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• Charm is the only up-type quark with observable mixing and CPV effects. 
Unique window into fundamental physics, possible path to new dynamics

• Experimentally more difficult than bottom and strange quarks
• Smaller effects, requires large statistics and tight control of 

systematics.
•  First evidence of charm mixing in 2007, first CPV observation in 2019

• Mixing parameters known at 10% level
• Single observation of CPV in decay:  PRL 122, 211803

• Known at ~20% 
• No CPV yet seen in Mixing

• Phase measured at ~20 mrad level
• A lot to measure and discover in this field !

ΔACP(K+K− − π+π−)

2

Current Experimental knowledge

LHCb ideally suited for this investigation 
  - has been the leading contributor to current knowledge (see plots)

12th Charm Workshop – 14 May 2025 T. Pajero (CERN)  |  Hadronic decays and CP violation at LHCb

Conclusions

29

After 50 years, charm is still a “young” field with many open questions 
and is moving fast

• CPV in a single decay channel during Upgrade I?

• more decay channels & CPV in the mixing in Upgrade I/II?


Theory input essential for the success of our upgrades 
• if your favourite measurement is not being performed at LHCb, 

the time to complain is now 
• we may need to introduce new trigger lines (e.g.   only from Run 3)


• do not forget results beyond CPA (BFs, strong phases…)
D0 → η(′ 

) η

0.4− 0.2− 0 0.2 0.4
 [%]d
−K+Ka

0.4−

0.2−

0

0.2

0.4

0.6 [%
]

d
−

π+
πa

Before LHCb Run 2

After LHCb Run 2

contours hold 68%, 95% CL

 violationCPNo 

0.3− 0.2− 0.1− 0 0.1 0.2 0.3
 [rad]

2
Mφ

0.4−

0.2−

0

0.2

0.4

 [r
ad

]
2Γ
φ

Before LHCb Run 2

After LHCb Run 2

contours hold 68%, 95% CL

 violationCPNo 

0 0.2 0.4 0.6 0.8
 [%]12x

0.4

0.5

0.6

0.7

0.8

0.9

 [%
]

12y

Before LHCb Run 2

After LHCb Run 2

contours hold 68%, 95% CL

charm-fitter

O(10%) unc.

O(20 mrad) unc.

3 × 10–4 unc.

CPV in decay

CPV in mixing

5.82 5.84 5.86 5.88 5.90

rKπ
D

[%]

180

185

190

195

200

205

210

δ
K
π

D
[◦
]

Charm Only

Beauty and Charm

δD
Kπ = (11.6+2.5

−2.4)
∘

π
+

LHCb-CONF-2024-004

A(D0 → K+π−)

A(D̄0 → K+π−)
≈ − rKπ

D e−iδKπ
D

> 4σ evidence for 
U-spin breaking

in the phase 

charm-fitter

https://dx.doi.org/10.1103/PhysRevLett.122.211803
https://github.com/tpajero/charm-fitter
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~ 410 M  
decays

LHCb features for charm physics
A heavy-flavor targeted experiment at the LHC

- Huge production 𝜎(pp → charm X  ) × Linst
 (Run 2) 〜1 MHz

- Forward geometry covers large acceptance in small area

- Focus on tracking 
- Mass and vertexing resolution
- disentangle signal from background
- Measure decay times

- High-performance particle identification
→ separate and distinguish decay modes

- Complex trigger capability, focused on detailed tracking

→ O(Billion) cleanly reconstructed charm decays
3

Int.J.Mod.Phys.A 30 (2015) 07, 1530022

PRD 111,012001 (2025)

https://inspirehep.net/literature/1335135
https://inspirehep.net/literature/1335135
https://doi.org/10.1103/PhysRevD.111.012001
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Measure ratio between:
- D *+→D 0(→ K +𝜋-)𝜋+  →  Wrong Sign (WS)

- D *+→D 0(→ K -𝜋+)𝜋+  →  Right Sign (RS)
        

Mixing + CPV in D 0 → K𝜋 - full Run 2 PRD 111,012001 (2025)
JHEP03(2025)149

4

CHARM, May 12th 2025 Roberto Ribatti | D-meson mixing, indirect CPV & charmed-hadrons lifetimes at LHCb

● Neutral D meson flavour is tagged at production exploiting flavour conserving decay chains:

● Final state of interest: Wrong sign (WS) and Right sign (RS)

● Measure the time dependence of the WS-to-RS yield ratio R±  (t)

                                                    and

D0➝ K+π− WS decay channel

7

Kπ

WS RS
s s

normalization ch.
dominated by CFsimilar amplitudes

PRD111.012001
D* tagged Prompt decays

⇒ D*+→D0π+        vs.   D*−→D0π−
s s

slow pions
⇒ B−→D*+(→D0π+ ) 𝜇−𝜈𝜇

   vs.  B+→D*−(→D0π− ) 𝜇+𝜈𝜇
 

JHEP2025.149
Doubly-tagged b-hadron decays

s s

prompt: opposite D flavour ratio
doubly tagged: same D flavour ratio

✓high rate ✓high eff. at low t      ✓low bkg

CPV parameters

https://doi.org/10.1103/PhysRevD.111.012001
https://link.springer.com/article/10.1007/JHEP03(2025)149
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Results of 'prompt' analysis

5

WS~1.6M

PRD 111,012001 (2025)

Still no CP-violation

First evidence of t2 term

WA resolution improved 60%
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Figure 8: Impact of the present measurement on the knowledge of mixing and CP violation

in D0
decays. The fit performed to obtain these results is detailed in Refs. [1–3], is based

on the assumption of approximate universality in D0 ! h+h� decays [4] and employs the

parametrisation in Appendix B of the present article. The world average employs the results

in Refs. [5–40]. A slightly more precise estimate of the mixing parameters can be obtained by

including in the combination measurements from the B sector that are sensitive to the angle �
of the CKM unitarity triangle [41,42]; those are not included here.

8

https://doi.org/10.1103/PhysRevD.111.012001
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Results of double-tagged analysis

6

JHEP03(2025)149

14Cincinnati - 03/06/2025 14

Mixing and CPV in double-tagged D0 → K+π−

Alessia Anelli FPCP: "Mixing and indirect CP violation"

Full Run 2,  pp collision  TeV 
Sample divided  in bins of  (in  units) and  flavour 
Fitted with a Johnson function and three Gaussians 
Background from double Mis-ID RS decays contaminating WS sample  

estimated swapping the mass hypothesis in WS decays and with RS MC samples

5.6 !−1 @13
t τD0 D0

Results of the full parametrized fit 
with CPV allowed  

All results are compatible with CP 
symmetry 

JHEP 03 (2025) 149
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JHEP 03 (2025) 149

● Much smaller, but much cleaner WS sample and 
lower decay times

  → Compatible results, resolutions further improved ~5%
JHEP 03 (2025) 149 

 tagged from  strong decay, with  from   
double tag with soft pion and muon 

With respect to prompt analysis: 
much purer sample 
more sensitivity to lower decay times 
different systematic uncertainties 

The WS/RS ratio is measured as in the prompt, but with a different parametrization 

 

Where  

A full parametrized fit to the ratio of WS/RS is performed with different hypotheses in any combination: 
no direct CPV: decay amplitudes assumed CP-symmetric ⟹ CPV allowed in mixing 
no CPV: both decay and mixing assumed CP-symmetric

D0 D*+ → D0π+
S D*+ B̄ → D*+μ−X

R±(t) = N±
WS(t)

N±
RS(t)

= R±
D + R±

D y′ ± ( t
τD0 ) + (x′ ±)2 + (y′ ±)2

4 ( t
τD0 )

2

(x′ ±

y′ ±) = q
p

±1

( cos(δ ± ϕ) sin(δ ± ϕ)
−sin(δ ± ϕ) cos(δ ± ϕ)) (x

y)

13Cincinnati - 03/06/2025 13
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Figure 6. Correlation between the mixing parameters y′ and (x′)2 illustrating (left) the individual
Run 1 (blue) and Run 2 (orange) double-tagged results, and (right) the LHCb average before (green)
and after (pink) including this result.

Parameter Value Correlations [%]
R+

D y′+ (x′+)2 R−
D y′− (x′−)2

R+
D (350.0± 6.9± 2.3) × 10−5 100.0 −74.9 62.4 −1.3 0.0 0.0

y′+ (4.1± 2.0± 0.3) × 10−3 100.0 −94.3 0.0 0.0 0.0
(x′+)2 (0.8± 1.5± 0.1) × 10−4 100.0 0.0 0.0 0.0
R−

D (344.0± 7.0± 2.3) × 10−5 100.0 −74.5 62.9
y′− (6.8± 2.1± 0.3) × 10−3 100.0 −94.6

(x′−)2 (−0.5± 1.7± 0.1) × 10−4 100.0

Table 5. Result including data collected during Run 1 and Run 2 of the LHC. The first uncertainty is
statistical and the second systematic. Correlations include both statistical and systematic contributions.

The improvement is substantial considering the double-tagged yield is just ∼ 1% that of
the prompt. In addition to the complementary decay-time coverage, this is the result of
different correlation coefficients and sample purities.

8 Conclusions

The time-dependent ratio of the wrong- to right-sign D0 → K±π∓ decay rates is determined
with data collected by the LHCb experiment between 2016 and 2018, at a proton-proton
centre-of-mass energy of 13TeV, corresponding to an integrated luminosity of 5.4 fb−1. The
analogous decays of D0 mesons are studied simultaneously to probe CP violation in both the
decay and flavour oscillations. The flavour of the intermediate neutral meson at production
is inferred from the charges of the two spectator particles in preceding B → D∗(2010)+µ−X

and D∗(2010)+ → D0π+ decays. Uncertainties are predominantly comprised of statistical
contributions with the most prominent systematic contribution relating to the modelling of
the invariant-mass distribution from which decay rates are extracted. The absolute precision
of the mixing and CP -violation parameters has improved by more than a factor of two with
respect to the equivalent analysis performed on Run 1 data. All results are consistent with

– 16 –

https://link.springer.com/article/10.1007/JHEP03(2025)149
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Impact on charm mixing/CPV parameters

*Strong phase  takes advantage of external inputsδKπ
PRD 86, 112001

7

LHCb-CONF-2024-004
https://arxiv.org/abs/2506.07906 https://arxiv.org/abs/2506.07907

 (LHCb internal combination, most precise)

Mixing:

CPV: 

Overall fit to extract physics parameters 
from experimental observables [charm-fitter]
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Impact on World average − Mixing

14

4σ evidence of U-spin symmetry breaking
U-spin symmetry

LHCb-CONF-2024-004

𝛿Kπ
 ≡ π-ΔKπ

⇒ sensitivity to y  is limited by rough independent knowledge of ΔKπ

 

● Conversely, combining cKπ with LHCb measurements
      →  yCP  ≈ y12  PRD105.09201   →  xCP  ≈ x12    PRL127.111801

allows for a precise determination of ΔKπ

PRD86.112001 
EPJC82.1009

LHCb-CONF-2024-004
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U-spin symmetry

LHCb-CONF-2024-004

𝛿Kπ
 ≡ π-ΔKπ

⇒ sensitivity to y  is limited by rough independent knowledge of ΔKπ

 

● Conversely, combining cKπ with LHCb measurements
      →  yCP  ≈ y12  PRD105.09201   →  xCP  ≈ x12    PRL127.111801

allows for a precise determination of ΔKπ

PRD86.112001 
EPJC82.1009

LHCb-CONF-2024-004

EPJC 82, 1009

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.112001
http://www.apple.com
https://doi.org/10.17181/CERN.8CUC.W3FT
https://arxiv.org/abs/2506.07906
https://arxiv.org/abs/2506.07907
https://github.com/tpajero/charm-fitter
https://doi.org/10.1140/epjc/s10052-022-10872-2
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or Side A at x > 0 and the cryogenic side or Side C at x < 0), which can be opened for
maintenance and to guarantee access to the beam pipe.

Figure 2: Layout of the upgraded LHCb detector.

The particle tracking system comprises an array of pixel silicon detectors surrounding
the interaction region called vertex locator (VELO), the silicon-strip upstream tracker
(UT) in front of the large-aperture dipole magnet, and three scintillating fibre tracker
(SciFi Tracker) stations downstream of the magnet.1 All three subsystems were designed to
comply with the 40MHz readout architecture and to address the challenges associated with
the increased luminosity. The upgraded VELO, based on hybrid silicon pixel detectors, is
described in section 3, and the UT is described in section 5. The SciFi Tracker, which
replaces both the straw-tube Outer Tracker and silicon-strip Inner Tracker systems used
in the downstream tracking stations in the original LHCb experiment, is described in
section 6.

The particle identification (PID) is provided by two ring imaging Cherenkov detectors
(RICH1 and RICH2) using C4F10 and CF4 gases as radiators, a shashlik-type electromag-
netic calorimeter (ECAL), an iron-scintillator tile sampling hadronic calorimeter (HCAL),
and four stations of muon chambers (M2–5) interleaved with iron shielding.2 The Scintil-
lating Pad Detector and Pre-Shower, which were part of the previous calorimeter system,
as well as the most upstream muon station, have been removed due to their reduced role

1Upstream and downstream are intended in the direction of increasing z.
2The muon detector consisted of five stations of which the first (M1) has been removed — see text. For
historical reasons the remaining stations kept their original names.

3

The LHCb Upgrades (I & II)
• Facts proved the LHCb approach was right: precision tracking, PID, smart trigger, large B/W

• But it is necessary to walk that path further to achieve the desirable precision on charm
• LHCb has been fully rebuilt for Run 3 (x5 Lumi) [JINST 19, P05065]

• All-new tracking/PID (see talk by G. Cavallero later today)
• Full reconstruction of every LHC collision @30MHz

•  Allows smarter selections using full information
•  See talk by D. Von Bruch yesterday

• Even more advances planned for U2 (Run 5, L ~1034) [LHCB-TDR-026]

• High granularity, hit timing, mostly-silicon tracker, upgraded PID...
• Largest DAQ dataflow in HEP (~200Tb/s)

8

https://doi.org/10.1088/1748-0221/19/05/P05065
https://cds.cern.ch/record/2903094
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ESPPU2026 - Open Symposium (Venice, June 2025) - Marie-Helene Schune - Flavour WG report

CP violation in charm decays

• Access to CP violation in the mixing requires the largest 
samples and excellent detector performances. 

• Extremely large samples produced … and reconstructed 
(billions of events)  

• Strong potential for probing the Standard Model 
contribution

• Access to multiple modes including with neutrals to get 
insight into the hadronic phases

Up-type quark sector : CP violation is small ! 

28

LHCb-UII results will remained the most precise ones for 
CP violation in mixing
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LHCb-UII results will remained the most precise ones for 
CP violation in mixing

LHCb's Long-term aims in charm CPV/mix

An ambitious goal. Today a first step towards it

Charm mixing&CPV
prominently appear in LHCb 
future program

Input to ESPPU  #81  
"Discovery potential of LHCb 
Upgrade II" arXiv:2503.23087 

A 10x gain in precision 
A long-term physics legacy ! 
[Flavour WG report, Venice, 23/6/25]

9

https://indico.cern.ch/event/1439855/contributions/6461491/
https://arxiv.org/abs/2503.23087
https://agenda.infn.it/event/44943/contributions/263368/


Giovanni Punzi - Pisa                              CPV and mixing in Charm at LHCb                                 EPS 2025

Today's feature: 
First CPV measurement with the Upgraded LHCb

(first LHCb result with 2024 data)  

10

Paper in preparation: LHCB-PAPER-2025-036
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•   is another 2-body decay into pseudo-scalar particles, just as  and  
• Interesting to look for another possibly non-zero ACP parameter, additional to 

• Similarity is only on the surface: it is sensitive to a different set of fundamental processes, being  
dominated by Penguin-Annihilation and Exchange PRD 92 (2015) 054036 PRD 92 (2015) 014004

• Smaller BR (vanishes in SU(3)F limit) but  might be enhanced, potentially up to O(1%)
• Conversely, some theory fits to data constrain the E contribution and predict small  

(PRD 99(2019)113001). 

Interesting to see what picture emerges, and how well it fits with SM.

D0 → K0
S K0

S D0 → K+K− D0 → π+π−

ΔACP(K+K− − π+π−)

ACP
ACP ≃ 0.35 ⋅ ACP(π+π−)

Exchange (E) Penguin 
Annihilation (PA)

ACP(D0 → K0
SK0

S)

11

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.014004
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CLEO:   PRD 63, 071101

LHCb Run 1 JHEP 10, 055

LHCb Run 2 PRD 104, L031102

CMS with b-parking sample:  EPJC s10052-024-13244

Belle + Belle II combined result ArXiv:2504.15881 

Experimental status of ACP(D0 → K0
S K0

S)

12

• WA a bit away from zero, resolution below percent 
• Some tension between results (PDG assigns S=2.0)  
• Interest in further results

charm-fitter

https://doi.org/10.1103/PhysRevD.63.071101
https://doi.org/10.1007/JHEP10(2015)055
http://10.1103/PhysRevD.104.L031102
https://doi.org/10.1140/epjc/s10052-024-13244-0
https://arxiv.org/abs/2504.15881
https://github.com/tpajero/charm-fitter
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• Split into 8 subsamples  by running conditions
• Each block analyzed separately 
• ACP results combined at the end

Data sample for the new measurement

13

Table 1: Integrated luminosity of individual data blocks

Data block
R
Ldt [ fb�1 ]

1 1.12
2 0.58
3 0.65
4 0.72
5 1.09
6 0.90
7 0.68
8 0.42
Total 6.19

as signal proxy, and real data from the D0 mass sidebands to describe the combinatorial174

background. Kinematic variables of the tagging pion are excluded from the classifier to175

avoid introducing possible charge asymmetry biases.176

To better exploit the available data, signal candidates are classified into two classes177

of purity (high-purity, with S/B ⇠ 20 and low-purity, with S/B ⇠ 4), which are fitted178

separately for A
CP . These classes are defined by an optimized set of requirements on179

both the kNN classifier and the significance of the K0
S impact parameter, �2

IP > 11, which180

explicitly maximize the combined resolution on A
CP . This follows closely the procedure181

of the previous LHCb publication [33]. In about 10% of events, multiple D⇤+ candidates182

are found. In these cases, only one D⇤+ candidate is randomly selected for subsequent183

analysis.184

The data sample is divided into eight blocks according to data-taking periods with185

substantially di↵erent trigger and detector spatial alignment conditions. These conditions186

were varied several times during the year to optimize the running of the upgraded detector.187

The o✏ine selection is the same in each block, except for the requirement on the D0 mass188

window. This has been determined separately for each block to account for possible slight189

calibration di↵erences. The integrated luminosities of each data block are reported in190

Tab. 1.191

4 Correction of nuisance asymmetries192

Each D0
! K0

SK
0
S candidate is appropriately weighted to cancel all spurious production193

and detection asymmetries, with weights obtained from the calibration sample. This194

follows the same procedure as the previous LHCb analysis [33], with the only modification195

that the weight expression196

w±(~p0) =
n+
C(~p0) + n�

C(~p0)

2n±
C(~p0)

, (3)

is based on the three-momentum ~p0 of the tagging pion from the D⇤+ decay instead of197

using the D0 kinematic observables. This is motivated by the need to precisely control198

the most important source of detection asymmetry. The n±
C(~p0) is the probability density199

of calibration decays in the ~p0 space. The computation of the weights is performed by200

5

• In 2024, LHCb collected more data than in all 
previous years combined

• Sample used here is 6.2 fb-1 of best quality, all-
detector data, final trigger configuration, design 
luminosity or close to it (L = 2*1033, µ = ~5)

• ~Same lumi of the Run 2 analysis
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LHCB-FIGURE-2024-013

• Long-lived particles like  are challenging at LHCb
• Evolution of approach:

• Run1: trigger on CALO energy
• Run2: 1-track generic trigger after CALO

• Run 3 (now):  at very first trigger level (software, no L0)
• No other LHC experiment does this 
• Requires building all track-pair combinations at 30 MHz
• Plus, even a Ks-pair trigger ! (not used here)

• Not just more efficiency, but:
• Get a  reference sample from same trigger:  

best possible calibration of spurious asymmetries

K0
S

K0
S

K0
S π+π−

Trigger selection

14

https://cds.cern.ch/record/2898824
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• Some ingredients identical to Run-2 analysis [PRD 104, L031102]:
- Tag D 0 flavor with D *+→D 0𝜋+ decays
- Exploit both prompt and secondary candidates as signal 
- 3D fit to 𝛥m and two m (KS

0) to extract ACP from D 0/anti-D 0 asymmetry
- Correct for production+detection asymmetries by reweighting individual candidates 

with weights extracted from a calibration mode via a kNN algorithm 
- Split each sample in two bins of purity according to a multivariate classifier

• Novelties of the Run-3 analysis: LHCB-PAPER-2025-036(in preparation)
- Calibrate with D 0→KS

0𝜋+𝜋- instead of D 0→K+K-

-  same final particles as signal (5 pions), 
-  same HLT1 trigger as signal. Closely similar HLT2 trigger. 

- Restrict to 'easiest' categories of events for faster result
- Only  decaying inside VErtex LOcator (VELO) (HLT1 trigger)
- Only PV-compatible candidates
- This will be revisited for final Run 3 results with full data sample

K0
S

Methodology of 2024 measurement

15

https://doi.org/10.1103/PhysRevD.104.L031102
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Signals after offline selections

16

• Cumulative plots, adding together all data blocks (fitted separately)

Collect decays at a rate ~15x LHCb Run 2 

LHCB-PAPER-2025-036 
(in preparation)

6.2fb−1
LHCb Preliminary

6.2fb−1
LHCb Preliminary

6.2fb−1
LHCb Preliminary

6.2fb−1
LHCb Preliminary • Total signal yield: 

           N = 15,676 ± 229
• Largest existing D*-tag sample

• LHCb Run2   ~ 8,000
• Belle              ~ 4,900
• Belle II           ~ 2,200
• CMS              ~ 2,000

(Belle/II also has a 19k non-D* sample, 
but with much more background)

• LHCb Run2: 5,400 candidates 
in same category in 6fb-1 

→Factor of x3 efficiency gain 
(effect of the new trigger) and 
collected in much shorter time.
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• Results for each block, calibrated and averaged over 
Low Purity and High Purity bins. All compatible.

• Average effect of calibration is +1.35 % shift
• Corrections decreases : 12.7 → 9.4 (17 DOF)

      → Confirms it is working properly
• Global average yields the result (statistical error only):

ACP(D 0→KS
0KS

0) = (1.86 ± 1.04)%
World's best statistical precision

χ2

ACP results
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LHCB-PAPER-2025-036 
(in preparation)

LHCb Preliminary

• Better than Run 2 precision (1.2%)  with just few months of Run 3 data  
  and only one sub-category of events:

      - no Downstream Ks candidates, no PV-incompatible candidates
• Corresponding Run 2 sample had 1.6 % resolution

https://doi.org/10.1103/PhysRevD.104.L031102


Giovanni Punzi - Pisa                              CPV and mixing in Charm at LHCb                                 EPS 2025

Systematic uncertainties
Leading systematic effects: 

1. Fit model
 - ACP sensitivity to model of signal pdf  → 0.27%

2. Cancellation of spurious charge asymmetries
→ Statistical fluctuations of calibration sample → 0.24%
→ Choice of k in kNN-based charge calibration → 0.20%

3. K 0 material effects contribution to Araw(D 0→KS0𝜋+𝜋-) (negligible)
→ precisely measured in Run 2 detector, expected small
→ remeasured in current KS0𝜋+𝜋 sample: < 0.05% for Long KS0

Total combined systematics  → 0.41%
18

LHCB-PAPER-2025-036 
(in preparation)
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● Compatible with no CPV
● Compatible with previous WA
● Marginal agreement (~1%) with previous LHCb 

results (2.9  from Run 2, that was -2.5  from zero)
● Global LHCb average: (-0.37 ± 0.78 ± 0.29)%

● Brings back WA to full agreement with zero CPV
● And statistical resolution down to 0.62%

● Expect significant further improvement with 
complete Run 3 sample (23 fb-1 expected)

● Will enter an interesting region of sensitivity

σ σ

Final result

19

ACP(D 0→KS
0KS

0) = (1.86±1.04±0.41)%

LHCB-PAPER-2025-036 
(in preparation)

°40 °20 0 20 40 60
ACP(D0 ! K0

SK0
S) [%]

CLEO
–23 ± 19
LHCb 2015
–2.9 ± 5.2 ± 2.2
LHCb 2021
–3.1 ± 1.2 ± 0.4 ± 0.1
CMS
+6.3 ± 3.0 ± 0.2
Belle + Belle II 2025
–0.60 ± 1.10 ± 0.10
LHCb 2025
+1.9 ± 1.0 ± 0.4
LHCb average 2025
–0.37 ± 0.78 ± 0.29
World average 2025
–0.17 ± 0.62 ± 0.18
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● LHCb the leading laboratory for Charm CPV and Mixing
● Today first Run 3 result: time-integrated 

● Improve on Run 2 result from just year 2024 data
● Still statistics-dominated

● Most of systematics is statistical in nature anyway
● This is just the beginning - expect to see:

• More data
• More channels
• More upgrades...

ACP(D0 → K0
S K0

S )

Conclusions

20



BACKUP

21
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Mixing parameterization

22CHARM, May 12th 2025 Roberto Ribatti | D-meson mixing, indirect CPV & charmed-hadrons lifetimes at LHCb

● Flavoured neutral meson evolution effectively described by

● Oscillations are governed by two mixing parameters: 

● CPV in mixing is regulated by absorptive and dispersive mixing phase:

 

,

Mixing and indirect CPV in Charm

Grossman & al. 2009
Kagan & Sokoloff 2009
Kagan & Silvestrini 2021 

NP→off-shell transitions  on-shell transitions

⇒ SM prediction O( 2 mrad )
5
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• Different from KS
0𝜋+𝜋-  sample of other LHCb analyses

• Triggered on the KS
0

• Dedicated selection without IP/𝜒IP
2(𝜋) cuts on pions, to 

preserve similarity to signal sample.

• Yield ~750 D 0→KS
0𝜋+𝜋-/pb-1 vs 2.5 D 0→KS

0KS
0/pb-1  S/B ~ 10  

→  large enough for calibration
• However, KS

0𝜋+𝜋- has non-trivial Dalitz distribution 
• Pion pair not charge-symmetric
• Need preliminary re-weight to symmetrize pion pair

Calibration channel sample

23

LHCB-PAPER-2025-036 
(in preparation)

LHCb Preliminary

LHCb Preliminary
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The LHCb Upgrade I

24

or Side A at x > 0 and the cryogenic side or Side C at x < 0), which can be opened for
maintenance and to guarantee access to the beam pipe.

Figure 2: Layout of the upgraded LHCb detector.

The particle tracking system comprises an array of pixel silicon detectors surrounding
the interaction region called vertex locator (VELO), the silicon-strip upstream tracker
(UT) in front of the large-aperture dipole magnet, and three scintillating fibre tracker
(SciFi Tracker) stations downstream of the magnet.1 All three subsystems were designed to
comply with the 40MHz readout architecture and to address the challenges associated with
the increased luminosity. The upgraded VELO, based on hybrid silicon pixel detectors, is
described in section 3, and the UT is described in section 5. The SciFi Tracker, which
replaces both the straw-tube Outer Tracker and silicon-strip Inner Tracker systems used
in the downstream tracking stations in the original LHCb experiment, is described in
section 6.

The particle identification (PID) is provided by two ring imaging Cherenkov detectors
(RICH1 and RICH2) using C4F10 and CF4 gases as radiators, a shashlik-type electromag-
netic calorimeter (ECAL), an iron-scintillator tile sampling hadronic calorimeter (HCAL),
and four stations of muon chambers (M2–5) interleaved with iron shielding.2 The Scintil-
lating Pad Detector and Pre-Shower, which were part of the previous calorimeter system,
as well as the most upstream muon station, have been removed due to their reduced role

1Upstream and downstream are intended in the direction of increasing z.
2The muon detector consisted of five stations of which the first (M1) has been removed — see text. For
historical reasons the remaining stations kept their original names.

3

JINST 19 (2024) 05, P05065

New silicon-pixel (55 × 55 μm) 
vertex tracker

New silicon-strip tracker

New photodetectors 
& optics

New scintillating-fibre 
tracker

VELO

UT

SciFi

RICH2

RICH1

https://arxiv.org/abs/2305.10515
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D 0→KS
0𝜋+𝜋- decay is also a background to signal sample:

- peaks in 𝛥m  - similarly as D 0→KS
0KS

0

- disentangled in the 3D fit

Preliminary rejection to improve statistical precision
→ cut on KS

0 flight-distance significance from D 0 vtx

Cut optimized to minimize 𝜎S/S during Run 2 analysis
→ keep Run 2 selection - no difference expected

Applied selection  →   log(𝜒FD
2(KS

0)1,2) > 4

Removal of D 0→KS
0𝜋𝜋 background
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D 0→KS
0KS

0

D 0→𝜋+𝜋-𝜋+𝜋- 
+ combinatorics

D 0→KS
0𝜋+𝜋-


