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CKM Angle Connected With Bi)—Dhh

> Similar to previous talk, additional channel to access to y (also see
introduction of y from Alexandra)

* * *
Vud Vip + Vea Vep + Via Vip =0 Measured using decays access both through
(pM) b—c¢ and b—u transitions

Interference @ tree level: Test standard model

Interference @ loop level: Probe new physics

. Least well-known CKM constrain: sensitive to
“; lots of channels; need to combine different
" measurements (@ tree level) to improve its

sensitivity

> With h = h (h = K or ©t): can’t distinguish B), Bis)-bar, D’ and D’-bar; In
addition to normal amplitude interference between b—u and b—c¢, there are
interference through oscillation; another CKM angle 2} (or @ for similar
triangle in Bs system) to describe oscillation effects enters game
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Physics With B—Dhh

. Together with other diagrams (see next slide)
> Feynman Diagrams

b u
DO
23 Y
ation 4 T/7%
Bs oscillation VubVC d
S S S S
> D Decays
Table 9: D Decays and their branching fractions
D Decays Branching fractions Comments
D’ - K—=nt (3.88+0.05)% large fraction Semi-flavor tagged decay
D' - KTK~ (0.396 £ 0.008)% CP eigenstates

Both access by D? and D

(
D" - ntn~  (0.1401 £0.0027)% CP eigenstates <
D’ - K*n~ (0.0147 £ 0.0007)% Suppressed decay

> DV K-n*: Time dependent analysis; access y-2p(¢s); only interference
via oscillation

> DV CP eigenstates: time dependent analysis; access v, 2P(Ps);
interference both via oscillation and B—>D%hh, B—>D%hh

Wednesday, April 3, 13



Dalitz Analysis With B—~Dhh

> Further more, Dalitz analysis could be performed to enhance its
sensitivity on y (most sensitive channel for y measurement is the B—DK-"

GGSZ mode with D—Kshh)
b c ‘ -
- DO KT b C 3
& 2, ;D
( u Bo W
E; [ — . ( \) EE'
= B‘j \ D*- a,(980)
KK Gl > ¢ S S
S S
non-resonance D" resonance KK resonance

> With even statistics, a time-dependent Dalitz could be performed

> Further details see S. Nandi and D. London, Phys. Rev. D 85, 114015
(2012), S. Ricciardi, LHCb-PUB-2010-005, M. Gronau et al., Phys. Rev. D
69, 113003 (2004): There are motivations for measuring y where one can
compare time dependent analysis of Bs—D;® to B—DK" GLW mode,
Bs—DKK to B—DK- GGSZ mode (D' K nr)
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Analysis Status(1)

> The analysis on B DKK still at its early stage due to its low branching
fraction; Only D' K-n* considered at the moment

> First observation of B'>DKK and first evidence of Bs—/D'KK with
D'—K-n" made by LHCDb using 2/3 of 2011 data (0.62 fb-!) (Phys. Rev. Lett.
109, 131801 (2012))

> Current analysis ongoing to update the previous branching fraction
measurements and to make the first discovery of B DKK with 5 times
more data (1 fb-! 2011 data and 2 fb-12012 data)
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Analysis Status(2)

> Re-optimization of selections and background study with 2011+ 2012
data finalized; update on branching fraction ongoing

> Current efforts also on performing Dalitz Analysis on B—Dzan and
B—DKK: to understand the resonance structure and their properties; to
further extend to a time-dependent Dalitz analysis if possible (for B—Dzn)

> As current analysis are still in progress, we describe previous analysis
here, indicating improvements with prospects at the end
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Selections

> The selections are all optimized using B'—>D'an

> MVA techniques used: NeuroBayes in previous analysis, Fisher in
current onging analysis after similar preselections (Linear MVA gives
similar performance as nonlinear ones)

> Both signal and background (combinatorial) events for MVA inputs
come from sweighted data sample of B'->D'an

> Inputs of MVA includes 15 variables from kinematic and geometrical
properties; Reexamined in current analysis, some removed for latter Dalitz
analysis or combined to improve MVA performance (10 variables used now
with better MVA performance)

> Particle identification optimized after MVA and calibrated using D" —D'x
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Mass(Dalitz) Distribution Phys. Rev. Lett. 109, 131801 (2012)
B'—>D'nn B’ —>D'KK

% L) N L S S P A o 250 T * ' 1 Tl et Ton Loh e T
> —e— Data > [ LHCb B ,?:,tf 5 :
2 15 — Full fit 2 200 - ---- Combinatorial bkg. —
2 ----- Part. reco. bkg. g = SRR DoK’K' 5|
w ~-—-- Combinatorial bkg. " |:_ ....... B8° KK’ _: .
g . ; D § o N . I ;3; reco.bkg. J V1iS-1D background
= ——- Ao - — B°> DK= .
2 g 100 BloDKx | - (see latter)
O o J\b —p DpK :
500 5
50 -

4 oo Sten e 0 "'l'”'i""?‘".‘i.‘.f ey ‘;zr'-.l‘"‘;. 1 ;""f | T T et S S S ) S S |
5200 5300 5400 0 5500 5600 5200 5300 5400 g 5500 5600
m(D ©*1) (MeV/cd) m(D K'K) (MeVv/cd)

8060 (773 charmless) BY: 558 (126 charmless) Bs: 124 (0 charmless)

e
—
=
e

o =y ] - R T T R 3
© 58 . Q 2 -e=0e r
S 25 seg — Y- . 3
3 53T LHCb ] 3 20f .?9'3906 LHCb 3
— n e . - . S~ 3 N S e = 3
— 20} iiitiiifa. = P T At - 0 0 K
FOPOHH BoDOam | & oof .iiiffiitge B'ODKK
- ee oo e s s s s oDOo00 4 - (-] L :
i€ 18E TIIIIIIIITITTINI. - % 14 I B E
: HHHHEHH T 12f seczesz::c08CIg, =
10f TTIIIiiiiiiiiiiiiads - 10f- N e £
b TTIiiiiiiiiiiiiiiis 5 oo CICIRCY SR E Y KO
. 2 -.-eEEr . - - 8"' -
SRS ETYYEEI L IvE, : R I -
SE TRITRIIIIzaNs 6f- e H A
1 1 3 4;1 PIEY BEPIRROPPT BE T UNUP Rl T et

10 - aa 5 10 15 o 20
m?(D"r’) (GeV/c) m?(D°K’) (GeV/c?)?

> Charmless background (B— KKK, Knnr etc.) not vetoed; Calculated
using D? mass sidebands and subtracted for branching fraction measurements
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Charmless Background

> To avoid charmless contamination for Dalitz analysis, we use dedicated
selection criteria to remove charmless background in ongoing analysis; we
also use D' sidebands to monitor the selection

7 z position of B(D) vertex
SDD = 200~ 25" g )
\/ ngo + 0330 z error of B(D) vertex

> The selection (SDD>2) is applied
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Mis-ID Background

Phys. Rev. Lett. 109, 131801 (2012)

> The mis-ID background from D’ daughters is removed by restricting D

mass window

> The mis-ID background from B? daughters still remains and may cause

peaking structures around B’ mass

> We obtain the shape of these background directly from Monte Carlo

simulations; The number of these backgrounds (in full fit range) are

obtained by fitting them together with other contributions

B’ —»D'KK
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Br'anching Fraction Measurements  Phys. Rev. Lett. 109, 131801 (2012)

> Branching fraction of B>>DKK measured w. r. t. B'>Dnxr

NPeak(D K K) )

B (BO s DOI{,_%_[X,_) J\TCOI‘I‘(D[([\") (1 ¢ :T\'T(DK’I\")

B (BU — D()W+7T—) i?\,T(r()rr(Dﬂ—ﬂ-) (l s 3 Npeak(DW"T))

N(Dxm)

CharmIess background
Efficiency corrected Yields

> Per-event efficiency over Dalitz plot obtained from Monte Carlo

> Branching fraction of Bi—#DKK measured w. r. t. B">DKK

B(B° - D°K*K™) < f_q) - N(B° - DKK)
B(BY — D°K+K-) N N(B° - DKK)— Np=2k(B" - DKK)
> Measured Branching fractions:

B(B°— D°K+K")

= 0.056 + 0.011 £ 0.007, 5.86 observation
B(B? — Dxrtm—)
B D stat.  sys.
BAR, -3 D KHKT) | oon 05y £o50, 3.8¢ evidence

B (B — DVK+K~-)
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Conclusion and Prospects

> B —DKK(7t): (another) sensitive channels for CKM angle vy (B, @s)
measurements

> LHCDb made first observation of B> »DYKK and first evidence of
B,—D'KK with D'—>K-n"

> Current analysis ongoing to improve the measured branching fraction
and to make the first discovery of BsDKK with full dataset

> We can expect around 30000 B’ —>D%r, 2500 B'->D'KK and 600
B%—D'KK signal events with 3 fb-!

> Dalitz analysis is ongoing for B"—D'KK(nm)
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