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Introduction

experimental discrepancy on B(B — D(*)T_D,.) w.r.t. SM prediction

B(B —» D™+~ i)
B(B — D™~ i)
e combining all results, 4.00 discrepancy w.r.t. Ré’,':,)l (HFAG Winter 2016)
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Introduction, continued

Improve experimental precision on 73(§0 — D*+T_l_/.,_) at hadronic collider

e existing LHCb measurement selects B® — D** 7~ (— 1178878 |78

e can improve measuring B(B® — D**77 (- mr7v, )7, ) at hadronic collider

dk

- xt)

Normalization branching fraction B(B® — D* =«

e hadronic collider = normalization branching ratio needed to reach required precision

» similar topology
» well measured in absolute value

e B(B" - D" ntrxt)
» B=(7.0 £0.8 )-107> PDG 2015 (11.4% precision)
» B =(7.27+£0.50)-10 > LHCb, PRD 87 092001 (2013):  (8.8% precision)

m not in PDG average
= [actually, LHCb measures B(B° — D* n"x n")/B(B® — D* =)

e cannot get competitive result with present uncertainties on B(B0 — D*77r+7r77r+)

e = improved precision measurement of B(B® — D* n " n") by BABAR
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BABAR detector at PEP-1l, SLAC National Accelerator Laboratory

EMC
6580 Csl(Tl) crystals

e (3.1GeV)
DIRC (PID)
144 quartz bars —
11000 PMTs

: : .| Drift Chamber |
e (9 GeV) g 40 stereo layers

Silicon Vertex Tracker
5 layers, double-sided strips

Instrumented Flux Return
iron / RPCs (muon/ neutral hadrons)

main focus: study of CP violation in B mesons
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BABAR: CM energy, collected luminosity

center-of-mass energies integrated luminosity over time
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large clean data sample
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Decay chain reconstruction

o data sample: eTe™ collisions, 424.2 + 1.8fb~ 1 luminosity, (470.9 +2.8) - 10° BB pairs
e reconstruct D° — K7~ candidates from
» 1 positive-charged identified K
» 1 negative-charged track, assumed to be a 7 (no pion identification)
» candidate m(K7) must match nominal m(D°) within 20 MeV
e reconstruct D*~ — D°7~ candidates from
» 1 D° candidate
> 1 negative-charged track with p < 0.45 GeV
» D"~ — D° candidates mass difference must lie between 0.1435 and 0.1475 GeV
e reconstruct B> — D* 7 n n" candidates from

» 1 D" candidate
> 3 tracks with total charge 41 (no pion identification)
» candidate E(B°) must match \/s/2 within 90 MeV

e all remaining objects: rest-of-event (ROE)
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Suppression of non-BB backgrounds

o multilayer perceptron (MLP) classifier with 9 variables, in center-of-mass (CM) frame

cosine of angle B° decay products thrust axis w.r.t. beam axis

sphericity of B° decay products

thrust of the ROE

> p; in ROE

S(3cos® 6; — 1)p;) in ROE

cosine of angle of B° decay products thrust axis w.r.t. ROE thrust axis
cosine of angle of B° decay products sphericity axis w.r.t. ROE thrust axis
2nd-order Fox-Wolfram moment using all re-constructed particles

cosine of the angle of the event thrust axis w.r.t. the beam axis

YVY VY VY YVY VY

e cut on MLP output, retains 80% of BB events and rejects 69% of non-BB events
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Signal yield and fit on mgg

mgs: data, simulation and fit on data Unbinned extended max. likelihood fit

e signal: Crystal Ball function
BABAR
\ o minary » shape parameters from MC

o, 20000 SR » fit mean, width & normalization
= r —— Fitted Signal 7
E«tooo— 5;:;;%:;“ — e non-peaking background: ARGUS f.
5 3000; oe ] » fit normalization & curvature param.
N B uT, dd, S, c© | . .
£ 2000 L , e peaking backgrounds: 2 Gaussians
© L - .
3 \ 1 > all parameters fixed on MC
& 1000 1 > 1445 + 1272 from B°B°
» 592 + 121 from B*B~

&24 5.25 5.26 528 5.29 5.3

5.27
Mg (GeV/c?)

Fit results

e number of signal events: 17767 + 324 candidates
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Background-subtracted 3 pion invariant mass distribution

e background-subtracted 3 pion mass distribution:
» distribution of events in signal region
» subtracted with distribution of events in sideband region
normalized to the events in the fitted background in the signal region

e regions:  signal 5.273 < mgs[ GeV] < 5.285  sideband 5.240 < mgs[ GeV] < 5.270

Background subtraction region (on the mgs plot of previous page)

sideband region  signal region

T T
| t Data _

o, 2000 — Fit

IS 3 — Fitted Signal B
@ 4000 @ - Background -
o CIMC signal

1) I BB 7
S 3000} BB _ -
2 | B uT, dd, S§, cT |
& : 7

© 2000~ 2 —
k<)

k] i BaABAR X 1
8 1000} preliminary 7

&24 5.25 5.26 5.27 5.28 5.29 5.3
mg (GeV/c?)
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T T T

Background-subtracted 3 pion invariant mass distribution (2)

3 pion mass distribution

Candidates / 0.01 GeV/c?

e dominated by a; resonance

e peak at ~2 GeV from B® — D*~ D (— 3m) (expected dominant exclusive contribution)
e hint of 7(1800) contribution

e (this study does not aim at studying the structure of this distribution)
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Branching fraction determination

o B— Nsignal
_ *— ~NO __— ~O =
e-B(D*" = Dn )-B(D"— K'n")

o efficiency €

» estimated in Monte Carlo as function of m(3)
» corrected for data m(3) distribution

Measurement / subtraction of exclusive contribution B° — D*~ D] (— 3x)

o the yield of B® — D*~ DS (— 3m) is measured by computing the excess of candidates
in the interval 1.9—2.0 GeV of the 37 mass distribution over the extrapolation of the
neighbouring bins
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Systematics

2.4% Fit algorithm and peaking backgrounds subtraction

» normalization, mean & width of the two Gaussians for B°B° and B" B~ peaking
backgrounds, determined by Monte Carlo
> signal's Crystal Ball PDF cutoff and power parameters (fixed on Monte Carlo)

® 2.0% Track-finding
> uncertainty on track efficiency from BABAR studies on data control samples
® 1.7% 3 invariant mass modeling
> 100% of the shift in efficiency when going from MC to data for the 37 mass distribution
® 0.7% 3 invariant mass sideband subtraction
> background subtraction uncertainty, estimated in Monte Carlo
e 1.3% D** and D° branching fractions uncertainties (PDG 2015)
e 1.2% B(T(4S) — B°B°) uncertainty (PDG 2015)
e 1.1% K identification, as estimated by BABAR using data control samples
® 0.9% signal efficiency Monte Carlo statistics
e 0.6% estimate of the number of T(4S) — BB decays
4.3% total
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e B(B" - D* wntn~xnt) = (7.37 £ 0.11 £ 0.31) - 10
» total uncertainty 4.5%, to be compared with 11.4% in PDG 2015
» includes exclusive contributions like B — D*~ D} (— ntn 7 ™)

e« B(B° 5 D* ntn nt (ex. D} — nTn " x")) = (7.26 £0.11 £+ 0.31)-10°
e to be submitted to PRD

Thanks for your attention
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e measurements of R"*) =

Yy vVVvY
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