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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-ih)

-l Al21-l2/2

-Al2 1Al3(1-r-ih)

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

➔4 paramters (A, l, r & h) to be 

obtained/tested wrt data:  

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

physics.

➔ unitarity relation in  Bd system 

(1rst line/3rd column):



Already 10 years ago after the B factories 

BaBar@SLAC and Belle@KEK we knew that 
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➔ The CKM angle  is a fundamental 

parameter of the SM related to the complex 

phase in the KM mechanism responsible for 

CP violation in quark sector

’08

Kobayashi et 

Masakwa, Nobel prize

of physics 2008

The KM 

mechanism is

the main source 

of CPV at EW 

scale (i.e. @ 

mW/Z)

➔ So why do we still care about the CKM angle  ?

γ[combined@2008] = (70−29
+27

)°



=(85.4−3.9
+4.0)°

accuracy 4.6%WA (68.0−8.5
+8.0)°

prediction from global CKMfit:

CKMfitter=(69.7−2.8
+1.3)°

Very standard & 

accuracy ~12%
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5 years after:  the CKM angle γ after LHC run1  in 2013

➔Astonishing/impressive overall consistency:

▪

▪

▪

➔ Many DK like modes combined, observables are predictable! 
➔ M. Karbach (RIP) : “We understand what we're doing!”

PRD 87(2013)052015

arXiv:1301.2033 

B-factories:
PBF book

PLB 726(2013)151

LHCb-CONF-2013-006

LHCb was already competitive with only 2 years of data taking !

β=(21.9−0.7
+0.8)°

accuracy 3.4%
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Angle  is the least well known CKM constraint (although now only just 

(i.e. similar to )) and remains a unique CPV parameter:

▪ SM benchmark or standard candle - only CKM angle accessible at tree level

▪ Determination form tree B→DK decay theoretically extremely clean :
[arXiv:1308.5663]

Only one caveat: New physics at tree level  in Wilson coeff of interfering amplitudes C1 and C2 can cause sizeable (up 

to 5°) shifts in , however quite academic speculation, type of possible NP model very unclear and yet unmotivated 

[arXiv:1412.1446]

▪ Probes NP scales extremely far beyond direct searches in ((N)M)FV NP 

scenarios: 

➔ Use for “direct” vs “indirect” (i.e. “tree” vs “loop” processes) 

disagreement in global CKM fit consistency test :
• Tree level decays test the SM and are robust to New Physics (“standard candle for the SM KM

coherence tests”): ⊥ constraint to sin(2), need ideally precision of about ~1° and below

• Loops (B to charmless decays) test for physics beyond the SM but require a clean measurement

as input & precise understanding of theory assumptions (SU(3) breaking, U-spin…).

The theoretical usefulness of measuring 

accurately the CKM angle γ  in 2018 and beyond

[arXiv:1101.0134]
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CKM angle γ  in loops and trees 

I will come back later on it… 
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The early 2018 state of play

The current world average (HFLAV), LHCb combination and 

indirect determination (CKMfitter) on 

[arXiv:1309.2293]

1.5 shift / WA
Need to measure at < 1° accuracy

➔ test NP>17 TeV (model indep.)

LHCb dominates WA 

We entered yet the sub 5°(6%) 

precision era ➔ but still not enough!

CKMfitter=(65.6−3.4
+1.0)°LHCb=(75.8−5.7

+5.1)°WA=(73.5−5.1
+4.2)°

D(*)K(*) modes only

β=(22.1±0.7)°

accuracy 3.2%

=(86.4±4.4)°

accuracy 5.1%
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VcbB-

K(*)-

b c

D(*)0

Vub

B-

D(*)0b

u

K(*)-

 in  B-→D(*)0K(*)-
~

Same final state D0[D0/D0]

~





See Young’s 

double slit 

experiment
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Obtaining γ : use interference between b→cu ̅s and b→uc ̅s
Gronau, Wyler (91); Gronau, London (90)

Acbλ3

relative strong & weak phases 

Aubλ3 ei(
B
-γ)

Vub

b ub c

Vcb

➔ Take any spectator(s) you like. Color-allowed diagrams are also possible for 

certain spectators. For color-suppressed Vub decays: 

CPV asymmetry size depends upon the  critical parameter :

color/Cabibbo suppression 

if rB small  small experim. sensitivity to γ (precision as 1/rB)
PLB 557(2003)198

rB|A/A |~5-30%Atot=A+A

➔ Hadronic nuisance parameters can be determined from data directly of from external inputs 
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Experimental aspects of  measurements

➔ measuring γ at tree level is difficult (typical BFs <10-6 and less, reconst. 

&  selection efficiencies below % ):

▪ STATISTICS is THE NAME OF THE GAME  efficient detection/selection/ PID/ 

tracking/vertexing and even neutrals 

▪ combining many measurements/methods + inputs from charm factories (D 

parameters + mixing & CPV)

➔ Many methods/modes to combine for optimal & redundant 

determination of γ (and rigorous statistical treatment possibly matters !)

➔ various charmed modes in B0, B+, B0
s, 

0
b, B

+
c decays are useful to 

understand/confirm possible sensitivity to BSM physics and its nature

The LHCb experiment at LHC is designed 

to accomplish  all of the above !
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LHCb: Optimized for precision flavour measurements

B0
s, 

0
b, Bc

+, Ds
+,c

+, , , …
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LHCb: Optimized for precision flavour measurements
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LHCb: Optimized for precision flavour measurements
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LHCb: Optimized for precision flavour measurements

➔ L0 HW trigger to be removed during LHC LS2
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LHCb: Optimized for precision flavour measurements
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LHCb: so far accumulated statistics in LHC Run 1&2

• Instantaneous luminosity  was from 3.3 to 4.4 x 1032 cm-2.s-1

• the heavy-flavour cross-section is ~twice at 13 TeV compared to 7 TeV

• Most published results use part of LHC Run 1 (<2013) + Run 2 (>2014) data

• Total number of b-hadrons is Run 1+Run 2 is about 5 times that of  Run 1   
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LHCb: Optimized for precision flavour measurements

Very similar event display

as for B → DCP+ K events 
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Experimental aspects of  measurements

xD

xB

(LHCb Trigger upgrade after LHCb LS2)
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Measuring  : several methods and approaches 

depending on the D meson decays

Can’t be ignored/neglected  any more with improved sensitivity 

(especially for Dπ). Ways exist to account for it, when unfolding  γ 

from modified observables (was PRD-RC72(2005)031501; PRD 67(2003)071301; PLB 

649(2007)61; PRD82(2010)034033).  A lot of papers + HFAG: PRD89(2014)014021;  PRD 87 

(2013)074002; EPJC73(2013)2476;  PRD87(2013)034005;  PRL 110(2013)061802 …

➔ Largest effects due to:

• Charm mixing

• Charm CPV

➔ Different B-decays (DK, D*K, DK*...) different hadronic nuisance factors (rB, δB) 

for each

➔ Many more modes explored at LHCb and B-factories (see next slide)

➔Time-integrated “well known” methods that need a lot of B mesons

• GLW: DCP-eigenstate: many modes, but small asymmetry.

• ADS: DDoubly-Cabibbo suppressed decays (DCS) D0→K+π- OS to B- decays: large

asymmetry, but very few events.

• GGSZ: DDalitz: better than a mixture of ADS+GLW  large asymmetry in some regions,

but strong phases varying other the Dalitz plane (model dep. vs indep.)

• GLS (Grossman-Ligeti-Soffer): “Less well known” ADS variant DSingly-Cabibbo

suppressed decays (SCSD) both OS and SS decays comparable in size  4 amplitudes:
3-body KK0

Sπ dominated by coherent KK* PRD-RC 67(2003)071301

PLB253(1991)483; PLB265(1991)172

PRL78(1997)3257; PRD63(2001)036005

PRL78(1997)3257; PRD68(2003)054018
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Measuring  : some other methods/examples (non-

exhaustive list)

• Many-body B final states: 

• B+→ DK+π0, B+→ DK+π+π-,B0→ Dπ−K+, DKsπ

• Bs→ DK+K-

Aleksan, Petersen, Soffer (02), Gershon (08), Gershon, Williams (09), Gershon, Poluektov (09, 10), Gronau, London (91), Gronau et al. (04, 07), London, 

Nandi (12) 

• Use D∗0 in addition to D0
Bondar, Gershon (04)

• Use self tagging D0∗∗, D2∗− 
Sinha (04), Gershon (08)

• Use  DK*& also DK*0,2 Wang (11) 

• Other neutral B decays: 

• time dependent CPV (i.e. tagging & vertexing) : Bs (Bs)→ Ds
∓ K± or Ds

∓

K±   (sin(2βs+)) or Bd (Bd) → D(*)∓ r±/± (sin(2β+)) 

• time-integrated, self-tag: Bd → DK*0

Aleksan, Dunietz, Kayser(92), Kayser, London (00), Atwood, Soni (03), Fleischer(03), Gronau et al. (04) 

• Use beauty baryons: 0
b →DpK-

• Use other b-hadrons: B+
c →D+

sD & Bs→D(*)0
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Measuring  : what LHCb actually has published 

Latest update is LHCb-CONF-2018-002 (ICHEP18) last was for EPS 2017 

Most are Run1 based or partial Run2, many more to come soon. 

In Feb 2018 Joint BESIII-LHCb workshop in IHEP 

http://inspirehep.net/record/1674660
http://cds.cern.ch/record/2275866/files/LHCb-CONF-2017-004.pdf
https://indico.ihep.ac.cn/event/7249/
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Measuring  : the latest LHCb average 

Latest update is LHCb-CONF-2018-002 (ICHEP18) last was for EPS 2018 

In Feb 2018 Joint BESIII-LHCb workshop in IHEP 

http://inspirehep.net/record/1674660
http://cds.cern.ch/record/2275866/files/LHCb-CONF-2017-004.pdf
https://indico.ihep.ac.cn/event/7249/
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Measuring  : GLW D(*)K

One of the 2 Young’s slit (i.e. the b to c)

is 10 times larger than the 

other slit (i.e. the b to u) 

Acb

Aub

Acb

Aub
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Measuring  : ADS DK

One of the 2 Young’s slit (i.e. the b to c)

is 10 times larger than the 

other slit (i.e. the b to u) 

But there is an other screen with a smaller 

slit behind the large in the first screen to compensate

Doubly Cabibbo suppressed  D decay (DCS) 

Acb

Aub

DCS

CF
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Measuring  : ADS DK & GLW D(*)K

ADS textbook like [arXiv:1603.08993] -40% asymmetry! (only Run1) 

GLW DK and partial D*K [arXiv:1708.06370] (Run1& “Run2”) 

D*0 → D0 0

D*0 → D0 
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Measuring  : ADS/GLW DK*-

K*- in Ks
- and K0 is underway

(Run1& “Run2”) 
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Measuring  : ADS/GLW DK*-

Huge asymmetry in ADS 

(Run1& “Run2”) 
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Measuring  : ADS DK and GLW D(*)K

(ADS & GLW is 4-folds ambiguous) 
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The most precise measurement of  : 

GGSZ DK and D→Ks & KsKK

Model Independent Method (MIM)
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VcbB-

K(*)-

b c

D(*)0

Vub

B-

D(*)0b

u

K(*)-

 in  B-→D(*)0K(*)-
~

Same final state D0[D0/D0]

~
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How does this GGSZ MIM work ?
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Eagerly waiting for this to be combined/deployed !

We need BESIII for this and other D decays strong inputs 

This (CLEO-c) limits the systematics  on  GGSZ:  

4° (strong phase map) wrt to 2° (LHCb exp.) 

2° achievable, see arXiv:1712.07853 
(Craik, Gershon, Poluektov:  B0→DK+π−, D→K0Sπ+π− double Dalitz plot analysis)
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Following the B-mass fits perform the CP fit for

Extract yields in each bin of the Dalitz plot

CPV

(“Run2”) 

Asymmetry in bins 
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GGSZ MIM Run2 &1+2

68, 95% CL

Run1+2
stat+syst+Cleo-c strong phase
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Time dependent CPV measurements

Bs→ Ds
∓ K± & Bd → D∓±

➔ Sensitive to γ–2βs (Bs→DsK) or γ+2β (B0→Dπ), i.e. not Trees !!!!

Know β(s) independently → sensitivity to γ [or vice versa]

Vcb V*ub

Vcb V*ub
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Time dependent CPV measurements 

Bs→ Ds
∓ K± & Bd → D∓±

PROS & CONS

Bs→DsK (LHCb golden mode: 

vertexing/PID/trigger)

● Smaller yields
• background challenges

• control samples available

● Fast oscillations

● Non-zero ΔΓs
extra observables

● Large interference effects

B0→Dπ (challenging but 

excellent LHCb sensitivity)

● Huge yields
• little background

• control sample challenges

● Slow oscillations

● Negligible ΔΓd
fewer observables

● Small interference effects
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TD CPV Bs→ Ds
∓ K±

[arXiv:1712.07428]

(Run1) 
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TD CPV Bs→ Ds
∓ K±

5955±90 signal events
efficient flavour tagging

eff=(5.80±0.25)%

Ds
-K+ Ds

+K-

[arXiv:1712.07428]

3.8σ evidence for CP violation
2.3 compatibility wrt LHCb@2016 average

(Run1) 
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TD CPV Bd → D∓±

But rD is about 2% so C is very close to 1 !

So we have only 2 observables 
for three unknowns 

➔ need external input to measure γ+2β

Signal yield of 479 000 ± 700 !!!

Against 34 400 ± 300 bkgd

[arXiv:1805.03448]

(Run1) 

Flavour Tagging εeff = (5.59 ± 0.01)%

…and similar Eqs. for B̅⁰
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TD CPV Bd → D∓±
[arXiv:1805.03448]

(Run1) 

fit

no CPV

➔ rD from external inputs (PDG, LQCD, CKMfitter):

= (1.82 ± 0.12 ± 0.36)% (includes 20% SU(2) breaking)

➔ HFLAV β=(22.2±0.7)%, bings to CPV@2.7 :

correlations of 60% (−41%) for

statistical (systematic) uncertainties

 @68% CL
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3–body decay B0→ Dπ−K+
[arXiv:1602.03445]

(Run1) 

V*cb
V*ub

 

V*cb



➔1rst idea Gershon, Williams (2009):

use Dalitz structure of B decays

B0→ Dπ−K+ 
[Phys. Rev. D80 (2009) 092002]

➔Get multiple interfering resonances which increase sensitivity to  

D*0 (2400)-, D*2 (2460)-, K*(892)0, K*(1410)0, K*2 (1430)0

➔ Fit B decay Dalitz Plot for cartesian parameters 

(similar to GGSZ except for the B not the D)

• DCP+→ K+K-, π+π- - GLW-Dalitz (done by LHCb - [arXiv:1602.03455])  HERE !

• D→ K π - ADS-Dalitz (difficult due to backgrounds from B0
s →D(*)0K+π-)

• D→ K0
S π

+π- - GGSZ-Dalitz (double Dalitz!)
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3–body decay B0→ Dπ−K+
[arXiv:1602.03445]

(Run1) 

CPV ?

For the first time in the 
B0→ DK*(892)0 decay

• @68% CL

• no CPV  (0,0)

• yet weak constraint

• proof of feasibility
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The new LHCb combination
LHCb-CONF-2018-002
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The new LHCb combination
LHCb-CONF-2018-002
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Beauty baryon 0
b/0

b decays

to D0ph- final states

➔ Beauty baryon sector remains largely unexplored  this is LHCb game 

field 

➔ Decays such as Λb→D0Λ and Λb→D0pK- can be used to measure γ
Z. Phys.C56(1992)129; Mod. Phys. Lett. A 14(1999)63; PRD 65(2002)073029

1 fb-1

(2011)

➔ LHCb has studied beauty baryon decays to D0ph- and Λc
+h- final states, using 1 fb-1   of 

data:
• The Cabibbo favored final states D0→K-π+ and Λc

+→pK-π+ are used.  The Common pK-π+h 

final states is used to reduce systematic uncertainties. 

• Λb→D0pπ- seen with 3 383 ± 94 ! See also Amp. Analysis: [arXiv:1701.07873]

PRD 89(2014)03 (arXiv:1311.4823) 

Vcb

Vub
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1 fb-1

(2011)

PRD 89(2014)03 (arXiv:1311.4823) 

➔ Observation of (signif incl. syst.):

=(44±9±6)%

0
b→D0pK- @ 5.9σ :

=(7.3±0.8+0.5
-0.6)%

0
b→ D0pK- @ 9.0σ :

D0pK-

A lot of events already  high time to move to CP analyses

LHCb has almost 15 times this is hands (ADS underway)

Beauty baryon 0
b/0

b decays

to D0ph- final states
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γ measurements in B+
c decays ?

▪ Massive sample of B+
c produced in LHCb: ~30K B+

c→J/ψ𝜋+ with Run1+Run2

▪ Branching fraction of B+
c →J/ψ𝜋+ : (0.6−2.9)×10-3

PRD 49 (1994) 3399, PRD 68 (2003) 094020, PRD 89 (2014) 034008

▪ Able to access B+
c decays with Branching Fractions of 10-5−10-6

▪ B+
c →D+

(s) D
0 decays sensitive to γ with rDs~1 and rD~0.1

▪ The branching fractions are predicted to be:

[arXiv:1712.04702]

(Run1)

V*cb
V*ub
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Results of B+
c →D(s) 

(*)+D(*)0 searches [arXiv:1712.04702]

(Run1)

Ds
(*)+D(*), D→K Ds

(*)+D(*), D→K3

• Nothing observed and upper limits set on these decays

• Absolute Branching fraction upper limits at level of 10-4−10-3, consistent with 

expectations in previous slide

• Decays with D(s)* and D* are searched without reconstructing γ/0

D(*)+D(*), D→K Ds
(*)+D(*), D→K3
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Physics with/of B0
(s)→D0K+K- decays

✓ Time-Dependent Dalitz analyses can be used to access CKM angles γ and to obtain clean
(i.e. tree decays) determination of β(s) in B(s)-B(s) mixing (Phys. Rev D85 (2012) 114015)

✓ Rich phenomenology of Dalitz structures are interesting for exited Ds** charmed B-decays

spectroscopy studies

arXiv:1807.01891

First steps:

✓ Analysis already performed with early LHCb dataset (0.6/fb) : observation of B0 channel 

and only evidence for B0
s mode (Phys. Rev. Lett. 109 (2012) 131801)

✓ Updated measurements performed with 3/fb (Run1: 2011+2012) ➔ new analysis

▪ Improved  background treatment (e.g. : B0
(s) →D0K-π+ and Λb →D0pK-)

▪ control/norm. mode: B0→D0π+π-

Future developments in collaboration with UCAS/Tsinghua colleagues



1918 ± 74 B0 & NEW ➔ 473 ± 33 B0
s

Observed for the 1st time!
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invariant mass fit of B0
(s)→D0h+h- decays

B0→D0π+π- B0
(s)→D0K+K-

29 943 ± 243 

Bs

ratio of yields               =(24.7±1.7)%

arXiv:1807.01891
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Inspection of Dalitz plot

B0→D0K+K- (in [5240,5320] MeV/c²) B0
s→D0K+K- (in [5340,5400] MeV/c²)

non subtracted background Ds1(2536)

Ds2(2573)

Ds1,3(2860)

mixture

a0(980)/f0(980)

Ds2(2573)

Clean and narrow

(1020)

➔ Performed only with LHC Run1 : motivates amplitude analysis with additional LHCb data 

arXiv:1807.01891

Future developments in collaboration with UCAS/Tsinghua colleagues
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Studies of B0
(s)→D(*)0

✓ The (1020) is a narrow resonance and using the selected candidates in B0
(s)→D0K+K- of 

1807.01891 (Phys. Rev. D98 072006 (2018)) permits studies on B0
(s)→D(*)0

✓ Significant sensitivity to the CKM angle γ for B0
s →D(*)0 decays:  

(Phys. Lett. B253 (1991) 483 & LHCb-PUB-2010-005)

▪ Precision on CKM angle γ still limited (i.e. around 5°)  to indirectly constraint BSM physics

➔ alternate methods are very welcome 

▪ b → c and b → u interfering transition of about same size: rB30-50% (B0
s →D+

sK
- JHEP 03 (2018) 059)

▪ For the D*0 decay (VV) the reconstruction can be partial, if fL known, to almost double the 

B0
s dataset (i.e. omit γ/0 (Phys. Lett. B777 (2017) 16))

✓ as measured with LHCb 1/fb with a specific 

selection normalised to                                ( Phys. Lett. B727 (2013) 403)

✓ was still unobserved  

arXiv:1807.01892

Phys. Rev. D98 071103(R) (2018)



V*cb
V*ub



Before summer 2018:
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The →K+K- spectrum of B0
(s)→D(*)0K+K-

✓ Using selected B0
(s) candidates (see slide on invariant mass fit) in the window 

mDKK [5000, 6000] GeV/c² obtain the following mKK spectrum:

✓ Fit signal with relativistic Breit-Wigner PDF and background with threshold PDF proportional to                                                         

, where p & q are the momentum of the K in the KK  rest

frame and D in DKK rest frame and 

✓ Fit used to obtain sPlot-projected  mass spectrum                           (correlations with mKK less than 6%)

427 ± 30  signal candidates

1152 ± 41 K+K- background 

arXiv:1807.01892

Phys. Rev. D98 

071103(R) (2018)
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The projected mass spectrum of B0
(s)→D(*)0

Invariant mass fit:

✓ Shape of B0 and B0
s decaying to D0 modelled by Gaussian functions (mass difference fixed to PDG2018).

✓ Shape of  B0
s decaying to D*0 determined from simulation : sum of 2 PDFs with fully

longitudinal/transverse polarisation (fL=1 or 0) and relative branching fraction D*0 to D0γ/D00 

fixed to PDG2018 value.

✓ Remaining combinatorial background modelled by straight line.

arXiv:1807.01892

Phys. Rev. D98 

071103(R) (2018)
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Fit results for B0
(s)→D(*)0

Observation of B0
s→D*0 with more than 7 standard deviations !

The whole procedure was repeated with various mKK background fit parameters obtained from various 

regions to evaluate possible biases due to K+K- S-Waves under the  resonance. 

arXiv:1807.01892

Phys. Rev. D98 

071103(R) (2018)
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Measuring  in B0
s→D(*)0 decays

Based on Phys. Lett. B253 (1991) 483 & LHCb-PUB-2010-005 one can define in a time 

integrated manner with D Cabibbo-favoured (CF) or doubly-Cabibbo suppressed 

decays (DCS) decays merged the observables (normalised rates):

D → Kπ, K3π, Kππ0 flavour specific D → KK & ππ CP+ eigenstates

or D →Ksππ KsKK with lower rates and more

challenging

➔ Precision Counting Bs →D(*)0 signal rates in

those modes allows to access to  and

(r(*)
Bs, (*)

Bs) parameters : 8x3 observables

and 3 unknowns

➔ with external inputs on strong D decays +

Bs decay time & mixing parameters

y=s/2s & βs
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Measuring  in B0
s→D(*)0 decays

Based on Phys. Lett. B253 (1991) 483 & LHCb-PUB-2010-005 one can define in a time 

integrated manner with D Cabibbo-favoured (CF) or doubly-Cabibbo suppressed 

decays (DCS) decays merged the observables (normalised rates):

➔ Efficiencies must accounts decay time acceptance 
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Sensitivity to  in B0
s→D(*)0 decays

An educated but rough estimate of LHCb Run1+Run2 data number of quasi pure Bs →D(*)0

candidates (with only B to D* events with fL=1,  for a defined CP eigen-state):

VERY PRELIMINARY:

Expect a statistical sensitivity to 

the angle  at the level of <10-15°

Detailled sensitivity study underway 

with UCAS/Tsinghua LHCb colleagues, 

using CKMfitter package

604 228 80 23 60

350 132 46 14 35

191 72 25 7 19
p
-v

a
lu

e

-180° 180°0



120°60°-60°-120°

±12°

An example of Toy

experiment
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LHCb upgrade schedule towards 50/fb and 300/fb

in 12 and 20 years ! 
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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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Looking forwards : LHCb upgrade 

& gains on  precision
Physics case for an LHCb Upgrade II

arXiv:1808.08865

Exciting times - measurements of 

are reaching a high precision era:

• We look forward to collaboration

and competition from Belle-II

• With 50 ab-1 at Belle-II and a

possible 300 fb-1 sample at LHCb:

()<0.35° to tackle BSM physics in

CKM global fit well above a few 10

TeVs

• New ideas can help us go even

further (some of them shown in this

seminar)

• Will require new charm inputs

from BES-III, LHCb and Belle-II
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Prospects for CKM fit : LHCb upgrade Physics case for an LHCb Upgrade II

arXiv:1808.08865

2024

2037

LHCb “alone”

or better

2.0%
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Facing other experiments Physics case for an LHCb Upgrade II

arXiv:1808.08865
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Conclusions

CKMfitter=(65.6−3.4
+1.0)°

LHCb=(74.0−5.8
+5.0)°

1.7

shift
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Measuring  : ADS DK
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Measuring  : GLW D(*)K
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Measuring  : GLW D(*)K
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Measuring  : GLW D(*)K

F+=0 in Eq (1) & (2) for KK and 
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How does this GGSZ Model Indep. Method works ?
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How does this GGSZ Model Indep. Method works ?
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How does this GGSZ Model Indep. Method works ?
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GGSZ Model Indep. Method Run1/2
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Dalitz structure of other multibody D modes
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TDCPV Bs→ Ds
∓ K±
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Tagging Bs→ Ds
∓ K±
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Tagging Bd → D∓±
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Decay time resolution and acceptance Bs→ Ds
∓ K±
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Systematics Bs→ Ds
∓ K±
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Constraint on : Bs→ Ds
∓ K±
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3–body decay B0→ Dπ−K+
[arXiv:1602.03445]

(Run1) 



✓ D0 reconstructed in K+π- decay

✓ Kinematic and topological discriminating variables

✓ Charmless B decays rejected by requiring the D meson vertex to be downstream of the B 

meson vertex

✓ Veto of B0→D*(2010)-π+, D*(2010)- →D0π-

✓ Combinatorial background rejected with robust MVA Fisher discriminant optimised on data 

with B0→D0π+π- using sPlot technique

✓ Selections for B0
(s)→D0K+K- signal and B0→D0π+π- normalisation modes differ only on the 

PID of the h+h- pair (use of RICHs)

✓ One candidate/event only

V. Tisserand, LHCb, LPC Clermont FD 88

Selection of B0
(s)→D0K+K- decays

arXiv:1807.01891
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invariant mass fit of B0
(s)→D0h+h- decays

✓ Signals modelled with 2 Crystal Ball functions (tails params. fixed from simulation)  and 

mass difference between B0 and B0
s for DK+K- fixed to PDG2018 value (87.35 MeV/c²) 

✓ Surviving combinatorial background modelled with exponential function

✓ Mis-identified and partially reconstructed b-hadron decays modelled from simulation with 

corrections to match data 
✓ Specific treatment of Λb →D0pπ-, Λb →D0pK- and Ξb →D0pK- backgrounds constrained from 

data

Likelihood function:

• B0→D0π+π- (7 background components):

• B0
(s)→D0K+K- (2 signal + 9 background components):

1/4

arXiv:1807.01891

v is the sum of the yields and n the number of observed candidates
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invariant mass fit of B0
(s)→D0h+h- decays3/4

Fit output details B0→D0π+π-

arXiv:1807.01891
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invariant mass fit of B0
(s)→D0h+h- decays4/4

Fit output details B0
(s)→D0K+K-

arXiv:1807.01891
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Ratios of branching fractions & efficiencies

✓ Compute ratios of branching fractions:

✓ from PDG2018 (including Phys. Rev. D 92 (2015) 032002)

✓ from LHCb (JHEP 04 (2003) 001 & LHCb-CONF-2013-011)

✓ Efficiencies account for acceptance/reconstruction, hardware L0 /software HLT1/2 

triggering, PID and selections (including Fisher discriminant). 

▪ Mostly computed with simulation, but PID/tracking simulation corrected with data 

control samples. 

▪ Hardware L0 trigger part determined from calibration data samples.  

▪ Global efficiency corrected for phase-space effects in B0
(s)→D0h+h- multi-body 

decays on event-by-event basis using sPlot technique (i.e. sWeights).

arXiv:1807.01891
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Systematic uncertainties 

✓ Many sources of systematic uncertainty cancel in the ratios of branching fractions

✓ Other non-vanishing sources:

▪ Hardware L0 trigger (signal specific part).

▪ PID difference in the h+h- selection for B0
(s)→D0K+K- signal and B0→D0π+π- normalisation 

mode.

▪ Signal and background modelling in the invariant mass fit.

Where:

[%]

arXiv:1807.01891
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Results 3/fb

stat.        syst.

stat.        syst.        normalis.

(was                                                        with 0.6/fb *) 

* Phys. Rev. Lett. 109 (2012) 131801

stat.        syst.

stat.        syst.        normalis.

(was                                                       with 0.6/fb *) 
Observed !

arXiv:1807.01891



V. Tisserand, LHCb, LPC Clermont FD 95

Branching fractions of B0
(s)→D(*)0

✓ Efficiencies computed as for 1807.01891.

✓ Various sources of systematic uncertainties considered [%]:

***

***See: Phys. Rev. D 86 (2012) 014027

*

**

* **PDG2018 JHEP 04 (2003) 001 & LHCb-CONF-2013-011

arXiv:1807.01892
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Results for Branching fractions of B0
s→D(*)0

stat.        syst.

stat.       syst.      normalis.

Compatible and twice as accurate as Phys. Lett. B727 (2013) 403 

Observation with more

than 7 standard deviations !

stat.        syst.

✓ fL<90%, compatible with colour-suppressed  VV open charm B0-decays (e.g. BaBar: Phys. Rev D 84 

(2011) 112007 or Belle: Phys. Rev. D 92 (2015) 012013 )

✓ About the same number of fully longitudinally  polarised Bs →D* wrt Bs →D : 1.23x0.73=0.9

➔ Yet another mode for CKM angle γ ! 

Fraction of longitudinal polarisation:

stat.        syst.

stat.        syst.

stat.       syst.      normalis.

arXiv:1807.01892
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Search for the B0→D0 decay

➔ Occurs through W-exchange diagram + Okubo-Zweig-Iizuka (OZI) suppression or

through - mixing

➔ Yet non-significant B0→D0 signal (~2), interpreted as: 

stat.     syst. stat.     syst.      normalis.

➔ Upper limits set on both branching fraction and mixing angle (i.e. ideally mixed states*) 

assuming that the contribution from -ɸ mixing dominates (@ 90% (95%) of CL):

*

Adapted prediction from Phys. Lett. B 666 (2008) 185 + BaBar

Phys. Rev. D 84 (2011) 112007:

arXiv:1807.01892

Factor 6 better improvement wrt BaBar

(Phys. Rev. D76 (2007) 051103)


