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Introduction: LHC is a heavy flavour quarks factory

The LHCb detector has been designed for the study of

hadrons decays containing the b and c quarks. Huge

cross-sections @LHC and largest samples, mainly

produced in pairs in tight cones around either beam.

In LHCb acceptance (forward arm detector for

precision measurements in the range 2<<5):

As opposed to B-factories (BABAR & Belle(-II)), all

species of b-hadrons produced: B+ & B0 (“Bu & Bd”),

Bs, Bc, Λb, Σb, b … (i.e. including b baryons). In the

rough proportion : 40% B+, 40% B0, 10% Bs, 0.1% Bc & 10%

b baryons. (see e.g. Phys.Rev. D100 (2019) no.3,

031102; arXiv:1902.06794).  LHCb does physics in s-,

c-, b-hadron decays (not only*).

• 1.4 x 1011 pairs per fb-1 (      =13 TeV)

• (1012)         pairs per fb-1

• (1013)   K0
s mesons  per fb-1  

*e.g.: EW and QCD physics in large  @ LHC, Heavy quark

production, conventional and exotic spectroscopy (Paolo Gandini)

and Ion and fixed target physics (Valery Pugatch).

https://indico.mitp.uni-mainz.de/event/191/contributions/3200/
https://indico.mitp.uni-mainz.de/event/191/contributions/3138/
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Outline

Per principiare : antipasti
CKM parameters & CP Violation (CPV):

• |Vcb| from B0
s → Ds

(*)- +
(LHCb-PAPER-2019-041, arXiv:2001:03225 & sub. to Phys.Rev. D)

• CP & P violation in Λ0
b → pπ-π+π-

(LHCb-PAPER-2019-028, arXiv:1912.10741 & sub. to Phys.Rev.Lett.)

Piatto principale & dolce del giorno
Rare decays & Beyond the Standard Model

(BSM) studies:

• Test Lepton Universality in Λ0
b→pK-l+l-

(LHCb-PAPER-2019-040, arXiv:1912.08139 & sub. to JHEP)

• Search for the very rare K0
s→+- decay

(LHCb-PAPER-2019-038, to be sub. to Phys.Rev.Lett.)

https://cds.cern.ch/record/2706102
https://arxiv.org/abs/2001.03225
https://cds.cern.ch/record/2698326
http://arxiv.org/abs/1912.10741
https://cds.cern.ch/record/2704709
http://arxiv.org/abs/1912.08139
http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts


Multipurpose detector in the forward region

Ever increasing integrated data/year rate 
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Detector & Data

• tracking efficiency > 96% (multibody final states!)

• excellent vertexing: impact parameter 

(IP)=15+29/PT m & decay time resolution ∼ 45 fs

• very good momentum resolution: 𝑑𝑝/𝑝 ∼ 0.5 − 1.0%

(mB)~25MeV/c² for 2-body

• excellent PID: (μ/K ID 97/70 % for (π → μ,K) misID of 

few%)

• Hardware (L0: calo and muons )+ Software flexible 

trigger (HLT) input rate: 1 MHz

small PT and low mass objects

• stable running conditions constant number of PVs

• online real time analysis alignment and calibration 

fully automated

LHCb has recorded about 9 fb-1 of pp collisions:

- 1 fb-1 @ 7 TeV

- 2 fb-1 @ 8 TeV

- 6 fb-1 @ 13 TeV - Run 2 total is 5-6 times Run1 

(2017+2018 are 2/3 of the total dataset, given the 

cross-sections increases and trigger changes) 

Run 1

 LHCb has yet submitted more than 500 papers
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The Standard Model (SM) & the Unitary CKM Matrix
➔ mixing of the 3 quarks families &  CP violation

1-l2/2 l Al3(r-i)

-l Al21-l2/2

-Al2 1Al3(1-r-i)

• the Higgs boson gives mass to elementary bosons & fermions (quarks, leptons) 

through  Yukawa couplings, but there is not only that ! :

charged currents (EW) imply transitions between quark families : quarks decays [there 

are no neutral current changing flavour (FCNC) at tree level (i.e. GIM mechanism )].

• strong hierarchy in EW Vij couplings

for the 3 families (wrt diagonal

couplings lN  (0.225)N : ➔ Cabibbo

angle).

• KM (Kobayashi-Maskawa) mechanism :

3 generations ➔ 4 parameters: A, l, r

& 1 complex part  which phase is

the unique source of CPV in SM.

+ O(l4)     (VV=1)



=RtRu=

Unitarity triangle in the (ρ̅,η̅)

complex plane:Parametrisation « à la Wolfenstein » phase invariant 

& valid at any orders in l @ CKMfitter
(EPJ C41,  1-131, 2005) : 

V. Tisserand, LHCb, LPC Clermont FD 6

The CKM Matrix : the unitary triangle  & the very rich phenomenolgy of quark flavors  

➔4 parameters (A, l, r & ) to be 

obtained/tested wrt data:  

nucleons, K, D, B(s) & top quark 

physics.

➔ unitarity relation in  Bd system 

(1rst line/3rd column):
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|Vcb| from B0
s → Ds

(*)- +



➔ LHCb can help with B0
s → Ds

(*)- + decays that have interesting features:
• Easier lattice QCD calculation of FF (“heavy” valence quark) allows for better precision

• Expected less contamination from D**s feed-down, mostly decaying to DK(*)
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Introducing |Vcb| (i.e. b→ c transition)

❑ inclusively, i.e. b-hadron → Xc l+𝜈l

☺ Not very difficult-to-calculate: quarks  in QCD

states

 difficult to ensure pure incl. selection

➔ inclusive average:|Vcb| = (42.19 ± 0.78) × 10−3

❑ exclusively, e.g. B0 → D(*)- l+l

☺ much easier to do experimentally

 need form-factors (FF) to interpret results: 

quarks in strongly bound system 

➔ exclusive average: |Vcb| = (39.25 ± 0.56) × 10−3

❑ Long standing discrepancy : slight tension between averages!

▪ Caprini-Lellouch-Neubert (CLN) FF parametrization used in excl. measurements cause of

tension (i.e. Bigi et al. Phys. Lett. B769 (2017) 441& Grinstein et al. Phys. Lett. B771 (2017) 359) ?

▪ New measurements with B+ and B0 by Babar (2019) and Belle(2018) uses also Boyd-

Grinstein-Lebed (BGL) FF param. (more general, but truncation of series in BGL somewhat

arbitrary).

➔ need to compare both parametrizations

https://arxiv.org/abs/1903.10002
https://arxiv.org/abs/1809.03290
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❑ Model decays with : CLN and BGL parameterisations to investigate possible differences

❑ Side-products: measure also BF of the two B0
s exclusive decays

❑ Need to:
▪ Extract signal yields of exclusive B0

s decays from inclusive Ds
-(→ (KK)π-)+ sample

▪ Normalize to a reference decay. Use D-(→ KKπ-)+ : same final state and similar kinematic to suppress

efficiency biases, measure the ratios

▪ Take as external input fs/fd, BF of B0 and D*-
(s) decays - these external inputs will bring the dominant

uncertainty

❑ Decay rates :

▪ 4-D, vector case:

▪ 1-D, scalar case:
can be written as a function of 1 FF

can be decomposed in terms of 3 helicity amplitudes that in turn depend on 3 FF: ℎ𝐴1 (𝑤), 

𝑅1(𝑤) & 𝑅2(𝑤)

The 4-velocity 𝑤 (m²B+m²D(*)-q²)/(2mBmD(*)), where q² is the square of the  invariant mass  

➔ but, q² can not be measured directly , because of the neutrino…

Measuring |Vcb|& FF in B0
s → Ds

(*)- +
[LHCb-PAPER-2019-041]

https://cds.cern.ch/record/2706102
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Run 1 data only

➔ final state not fully reconstructed (/π0 from D*-
(s)  and also ): employ novel

strategy to constraint     (i.e. q²). Use reconstructed variables 

correlated with q2 which preserve information on the FF → p⊥(D(s))

➔ white dashed 

line: cut for 

analysis 

(dashed-dotted 

for systematics)

Separate signal/remaining Bckgds after selections

in 2-D view.

➔ fit signal and reference yields (expressed from decay

rates) and MC simulation templates of FF for CLN and BGL :

• p⊥(D-
s +) (i.e. transverse to the B0

s flight direction)

• mcorr  (m²(D-
s +)+ p²⊥(D-

s +))1/2 + p⊥(D-
s +)

[LHCb-PAPER-2019-041]Measuring |Vcb|& FF in B0
s → Ds

(*)- +

https://cds.cern.ch/record/2706102
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Run 1 data only

➔ cannot fully reconstruct

recoil variable (for form

factors!),

but p⊥(D-
s +) is a good proxy.

& also has some small

correlations for the B0
s → Ds*

-

+ decay with helicity angles

cosD and cos 

• Selection inherited from LHCb-PAPER-2017-004 

(Bs and Ds lifetime measurements)

• Cut m(KK) around the  mass for both D and Ds

to have same kinematics for signal and 

reference decays

• Select also same-sign D-
(s) - combinations to 

model combinatorial bckgd

➔ white line: average/profile

[LHCb-PAPER-2019-041]Measuring |Vcb|& FF in B0
s → Ds

(*)- +

https://arxiv.org/abs/1705.03475
https://cds.cern.ch/record/2706102
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Run 1 data only

➔ first, fit reference channel, keeping 

total signal yields floating N(*)
ref

➔for signal fit: express signal yields 

N(*)
sig in terms of N(*)

ref

[LHCb-PAPER-2019-041]Measuring |Vcb|& FF in B0
s → Ds

(*)- +

https://cds.cern.ch/record/2706102
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Run 1 data only

CLN form factor (FF) fit BGL form factor (FF) fit

➔ Very nice compatibility

Note: (details in backup)

Here external inputs systematic

errors only (dominated by fs/fd)

& when adding experim. syst.

largest systematic on |Vcb| is

from D-
(s)→ KKπ- model

[LHCb-PAPER-2019-041]Measuring |Vcb|& FF in B0
s → Ds

(*)- +

https://cds.cern.ch/record/2706102
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Run 1 data only

Summary: in this novel approach for exclusive determination of |Vcb|

➔ exploit ratio B0
s → Ds

(*)- + /B0 → D(*)- + to cancel systematics

➔ MC template-based fit in plane:

• helps to suppress Bckgds

• express FF dependence in terms of observed quantities

☺ Consistent results from both FF parametrizations:

tension                 with          a     average reducedexclusive inclusive

Exclusive BF measurements:

[LHCb-PAPER-2019-041]Results |Vcb|& FF in B0
s → Ds

(*)- +

https://cds.cern.ch/record/2706102
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Search for CPV in b-baryon decay Λ0
b → pπ-π+π-

CPV ?
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• Violation of C/CP (C/CPV) symmetry is one of the necessary 3 Sakharov

conditions for the matter wrt anti-matter asymmetry in baryogenesis

after the early Universe.
• The predicted amount of CPV in the Standard Model (SM) is far too small to explain

the absence of antimatter in the Universe. As-of-yet no CP violation in b-

baryons has been observed, though the CKM mechanism predicts sizeable

amount of violation.

• Possibly there are other sources of CPV beyond the SM. Need to search

for CPV effects extensively as large LHCb dataset opens new field in

heavy flavour physics precision measurements and many searches yet

performed.

• Transitions governed                    tree and                   penguin amplitudes of  similar size

• Large relative CKM weak phase =Arg(V*tbVtd/V*ubVud) in SM

➔ Potential non negligible CPV effects in the SM 

Search for CPV in b-baryon decay Λ0
b → pπ-π+π-

https://indico.cern.ch/event/856075/attachments/1925647/3197319/CERN_seminar_CPV_baryons.pdf
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• CPV can be measured by comparing yields between baryon and antibaryon decays (i.e.

direct CP violation): but highly diluted by experimental effect (i.e. b-hadron production

and charged particles reconstruction asymmetries).

• Rather use integrated and triple-product asymmetry (TPA) measurements :

Λb → p π-
fastπ

+π-
slow

:

TPA

Search for CPV in b-baryon decay Λ0
b → pπ-π+π-
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With Run 1 (3 fb-1) [Nature Physics 13, 391-396 (2017)]

• Integrated results compatible with CP (@ 3.3) & P (2.2) conservation

• Largely insensitive to production & decay asymmetries

• Low systematic uncertainties <1%

• Already triggered some theorists (e.g.: JHEP 10 (2016) 005, Nature Phys. 13 (2017) 322, PoS

ICHEP (2016) 531, Phys.Rev. D95 (2017) 09300).

*

First indication of CPV in b-baryon decay Λ0
b → pπ-π+π-

https://arxiv.org/abs/1609.05216
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New search for CPV in b-baryon decay Λ0
b → pπ-π+π-

with 2011-2017 datset

❑ 6.6 fb-1 data analysed (Run2) ➔ signal yield = x4 signal yield Run1

❑ Applied 2 different methods to search for CPV:

• Triple Product Asymmetries (TPA), new optimization

• Energy Test [(test statistics), thermodynamics independent model like, or statistical two-sample   

comparison technique (Energy=0 if similar samples)] applied here for the first time

❑ Improved understanding of decay dynamics: 

• Simplified 0
b → pπ-π+π- amplitude model including main contributions N*+ π- (p a1(1260)-) with 

m(pπ+π-
slow) < (>) 2.8 GeV/c² (plus other  and also : *(1234)++(→pπ+)π- & a1 →  rπ) ➔ identified 

interesting  regions for CPV-odd and separate it to avoid dilution    ➔ 2 new binning schemes
• 0

b → +
c(pK-π+)π- validiation control sample (i.e. no CPV expected)

[LHCb-PAPER-2019-028]

https://arxiv.org/abs/1612.04705
https://cds.cern.ch/record/2698326
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New results for CPV in b-baryon decay Λ0
b → pπ-π+π-

[LHCb-PAPER-2019-028]

Scheme A: based on helicity angles Scheme B: on 𝚽 angle intervals

N*+ region N*+ region 

a1
- region a1

- region

TPA method (systematic negligible wrt to statistical uncertainties)

• Integrated TPA measurements :

• Both TPA and Energy Test methods (i.e. search for non-null asymmetries): 

• suggest CP conservation at 2.8-2.9 

• first observation  of P violation in b-baryon decay at the level of 5.5  !

https://cds.cern.ch/record/2698326
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Test of Lepton Universality with Λ0
b → pK-l+l-
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Rare b-hadron decays & b → sll anomalies 

FCNC (|F|=1, forbidden at Tree level)  sensitive

to indirect effects of “New Physics” (NP or BSM) in loops/penguin diagrams :

➔ Quantum corrections due to  virtual effects (E.t~ℏ)  deviations wrt SM predictions  

precise measurements and precise calculations.

➔ Open gates to yet inaccessible energy scales at accelerators :  NP> 0.5-2104 TeV

 Accessing  new couplings/phases in loops/boxes : CPV &/or rare decays

 Many observables: asymmetries ( AFB, direct, time dep:  C, S, …), angular/amplitude analyses (transversity/helicity), 

structure of currents (V-A), polarization (RH γ ?), Lepton Universality,  BFs > or < SM pred. ?

VS.

SM b →sl+l-

BSM b →sl+l-

or lepto-quarks ?
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Rare b-hadron decays & b → sll anomalies 

b→sll decay rates 

systematically below 

the SM predictions 

b→sll angular analysis

Local tension with SM predictions 

(2.8 and 3.0𝜎) 
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Intriguing deviations in rare b → sll decays :

Lepton Flavour Violations ?  

NP or not NP ?
Lepton Universality (LU) tests vs q²(ll) :  SM  UNITY (i.e.1-few%)

PRL 122 (2019) 191801 JHEP 08 (2018) 055

• LHCb deviations @ 2-2.5  (RK* with Run1 only data and RK with Run1 + 2016)

• Crucial to add more data and measure LU in other modes and b-hadron decays

• Also some tensions in b->cl in B →D(*) wrt B →D(*)/e

(i.e. 3rd vs 1rst & 2nd family)

(i.e. 2nd vs 1rst lepton families)

https://arxiv.org/pdf/1705.05802.pdf
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Method for Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

1) In the SM:

2) Experimentally:

From mass fit From MC simu.

+ calibration samples

3) Exploit the well test LU  in J/ modes:

● as stringent cross-check

● to build double ratio → cancel systematic effects

First test of LU with b-baryons, using Λ0
b → pK-μ+μ- and Λ0

b → pK-e+e- decays

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

Note : use of inverse definition due to

expected small yields in rare electron

mode (better LLH numerical behavior)

● RpK is expected to be unity in the SM [Fuentes-Martin et al.]

● Complementary to RK(*) due to fractional baryon spin

 Side-products:

● Λb→ pK-e+e- never observed before → first observation

● BF(Λb→ pK- μ+μ-) never measured before → first measurement

https://cds.cern.ch/record/2704709
https://arxiv.org/abs/1909.02519
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

➔ Simulation describes hadronic pK- structure (pentaquarks)

➔ Selection adapted form Λ0
b → l+l- angular analysis [JHEP 09 (2018) 146]

& RK* LU Test [JHEP 08 (2017) 055]

 LU test performed in the region (J/  [6,11] GeV²/c4):

● 100 MeV²/c4 < q² < 6 GeV²/c4

● m(pK) < 2.6 GeV/c²

➔ Bremsstrahlung  effects  in the ee channel (even with  corrections)

➔ Special electron/muon Hardware trigger

J/

(2S)

https://cds.cern.ch/record/2704709
https://arxiv.org/abs/1808.00264
https://arxiv.org/pdf/1705.05802.pdf
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

Constrain m(ee/μμ) to known J/ψ mass 

→ better mass resolution for m(Λ0
b )

Resonant modes q² [6,11] GeV²/c4 (pKJ/ψ): mass fit 

e+e-μ+μ-

Efficiency cross-check: single ratio rJ/ψ known to be LU

• including stat. and syst.

• Compatible with 1 (validated to be flat in kine & topo

vars: PT(Λ
0,lmax), m(pK), ll) 

• Also checked with (2S)

r-1
J/=0.96±0.05

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

Non-resonant modes: mass fit Mass constraint not possible → larger 

mass ranges, degradation for electrons

In 0.1 < q² < 6 GeV²/c4 and m(pK-) < 2.6 GeV/c²:

● First measurement of Λ0
b → pK-μ+μ- branching fraction 

● Then derive first observation of Λ0
b → pK-e+e- decay mode (significance >7σ)

uncertainty dominated by knowledge of Λb hadronization fraction at LHC

e+e-

μ+μ-

https://cds.cern.ch/record/2704709
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Result for test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

In 0.1 < q² < 6 GeV²/c4 and m(pK-)<2.6 GeV/c²:

● first test of LU in b-baryons (stat. dominates ~15% & 

main  syst. from fit model, MC corrections, norm. mode):

● inverting likelihood profile:

stat

stat+syst

Test of LU: RKp compatible

with unity @1 & previous RK(*)

measurements (i.e. <1)

- So far, the puzzle remains and all the Test 

of LU favours lower than 1 Rh values 

- Need to add more data (add 2017+2018 part of 

Run2 (i.e. x2) + Run 3 after 2021):

● to study m(pK-) spectrum

● to split q² ranges for higher sensitivity

https://cds.cern.ch/record/2704709


V. Tisserand, LHCb, LPC Clermont FD 31

Search for the very rare decay K0
s → +-
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Introducing the very rare decay K0
s → +-

• Strongly suppressed Flavour-changing Neutral Current (FCNC) transition

the cousin of B0
(s) → +-

• Dominated by long distance contributions through K0 →.

• BF(K0
L → +-)= (6.84± 0.11)x10-9, in agreement with the SM.

• Allows to set model-independent bounds on the CP-violating phase of the s → dll amplitude.

• SM prediction: BF(K0
s → +-) = (5.18 ± 1.50LD ± 0.02SD)10-12 

[JHEP 05 (2018) 024], [JHEP 01(2004) 009], [NPB 366 (1991) 189].

Some constraints already in-place for many 

BSM scenarios (possible large virtual effects 

in loop/boxes) : leptoquarks [JHEP 02 (2018) 101], 

SUSY [JHEP 04 (2018) 019] [JHEP 05 (2018) 024] and 

extensions of the SM [PRL 119:201802].

➔ Still room, with the present constraints 

Nothing since the 70s !!

[LHCb-PAPER-2019-038]

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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Measuring the BF of the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

• Use huge 2016-2018 Run 2 LHCb Ks dataset (5.6 fb-1 @ 13 TeV & K0
s x-sec~ 0.6 barn !!

[JHEP 05 (019) 048])

• New reconstruction and triggering since Run 1 :

✓ New muons tracks implemented at HLT1 software trigger (use relatively low occupancy 

in muon chamber for -ID online) : down to PT= 80 MeV/c & re-optimization of HLT1,2

➔ gain about 1 order of magnitude on K0
s → +- rate wrt Run1

Use K0
s → π+π- as control/normalization sample 

• Similar - selection to that of K0
s → +-

• Only trigger and particle identification requirements  

are different.

• BF from ratio (most of the systematic effects cancel):

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
https://doi.org/10.1007/JHEP05(2019)048
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Results for the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

4 among the 20 fitting bins

(10 MVA x 2trigger types)

with highest S/B ratio 

result obtained from the posterior probability of the 

branching fraction in the fit (Run2 data only):

Combining with Run1:

➔ 18-40 times the SM predictions

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
https://arxiv.org/abs/1209.4029
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Conclusions & outlook

V. Tisserand, LHCb, LPC Clermont FD

LHCb exploits an unprecedented dataset of b-,c-,s-hadrons, of any kinds, to

challenge the Standard Model of Particle Physics :

❑ CKM and CP violation physics:

• New exclusive methode to measure|Vcb| from B0
s → Ds

(*)- +

(LHCb-PAPER-2019-041, arXiv:2001:03225 & sub. to Phys. Rev. D)

• Search for CP & observation of P violation in Λ0
b → pπ-π+π-

(LHCb-PAPER-2019-028, arXiv:1912.10741 & sub. to Phys. Rev. Lett.)

❑ Rare decays for test of beyond the SM studies:

• Many intriguing indication of deviations in decays

➔ perform Test of Lepton Universality in Λ0
b→pK-l+l-

(LHCb-PAPER-2019-040, arXiv:1912.08139 & sub. to JHEP)

• Search for the very rare K0
s→+- decay: more than 3 orders of magnitude

gained on the upper limit (i.e. SM x 20-40) since the beginning of LHCb
(LHCb-PAPER-2019-038, to be sub. to Phys. Rev. Lett.)

Yet the statistics is a still a key issue. Many more to come with first phase

of LHCb upgradre of LHCb Run3-Run4 (2021-2030):  50 fb-1 and second

phase of LHCb upgrade after (2030-2038):  300 fb-1

 towards ultimate test of flavour physics on many subjects.

https://cds.cern.ch/record/2706102
https://arxiv.org/abs/2001.03225
https://cds.cern.ch/record/2698326
http://arxiv.org/abs/1912.10741
https://cds.cern.ch/record/2704709
http://arxiv.org/abs/1912.08139
http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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BACKUPs
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Measuring |Vcb|and FF in B0
s → Ds

(*)- +
[LHCb-PAPER-2019-038]

Run 1 data only

Data sample, selection:

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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Measuring |Vcb|and FF in B0
s → Ds

(*)- +
[LHCb-PAPER-2019-038]

Run 1 data only

Analysis strategy:

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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Measuring |Vcb|and FF in B0
s → Ds

(*)- +
[LHCb-PAPER-2019-038]

Run 1 data only

Analysis strategy illustration:

recalculate 2D templates in

p⊥(D-
s +) – mcorr for each FF

parameter change

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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Run 1 data only

➔ first, fit reference channel, keeping 

total signal yields floating N(*)
ref

➔ for signal fit: express signal yields N(*)
sig

in terms of N(*)
ref

[LHCb-PAPER-2019-041]

Details:

Measuring |Vcb|& FF in B0
s → Ds

(*)- +

https://cds.cern.ch/record/2706102
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Measuring |Vcb|and FF in B0
s → Ds

(*)- +
[LHCb-PAPER-2019-038]

Run 1 data only

External inputs:

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts


V. Tisserand, LHCb, LPC Clermont FD 42

Measuring |Vcb|and FF in B0
s → Ds

(*)- +
[LHCb-PAPER-2019-038]

Run 1 data only

Systematics:

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts


V. Tisserand, LHCb, LPC Clermont FD 43

Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

(Look Elsewhere Effect)

https://cds.cern.ch/record/2698326
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Search for CPV in b-baryon decay Λb → pπππ

[LHCb-PAPER-2019-028]

https://cds.cern.ch/record/2698326
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

➔ Simulation describes hadronic pK- structure: phase-space in MC + PHOTOS final state QED 

radiation, rich structure in data. Correct MC following amplitude analysis of Λb → pKJ/ψ in 

data (Pentaquark discovery [PRL 115 (2015) 072001])

➔ Selection adapted form Λ0
b → l+l- angular analysis [HEP 09 (2018) 146] and RK* LU Test [JHEP 08 (2017) 

055]

• Preselection: p and pT requirements, acceptance, PID

• Mass vetoes: , Λc, D
0, γ→e+e-, B+→K+ll and p↔K swaps

• BDT against combinatorial background using kinematic information suppresses ~97% of the bckgd

while retaining ~85% of the signal

• Corrected mass cut against partially reconstructed backgrounds

in the region (J/  [6,11] GeV²/c4):

● 0.1 < q² < 6 GeV²/c4

● m(pK) < 2.6 GeV/c²

➔ Bremsstrahlung  effects 

in the ee channel (even with 

corrections)

➔ Special electron/muon

Hardware trigger

https://cds.cern.ch/record/2704709
http://arxiv.org/abs/1507.03414
https://arxiv.org/abs/1808.00264
https://arxiv.org/pdf/1705.05802.pdf
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

https://cds.cern.ch/record/2704709
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Test of Lepton Universality (LU) in Λ0
b → pK-l+l- [LHCb-PAPER-2019-040]

Run 1 + 2016 data 

https://cds.cern.ch/record/2704709
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BSM in K0
s → +-
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the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

• Main background from π→ mis-ID 

(including decay in flight)

• Veto inelastic interactions with the 

detector material VELO and RF foil

• Use a Boosted decision tree MVA 

discriminator
➔ Analysis done in 10 bins of the classier 

for each trigger category (20 bins in 

total, as 2 types of L0 triggers: trigger 

on signal TOS or on the rest on the 

event TIS).

• For bckgds description see back-up 

slides (K0
s → π+π- , K0

s → π-+, K0
L →

+- ()…)

• Main systematic uncertainties comes 

from the determination of the trigger 

efficiency:

Hardware trigger (L0): 11%

Software trigger (HLT): 13%

• Total systematic varies between 19% 

and 23%, depending on the trigger 

category and BDT bin.

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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the very rare decay K0
s → +-

[LHCb-PAPER-2019-038]

http://cdsweb.cern.ch/search?ln=en&p=LHCB-PAPER-2019-038*&f=&action_search=Search&c=LHCb+Publication+Drafts
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LHCb upgrade schedule towards 50/fb and 300/fb

in 12 and 20 years ! 
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LHCb upgrade schedule phase 1
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LHCb: Trigger/detector upgrade phase 1 for Run 3 

starting in 2021
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LHCb: upgrade Phase 2 (U2)
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Ideas for LHCb: 

upgrade Phase 2 (U2)

Fine grained calorimeter with timing (<50 ps)
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LHCb: upgrade Phase 2 (U2)

https://cds.cern.ch/record/2636441

