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Talk outline 
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•  Rare Decays 

•  Status of  Weak Anomalies 

•  CP violation 

•  The LHCb Upgrade 
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Conclusions

!25

• LHCb has operated extremely well in its 10 years -4 days of existence.


• pp , pPb, PbPb, pA runs provide a unique dataset. 


• Many precise measurements of SM parameters and some anomalies. 


• Flavour structure and CP violation are still major pending questions.


• LHCb is dead (almost) retired, long live to LHCb!


• Continue exploiting Run1 + Run2 datasets.


• Upgrade preparations are proceeding well.


• Extensive work in testbeams for different subsystems during the last month.


• Computing model TDR is ready and will be discussed during this LHCC session.



Run 1 and Run 2 data taking 

- Outstanding performance of  LHC and of  LHCb (~90% data taking efficiency) 
- Run 1+2 statistics ~ 4 ÷ 6 x Run 1 (including higher b-quark production 

 cross-section and higher selection efficiency of  final states)  
- LHCb Technical Proposal (1998) goal: 10/fb (at 14 TeV) 
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Rare Decays 
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The golden channels: Bs(d) → µµ

At the beginning of  LHC, a long-awaited FCNC process to demonstrate the 
existence of  Supersymmetry, being possibly mediated by new currents which 
could modify the branching fractions  
 
 
 
 
 
 
 
Theoretically very clean and very rare decays (C. Bobeth et al. PRL112 (2014) 101801) 
BR (Bs → µ µ)  = 3.6 ± 0.2 10-9 , BR (Bd→ µ µ)  = 1.1 ± 0.2 10-10 
 
 

                 Large contributions to BR in SUSY models 
 

LHCb, CMS and ATLAS measurements. 1st single observation from LHCb 

• Predicted to be very rare in the SM due 
to GIM & helicity suppression:

• BrSM(Bs→μμ) = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 

•   

• Good place for synergy with direct 
searches

• CDF recently reported a hint of signal:

• p-value background only:        0.3%

• p-value background + SM Br:  1.9%

• BrCDF (Bs→μμ) = 1.8+1.1-0.9 x 10-8

b→s:  Bs→μμ
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FIG. 1: The observed number of events (open histogram with points) is compared to the total expected background (light
grey) and its uncertainty (hatched) in bins of dimuon invariant mass. The top and middle rows show the results in the B0

s

mass signal region for the CC and CF channels, respectively. The bottom row shows the results in the B0 mass signal region
for the CC and CF channels combined. The results for the first 5 νN bins are combined (and scaled by 0.2) while the results
for the last three bins are each shown separately. Also shown is the expected contribution from B0

s → µ+µ− events (dark gray)
using the fitted branching fraction, which is 5.6 times the expected SM value.

account for 85% of the signal acceptance, we find a p-
value of 0.66%. For the B0

s → µ+µ− analysis we also
produce an ensemble of simulated experiments that in-
cludes a B0

s → µ+µ− contribution at the expected SM
branching fraction [2] and yields a p-value of 1.9%. The
corresponding p-value for the two highest νN bins alone
is 4.3%.

We use a modified frequentist approach [20, 21] that
includes the effects of systematic uncertainties to cal-
culate expected and observed limits. We calculate ex-
pected limits of B(B0 → µ+µ−) < 4.6 × 10−9 and
B(B0

s → µ+µ−) < 1.5 × 10−8 at the 95% confidence
level (C.L.), a factor 3.3 improvement relative to our
previous analysis [4]. We calculate observed limits of
B(B0 → µ+µ−) < 6.0(5.0)×10−9 and B(B0

s → µ+µ−) <
4.0(3.5)× 10−8 at 95% (90%) C.L. If we assume the ob-
served excess in the B0

s region is due to signal, we de-
termine B(B0

s → µ+µ−)=(1.8+1.1
−0.9)×10−8 using the data

−2 lnQ distribution and taking the central value from the
minimum and the associated uncertainty as the interval
corresponding to a change of one unit. By examining the
interval corresponding to a change of 2.71 units we set
bounds of 4.6× 10−9 < B(B0

s → µ+µ−) < 3.9× 10−8 at
the 90% C.L. As a cross check we use a Bayesian tech-

nique to make a point estimate and to derive bounds
at 90% C.L. and obtain results very similar to those re-
ported here.

In summary, we have performed a search for B0 →
µ+µ− and B0

s → µ+µ− decays using 7 fb−1 of integrated
luminosity collected by the CDF II detector at the Fer-
milab Tevatron. The data in the B0 search region are
consistent with background expectations and the world’s
most stringent upper limit on B(B0 → µ+µ−) is estab-
lished. The data in the B0

s search region are in excess of
the background predictions. A fit to the data determines
B(B0

s → µ+µ−)= (1.8+1.1
−0.9) × 10−8 including all uncer-

tainties. Although of moderate statistical significance,
this is the first indication of a B0

s → µ+µ− signal.
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FIG. 1: The observed number of events (open histogram with points) is compared to the total expected background (light
grey) and its uncertainty (hatched) in bins of dimuon invariant mass. The top and middle rows show the results in the B0

s

mass signal region for the CC and CF channels, respectively. The bottom row shows the results in the B0 mass signal region
for the CC and CF channels combined. The results for the first 5 νN bins are combined (and scaled by 0.2) while the results
for the last three bins are each shown separately. Also shown is the expected contribution from B0

s → µ+µ− events (dark gray)
using the fitted branching fraction, which is 5.6 times the expected SM value.

account for 85% of the signal acceptance, we find a p-
value of 0.66%. For the B0

s → µ+µ− analysis we also
produce an ensemble of simulated experiments that in-
cludes a B0

s → µ+µ− contribution at the expected SM
branching fraction [2] and yields a p-value of 1.9%. The
corresponding p-value for the two highest νN bins alone
is 4.3%.

We use a modified frequentist approach [20, 21] that
includes the effects of systematic uncertainties to cal-
culate expected and observed limits. We calculate ex-
pected limits of B(B0 → µ+µ−) < 4.6 × 10−9 and
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s → µ+µ−) < 1.5 × 10−8 at the 95% confidence
level (C.L.), a factor 3.3 improvement relative to our
previous analysis [4]. We calculate observed limits of
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−0.9)×10−8 using the data

−2 lnQ distribution and taking the central value from the
minimum and the associated uncertainty as the interval
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the 90% C.L. As a cross check we use a Bayesian tech-

nique to make a point estimate and to derive bounds
at 90% C.L. and obtain results very similar to those re-
ported here.

In summary, we have performed a search for B0 →
µ+µ− and B0

s → µ+µ− decays using 7 fb−1 of integrated
luminosity collected by the CDF II detector at the Fer-
milab Tevatron. The data in the B0 search region are
consistent with background expectations and the world’s
most stringent upper limit on B(B0 → µ+µ−) is estab-
lished. The data in the B0

s search region are in excess of
the background predictions. A fit to the data determines
B(B0
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−0.9) × 10−8 including all uncer-

tainties. Although of moderate statistical significance,
this is the first indication of a B0
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BR(Bs → µ µ)  at 7.8 σ significance ! 
A milestone in flavor physics  
 
 
 
 
No NP effects observed. A first effective 
lifetime measurement also performed: 
 
 
Average HFLAV τ(Bs)=1.510±0.005 ps 
 
In SM only heavy Bs mass eigenstate  
(Bs

H) decays to µ+µ-  
Measurement of  decay time can 
disentangle anomalous contribution  
from Bs

L and spot non-SM effects 
 
Full Run 1+2 statistics = ~ x 3 this sample 

PRL118 (2017) 191801 	

Dataset: Run 1 (3/fb) + Run 2 (1.4/fb)	



Weak Anomalies 

7	



From the analyses of  Run 1 data, four interesting anomalies appeared, 
pointing to possible violations of  lepton universality 
 
•  In RK and RK*  observables, from the FCNC b → s l+l-  process involving loops 

 
•  In RD*  (RD) observables, testing universality in B → D(*) τ/µ ν decays 

 
•  Same as before, but with Bc decays    
 

    

8	

•  In dB/dq2 and  angular distributions of   B  → h µµ decays  (h=K, K* , φ , Λ) 



RK and RK* : a test of  µ/e lepton flavor violation 
 
 
They provide clean probes of  New Physics for two reasons: 
•  new interactions may render non-universal couplings to µ and e 
•  hadronic uncertainties as form factors, cancel in the SM,  

with QED corrections at ~ % level 
 
 

A complex l+ l- spectrum  
(resonances, hadronic effects, …)  
q2 upper limit set to 6 GeV2 to  
avoid J/ψ(1S)  
 

µ and e reconstruction efficiencies 
very different (5:1) due to the 
bremsstrahlung effects 
 

BRs normalized to control samples B→K(*) J/ψ (µµ / ee) 
9	
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Measuring RK* double ratio (Run 1 data) 

JHEP08 (2017) 055	



RK* measurement cross checks 

•      

•        

•      

•       

•    

•           

 	
11	
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n

q very important independent test: when the same method is applied to 
J/! events, no deviation from unity is observed. 

q insensitive to kinematics (pT, " of B0 meson), and track multiplicity

16

CROSS-CHECKS TO RK*

n If no correction is made to simulation, <5% change to efficiency ratio

n Compatible with 
1 at 1# (2%) 

n measured from $-conversions (7%), agrees with expectations (2#)

n is also measured, in agreement with JHEP 06 (2016) 092.

LHCb,  JHEP 08 (2017) 055

JHEP11 (2016) 047           	

Bremsstrahlung simulation is checked with B→K* J/ψ (ee) and B→K*γ (→ee)    	



RK and RK* LHCb results 	

~ 2.5 σ from SM	

~ 2.6 σ from SM   PRL113 (2014) 151601 (3/fb) 

12	
Perspectives for Run 1 & 2 analyses: σstat (RK*) ~ 0.05 - σstat (RK) ~ 0.04    	

JHEP08 (2017) 055 (3/fb)	



Tests of  τ/µ LFV in b → c l ν
 
•  RD* (RD) are theoretically clean observables, sensitive to  

 NP, as τ can couple to new charged Higgs.  
 In SM RD* = 0.252±0.003 , RD = 0.299±0.003 

•  Hadronic uncertainties and |Vcb| cancel in ratios 
•  τ are difficult: 1st time fully reconstructed at LHC !! 

 All tools of  kinematical reconstruction in use 
Two LHCb RD* measurements: 
•  PRL115 (2015) 111803, with τ→µνν               RD*=0.336±0.027±0.030  
•  PRL120 (2018) 171802, with τ→3π(π0)νν        RD*=0.291±0.019±0.029 
      PRD 97 (2018) 072013 
	
Separation between B and τ critical to disentangle signal from bkg (B0→D*3πX) 

13	
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BACKGROUND REDUCTION !-DECAYS

RRRRR

n Separation between B and 3" vertex (#z>4$#z) crucial to achieve the 
required rejection of B→D*3"X

n Still double charm background remains (D*D(s)X), 
and it is reduced by means of a multivariate 
classifier

n External knowledge of critical branching fractions 
is used (B→D*-3" , BaBar+Belle+LHCb)

R(D*-) = 0.291 � 0.019 (stat) � 0.026 (syst) � 0.013 (ext) ~1$ > SM

Signal
Background

LHCb PRL 120 (2018) 171802
LHCb PRD 97 (2018)   072013 



Previous anomalous results from Belle and BaBar  
Global fit currently 3.8 σ away from SM prediction in (RD, RD* ) plane 
 
 
 
 
 
 
 
 
 
 
 
 
Future prospects: 
•  with full Run2 luminosity, statistics will be x4 (1300 → 6000 events) 
•  new tauonic measurements will be incorporated, such as  
      RDs(*) (Bs → Ds

(*) τν) , RΛc(*) (Λb→ Λc
(*) τν) and RD 

14	
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Tests of  τ/µ LFV in Bc → J/ψ semi-leptonic decays 
 
 
                                                = 0.71 ± 0.17 ± 0.18  (SM  0.25 ÷ 0.28)  
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n New version of R(D*), employing the charmed B-meson Bc
+:

25

NEW TEST OF LFU WITH Bc DECAYS

LHCb, PRL 120 (2018) 121801

n R(J/!) = 0.71 ± 0.17 (stat) ± 0.18 (syst)  above SM prediction by 2" (0.25-0.28)

RR
RR

n Bc
+→J/!(#+#-)#+$#

is used as 
normalization, then 
muons are searched 
for from %+→#+$#$%

n Main background comes 
from non-charmed           
B-hadrons to J/! with 
&/K misid as #
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n New version of R(D*), employing the charmed B-meson Bc
+:

25

NEW TEST OF LFU WITH Bc DECAYS

LHCb, PRL 120 (2018) 121801

n R(J/!) = 0.71 ± 0.17 (stat) ± 0.18 (syst)  above SM prediction by 2" (0.25-0.28)

RR
RR

n Bc
+→J/!(#+#-)#+$#

is used as 
normalization, then 
muons are searched 
for from %+→#+$#$%

n Main background comes 
from non-charmed           
B-hadrons to J/! with 
&/K misid as #

PRL120 (2018) 121801 	

Main background 
originating from B hadrons 
(non charmed) decays  
into J/ψ with  π/K  
misidentified as µ 
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OTHER  b → s!! dB/dQ2 MEASUREMENTS
LHCb, JHEP 11 (2016) 047, JHEP 04 (2017) 142 LHCb, JHEP 09 (2015) 179

n 5 other branching fraction measurements in b → s !! processes have 
reported a similar behavior in the 0<6<q2 GeV2 region  

LHCb, JHEP 06 (2014) 133

K+"-!!
(S-wave) #(K+K-)!!

16	

dB/dq2 measurements of  b → s µµ

Data generally below model predictions at low q2 . Control mode with J/ψ 
Low systematic experimental uncertainties. Relatively large theory errors  

, 	
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OTHER  b → s!! dB/dQ2 MEASUREMENTS
LHCb, JHEP 11 (2016) 047, JHEP 04 (2017) 142 LHCb, JHEP 09 (2015) 179

n 5 other branching fraction measurements in b → s !! processes have 
reported a similar behavior in the 0<6<q2 GeV2 region  

LHCb, JHEP 06 (2014) 133

K+"-!!
(S-wave) #(K+K-)!!

JHEP06 (2014) 133 
JHEP06 (2015) 115 
JHEP09 (2015) 179 
JHEP11 (2016) 047 
JHEP04 (2017) 142 	
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Angular analysis of  B → K* µµ

A laboratory to search for NP 
in asymmetries and angular  
distributions 
Several observables can be build  
through 6 complex amplitudes  
             corresponding to different  
transverse states 
of  the (K*, µµ) system  
 
Large experimental effort of  
LHCb, Belle, ATLAS, CMS 
Theory errors not negligible 
 
One of  this variable ( P5

’ ) is chosen to be less affected by hadronic effects  
(form factors): current best global fit is  3.4 σ away from SM (data from  
LHCb: JHEP02 (2016) 104).	P5

’ sensitive to NP in Wilson coefficients C9
(‘) and C10

(‘) 
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on gauged Lμ − Lτ predict Ce
9 ¼ Cl

10 ¼ 0 [21], while in
some Z0 models one finds Cl

9 ¼ aCl
10, where a is a constant

of Oð1Þ (see e.g., [64]).
We find that a nonstandard Cl

10 (Cl
9 ) leads to slightly

larger (smaller) effects in RK$ than in RK . Therefore,
RK$ ≲ RK < 1 is best described by a nonstandard Cl

10.
The opposite hierarchy, RK ≲ RK$ < 1, would lead to a
slight preference for NP in Cl

9 .
A more powerful way to distinguish NP inCl

9 from NP in
Cl
10 is through measurements of LFU differences of angular

observables [23,65,66]. We find that the observables

DP0
4
¼ P0

4ðB → K$μþμ−Þ − P0
4ðB → K$eþe−Þ; ð9Þ

DP0
5
¼ P0

5ðB → K$μþμ−Þ − P0
5ðB → K$eþe−Þ; ð10Þ

are particularly promising (for a definition of the observ-
ables P0

4;5 see [67]). Predictions for the observablesDP0
4;5
as

functions of q2 in the SM and various NP scenarios are
shown in the plots of Fig. 2. The SM predictions are close to
zero with very high accuracy across a wide q2 range. In the
presence ofNP,DP0

4;5
show a nontrivial q2 dependence. If the

discrepancies inRKð$Þ are explained by NP inCl
9 , we predict

a negative DP0
4
∼ −0.1 at low q2 ≲ 2.5 GeV2 and a sizable

positive DP0
5
∼þ0.5. With NP in Cl

10 we predict instead a
positiveDP0

4
∼þ0.15 and a small negativeDP0

5
∼ −0.1. We

observe that DP0
5
has even the potential to distinguish

between NP in Ce
9 and Cμ

9. For q
2 ≳ 5 GeV2, a negative

Cμ
9 leads to a sizable increase of P

0
5ðB → K$μþμ−Þ, while a

positive Ce
9 can decrease P0

5ðB → K$eþe−Þ only slightly,
as the SM prediction for P0

5 in this q
2 region is already close

to its model-independent lower bound of −1. The recent
measurements by Belle, D½1;6'

P0
4

¼ þ0.498( 0.553 and

D½1;6'
P0
5

¼ þ0.656( 0.496 [5], have still sizable uncertainties

and are compatible with NP both in Cl
9 and in Cl

10. They
slightly favor NP in Cl

9 . We note that, while the SM
prediction for these observables has a tiny uncertainty, for
fixed values of LFU violating Wilson coefficients, form
factor and other hadronic uncertainties do play a role, as also
shown in Fig. 2. However, these uncertainties are still so
small that sufficient experimental precision could allow a
clean identification of the underlyingNP contact interaction.
We stress that the NP contact interactions in (5) lead also

to a characteristic q2 shape in the LFU ratios RKð$Þ . In Fig. 3
we show RKð$Þ as functions of q2 in the SM and in the
same NP scenarios as in Fig. 2. In the SM, RKð$Þ are to an
excellent approximation q2 independent. For very low q2 ≃
4m2

μ they drop to zero, due to phase space effects. NP
contact interactions lead to an approximately constant shift

FIG. 1. Allowed regions in planes of two Wilson coefficients,
assuming the remaining coefficients to be SM-like.
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contact interactions lead to an approximately constant shift

FIG. 1. Allowed regions in planes of two Wilson coefficients,
assuming the remaining coefficients to be SM-like.

INTERPRETING HINTS FOR LEPTON FLAVOR … PHYSICAL REVIEW D 96, 055008 (2017)

055008-3

A lot of  excitement induced by LFV anomalies (RK* LHCb paper >700 citations) 
 
Model-independent Heff approach (Altmannshofer et al. PRD96 (2017) 055008)  
suggests NP at  Λ < 100 TeV affecting (mainly) C9

µ Wilson coefficient  
mediated by 4-fermions contact interaction 
 
 
 
 
 
 
 
 
 
A large number of  consistent new physics models have been proposed, with 
explicit mediators in the TeV mass range, that include a coloured vector  
lepto-quark as a particularly simple framework (Buttazzo et al. JHEP1711 (2017) 044) 

Theory facing anomalies	
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CP violation 
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Luiz Vale Silva 
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Testing CKM matrix	

Sensitivity to NP comes from the global 
consistency of  various measurements 
(tree vs loop / CP conserving vs CP 
violating channels) 
 
Excellent capabilities of  LHCb to 
measure Unitarity Triangle angles γ , β, 
βs (α is difficult in LHCb due to neutral 
in final states) and Bs Bd properties 
(Δmd , Δms) in several modes 
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Status of  γ

LHCb combination (mostly from Run 1 data) of   
tree-level measurements: the most precise one from a single experiment                 
LHCb-CONF-2018-002 
 
HFLAV World Average 
 
A large set of  different ways of  measuring γ: 
- Time integrated asymmetries in B+→DK+, 

 B+→DK*+, B0→DKπ, PLB777 (2018) 16  

 with D→hh, hhh (ADS, GLW methods) 
- Time dependent analyses of   

 Bs→DsK, B0→Dπ  JHEP03 (2018) 176     
- Dalitz plot analyses in B+→DK+, B0→DK*0, 

 JHEP03 (2018) 059 with D→Ksh+h-  

 (GGSZ method) 
 
Indirect measurement from VCKM fit  
(UTFIT summer 2018) 
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Status of  β

Measurement through time-dependent CP  
asymmetry: interference between decays  
with mixing and no mixing 
 
Golden mode of  b-factories 
Precision of  LHCb is now comparable 
Measured by LHCb in B0→J/ψ (µµ, ee) Ks and B0→ψ (2S) Ks 

Current sin 2� measurements

[PRL 115, 031601 (2015)] [JHEP 11 (2017) 170]
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• See talk by Rick van Kooten

• Requires time-dependent, flavour tagged, angular analysis 

• The measurement of the Δms with Bs→Dsπ has served as a proving 
ground: known (mixing) amplitude,  (by now) known frequency

CP violation & BsBs Mixing Phase
b 
s 

s 
b CP-violation in 
� mixing  
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J/ψ K+K-
Interference between mixing and decay gives 
rise to a CPV phase (φs= φM - 2 φD ~0 in SM) 

Powerful and theoretically clean test of  SM            
φs

SM = -36±1 mrad 

 
LHCb measurement (PRL114 (2015) 041801) 

(Run 1) still dominated by statistics and not  
far from entering the precision level of  SM 
 
Sizeable decay widths difference of  Bs

H , Bs
L  

(Bs mass eigenstates) is also measured (ΔΓs≠0) 
 
Measurement allowed by the excellent decay  
time resolution of  vertex detector (~ 40 fs) 

Status of  βs (the β angle for Bs decays) 
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• On non CKM measurements.


• Observation of Bs→μ+μ-; anomalies in EWP: R(K), R(K*); anomalies in semileptonic 
decays: R(D*), observation of exotic states: pentaquarks; …  

What we have achieved with Run1 + Run2 harvest

!14

CKM unitary triangle as of 
summer 2011

CKM unitary triangle as of 
summer 2018

Great reduction of 
parameter phase space 

in the CKM triangles.


Not everything is due to 
LHCb, but it’s certainly a 

major contributor. 

e.g: γ, Δms/d, φs

Evolution of  UT triangle 

Large impact of  LHCb data on γ , Δmd , Δms measurements 
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CP violation in charm decays 
 
LHCb has collected a charm sample 100 ÷1000  larger than previous experiments 
An independent way to probe New Physics (but not theoretically clean): c → u decays 

 can reach very large mass scales  Λ ∼ O(1000) TeV 
Several observables: direct CPV in D0→K+K- , D0→π+π- (aCP) ; 

 D-Dbar oscillations and CPV in mixing in D0→K+π- (x and y parameters) 

No CP violation found in charm decays yet 
Probing it at now at 10-2 ÷ 10-3 level 

D→Kπ - PRD97 (2018) 031101	 D→KK, ππ – PRL118 (2017) 261803	
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Today 
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A new pixel-based 
layout 

New silicon and  
SCI-FI detectors 

New mirrors, PM  
and FEE 

New FEE 
New R/O 

more shielding 

Fully software 

LHCb will be upgraded to reach L = 2 1033 cm-2 s-1 (x 5 w.r.t. Run1 & 2, with  
higher trigger efficiency) during LS2 shutdown 
Goal: ~ 15/fb in Run 3 (2021-23) and ~ 25/fb in Run 4 (2026-29) 
Proposing a phased further upgrade in LS3 & LS4 (for HL-LHC) 
Detector: CERN-LHCC-2017-003  - Physics case: arXiv:1808.08865 
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Physics prospects for Run 3 (and beyond) Table 10.1: Summary of prospects for future measurements of selected flavour observables for LHCb, Belle II and Phase-II ATLAS and CMS. The projected
LHCb sensitivities take no account of potential detector improvements, apart from in the trigger. The Belle-II sensitivities are taken from Ref. [608].

Observable Current LHCb LHCb 2025 Belle II Upgrade II ATLAS & CMS
EW Penguins
RK (1 < q2 < 6 GeV2c4) 0.1 [274] 0.025 0.036 0.007 –
RK⇤ (1 < q2 < 6 GeV2c4) 0.1 [275] 0.031 0.032 0.008 –
R�, RpK , R⇡ – 0.08, 0.06, 0.18 – 0.02, 0.02, 0.05 –

CKM tests
�, with B0

s ! D+
s K� (+17

�22)
� [136] 4� – 1� –

�, all modes (+5.0
�5.8)

� [167] 1.5� 1.5� 0.35� –
sin 2�, with B0 ! J/ K0

S 0.04 [609] 0.011 0.005 0.003 –
�s, with B0

s ! J/ � 49 mrad [44] 14 mrad – 4 mrad 22 mrad [610]
�s, with B0

s ! D+
s D�

s 170 mrad [49] 35 mrad – 9 mrad –
�ss̄s

s , with B0
s ! �� 154 mrad [94] 39 mrad – 11 mrad Under study [611]

as
sl 33 ⇥ 10�4 [211] 10 ⇥ 10�4 – 3 ⇥ 10�4 –

|Vub|/|Vcb| 6% [201] 3% 1% 1% –

B0
s ,B

0!µ+µ�

B(B0 ! µ+µ�)/B(B0
s ! µ+µ�) 90% [264] 34% – 10% 21% [612]

⌧B0
s!µ+µ� 22% [264] 8% – 2% –

Sµµ – – – 0.2 –

b ! c`�⌫̄l LUV studies
R(D⇤) 0.026 [215,217] 0.0072 0.005 0.002 –
R(J/ ) 0.24 [220] 0.071 – 0.02 –

Charm
�ACP (KK � ⇡⇡) 8.5 ⇥ 10�4 [613] 1.7 ⇥ 10�4 5.4 ⇥ 10�4 3.0 ⇥ 10�5 –
A� (⇡ x sin�) 2.8 ⇥ 10�4 [240] 4.3 ⇥ 10�5 3.5 ⇥ 10�4 1.0 ⇥ 10�5 –
x sin� from D0 ! K+⇡� 13 ⇥ 10�4 [228] 3.2 ⇥ 10�4 4.6 ⇥ 10�4 8.0 ⇥ 10�5 –
x sin� from multibody decays – (K3⇡) 4.0 ⇥ 10�5 (K0

S⇡⇡) 1.2 ⇥ 10�4 (K3⇡) 8.0 ⇥ 10�6 –
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σ (RK,K*) ~ 3% 

σ (γ) ~ 1.50 
σ (φs) ~ 15 mrad 

σ (Bd) ~ 30% 
σ (τ Bs) ~ 8% 

 
σ (CPc) ~ 10-4 

Run 3 [25/fb] 
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Conclusion 
 
•  In Run 1 & 2, the LHCb experiment has collected 9/fb. Larger data set will allow a 

significant error reduction (x 4 ÷ 6 depending on specific channel) 

•  Most of  the analyses have still exploited only Run 1 sample. In the near future will 
be extracted from the full data set  

•  Bs→ µµ is entering the domain of  precision tests, also looking to possible non SM 
effects in the measurement of  effective lifetime 

•  Weak anomalies in LFV provide a consistent picture, to be verified by the larger 
statistics of  Run 2, and by future Belle2 data 

•  A large set of  CKM variables can be measured precisely at LHCb in many different 
ways. The search for SM inconsistencies is still open 

•  Starting to install the upgrade of  LHCb, which will bring another ~15/fb by 2023 


