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In relativistic heavy ion collisions heavy flavor probes aracial to understand the interactions
between partons and the produced hot nuclear matter. Mmasuts in p+p collisions provide
information about how the heavy quarks are produced andnieag and in d+Au collisions are
sensitive to possible effects from cold nuclear matter.nAghal correlation measurements in-
volving heavy flavor probes are complementary to singleigarspectra measurements and pro-
vide additional information about production and intei@ts$ of heavy quarks. Measurements
of electrons with heavy flavor decay with other hadrons framevent can provide information
about how the heavy quark interacts with the produced mattdrcan be compared to similar
measurements from light hadron correlations. Correlatloetween electrons from heavy flavor
decay with muons, also from heavy flavor decay, can providénéu information about heavy
flavor production and cold nuclear matter effects in d+Audisioins with a very clean signal.
We present PHENIX results for electron-hadron correlationp+p and Au+Au collisions and
electron-muon correlations in p+p and d+Au collisions aisduks the implications of these mea-
surements.
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Angular correlations particles from the decay and fragmentation of hgaagks is of great
interest in hadronic and nuclear collisions. pp collisions these measurements can aid in the
understanding of the heavy flavor production mechanisms. In small msgig@ms, such abk+Au
collisions these correlations can be sensitive to cold nuclear matter and gluoat®n effects. In
heavy ion collisions, these measurements are crucial to understandingdueaik energy loss in
hot nuclear matter. A substantial suppression of electrons from thg dé&aandB mesons with
respect to expectations froprp collisions has been observed at mid-rapidffy [1]. This was unex-
pected if the hard partons moving through the hot nuclear matter lost epenggrily via gluon
bremsstrahlung because of the charm and bottom quarks’ large[inade{@ver interpretation of
correlation measurements requires measurememspreollisions to establish a reliable baseline.
The PHENIX experiment at RHIC has measured azimuthal correlationectf@ns from heavy
flavor decay and charged hadrongitp and Au+Au collisions and the correlations between elec-
trons and muons at forward rapidity, where both leptons are from higaxgr decay inp+p and
d+Au collisions at,/syn =200GeV.

In PHENIX heavy flavor is measured via leptons from the semileptonic det&yand B
mesons. PHENIX has excellent electron identification capabilities at midinapif] <0.35. At
more forward and backward rapidities, £.2n| <2.4, muons are measured. With the planned
installation of silicon vertex detectors at both mid-rapidity (2010) and fawapidity (2011)
further separation between charm and bottom decay products can lee lmadurrently they are
combined into a single sample. For electrons at mid-rapidity PHENIX has neshthe fraction
of electrons from bottom decay by looking at the invariant mass-oK pairs and found it to be
in agreement with theoretical calculatiofk [3]. In the electron transverse momgpr ¢, range of
interest herepr ¢ <4.5 GeV/cx~10%-50% of the electrons are from B decay; the fraction increases
with increasingpr e.

Azimuthal angle correlations at mid-rapidity have been used extensiv&liibE to comple-
ment single particle yield measurements. Correlations between trigger paitidiels case elec-
trons from heavy meson decay, and charged hadrons are meaBaiexicorrelated only through
event wise correlations are subtractgd [4]. Remaining pairs at this momeanhge are corre-
lated through being products of the same hard parton-parton scattergagukéd electron-hadron
(enc — h) correlations are a weighted average of the correlations from eledtamseavy meson
decay and those from background sources:

Nen F YQ—! F—h + Neongeokg*h

1
NeHF + Neokg

Yanc*h (A(p) =

Y is the correlated yield of hadrons as a functiodgfper electron. Here the background electrons
are dominately fronm® andn Dalitz decays and photon conversions in air and detector material.
The photons which convert are also primarily frathandn decay. The background contribution
can be determined from other measurements (including, for example? the spectrum), so the
ratio Ryr = ',:t.%: can be determined][4] 1]Ye,. (A@) can be expressed as (leaving off the

dependence of%ﬂr{ terms):

(RHF + 1)Yeinc*h - Yeokg*h
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Figure 1. Left: Away side conditional yields foeqr — h correlations for four electropr bins and eight
hadronpr bins. Right:1aa on the away side for 20 pr e <3.0 GeV/c electron triggers as a function of

Pr.h-

The remaining unknowns are the correlations of the electrons from bmakd sources with hadrons,
Ye,,—h- These are determined from measured photon-hadron correlatiorthéikeckground elec-
trons, inclusive photons are dominantly frathandn decay at thesprs); simulations are used to
account parent meson distributions in the decay electron and greszayiples[[6]. Fig[ 1(R) shows
the azimuthally integrated away side yiellg{ ~ ), as a function of thep of the associated
hadron for four electropr selections.

Fig. shows the away side yield in Au+Au divided by the yieldpip collisions, Iaa.
The result suggests some away side suppression of the parton optiasiegding heavy quark
traverses the hot nuclear matter and is qualitatively consistent withythmeasured in hadron-
hadron correlationg]7].

In heavy quark fragmentation most of the quark momentum is carried by &#wy heeson([8,
M1, thus the near sideyr — h is expected to be dominated by pairs in which both particles come
from the heavy meson decay. Due to the decay kinematics, we then exp@&auissian widths of
the near side to be wider fage — h thang,. — h. The widths from both categories of electrons
are shown in Fig[]2. The measured near side widthsfpr— h are wider thare,n: —h and are in
agreement with widths from charm production in PYTH[A][10].

Electron-muon correlations were proposed long ago as a cleaignal in heavy ion colli-
sions [I]L]. One advantage to measuring electron-muon correlations tsothgparticles are from
the decay of heavy flavor. The correlated charm signal producesaie and muons of oppo-
site sign from each other, thus most backgrounds such as jets and ctoribipairs are removed
by subtracting like sign pairs. Remaining backgrounds are due to leptorfionocharm decay.
Fig. shows the final electron-muon azimuthal correlationg#p collisions[12]. Electrons
havepr >0.5 GeV/c andn| <0.35 and muons haver >1.0 GeV/c and 1.4 |n| <2.1. The near
side peak is missing because the pairs are from back-todzapkirs; any near side correlation
would not extend over the large rapidity difference between the two lepfidms same measure-
ment ind+Au collisions with the muon going in the deuteron going direction €1 <2.1) is
shown in Fig[3(B). Obviously, d+Au event has a larger average pair yield thg@-a event. Thus
the d+Au data has been scaled down by the number of average number birdepm-nucleon
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Figure 2: Gaussian widths as a function pf , for four electronpr bins. Circles show theyr —h widths
and open diamonds shogho — h widths. Pluses showyr — h widths from PYTHIA and the triangles
show an earlier PHENIX measurementspf — h widths with lower statistics and 1<0pr <4.0GeV/c.

collisions in the event sampl&l,. This is appropriate because the creation ofdheairs is a
hard process which should scale with,. At smallA@ the scaledd+Au and p+p collisions are
consistent with each other, but A ~ 1T the d+Au pair yields are significantly suppressed with
respect tgp+p collisions.

With the muon at forward rapidity (deuteron going direction) these correlstice sensitive to
the lowx region of the Au nucleus. study of tlkeegion of the Au nucleus probed in this kinematic
region shows some sensitivityxa<0.01 where saturation effects could possibly be signifidaht [13].

In summary, PHENIX has measured the azimuthal correlations of leptomshHeavy flavor
decay in three collision systems. These measurements are sensitive to tlseofiéiavy flavor
production and its modification in nuclear collisions. A significant supprassioapidity sepa-
rated electron-muon pairs is observedlirAu collisions. Further studies are ongoing. In Au+Au
collisions we see suppression of away side associated hadrons similaséoftbim hadron trig-
gered correlations. While the uncertainties in these measurements arenteam@jrements will
be improved in the near future from upgrades to the PHENIX detector,dimgusilicon vertex
detectors at mid-rapidity and forward rapidity and increased statistics.
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Figure 3: Azimuthal distributions of opposite sign electron-muoirpaer event after background subtrac-
tion in p+p (left) andd+Au (right) collisions. Thed+Au distribution has been scaled down by the mean
number of binary collisions in the event sample in order tatmapared tq+p collisions.
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