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Outlines

> CKM angle Y measurements
> First observation of Bs—D'KK L.HCbh-PAPER-2018-014

> Studies of the Bs—D® ¢ system LHCb-PAPER-2018-015
> Search for B.™ decays to two charmed mesons LHCb-PAPER-2017-045
> CPV measurements in B-——DsD? and B-——D-D? decays LHCb-PAPER-2018-007

> Conclusion



CKM angle y

> Least well known CKM parameter Y = arg [—VudVJb / (Vcd CZ)]
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Methodology for y measurement

> Sensitive channels with small BFs: need to combine many channels

GLW: D = CP eigenstates, e.g. KK, nw

ADS: D = quasi-flavour-specific states e.g. Kn

GGSZ: D = self-conjugate multi(3)-body states e.g. Ksnm

GLS: ADS variant with singly Cabbibo-suppressed decay D—KKn

time-dependent Bs— DK, BO—Dmt etc (see talks from Alex Birnkraut)

Dalitz (GW) method: BO—DKn

> Global fit needed to extract Y (see talks from Mark Whitehead )

> Investigation of new methods important



Physics with Bs)—DOKK

> Time-Dependent Dalitz analyses can be used to access CKM angle y and )

PRD 85 (2012) 114015
> Dalitz structures are interesting for charm spectroscopy studies
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PRL 109 (2012) 131801

> Analysis has been performed with 0.62 fb-! in 2012 by the LHCDb collaboration
-> observation of B? channel and evidence for Bs channel

> Updated measurements performed with 3 fb-! Run 1 data
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LHCb-PAPER-2018-014

Observation of Bs—DO9KK

> Signals: 2 crystal ball function; Background: exponential

> Peaking background from simulation with corrections to match data
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> Around 1918+74 B'—>DIKK and 473433 B.—DVKK observed

B(B® — D°K+K~)

— (6.9 + 0.4+ 0.3)%

B(B® — DOx+m—)

B(B® —» D°K*K~) =

stat. Sys.

(6.1+0.44+0.34+0.3) x 107,

stat. normalize

SyS.

B(B® — D°K+K~-)

B(B® - D'K+K

B(B" — D°K+K~) =

”)

= (93.0£8.9+6.9)%,

stat.  sys.

(5.74+0.54+0.4+0.5) x 107,

stat. sys. normalize



LHCb-PAPER-2018-014

Inspection of Dalitz plot

B'—DOIKK: [5240, 5320] MeV Bs—DIKK: [5340, 5400] MeV

Background: Ds1(2536)

14

. LHCb ) B DG [
S | | & S ] 2 .
oL 20(980)/10(980) g 10 EoL .
~ TE | & ) (10200 N
5—= I —B6 5 =
- T o 2 . {2
S_ | .T.-| . .-'._.-'-\:._-._..'.-|-.- S I N ; L S 1|0. . 1|S A 210. NI R P
| ‘ o - mzvoKz_O[GeVz/C“] ‘ ‘ mZ  [GeV/ct]
Ds2(2573)
Ds13)(2860) Ds2(2573)

> Resonant structures motivate future Dalitz plot analyses



LHCb-PAPER-2018-015

D(0¢ studies

> $(1020) is a very narrow resonance and permits us to do clean studies on
D¢ channels

Candidates / (1 MeV/c?)

Little correlations between mkk and mpkk for each components
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> Mass shapes of B? and Bs decaying to D% modeled with Gaussian

> D*¢ shape determined from MC: D*—D%/r? branching fraction fixed from
PDG:; polarization as free parameter; efficiency determined from MC
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LHCb-PAPER-2018-015

Results on Bs—D*0d

B(B?s) — E(*)O¢) NB?S)%E(*)%; X 5(30 — EOW+7T_) fd/f.s

— — X \
B(B° = D'ntn=)  Npupogen X £(BY, — D@0¢) ~ B(p — KVK~)’

B(B? — DY)
B(B° — DOr+7—

| B(BY — D*¢) |
= (34504 £02)% BB o Donrn) ~ (42£05£04)%

stat. Sys. stat.  sys.

B(B® = D%) = (3.0£0.34£024+0.2) x 1075  B(B* = D*¢) = (3.7+ 0.5+ 0.3+ 0.2) x 107

stat. sys. normalize stat. sys. normalize

> Both channels can be used to constrain angle y (LHCbh-PUB-2010-005)

> Previous branching fraction measurement of Bs—D%® with 1 fb-1 data,
normalized to Bs —D? K* B(B? — D) = (2.34+0.4+0.24+0.2+0.3) x 1075

stat.  sys. fs/fd normalize

Updated to (3.0 £ 0.8) x 105 in PDG

> First observation of Bs—D*$ decay with more than 7c significance

> The longitudinal fraction of Bs—D*® also measured, fr = (73 +15+t3) %

consistent with what measured in B'—D*® by BaBar
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_ LHCb-PAPER-2018-015
Search for BO—DO0}

> Exchange diagram + OZI suppression or through ®-¢ mixing

b c c
B°{ W }5" D’
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}¢ g d W
5 d

> No significant B'>D%} found (~ 20 significance)

stat.  sys. stat.  Sys. normalize

B(B = D%) (12 + 074+ 03) x 10* BB’ = D)= (1.1£0.6+£03£0.1) x 10°°

B(B° — DOr+7-)

> Upper limits set on both branching fractions and mixing angle assuming
contributions from ®-¢ mixing dominated here

B(B° — D) < 2.0 (2.2) x 1076 Mixing angle: || < 5.2° (5.5°)
90 (95)% 90 (95)%
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LHCb-PAPER-2017-045

Y measurement in B. decays

> Massive B¢t produced in LHCb: ~ 30K Bct—J/ynt with Run 1 + Run 2
> Branching fraction of Bct—J/yr*: (0.6—2.9)x10-3

> Able to access B decays with Branching fraction of 10-5—10-¢

> B—D)"D0 decays sensitive to y with rps ~ 1 and rp~ 0.1

B;Lb
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u 0 + B - B S +
D B Dy
C C > C

> The branching fraction is predicted to be

Prediction for the branching fraction [107Y]

Channel

BXf— DD 23405 4.8 1.7 2.1

Bf— DD  3.0+05 6.6 2.5 7.4

B+ — D*DY 39 L7 53 39 93 Currently search with
Bf— DD 0.10 £0.02 0.32 0.11 0.32  Run 1 data: 3 tb-!
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Candidates / (30 MeV/c?)

Candidates / (30 MeV/c?)

Results on B.*—Ds)(M*DC)P search
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> Nothing observed and upper limits set on these decays

Candidates / (30 MeV/c2)

Candidates / (30 MeV/c?)

LHCb-PAPER-2017-045
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> Decays with D) and D™ are searched without reconstructing y/m0
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LHCb-PAPER-2017-045

Results on upper limits

fe B(Bf — D' D)  N(BY— D! D) e(B*— D D)

Key formula: &) e o
fuB(B*— D{,D°)  N(B*— D{ D°) e(Bf = D,D)
D¢)-D? B D)D"
B2 DD _ ( 3.0£3.7) x 107" [< 0.9(1.1) x 1077], Je BB = D DY) _ ((32£4.3)x 1077 [< 1.1(1.3) x 1077,

fu B(B+— D D)
f. B(Bf = D+ D*)
fu B(B+— DF DY)
f. B(B} — D*+D*°) _ .
=( 80£7.5)x 107 [<1.9(22) x 107, 7 g+ prpo) =( 34£23)x 107 [<6.5(7.3) x 107],

fe B(Bf — D**D*") . —92 1
(29453)x 107 [<12(14) x 1077, f, ppr s pepoy L ES) 0TS L3 (1L6) X 107,

= ( 7.04£9.2) x 107 [< 2.0(2.4) x 1072,

= (—3.842.6) x 107* [< 3.7(4.7) x 1071],

e D e D ] e
ergiergeryper gy ferpgery for

S

_+_
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S
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f. B(Bf = D:*D°) + B(Bf — D D)

= (—0.1£1.5) x 107 [< 2.8(3.4) x 1077,

fu B(B+— D+ DY)
+ *+ N0 + + H*0
* ) Je BB = DT D7) + B@(f DD (L03+1.9)% 10 [< 3.0(3.6) x 10-2].
D(s)“D + D5y D Ju BB = D; D)
+ *+ +.-0 No + + Hx0
Je BB = (D™ = D7, 7) D7) + BB = DTD™) _ 9 139y 1072 [< 5.5 (6.6) x 10~
7. B(B+— D+DV)
+ *—+ + .0 0 + + 0
Jo BUBZ = (D™ = D, y) D7) + BB = DTDT) (544 7y % 102 [< 2.2(2.8) x 107,
3 B(B+— D+DV)

> Absolute Branching fraction upper limits at level of 10-4—10-3, consistent with

expectations in previous slides
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LHCb-PAPER-2018-007

A? measurements for B-—D)-D°

> Nonzero CPV expected due to interference between tree-level and loop-level

diagrams, order of 10-2;

d —
D
< C
b > - > C b >
B D° B
u < u u

> ACP of B-—D-D?% measured by BaBar and Belle collaborations

Belle: BaBar:
AP = (0£8+2)% AP = (=13 £ 14+ 2)%

> ACP in LHCb determined using the following formalism:
I'(B-— D,D°) —T(B*— D} D°)
CP/ — 0 (s) (s) _ _ _
AT(BT = Dy DY) [(B-— D, D°) +T(B*— D}, D% Araw — Ap — Ap,

50) AP+AD:

_o(B7) —o0(BY) e(B~— D, D°) — e(BT = D,
AP — — 9 AD =
o(B~)+o(B*) e(B-— D

Production asymmetry measured

by LHCbD : 14 (—0.3 T 0.4)%

D) +e(Bt— D{,D%) (—1.44+0.5)% DsDO

D-D?
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LHCb-PAPER-2018-007

Results on Acp measurements
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M B
5280

B+

D¢DO, DV K7

Consistent with no CPV

DDV, DV—K3m First measurements

AP(B~— D; D% = (=044 0.5+ 0.5)%,
AP(B~— D D% = ( 23+27+04)%,

Uncertainties reduced

-DO. DO
D-D%, D0 =K by a factor of two

D-DY, D' K3



Conclusion

> LHCD experiments are continuously exploring its potential in y
measurements

> New channels are searched/discovered and stay tuned for
updates on Yy measurements with these decays

Thank You for Your Attention
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