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1. Introduction

The CKM angle 7 is one of the least well known parameters of the unitarity triangle. Measur-
ing y precisely is a key goal of flavour physics because it is a standard candle measurement of CP
violation, since it can be determined from tree-level decays where new physics effects are expected
to be small. Additionally, theoretical uncertainties associated with measuring ¥ are negligible,
so experiments must continue to improve precision. The current world average from HFLAV is
(73.51"5‘:%)0 [11, which is dominated by the 2017 LHCb gamma combination result (76.81’2%)" [2].

2. LHCb model independent GGSZ analysis with B* — DK* decays

The GGSZ method, named after the authors of Ref. [3], uses decays of neutral D mesons to
multibody final states. The decay B — DK™ proceeds via favoured b — ¢ or colour and CKM
suppressed b — u transitions. The weak phase difference between these amplitudes is ¥, and rz and
Op are the ratio of magnitudes and the strong phase difference, respectively. Sensitivity to ¥ comes
from the interference between these amplitudes when the neutral D meson decays to a final state
common to D° and D’

The GGSZ method uses the distribution of candidates over the D Dalitz plot for B* and B~
decays, and requires knowledge of the strong phase variation across the Dalitz plot, which can
either be taken from external measurements (model independent) or amplitude fits (model depen-
dent). The new model independent GGSZ analysis [4] uses input from CLEO-c to determine y
using BX — DK™ decays with both D — K97t 7~ and D — KJK*K~. The analysis uses 2 fb™"
of Run 2 data from pp collisions at a centre of mass energy of 13 TeV during 2015 and 2016. Two
control samples are used, B* — D* with D — K77~ and D — KKK~ and B— D**u¥v, X
with D** — Dr* and D — K{n*n~ and D — KJK K™, where X indicates other particles that
may have not been reconstructed.

The simultaneous fit to the invariant masses m(DK*) and m(Dx™) is shown in Fig. 1, where
the control mode is used to fix the number of misidentified B* — Dz decays in the B* — DK+
sample. The parameters are then fixed, and the fit is repeated in each of the bins shown in Fig. 2,
where the yield N in each bin is

Ni; = hge (Fi+ (3% + 2 )Fai + 2/ FF_i(x e + Y1 5+i), 2.1
Ni; = hp-(Fei+ (3 Y2 )Fi+2y/FF_i(x_cxi+y_s+i). (2.2)

Here hp- are normalisation factors, F; give the fraction of D° and 50 decays in each bin of the Dalitz
plot and come from the semileptonic control channel, ¢; and s; are the strong phase measurements
from CLEO-c, and the CP violation observables x and y are defined as

x+ = rpcos (g £7), y+ = rpsin(dp+ 7y), (2.3)
with labels (+) for BT and (—) B~ decays. The results for x and y are determined to be

xp = (=77£1.9407+04)x 1072y, =(—1.0£1.9+0.44+0.9) x 1072,  (2.4)
x. = ( 9.0£1.7£07+04)x 1072 y_ =( 2.14£22+0.5+1.1) x 1072, (2.5)

which are combined with the results from Run 1 [5] to give ¥ = (8050)0, rg = 0.080f8:8}} and

8 = (1107]9)°. This is the most precise single measurement of .
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Figure 1: Simultaneous fit to the invariant B candidate mass distribution for (left) B* — DK® and (right)
B* — Dt decays. Figure reproduced from Ref. [4].
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Figure 2: Dalitz plot binning scheme for (left) D — K§)7ﬁ' 7~ and (right) D — KgK TK~ decays, reproduced
from Ref. [4].

3. The latest LHCb Y combination

The best sensitivity to ¥ comes from a combination of LHCb measurements, as described in
Refs. [6] and [7]. This update includes three new results, which are described in detail in Refs. [4,
8, 9]. The combination follows the procedure defined in Ref. [6] and consists of 98 observables,
from which 40 parameters are determined, including

y=(74.0139)°, (3.1)

which is the world’s most precise measurement from a single experiment, and is still dominated
by the statistical uncertainty. The value from indirect measurements only is ¥ = (65.63:2)" [10]
and is in better than 20 agreement with this combination. The consistency between the direct and
indirect measurements of 7y is an important probe of new physics effects, so larger data samples are
needed to reduce the uncertainty from direct determinations. Figure 3 (left) shows a breakdown of
the combination by B meson type, with consistency at the two sigma level. Note that only a single
measurements drives the BY result. The evolution of ¥ combination measurements from LHCb is
shown in Fig. 3 (right).
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Figure 3: (Left) Comparison of ¥ measurements using different types of B mesons with B+ (blue), B’
(yellow), BS0 (orange) and combined (green). (Right) The evolution of the LHCb y combination results.
Reproduced from Ref. [7].

4. Summary

The worlds most precise single measurement of y using B* — DK* decays with both D —

Kgnﬂf and D — KQK*K ~ was presented along with the most recent update of the LHCb y
combination. In the future, the precision on 7 is expected to reach 4° with Run 2 data and around

1° after the LHCb upgrade, providing very precise tests of the Standard Model.
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