Measuring the CKM angle y with LHCb
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Is the Unitarity Triangle a triangle?
Crucial flavour physics goal: experimentally test consistency of the CKM mechanism by over-constraining parameters

o Constralnts from' tree level observables o Constralnts from loop level observables
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The case of the CKM angle y (= ¢3) [CKMFitter]
_ +5.4° =? _ +0.97°
Ydirect = 72.1157 : Yindirect = 65.647345
Measured in B — DK decays and friends Indirect determination from other CKM
* Theoretically clean: §yineory/y = 1077 parameters
* SM benchmark: NP contributions to tree level * Amgz and Amg from B?s) mixing
process expected to be small (although not * ¢, from neutral kaon CPV measurements

excluded by data: [PRD.92(15)033002])
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http://ckmfitter.in2p3.fr/
https://link.springer.com/article/10.1007%2FJHEP01%282014%29051
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.033002
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LHCb dominates current world averages of direct y measurements

The focus of this talk:

« LHCb results from B® - DK*0 ADS/GLW [JHEP.08(19)41] and Bt — DK?* GGSZ [JHEP.08(18)176]
measurements with data from 2015 and 2016

 The LHCb y combination and a look towards the future

Belle combination: [arXiv:1301.2033]. CKMFitter results: [CKMFitter.in2p3.fr]. Latest LHCb combination: [LHCb-CONF-2018-002]

30. September, 2019

Beauty 2019 - Measuring the CKM angle Gamma at LHCb 3


https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176
https://arxiv.org/pdf/1301.3283.pdf
https://arxiv.org/abs/1301.2033v1
http://ckmfitter.in2p3.fr/
https://cds.cern.ch/record/2319289

How to measure y in BT - DK*: “the text book example”

Favoured b > ¢ Suppressed b 2> u

Access to y via interference between b — ¢ and b — u transitions

« y is the EW (CP-violating) phase between the B¥ - D°K* and B* —» D°K* amplitudes
(up to relative corrections of 0(A*) =~ 2x1073)

A(BB~ - D°K™) 5 ) A(Bt - D°K™)
A(B- > Do)~ "rexplilds = V)] A(B+ - DOK+)

= rg exp[i(6p + V)]

Exploited using many D final states and with other similar B decays
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The GLW method with B® - D(—» hth [rtr~])K*° decays

Coherence factor due to other CP-even fraction of the 0
resonances in B - DK*m~ B

Kk = 0.95815:092 [PrD.93(16)112018] D — 4m final state

oC rBei(63+Y) x 1
N /
dl o 14+ 75 + Zlch(ZF’:r — 1) cos(8g £ y)

Observables of interest: yield asymmetries and ratios

O *0 O *(0
;_T(B° > FR) ~ T(B° - FK*°) b K bk

Arp = —= —
P T(BY > fK*0) + T'(B° - fK*0)
B 2KTg (ZF]c 1) sin 8 siny
1+71%+ Zlc(ZFfr — 1) COsSOp COSY

/

= R’Crp: measured independently in fit via yield ratio to =ntn,K*K~ (F, = 1),
corresponding D® - K~n™ mode and known BF ntn ntn™ (F; = 0.769 4 0.023) [HEP01(18)144]

f (quasi—)CP
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112018
https://link.springer.com/article/10.1007%2FJHEP01%282018%29144

GLW results: B - D(-» hth™)K*® using Run 1 + 2015 + 16 data (5 fb™1) [JHEP.08(19)41]

Li0p L —pm a0 o pm :
Ratio and asymmetry observables % 100 — Fit 3 2 100F LHC — Fit 3
. . . > : B Combinatorial { = : Bl Combinatorial 1
are directly obtained in fit © 80F —B>DK® 4 © 80F — B°SDK™®
< ok —BDK® 1 T of — Bi»DK™®
Corrected for e F B ODKmn 3 g f W B DK ]
) ) .. ) = o B’>D'K Jq = u B,—»>D'K -
- Different selection efficiencies S e - B i e
. . o -0 *() - o ‘ 0 * 2 %() -
 Detection charge-asymmetries = B ->DK 1 g )\ {, 1 BODK ]
« RO _ RO . O al w1 O - s e
B" — B” production asymmetry 5000 5200 75400 5600 5800 5000 5200 {5400 5600 5800
' m([KK] K ") [MeV/c?] *o’ m([KK] K™) [MeV/c?]
AKK = —0.05 4 0.10 + 0.01 > ~ Daa i 5 350 LHCb — Daa
Q — 1 o —
Rg}lf = 092+0.104+ 0.02 p= -Sg)mbina%orial 4 = -Cg)mbinagorial
O — B ->DK’ i © — B’>DK”
=~ . —B—»pE® 3§ © — B, >DK™
tp =—0.18+0.14 + 0.01 8 : =g;:g*l%‘gn- ER =§;:g§:(§'n+
T __ < = s 3 < s
fF= 132+0.19+0.03 S I FICRIE I ;| B
= BoDK® 3 £ YRY B*>D'K™
8 RN _; s s 3 8 - \J\"/ \» ve _ g 2
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—=*0 *()
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https://link.springer.com/article/10.1007%2FJHEP08%282019%29041

(quasi-)GLW results: B® - D(—» n*r~ntn~)K*® using 2015 + 16 data (2 fb~1) [JHEP.08(19)41]

i: 45 —— Data _g g 45 —— Data _g
2 40 LHCb — Fit E 2 40 LHCb )\ — Fit E
> 35 Bl Combinatorial E > 35 T Bl Combinatorial
° 30 H —B->DK® © 30 —ES—)DK*O =
= 25 — Bi—>DK™ = = 25 — B,—DK™ =
2 20 ] B;—>D£(__ Z(t)*n‘ = % 20 ] B+—>D{( ng‘n* E
< 15B B Bi—>DK 3 = 15 B B.>DK 3
r_g 10 Ijﬁ—)Dn*n‘ = g 10 B’-»Dn'n 3
S 5 B->D'K® = S 3 B°-»D’K™® 3
O IS/ s, O ; tast o 3
5000 5200%.. 5400 5600 5800 5000 5200~ 5400 5600 5800
m(['n:mm] K ) [MeV/c?] m([nnnn] K % MeV/c?]
AZF = —0.03+0.15+ 0.01 First observation of
R;F = 1.01+0.16 +0.04 decay mode: 8.40
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https://link.springer.com/article/10.1007%2FJHEP08%282019%29041

The ADS method with B® - D(-= h'th~[rtr~]K*Y decays

Coherence factor due to other Coherence factor due to

0
resonances in B - DK*tm~ interference over 4-body B
+0.005
= 0. : D-d h .
K = 0.9587 sz [PRD.93(16)112018] ecay phase space x rBez(cSBH/) < 1
\ /

dI'(B? —» fK*) « 1 + r# + 2Kk(k"3™)rprg cos(6g + 6p +¥)
dI'(B° - fK**) o« 1 + 1515 + 2Kk(k"3™)1rp1g cOs(85 + 6p + ¥)

Measured observables: 0 r+0 5040
[ — N1 ok i(6p)
RTK(TT) _ ['(BY -» [K~n*(n*n™)]pK*) x rpetlop
' [(B® > [m~K*(m*m)]pK*0)
CPV - +# _ . I
RTK(mm) — F(BO — |\ K+(7T+7T )IpK O)

'(BY - [K—n*(ntn™)]pK*0) )
f= K_n"'(n""r[_) f= 7T_K+(T[+T[_)
Can be transformed to CP-asymmetries and charge-summed o1
K3 __ +0.
mode ratios similar to GLW observables (=37 = 0.432973 ) [PLB.757(16)520
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https://www.sciencedirect.com/science/article/pii/S0370269316301101?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112018

ADS results: B > D(» ntK~(m*n™))K*® using Run 1 + 2015 + 16 data (5 fb™1) [JHEP.08(19)41]

In the two-body mode N SRR R ' ' R
% 10* — Fit 4 >10°k LHCb —Fit
-Comblnatonal 3 o Il Combinatorial 3
K = —B-DEY ] & — B-DK”
RY" =0.064 + 0.021 £ 0.002 < 10 —B-pk® 3 210 — BioDK® 3
R™ = 0.095 + 0.021 + 0.003 10 =R . — et
f—; . B°—>D T ?5 3 2 m B°=>Drtn
=) Bk ] O B'->D’K™
. . = 10 = 10
First observation of 8 TR R
suppressed mode: 5.80 5000 5200, . 5400 5600 5800 5000  5200...° 5400 5600 5800
m([nK] K ) [MeV/c?] m([nK] K™°) [MeV/c?]

—
—— Data

In the 4-body ADS mode: £ - Data : . o -
10°F LLHCb — Fit E 10°F LLHCb — Fit 3
[ | Comblnatorlal [ | Cg)mbmagorlal
3 — B —)DK 0 3 — B—DK

-B+—>DK+n-n+ -

RTK™T = 0.074 + 0.026 + 0.002

-B'—)DK'n"n:‘ -

R™KTT = 0.072 + 0.025 + 0.003 10° w3 gl0°E . EoDKT
] B O DT e B’ >»Drtn
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Suppressed mode
significance: 4. 40 sbo
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https://link.springer.com/article/10.1007%2FJHEP08%282019%29041

Physics parameters in B® - DK*Y decays

Contours contain the 68.3%, 95.5% and 99.7% C.L. Contours contain the 68.3%, 95.5% and 99.7% C.L.
87350F 7 : 8350F ' )
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7 [°] rpK”
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CP-violating observables put constraints on (y, 2%, 62K
*0 . .
« rPX" =0.265 + 0.023 — 50 % decrease in uncertainty compared to current LHCb combination

— showcase improvements to come from Run 2 dataset
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The model-independent GGSZ method: B - D(— Kh*h™)K* [JHEP.08(18)176]

Divide phase space of D - K{hth™ decay into bins and measure yields in each

* Analysis is independent of modelling of D decay
« Sensitivity from phase-space distribution, not overall asymmetries
— overall production/detection/K?-CPV asymmetries have no impact

rp expli(6p £ V)] = x4 + iy4
/\
N;i OCFii_I_ ( )F$i+2N/FiF—i( cii$ Sii)

N ___— [/ —

F; : Fractional yield of flavour c;/s; : Strong phase difference of
tagged D? into bin i D% — DO decays

Measured in control channel: External input from CLEO-c
B° - D**u7v, X measurement [1010.2817]
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https://link.springer.com/article/10.1007%2FJHEP08%282018%29176
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176

CP asymmetries

Overall CP asymmetry
small =~ 1%

But large in certain regions
of phase-space
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https://link.springer.com/article/10.1007%2FJHEP08%282018%29176
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176

Phase-space
dependent efficiency

Significant variation in reconstruction efficiency over

phase-space

Handled in data-driven manner: Measure F; in control
channel: B® » D**(-» D" )u~v, X
« Flavour tagged D° from B decay: similar efficiency profile
— still correct for signal-control efficiency difference

 Signal-control channel efficiency ratio from simulation
— effects of simulation imperfections cancel to first order

* Naturally incorporates effects of bin migration and

D-mixing [PRD.82(10)034033]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.034033
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176

Measurement results

Statistical uncertainty dominates

4 . .
(z 3° on ]/) = | 1,2,ar|1d 30 colnfldence reg|onsI (stat.ur|1c.only)I
Leading systematic uncertainties 0.1f LHCb ; : 7
« Strong-phase measurements from CLEO

(= 4°ony)
 Efficiency correction between signal and

semi-leptonic control channels

(= 1.5°ony) i AP _
Secondary effects from D-mixing [PRD.82(10)034033] Phase:6p +y  p+ UHEP.OS(18)176]
and K3 CPV preroz(a9)106) well under control —0.1F | . . | .

« Important for a future B* - D GGSZ —0.1 0.1

measurement g
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.034033
https://link.springer.com/article/10.1007%2FJHEP07%282019%29106
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176

Interpretation

Interpreted and combined with Run 1 GGSZ measurement [HEP10(14)97] USING gammacombo [HEP.12(16)87]

y = 87113 Combined Run 1 and 15/16:  y = 80°%1%"

Most precise stand-alone determinations of y to date (at 2o level)

= 02 x ] ' l T — 180 ] . | ,
[ JRunl —
- 2015 & 2016 data LHCb e : LHCb .
0.15 [ ] Combined result
' 120+ —
0.1 . I |
i i 60 [ —
1 Runl
0.05~ 7 - 2015 & 2016 data -
i | 1 | " JHEP.08(18)176] (] Combined result
- - . L . L . L | | | | .
0 60 120 180 9% 60 120 10
(o]
v [°] Y [°]
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https://link.springer.com/article/10.1007%2FJHEP10%282014%29097
https://gammacombo.github.io/
https://link.springer.com/article/10.1007%2FJHEP12%282016%29087
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176

Time dependent y
measurements

LHCb has also published time-
dependent y measurements using

« BY - D K* JHEP03(18)59]
« B® - DFr¥ HEPO6(18)84]

Measurements are based on

* Interference between mixing
and decay amplitude sensitive
to CP-violating phase

Yy + (_)Zﬁ(s)
« Use the 3 fb~1 Run 1 dataset

30. September, 2019
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https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084

The LHCb combination of y measurements [LHCb-CONF-2018-002]

Best knowledge of y comes from combining many

measurements [LHCb-CONF-2018-002]

2l T T ]

C—R - LHCb -

LHCb y measurements from BY - DO K+, — (.8 Preliminary -

B° - DK*9,B® - D*n*, and B - D} K™ decays [ i

are combined in a maximum likelihood fit 0.6 74 O+5.O | ]

- 98 observables & 40 free parameters [ T8 i

« Good overall fit quality:p = 69.6 + 0.5 % u : |

P SR 4 ewaw RN C

: L , 0.2 ]

Most precise determination of y by a single - . : . :

experiment: I 9..51:.5_.@ ............. || | ......................... I_
0 50 60 70 80 90

+5.0° Y [°]

y =74.0 %3 .
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https://cds.cern.ch/record/2319289
https://cds.cern.ch/record/2319289

Measurements in latest LHCb ¥ combination [LHCb-CONF-2018-002] 3 fb~1 Run 1 dataset @ Includes 2 fb~! 15+16 data e

mode

mode

h*h~ PLB.777(18)16 PLB.777(18)16 JHEP.17(17)156 PRD.93(16)112018 PRD.92(15)112005

v L [ [ PLB.760(16)117 JHEP.17(17)156

hth ° PRD.91(25)112014

PRD.90(14)112002

K PLB.760(16)117 JHEP.17(17)156 PRD.92(15)112005
Kin¥tntm PLB.760(16)117 JHEP.17(17)156
Krntmn® PRD.91(25)112014
JHEP.10(14)97

MD: JHEP.08(16)137
JHEP.08(18)176

K{K*m~ PLB.733(14)36

%)
+

Time-dependent Time dependent measurements with B - DF K* [JHEP.03(18)59] and B® — D¥r* [JHEP.06(18)84] decays



https://cds.cern.ch/record/2319289
https://www.sciencedirect.com/science/article/pii/S0370269317309620?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317309620?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112005
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112002
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112005
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://link.springer.com/article/10.1007%2FJHEP10%282014%29097
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176
https://link.springer.com/article/10.1007%2FJHEP08%282016%29137
https://www.sciencedirect.com/science/article/pii/S037026931400207X?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084

Contribution from different B decays

1 . | , .
New physics could lead to different results in (’j ILHCb-CONF-2018-002] ]
: | - LHCD 1
different B decays — 08F Preliminary _|
. 0.6F :
Different B modes agree at 2o level - -
Different modes have different challenges and A ]
systematics: 0.2 -
o Consistency check importa nt pa rt of 0 _955% ................................. T ]
LHCb programme 0 50 100 150
7 [°]
LHCDb will reach few degree precision or better B B/ decays Run 2 BY — DK*O
. 0
for each of B¥, B, and BY with B” decays result not et
23 fb~! collected after the LHC Run 3 B B" decays included
[LHCB-PUB-2018-009] B Combination
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https://arxiv.org/pdf/1808.08865.pdf
https://cds.cern.ch/record/2319289

A look towards the future: ADS/GLW

Precision when disfavoured solutions are ignored

E [LHCb-PUB-2018-009]
ALl ADS/GLW analyses are statistically = LHCb
limited Y . v ADS/GLW only
103 : v
Dominant systematic uncertainties Belle | @ 50ab™ v
expected to reduce with VN | x B*- DK* : Y
* Detection asymmetries determined ! § B* — D*K* ]
with calibration samples | v B*— DK% g
* Physics backgrounds subject to { + B> DK¥
dedicated studies with larger sample : 53t 300

Integrated Luminosity [fb™!]

30. September, 2019 Beauty 2019 - Measuring the CKM angle Gamma at LHCb 20


https://arxiv.org/pdf/1808.08865.pdf

A look towards the future: GGSZ

[LHCb-PUB-2018-009]

10
Currently statistically limited o % LHCb
= O] B* — DK* GGSZ
© .
Dominant systematic uncertainty: X + .
charm inputs from CLEO-c (= 4°) y
 Significant impact by end of Run 2 11
— BES Ill results crucial for LHCb measurement y
Strong-phase inputs will be limiting systematic after x  With v/N improvement
Run 3 or Run 4 even with expected BESIII result +  With current CLEO ¢;, s;
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https://arxiv.org/pdf/1808.08865.pdf

LHCb has made the World’s best Expected LHCb precision using current decay modes
single-experiment determination of y Expected world average assuming Belle Il predictions
o CERR B x
y = 740255 E + 5\233 Average
LHCb will continue to play crucial role in determining y for © X
the foreseeable future [LHCb-TDR-12] ’ y
e o(y) = 4° with 8 fb~! data (collected by 2018) 11 ’
« o(y) = 1.5° with 23 fb~! data (collected by 2023)
« o(y) = 0.9 with 50 fb~! data (collected by 2029) X
e o(y) = 0.35° with 300 fb~! data (collected with
proposed Upgrade Il) [LHCb-PUB-2018-009] [LHCb-PUB-2018-009]
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https://cds.cern.ch/record/1443882
https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/pdf/1808.08865.pdf
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How to measure y in B - DK* and related decays

GLW [PLB.243(91)483] / [PLB.265(91)172] GGSZ [PRD.68(03)054018]

D° decay to (quasi-)CP eigenstates: ; ) :
ntn™ /JKYK™ /ntn n® /K¥K~n, * D" decay to multibody, self-conjugate
ntn ntn /Kdn /K P /K w states:

* Modes with neutrals hard for LHCb, but Kdntn /KQKTK™ /Kdntnn®

used by BaBar & Belle (Il)

ADS [PRD.63(01)036005] / [PRL.78(97)3257] Time dependent
« DY decays to CF & DCS final states: * CPV from interference between mixing
KEnt /K*ntn®/KEnTntn™ and decay
 LHCb has made measurements using
GLS [PRD.67(03)071301] B? - DFK* [IHEP03(18)59] and
« DY decays to SCS non CP eigenstate: B® > D¥m* JHER06(18)84]

KIK*m™* using 3 fb~! Run 1 data


https://www.sciencedirect.com/science/article/abs/pii/037026939191756L
https://www.sciencedirect.com/science/article/abs/pii/037026939191756L
https://www.sciencedirect.com/science/article/abs/pii/037026939190034N
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.036005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.78.3257
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.67.071301
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084

LHCb measurements of y
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*not all measurements are included in the LHCb combination. Only measurements that use the full Run 1 dataset, or Run 2 data are shown in the table.

3 fb—1 Run 1 dataset ® Includes 2 fb~1 15+16 data

Dalitz-method
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Time dependent measurements with B — D K* [JHEP.03(18)59] and B® — D¥rr* [JHEP.06(18)84] decays



https://www.sciencedirect.com/science/article/pii/S0370269317309620?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317309620?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112002
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112005
https://www.sciencedirect.com/science/article/pii/S0370269317309620?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112002
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112005
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP11%282017%29156
https://link.springer.com/article/10.1007%2FJHEP08%282019%29041
https://www.sciencedirect.com/science/article/pii/S0370269316302751?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://link.springer.com/article/10.1007%2FJHEP10%282014%29097
https://link.springer.com/article/10.1007%2FJHEP08%282018%29176
https://link.springer.com/article/10.1007%2FJHEP08%282016%29137
https://link.springer.com/article/10.1007%2FJHEP06%282016%29131
https://www.sciencedirect.com/science/article/pii/S037026931400207X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026931400207X?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP03%282018%29059
https://link.springer.com/article/10.1007%2FJHEP06%282018%29084

Contributions from
different D decays

Constraints from different
D decay modes

 GLW+ADS: several
narrow solutions

* GGSZ: single, broader
solution

Serves as a cross-check:
different methods
expected to agree
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B*—DK", D—h3n/hh' i’

B*—DK", D—Khh

B">DK', D>KK/Kn/ nrw

- All B" modes

Full LHCb Combination
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https://cds.cern.ch/record/2319289
https://cds.cern.ch/record/2319289

