex 7 GBT Versatile Link PCle40 %. 101600 ps _:
g ]
Sensor pc_ | el Fle T oci  Back-end i 1
LHC Run 4 MAPMT FastRICH IpGBT / VL+ PCle40(0) l-; i
] |
Sensor pc | el N[[:4 ] bc,i Back-end =
HL-LHC Run 5 SiPM / MAPMT / MCP FastRICH IpGBT / VL+ ” PCle400 é ]
1 1 1 1 1 1 | 1 1 1 1
90 95 100
LHCb particle identification enhancements TDR Kaon ID Efficiency /%

Enhanced calorimeter granularity & SpaCal modules: maintain performance despite radiation damage

Fast timing information in the RICH: improved hadron identification and gain experience for Run 5


https://cds.cern.ch/record/2866493?ln=en
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Baseline  Middle Low
Loear (10°*em™2g71) 1.5 1.0 1.0
(kCHF) (kCHF) (kCHF)

Three detector scenarios considered

Baseline: ultimate acceptance,

granularity, and material budget leading VELO 16672 15906 13753
to maximal instantaneous luminosity UP 8077 7719 6887
headroom. Magnet Stations 2592 2234 0
, Mighty-SciFi 21767 21273 17388

keeps all subsystems but in some Mighty-Pixel 15994 11641 11061

cases reduces their acceptance. Lower RICH 21450 18415 14794
instanteous luminosity leads to significant TORCH 12508 3756 0
savings in data processing cost. PicoCal 27607 27607 21584
. Muon 9785 8266 8260

worse acceptancez granularity, and RTA 18800 11700 0500
material budget depending on the Online 11800 0467 2993
detector. Two detectors fully removed. Tnfrastricture 14463 13984 12430
Highest risk and least robust option. Total 181515 156268 124656




LHCb U2: tracking
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The baseline design ensures high efficiencies with
acceptable fake rates!

Similar tracking efficiencies for pp and PbPb will
allow reconstruction of the most central collisions.

Channel

Relative acceptance %
Middle Low

Bl — ptp”

BY - ¢(— KTK™)p(— KTK™)
DY - K(— ntn)mtn

99.3+0.1 95.3£0.1
99.44+0.1 90.6 £0.2
99.74+£0.1 84.8+£0.8

10

Reduced acceptance and increased material in the low scenario will have a clear impact on physics.
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LHCb U2: tracking (2)
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UP + MT (pixels)
significantly improves
momentum resolution
compared to U1 LHCb!
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LHCb U2: tracking (3)
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UP + MT (pixels)
significantly improves
momentum resolution
compared to U1 LHCb!

TORCH timing can help
suppress backgrounds
in tracks without a

VELO segment.
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Potential to improve pion-kaon separation at high momenta

Strong impact of reduced RICH photoelectron yield at low
momentum, especially for the Low detector scenario

TORCH provides additional capabilities at low momenta



LHCDb U2: particle identification (2)
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Electron-pion separation is significantly degraded in the low scenario

The muon ID performance good, but not yet at the excellent levels we
are used to. Studies to improve it are ongoing.



Impact of U2 scenarios on sensitivity

Baseline Middle

Low

0
B,

Improved background rejection from VELO with timing

— ptp”

Worse background rejection Precise impact under study

Improved mass resolution to separate B° and BY peaks

Loss of muon identification  Loss of muon identification

Acceptance comparable to current detector

Loss of muon identification

—

~5% per track

Reduced acceptance

v from Bt — DK+, D— Kdntn~

Improved high momentum kaon/pion separation

Background rejection for
downstream tracks with

RICH2 & TORCH timing

Reduced TORCH acceptance

Acceptance comparable to current detector

—
—

—

~10% PID efficiency loss

Less or no improvement

RICH2 timing only 3x higher background
Reduced acceptance
also for downstream tracks

~10-15% per track

D*t* - Dnt,D— KTK~

Acceptance for long tracks comparable to current detector
Improved slow pion acceptance from Magnet Stations

Trigger throughput comparable to current detector

_> Up to 40% total tracking efficiency loss

Reduced acceptance
No improvement

Reduced online farm capacity Impact on trigger to be evaluated

¢s from B2 — JApo

Loss of muon identification

Loss of muon identification
Improved high momentum kaon/pion separation
Improved decay time resolution

Improved flavour tagging

Loss of muon identification

Less or no improvement

—

~10% sensitivity dilution
~5% flavour tagging loss

Worse performance

No improvement
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U2 detailed schedule
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Ultimate flavour sensitivity projections

Experiment ATLAS CMS LHCb Belle 11 Experiment ATLAS CMS LHCDb Belle 11
Assumed data sample 3000 fb~* 3000fb~' | 300fb* 50ab Assumed data sample 3000 fb~* 3000fb~* | 300fb* 50ab*

CKM angles Leptonic B decays
B — — 0.08° 0.3° B(B? — putu™) [1077] (0.33 — 0.40) 0.22 0.16 —

a — — — 0.6° B(B® — ptp~) [10710] (0.32 — 0.48) 0.12 0.12 —
v — - 0.3° LO° rer(BY = i) [ps] Hoosooy | 005 0.05 -
¢s [mrad] (4—9) 3 3 — S(BY — ptu™) — — 0.2 —

CP violation in loop-dominated decays B(B*T — mtu,) - - - 6%

S(B® — 1K) — — - 0.015 B(B* = v, — — — 5%
¢s(BJ — ¢¢2 [mrad] * * 9 — Flavour-changing neutral current b — sff decays
¢s(By — K™K™) [mrad] — — 8 — PU(B® = K*utp~) [1073] 1 (47 — 82) 23 12 —

CP violation in B?s)—B(()S) mixing B(Bt0 — K+*0u7) — . - 8%, 23%
as — — 3 — B(BT0 — K+ 0rt77) [1074] — — — < 0.9, <15
al — — 2 6.2 Flavour-changing neutral current b — s+ decays

CP violation in the charm sector B(B = X,v; E, > 1.6 GeV) — — — (4.7 —8.8)%

AAcp [1077] — — 3.3 60 S(B° — Kin%) — — — 0.04
Acp(DHY — 7H0979) [1077] — — 100, — 130, 70 S(BY — ¢v) — — 0.025 —
Ap(KK, ) [1077] — — 1.2 — AP(BY = K*%¢te; very low ¢?) — — 0.016 0.08
Az(D° — Kdrtn™) [1077] — — 1.6 40 (A9 — A%) — — 0.038 —
Semileptonic B decays Lepton flavour violation in 7 decays
Vs | — — 1% 1.2% B(rt — pty) [1079] — — — < 0.7
Vel — — — 1.0% B(tt — prutp) [1078) < (0.13-0.64) | <0.39 <026 | <(0.02—-0.17)
R(D), R(D") - - 3.3%, 3.0% 1.4%, 1.0% f The sensitivity for the P! variable is quoted for the range ¢® € [4.0,6.0] GeV* for ATLAS

and LHCb and ¢? € [4.3,6.0] GeV? for CMS.




But aren't indirect searches overrated?

The TeraZ Mirage: New Physics Lost in Blind
Directions

Mikael Chala, Juan Carlos Criado, Michael Spannowsky

The next generation of high-luminosity electron-positron colliders, such as FCC-ee
and CEPC operating at the Z pole (TeraZ), is expected to deliver unprecedented
precision in electroweak measurements. These precision observables are typically
interpreted within the Standard Model Effective Field Theory (SMEFT), offering a
powerful tool to constrain new physics. However, the large number of independent
SMEFT operators allows for the possibility of blind directions, parameter combinations
to which electroweak precision data are largely insensitive. In this work, we
demonstrate that such blind directions are not merely an artefact of agnostic effective
field theory scans, but arise generically in realistic ultraviolet completions involving
multiple heavy fields. We identify several concrete multi-field extensions of the
Standard Model whose low-energy SMEFT projections align with known blind
subspaces, and show that these persist even after accounting for renormalisation
group evolution and finite one-loop matching effects. Our analysis highlights that the
apparent sensitivity to new physics of TeraZ may be significantly overestimated, and
that indirect searches alone are often insufficient to rule out broad classes of
ultraviolet physics. Complementary high-energy collider probes are therefore essential
to fully explore the SMEFT parameter space.



https://arxiv.org/abs/2504.16558

The symbiosis of beauty and charm
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The symbiosis of beauty and charm
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Cataloguing the charmed baryons
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And measuring their properties

[
(\®)
-

ek
-
-

Candidates / (5 MeV/c?)

= N 0
o o O

\®)
-

LHCb
5.4 fb! —+ Data

— Total Fit

.....

.
llll

—_—
o B O o0
o O O O

100

|

—— Data

— Total fit
------ =.(3055)"
------------ =.(3080)"

SEERE Nonresonant

b=,

.
3000

Weighted candidates / (5 MeV/c?)

LHCb paper 2024-018

1
3050

1
3150
m,,. , [MeV/c?]

1
3100

119




And measuring their properties
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And measuring their properties
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Evidence for further states
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Observation in prompt production very hard because of huge backgrounds but equally essential


https://arxiv.org/abs/2210.10346
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Observation in prompt production very hard because of huge backgrounds but equally essential
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