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During the 2014 run, PHENIX has recorded a large
number (∼20B) of events with the PHENIX silicon ver-
tex tracker (VTX)1),2) and the Foward VTX (FVTX)
combined. This dataset is also the best quality dataset
of VTX since it was installed in 2011.
The VTX is located close to the interaction point of

the two incoming particles. It consists of four coaxial
cylindrical layers, with radii between 2.63 and 16.69
cm, covering the pseudo-rapidity range |η| < 1.2 and
azimuthal angle ∆φ ∼ 2π. The two innermost layers
consist of silicon pixel sensors, and the two outermost
layers are made of silicon strip-pixel sensors.
The VTX is designed to reconstruct primary and

secondary vertices with a resolution better than 100µm
for pT > 1GeV/c as well as to significantly improve
tracking performance in conjunction with other detec-
tors, particulary the drift chamber (DC). The VTX,
thus, is necessary for charm and bottom separation,
and for direct measurement of D0 meson using a dis-
tance of closest approach (DCA) of the reconstructed
track from the primary vertex position.
In reality, the actual installed detector position can-

not be measured by our high-precision surveys. Thus
there exists a relatively large mis-alignment that will
significantly degrade the resolution of the measure-
ment.
Alternatively, the mis-alignment can be improved

through the track-to-hit based alignment via software.
The ideal geometry of the VTX for pixel and strip-
pixel is first known by measurements of sensor posi-
tions in surveys and the design positions, respectively.
The position of (hits on) the sensor is represented in
a VTX coordinate system. On the other hand, the
track for the alignmemt is reconstructed by the DC in
a global (DC) reference coordinate system regardless
of the VTX, and it is projected to the primary ver-
tex. The relative postion between the VTX and the
DC is determined by measuring a beam center in each
coordinate system and then (hits on) the sensor, and
the track projection is represented in the global ref-
erence coordinate system. Residual (distance between
the tracks and the measured hit on the sensor plane) is
used to evaluate the mis-alignment in the VTX geome-
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Fig. 1. DCA distributions in X-Y plane as a pT after the

alignment
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Fig. 2. Resolution of DCA in X-Y plane as a function of

pT after the alignment

try as input for the next iteration. The mis-alignment
is minimized as the residual becomes 0. This procedure
is iterated until convergence is reached.

The VTX alignment in the 2014 run has been suc-
cessfully completed as stated above. The final results
are shown in Fig. 1 and Fig. 2, which indicate DCA
distributions and resolution as a function of pT in X-
Y plane after the alignment. It should be noted that
deterioration of the resolution in the low pT region
(pT < 1GeV/c) is attributed mainly to backgrounds
and multiple scattering.

We have achieved DCA resoultion of < 70µm for
1GeV/c of pT , which enables precise investigation of
charm and bottom physics in both the p + p and
Au+Au collision systems with the PHENIX detector
at RHIC.
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Distance of closest approach analysis with VTX at RHIC-PHENIX
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Heavy quark production is being studied via a
PHENIX experiment by measuring of electrons from
semi-leptonic decays of hadrons containing charm and
bottom quarks. A large suppression and strong elliptic
flow of single electron heavy flavor has been observed
in Au+Au collisions at

√
s = 200 GeV1). In past mea-

surement, PHENIX was unable to distinguish electrons
from charm and bottom quarks.

In order to understand the medium effects in more
detail, the Silicon Vertex Tracker (VTX) was devel-
oped and installed in year 2011 in the RHIC-PHENIX
experiment. The VTX can measure charms and bot-
toms separately using the distance of closest approach
(DCA) to the primary vertex. After the preliminary re-
sult of the fraction of b → e/(b → e+c → e) in Au+Au
collision was reported2), we improved the DCA analy-
sis to obtain the final result.

(i) In the high multiplicity environment, hits on the
VTX can be associated with uncorrelated tracks.
They are one of the main sources of background
of DCA distribution. We studied the chi-square
distribution of track fitting using real data and
a Monte Carlo simulation. We determined the
threshold of the chi-square value of tracks to re-
ject random association candidates as much as
possible. The real tracks are expected to be re-
moved around 5% from the simulation study.

(ii) Electrons from photon conversion and Dalitz de-
cay of neutral mesons are also the background
source in the electron DCA measurement. We
identify e+, e− pairs by VTX and removed these
pairs from the DCA distribution. The tagging
efficiency of the conversion and the Dalitz de-
cay are estimated thorough the simulation. The
yield of the remaining electrons and the shape
of the DCA distribution from conversions and
Dalitz decays are also estimated using the past
measurement data1) and the simulation.

(iii) Electrons from J/ψ and Kaon also cause small
background noise. The yield of these electrons

∗1 Department of Physics, Kyoto University
∗2 RIKEN Nishina Center
∗3 Department of Physics, University of Colorado Boulder
∗4 Department of Physics, City University of New York
∗5 Department of Physics, Yonsei University
∗6 Graduate School of Pure and Applied Sciences, University

of Tsukuba
∗7 Brookhaven National Laboratory
∗8 Department of Physics and Astronomy, Iowa State Univer-

sity

and the shape of DCA distribution are estimated
using the past measurement data and the simu-
lation.

After completing the study, we decomposed electron
DCA distribution. In Fig. 1, the shape of each compo-
nent is obtained through the simulation and each com-
ponent is overlaid on the DCA distribution of real data.
Currently, the ratio of charm and bottom quarks are
based on theoretical prediction. The fraction of each
DCA background (conversion, Dalitz, Kaon, J/ψ...) is
obtained from (ii) and (iii). The sum of those DCA
distribution values describes the shape of the electron
DCA distribution in real data very well.

To obtain the precise ratio of b → e/(b → e+ c → e)
as a function of transverse momentum and momentum
distribution of parent mesons (D and B mesons) from
DCA measurement, an invariant yield of heavy flavor
electrons and DCA distribution are being analyzed si-
multaneously. The results will be published soon.
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Fig. 1. Electron DCA distribution at 2.0-2.5 GeV/c.

Charm (blue) and bottom (yellow) are signal. The

other components are backgrounds. The sum of the

signals and backgrounds (light blue) obtained through

the simulation is consistent with data (black).
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