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The LHCb-Detector
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Ring Imaging Cherenkov (RICH) detectors

Particle Identification efficiencies:

K ~95% for ~5% πK mis-id

Dipole-Magnet, Tracking stations, Muon stations

Momentum resolution

Δp/p = (0.4 - 0.6)% at (5 – 100) GeV/c 

calorimeter systemVELO: 

Impact parameter (IP) 

resolution 20 µm 

(high pT tracks)
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• least-well determined CKM angle

• direct Measurements

• BaBar

[Phys. Rev. D 87, 052015 (2013)]

• Belle

(arXiv:1301.2033)

CKM fitter, summer ‘12
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• least-well determined CKM angle

• direct Measurements

• BaBar

[Phys. Rev. D 87, 052015 (2013)]

• Belle

(arXiv:1301.2033)

• Standard Model (SM) fit

• full constraint (CKM fitter , summer ‘12)

• dicovery potential for new physics (NP) in comparison of:

• direct measurement and SM fits

• tree-level (SM) and loop (SM+NP) γ measurements

CKM fitter, summer ‘12
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Time-Independent: charged B decays

• method of use depends on D final 

state f

• f = CP eigenstates (e.g. KK, ππ): Gronau, 

London, Wyler (GLW)  no phase difference δD

• f = quasi-flavour-specific states (e.g. Kπ, Kπππ): Atwood, 

Dunietz, Soni (ADS)  decay suppression levels (large 

asymmetries)

• f = self-conjugate multi-body-state (e.g. Ksππ, KsKK): Giri, 

Grossman, Soffer, Zupan (GGSZ)  only Cabbibo allowed

decays

Time-Dependent: neutral B decays

• neutral B oscillations

• e.g. BsDsK, BsDsKππ

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 8
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(Tree-level) γ at LHCb

This Talk: Tree level B(s)D(s)K transition
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Time-Indepedent extraction of γ

• single GLW / ADS measurement not yet sensitive enough

 combine observables with GGSZ to increase precision on γ
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[Phys.Rev.D80:031105,2009]

Account for possible CPV & mixing in the

charm system (not covered here)

• single GLW / ADS measurement not yet sensitive enough

 combine observables with GGSZ to increase precision on γ

• inputs for the γ combination
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Time-Indepedent extraction of γ
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[Phys.Rev.D80:031105,2009]

Account for possible CPV & mixing in the

charm system (not covered here)

38 observables depend on CP parameters

• single GLW / ADS measurement not yet sensitive enough

 combine observables with GGSZ to increase precision on γ

• inputs for the γ combination
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Time-Indepedent extraction of γ
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[Phys.Rev.D80:031105,2009]

• single GLW / ADS measurement not yet sensitive enough

 combine observables with GGSZ to increase precision on γ

• inputs for the γ combination

• ADS (two & four body) / GLW results based on 1 fb-1 data taken in 

2011 at 𝑠 = 7 TeV

• GGSZ results based on 2 fb-1 data taken in 2012 at 𝑠 = 8 TeV
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• with bachelor h = K or π

• D final states: KK, Kπ, ππ

• first observation of

• B[πK]DK

• B[πKππ]DK

ADS suppressed modes

 combined 2-body GLW / ADS: 

5.8σ significance of direct CP 

violation (first observation)

ADS/GLW in BDh

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 13

Phys. Lett. B 712 (2012) 203,

arXiv: 1203.3662

arXiv:1303.4646
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• D final state: Ksππ, KsKK

• B+
[Kshh]DK+ amplitude

• is a point in the DKshh Dalitz space

 binned Dalitz plot analysis

GGSZ in BDK 

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 14

LHCb-CONF-2013-004

2 fb-1, 8 TeV, 2012
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• D final state: Ksππ, KsKK

• B+
[Kshh]DK+ amplitude

• is a point in the DKshh Dalitz space

 binned Dalitz plot analysis

 (3 fb-1)

 world‘s most precise single

measurement

• crucial input for the γ combination

GGSZ in BDK 

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 15

LHCb-CONF-2013-004

2 fb-1, 8 TeV, 2012
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• combine Observables using a frequentist approach

• more precise than simple averaging (different measurements

sensitive to same parameters)

• inputs for the γ combination

Gamma Combination from BDK
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• combine Observables using a frequentist approach

• more precise than simple averaging (different measurements

sensitive to same parameters)

• inputs for the γ combination

Gamma Combination from BDK
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LHCb measurements sensitive to γ

External inputs
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Gamma Combination from BDK
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LHCb-CONF-2013-006, prel.

LHCb-PAPER-2013-020, in prep.

γ from BDK  ADS(1 fb-1)/GLW(1 fb-1)/GGSZ(3 fb-1) combined:

world‘s most precise
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• BsDsK exclusive to LHCb (time 

resolution, PID, Bs yields)

• interfering amplitudes of the same order

of magnitude in the Wolfenstein

parameter λ

•  large interference expected

• time-dependent measurement using

tagged & untagged events

Time-dependent BsDsK

Maximilian Schlupp, LHCP 2013, Barcelona 192013-05-14
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Time-dependent BsDsK

• time acceptance & time resolution crucial for time-dependent Bs

measurements

• time acceptance: 

• shape from simulations

• parameter from fit to a Dsπ data sample (unbinned maximum

likelihood)

• scale parameter with factor accounting for the differences between DsK

and Dsπ simulations

• decay time resolution:

• triple Gaussian function is fit 

to signal MC (unbinned

maximum likelihood)

• effective decay time 

resolution ~50 fs in data

Maximilian Schlupp, LHCP 2013, Barcelona 202013-05-14

[LHCb-CONF-2012-029]
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Time-dependent BsDsK

• combined weighted unbinned

maximum likelihood fit of the decay

rates to the time distribution

• important step towards extraction of γ

in BsDsK

Maximilian Schlupp, LHCP 2013, Barcelona 212013-05-14

stat. syst.

[LHCb-CONF-2012-029]

1 fb-1, 7 TeV, 2011

very first measurement of CP 

observables in BsDsK



Name Autor | Ort und Datum

Summary & Outlook

• time-independent measurements of CP oberservables using GLW, 

ADS, GGSZ

• combination of the tree-level BDK analyses

• world‘s most precise measurement & combination of γ

GGSZ:                                 combination:   

• First time-dependent measurement of CP observables in BsDsK

• important step towards extraction of γ

• more to come in the next years:

• update analyses to full dataset (3 times the statistics)

• until 2018: collect up to ~10 fb-1 

• γ from loop induced processes

• prospects for the LHCb upgrade (2018+, ~50 fb-1) [arXiv:1208.3355]

• γ combined: 

Maximilian Schlupp, LHCP 2013, Barcelona 222013-05-14
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Conclusion

LHCb is on it‘s way to a precision

measurement of γ
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Gamma Combination from BDK
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LHCb-CONF-2013-006, prel.

LHCb-PAPER-2013-020, in prep.
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Gamma Combination from BDK
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GGSZ, 3 fb-1

ADS/GLW, 1 fb-1

LHCb-CONF-2013-006, prel.

LHCb-PAPER-2013-020, in prep.
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Gamma Combination from BDK
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LHCb-CONF-2013-006, prel.

LHCb-PAPER-2013-020, in prep.
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• Observables‘ relations to

parameter

ADS/GLW in BDh

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 28
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• Results on the observables

• Provide crucial input for the

combination

ADS/GLW in BDh

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 29

Phys. Lett. B 712 (2012) 203,

arXiv: 1203.3662

stat. syst.
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• Decay width of the B mesons per Dalitz plot bin (±i)

• with the CP Observables 

, 

• the efficiency-corrected yield per bin (±i),

• normalized cosine, sine of the strong-phase difference averaged in 

each bin,  

• a normalisation factor

GGSZ in BDh

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 30

External input: 

CLEO-c, Phys. Rev. D82 (2010) 112006

arXiv:1010.2817

LHCb-CONF-2013-004

2 fb-1, 8 TeV, 2012



Name Autor | Ort und Datum

• Statistical procedure

• Define Likelihood

Gamma Combination from BDK

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 31

Set of observables per measurement i 

Set of parameter per measurement i

Truth relation between parameter and observable

Multivariate Gaussian taking possible correlations into account

(or experimental likelihood, if approximation is not valid)
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• Statistical procedure

• to evaluate the confidence level for the parameter of interest (e.g.    ) 

use

• say is the parameter-set minimizing

• and minimizes with fixing

• For each value of get p-Value:

• calculate given

• generate Ntoy toy experiments with

• calculate but given



Gamma Combination from BDK
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• As one example

with 

Time-dependent BsDsK

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 33

Conventions:

• strong phase difference

• weak Bs CPV mixing phase; small

effect [e.g. in BsJ/Ψϕ; LHCb-CONF-2012-002]

• weak CPV decay phase


