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PYTHIA simulation of  
-hadron production: 
  and  quarks are 

typically produced at 
small angles to the  

beam line  

b
b b̄

Forward spectrometer at the 
LHC ( )2 < η < 5
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LHCb detector
• Long lever arm  

for tracking  
(  of 0.5–1%)

• Excellent decay 
time resolution  
(of 45fs). 

• Good particle 
identification:  

 
 
 

δp/p

ϵ(e → e) ∼ 90 % , ϵ(π → e) ∼ 5 %
ϵ(K → K ) ∼ 95 % , ϵ(π → K ) ∼ 5 %
ϵ(μ → μ) ∼ 97 % , ϵ(π → μ) ∼ 1 %



Data taking
• LHCb has been taking data  

since 2010:
- Majority of published results are  

based on data from 2010—2018.

• Major upgrade carried out in LS2  
to enable the detector to run at  
higher instantaneous luminosity  
and the full be read out at 40MHz.

• To do this many sub-detectors were upgraded:
- Silicon strip vertex detector replaced by a silicon pixel detector, straw drift tubes 

replaced by a fibre tracker.
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2 × 1032 cm−2s−1 2 × 1033 cm−2s−1



Programme of measurements

• Measurements of CP violation and searches for rare and forbidden 
decays of b- and c-hadrons. 

- Exploiting the large cross-sections for heavy flavour production at the LHC. 

• Measurements of new hadrons and multi-quark states. 
• Measurements of electroweak production in the forward region. 
• Studies of quark-gluon plasma in heavy ion collisions and 

measurements of proton or heavy-ion collisions with injected gasses 
(Ne, Ar and He). 
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Hadron spectroscopy 
• Large number of new hadrons discovered at the LHC  

(70 of 79 by LHCb):
- 55 conventional mesons  

or baryons.
- 24 exotic hadrons, 

e.g. multi-quark states.

• Many states were  
discovered through  
amplitude analyses of  
heavy-quark hadron  
decays.
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Standard Model flavour structure
• The Yukawa mass mechanism 

results in a misalignment of the 
mass and weak eigenstates.

• Represented by the  
Cabibo-Kobayashi-Maskawa 
quark-mixing matrix, which 
appears in weak interactions. 

• CKM matrix is hierarchical, off-
diagonal elements are small. 

• Single complex phase in the 
CKM matrix is the sole source 
of CP violation in the SM.
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Constraints on the CKM 
matrix can be represented 
by triangles in the 
complex plane.
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Neutral meson mixing
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• In neutral meson system mass eigenstates are not flavour eigenstates 

and instead correspond to combinations .

• Observe oscillation between  and :

|BL,H⟩ = p |B0⟩ ± q | B̄0⟩
B0

(s) B̄0
(s)

Oscillation frequency is  
about 40x faster for the 
  system than the Bs B0



Neutral meson mixing

• In neutral meson system mass eigenstates are not flavour eigenstates 
and instead correspond to combinations .

• Time dependent decay rates of  and  mesons to a  
common final-state depend on mass and width difference of : 

|BL,H⟩ = p |B0⟩ ± q | B̄0⟩
B0

s B̄0
s

|BL,H⟩
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d Γ[B0
s → f ]
dt

∝ e−Γst [cosh( 1
2 ΔΓst) + AΔΓs

f sinh( 1
2 ΔΓst) + Cf cos(Δmst) − Sf sin(Δmst)]

d Γ[B̄0
s → f ]
dt

∝
p
q

2

e−Γst [cosh( 1
2 ΔΓst) + AΔΓs

f sinh( 1
2 ΔΓst) − Cf cos(Δmst) + Sf sin(Δmst)]

Time evolution due to the width 
difference of mass eigenstates

Time evolution due to the mass 
difference of mass eigenstates
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b̄ū, c̄, t̄



B̄q

• CP violation can show up in three ways: 
- In decay

- In mixing

- In the interference between mixing and decay

Measuring CP violating effects
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Observation of CP violation in b-baryon decays
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ACP =
Γ[Λb → pK−π+π−] − Γ[Λ̄b → p̄K+π+π−]
Γ[Λb → pK−π+π−] + Γ[Λ̄b → p̄K+π+π−]

= 2.45 ± 0.46 ± 0.10 %

LHCb-PAPER-2024-054, http://arxiv.org/abs/arXiv:2503.16954

• To measure CP violation in decay need contributions to the decay with 
different weak and strong phases. 

• First observation of CP  
violation in a baryon decay  
using   
and . 

• LHCb measures: 

Λb → pK−π+π−

Λ̄b → p̄K+π+π−

[LHCb-PAPER-2024-054 
Submitted to Nature]

http://arxiv.org/abs/arXiv:2503.16954
https://cds.cern.ch/record/2927827


Observation of CP violation in b-baryon decays

• Asymmetry is largest at small  masses:pπ+π−
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Multiple interfering contributions [LHCb-PAPER-2024-054 
Submitted to Nature]

https://cds.cern.ch/record/2927827


• Exploit interference between mixing and decay to measure relative weak 
phase between contributing diagrams ( ):

-  is an angle of the unitary triangle

-  is the  mixing phase (  [PRL 132 (2024) 051802])

• We can determine ,  and  and infer  from known  for  
and 

γ − 2βs

γ
βs Bs 2βs = 0.031 ± 0.018 rad

C S AΔΓ γ βs f ≡ D−
s K+

f̄ ≡ D+
s K−

CKM angle  from  decaysγ B0
s → D∓

s K±

13

B̄0
s B̄0

sb
b
s̄

s̄ s̄ s
ūc
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• Separate signal from experimental backgrounds 
using the  and  masses:B0

s D−
s
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[JHEP 03 (2025) 139] 

CKM angle  from  decaysγ B0
s → D∓

s K±

https://cds.cern.ch/record/2920424


Flavour tagging

• Need to determine the 
flavour of the  or  
at production.

- Use information from  
the decay of the other  
b-hadron and the 
hadronisation of the  

 meson.
- Achieve an  effective  

tagging power of 6% 

B0
s B̄0

s

B0
s
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CKM angle  from  decaysγ B0
s → D∓

s K±

• Splitting by the final-state 
and by the initial flavour tag 
shows the fast oscillation of 

 system.
• Fit the decay-time 

distributions to determine:  

B0
s
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Resolve the oscillations of 
the  systemBs

[JHEP 03 (2025) 139] 

Cf = 0.791 ± 0.061 ± 0.022
Sf = − 0.571 ± 0.084 ± 0.023
Sf̄ = − 0.503 ± 0.084 ± 0.025

AΔΓ
f = − 0.051 ± 0.134 ± 0.058

AΔΓ
f̄ = − 0.303 ± 0.125 ± 0.055

https://cds.cern.ch/record/2920424


• From decay-time distribution parameters can determine  along with 
nuisance parameters due to the unknown decay amplitude ratio and 
strong phase. 

• Use a modified frequentist  
approach in GammaCombo  
[JHEP 12 (2016) 087] to obtain 
 

γ
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γ = (74 ± 12)∘

[JHEP 03 (2025) 139] 

CKM angle  from  decaysγ B0
s → D∓

s K±

https://arxiv.org/abs/1611.03076
https://cds.cern.ch/record/2920424


LHCb measurements of γ
• Most recent LHCb combination 

of measurements of  yields:

• Determined in a simultaneous 
analysis of parameters relevant 
to CP violation and mixing in the 
charm sector. 

γ
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Figure 1: One-dimensional proÞle-likelihood scans of the 1! CL distribution for the CKM
angle ! . In each plot, the total combination, which includes all beauty and charm modes, is
shown in dark blue with a solid line. Top left: inputs split by contributions from B 0

s (light blue,
dotted), B 0 (dark orange, dot-dashed), andB + mesons (red, dashed). Top right: inputs split by
contributions from time-dependent modes (light blue, dotted), 2-body D decays (light orange,
single-dot-dashed),D " K 0

Sh+ h! decays (red, dashed), and other multibodyD decays (dark
orange, triple-dot-dashed). Bottom left: inputs split by contributions from B 0

s " D "
s K ± " + " !

(purple, Þne-dotted), B 0
s " D "

s K ± (green, double-dot-dashed),B ± " DK #± (dark orange,
triple-dot-dashed), B ± " D #h± (light orange, single-dot-dashed),B 0 " DK #0 (red, dashed),
and B ± " Dh ± (light blue, dotted) decays. Bottom right: inputs split by contributions from
time-dependent (light blue, dotted) and time-integrated (dark orange, dot-dashed) measurements.

The phase! K !
D is determined to be (191.6+2 .5

! 2.4)$, increasing the signiÞcance of the deviation
of its value from the limit of U-spin symmetry (! K !

D = 180$) [76] compared with the
previous combination [14]. While the breaking ofU-spin symmetry is well established
by the measured branching fractions ofD 0 " K + " ! and D 0 " K ! " + decays [76], more
precise determinations of the phase! K !

D can help clarify the size and nature of the contri-
bution to U-spin breaking from rescattering [77Ð82] and provide additional information
on nonperturbative strong interactions at the charm-mass scale, which limit the precision
of the predictions ofCP violation in charm decays [83Ð90].

The relative impact of systematic uncertainties on the input observables is studied,
and found to contribute approximately 1.4$ to the result for the angle#, demonstrating
that the uncertainties for the combination are still in the regime of statistical dominance.
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Figure 1: One-dimensional proÞle-likelihood scans of the 1! CL distribution for the CKM
angle ! . In each plot, the total combination, which includes all beauty and charm modes, is
shown in dark blue with a solid line. Top left: inputs split by contributions from B 0

s (light blue,
dotted), B 0 (dark orange, dot-dashed), andB + mesons (red, dashed). Top right: inputs split by
contributions from time-dependent modes (light blue, dotted), 2-body D decays (light orange,
single-dot-dashed),D " K 0

Sh+ h! decays (red, dashed), and other multibodyD decays (dark
orange, triple-dot-dashed). Bottom left: inputs split by contributions from B 0

s " D "
s K ± " + " !

(purple, Þne-dotted), B 0
s " D "

s K ± (green, double-dot-dashed),B ± " DK #± (dark orange,
triple-dot-dashed), B ± " D #h± (light orange, single-dot-dashed),B 0 " DK #0 (red, dashed),
and B ± " Dh ± (light blue, dotted) decays. Bottom right: inputs split by contributions from
time-dependent (light blue, dotted) and time-integrated (dark orange, dot-dashed) measurements.

The phase! K !
D is determined to be (191.6+2 .5

! 2.4)$, increasing the signiÞcance of the deviation
of its value from the limit of U-spin symmetry (! K !

D = 180$) [76] compared with the
previous combination [14]. While the breaking ofU-spin symmetry is well established
by the measured branching fractions ofD 0 " K + " ! and D 0 " K ! " + decays [76], more
precise determinations of the phase! K !

D can help clarify the size and nature of the contri-
bution to U-spin breaking from rescattering [77Ð82] and provide additional information
on nonperturbative strong interactions at the charm-mass scale, which limit the precision
of the predictions ofCP violation in charm decays [83Ð90].

The relative impact of systematic uncertainties on the input observables is studied,
and found to contribute approximately 1.4$ to the result for the angle#, demonstrating
that the uncertainties for the combination are still in the regime of statistical dominance.
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[LHCb-CONF-2024-004]

γ = (64.6 ± 2.8)∘



Rare decays of b hadrons

• Rare flavour-changing neutral current decay 
processes can be highly sensitive to 
contributions from new particles. 

• New contributions can enhance or suppress the 
decay rate and modify the angular distribution 
of final-state particles.
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Rare decays of b hadrons

• Can interpret measurements of 
 transition processes in an 

effective field theory formalism. 
• Fit data from experiments (ATLAS, 

BaBar, Belle, CDF, CMS and 
LHCb) to look for deviations from 
the SM. 

• See tension between data and SM 
expectations (new contribution or 
just a problem with SM 
calculations?)

b → s
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EOS v1.0.3

SM

B " Kµµ + Bs " µµ

B " K ! µµ

Bs " ! µµ

Figure 5: 1 and 2! contours of the posterior samples of theCBSM
9 , CBSM

10 Þt. All other
Wilson coe! cients are assumed SM-like. The strong dispersive bound is applied to
all samples. The pulls are 5.7! , 2.7! and 2.6! for B ! Kµ + µ! + Bs ! µ+ µ! ,
B ! K " µ+ µ! , and Bs ! " µ+ µ! , respectively.

respectively.
A summary of our Þt results is shown in the ÒBSM9,10Ó columns of Table 5. We observe

a small improvement of the goodness-of-Þt inB ! K " µ+ µ! with respect to the SM Þt,
as expected from our previous comments. ForBs ! " µ+ µ! , the global #2 also improved,
resulting in largerp value, but the one associated to the experimental likelihood only changed
marginally. As can be inferred from the number in parenthesis, the best-Þt point can now be
obtained without distortion of the hadronic parameters. TheB ! Kµ + µ! Þt is also improved
in the presence of BSM physics, but a tension remains. We Þnd that the large#2 value is
driven by Belle 2019 measurement of the semi-leptonic branching ratio. Being in agreement
with SM predictions, this measurement isde facto in tension with the measurements of the
other collaborations.

From our results we conclude that the non-local FFs are not the source of the tension
between SM predictions and data: ßoating these FFs is insu! cient to bring the three processes
in agreement with the SM. We also Þnd that the local FFs are driving the uncertainties. For
the processBs ! " µ+ µ! in particular, the tension with the SM increases substantially when
we use light-meson LCSR results [29] instead of the theB-LCSR results [39] for the local FFs;
see the discussion in Section 4.1.
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Lepton flavour universality in  decaysB0
s → ϕl+l−

• Expect  and  decays to have same rate: 
- Differ only by phase space in SM due to universality of lepton couplings.
- In SM extensions couplings could be modified.

• Experimentally more challenging to reconstruct/select  
decays in LHCb due to Bremsstrahlung losses from electrons. 

B0
s → ϕe+e− B0

s → ϕμ+μ−

B0
s → ϕe+e−

21

[PRL 134 (2025) 121803] 



Branching fraction of  decaysB0
s → ϕl+l−

• No evidence for  
non-universal 
couplings in the rates 
of  and 

 
decays. 

• Measurements are 
consistently below  
SM predictions.  

B0
s → ϕe+e−

B0
s → ϕμ+μ−

22

[PRL 134 (2025) 121803] 



Angular distribution of  decaysB0
s → ϕe+e−

• Decay can be parameterised by three  
angles and dielectron mass  
squared ( ).

• Obtain simplified distribution by integrating  
over  and decay time: 
 

q2

Φ
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B0
s

! K

! K+

K"

"
! e
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Figure 1: Illustration of the three decay angles that deÞne the angular basis used for the
B 0

s ! ! e+ e! decay.

of Ref. [21]. Due to the limited size of the data sample it is not possible to determine
the full three-dimensional angular distribution, neither is it feasible to apply initial-state
ßavour-tagging to distinguishB 0

s from B 0
s decays. A subset of the angular observables,

FL , A6, S3 and A9 are determined by analysing reduced angular distributions of the
decay, separately in the! e and ! K angles and in! . The observableFL is the longitudinal
polarisation fraction of the " meson. The asymmetryA6 is even under time-reversal
and generates a forward-backward asymmetry in the dilepton system. Conversely, the
asymmetry A9 is odd under time-reversal [22]. The observableS3 is proportional to the
di" erence between the magnitude squared of theCP-odd andCP-even amplitudes that
contribute to the transverse polarisation of the" meson. The observablesS3 and A9 are
associated with cos 2! and sin 2! variations of the ! distribution, respectively.

The remainder of the paper is organised as follows: the parametrisation used to
describe the angular distribution of theB 0

s ! " e+ e! decay is introduced in Sec.2; Sec.3
contains a description of the LHCb detector and the production of simulated samples used
in the analysis; in Sec.4 the selection ofB 0

s candidates is discussed; corrections for the
nonuniform e# ciency of the event reconstruction and candidate selection are described
in Sec.5; the determination of the observables from the candidatesK + K ! e+ e! mass,
m(K + K ! e+ e! ), and angular distributions is described in Sec.6; Sec.7 is focussed on the
validation of the analysis using pseudoexperiments andB 0

s ! J/ #" decays in data; sources
of systematic uncertainty are discussed in Sec.8; and results are presented in Sec.9.

2 Angular distribution

The full angular distribution of B 0
s and B 0

s mesons decaying to" e+ e! can be expressed
as [21]

d4[$(t) + ø$(t)]
dq2 dcos! K dcos! e d!

=
!

i

"
Ji (q2, t) + ÷Ji (q2, t)

#
f i (cos! K , cos! e, ! ) , (1)

2

where thef i are functions of the decay angles. The decay-time- andq2-dependent angular
coe! cients have a decay-time dependence given by

Ji (q2, t) + ÷Ji (q2, t) = e! ! s t

!
"
Ji (q2, 0) + ÷Ji (q2, 0)

#
cosh

$
"# s

2
t
%

! hi (q2) sinh
$

"# s

2
t
%&

.

(2)

Here,#s is the average of, and"# s the di$erence between, the light and heavyB 0
s mass

eigenstatesÕ widths. The coe! cients Ji , ÷Ji and hi at t = 0 can be expressed in terms of
bilinear combinations of decay amplitudes. Due to the limited size of the available dataset,
the measurement is performed integrated in decay time. Neglecting for now decay-time
acceptance e$ects, the term involvinghi is diluted relative to that involving Ji + ÷Ji by a
factor ys = "! s

2! s
" 0.06 [23], i.e.

"'

0

[Ji (q2, t) + ÷Ji (q2, t)]dt =
1

(1 ! y2
s) #s

"(
Ji (q2, 0) + ÷Ji (q2, 0)

)
! yshi (q2)

#
. (3)

Reduced distributions are obtained integrating either over% or over both cos! K

and cos! e, with the result that many of the terms in the sum of Eq.(1) vanish. The
reduced distribution after integration over% and decay time contains only terms with
i # [1c,1s,2c,2s,6s], in the notation of Ref. [21], and can be written as

1

d[# + ÷#]/ dq2

d3[# + ÷#]
dq2 dcos! K dcos! e

=
9
16

*
3
4

(1 ! $ FL%) sin2 ! K (1 + 1
3 cos 2! e)

+ $FL%cos2 ! K (1 ! cos 2! e)

+ $A6%sin2 ! K cos! e

+
.

(4)

The last term can also be expressed in terms of$A#
6%= $A6%/ (1 ! $ FL%). The reduced

distribution after integration over cos! K , cos! e and decay time contains only terms with
i # [3, 9], and can be expressed as

1

d[# + ÷#]/ dq2

d2[# + ÷#]
dq2 d%

=
1

2"
[1 + $S3%cos 2%+ $A9%sin 2%] . (5)

Here, the triangular braces indicate that the observables include contributions from the
hi terms and are di$erent from the observables att = 0, which will be referred to without
the braces. These reduced distributions neglect contributions that are suppressed by the
small size of the electron mass squared compared toq2.

The analysis is performed in bins of reconstructedq2 and the measurements correspond
to rate-averages of the observables over theq2 bin. The reconstructed values ofq2

di$er from the true values due to experimental resolution and radiative losses from the
electrons that are not recovered in the event reconstruction. The correlation between the
reconstructedq2 value and the true value in simulation is illustrated in Fig.2.

3

Time integrated observables  
(differ from t=0 due to ) ΔΓs



Angular distribution of  decaysB0
s → ϕe+e−

• Decay can be parameterised by three  
angles and dielectron mass  
squared ( ).

• Integrating over  and :

• Determine observables by performing unbinned maximum-likelihood 
fits to mass and angular distributions in bins of .

q2

cos θK cos θe

q2
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Figure 1: Illustration of the three decay angles that deÞne the angular basis used for the
B 0

s ! ! e+ e! decay.

of Ref. [21]. Due to the limited size of the data sample it is not possible to determine
the full three-dimensional angular distribution, neither is it feasible to apply initial-state
ßavour-tagging to distinguishB 0

s from B 0
s decays. A subset of the angular observables,

FL , A6, S3 and A9 are determined by analysing reduced angular distributions of the
decay, separately in the! e and ! K angles and in! . The observableFL is the longitudinal
polarisation fraction of the " meson. The asymmetryA6 is even under time-reversal
and generates a forward-backward asymmetry in the dilepton system. Conversely, the
asymmetry A9 is odd under time-reversal [22]. The observableS3 is proportional to the
di" erence between the magnitude squared of theCP-odd andCP-even amplitudes that
contribute to the transverse polarisation of the" meson. The observablesS3 and A9 are
associated with cos 2! and sin 2! variations of the ! distribution, respectively.

The remainder of the paper is organised as follows: the parametrisation used to
describe the angular distribution of theB 0

s ! " e+ e! decay is introduced in Sec.2; Sec.3
contains a description of the LHCb detector and the production of simulated samples used
in the analysis; in Sec.4 the selection ofB 0

s candidates is discussed; corrections for the
nonuniform e# ciency of the event reconstruction and candidate selection are described
in Sec.5; the determination of the observables from the candidatesK + K ! e+ e! mass,
m(K + K ! e+ e! ), and angular distributions is described in Sec.6; Sec.7 is focussed on the
validation of the analysis using pseudoexperiments andB 0

s ! J/ #" decays in data; sources
of systematic uncertainty are discussed in Sec.8; and results are presented in Sec.9.

2 Angular distribution

The full angular distribution of B 0
s and B 0

s mesons decaying to" e+ e! can be expressed
as [21]

d4[$(t) + ø$(t)]
dq2 dcos! K dcos! e d!

=
!

i

"
Ji (q2, t) + ÷Ji (q2, t)

#
f i (cos! K , cos! e, ! ) , (1)

2

where thef i are functions of the decay angles. The decay-time- andq2-dependent angular
coe! cients have a decay-time dependence given by

Ji (q2, t) + ÷Ji (q2, t) = e! ! s t

!
"
Ji (q2, 0) + ÷Ji (q2, 0)

#
cosh

$
"# s

2
t
%

! hi (q2) sinh
$

"# s

2
t
%&

.

(2)

Here,#s is the average of, and"# s the di$erence between, the light and heavyB 0
s mass

eigenstatesÕ widths. The coe! cients Ji , ÷Ji and hi at t = 0 can be expressed in terms of
bilinear combinations of decay amplitudes. Due to the limited size of the available dataset,
the measurement is performed integrated in decay time. Neglecting for now decay-time
acceptance e$ects, the term involvinghi is diluted relative to that involving Ji + ÷Ji by a
factor ys = "! s

2! s
" 0.06 [23], i.e.

"'

0

[Ji (q2, t) + ÷Ji (q2, t)]dt =
1

(1 ! y2
s) #s

"(
Ji (q2, 0) + ÷Ji (q2, 0)

)
! yshi (q2)

#
. (3)

Reduced distributions are obtained integrating either over% or over both cos! K

and cos! e, with the result that many of the terms in the sum of Eq.(1) vanish. The
reduced distribution after integration over% and decay time contains only terms with
i # [1c,1s,2c,2s,6s], in the notation of Ref. [21], and can be written as

1

d[# + ÷#]/ dq2

d3[# + ÷#]
dq2 dcos! K dcos! e

=
9
16

*
3
4

(1 ! $ FL%) sin2 ! K (1 + 1
3 cos 2! e)

+ $FL%cos2 ! K (1 ! cos 2! e)

+ $A6%sin2 ! K cos! e

+
.

(4)

The last term can also be expressed in terms of$A#
6%= $A6%/ (1 ! $ FL%). The reduced

distribution after integration over cos! K , cos! e and decay time contains only terms with
i # [3, 9], and can be expressed as

1

d[# + ÷#]/ dq2

d2[# + ÷#]
dq2 d%

=
1

2"
[1 + $S3%cos 2%+ $A9%sin 2%] . (5)

Here, the triangular braces indicate that the observables include contributions from the
hi terms and are di$erent from the observables att = 0, which will be referred to without
the braces. These reduced distributions neglect contributions that are suppressed by the
small size of the electron mass squared compared toq2.

The analysis is performed in bins of reconstructedq2 and the measurements correspond
to rate-averages of the observables over theq2 bin. The reconstructed values ofq2

di$er from the true values due to experimental resolution and radiative losses from the
electrons that are not recovered in the event reconstruction. The correlation between the
reconstructedq2 value and the true value in simulation is illustrated in Fig.2.
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Angular observables in B0
s → ϕe+e−

• Observables are consistent with SM predictions and between 
 and  decays. B0

s → ϕe+e− B0
s → ϕμ+μ−
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[LHCb-PAPER-2025-006]

https://cds.cern.ch/record/2929839


LHCb Upgrade II

26

Pixel detector with  
3D silicon and fast-
timing (20 ps per 
track to improve 
track-PV association)

New optical 
arrangement +  
fast-timing photon 
detectors

CMOS pixel 
detectors

Time-of-flight 
detector for 
improved PID

Rebuilt modules with new WLS fibres 
for fast-timing in outer regions.

New RWELL 
micro-pattern gas 
detectors in inner 
region + new 
electronics

μ

VELO RICH

UP+MT

ECAL

TORCH

Muon system

Scintillating fibre 
tracker with new 
cryostat for SiPM

MT

New W SPACAL 
modules with 
smaller cell size in 
inner region  

• Second upgrade  
planned for LS4,  
aiming to reach  
1x1034 cm-2s-1.

• Range of interesting 
technological challenges.

• Fast timing is key: 

ASIC will be designed in 28nm technology. New radiation-hard silicon sensors will be620

also developed, with R&D results identifying 3D sensors as a promising candidate for this621

purpose.622

For the tracking stations, high-granularity pixel sensors provide a solution to cope623

with the high particle density in the UP and in the central MT region, and to minimise624

the incorrect matching of upstream and downstream track segments. The emerging625

Figure 5: Schematic side-view of the Upgrade II baseline detector. Thex-direction is deÞned to
form a right-handed coordinate set, together with y (pointing vertically upwards) and z pointing
along the beamline in the direction from the VELO to the Muon detector.
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Figure 6: (Left) Tracks produced in a bunch crossing with 42pp collisions, as seen from a
detector with no timing capability. (Right) Tracks selected in a 30 ps time window, showing a
drastic reduction of the vertex multiplicity to O(1). Tracks are coloured according to time of
production.
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detector with no timing capability. (Right) Tracks selected in a 30 ps time window, showing a
drastic reduction of the vertex multiplicity to O(1). Tracks are coloured according to time of
production.
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Impact of 30ps gate in PV reconstruction



Summary

• Data from 2010—2018 has enabled world leading 
measurements of a wide range of b- and c-hadron 
decay processes.

• A large data set has already been acquired with 
the upgraded detector. Expect new results with 
this data set soon. 

• A future upgrade to operate at even higher 
instantaneous luminosities is planned. 
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Opportunities in flavour physics

28

2010

end of HL-LHC

2023

Data from 2010—2018 and 
updated results from BaBar/Belle.

Adding projected 
sensitivity of Belle 2 
and LHCb upgrades

• Huge opportunity for flavour physics with 
Belle II and the LHCb upgrade I and II. 

• Will lead to a step change in precision 
on flavour observables. 





• Splitting by the final-state 
and by the initial flavour tag 
shows the fast oscillations 
of  system.

• Fit the decay-time 
distributions to determine:  

B0
s

30

Resolve the oscillations of 
the  systemBs

[JHEP 03 (2025) 139] 

Cf = 0.791 ± 0.061 ± 0.022
Sf = − 0.571 ± 0.084 ± 0.023
Sf̄ = − 0.503 ± 0.084 ± 0.025

AΔΓ
f = − 0.051 ± 0.134 ± 0.058

[JHEP 03 (2025) 139] 

CKM angle  from  decaysγ B0
s → D∓

s K±

https://cds.cern.ch/record/2920424
https://cds.cern.ch/record/2920424
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Amplitude ratio between 
 and  A(B̄0

s → D−
s K+) A(B0

s → D−
s K+)

Strong phase difference between 
 and  A(B̄0

s → D−
s K+) A(B0

s → D−
s K+)

CKM angle  from  decaysγ B0
s → D∓

s K±



Backgrounds in  decaysB0
s → J/ψϕ

• Mass constraint in 
 decays 

allows background 
components to be 
studied in detail. 

• Background appears 
well understood.

B0
s → J/ψϕ
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