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duration gamma ray bursts. Several types of nucleosyrgtluesiur in hot outflows from these
objects, including an r-process, p-process and signifjpanttuction of Nickel-56. Neutrinos play
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environments.
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Figure 1: Shows the spectra of emitted neutrino spectra from a bladd heutron star merger. Colors
represent temperatures of emitted neutrinos from hotlest11 MeV - red, to coolest, T = 1 MeV (light
blue). Figure from [6]

1. Introduction

Black hole accretion disks occur in many different typessif@hysical environments. Disks
that are hot enough to photo-dissociate nuclei are thougloic€ur in compact object mergers,
some core collapse supernovae with rotating progenitalsaéso in gamma ray bursts, e.g. [1, 2].
These disks have “hot” non relativistic outflow, as well asdeo outflows [3] , or material that
becomes unbound from tidal tails, e.g. [4]. In the hot outflowaterial from the disks begins
in free neutrons and protons, and as it flows away from the fligks nuclei. The nuclei that
form are dependent on the accretion rate of the disk and ondhtinos that are released from it
[5]. Rapidly accreting disks characteristic of neutrorr stergers are most likely to produce rapid
neutron capture elements in hot outflows [6], while more $laecreting disks are more likely to
produce Nickel-56 or p-process elements [5, 7, 8]. Since#utrinos are crucial for understanding
the the nucleosynthetic products, in this contribution wasider two neutrino effects. First we
discuss the consequences of gravitational bending of thimes, and then we briefly consider
neutrino flavor transformation.

2. Discussion

Fig. 1 shows a disk formed by a black hole neutron star mecgésulated in [6, 9]. Above the
disk, the emitted neutrinos interact with material outflogvifrom the disk through the reactions
Ve+ N — p+e andve+ p — n+e'. This strongly influences the neutron to proton ratio in
the outflow, and thus the final nuclear products. Fig. 2 shdwesucleosynthetic outcomes that
occur from a variety of possible outflow trajectories frone tilisk. As can be seen in the figure,
hot outflows from this disk produce at least a weak r-processpssibly also a main r-process.
However, these calculations included neither the effecgrafitational red-shift and trajectory
bending on the neutrinos, nor the effect of oscillations.

In Fig. 3 we show how the neutrino spectra at a particular tpaiove the disk change when
various general relativistic corrections have been agpl@ neutrinos above the disk shown in
Fig. 1. We compare the spectrum without general relativistirrections (solid line) with the
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Figure 2: Shows nucleosynthesis from trajectories originating ftbendisk in Fig. 1. A variety of outflow
timescales and entropies were studied [6] and in all casesak wr a main r-process was found. Figure
from [6]. Crosses represent solar data while the solid leggesents the abundance pattern obtained in the
calculation.

spectrum when only the gravitational redshift is taken exteount (short dashed red line) and the
spectrum when geodesic tracing has been performed and ¢ngyeredshift is taken into account
(blue dashed line). For the blue dotted line, the effect sk dbtation was added. Due to the
asymmetry of the disk, this last effect is highly dependentdisk angle. It can be seen that not
only the redshift correction but also trajectory bendingddesic tracing) must be included in order
to predict accurate spectra. Due to the asymmetry of the thiskeffect of disk rotation(@) can
have a different sign depending on the position above the dis

In Fig. 4, we show the impact of these corrections on the adneel pattern. The crosses
show the data, and the purple line shows the calculationowttthe inclusion of general relativistic
effects. The red line shows the results when only energyhiidsas been taken into account. The
blue line shows the effect when both geodesic tracing andygmredshift have been taken into
account. In general the trend is to drive the material in thifl@v less neutron rich. The neutron
richness is due to an antineutrino flux which is hotter tham rikutrino flux and emitted closer
to the center of the disk. Thus the antineutrinos are “coegfcmore than the neutrinos, and the
outflow loses some of its neutron richness.

We also consider the impact of flavor transformation. Th& dsometry is at present beyond
the state of the art in neutrino flavor transformation catiohs, so we consider a simplified spher-
ical geometry. In Fig. 5 we show a schematic calculation wittample trajectory together with
a flavor transformation probability of electron neutrinda. this figure, the flavor transformation
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Figure 3: Shows the change in neutrino spec- Figure 4: Shows the change in abundances in a
tra at a point above this disk when various GR hot outflow from this disk when various GR cor-
corrections have been applied. The lines are ex- rections have been applied to the neutrino spec-
plained in the text. Figure provided by Liliana tra. Crosses show the data and the lines are ex-
Caballero. plained in the text. Figure by Rebecca Surman.

takes place at the point where the seeds begin to form. To get gquantitative results, we take
a calculation similar to that presented in [10], and combineith a reaction network calcula-
tion. The results for the abundance pattern are shown inr€i§u The calculation is based on
the following conditions:s/k = 200, initial timescaler = 25ms,T,, = 2.6 MeV, T;, = 4.0MeV,
Ly, =6.6x 10°%ergss?, Ly, =88x 10°%ergs ?, L, = 127 x 10°*ergs * The crosses show the
solar data. The purple line shows the calculation withoutmgo interactions. The blue line shows
the calculation with neutrino interactions included, batascillations. The yellow line shows the
result neutrino flavor transformation with the “single agighpproximation. The green line shows
the result with the full multi-angle calculation.

3. Conclusions

Neutrinos have a significant impact on nucleosynthesis tioboutflows. Hot outflows from
black hole accretion disks produce a variety of elements fitNi to the r-process elements. Since
the neutrinos play a crucial role in determining the relatumbers of neutrons to protons, the
neutrino spectra must be well understood. We have showritibeg are two types effects which
stem from general relativity and from flavor transformatitdmat influence the final nucleosynthetic
yields in this astrophysical environment. In both casesséttorrections make neutron rich outflow
less neutron rich.
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Figure 5: Shows the potential for collective neutrino flavor transfiation to influence nucleosynthetic
yields in hot outflows. The dashed line shows a sample outflejedtory and the solid line shows the
probability of flavor transformation. Figure by Rebeccaigan.
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Figure6: Shows the influence of collective neutrino flavor transfatioraon r-process nucleosynthesis. The
conditions and the lines in the figure are described in the teigure by Rebecca Surman, neutrino flavor
transformation calculation as in [10].
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