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Abstract. In this talk I argue that a substantial fraction of the non-photonic electron suppression in Au+Au
collisions could arise as a result of an enhancedΛc/D ratio rather than purely from jet-quenching. At interme-
diate transverse momentum (2< pT < 6 GeV/c), the baryon-to-meson ratio in Au+Au collisions is enhanced
compared to p+p collisions. Since charm-baryon decays produce electrons less frequently than charm-meson
decays, the non-photonic electron spectrum is sensitive to the Λc/D ratio. I show the dependence of the non-
photonic electron spectrumon the baryon-to-meson ratio for charmhadrons. As an example, I assume that the
Λc/D ratio is the same as theΛ/K

0
S ratio. I show that even if the total charm quark yield in Au+Au collisions

scales with the numberof binary nucleon-nucleon collisions (Nbin), the electron spectrumat 2< pT < 5 GeV/c
will be suppressed relative toNbin scaled p+p collisions by as much as 20%.

PACS. 25.75.-q; 25.75.Dw

1 Introduction

Non-photonic electrons from heavy flavor decays have been
used to study charm production because direct measure-
ments of heavy flavor hadrons are experimentally difficult.
Radiative energy loss models that successfully describe the
large hadron suppression in central Au+Au collisions pre-
dict a smaller energy loss for heavy flavor quarks (the dead-
cone effect) [1, 2]. Recent measurements, however, show
that for 3< pT < 8 GeV/c the non-photonic electron spec-
trum in central Au+Au collisions is supressed by a factor
of five compared to expectations from Nbin scaled p+ p
collisions: a suppression that is as large as that seen for
charged hadrons [3, 4]. No radiative energy loss models
predict such a large suppression for heavy-flavor quarks.
Facing the large discrepancy between the parton radia-
tive energy loss results and data, scenarios that involve
collisional energy loss are being revisited [5]. We note, how-
ever, that to relate non-photonic electron spectra to charm
quark energy loss, requires knowledg of the charm frag-
mentation, the hadron decay kinematics, and the number
of decay electrons from beauty quarks. We believe that it
is not just possible, but actually likely, that the charm frag-
mentation in Au+Au collisions will be modified compared
to p+ p collisions. Particularly, it’s possible that charm
quarks in Au+Au collisions will fragment more frequently
to baryons than to mesons. This could partially resolve
the discrepency between predictions and measurements of
non-photonic electron suppresion.
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RHIC experiments have observed an enhancement of
baryon production in the intermediate transverse momen-
tum region (1.5< pT < 6 GeV/c) [6–8]. At pT = 3GeV/c,
the proton to pion ratio is three times larger in Au+Au
collisions than it is in p+p collisions. This enhancement
also exists for hyperons (Λ (uds), Ξ (dss) and Ω (sss)) [9].
The enhancement can be described by models involving
multi-quark or gluon dynamics during hadronization [10–
16], models making use of baryon junction loops [17–20],
or models with long range coherent fields (i.e. strong color
fields) [21]. Until now, however, the implications of possible
charm-baryon enhancements on the non-photonic electron
spectra have not been considered.
The branching ratio for Λc → e+ anything (4.5%±

1.7%) is smaller than that forD±→ e+anything (17.2%±
1.9%) or D0→ e+anything (6.87%±0.28%) [22]. In this
case, even if charm quark production is unchanged, in-
creasing the Λc/D ratio will lead to a reduction in the
number of observed non-photonic electrons. In this report
we assume that the Λc/D ratio is the same as the Λ/K

0
S

ratio [23]. Unless specified otherwise, the symbol D repre-
sents the sum of D0, D+, and Ds. PYTHIA [24] is used to
generate the decay electron spectrum from the input charm
hadrons. We find that even when the total charm hadron
production in Au+Au collisions scales with the number
of binary nucleon-nucleon collisions Nbin (i.e. total charm
hadronRAA = 1 [25]), the non-photonic electron spectrum
at intermediate pT can be supressed by as much as 20%.
We also present the non-photonic electron spectrum when
the total charm hadron RAA follows the measured charged
hadron RAA [26, 27]. We find that if charm baryons are
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enhanced as much as lighter flavor baryons, preliminary
non-photonic electron measurements imply a smaller sup-
pression of charm quarks than light quarks [28, 29].

2 Results

Figure 1 shows the Λ/K0S ratio in p+p and Au+Au col-
lisions at

√
s
NN
= 200GeV [23]. The Λ/K0S ratio is larger

than the p/π ratio and the baryon enhancement becomes
even stronger for multi-strange baryons [30]. In the follow-
ing analysis we take the Λc/D ratio to have the same form
as the Λ/K0S ratio. For pT > 6.5GeV/c where the Λ/K

0
S

ratio is unknown, we take the value Λc/D = 0.33. Since
the source of the baryon enhancement at intermediate pT
is still under debate, it’s difficult to assess the validity of
our assumed Λc/D ratio. Possible explanations for the en-
hancement include [9] radial flow pushing heavy baryons
from lower pT into the intermediate pT region, baryon
junction dynamics, and enhanced production through co-
alesence or recombination of quarks. We are not aware,
however, of predictions for the pT dependence of the Λc/D
ratio.
Figure 2 shows the spectra forD0,D±,Ds, and Λc. The

spectra are derived such that the sum of the D0, D±, Ds,
and Λc spectra follows a power-law, the Λc/D ratio has
the form shown in Fig. 1, and theD-meson spectra all have
the same pT dependence. Since we are interested in the
shape of the spectra, the scale of the y-axis is arbitrary. The
non-photonic electron spectrum will also be sensitive to
the D±/D0 and the Ds/D

0 ratios (the Ds→ e+anything
branching ratio is 8+6−5% [22]). An increase in the Ds/D

±

ratio can therefore lead to fewer decay electrons depend-
ing on the poorly known branching ratio. At intemediate
pT, the K/π ratio in Au+Au collisions is enhanced com-
pared to p+p collisions [31]. One can also investigate how

Fig. 1. Λ/K0S ratio. The lines show the functional form of the
the Λc/D-meson ratio used in our analysis

Fig. 2. The individual charm hadron and total charm hadron
spectra. Here, the total charm hadron spectrum is assumed to
follow a power-law shape with 〈pT〉= 1.3 GeV/c and n= 9. The
individual charm hadron spectra are derived using the total
charm spectrum and the assumed shape of the Λc/D ratio in
p+p collisions (bottom panel) or Au+Au collisions (top panel).
We also show the total charm hadron spectra assuming a total
charm hadron RAA similar to the measured charged hadron
RAA. The Ds and D

± spectra are omitted from the top panel
for clarity

modifications to the Ds/D
± ratio in Au+Au collisions

affect the non-photonic electron spectrum. Since the en-
hancement in the Λ/K0S ratio is larger than the enhance-
ment in the K/π ratio, and since the branching ratios for
Ds→ e+anything and D0→ e+anything are similar, we
expect a charm baryon enhancement to have a larger effect
on the decay electron spectrum. For this reason, in this re-
port we use pT independent relative D-meson abundances
of 18, 7, and 5 forD0,D±, andDs respectively [32].
In Fig. 3 we show the effect of a Λc enhancement on the

charm decay electron spectrum. The ratio of two cases is
taken: Λc/D follows the shape of the Λ/K

0
S ratio in Au+

Au collisions, or it follows the shape of the Λ/K0S ratio in
p+p collisions. A supression of electrons from heavy fla-
vor decays due to the larger charm baryon-to-meson ratio
in Au+Au collisions is visible. The suppression in this
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Fig. 3. Electron spectrum with Λc enhancement divided by
the spectrum without Λc enhancement

figure is a result of smaller Λc→ e+ anything branching
ratio, which has large uncertainties. The highest and lowest
curves show the cases corresponding to the upper and lower
experimental uncertainties on the branching ratio [22]. The
figure demonstrates that even if the total charm yield fol-
lowsNbin scaling, the non-photonic electron spectrummay
be suppressed. The magnitude of the suppression depends
on the Λc/D ratio and the Λc→ e+ anything branching
ratio. The Λc/D ratio in Au+Au collisions is unknown
but for the charm baryon-to-meson ratio assumed here, the
suppression can be as large as 20%.
The presence of a charm baryon enhancement will

change the charm quark energy loss inferred from the pre-
liminary non-photonic electron RAA data. In Fig. 4 we
show the case when the total charm RAA has the same
shape as charged hadron RAA [26, 27]. In the lower pT re-
gion, this assumption may not be realistic since the total
charm quark production is expected to follow Nbin scal-
ing. The error introduced, however, will mostly affect the
region below pT = 1.5 GeV/c and may be irrelevant to the
higher pT regions of interest. Our analysis shows that if
the Λc/D ratio has the form shown in Fig. 1, then the de-
cay electron RAA at pT < 6 GeV/c will be smaller than the
total charmRAA.
In this report we have not considered contributions

to the non-photonic electrons from beauty decays. The
pT value where the yield of electrons from beauty decays
is larger than from charm decays is experimentally un-
known. Theoretical calculations indicate that the cross-
over happens somewhere between pT = 3GeV/c and pT =
10GeV/c [34]. The branching ratios for beauty mesons and
baryons are not well know. We refer the reader to [34]
for discussion of the contribution of beauty to the non-
photonic electron spectrum.
In the intermediate pT region, the preliminary non-

photonic electron data are systematically above our cal-
culations for the decay electron RAA [28, 29]. In the case

Fig. 4. RAA for charm hadrons and non-photonic electrons.
The total charm spectrum in Au+Au collisions is scaled by the
charged hadronRAA values. In this way the total charm hadron
RAA has the same form as the charged hadron RAA. The Λc/D
ratio is given the same form as the preliminary Λ/K0S ratio. For
pT < 6 GeV/c, the resulting decay electron RAA is smaller than
either the D-meson or total charm RAA

that the heavy flavor baryons have an enhancement simi-
lar to the light flavor baryons, the non-photonic electron
data indicate that the suppression for charm quarks is
smaller than that for light quarks. We varied the input
total charm hadronRAA and made a χ

2 comparison to the
PHENIX data (with the systematic and statistical errors
added in quadrature). For pT > 2.0GeV/c, the PHENIX
non-photonic electron data are better represented when
the total charm hadron RAA is 35% greater than charged
hadron RAA. At pT near 6 GeV/c the derived decay elec-
tron RAA matches the charged hadron RAA and the pre-
liminary non-photonic electron RAA data reported in [33].
This may indicate that at pT = 6GeV/c (within the large
errors) the total charm hadron suppression is as large as
the light hadron suppression. In light of the results of this
analysis, however, we believe one must also consider that
a charm baryon enhancement could extend to a higher pT
than assumed here. Direct measurements of heavy flavor
hadrons are therefore needed in order to accurately assess
the energy loss of charm quarks.

3 Pions

It was pointed out by J. Nagle, at the end of this talk
that the same effect could be present for pion RAA. If
quarks and gluons in Au+Au collisions combine or frag-
ment into baryonsmore frequently than they would in p+p
collisions, then since baryons decay into pions far less fre-
quently than mesons do, the number of pions seen in Au+
Au collisions will be suppressed relative to scaled p+p col-
lisions. This scenario is consistent with data. We observe
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that the baryon to meson ratio is enhanced at intermediate
pT and that in the same region pions are suppressed more
than kaons are. In this case, pion RAA would not be the
best proxy for comparing to calculations of partonic energy
loss.

4 Conclusions

I’ve shown how non-photonic electronRAA depends on the
Λc/D ratio. Even when the total charm hadron production
scales with the number of binary nucleon-nucleon colli-
sions, an increase in the Λc/D ratio similar to that seen for
the Λ/K0S ratio leads to a suppression in central Au+Au
collisions of non-photonic electrons at intermediate pT. Be-
cause of this, the link between non-photonic electron RAA
charm quark energy loss is made weaker and comparisons
to theory require careful consideration. If the Λc/D ratio
has the form assumed in this report, the PHENIX non-
photonic electron data at intermediate pT prefer a total
charm hadron RAA 35% larger than the charged hadron
RAA – implying less energy loss for charm quarks than
light quarks. If the relative fractions of charm hadrons are
not altered in Au+Au collisions compared to p+p colli-
sions, the non-photonic electron RAA values are difficult
to understand within current radiative energy loss models.
Since the non-photonic electron measurements depend on
theD0/D,D±/D,Ds/D and the Λc/D ratio, direct meas-
urements of heavy-flavor hadron yields are needed to draw
firm conclusions regarding energy loss for heavy quarks.
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