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CKM picture is now well verified

I Angle γ is the least well known CKM constraint (although now only just)
I SM benchmark - only CKM angle accessible at tree level

Current Status

Direct: γ = (73.5+4.3
−5.0)◦ Indirect: γ = (65.3+1.0

−2.5)◦ Pre-LHCb: γ = (73+22
−25)◦
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Measuring γ

I γ is the phase between V ∗ubVud and V ∗cbVcd
I Require interference between b → cW and b → uW to access it
I No dependence on CKM elements involving the top
I Can be measured using tree level B decays

I The “textbook” case is B± →
( )

D 0K±:
I Transitions themselves have different final states (D0 and D0)
I Interference occurs when D0 and D0 decay to the same final state f

Reconstruct the D0/D0 in a final state accessible to both to acheieve interference

Marseille, March 2015 T.M. Karbach / CERN / LHCb 35

first method to measure γ

“GLW” “ADS”

Gronau, London, Wyler (1991) Atwood, Dunietz, Soni (1997, 2001)

Depending on the final state f
D
 the method is called:

Phys. Rev. D63 (2001) 036005
Phys. Rev. Lett. 78 (1997) 3257

Phys. Lett. B253 (1991) 483
Phys. Lett. B265 (1991) 172

I The crucial feature of these (and similar) decays is that the D0 can be
reconstructed in several different final states [all have same weak phase γ]
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γ from theory

γ = arg
(
−VudV

∗
ub

VcdV
∗
cb

)
I γ is known very well
I Can be determined entirely from tree decays

I Unique property among all CP violation parameters
I Hadronic parameters can be determined from data

I Neglible theoretical uncertainty (Zupan and Brod 2013)

Theory uncertainty on γ

δγ/γ ≈ O(10−7) - [arXiv:1308.5663]

I γ can probe for new physics at extrememly high energy scales (Zupan)
I (N)MFV new physics scenarios: ∼ O(102) TeV
I gen. FV new physics scenarios: ∼ O(103) TeV

I NP contributions to C1,2 can cause sizeable shifts (O(4◦)) in γ
(Brod, Lenz et. al 2014) - [arXiv:1412.1446]
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γ from experiment

I γ is NOT known very well

I It is quite challenging to measure

I The decay rates are small

Branching ratio for suppressed γ mode

BR(B− → DK−,D → πK) ≈ 2× 10−7

I Small interference effect typically ∼ 10%

I Fully hadronic decays - hard to trigger on

I Many channels have a K 0
S or π0 in the final state - low efficiency at LHCb

I Many different decay channels, many observables and many hadronic unknowns make
it statistically challenging

I External inputs for some beauty and charm parameters are needed
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Measuring γ

Categorise decays sensitive to γ depending on the
( )

D 0 → f final state
Optimal sensitivity is only acheived when combining them all together

I GLW
I CP eigenstates e.g. D → KK , D → ππ
I [Phys. Lett. B253 (1991) 483]
I [Phys. Lett. B265 (1991) 172]

I ADS
I CF or DCS decays e.g. D → Kπ
I [Phys. Rev. D63 (2001) 036005]
I [Phys. Rev. Lett. 78 (1997) 3257]
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I GGSZ
I 3-body final states e.g. D → K0

Sππ
I [Phys. Rev. D68 (2003) 054018]

I TD (Time-dependent)
I Interference between mixing and decay e.g. B0

s → D−s K+ [ phase is (γ − 2βs)]
I Penguin free measurement of φs?

I Dalitz
I Look at 3-body B decays with D0 or D0 in the final state, e.g. B0 → D0K+π−
I [Phys. Rev. D79 (2009) 051301]
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http://www.sciencedirect.com/science/article/pii/037026939191756L
http://www.sciencedirect.com/science/article/pii/037026939190034N
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.036005
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.78.3257
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
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7/22

Overview

Today I will cover a small selection of recent results:

1. Model-independent measurement of γ with B+ → DK+, D → K 0
Shh decays -

[LHCb-PAPER-2018-017]

I GGSZ analysis update with Run 2 data

2. Time-dependent analysis with B0 → D−π+ - [LHCb-PAPER-2018-009]

I Very large statistics sample with decay / mixing interference

3. Updated LHCb combination - [LHCb-CONF-2018-002]

4. Recently updated World Average - [HFLAV]

Wissenschaftliches Vermächtnis
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-017.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-009.html
https://cds.cern.ch/search?p=LHCb-CONF-2018-002&c=LHCb+Analysis+Notes
http://www.slac.stanford.edu/xorg/hflav/triangle/moriond2018/index.shtml
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GGSZ Method

I 3-body final states e.g. D → K 0
Sππ

I Giri, Grossman, Soffer, Zupan (2003)
I [Phys. Rev. D68 (2003) 054018]

GGSZ observables (partial rate as function of Dalitz position)

dΓB± (x) = A2
(±,∓) + r2

BA
2
(∓,±)

+ 2A(±,∓)A(∓,±)

[
rB cos(δB ± γ)cos(δD(±,∓)) + rB sin(δB ± γ)sin(δD(±,∓))

]
(1)

From [LHCb-PAPER-2018-017]
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Figure 2: Dalitz plots of long and downstream B± ! DK± candidates in the signal region
for (top) D ! K0

S⇡
+⇡� and (bottom) D ! K0

SK+K� decays from (left) B+ and (right) B�

decays.

and the vector sum of the pT of the other tracks in the event that lie within a distance188

of 1.5 rad in ⌘–� space, where � is the azimuthal angle. An optimal value of the BDT189

discriminator is determined with a series of pseudoexperiments to obtain the value that190

provides the best sensitivity to x± and y±. Events in the data sample that have a value191

below the optimum are rejected.192

Particle identification (PID) requirements are placed on the bachelor to separate193

B± ! DK± and B± ! D⇡± candidates. In the case of D ! K0
SK

+K� candidates a194

loose PID cut is also placed on the charged-kaon daughters of the D to remove cross-feed195

from other D ! K0
Sh

+h� decays. To ensure good control of the PID performance it is196

required that information from the RICH detectors is present. To remove background197

from D ! ⇡+⇡�⇡+⇡� or D ! ⇡+⇡�K+K� decays, long K0
S candidates are required to198

have travelled a significant distance from the D vertex. Similarly, the D is required to199

have travelled a significant distance from the B± decay in order to remove charmless B±
200

decays.201

The Dalitz plots for B± ! DK± candidates restricted to the signal region for the two202

6

B+
<latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="aSz78U0FKshyfQmIyjeoF7zY/xw=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40aXohuXFZy20I4lk2ba0EwyJHeEMvQZ3LhQxJdy59uY/iy09UDg45yE3HviTAqLvv/tlTY2t7Z3yruVver+wWHtqNqyOjeMh0xLbToxtVwKxUMUKHknM5ymseTteHw3y9vP3Fih1SNOMh6ldKhEIhhFZ4W3T8XFtF+r+w1/LrIOwRLqsFSzX/vqDTTLU66QSWptN/AzjApqUDDJp5VebnlG2ZgOedehoim3UTEfdkrOnDMgiTbuKCRz9/eLgqbWTtLY3UwpjuxqNjP/y7o5JtdRIVSWI1ds8VGSS4KazDYnA2E4QzlxQJkRblbCRtRQhq6fiishWF15HVqXjcBvBA8+lOEETuEcAriCG7iHJoTAQMALvMG7p7xX72NRV8lb9nYMf+R9/gBPEo0Y</latexit><latexit sha1_base64="aSz78U0FKshyfQmIyjeoF7zY/xw=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40aXohuXFZy20I4lk2ba0EwyJHeEMvQZ3LhQxJdy59uY/iy09UDg45yE3HviTAqLvv/tlTY2t7Z3yruVver+wWHtqNqyOjeMh0xLbToxtVwKxUMUKHknM5ymseTteHw3y9vP3Fih1SNOMh6ldKhEIhhFZ4W3T8XFtF+r+w1/LrIOwRLqsFSzX/vqDTTLU66QSWptN/AzjApqUDDJp5VebnlG2ZgOedehoim3UTEfdkrOnDMgiTbuKCRz9/eLgqbWTtLY3UwpjuxqNjP/y7o5JtdRIVSWI1ds8VGSS4KazDYnA2E4QzlxQJkRblbCRtRQhq6fiishWF15HVqXjcBvBA8+lOEETuEcAriCG7iHJoTAQMALvMG7p7xX72NRV8lb9nYMf+R9/gBPEo0Y</latexit><latexit sha1_base64="Ne45uxK2WyNaX2WgGBf8sSTT128=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkm86LHUi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSS33jML6f9StWtuXOQVeIVpAoFmv3KV2+QsCzmCpmkxnQ9N8UgpxoFk3xa7mWGp5SN6ZB3LVU05ibI58dOyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6CXKh0gy5YotFUSYJJmT2ORkIzRnKiSWUaWFvJWxENWVo8ynbELzll1dJ66rmuTXv3q3WG0UcJTiFM7gAD66hDnfQBB8YCHiGV3hzlPPivDsfi9Y1p5g5gT9wPn8AcbGOaw==</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="aSz78U0FKshyfQmIyjeoF7zY/xw=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40aXohuXFZy20I4lk2ba0EwyJHeEMvQZ3LhQxJdy59uY/iy09UDg45yE3HviTAqLvv/tlTY2t7Z3yruVver+wWHtqNqyOjeMh0xLbToxtVwKxUMUKHknM5ymseTteHw3y9vP3Fih1SNOMh6ldKhEIhhFZ4W3T8XFtF+r+w1/LrIOwRLqsFSzX/vqDTTLU66QSWptN/AzjApqUDDJp5VebnlG2ZgOedehoim3UTEfdkrOnDMgiTbuKCRz9/eLgqbWTtLY3UwpjuxqNjP/y7o5JtdRIVSWI1ds8VGSS4KazDYnA2E4QzlxQJkRblbCRtRQhq6fiishWF15HVqXjcBvBA8+lOEETuEcAriCG7iHJoTAQMALvMG7p7xX72NRV8lb9nYMf+R9/gBPEo0Y</latexit><latexit sha1_base64="aSz78U0FKshyfQmIyjeoF7zY/xw=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40aXohuXFZy20I4lk2ba0EwyJHeEMvQZ3LhQxJdy59uY/iy09UDg45yE3HviTAqLvv/tlTY2t7Z3yruVver+wWHtqNqyOjeMh0xLbToxtVwKxUMUKHknM5ymseTteHw3y9vP3Fih1SNOMh6ldKhEIhhFZ4W3T8XFtF+r+w1/LrIOwRLqsFSzX/vqDTTLU66QSWptN/AzjApqUDDJp5VebnlG2ZgOedehoim3UTEfdkrOnDMgiTbuKCRz9/eLgqbWTtLY3UwpjuxqNjP/y7o5JtdRIVSWI1ds8VGSS4KazDYnA2E4QzlxQJkRblbCRtRQhq6fiishWF15HVqXjcBvBA8+lOEETuEcAriCG7iHJoTAQMALvMG7p7xX72NRV8lb9nYMf+R9/gBPEo0Y</latexit><latexit sha1_base64="Ne45uxK2WyNaX2WgGBf8sSTT128=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkm86LHUi8cKpi20sWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7dJOeXdv/+CwcnTcMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbSS33jML6f9StWtuXOQVeIVpAoFmv3KV2+QsCzmCpmkxnQ9N8UgpxoFk3xa7mWGp5SN6ZB3LVU05ibI58dOyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6CXKh0gy5YotFUSYJJmT2ORkIzRnKiSWUaWFvJWxENWVo8ynbELzll1dJ66rmuTXv3q3WG0UcJTiFM7gAD66hDnfQBB8YCHiGV3hzlPPivDsfi9Y1p5g5gT9wPn8AcbGOaw==</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit><latexit sha1_base64="0nFhDxtf836dcnyUf2DJBZ6AC6s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh5LvXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2niqHPYhGrdkg1Ci7RN9wIbCcKaRQKbIXj25nfekKleSwfzCTBIKJDyQecUWMlv/6YXUx75Ypbdecgq8TLSQVyNHrlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWDmyDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHlZ9dyqd39VqdXzOIpwAqdwDh5cQw3uoAE+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AHLxjm8=</latexit> B�

<latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sdEQk1n48IP493LX32HnR9Z3mQI=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcGOZcaNL0Y3LCk5baMeSSTNtaCYZkjtCGfoMblwo4ku5821MfxbaeiDwcU5C7j1xJoVF3//2ShubW9s75d3KXnX/4LB2VG1ZnRvGQ6alNp2YWi6F4iEKlLyTGU7TWPJ2PL6b5e1nbqzQ6hEnGY9SOlQiEYyis8Lbp+Ji2q/V/YY/F1mHYAl1WKrZr331BprlKVfIJLW2G/gZRgU1KJjk00ovtzyjbEyHvOtQ0ZTbqJgPOyVnzhmQRBt3FJK5+/tFQVNrJ2nsbqYUR3Y1m5n/Zd0ck+uoECrLkSu2+CjJJUFNZpuTgTCcoZw4oMwINythI2ooQ9dPxZUQrK68Dq3LRuA3ggcfynACp3AOAVzBDdxDE0JgIOAF3uDdU96r97Goq+QtezuGP/I+fwBSBo0a</latexit><latexit sha1_base64="sdEQk1n48IP493LX32HnR9Z3mQI=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcGOZcaNL0Y3LCk5baMeSSTNtaCYZkjtCGfoMblwo4ku5821MfxbaeiDwcU5C7j1xJoVF3//2ShubW9s75d3KXnX/4LB2VG1ZnRvGQ6alNp2YWi6F4iEKlLyTGU7TWPJ2PL6b5e1nbqzQ6hEnGY9SOlQiEYyis8Lbp+Ji2q/V/YY/F1mHYAl1WKrZr331BprlKVfIJLW2G/gZRgU1KJjk00ovtzyjbEyHvOtQ0ZTbqJgPOyVnzhmQRBt3FJK5+/tFQVNrJ2nsbqYUR3Y1m5n/Zd0ck+uoECrLkSu2+CjJJUFNZpuTgTCcoZw4oMwINythI2ooQ9dPxZUQrK68Dq3LRuA3ggcfynACp3AOAVzBDdxDE0JgIOAF3uDdU96r97Goq+QtezuGP/I+fwBSBo0a</latexit><latexit sha1_base64="2GbPppZxagEIWsgLnmO1pUBog4A=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRe9FjqxWMF0xbaWDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrJbzzml9N+perW3DnIKvEKUoUCzX7lqzdIWBZzhUxSY7qem2KQU42CST4t9zLDU8rGdMi7lioacxPk82On5NwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+ZRtCN7yy6ukdVXz3Jp371brjSKOEpzCGVyAB9dQhztogg8MBDzDK7w5ynlx3p2PReuaU8ycwB84nz90u45t</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit><latexit sha1_base64="fe9dXomivQw6NycwAH1W2qm/HDc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY+lXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpo5TxdBnsYhVO6QaBZfoG24EthOFNAoFtsLx7cxvPaHSPJYPZpJgENGh5APOqLGSX3/MLqa9csWtunOQVeLlpAI5Gr3yV7cfszRCaZigWnc8NzFBRpXhTOC01E01JpSN6RA7lkoaoQ6y+bFTcmaVPhnEypY0ZK7+nshopPUkCm1nRM1IL3sz8T+vk5rBTZBxmaQGJVssGqSCmJjMPid9rpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0rysem7Vu7+q1Op5HEU4gVM4Bw+uoQZ30AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/dfuOcQ==</latexit>

Preliminary Preliminary

I Essentially a GLW/ADS type analysis across the D decay phase space

I Excellent sensitivity from interference between various contributions

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-017.html
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GGSZ Method

I 3-body final states e.g. D → K 0
Sππ

I Giri, Grossman, Soffer, Zupan (2003)
I [Phys. Rev. D68 (2003) 054018]

GGSZ observables (partial rate as function of Dalitz position)

dΓB± (x) = A2
(±,∓) + r2

BA
2
(∓,±)

+ 2A(±,∓)A(∓,±)

[
rB cos(δB ± γ)︸ ︷︷ ︸

x±

cos(δD(±,∓))︸ ︷︷ ︸
ci

+ rB sin(δB ± γ)︸ ︷︷ ︸
y±

sin(δD(±,∓))︸ ︷︷ ︸
si

]
(2)

rB

rB

x

y

y+ = rB sin(�B + �)

y� = rB sin(�B � �) x+ = rB cos(�B + �)

�B + �x� = rB cos(�B � �)

��

(x+, y+)

(x�, y�) �� ⇠ 1

rB

I x± + iy± = rBe
i(δB±γ)

I Uncertainty on γ is inversely
proportional to central value of
hadronic unknown!!

I Fluctuation in nuisance parameter =
fluctuation in error on parameter of
interest!

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
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I NEW LHCb paper with Run 2 data

I Consider both D → K 0
Sππ and

D → K 0
SKK decays

I Divide up the Dalitz space into 2N
symmetric bins chosen to optimise
sensitivity to γ

[LHCb-PAPER-2018-017]

Figure 1: Binning schemes for (left) D ! K0
S⇡

+⇡� and (right) D ! K0
SK+K�. The diagonal

line separates the positive and negative bins, where the positive bins are in the region where
m2

� > m2
+ is satisfied.

The physics parameters of interest, rB, �B, and �, are translated into four CP observ-85

ables [20] that are measured in this analysis. These observables are defined as86

x± ⌘ rB cos(�B ± �) and y± ⌘ rB sin(�B ± �). (3)

From Eq. 1 it follows that the expected number of B+ (B�) decays in bin i, N+
i (N�

i ),87

are given by88

N+
±i = hB+

h
F⌥i + (x2

+ + y2
+)F±i + 2

p
FiF�i(x+c±i � y+s±i)

i
,

N�
±i = hB�

h
F±i + (x2

� + y2
�)F⌥i + 2

p
FiF�i(x�c±i + y�s±i)

i
,

(4)

where Fi are the fraction of decays in bin i of the D0 ! K0
Sh

+h� Dalitz plot, and hB± are89

normalisation factors, which can be di↵erent for B+ and B� due to production, detection,90

and CP asymmetries. In this measurement, the integrated yields are not used to provide91

information on x± and y±, and so the analysis is insensitive to such e↵ects. From Eq. 4 it92

is seen that studying the distribution of candidates over the D ! K0
Sh

+h� Dalitz plot93

gives access to the x±, y± observables. The detector and selection requirements placed94

on the data lead to a non-uniform e�ciency over the Dalitz plot, which a↵ects the Fi95

parameters. The e�ciency profile for the signal candidates is denoted as ⌘(m2
�, m2

+). The96

parameters Fi can then be expressed as97

Fi =

R
i
dm2

�dm2
+|AD(m2

�, m2
+)|2 ⌘(m2

�, m2
+)P

j

R
j
dm2

�dm2
+|AD(m2

�, m2
+)|2 ⌘(m2

�, m2
+)

(5)

The values of Fi are determined from the control decay mode
( )

B ! D⇤±µ⌥( )⌫µX, where98

the D⇤� decays to D0⇡� and the D0 decays to either the K0
S⇡

+⇡� or K0
SK

+K� final state.99

3

Decay amplitude is a superposition of supressed and favoured contributions

AB(m2
−,m

2
+) ∝ AD(m2

−,m
2
+) + rBe

i(δB−γ)AD(m2
−,m

2
+)

Expected number of B+ (B−) events in bin i

N+
±i = hB+

[
F∓i + (x2

+ + y 2
+)F±i + 2

√
FiF−i (x+c±i − y+s±i )

]
N−±i = hB−

[
F±i + (x2

− + y 2
−)]F∓i + 2

√
FiF−i (x−c±i − y−s±i )

]
I N±±i - events in each bin

I F±i - from B → D∗±µ∓νµX

I ci , si - from CLEO-c (QC D0D0) measurements

I hB± - overall normalisation

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-017.html
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[LHCb-PAPER-2018-017]

I Control mass shapes and cross-feed with B± → D0π± decay mode
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Figure 3: Invariant mass distributions of (left) B± ! DK± and (right) B± ! D⇡± candidates,
with D ! K0

S⇡
+⇡�, divided between the (top) long and (bottom) downstream K0

S categories.
Fit results, including the signal and background components, are superimposed.

D ! K0
Sh

+h� final states are shown in Fig. 2. Separate plots are shown for B+ and B�
203

decays. The Dalitz coordinates are calculated from the kinematic fit with all constraints204

applied.205

In order to determine the parameterisation of the signal and background components206

that are used in the fit of partitioned regions of the Dalitz plot described in Sect. 6, an207

extended maximum likelihood fit to the invariant-mass distributions of the B± candidates208

is performed, in which the B+ and B� candidates in all of the the Dalitz bins are209

combined. The sample is split into B± ! DK± and B± ! D⇡± candidates, by D-decay210

mode and by K0
S category. In order to allow sharing of some parameters, the fit is211

performed simultaneously for all of the above categories. The projections of the fit and212

the invariant-mass distributions of the selected B± candidates are shown in Figs. 3 and 4213

for D ! K0
S⇡

+⇡� and D ! K0
SK

+K� candidates, respectively. The fit range is between214

5080 MeV/c2 and 5800 MeV/c2 in the B± invariant mass.215

The peaks corresponding to actual B± ! DK± and B± ! D⇡± candidates are fitted216

7

Preliminary Preliminary

B± ! DK±
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I Fractions of D0 and D0 in each bin (F±i ) with B → D∗±µ∓νµX decay mode
I Efficiency difference between B± → D0K± and B → D∗±µ∓νµX with simulation
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Figure 6: Example e�ciency profiles of (left) B± ! D⇡± and (right)
( )

B ! D⇤±µ⌥( )
⌫µ decays in

the simulation. The top (bottom) plots are for D ! K0
S⇡

+⇡� (D ! K0
SK+K�) decays. These

plots refer to downstream K0
S candidates under 2016 data taking conditions. The normalisation

is chosen so that the average over the Dalitz plane is unity.

same, and a larger sample of B± ! D⇡± than B± ! DK± decays has been generated.379

The simulations are generated assuming a flat distribution across the K0
Sh

+h� phase space;380

hence the distribution of simulated events after triggering, reconstruction and selection is381

directly proportional to the e�ciency profile. The amplitude models used to determine382

the Dalitz plot intensity for the correction factor are those from Ref. [21] and Ref. [22] for383

the K0
S⇡

+⇡� and K0
SK

+K� decays, respectively. As used, the amplitude models provide384

a description of the intensity distribution over the Dalitz plot and introduce no significant385

model dependence into the analysis. The Fi values can be determined via the relation386

Fi = h0⇠iRi, where h0 is a normalisation factor such that the sum of all Fi is unity. The387

Fi values are determined for each year of data taking and K0
S category separately and388

are then combined in the fraction observed in the B± ! D⇡± signal region in data. This389

method of determining the Fi parameters is preferable to using solely the amplitude390
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Model-independent GGSZ Analysis

[LHCb-PAPER-2018-017]

I Perform CP-fit to determine x± and y±
I Combine with Run 1 analysis to determine γ = (80+10
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Figure 10: The figure shows the confidence regions for (x±, y±) obtained in this measurement,
as well as for the LHCb combination in Ref. [46], taking statistical and systematic uncertainties,
as well as their correlations, into account.

8 Results and interpretation599

The CP observables are measured to be600

x� = ( 9.0 ± 1.7 ± 0.7 ± 0.4) ⇥ 10�2,

y� = ( 2.1 ± 2.2 ± 0.5 ± 1.1) ⇥ 10�2,

x+ = (�7.7 ± 1.9 ± 0.7 ± 0.4) ⇥ 10�2,

y+ = (�1.0 ± 1.9 ± 0.4 ± 0.9) ⇥ 10�2,

where the first uncertainty is statistical, the second is the total experimental systematic601

uncertainty and the third is that arising from the precision of the CLEO measurements.602

These results can be compared to the expected central values of x± and y± that can603

be computed from rB, �B and � as determined in Ref. [46], and the results are shown604

in Fig. 10. The two sets of (x+, y+) are in agreement with �2/n.d.f = 4.4/2, where the605

uncertainties and correlations of both the LHCb combination and this measurement are606

taken into account. However there is tension between the measured values of (x�, y�)607

and the values calculated from the LHCb combination, where �2/n.d.f = 9.7/2. This608

tension will be investigated further, when this measurement and the LHCb combination609

are updated using the full Run 2 data sample.610

The results for x± and y± are interpreted in terms of the underlying physics parameters611

�, rB and �B. The interpretation is done via a maximum likelihood fit using a frequentist612

treatment as described in Ref. [50], where the observables are the measured x± and y± and613

their uncertainties and correlations. The solution for the physics parameters has a two-fold614

ambiguity as the equations are unchanged if both � and �B gain 180�. The solution that615

satisfies 0 < � < 180� is chosen. The central values and 68% (95%) confidence intervals,616

21
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Time-dependent Methods for γ

I B0 and B0 can both decay to same final state D∓π± via b → cW or b → uW
(analogous to B0

s → D∓s K±)

I Inteference obtained between mixing and decay for neutral B0

I Weak phase difference is (γ + 2β) for B0 [analogous to (γ − 2βs) for B0
s ]

Vub ⇥ Vcs ⇡ �3
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<latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JkXBAlRUFHhaARIKFi4wKCNlzqI=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygm2FzlAymTttaCYZkoxQhr6GGxeK+ETufBszbRfaeiBwOCeX3HxxLrixvv/t1ba2d3b36vuNg+bh0XHrpNk3qtAMe0wJpZ9ialBwiT3LrcCnXCPNYoGDeHpX9YNn1IYr+WhnOUYZHUueckati8JQubKaLZP5qNX2O/5CZNMEK9OGlbqj1leYKFZkKC0T1Jhh4Oc2Kqm2nAmcN8LCYE7ZlI5x6KykGZqoXOw8JxcuSUiqtDvSkkX6e6KkmTGzLHY3M2onZr2rwv+6YWHTm6jkMi8sSrZ8KC0EsYpUAEjCNTIrZs5QprnblbAJ1ZRZh6nhIATrX940/atO4HeCBx/qcAbncAkBXMMt3EMXesAghxd4g3ev8F69jyWumrfidgp/5H3+AFakkLA=</latexit><latexit sha1_base64="JkXBAlRUFHhaARIKFi4wKCNlzqI=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygm2FzlAymTttaCYZkoxQhr6GGxeK+ETufBszbRfaeiBwOCeX3HxxLrixvv/t1ba2d3b36vuNg+bh0XHrpNk3qtAMe0wJpZ9ialBwiT3LrcCnXCPNYoGDeHpX9YNn1IYr+WhnOUYZHUueckati8JQubKaLZP5qNX2O/5CZNMEK9OGlbqj1leYKFZkKC0T1Jhh4Oc2Kqm2nAmcN8LCYE7ZlI5x6KykGZqoXOw8JxcuSUiqtDvSkkX6e6KkmTGzLHY3M2onZr2rwv+6YWHTm6jkMi8sSrZ8KC0EsYpUAEjCNTIrZs5QprnblbAJ1ZRZh6nhIATrX940/atO4HeCBx/qcAbncAkBXMMt3EMXesAghxd4g3ev8F69jyWumrfidgp/5H3+AFakkLA=</latexit><latexit sha1_base64="xy0KaXlp/c3pnahZyjSwSa5JnrY=">AAAB83icbVA9T8MwFHwpX6V8FRhZLCokpiphgbGChbFIpK3URJXjOK1Vx45sB6mK+jdYGECIlT/Dxr/BaTNAy0mWTnfv9J4vyjjTxnW/ndrG5tb2Tn23sbd/cHjUPD7paZkrQn0iuVSDCGvKmaC+YYbTQaYoTiNO+9H0rvT7T1RpJsWjmWU0TPFYsIQRbKwUBNKaZbaI56Nmy227C6B14lWkBRW6o+ZXEEuSp1QYwrHWQ8/NTFhgZRjhdN4Ick0zTKZ4TIeWCpxSHRaLm+fowioxSqSyTxi0UH8nCpxqPUsjO5liM9GrXin+5w1zk9yEBRNZbqggy0VJzpGRqCwAxUxRYvjMEkwUs7ciMsEKE2NratgSvNUvr5PeVdtz296D2+rcVnXU4QzO4RI8uIYO3EMXfCCQwTO8wpuTOy/Ou/OxHK05VeYU/sD5/AGf1pIK</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit><latexit sha1_base64="1EVABT/6Z/BLzfB5IyYkmJp70wI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0hpLJZNrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OmHKmjet+O5WNza3tnepubW//4PCofnzS0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g+nd4Xff6JKMykezSylQYLHgsWMYGMl35fWLLJ5NB/VG27TXQCtE68kDSjRGdW//EiSLKHCEI61HnpuaoIcK8MIp/Oan2maYjLFYzq0VOCE6iBf3DxHF1aJUCyVfcKghfo7keNE61kS2skEm4le9QrxP2+YmfgmyJlIM0MFWS6KM46MREUBKGKKEsNnlmCimL0VkQlWmBhbU82W4K1+eZ30rpqe2/Qerhvt27KOKpzBOVyCBy1owz10oAsEUniGV3hzMufFeXc+lqMVp8ycwh84nz+hFpIO</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

B
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<latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit><latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit><latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit><latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit>

B
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<latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit><latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit><latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit><latexit sha1_base64="0khFd/jpvQO/vPrJJXlvRCm//Nk=">AAACEXicbVC7TsMwFHXKq5RXgZHFokLqQpRUSDBWZWEsEn1ITakc96a16jiR7SBVUX6BhV9hYQAhVjY2/gY37QAtR7J0dM65tu/xY86Udpxvq7C2vrG5Vdwu7ezu7R+UD4/aKkokhRaNeCS7PlHAmYCWZppDN5ZAQp9Dx59cz/zOA0jFInGnpzH0QzISLGCUaCMNylVvAlJgx65B6EUmObsonYvnuYob2X3qZINyxbGdHHiVuAtSQQs0B+UvbxjRJAShKSdK9Vwn1v2USM0oh6zkJQpiQidkBD1DBQlB9dN8owyfGWWIg0iaIzTO1d8TKQmVmoa+SYZEj9WyNxP/83qJDq76KRNxokHQ+UNBwrGO8KwePGQSqOZTQwiVzPwV0zGRhGpTYsmU4C6vvEraNdt1bPf2olJvLOooohN0iqrIRZeojm5QE7UQRY/oGb2iN+vJerHerY95tGAtZo7RH1ifP3nEnCQ=</latexit>

D+
<latexit sha1_base64="j1+nLW8poc6kR7Pl/xZlDsT6N00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LevBYwbSFNpbNdtou3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81g+mHGCQUQHkvc5o8ZK/u1jdjbplitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzY6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jnpcYXMiLEllClubyVsSBVlxuZTsiF4iy8vk8Z51XOr3v1FpXadx1GEIziGU/DgEmpwB3XwgQGHZ3iFN0c6L8678zFvLTj5zCH8gfP5A3YBjnE=</latexit><latexit sha1_base64="j1+nLW8poc6kR7Pl/xZlDsT6N00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LevBYwbSFNpbNdtou3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81g+mHGCQUQHkvc5o8ZK/u1jdjbplitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzY6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jnpcYXMiLEllClubyVsSBVlxuZTsiF4iy8vk8Z51XOr3v1FpXadx1GEIziGU/DgEmpwB3XwgQGHZ3iFN0c6L8678zFvLTj5zCH8gfP5A3YBjnE=</latexit><latexit sha1_base64="j1+nLW8poc6kR7Pl/xZlDsT6N00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LevBYwbSFNpbNdtou3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81g+mHGCQUQHkvc5o8ZK/u1jdjbplitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzY6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jnpcYXMiLEllClubyVsSBVlxuZTsiF4iy8vk8Z51XOr3v1FpXadx1GEIziGU/DgEmpwB3XwgQGHZ3iFN0c6L8678zFvLTj5zCH8gfP5A3YBjnE=</latexit><latexit sha1_base64="j1+nLW8poc6kR7Pl/xZlDsT6N00=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LevBYwbSFNpbNdtou3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81g+mHGCQUQHkvc5o8ZK/u1jdjbplitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzY6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0r4KMyyQ1KNl8UT8VxMRk+jnpcYXMiLEllClubyVsSBVlxuZTsiF4iy8vk8Z51XOr3v1FpXadx1GEIziGU/DgEmpwB3XwgQGHZ3iFN0c6L8678zFvLTj5zCH8gfP5A3YBjnE=</latexit>
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I Requires tagging the initial B0 flavour

I Requires a time-dependent analysis to observe the meson oscillations

I Fit the decay-time-dependent decay rates

I Also requires knowledge of Γd , and ∆md

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb



14/22

Time-dependent method with B0 →D∓π±

Time-dependent decay rates for initial B0 at t = 0

ΓB0→f (t) ∝ e−Γt

[
Cf cos(∆mt)− Sf sin(∆mt) + cosh

(
∆Γt

2

)
︸ ︷︷ ︸

= 1 for B0

+Af sinh

(
∆Γt

2

)
︸ ︷︷ ︸

= 0 for B0

]

ΓB0→f̄ (t) ∝ e−Γt

[
Cf̄ cos(∆mt)− Sf̄ sin(∆mt) + cosh

(
∆Γt

2

)
︸ ︷︷ ︸

= 1 for B0

+Af̄ sinh

(
∆Γt

2

)
︸ ︷︷ ︸

= 0 for B0

]

CP-observables

Cf =
1− r 2

1 + r 2
= −Cf̄ ≈ 1

Sf = −2r sin[δ − (2β + γ)]

1 + r 2

Sf̄ =
2r sin[δ + (2β + γ)]

1 + r 2

I r - constrained from
BaBar [Phys. Rev. D78 (2008) 032005] and
Belle [Phys. Rev. D82 (2010) 051103]

I β - constrained from HFLAV

I δ, γ - measured by this analysis -
[LHCb-PAPER-2018-009]

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.051103
http://www.slac.stanford.edu/xorg/hflav/
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-009.html
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Time-dependent method with B0 →D∓π±

[LHCb-PAPER-2018-009]

I Incredibly high statistics channel - ∼ 500K signal events
I Allows for simultaneous calibration of flavour tagging parameters
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Figure 1: Invariant mass distributions of the (left) pion-like and (right) kaon-like samples with
fit projections overlaid. The simultaneous fit of the two distributions is described in the text
and yields a �2 per degrees of freedom of 1.18.

The mass distribution of B0 candidates in the pion-like sample features a peak at119

the known B0 mass with a width of about 20 MeV/c2, corresponding to B0 ! D⌥⇡±
120

signal decays, and is modelled with the sum of a double-sided Hypatia function [27] and a121

Johnson SU function [28]. The combinatorial background is modelled using the sum of two122

exponential functions. At values lower than 5.2 GeV/c2, broad structures corresponding to123

partially reconstructed decays, such as B0 ! D�⇢+(! ⇡+⇡0) and B0 ! D⇤�(! D�⇡0)⇡+
124

where the neutral pion is not reconstructed, are present; the shapes of these backgrounds125

are determined from simulation. Cross-feed B0 ! D⌥K± decays, due to kaon-to-pion126

misidentification, contaminating the left tail of the signal peak, are described with a127

double-sided Hypatia function with parameters determined from simulated decays.128

The B0-mass distribution of the kaon-like sample contains analogous compo-129

nents: the B0 ! D⌥K± signal peak is modelled with a single-sided Hypatia func-130

tion; the combinatorial background with an exponential function; partially recon-131

structed B0 ! D�⇢+(! ⇡+⇡0), B0 ! D⇤�(! D�⇡0)⇡+, B0 ! D⇤�(! D�⇡0)K+ and132

B0 ! D�K⇤+(! ⇡0K+) decays, where the charged pion is misidentified as a kaon and the133

neutral pion is not reconstructed, are modelled using simulation. Cross-feed B0 ! D⌥⇡±
134

decays from pion-to-kaon misidentification in the kaon-like sample peaks to the right of135

the B0 ! D⌥K± signal region, with a long tail towards the high-mass region; the shape136

of this distribution, a double-sided Hypatia function, is taken from simulation.137

The yields of all components are floating parameters of the fit. The yield of the138

B0 ! D⌥K± cross-feed decays in the pion-like sample is constrained to that of the139

B0 ! D⌥K± signal decays in the kaon-like sample using the kaon-to-pion misidentification140

probability and the kaon identification e�ciency of the PID requirement on the companion141

particle. In a similar manner, the yield of the B0 ! D⌥⇡± cross-feed decays in the kaon-like142

sample is constrained to that of B0 ! D⌥⇡± signal decays in the pion-like sample scaled143

by the pion-to-kaon misidentification probability and the pion identification e�ciency. The144

misidentification probabilities and the identification e�ciencies are determined from a large145

sample of D⇤+ ! D0(! K�⇡+)⇡+ decays in which the charged tracks are weighted in146

momentum and pseudorapidity to match those of the companion particle in B0 ! D⌥⇡±
147

decays [29].148
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Figure 5: Distribution of 1–CL for | sin(2� + �)|.
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Figure 6: (Left) distribution of 1–CL for � and (right) confidence regions for � and �. The
confidence regions hold the 39% and 87% CL. Points denote the preferred values.

3.0 fb�1. We measure387

Sf = 0.058 ± 0.020 (stat) ± 0.011 (syst),

Sf̄ = 0.038 ± 0.020 (stat) ± 0.007 (syst),

with a statistical and systematic correlations of 60% and �41%, respectively. These values388

are in agreement with, and more precise than, measurements from the Belle and BaBar389

collaborations [9, 10]. This measurement, in combination with the external inputs of rD⇡390

and �, constrains the CKM angle � to be in the interval [5, 86]� [ [185, 266]� at the 68%391

CL.392
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Preliminary
Preliminary

CP-observable results (PRELIMINARY)

Sf = 0.058± 0.020 (stat)± 0.11 (syst)

Sf̄ = 0.038± 0.020 (stat)± 0.007 (syst)

Comparable to (with better precision):
Belle: [Phys. Rev. D84 (2011) 021101] [Phys. Rev. D73 (2006) 092003]

BaBar: [Phys. Rev. D71 (2005) 112003 ] [Phys. Rev. D73 (2006) 111101]

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-009.html
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Combined constraints on γ

I Ultimate sensitivity is only acheived when several modes are used together
I NEW version of the LHCb γ combination for this conference - [LHCb-CONF-2018-002]

Table 1: List of the LHCb measurements used in the combination, where TD is time-dependent
and the method acronyms refer to the authors of Refs. [4–13].

B decay D decay Method Ref. Dataset
†

Status since last
combination [3]

B+ ! DK+ D ! h+h� GLW [14] Run 1 & 2 Minor update

B+ ! DK+ D ! h+h� ADS [15] Run 1 As before

B+ ! DK+ D ! h+⇡�⇡+⇡� GLW/ADS [15] Run 1 As before

B+ ! DK+ D ! h+h�⇡0 GLW/ADS [16] Run 1 As before

B+ ! DK+ D ! K0
Sh

+h� GGSZ [17] Run 1 As before

B+ ! DK+ D ! K0
Sh

+h� GGSZ [18] Run 2 New

B+ ! DK+ D ! K0
SK

+⇡� GLS [19] Run 1 As before

B+ ! D⇤K+ D ! h+h� GLW [14] Run 1 & 2 Minor update

B+ ! DK⇤+ D ! h+h� GLW/ADS [20] Run 1 & 2 Updated results

B+ ! DK⇤+ D ! h+⇡�⇡+⇡� GLW/ADS [20] Run 1 & 2 New

B+ ! DK+⇡+⇡� D ! h+h� GLW/ADS [21] Run 1 As before

B0 ! DK⇤0 D ! K+⇡� ADS [22] Run 1 As before

B0! DK+⇡� D ! h+h� GLW-Dalitz [23] Run 1 As before

B0 ! DK⇤0 D ! K0
S⇡

+⇡� GGSZ [24] Run 1 As before

B0
s ! D⌥

s K± D+
s ! h+h�⇡+ TD [25] Run 1 Updated results

B0! D⌥⇡± D+! K+⇡�⇡+ TD [26] Run 1 New

† Run 1 corresponds to an integrated luminosity of 3 fb�1 taken at centre-of-mass energies of 7 and
8TeV. Run 2 corresponds to an integrated luminosity of 2 fb�1 taken at a centre-of-mass energy of
13 TeV.

separately to the already published Run 1 equivalent [17] where the correlations43

between the results of this analysis and the previous analysis have been computed44

and are reported in Ref. [18]. This update is consequently used in conjunction with45

the previous result as input for this combination.46

• B+ ! DK⇤+, D ! h+h�. The combined GLW and ADS [6, 7] measurement47

using the B+ ! DK⇤+, D ! h+h� decays modes, where K⇤+ ! K0
S⇡

+, has been48

updated to the full Run 1 and Run 2 data samples [20] and replaces the preliminary49

results [27] used in the previous combination.50

• B+ ! DK⇤+, D ! h+⇡�⇡+⇡�. The GLW/ADS measurement using the51

B+ ! DK⇤+, D ! h+⇡�⇡+⇡� decay modes, where K⇤+ ! K0
S⇡

+ [20], is added to52

the combination for the first time. The analysis is based on the full Run 1 and Run53

2 data samples.54

2

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb
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Combined constraints on γ

LHCb Average - [LHCb-CONF-2018-002]

γ = (74.0+5.0
−5.8)◦
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Indirect constraints are: γ = (65.3+1.0
−2.5)◦ (∼ 2σ)

Comparison between B0
s and B+ initial states ∼ 2σ

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb
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Ultimate Precision

I Reaching an exciting time for measurements of γ
I In the next decade we will see its transition to the precision benchmark for SM CKM

measurements
I With 50 ab−1 at Belle-II and a possible 300 fb−1 at LHCb precision will reach ∼ 0.3◦

I And this can be enhanced by many new kids on the block
I Can we become sensitive to differences between initial states (B+, B0, B0

s )?
I Can we get sufficient precision to probe tree-level Wilson coefficients C1, C2

[arXiv:1412.1446]?
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Summary

I CKM angle γ an incredibly clean benchmark for the SM
I A cornerstone of flavour physics experiments’ programs
I Theoretical uncertainty so low the emphasis is on experimental determination

I Sensitive both directly and indirectly to NP
I Ultimate precision only acheived via combination of multiple decay modes
I Have shown the latest developments from LHCb with Run 2 analysis of B+ → DK+

with GGSZ decays
I Have shown a novel approach with a large statistics sample of B → Dπ TD decays
I Have shown the latest combination from LHCb - γ = (74.0+5.0

−5.8)◦

I The most precise single experiment determination of γ to date

THANK YOU!

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb
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Back Up

BACK UP

Matthew Kenzie BEAUTY 2018 CKM angle γ at LHCb
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B0 → D−π+ tagging
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Figure 2: Measured mistag fraction ! versus predicted mistag probability ⌘ of the combination
of (left) OS and (right) SS taggers as determined in signal decays with the fit described in Sect. 6.
The black histograms are the distributions of the mistag probabilities in arbitrary units. The
shaded areas correspond to the 68% and 95% confidence-level regions of the calibration functions
and do not include systematic uncertainties on the parameters. The calibration functions and
the distributions of mistag probabilities are shown summing over candidates tagged as either B0

or B0.

Considering only candidates retained for the analysis, i.e. those with a flavour tag, the219

statistical uncertainties of Sf and Sf̄ are inversely proportional to
p
hD2i. Here, hD2i is220

the average of the squared dilution of the signal, calculated as 1
Ntag

PNtag

i=0 wi [1 � 2!(⌘i)]
2,221

where Ntag is the number of the candidates, wi is the sWeight of the candidate i determined222

in the fit of the sample composition, and Ntag =
PNtag

i=0 wi. The total dilution squared of223

the sample is found to be (6.554 ± 0.017)%. Considering also the number of discarded224

candidates because no tagging decision is determined by neither tagger, Nuntag and225

Nuntag =
PNuntag

i=0 wi, the tagging e�ciency "tag ⌘ Ntag/(Ntag + Nuntag) is found to be226

(85.23 ± 0.05)%. Hence, the e↵ective tagging e�ciency of the initial sample is "taghD2i =227

(5.59±0.01)%. All quoted uncertainties are statistical only. The e↵ective tagging e�ciency228

is similar to that of the measurement of CP violation in B0
s ! D+

s
⌥
K± decays from229

LHCb [36].230

6 Decay-time fit231

The CP asymmetries Sf and Sf̄ are determined from a multidimensional maximum-232

likelihood fit to the unbinned distributions of the signal candidates weighted with the233

sWeights. The probability density function (PDF) describing the signal decay to a final234

state F equal to f or f̄ , at the reconstructed decay time t, and given the tags ~d = (dOS, dSS)235

and mistag probabilities ~⌘ = (⌘OS, ⌘SS), is236

P (t, F, ~d | ~⌘) / ✏(t)
⇣
P(t0, F, ~d | ~⌘) ⌦ R(t0 � t)

⌘
, (9)

7
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Changes in combination
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