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IceCube Neutrino Observatory 1s a cubic kilometer detector located at the » The Richardson-Lucy unfolding algorithm [2] is used

SPUth Pole in Ant.arctl.ca. In this project we will ut.111;e Monte Carlo PaS.SZ * The unfolding matrix (4) is created from the probability a value in a true bin j is in some
h%gh. energy neutrino 1nduc.ed cascade data, re-optimize energy an.d zemt.h reconstructed bin i

binning and study unfolding of true electron (anti-)neutrino kinematic e [t starts with a guess of the true distribution, then in iterations makes an estimate of the

variables. The neutrino Monte Carlo generators used i NuGen, studies reconstructed distribution (&,) from the current unfolded distribution (% and the unfolding
comparing to Lepton Injector are in progess. matrix

* Each iteration the algorithm attempts to minimize the difference between the estimate and
Introduction unfolded distributions.

* «a1s a vector that represents the acceptance loss when making the unfolding matrix.

* IceCube is a km’ of ice in Antartica, with 5160 optical modules [1] used A )
as a neutrino telescope. N A Vk+1) (k) Gy o
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* It detects Cherenkov light produced when a neutrino interacts with 777
quarks and antiquarks in the target nucleons.
* There 1s a systematic source of error from the process of reconstructing

the energy and direction of neutrino from Cherenkov light.
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oeCube Lb\‘x‘ e A e * The parameters of interest are the energy of the neutrino and zenith angle. They are unfolded
T NN— e B PRI RN I together as a 2D histogram, with log(E) as the x-axis and cos(Z) as the y-axis.
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Unfolding it 1s for unfolding. ’ T Leoescew ﬁ /

Results on NuGen Monte Carlo Simulated IceCube Data

* Unfolding 1s a process that takes a distribution of reconstructed data and

finds the true distribution from that and needs an unfolding matrix. + Using optimized number of bins and iterations, the result is below.
* To create an unfolding matrix, Monte Carlo simulations of events are * A timespan of 11 years was used when weighting.
used where both true and reconstructed values are known. * The results were tested against a x? distribution and a good agreement was found.

* The unfolding matrix is the probability an event in a reconstructed bin 1s
in some true bin.
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* Below 1s an unfolding test with toy data, with the data sampled from 3 0.75 - 0.75 msl 10"
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0 Figure 2: The final results of unfolding the Monte Carlo simulated data. The bin width here is .2 for log(E) space, and .5 for

cos(Z) space. 4 iterations of the unfolding algorithm were run.
Figure 1: A test of the Richardson-Lucy unfolding algorithm with toy data. The
reconstructed data has an assumed resolution of 0.25 and no bias. 100 iterations was used
for the unfolding algorithm. The reconstructed data is in 60 x 60 bins, and the true and
unfolded data is in 30 x 30 bins.

Optimizing Unfolding lterations

The number of 1terations with a small bias, which decreases through iterations,
and a small variance, which increases through iterations, needs to be found. To
do this, a log-likelihood ratio 1s used to estimate the bias from the
reconstructed values, because the true values are unknown [3]. The difference
between the reconstructed and unfolded 1s found, and when the log-likelithood
passes a critical value the iterations are stopped. To get the critical value, a
Poisson sample 1s taken from the reconstructed 100,000 times, and the log-
likelithood 1s found for each time. When the log-likelihood passes half of that
distribution, where p = 0.5, double the 1terations 1s run. This results 1n 4
iterations being run when used on the simulated data.
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Figure 3: Graphing showing sampling log-likelihood ratio (black), and the log-
likelihood ratio of the unfolding after 2 iterations. Since the unfolding is past the
critical value (red), the algorithm will run double the iterations and stop

Discussion/Conclusion

* The unfolding algorithm takes a reconstructed distribution and finds the

true distribution associated with it.

* To create the unfolding matrix, NuGen Monte Carlo simulations where

the true values are known were used. Studies with Lepton Injector are in
progress.

* Bin sizes were found by looking at resolution and minimum statistics.
* [terations count was found from log-likelihood ratios minimizing bias

while keeping variance low.

* Future work could be done to implement error analysis when unfolding.
* The algorithm could also be tested with different flavors of neutrinos.
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hpDIRC at ePIC

The Electron-lon Collider (EIC) is a next-generation collider being built at BNL to
study the quark and gluon structure of matter.

The hpDIRC (high-precision Detection of Internally Reflected Cherenkov light) is a

compact Cherenkov detector that identifies charged hadrons and muons by imaging
Cherenkov photons (their unigue Cherenkov ring) produced in synthetic fused silica

bars.
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*Images obtained from epic-eic.org and researchgate.net

Calculations & Simulation

Theoretical calculations and Monte Carlo (and other) simulations using the CRY
cosmic ray generator model muon flux and trajectories through the detector
setup. These simulations also calculate solid angle and muon flux, supporting
design optimization and interpretation of experimental data for precise
calibration of the hpDIRC.

Cosmic Ray Muons through Triple Detector Stack

*  Theoretical flux calculated using Gaisser Parameterization:

Expected muon flux from cosmic rays at sea level.:
®, =167 £ 0.3m *s™*
Simulated & calculated solid angle: (1 = 0.62sr

Simulated muon flux: &, = 160 + 13m™*s~!

*Image generated by my code in Python
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Cosmic Ray Muons and the CRT

Cosmic muons are high-energy particles produced in the atmosphere that
reach Earth’s surface at a steady rate. Muons don’t interact much with most
matter and have long lifetimes; at the EIC, they provide a convenient calibration
source for detectors like the hpDIRC for both detector validation and future data
correction in ePIC.

The cosmic ray telescope (CRT) detects and reconstructs cosmic muon
trajectories, providing precise timing and position data to calibrate and conduct
performance validation of the hpDIRC detector.
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*Images obtained from home.cern and jlab.org

Experiment & Conclusion

We used a mini Cosmic Ray Telescope (mini-CRT) consisting of stacked
scintillators coupled to photomultiplier tubes (PMTs) to measure the flux of
cosmic muons at the detector site. By varying the high-voltage supply to the
PMTs, we found an optimal operating range maximizing muon signal detection
while suppressing background noise. Triple-coincidence logic between
scintillator ensured event validity.
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Experimental flux: 16.1 m™%s

Experimental error: d®, = +0.8m™4s™1
Experimental flux value is roughly an order of
magnitude smaller than expected, likely due to a

1e—9 Amplitude vs Charge

much smaller angle of acceptance than anticipated,
as well as the triple coincidence logic likely cutting
out many possible trigger events.

*Images taken or generated by myself or my code
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Motivation

At Brookhaven National Laboratory, oo
the CeC proof-of-principle experi- =
ment takes place as a part of the Rel-
ativistic Heavy lon Collider. We aim
to validate the ability of CeC through
the plasma-cascade microbunching
instability (PCI) of the electron beam
[1]. CeC uses the electrostatic
interaction between electrons and
hadrons to drastically reduce the
cooling times of accelerators and
colliders, with an LHC-like simulation
showing a significant decrease from
about 13 hours to 1 hour [2].

Figure 1: Unfocused beam profile at YAG1.

Background

Particle beams have a property called emittance, the area that the particles
take up when plotting the beam in position-momentum phase space. For
example, the normalized RMS emittance in the x-direction can be defined
as

Ex = 75\/0)2(0%)( — 0% -
From this, a smaller beam has lower emittance. PCl-based CeC requires
an electron beam with low emittance. Two factors are considered in this
study:
. o0lenoid current of Low Energy Beam Transports (LEBTS)
. Solenoid current of the 112 MHz SRF electron gun

To find the optimal currents, we used simulation software known as
IMPACT-T. IMPACT-T is a three-dimensional program that tracks relativistic
charged particles [3]. We simulated and measured at the sections shown
in Fig. 1.

Figure 2: Focused scope of beamline. The orange box encloses the SRF electron gun, the green box encloses the first solenoid
in the beamline “LEBT1," and the black line placed at YAG1 shows where we collected data in simulations and experiments.

Once optimized, the beam should no
= longer look like Fig. 1. Rather, it
will be smaller and have a low mea-
sured emittance, visually resembling
the profile in Fig. 3.

Figure 3: Profile of focused beam at YAG1.

Procedure

Using the YAG1 profile monitor, we looked at beam width as a function
of LEBT1 and gun solenoid currents, and beam emittance as a function
of gun solenoid current. Optimizing beam width and emittance each had
different steps:

. Beam width: . Beam emittance:
1. Simulate each current for 800 pC 1. Simulate each current with varying
bunches size bunches
2. Vary LEBT1 & gun solenoid current 2. Vary electron gun solenoid current
3. Measure average RMS x- and y- 3. Measure the projected emittance at
widths at YAG1 YAG1
Results

Our work in minimizing beam width found the optimal current settings of
+4.5 Afor LEBT1. It also revealed a large mismatch between our expecta-
tions and experimental data, seen by the overshooting simulations in Fig.
4 that shift down in Fig. 5. This was caused by our outdated IMPACT-T
beamline setup.

The projected X and Y emittance comparisons helped confirm where the
minimum emittance is for the 800 pC bunches but were otherwise incon-
clusive. The large mismatch in Fig. 9 prompted us to see how 0 pC would
change given the absence of space-charge, with results shown in Fig. 8.

Projected X and Y Emittance (0 pC) vs. Gun Solenoid Current Projected X and Y Emittance (800 pC) vs. Gun Solenoid Current
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Figure 4: First simulation comparison. Figure 5: Updated simulation comparison.

0 pC bunches and 800 pC bunches were tested to further verify simulation
accuracy. Fig. 6 is unaffected by space-charge, thus simulations should,
but do not, match the experiment. Fig. 7 uses the experimental bunch
setting. It mostly agrees until about 8.7 A and is optimal around 8.6 A.

800 pC RMS Beam Size vs. Gun Solenoid Current

0 pC RMS Beam Size vs. Gun Solenoid Current
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Figure 6: RMS width using 0 pC bunches, shows a mismatch. _ _
Figure 7: RMS width using 800 pC bunches, shows departure.
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Figure 8: 0 pC simulation comparison. Figure 9: 800 pC simulation comparison.

The deviation from simulations could be caused by:
. Non-uniform beam charge density

. Incorrect photocathode recess measurement affecting electric field
strength and focusing in the SRF cavity

Conclusion

After making corrections to the beamline setup, we gained more accurate
simulations and found optimal LEBT1 and SRF gun solenoid currents of
around 4.5 A and 8.6 A, respectively. The experimental width measure-
ments aligned with our expectations. The optimal LEBT1 and SRF gun
solenoid currents for minimized emittance are still unclear given the large
mismatch between simulations and experimental data.

Further work includes generating new electromagnetic field maps for
IMPACT-T to account for the new photocathode recess. Another simu-
lation software may also be used to test 0 pC bunches, as IMPACT-T is
better suited for space-charge-dominated beams.
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Abstract Comparing Event Generators to Experiment

Next Steps: Tuning

PYTHIA has been one of the more reliable event generators to model relativistic collisions. With an upgrade The invariant cross section is given by: | o |

from the Fortran-based PYTHIAG to a C++-based PYTHIAS, in addition to new physics processes, newer 3 For tuning PYTHIAS, we are working in a very large parameter space, with order 10 total
models based on Multi-Parton Interactions (MPI) have been implemented. In the process, the Monash tune of dO’ 1 1 dN potentially relevant parameters_ The tuning process becomes an optimization problem and
model parameters for PYTHIA8 works well for LHC energies. However, at RHIC energies, there is a significant d 3 — 2 N d O-pp will be done using the PROFESSOR (procedure for estimating systematic errors) method.
difference between event generator models and experimental findings, specifically for heavy flavor production. p WpT events pT

We approach this problem by using the PROFESSOR tuning method to optimize the model parameters. First, the PROFESSOR method randomly samples the parameter space and runs the

where o, is the cross section for proton-proton inelastic collisions at 200 GeV, which is 42 mb.

Writing Rivet analyses to compare PYTHIA8 simulation to data allows PROFESSOR to calculate a goodness

event generator at various points in it. With the output from these points, it runs a

of fit function, which is sampled within our parameter space. Using a polynomial fit of the goodness of fit Particles in mid-rapidity are typically detected in the experiment. To calculate the total cross section, event polynomial interpolation to approximate generator output.
function on the model parameters, the optimal tune is calculated. We hope to use this to tune PYTHIAS to . : : : . :
ot ol o TRHIC | P P generators are used to find the ratio of total cross section, and mid-rapidity cross section. PROFESSOR Interpolation polynomial
etier moael pnysiCcs a energies.
i cT cross-section measurements at p+p Vs=200 GeV at RHIC - bb cross-section measurements at p+p Ys=200 GeV at RHIC ramdon |y chooses — created to represent
L R e frriri— g it W sample points PYTHIA8 output
Event Generators ol — E
L. ' : PRL 96, 032001 — ' p —— gchgr‘él)ééggig}uon l
- — . — PHENIX, p+p (2005) - o ' : : : : . . .
Event generators simulate the interactions of particles. They can simulate many different i i (I :i:(; ::;OOQ) l v . PHENIX, B — Jhy Rivet Analysis A goodness of fit function Fit function is
: : : N ; ' b J L — ' PRC 96, 064901 NI 1 i A
possible processes of particle production. - . E L combining — is made comparing the —— 0_I3t|m|29d to
T N = PRL 84, 062301 i B PHENIX, dielectron PYTHIA8 and data polynomial and data find tune
Event generators are a convenient way to simulate runs of large experiments. In addition, N ¢ arXiv-0709 4223 _:._ . N e e | o | | |
by comparing event generator output to experiment data we can gain an improved picture of - | —— PHENIX, Au+Au - 55 PRL 103, 082002 We are using quadratic interpolation, as for each parameter our range is relatively
the event structure. f — ® STAR, AutAu MinBias - —o STAR. e-h, e-D° correlations narrowed down. Cubic interpolation is also possible but is significantly more
) 15 : - wr ™ e PRL 105, 202301
il r > STAR, Au+Au Central - L computationally intensive.
r /./. B R A — e PYTHIAS scaled (MPI ON) P y
— L PYTHIAS scaled (MPI on) il v o o i
- A i v Additionally, the parameter space can be split into subspaces to reduce computation
A sample event from an event o r L | —.— PYTHIAS sclaed (MPI off) — ' e PYTHIA8 scaled (MPI OFF) _ o o _
generator. Many processes lead .\ - — 1 | | 1 - - time. These subspaces are optimized individually and later combined.
tOtheb|Ueflna|parth|eS - 0 0.5 1 1.5 2 2‘5 3 0—1111}1111121111131111141'1111élnlné1111%111181111191111110
.7 G .. [MDb] :
Ous [1b A goodness of fit function is used to compare the difference between the polynomial and
g P y

- i ' ith the Detroit t '
When looking at heavy flavor cross sections at RHIC, PYTHIAS8 values, obtained wi e Detroit tune, gives experimental data. There are many functions that can be used for this, one of which is a

¥2 fit: n B ,
X2(p) _ Zwo Z (f (p) Rb)
o b

smaller results than we find from other models.

These event generators have free parameters which must be adjusted for the event
generator to describe experimental data. Tuning an event generator involves finding a set of
model parameters that works well for an experiment.

Aj

where w are our weights, b is our bin, f(p) is our polynomial, R is our data, and A is the

We work with the event generator PYTHIA8, which has been proven reliable, and the Using Rivet, we can write analyses to compare PYTHIAS8 output to data for heavy-flavor processes.

Mona Sh tu ne wo rkS ve r'y We” for energ |eS fou nd at the LH C Non-Photonic Electron Invariant Cross Section vs pT Invariant cross section of electrons from heavy flavor decay vs pr Invariant cross section of electrons from charm decay vs pr
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% We see a noticeable difference between our output and our data, especially at low p-. At higher p; we see

much more variance in event generator output, due to low sample size. Refe re n Ces
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Abstract

Saturated Absorption Spectroscopy (SAS) is a technigue used to
extract a precise transition frequency between atomic states that
reduces Doppler broadening. Thus, a laser can be locked to a sin-
ole atomic frequency.

Background

= Doppler Broadening is the widening of spectral lines due to
the random motion of atoms in a gas. The atoms don't travel in
one uniform direction, resulting in a wide frequency range.
Doppler broadening is typically two orders of magnitude larger
than a spectral line’'s natural line width.

U
fDoppler — (E) fOptical

= Saturation occurs when a material is inundated with light such
the material no longer responds to additional stimuili.

SAS Overview

SAS aims to generate a high-resolution absorption profile of spec-
tral lines. The SAS technique overcomes Doppler broadening by
using a beam that saturates the atoms with light (pump beam) so
that no absorption occurs for atoms that have no Doppler shift
relative to the second beam (probe beam).

Figure 1. Atoms moving perpendicular to the beams experience no Doppler shift,
relative to them. These are the atoms that absorb probe light.

SAS Setup

= Two counter-propagating beams that stem from the same
laser enter the cell of metastable helium atoms

= Strong pump beam drives the cell with excess light, saturating
the atoms

= Weak probe beam moves through the cell on the same plane,
and atoms moving perpendicularly to both beams transmit
light as a narrow signal.

50/50 beamsplitter

mirror
laser beam

reference

He discharge cell

glass plate

photodiodes U U

signal to lock
subtraction |electronics

Figure 2. Infrared SAS setup (schematic and lab view) [4]

Resulting Signal

The absorption profile when there is no pump beam present is
shown to have a wide Doppler width. When there is a pump beam,
there Is a spike at the resonant frequency because atoms with no
Doppler shift relative to the probe beam are not able to absorb.
When we subtract the two plots, we obtain a singular narrow spec-
tral peak.

Transmission Signal without
Pump Beam
—_——

Figure 3. Absorption spectra without the pump beam [4]
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Figure 4. Absorption spectra with the pump beam [4]

Application: Optical Force Experiments

Conservation of momentum deflects atoms when periodic pulse
sequences are applied. By stimulated emission, which occurs
when light collides with an excited atom, additional light Is pro-
duced that's moving with the same direction and energy. Optical
forces have the capacity to move matter in a precise manner. SAS
ensures that the frequency of the incoming beam is stabilized, al-
lowing for further refinement of its application.

Conclusion

With SAS’s ability to effectively stabilize a laser to a specific tran-
sition frequency, it has numerous applications in optical force ex-
periments, including ongoing ARP and STIRAP projects.
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MOTIVATION METHODOLOGY CONCLUSIONS
' i ' Elliptical Galaxy Extraction Elliptical Galaxy Sample Yield
* Analyzed all known galaxies in DP1 release with needed photometry and shape columns for » 1,374 of 255,525 galaxies matched our criteria
subsequent cuts: for ellipticity, visualized in deep coadd images.
1. Bulge Dominant: Kept galaxies with bulge-to-total ratio =2 0.5 to favor early-type
elliptical morphologies. Realistic Strong Lensing Visualization
2. Bright: Required i-band Sérsic magnitude < 21.0 to select luminous, and + We generated simulated source-deflector
subsequently hence high-mass, galaxies. systems modeled after observed galaxies.
Figure 1. The Vera C. Rubin Observatory, located on the El Pefién peak of Cerro 3. Large size: Required with Sérsic effective radius = 25 pixels to bias toward * This produced realistic strong lensing
Pachén in Chile. [1] extended, massive galaxies. morphology, matching the matching the PSF
The Vera C. Rubin Observatory’s ten year long Legacy Survey of Space Cutouts and Source Galaxy InjECtion with SLSim noise characteristics of true Rubin DP1 cutouts.
and Time (LSST) will utilize a 8.4-m Simonyi Telescope and 3.2-gigapixel, * We produce deep coadd cutout images of each candidate galaxy in the i-band.

9.6 deg? camera to take hundreds of exposures of a ~18,000 deg? sky * We generate a simulated background galaxy and lens it using a mass model derived from the
area. This unprecedented depth and coverage will enable innovative real foreground galaxy [5]. FUTURE WORK

studies of cosmological phenomena, such as strong gravitational lensing.  ® Simulations are then convolved with real DP1 PSFs and noise injected into the real

However, the first data release was captured using a lower resolution deep-coadd cutout. Preparing for Future Data Releases:
Commissioning Camera, which covers a limited sky area at a shallow RESULTS * Visual analysis of the simulated lens system
depth. This limits the likelihood of observing real strong lensing, so we allows for training to better identify strong
simulate it by inject background galaxies, lensed by mass models of real ;a4 Coadd at RA=58.8707, Dec=-49.2713  i-band Coadd at RA=49.8601, Dec=-25.4592 lensing in the complete LSST survey.
ellipticals, into our cutout images. These realistic injections will aid in
140 ° o °
preparing for true strong lensing analysis in future LSST data. 200 Source Galaxy Characterization via
P eceseacs - Simulations
. . S 150  Simulations quantify lensing and observational
/ \ 80 biases, enabling recovery of true source sizes,
ﬁ 2 Lo 2 fluxes, and morphologies.
\ ] * How well morphological features, such as rings
A\ L = or arcs, survive lensing and reconstruction
. / 50 . . . .
= / 20 informs expectations for real source imaging.
v
Figure 2. The LSSTComCam. [2] Figure 3. The field of view of the ComCam 0

compared to the full LSST camera. [3]

° REFERENCES
Figures 4 & 5. i-band Deep coadd cutout images of potential massive elliptical galaxies captured by the Vera C.
BACKGROUND Rubin Observatory. 1.  RubinObs/NOIRLab/SLAC/NSF/DOE/AURA/B. Quint. Gallery. Vera
C. Rubin Observatory, 2022

e plane o ane | i-band Coadd at RA=58.8707, Dec=-49.2713 i-band Coadd at RA=49.8601, Dec=-25.4592 = SUb‘r‘(:Ois/gog‘ttab/SLt’*c/ stgé ZOE/AURA/A- Pizarro D. Gallery.
: : : . S , T era C. Rubin Observatory,
: : With Source Injection With Source Injection 3.  Wikimedia Commons. Gravitational lens geometry, 2012

4. NSF-DOE Vera C. Rubin Observatory. Single-raft LSSTComCam
position. The Vera C. Rubin Observatory Data Preview 1 (RTN-095),

2025
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A versatile strong-lensing simulation library used
throughout this work. Contributions are
welcome at the GitHub repository.
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150

Gravitational lens geometry: a deflection angle; B true source angle; 6 lensed image
angle; D, D,, D, angular-diameter distances to lens, source, and between them. [4]

* Gravity from a massive foreground object curves spacetime, bending
and magnifying background light into arcs, rings, or multiple images.
 We focus on massive elliptical galaxies as their large mass is centrally

concentrated, producing large Einstein radii and bright arcs, making Figures 6 & 7. i-band Deep coadd cutout images of potential massive elliptical with simulated lensed source
these lenses the easiest to spot and model. galaxies injected in.

This work is supported with funding from the National Science
0 Foundation under Grant No. PHY-2243856. | would like to
thank Dr. Simon Birrer for his support and guidance.
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X-ray bursts (XRBs) are thermonuclear explosions on the surface of accreting neutron stars. The aim of this research is to follow up on Eric Johnson's paper’, which simulated and XRB with a 33-isotope reaction
network and observed certain elements left behind. We expand on this work by employing larger reaction networks to better capture the nuclear processes. Here, we use the Castro hydrodynamics code coupled
with pynucastro-generated reaction networks to model 2D flame propagation in mixed H/He bursts and explore the effects of network size on flame composition and evolution.

Background R e — Methodology Conclusion
- M2 o - ifici i

e XRBs are thermonuclear Jfﬁql e Started by creating reaction networks in pynucastro e Using larger networks reduces artificial bottlenecks as seen in elemental

explosions on the surffaceof ~ ~ .~~~ | e Used Castro software to solve equations of composition pie charts

accreting neutron stars | SAX 1808.4-3658 hydrodynamics for reac;c)lve flows via fIameT)wan setup| e Larger reaction networks should be tested and have full simulations run
e These bursts occurwhena . 7™ | © | e Used mixed H/He at 10% hydrogen and 90% helium | ¢ As computational barriers are removed these larger networks can be

critical mass of acereted = & 1 e Ran three simulations of reaction networks of varying used in 3D simulations

hydrogen/helium from a L size out to 30ms to observe the impact on flame Additionally. fi ut . —

AET oy s & Composmon and propagahon ® iaonally, riner resoliutions can be expiore

binary star ignites, triggering
rapid nuclear burning and o
nucleosynthesis

e 30ms is far enough in to observe an established flame | o Computational time is a limiting factor in network size. In this simulation
: \C}CSJmaFi_Utaatt_lgr? dgﬂe V\f['tht_EERSC supercomputing center| 0 41 element network simulation took 8630 node hours, ~63% longer
ISualization using yt uti than the original 33 element network

e The burning front propagates

Composition of Trace Nuclei

i x10?
around the star surface : LS B
. . - 3 g 10 T
e Light curves show brightness i = -
of star over time during an e T 00 : . . 3 0
XRB event A Light curves observed by the Rossi X-Ray Timing t (cm) <10° trac
Explorer (RXTE) of different sources and recurrence times A An example plot of nuclear energy generation rate of Composition of Trace Nucl
At ? cno-he-burn-33a made using Castro and plotted with yt utils 7.82e-02 Nels
Results o -
2 Q A cno-he-burn-33a elemental
-  Network graphs produced using pynucastro show mass AN compostiion afier Sims il

L . 4.36e-02 Mg24
Composition of Trace Nuclei "

fraction and approximate reaction rates of the nuclei for each
flame at 30ms

e cno-he-burn-33a had large amounts of Na22 on the order of
10° left behind, as well as Ne18 <

¢ In the cno-he-burn-34a '®*Ne(a,p)?'Na reaction allows with a
high approx rate of 0.126

e Proton captures included in the cno-he-burn-40a network
removes abundant Na21 and Mg24 present in

cno-he-burn-34a through #?Na(p,y)*>Mg and %*Mg(p,y)? Al

1.92e-02 Na2l

2Z

A cno-he-burn-34a elemental

9.75e-02 H1 o
composition after 30ms

He4

'2.23e-02 Ni56

A cnho-he-burn-41a elemental
composition after 30ms
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ANALYTIC SCALING OF THE LENSING TAIL OF THE COSMIC MICROWAVE BACKGROUND POWER SPECTRUM

The Cosmic Microwave Background (CMB) is the photons from the surface of last
scattering. In this signal, we see anisotropies that correspond to over- and under-
densities from the primordial Universe. This can be represented by the temperature-
temperature correlation function C7 1, which quantifies the similarity of the temper-
atures of the CMB at two points in the sky separated by a given scale.

Angular scale
9[?“_ 18° - ll‘j D.IZ‘:‘ O.rl'“ 0.07°
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Multipole moment, /¢

Image from [3]. The scaled CMB power spectrum D, = £(£ 4+ 1)Cy/2m

Gravitational Lensing

The force of gravity, such as from a cluster of galaxies, bends spacetime, thus changing
the path light travels. We see light coming from a different place than it really is,
causing for example a smearing in the CMB signal. This effect dominates at large £,
or small scales.

Image from [4]. Left is the unlensed temperature field of the CMB, and right is with an exaggerated lensing effect.

Motivation

Markov Chain Monte Carlo (MCMC) chains are used to infer cosmological parameters
from a dataset, but as the precision of future measurements demands more extensive
analysis, they are becoming increasingly computationally expensive. Using machine
learning to emulate CMB power spectra from CAMB data can reduce computation
time for MCMC chains.

In this project, we analytically scale the CMB lensing tail. By pre-processing in this
way, we can reduce the span of the data vectors, hopefully decreasing training time.

Megan Schlogl’*, Yijie Zhu!, Vivian Miranda'
1. Stony Brook University, 2. Rensselaer Polytechnic Institute

Cosmological Parameters

Cosmological parameters describe the evolution and current state of the Universe. In this project,
we examined the effect of gravitational lensing on the CMB considering five parameters: the

Hubble constant Hy, the baryon density {42, the cold dark matter density Q.h?, the power of the
primordial curve perturbations A, and the scalar spectrum power-law index n,. We explored the

following parameter space:

Ranges for Cosmological Parameters

Hy (km/s/Mpc) | Qh*  (Q.h*  a=In(As x 101) n,
Minimum |50 0.007 10.04 1.61 0.8
Fiducial |80 0.0224 0.12  3.043 0.965
Maximum |67.4 0.035 10.23 3.6 1.2

Fitting Model & Optimization

The lensing tail is defined as the lensed power spectrum divided by the unlensed power spectrum:

lensed
L(t) = !

Cunle —. We model the lensing tail as:

L) = 1+ w(()|B - (é)“ ~1

1
w(g) B 1 4+ e—(l=53)/bs
where w(/) is a weighting function. Here each of the parameters, 51, 5o, B3, B4, and «, is allowed
to be a function of the cosmological parameters centered around the fiducial values (except H).

Comparison with CAMB Lensing Tail

To create a fit, we employed linear and quadratic regression, using the Levenberg-Marquardt
algorithm. For example, for the behavior of 8y for changes in ng is:

Pulns) = bl(o 065 ) +b2(07;65 1)2

We developed a fit using 600 random parameters in the selected range, with the lensing tail
behavior found using CAMB. The fit was trained to each parameter in isolation, then in pairs,
then altogether.

10
—— a=23.043,Qph% =0.022, Q.h? = 0.07, n< = 0.965

a =3.043, Qph? = 0.022, Q:h? = 0.1, ns = 0.965
—— a=3.043,Qph? =0.022, Q-h? = 0.12, ns = 0.965
8 7 a=3.043, Qph? =0.022, Q.h? = 0.15, ns = 0.965
—— a=3.043,Qph? =0.022, Qch? = 0.18, ns = 0.965

a =3.043, Qph? = 0.022, Q:h? = 0.19, ns = 0.965
—— a=3.043, Qph? =0.022, Q.h? = 0.21, ns = 0.965

a=3.043, Qph? =0.022, Q.h? = 0.23, ns = 0.965

- CAMB Data
- == Fit

Lensing Tail

e = S PN \\}

0 1000 2000 3000 4000 5000

A plot of the fit for varied 2.h?. As shown, the fit captures the order of magnitude of the tail, not its oscillatory behavior.

The overall mean error compared to CAMB for the 600 cosmologies used for training was 12.3%.
The error was low near the fiducial cosmology.
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Effect of Rescaling

Scaling the lensing tail decreased the span of the vectors:

Rescaled with Damping tail
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A plot of CAMB data before and after dividing by the equation found for the lensing tail.

Conclusion

We have found that we can model the scale of the CMB lensing tail for pre-
processing in machine learning.

In the future, we will expand this study by using machine learning algorithms to
create a more precise fit as well as expand the parameter space.
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Sub-GeV atmospheric v energy reconstruction in LArTPCs for DUNE
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Introduction Methods Results

Neutrinos (v) are weakly-interacting fundamental particles which oscillate The GENIE v3 Monte Carlo neutrino event generator was used to simulate 1000 v,- ey orEY (Brec) distributions for two sub-GeV. - Biases and resolutions of e distriburtons for all 10 v, samles
between three ‘flavors’ - v,, v, v; - as they travel. The extent of the ‘mixing’ Ar and v,-Ar charged current interactions each for 10 different values of E,, from . Energies shied by +28,73 Mev Relative Biases (%)
. 0Lt C ] L1 lesolution: 1 el Bias = 1% 401 —
etween the three flavors and the rates at whic ey oscillate is determine . u : D5 0L nessuon . Aot - 200
bet he three fl d th t which they 11 d d 100 to 1000 MeV. The propogation of and energy deposition by the resultant , S oL el . i 20% a
by certain parameters - three mixing angles, the three neutrino mass particles through the LAr was simulated with GEANT4 via the edep-sim package. 200 D1 @, Retsani e hetas = 16
differences, and more. e , e |
. . . ' 2l . . re FSI g 150 o Ey = 200 MeV, £ 2
The next-generation neutrino experiment E CC interaction E (pre FSI) g . o v 3
. . QES: 30 MeV loss avail ) ) s | s
DUNE (Deep Underground Neutrino True Incident RES/DIS: 10-12 MeV loss Encdrgy among primary particles . ! : Ll
. . . . K i roduced in nu-Ar interaction, 2 z
Experiment) will perform precise Neutrino Energy MECE ool ain excluding baryon masses. ‘
measurements of these neutrino oscillation What " 0 o1
: : . at we want to Final State Interactions (FSI):
pgrameters., including the unknown'é“cp. tl'le reconstruct extra nucleons ejected from nucleus. . s .]lr*@lq%&ﬁ y ol
difference in how neutrinos and antineutrinos In ~60% of events. Usually increases 150 200 250 300 350 400 450 500 200 ‘ Mdﬂ 600 ey 800 1000
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(V) oscillate (CP VIOIatlon)m- To do so requires Ede Energy Deposition cnEgy, especiellyatiow K o [ eons 5. e is - 03¢ fleso mns( )
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o When a v interacts with an Ar nucleus in Recombination BRc " Eqep threshold | Energy visible " [ J‘}
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can be reconstructed H el Ve CP
Single-Phase LAFTPC operating principle? * The same is true in principle for the # of I | Comparing the frequencies of various event FS topology Ve i
. . . . . E 400 1060 . —
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Model Prediction Results

Introduction Methodology

Dilepton production within p+p collisions are the result of Initial attempts to use machine learning for classification involved a neural P
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several different processes: the Drell Yan process, J/{, Y, open LG . A

network; however, the neural network was inefficient due to its long runtime
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charm, open bottom, and light meson decays. Isolating individual

N . and poor accuracy. The approach was then changed from using a neural N © Messteevi 0 wasteey  © 0 Massleevi
processes to study is difficult due to signal overlap. In response to Y g Open Charm Open Bottom Combinatorial Background
this problem, machine learning techniques can be used to network to using gradient boosting with the XGBoost Python library. Gradient /// DN EN >’“.\ ‘000 £ £ <

4 X ® S S S

improve  signal-to-background data extraction. By training a boosting is designed and optimized for classification, using iteration and

machine learning model to categorize dilepton pairs, researchers
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several weak decision trees to make predictions. Shifting to gradient boosting Upsilon

can easily isolate individual processes despite the signal overlap.

Weighted data " 9 9
These new techniques will provide researchers with more increased accuracy from 20% to 90% and reduced runtime significantly. E S S
accurate datasets, helping them to study these processes further. TR s g we § 8 @ & o P4 & & & @ 9§ B
Open Charm . Open Bottom Combinatorial Background
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Initial results showed that the model concentrated on the most frequent precision recall fl-score support The trained model is able to predict the process responsible
for creating each dilepton pair, and classify the pairs by process
) ) processes only, leading to lower accuracy for less represented ones. To Drell Yan 0.69 0.68 0.69 30028 for further analysis. Pictured above are the dilepton pairs plotted
q M - - c J/y 0.94 0.99 0.96 39755
address this, the training dataset was constructed with equal proportions of Y 0.96 .99 0.98 17945 by process, first separated manually for comparison, and below
. . . - Open Charm 0.47 0.44 0.45 26216 separated by the model using its predictions.
dilepton pairs from each process, aiming to promote balanced predictive Open Bottom 9. 63 0. 62 9. 63 53897
Simulation performance. The test dataset, by contrast, was designed to reflect a realistic (B 9t 9:18 9. (b 2108 Conclusion
Before a machine learning model can make predictions, it distribution of events, providing a more accurate assessment of the model's accuracy 0.76 167624 Preliminary findings demonstrate that machine learning
must first be trained on a dataset. The training datasets were macro avg 0.74 0.75 0.74 167624 techniques can be effectively applied to signal processing,
. . - effectiveness under practical conditions. weighted avg 0.75 0.76 0.75 167624 . P . .
generated using PYTHIA 8.315 to simulate p+p collisions at a particularly for distinguishing signal data from background noise.
center-of-mass energy of Vs = 200 GeV. The model developed and employed here effectively isolates
- Weighted Simulation W/psesomtion Effecf:s s signals across different processes, demonstrating reliable
£, £ o ) .. performance in signal extraction.
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Two datasets were generated using PYTHIA: one for training
J/y 0.94 0.98 0.96 225621
and one for testing. The training dataset was made by individually E = 6.315713405609131 - 30000 Y 0.60 0.94 0.74 586
simulating each process, normalizing their contributions, and then T Open Charm 0.84 0.91 0.88 800535
pr e 4.
combining the results to create a balanced dataset in which all <3000 Hjpen: Boztom Recls Jieil3 et L2RES
— CB 0.58 0.33 0.42 180031
processes are equally represented. In contrast, the test dataset O 0 === 2.7100987434387207 E
- L 20000
was generated by simulating all processes simultaneously, e 2 4b0170087614331 o accuracy 0.83 1232369
. ) ] & pz '= . —
creating a more realistic result that offers a more accurate a 15000 .macro ave ReiB de Umd  Elo32E0S
weighted avg 0.81 0.83 0.81 1232369
assessment of the model's performance. p, == 1670223355293274
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