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Abstract: The decay D° — m~ e v is studied at the BABAR experiment using a sample of 500 million ¢Z events

recorded near the CM energy 10.6GeV. Using this data, the branching fraction of the process D° — 77 e

v is

extracted, as well as the hadronic form factor fT p and the CKM matrix element Veq. Applying a relation between

the decays D° — ne™

competitive once new theoretical calculations appear.

v and B — 7T7€+I/, the matrix element Vi1, is calculated and its precision will become
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1 Introduction

The differential decay width of the process* D° —
7w~ et v is parameterized by the CKM matrix element V4
and — neglecting the electron mass — the form factor fT p,
the only unknown function of ¢
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where p? is the pion momentum in the D° rest frame.
Therefore, by measuring the differential decay width, V4
can be extracted by inserting a form factor from theory
and conversely, the form factor can be extracted by as-
suming a value for V4.

Furthermore, the decay D° — m~eTv is related to the
decay B® — m~etv, such that V,,, can also be accessed.

2 Selection and Background Subtraction

The basic method of this analysis [1] is similar to
previous studies [2] performed at BABAR. Two kinematic
fits are performed: first, to the decay D** — D%+, and
subsequently to the final stage D° — n~e*v. This al-
ready gives a reasonably clean data sample, nonetheless
further background suppression is necessary.

Since the decay D° — w~etv is Cabibbo-suppressed
and there are large pionic backgrounds, a powerful back-
ground suppression is essential for this analysis. This is
achieved using two different Fisher discriminants. The
first discriminant F; is constructed to distinguish be-
tween the signal decay and bb events, which make up the
majority of events at BABAR. The bb rest mass is not far
below BABAR’s CM energy 10.58 GeV such that this type
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of event is produced almost at rest in the CM system.
Thus the decay particles are distributed almost isotrop-
ically. Conversely, c¢ events including the signal decay
possess a two-jet structure. This difference between the
typical topologies can be exploited to distinguish the two
classes. Therefore, the discriminant Fj; combines mostly
event shape variables: R,, the ratio between the second
and zeroth order Fox-Wolfram moments [3, 4], the mul-
tiplicity of detected particles, and the momentum of the
slow pion from the decay D*T — D°zf. As shown in
Fig. 1 (left), selecting only events with Fy; > 1.2 results
in good suppression of bb events.

The Fisher discriminant F,; for rejecting c¢ events
which are not the signal channel combines eight vari-
ables:

e D momentum,

e invariant mass of the spectators (particles not pro-
duced in c-quark fragmentation),

e direction of the total momentum of all spectators
relative to the thrust axis,

e magnitude of the maximum spectator-momentum,

e direction of the spectator with the highest momen-
tum relative to the thrust axis,

e direction of the spectator with the highest momen-
tum relative to the D°,

e direction of the lepton relative to the pion direction
in the (e™,v,) rest frame,

e charged lepton momentum in the CM frame.
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Requiring F,; > 0.6 effectively rejects cc-background as K~ 7". Due to the similar selection criteria for both de-
shown in Fig. 1 (right). After both Fisher selectors, a  cays, many systematic uncertainties cancel out, improv-
signal-to-noise ratio of ~ 1.2 and a signal efficiency of  ing the overall precision of the measurement.

~1.8% are achieved.
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Measuring the decay D° — w~e*v relative to D° —
K~7" leads to the branching ratio:
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Fig. 1. Fisher discriminant distributions for bb and
c¢ rejection in the signal and background simula- where the first uncertainty is statistical and the second
tion samples. systematic.
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The background events remaining after the signal se- = ]
lection are treated using sideband subtraction. The sig- (5") L ]
nal and sideband regions are defined in the difference e, L I i
between the mass of the D°m system and the D° mass S 60000 | |
d(m) = m(D°7) —mpo. The signal region is chosen as > |
d(m) < 0.155GeV, while two sidebands are defined as = | I ]
0.155GeV < §(m) < 0.2GeV and 0.2GeV < §(m) < L i
0.3GeV. Both sidebands, shown in Fig. 2, are used © 40000 i |
to estimate the remaining background contributions us- | | |
ing the event missing energy and the pion momentum. | |
Therefore the main systematic uncertainty of this anal- l |
ysis is assessed using data. After adjusting the back- unfolded spectrum
ground contributions, it has been verified that there is 20000 - e * ]
good agreement between the well-known angular distri- i - ; |

. . . |  — statistical uncertainty J
bution in data and simulation.
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E selection . Using the Heavy Flavor Averaging Group’s esti-
%2000 ] — mate [5] for D° — K—nT B(D° — K~7t) = (3.946 +
3 = signal 8 0.052) x 10~*, the following result for the absolute D° —
peaking : 7~ eTv branching fraction is obtained:
= non peaking |
— BB : B(D® — 71 e*v) = (2.7740.07£0.09£0.04) x 1073
1000 111 |Ight + tau |
5 where the third uncertainty corresponds to the normal-
&&%WQ@W% ization channel. This value is compatible with the cur-
= Y rent world average [6] B(D® — n~etv) = (2.89 £0.08) x
'''''' = 1073,
0
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Fig. 2. Background subtraction using the sideband After unfolding the event rate as a function of ¢

method. (Where q2 = (pD0 +pﬂ'7 )2 = (peJr +pu)2) fI'OHl detector ef_

fects, the distribution shown in Fig. 3 is obtained. This

Finally, the branching fraction is not measured as  distribution is used to probe several parameterizations
an absolute quantity but relative to the channel D° —  of the form factor.

PhiPsil5-2



10th International Workshop on eTe™

collisions from ¢ to ¢ (PhiPsil5)

The first one to be investigated is called z-expansion.
It has the great advantage of being model independent
since it is only based on general properties of QCD [7].
The parameterization is expressed in terms of the vari-

able
Vi —t—t =1
Vi —t+Vi =1

with t = ¢2, to =t,(1—+/1—t_/ty), and t+ = (mpo £

m+)%. The form factor is now given as

ttog

where ®(1,t,) is an analytically known function [1]. The
normalization is given by VeafT ,(0), such that the re-
maining fitting parameters can be expressed as r, =
ap/ay (k> 1), but possess no physical meaning. Using
the BABAR data this results in

VeafT p(0)

ry =—1.3140.70£0.43, and r, = —4.244.04+1.9, where the
uncertainties are statistical, systematic, and the third is
due to external input for the normalization. The fitted
z-expansion is shown in Fig. 4. Assuming unitarity of
the CKM-matrix gives |V.q| = |Vas| = 0.2252£0.0009 [6],
such that the fitted normalization can be used to extract
JT 5(0)=0.61040.01740.010+0.005. Conversely, Lattice
QCD can be used to constrain f7 ,,(0)=0.66640.029 [8]
leading to V.4 =0.20640.007 +0.009.

2(t,to) =

f+D ttO),

=0.1374+0.0038 £0.0022+0.0009 ,
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Fig. 4. Product |Vea|ff p(¢°) from data (red

points), the z-Expansion (solid blue line), and the
effective 3-pole model (dashed green line) with the
corresponding uncertainty bands [1].

To gain a better understanding of the D° — 7~ etv
form factor, an ansatz employing an arbitrary number of
poles has been developed [9]. In this method the form
factor’s structure
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is exploited. The residue of each excited state is given
by its mass mp:, decay constant fp: and its coupling to
the final state D7 denoted by 9p*Dr

5Mp; fD *9p¥ Dr

Res(f+ p)= 9

The first two orders (from D* and D*') are known from
experiment [10, 11] and lattice QCD [9], thus can be
used as input. In the three-pole-ansatz the next higher
order is fitted to data. The result is shown in Fig. 4
and exhibits good agreement with the BABAR data in the
low ¢? region, while it overestimates data at high ¢?. In
Fig. 5 it can be observed that neither the form factor
based exclusively on D* nor including D* and D* de-
scribes data sufficiently, hence at least a third pole is
necessary to explain data. The fitted effective mass of
mpx = (3.6+0.3)GeV is larger than the prediction for
the next pole mp-» ~3.1GeV [12], but this is to be ex-
pected since it is an effective pole implicitly including
higher orders. Moreover, this means that one additional
pole at the predicted mass is not sufficient to explain
data.
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Fig. 5. Product |Vea|fT p(¢®) from data (red

points) and the z-Expansion (solid blue line) in
comparison to the effective pole model [13]. The
pink curve represents the model including only
the D* contribution, while the black curve also
includes the D*'. The gap between data and the
black line shows the necessity of at least one more
pole to describe data.
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5 Implications for V,

After measuring the differential width dI'(D —
mlv)/dg* and knowing that dT'(B — 7fv)/dg¢® has al-
ready been investigated [14], the CKM matrix element
V. can be extracted. This is achieved using the follow-
ing connection between D — wfv and B — wlv:

2 2

dI'(B — 7lv) /dwp mp | [T 5| | Vi

d0(D —wlv)/dwp |, _, mp | fip| |Vea|
where wy = 7m%;;"i;q2 = %‘r

In this method, fﬁ’B is taken as 1.84+0.2, which is

f

predicted from La‘cticér ’(3CD for w > 4, and for V_4 uni-
tarity is assumed for the CKM matrix again. By extrap-
olating dI'(D — 7lv)/dwp using the three poles model,
Vb is fitted to the measured B — wfv data. This yields

Vip = (3.65+0.1840.40) x 1072,

where the uncertainty is dominated by the form factor
ratio taken from lattice calculations.

In an alternative approach, the three-pole model is
fitted to the B — wfv data since it has been proven to
work for D — wfv. This directly gives a fitted value
for V. For the first two poles the known masses of
B* and Bj’ [15] are used and the ratios of the residues
at the different poles are constrained to be the same
for D and B [16]. The third pole mass is fitted giving
mpz = (7.44+0.4)GeV, while the CKM matrix element
is obtained as

Vi =(2.64+0.24£0.4) x107° |

where the uncertainty is dominated by the couplings
Jp+() B, Such that it could be improved by Lattice QCD.

6 Conclusions

The branching fraction and form factor of the channel
D° — 7w~ et have been measured at BABAR. The implic-
itly included D — 7 form factor can be described by
a three-pole model, also showing that two poles are not
sufficient to explain the behavior observed in data. More-
over, new determinations of the CKM matrix elements
V.qa and V,, are achieved. In the case of V,;,, the uncer-
tainty could be improved significantly with new theoret-
ical calculations, which would make it competitive with
the most precise current values.
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