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Why measure g

Indirect measurement
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Direct measurement

• Extrapolate g from measurement 

of a and b
• Measured using loop-level decays: 

sensitivity to NP

• CKMFitter result: 

• Measure g directly using tree-

level decays

• Theoretically clean(dg/g<10-7) 
[JHEP 1401(2014)051]

• LHCb result: 

Disagreement = New Physics！

3



How to measure g directly

 Need a bu quark transition, so that Vub is in the amplitude

 Need interference, so that the squared amplitude is sensitive 

to phase of Vub

 Ideal decays: BDK
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 LHCb dominates current world averages of direct g measurements

 The focus of this talk:

 LHCb latest results

 The LHCb g combination and a look towards the future
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Current status of LHCb analyses
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GLW method[1,2]

Consider CP-even final states such as DK+K-,p+p-

Joint Workshop on Charm Hadron Decays @BESIII, BELLE, LHCb 2019

7



GLW method

 Use the yields of B+ and B- to construct observables related to g

 Asymmetry between flavours:

 Ratio of total yield w.r.t Cabibbo-favoured decay Kp

 Can also use Dp+p-p+p-: insert a factor of (2F+-1) before interference 

terms (F+=CP even content = 0.769+-0.023[1])
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ADS method[1,2]

 Consider  the Cabibbo-favoured decay D0
K-p+ and doubly-Cabibbo-

suppressed decay D0
K+p-

 Treat similarly to GLW, except the input D parameters rD and dD

 Can also use DK3p, with a coherence factor kK3p, and rK3p and dK3p averaged 

over phase space 
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ADS/GLW analysis of B0
DK*0

 New result using 5fb-1 of data (2011-2016)

 K*0 is reconstructed from K+p-, using sign of kaon to tag B0 flavor

 Coherence factor k=0.958+0.005
-0.046

[1] to account for non-resonant B0DK+p-

 Both B decays are colour suppressed  Larger interference terms
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GLW results: DK+K-,p+p-
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GLW results: Dp+p-p+p-

 First observation8.4s
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 2-body mode

 First observation5.8s
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13 ADS results: DKp(pp)

 4-body mode

 significance4.4s



Interpretation of results

 Multiple solutions for g and dB

 Combine the measurements

 50% decrease in  uncertainty compared to previous measurement
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GGSZ method[1]

 Divide the phase space of DKsh+h- decays into bins and measure 

the yields of B+ and B- in each

 Analysis is independent of modelling of D decay

 Sensitivity from phase-space distribution, not overall asymmetries  not 

impacted by production/detection asymmetries
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Asymmetry in Dalitz bins [JHEP 08 (2018) 176]

 2015+2016 data(2fb-1)

Overall CP asymmetry 

small ~1%

 But large in certain 

regions of phase-space
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Latest GGSZ results

 16 bins for B+ and B- means 32 

observables to measure 4 parameters

 Over-constrained system removes 

ambiguities present single-mode 

analyses(ADS/GLW)

 Statistical uncertainty dominates(~8o)

 Leading systematic

 Strong phase measurements from CLEO(~4o)

 Efficiency correction between signal and 

semi-leptonic control channels(~1.5o)

 Opening angle between (x+,y+) and (x-,y-) 

gives
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Most precise g measurement 

from a single analysis！



New BESIII strong phase inputs

 Measured using quantum-correlated DDbar meson pairs from 

Y(3770) decays

 Current CLEO inputs contribute ~3.9o uncertainty to g
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BESIII preliminary

• New BESIII results:
• On average,2.5(2.0)X more precise for ci(si) than CLEO

• Expect associated uncertainty on g to decrease by factor of 3



Time-dependent analyses of Bs decays

 LHCb has published time-dependent g measurements using (only 3 fb-1 run1 data)

 BsDsK

 B0Dp

 Measurements are based on

 Interference between mixing and decay amplitudes gives sensitivity to g+(-)2b(s)

 Input world-average of from 2bs HFLAV
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LHCb g combination [LHCb-CONF-2018-002]

 Best knowledge of g comes from 
combination of many measurements

 Maximum likelihood fit

 98 observables

 40 free parameters

 Most precise determination of g by a 
single experiment:
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Results across different D decays

 ADS/GLW: several narrow solutions

 GGSZ: single, wider solution

 Analysing different modes serves as a useful cross-check: results have

 different sources of systematic uncertainty, but should agree
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Results across different B decays

Joint Workshop on Charm Hadron Decays @BESIII, BELLE, LHCb 2019

22

 Results are dominated by B+ decays

 New physics could lead to different 

results in different B decays

 Different B modes agree at 2s level

 Different modes have different 

challenges and systematics:

 Important to check consistency 

between modes



Quantum correlated DD measurement

 y(3770) is a spin -1 states, therefore the amplitude of y(3770)DD:
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The coherence factor RF and the strong phase difference dD can be extracted



Other related measurements @ CLEO
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Future prospects for g @ LHCb
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[LHCb-PUB-2018-009]

ADS/GLW

ADS/GLW

& GGSZ

GGSZ

Full 

combination



Summary

 LHCb has made the World’s best single 
experiment determination of g

 LHCb will continue to play crucial role in 
determine g for the foreseeable future [LHCb-
TDR-12]

 s(g)~4o with 9 fb-1 data (collected by 2018)

 s(g)~1.5o with 23 fb-1 data (collected by 2023)

 s(g)~0.9o with 50 fb-1 data (collected by 2029)

 s(g)~0.35o with 300 fb-1 data (collected with 
proposed Upgrade II)

 Also need the update of the charm inputs 
(BESIII or HIPEA?)
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Thank you!



backup
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Measure g in Bs decay

 Largest uncertainty(~2s) in B 
decays

 BsDsK is the only measurement in 

Bs decay

 BsD(*)f can improve the Bs result
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