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Measurements of « at tree-level decays

B — DK decays as explicative example. The sensitivity to 7y arises through the
interference between b — ¢ and b — u transitions.
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m Crucial point is that D final state fp must be accessible to both D° and DO

m Magnitude of the interference is governed by -, rz amplitude ratio and
CP-conserving strong phase difference

m Such decays have negligible loop contributions §v/v ~ O(1077) [ JHEP 1401
(2014) 051]
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http://link.springer.com/article/10.1007%2FJHEP01(2014)05
http://link.springer.com/article/10.1007%2FJHEP01(2014)05

Measurements of « at tree-level decays

DO K- r.e ’
‘\\ m B* - Dn* decays have
smaller interference (i rg N

fDK_ 0.01 vs rf~ 0.1) but larger
BR

m rg and dg are different from
one B decay to another

D°K~

Measurements presented at last Implications Workshop:

m B* - D(h*h™)h*: ADS/GLW 1fb~! — updating for 3fb"

m B* - Dh* D(K*n™n*7~): Multibody ADS 1fb~' — updating for 3fb "
m B* > D(KQK*rnT)K*: GLS 3fb!

m B* > D(K2hth™)K*: GGSZ model-independent 3fb~!

m B* > D(K2h*h™)K*: GGSZ model-dependent 1fb*

m B° - DK*0: ADS/GLW 3fb1

m BY —» DXKT time-dependent measurement 1fb~! — updating for 3fb~"
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Current status on v measurements from LHCb

LHCb ~ combination

o Last official LHCb combination in September 2014 [LHCb-CONF-2014-004]
o Combination of B* - DK*, B® - DK*? and B? - DK™ results:

m Frequentist approach: 72.9° with 68% CL [63.0°, 82.1°]

m Bayesian approach: 71.9° with 68% CL [61.9°, 81.8°]
e Most precise result from a single experiment

e More precise than combined B-factories
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https://cds.cern.ch/record/1755256?ln=en

New v measurements: BT — Dh¥ with D — h™ h* 70 [pHvs. Rev. Do1 (2015) 112014]

Full Run | sample (3fb7")

m D meson reconstructed in three-body final states: D — K¥ 770, D — h*h~ 70

m Inclusive analysis: Interference effects sensitive to «y can be diluted across the
phase space due to the presence of intermediate resonances

m In D > hth™ 7 the dilution refers to the fractional CP-even content
m Dilution factors measured using CLEO-c data

u large: kK7™ = 0.82:0.07, F7™ = 0.968+0.018, F<K™" = 0.731+0.062
[PLB 731(2014) 197] [arXiv:1504.05878]

m External inputs {rg’”ro ~0.05 [PDG], 6g""0 [CLEO-c])
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m 12 observables are measured in total (including B*/B~ production asymmetry Auoq)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
http://www.sciencedirect.com/science/article/pii/S0370269314001233
http://arxiv.org/abs/1504.05878

New v measurements: BT — Dh¥ with D — h™ h* 70 [pHvs. Rev. Do1 (2015) 112014]

m Simultaneous fit to the 16 subsamples ((24ciw +2Kﬂ-)X2(bachi)X2(bachﬂ_/K))

m Kaon PIDp,en > 4, else

m The presence of the 70 reduces the purity (wrongly rec. bkg) wrt the 2-body
charged D final states

m Detection (h*/h™) and detector asymmetries are included
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014

New v measurements: BT — Dh¥ with D — h™ h* 70 [pHvs. Rev. Do1 (2015) 112014]

ADS-like modes
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New v measurements: B¥ — Dh™ with D — h™ h*70[pHys. REV. Do1 (2015) 112014]

GLW-like modes
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014

New v measurements: BT — Dh¥ with D — h™ h* 70 [pHvs. Rev. Do1 (2015) 112014]

Measured observables used to obtain constraints
on physics parameters v, rg and Jg.

2D-likelihood scan ~y vs rg and v vs dg

m light-blue 1o, blue 20 contours

m D mixing effects accounted for but are
negligible

m Results are compatible with LHCbh
combination (cross marked)
[LHCb-CONF-2014-004]

m Best-fit value rg = 0.11+0.03

m No strong constraints on ~ or g with these
statistics
m These measurements can contribute to

improve precision when included in a LHCb
global analysis for determining ~y
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
https://cds.cern.ch/record/1755256?ln=en

New ~ measurements: B* — Dh* 7T [arXiv:1505.07044]

Full Run | sample (3fb™1)

m X~ refers to X; = K n*n~ and X7 =n - ntm™
m B™ - DX used for normalization in B~ — DX measurements
m D meson reconstructed in 2-body decays: D - K¥n%*, D - K*K~, D - 't~
m Inclusive Analysis: to enhance coherence selection placed on hrtmw system
m Dilution factors of B decays (free parameters of the global fit to )
m External inputs rp [HFAG], 6p [Phys. Lett. B 734 (2014) 227]

RN _ 142 420 cos(6g) cos()
[ B B B y

AL = 26rgsin(sg)sin(v)/Repy £ = KTK™, n¥n™, K™n*
in ré+rlz)+2r;r5r/) cos(dg+op+y)

141212 +2rrgrp cos(5g =0 p+)

m rg, 0g and k are different among B decays in DXs and DXy (r‘);5 > r;d)
. . . +p +
m v is mainly constrained by Aé’(sh . Repy and RXS
m Corrections for D mixing included to determining physics parameters constraints
m Production and detection asymmetries (h*/h™) considered from external input

m  First v measurement using these modes
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http://arxiv.org/abs/1505.07044
http://arxiv.org/abs/1412.7515
http://arxiv.org/abs/1404.4691

New ~ measurements: B* — Dh* 7T [arXiv:1505.07044]

Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)

m Simultaneous fit to the 16 subsamples ((246w + 2Kﬂ)x2(xi)x2(xd/s))
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http://arxiv.org/abs/1505.07044

New ~ measurements: B* — Dh* 7T [arXiv:1505.07044]

m Simultaneous fit to the 16 subsamples ((246w + 2Kﬂ)x2(xi)x2(xd/s))
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http://arxiv.org/abs/1505.07044

New v measurements:
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B* — Dh*7m [arXiv:1505.07044]

Measured observables used to obtain constraints
on physics parameters ~, rg and dg and k.

Projection of 1-CL versus v and rg

B — DX fit
v = (74 *23)° at 68.3% CL

Compatible with LHCb ~ combination
[LHCb-CONF-2014-004]

rys = 0.08 + 0.03 at 68% CL (not small)

Coherence factor k close to 1 (weak constraints)

B — DX 4 combined fit — small influence of

Xy modes

These decay modes will contribute to improve

the precision on vy from combined
measurements
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B® - DK*7~ Dalitz plot analysis for measuring

m Dalitz plot analysis is expected to gain in sensitivity wrt to quasi-2body methods
since interference between resonances may resolve the ambiguities on
[Phys.Rev.D79:051301,2009]

m The v angle can be extracted from a simultaneous amplitude analysis of the
B® - DK*7n~ with D — K7 and D¢p - h™h™ (h=K,x)

m Sensitivity to v comes from interference between b — cus and b — Tc3

P e ) 5 _
wi—uk wh__uD wh__c®

- — —
? L - & K
B <“ﬁ ) :\E 5 <"u i
d q” d L g7 | & d g”
D K0 K0

m D} (2460) resonance is taken as a reference to relate phases between the 3
Dalitz plots

m Dalitz Plot analysis of Cabibbo Favoured B - DOK*x-, D_(l — KT~ mode is
used to determine b — cus model and to measure BF(B® - D°K**°) and
BF(B° — Dy *"K™)

Giulia Tellarini
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http://arxiv.org/abs/0810.2706

B® - DOK*7~ Dalitz plot analysis of CF decays [arxiv:1505.01505]
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m BY - DOK* 7~ 2344 + 66 (in signal region)

m Resonances expected in the m2(D%7~) and m?(K*n~) combinations

m 8 amplitudes included in the model (D, (2460)~ taken as reference)

m Complex amplitudes and Fit fractions have been measured

m BF(B® - DOK*(892)°) and BF(B® — D} (2460)”K*) more precise than previous
measurements

m First amplitude analysis of B® — DOK* 7~
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http://arxiv.org/abs/1505.01505

B® - DK*7~ Dalitz plot analysis for measuring

m Previous analysis determined the amplitude model for v measurement in
B® - DK*7n~where D — K7 and Dcp — h*h™ (h=K,x)

m Masses and widths of D* resonances constrained to previous results
m CP violation parameters included in K*(892)° and K (1430)° resonances

Pseudoexperiment
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m unblinding soon
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Expected precision on v at Run

Phys. Rev. D87 (2013) 052015

Experimental status for y

¢ LHCb is how starting to dominate
the world average

- of(y)=4° by 2018 and sub-degree m LHCb Run Il
precision by the end of the started
experimental programme
= o a
¢ from B->DK os 13 TeV collisions
e : inputs from LHCb-PUB-2014-040 :: O Wil revieed)
s z N\, 12018 %2 w0 & iy 8 e trigger Strategy
N g e ‘ T
: AN S ey | m expected 8fb? till
I \ .
1 d 72042 ]
: : N "t . TG 2018 data taking
0 T T T ! ! n - T ~ 4°
Runl  Run2 Run 3 Run4  Run5 3 95 55 ‘ i . J(’Y) 4 at the
e 70 80 90 W0 10 end of Run Il

LHCb-CONF-2014-004 v

Vincenzo's talk ,
Belle Il Theory Interface Platform Workspace
(April 2015)
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https://cds.cern.ch/record/2013239/files/LHCb-TALK-2015-079.pdf

More measurements in B - DX: B% - D®)* D)~ analysis

m Branching Fractions and decay widths are included in the analysis

m Constraints on penguin pollution to enhance sensitivity to NP [HEP 1507 (2015) 108 Phys.
Rev. D 91, 034027(2015)]

m The analysis is in good shape: B® — D*D~ 1425 + 45, B® - D**D~ 698 + 30

& 400 ! i i i
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= 30 unofficial unofficial
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% 200 B->D'D 1 |
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m Time-Dependent analysis for CP-violation measurements
m Without penguin pollution: Scp = —ncpsin(28) Ccp =0

m Currently OScharm and SS taggers being added (expect a +50% in tagging power)
+ - + -
D'D'S., R p'oc, FEE
= expected senSItIVIty on SCP BaBar 0.63£0.36 £ 0.05 BaBar 07 +0.23+0.03
and CCP: i0.25 only OStagger PRD 79, PRD 79, 032002 (2009)
Belle 1,065, +0.08 Belle 43+0.16+0.05
B we expect to be Competitive PRDBSLzmzyumA« PRD 85 (2012) 091106 EE
with B-factories, even better i TN | R e ]

precision in Run Il T T N S
CPV in B — DX /
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http://arxiv.org/abs/1505.01361
http://arxiv.org/abs/1410.8396
http://arxiv.org/abs/1505.01361
http://arxiv.org/abs/1410.8396

Conclusions

a) In addition to the B > D, D; analysis [Phys. Rev. Lett. 113, 211801 (2014)] the
B® » D™* D)= CP-violation analysis is on-going

b) LHCb covers a wide program to measure ~y

m Many analyses are exploiting the full Run | dataset

m New methods and decay modes have been investigated for the first time
m Following the BF(Bg — D¢ K) measurement [J. High Energy Phys. 06 (2015) 130], the

Time-Dependent analysis will contribute to ~

m Ongoing analysis of LHCb charm data to determine hadronic parameters

for D - Knrr. Prospects to do similar work to determine other hadronic

parameters.

An Update of LHCb combination for «y is expected for winter conferences

m expected 8° or better due to some additional modes to be included in the
combination

For Run Il expected precision on v ~ 4°
LHCb upgrade will lead to < 1°
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.211801
http://link.springer.com/article/10.1007%2FJHEP06%282015%29130
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CKM matrix describes weak quark interactions — On the complex plane it defines the
Unitarity Triangle
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http://ckmfitter.in2p3.fr/www/results/plots_eps15/png/rhoeta_large.png
http://ckmfitter.in2p3.fr/www/results/plots_eps15/num/ckmEval_results_eps15.html

B* - Dh™ with D - h*h*7%; 12 Observables [arxiv:15

ADS-like observables

Krn® _ T(B =[x K 7%]ph )+ (B* >[x* K~ x°]ph*) _ SUPPRESSED _
Ra DS(h) I'(B‘—>[K‘7r+7r°]Dh‘)+|’(B+—>[K+7r‘7r0]Dh+) = “Favourep X2 (h = Km)
AKmr® _ T(B =[x KYa®]ph ) -T(B* »[x* K n%]ph') _ diff. SUPPRESSED  » p _ 4
ADS(h) — I'(B‘—»[7r‘K+7r°]Dh‘)+I'(B+—>[7r+K‘ﬂ'U]Dh*) = um supPREsseD X2 (h = Km)

AKM _ (B =[K xtn%pKk)-T(B*=>[K* =~ =°1pK*) _ diff. FAVOURED
T T(B=[K ntm0]pK- )+ (B*>[K*m—n0]pK*) = sum FAVOURED
— amount of CP violation in the suppressed and favoured modes

5T = (16439 )

| A

quasiGLW observables

= - +_, + 0
vy TE DFf,h,ﬂ_gK)+F(B DFﬁ,h,woK) R

qGLW = F(B-—DOK—)+r(B*=DOKY) ~ RE/’”'O x2 (h = Kr)
7l 0 — L Th H 0 S + L Th h 0 +
Ahhrr F(B™—=[h'h w°]ph”)-T(B"=[h"h' 7" ]ph") 4 (h:KTr)

qGLW (h) = T(B-=[W W 70)ph=)+T(B* = [ W' 70]ph*)

N

_ o(B)-0(BY)
Aprod = 5577057

CPVin B » DX Giulia Tellarini


http://arxiv.org/abs/1407.6211

B* — Dh™ with D — h¥ h* 710 [arxiv:1504.05442]

Measured signal yields allow the fit to determine the observables of interest:

0 Yield B docay channel Vield

D RKTI'TI' RKTm ISS51 =176 BT S[Kfna[pr  I8882E176

DK™ MK 7m0 K/7r ADS(K) €exp 1 30 BY S Kt nrlok 1442+ 39
nﬂ_KTrg = TeaKT E:H rt T 25+ 13
+ 4 Bt [ 24+ 9

+[ ADS(K) HAprod 1+Ages ] B O 1772 55

0 1-A 1-A BY > [ntr v“\ K 125+ 19

- A“Af[;_ST(K) prod det BY - [K*K~ viﬁ'nw* 541+ 34

B 5 [KYK - a%pK+ 27+ 12

Systematic Uncertainties (- 10%)

PID PDFs Sim A Total
ADSW 34 396 87 57 4Ll

AE
AADS(#) L6 75 45 69 113 m average P|D efficiency for bachelor
AK
Az

5 .
qcm(m 51 102 188 21 221 particle
09 79 73 09 108

q(JLVV K) )
AK 08 22 12 44 51 m from fixed PDFs parameters
quV\/('rr)
Az 03 09 07 42 44 . ..
qGLW ()
P s 04 09 14 42 46 [ systematlcs due to limited stats of
Lo 9 -
REFGh 03 20 06 01 21 Simulated samples

REgz 002 005 002 001 006

5 m A interaction an
REKn 238 249 365 T.7 508 instr interaction and

GLW .
R:W&;V s1 207 425 53 483 detection-related asymmetry
Aprod 0.3 03 05 50 5.0
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http://arxiv.org/abs/1407.6211

B~ — Dh 7w [arXiv:1505.07044]

rg =| A(B™ = [h"h"] 50 XS )[A(B™ = [h™h"]po XS)
5 strong phase difference between B~ — D°X. and B~ — D°X_
— averaged over the DX, phase space

Coherence factor k takes into account dilution of interference due to
variation of the strong phase across the phase space

bounded (0;1) — free parameter to be determined in the global fit for
DCS to CF ratio — rpe? = A(D® - K*n)/A(D®° - K™n*) — taken
from independent measurements

CPVin B » DX
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http://arxiv.org/abs/1505.07044

B~ - Dh™ 77~ [arXiv:15

Fitted yields in ADS modes

Decay mode B~ yield BT yield
N 1
(‘\m.xd ) (Nm.xd’ )
B* - DXi, D~ mt 36956+214 37843+219
B* - DXI, D"t 161 + 20 162 + 20
(Nf{t.X:) (Nﬁfe,xf)
BT - DXF, D~ nt 1234437 1226 + 37
B* - DXF, D—* 1 13.04+5.3 6.6+ 4.0

Systematic Uncertainties (%)

Fitted yields in GLW modes

Decay mode B~ yield BT yield
(Nﬁft.x‘:) (Nt{c.xj)
BY* 5 DXF D~ nt 452134226 46488 + 230
BiaDXi, D —* - 3899 + 63 4084 + 65
B* - DX;,D—rtn- 1669 + 38 1739 £40
f I
(Nm.Xf) (Nm.x:')
B* - DXF D~ nt 1699 + 47 1744 £47
B* » DX}, D -+~ 155+ 14 171+ 14
B* - DX}, D~ ntrn~ 59+9 70+9

Source A(B* - DXF) A(B* - DX}) Repy RE RE
D—  hth™ Kr hth~ Km K+~ atz~ Km K=
Ap= 0.7 0.7 0.7 0.7 - - - -
Ak 0.4 0.4 0.8 0.7 0.7
Ar 0.3 - - 0.3 - - 0.6 0.3
Trigger 0.4 0.4 0.4 0.4 1.5 1.5 1.5 1.5
PID 0.6 0.6 0.6 0.6 1.2 1.2 1.2 1.2
Signal model - - - - 1.1 1.1 - -
Bkgd. model 1.6 1.6 4.0 10.0
Charmless back. - - - - 1.0 1.0 1.0 10
Cross-feed 1.0 1.0 1.0 1.0
D vetoes - - - - 1.0 1.7 1.0 1.0
Rcp4 approx. 1.0 1.0
Total 1.0 1.1 1.1 1.3 34 3.8 49 104

CPVin B —
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B® - DOK* 7™ where 0° — k*»~ Dalitz plot analysis
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Projections of amplitude fit

®  Dpata Total fit K*(892)° =T K*(1410)°
"""" KnS-wave (LASS) = = K3(1430)° — ' D; (2400) D; (2460)
s DnS-wave (EFF) === DrP-wave (EFF) D+ Background

CPV in B » DX
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B® - DOK* 7™ where 5° - k*»~ Dalitz plot analysis - Pull

Squared Dalitz Plot: Xdata — XfitModel | Tx

LHCb

m Tests quality of the model show acceptable agreement between the data
and the fit model
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