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e Brief introduction to the BABAR experiment

e B—D™1~v_measurements
e Event Reconstruction
e Fit Structure
e Results

e B_production near the Y(5S) and B(B,—/vX)
e Technique
 Results

e Latest |V ,| results (time permitting)




" | BABAR at SLAC’s PEP-1I e*e- collider

e 5-layer Silicon
Vertex Tracker and
40-layer Drift
Chamberina 1.5-
Tesla B-field
provide
measurements of
track parameters

e Particle ID via
measurements of
specific ionization
(dE/dx) and
Cherenkov angle

e Csl(TI) crystal
calorimeter
measures photon
energies and
assists in PID
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SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles
DIRC Identifies particles by their Cherenkov radiation

Instrumented Flux Return (IFR)
(resistive plate chambers)

EMC Measures energy of electrons and photons
IFR Identifies muons and neutral hadrons
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/LThe Complete BABAR Dataset
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Nakamura et al. (Particle Data Group),
J. Phys. G 37, 075021 (2010)
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e 432.89 fb'! Y(4S)
e 30.23 fb'Y(39)
e 1445 fb1Y(2S)
e 53.85 fb! off-resonance

e below resonance for each on-resonance point

e Scan above the Y (4S) [10.56 GeV (open B threshold) t
11.2 GeV (short of A,threshold at 11.24)]

Oﬁ




B—=D1v_




a5 £) R
B—=D®1 v,
e B semileptonic decays to Tnot as well-measured asto e, u

e Compare (PDG2010):
B(B—DI~v)=(2.23+£0.11)%
B(B—=Dtv)=(0.77£0.25)% <T

e New physics can easily effect the branching H v
fraction to tau — for example, the two-doublet/\
models of Higgs sector predict differences » ¢
at tree level due to charged Higgs q q
interactions

_ Tanaka and Wanatabe arXiv:1005.4306[hep-ph]
e Aclean quantity to measure %%

(in terms of systematic and
theory uncertainty) is the Y
ratio of semileptonic decays: o

B(B N D( )TV) 04!
(%)) =
R(D ) B(B SN D(*)KV) ,,,,,,,,,,,,,,,,,,,,,

SM predicts R(D)=0.31+0.02, **
R(D*)=0.25:0.02 s

° (Nierste, Trine, Westoff, Phys.
\¥' Rev. D 78 015066 (2008))

Previous Average




LEvent Reconstruction P

D candidate
reconstructed in
one of 11 modes
D—KK" or
D—Knm, n=1,2,3

Improved “Tag side”
candidate reconstruction
from one of 1000+
hadronic B decay modes.
e Cuton AE=E*-E*
and : eoru
Mo =(E*2,., —p*2)1/2 1 ; (improved PID)

beam

: 2 _=invariant mass

: . [ miss
Energy deposits present.m the of missing E and p in
calorimeter but unused in the N ) .
: e et event. “True” value in
reconstruction distinguish

decays to e and u is
different ways to reconstruct an 0 Y H
event

o ¢>=(E_..tE)—(p...tPp)* is used to discriminate against ¢ and u

semileptonic decays. Signal region is g?>4 GeV?, normalization is
q%<4 GeV?

e Boosted Decision Tree (BDT) used to suppress combinatoric and
continuum ¢"e~ —¢q backgrounds

@ e Improvements: Higher |.Ldt, 2.3xmore B

BDT

tag’
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4 main channels: D°, D", D™,
and D™, plus D**-enriched
D’ samples

Simulation used to fix:

e Relative yields of continuum,
B combinatoric and charge
cross-feed backgrounds

e Feed-down across different
modes (e.g. so that D* feed-
down in D sample is
determined by yield in D*
sample)

Additional sample with a9
candidates reconstructed and
added to D'*) candidates used
to enrich B to D** decays and
determine feed-down

e 10 Parameter fit to 4 signal

hannels+12 parameter fit to 4
7Y control channels
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/LD*I v sample P

A BaBar 25, 0] 2 9 w=m, <ocev. | ® Both charged
8 100 Preliminary =BL‘1 E - BABAR d I
pl r -D**\{v % Preliminary a N N e U t ra
s | --Bkg. z
5 sof 2T PPN modes
--------------- ok, /. reconstructed

0 5 % 05 1 15 2 . .
‘§ 8o 2 BABAR D** % F h) 10=sm?._ <120 GeV?, D** . ks
(5] o 40_ miss
" 2w BABAR significance
= 60 r %: 30 ;— Preliminary . .
s E b e Consistent with
: a
& 10p e SM at 1.80

) 05 15 2
m2, (Gev?) p*, (Gev)

 nsig  [BB—D*)%)  |RDY)
X 511:48  1.7940.17:0.14  0.341%0.030+0.028

D*+ 22023 1.82+0.19+0.17 0.356+0.038+0.032

(oI {ET . 730150 1.79+0.13+0.17 0.325+0.023+0.027
BABAR
Preliminary




/LDZ v sample F

% 100 & D’ EB};V § b) 1.0=sm2, <120 GeV?, D° P Fl rSt
N W AR B
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g S z  SOf
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8 20f 2 20
0 i i
0 0 5 P . s 2
m2,_ (Gev?) p*, (Gev)

. |nsig  |BB—=DWN%) |RD)
_ 226439  0.96+0.17+0.14 0.422+0.074+0.059
139421  1.08+0.19+0.15 0.513+0.081+0.067

Constrained REI:52Yi 1.04+0.12+0.14 0.456+0.053+0.056 B
ABAR
Preliminary




/LResults (Continued) P

SM Aver. SM Aver.
BaBar 208 BaBar 2008 ! 32\ B
Belle 2009 Belle 2009 * g
0460 = 0.16 ¢ 047 « (.11 - 657M BB
Belle 2010 - Belle 2ulu —t— 657M BB
S0, SR R L
aRar 2 aRayr ? _
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Figures from Manuel Sevilla’s EPS talk

e Results compare well with previous average

e Improvement over previous BaBar result is better
than luminosity scaling alone




B, Production and
Semileptonic Decay




/LThe Complete BABAR Dataset P

Nakamura et al. (Particle Data Group),

o e L
J. Phys. G 37, 075021 (2010) ~ EBB | B*B*  BB* E
L B g B BB 5 MeV StepsE
3 : N | S | 25 pb! /point]
,E T(18) 12S) T(38) s D 1'4;§4 : 5 pb /pO t
o b " 12 3.15 fb! above:
RsE | = i B, threshold
E | 0.8, : —
Y P S SV B S E
3 ;_ . MDA ¥ ARGUS A cLEO Y cuse  DHEM 04;*§ ; m.wf igéﬁ,}.‘% ' " S v wrsbe N
2 F O Crystal Bsll & CLEOT DASP O LENA 0_2\;: : e
e s e e g T Y(sS) Y(6S7)
’ ! 10.6 107 108 109 11 111 112
v/8 [GeV] \s [GeV]
e Scan above the Y(4—S) The Scan above the Y(4S)

BABAR Collaboration

[10.56 GeV (open B Phys. Rev. Lett. 102, 012001 (2009)

threshold) to 11.2 GeV

(short of A, threshold at 11.24)]
~140 points, most 25 pb-!, 8 100 pb-!
~4.15 tb’! total




4 . )\
Llncluswe ¢(+lepton) as a probe of B, decay}

e ¢yield from B,large compared to B, decays:
® B(B,—DX)xB(D.—¢X)=15% (PDG2010)
® vs B(B— ¢X)=3.43% (PDG2010)

e ¢+lepton:
e B=D IvX = ¢lvX, = 1.3% (same B)
o vs B=DIvX,=¢lvX, = 0.1% (same B)

o B—=IvX, & B.—=¢X, = 1.4% (different B,)
o vs B—[vX, & B—¢X, = 0.4% (different B)

=» Inclusive yields of ¢ & ¢+lepton can be used to measure
both B, production rate (B.B/BB) and its semileptonic

branching fraction =
e Backgrounds sources: Continuum e*e—qq & B, B, %
Z

A,




/LAnalysis Method P

e Measure number of events, ¢ yield, and ¢ yield in correlation
with a high-momentum lepton as a function of CM energy

 Use below BB threshold data to subtract continuum e*e—qg
(g=u,d,s,c) contributions. Schematically:

e B hadron events:

Rb [fsels + (1 — fs)el]

e Inclusive ¢ rate:
Ry | fsP(BsBs — ¢X)eas + (1 — f5)P(BB — ¢X)eo]
e Inclusive ¢+lepton rate:
Ry | fsP(BsBs — ¢tvX)ess + (1 — fs)P(BB — ¢lvX)es]
e With
p =

~ all B hadron events efficiencies.
d- P(B,B,— ¢IX) contains info on @(Bsele)| %

# B events and ¢, representing the corresponding




LMeasurement F

| ¢ candidate mass (\'s=10.835 GeV) | | ¢ candidate mass (\'s=10.835 GeV) (with lepton) |
No : T I T T T T I T T T T I T T T T T T T T : No 35 —_ T T T T I T T T T I T T T T I T T T T T T T T _—
% - Integral 3488 [ ] BABAR ] % E Integral 337 BAB_AR E
=250 H Prellmlnary__ = 300 | 2/nat 99.12 /62 Preliminary
0 T | »2/ndf 55.24 / 62 - w L N
%200 - Prob 0.7157 | B % o5 E— Prob 0.001919 ¢%K+K' —E
c [ |N 774.9 = 37.0 ¢%K+K' ] c [N 89.91+12.16 ) .
S T . ] L ool | ¢ 187.1= 100.4 candidates _
c 299.4 + 41.0 20
w150/ candidates - WS . .
- |b  -0.7359-0.0202 ’ - | b -0.6876 = 0.1080 (with lepton) -
L ] . 15— ]
1005 Signal Peak [ 1 E " }
sof. Combinatoric £ i, ¢ :
N L $ i SC
: Il Il | Il Il Il .1.--|""|. Il “:.'1-.1 A A A o J o o o o : : 1 1 1 1 | Il L L lle = =1 | 1 :.'ﬂ--. L L L *L L L L L.
8.9 0.95 1 1.05 1.1 12.1 5 8.9 0.95 1 1.05 I 12.1 5
m(K"K) (GeV/c") m(K"K) (GeV/c?)

e Mass plots for inclusive ¢ and ¢ with lepton at
10.8225 < E,,< 10.8475 GeV (other points are similar)

e (At same energy, so right plot is subset of events on
left)

(-




LMeasurement

| Continuum- subtracted number of events |Eve nt yIE|d | Continuum-subtracted ¢ yield | ¢ y|e|d
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energy (15 MeV bins) after §0003§_ i L Y(6S7) 3
continuum e*e——qg subtraction - i - | :
0.002:— ‘\‘ ! ‘\‘ ‘I‘ ++ ++ -|_+ =

Events selected which pass oo +++++++++H%H+++ R +++++ H=
multi-hadron event filters and L L L I 2

have 29 Fox-Wolfram moment
< .2 (selecting more spherical

Q events)
N




4 LSimultaneous Extraction of Br(BS%le)&fSF

» Continuum-subtracted rates given by:
Event rate = Ry |fs€1s + (1 — fs)eq]

¢ rate = Ry, | fsP(BsBs — ¢X)eas + (1 — f5)P(BB — ¢X)es]

¢—C rate = Ry, | fs P(BsBs — ¢plvX)ess + (1 — f5)P(BB — ¢lvX)es]

B, /4 contributions are measured in data taken at Y(4S)

f, extracted at each energy point from number of events and ¢ yield

B, contributions depend on:
* B(B,— DX (PDG), B(B, — IvX), B(D; = IvX,) (PDG),
B(D,— ¢X,.) (PDG), B(D, — ¢lvX,) (PDG) and others

o Ay fitis performed to the measured yields to extract B(B, — /vX) %




/L Results F

f,1n 45 MeV bins

Previous f; results at Y(5S) peak
 Belle: (19.3 +2.9)%
Phys. Rev. D 76,
012002 (2007)
* CLEO: (16.8 £2. 6Jr )%
Phys. Rev. D 75,
012002 (2007)

C0AG i.ﬁ“Bme.threshold ............................................... =

_IIIIIIIII IIIIIIIIIIIIIIIIII IIIIIIIIII
10.6 10.7 108 10.9 11 111 11.2 N, BT T T T T T T T T T T T T T T T T T
=7 BABAR -

Preliminary -

| 42 vs Branching Ratio |

50

o B(B—IvX)= (9.9759(stat) T30 (syst)) %

 Dominant systematic is from inclusive b, |~
yield per B, =.93 +.25 (PDG2010) 20
(Belle & LEP) -

0711110.111110.211110.31111. :Ll.
@ BB, ~IvX)




/LOther Semileptonic Results of Note P

e |/ .| measured using inclusive decays with the entire BABAR dataset

e Hadronic B reconstruction plus lepton ID with 2D fit in g2 and M,
(invariant mass of B daughters)

e Extraction based on 4 QCD calculations (BLNP, DGE, GGOU, ADFR)

e (Preliminary) average |V ,|..o=(4.31£0.25+0.16)x103

(Compare with 4.27+0.38 from 2010 PDG review on CKM elements)
e To be submitted to PRD

e |V .| measured in the in the exclusive B—al/v channel

* No “tag B” reconstruction for this analysis. Instead, a fit in DE and m of
lepton-pion-missing energy/momentum system is used

e BF extracted in bins of g? and LQCD prediction used to extract |V, |

o |V, ,|=(3.1320.14+0.27)x103

(Compare with 3.38+0.36 from 2010 PDG review on CKM elements)
e Phys. Rev. D 83, 032007 (2011) and Phys. Rev. D 83, 052011 (2011)

e Tension in inclusive vs exclusive measurements persists
| See Manuel Sevilla’s talk at EPS for more detail




