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sakstein@hawaii.edu

Jel‘emy Sakstein www.jeremysakstein.com
Theoretical Cosmology, Gravitation & Astrophysics

Interests:
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Cosmology Gravitation High Energy Astrophysics
Dark Energy, Dark Matter Modified Gravity, Tests of Gravity in Space Black Holes, Neutron Stars, Gravitational Waves

Ben Elder Omar Ramadan

Mitchell Dennis (IfA)

Quantum Mechanical Tests of Gravity Cosmology/Hubble Tension Neutron Stars/Gravitational Waves Machine learning in
stellar astronomy & dark matter

Chris Reyes
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http://www.jeremysakstein.com
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Quantum mechanical tests of dark enerqy, dark matter, and modified gravity

New particles mediate new forces, which can be detected in:

* Atom interferometry

+ Casimir

A

\

Casimir
plates Vacuum
fluctuations

* Hydrogen spectroscopy
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Christopher Reyes

Recently, Ligo/Virgo observed an object (2.50-2.67 solar masses) that is too heavy to be a
neutron star and too light to be a black hole.

I’m currently working on try to
understand what this object is.

al MG ]
GW190804 Mass ]

Graduate Student
Email:
cmreyes3@hawaii.edu

GR +Stiff

I am doing this by:

Stiffer equations of state (EOS) in
the core.

Modify Gravity

Mass|[SolarMass|

Important Results:

GW190814 can be accounted for it if the
EOS stiffens in the core.

Modify gravity theories can generally
account for this object

Radius|km]



Also working

B—=>K v vbar: NP without hadronic uncertainties = ©» New Physics
MC Generators

with Alexei
Sibidanov (UH)

v and preparing
VA P’A/\<:/\ ( = Belle
W - 5

Tom
Browder

[I/SuperKEKB
5 cW White Papers

% ,S for Snowmass

S S
b > é > | S b » b L B S
T . . 1 (See Belle II

Physics Mind
(a) Penguin diagram (b) Box diagram Map Below)

Note that in contrast to B>K® 17 I angular asymmetries, there are NO

long distance (charm annihilation) contributions from B> J/y K® and
B>y (2S) KM

This 1s the most likely way that Belle II could discover NP.
More details 1n this theory paper (TEB, N.G. Deshpande, R. Mandal, R.Sinha):
https://arxiv.org/abs/2107.01080, published as Phys. Rev. D. 104, 053007 (2021)
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Boyang Zhang, PhD student
zhangboy®@hawaii.edu b

D> WAT 202
@ Measurement of R(D) and R(D")

using an inclusive tagging
method at Belle 1l (Novel)
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1. Sensitive probes for new physics;

2. Direct tests for Lepton Flavor
Universality
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Monte Carlo Studies of Decay of BT in
Search for Violation of Lepton Universality

Belle I
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Tia Crane. tcrane@hawalii.edu — UHM BELLE Il — October 08, 2021
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Cherenkov Telescope Array

(on reverse of PCE)

Gary Varner (varner@hawaii.edu) Fa <zl

~ack——— Samtec 40 pin connector to the backplane carrying raw
%’\ data, trigger and sync signals and power
'Q -

Samtec individually shielded
coaxial ribbon cables for
analogue signals and

- ™ " preamplifier power
Mechanical
standoff with
. Windshield — Threaded-hole
~
Each camera ~2k channel oscilloscope forsecurng [
Pointi the TARGET
ointing
LED% —Lid motor module to the ('
\ | backplane
High Voltage
i supply  TARGETASIC providing
Lid
Photodetectors o ot 25{;2\/1;[: 16 channels of digitisation
attached to 12 bit resolution)  2nd triggering
G
electronics
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»

Preamplifier module
consisting of 4 x 16
channel preamplifier
boards

The Cherenkov Telescope Array (CTA) is the next generation ground-
based observatory for gamma-ray astronomy at very-high energies. With
more than 100 telescopes located in the northern and southern
hemispheres, CTA will be the world's largest and most sensitive high-
energy gamma-ray observatory.

Front-most front-end
buffer PCB forming
the interface to the
focal plane plate

>
* " High Voltage connection to the
s Y MAPM
Y, Mounting > (cable secured and pins insulated
' eyelets Juring normal operation) MAPM
L_LED Flash (Hamamatsu H109665)
P lasher
. .1 Units + Sigie pirel
\ f 289)
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= \ Focal plane F
I v plate Telescope

Lid Locking Interface’

Mechanism

\

Motor Bulk-head
Connectors
Enclosure

Thermal —
Exchange

Chiller send/return
Unit

ower and data
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www.cta-observatory.org
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CTC (sampler)
CT5TEA (trigger)
Gang Liu

First production batch of
6k ASICs (~100k chan)
started

ALPHA configuration
baseline approved,
construction started

2023 first light (2026
complete) — though
eruption in north 1



ilknur Koseoglu-Sari koseoglu@hawaii.edu
Postdoc

Turkish

Optimizing the performance and operation of the imaging Time-Of-Propagation particle
identification detector of Belle-1I experiment.

» Master the expert operations of the existing readout electronics

» Developing prototype upgrade electronics

« TOP expert shifts, Belle-II Operational shifts

Ph.D. : University of Giessen, Germany, June 2021.
“Title: Development of a fast readout system for the DISC DIRC prototype of PANDA

Currently: In Turkey, remotely working for UH.
Hopefully, I will be in Hawaii in a month. 1
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Advanced Low Power Hybrid Acquisition (ALPHA) ASIC

« Readout of the Advanced Particle Telescope (APT) sensor elements

* Novel in this architecture is the daisy-chaining and token passing of the readout, as well as sharing of
clocking resources, all to reduce power.

 Digital design (Makiko) / Analog design (Gang)

1. (Programming) VHDL: Write text models that express logic
circuits

2. (Synthesize) Cadence Genus: Register transfer level (RTL) is
turned into a design implementation in terms of logic gates

3. (Simulation) Cadence Xcelium: Simulate the synthesized output
file of Genus

4. (Place and Route) Cadence Innovus: Deciding where to place all
logic elements in a limited amount of space. This is followed by & = “: == e
routing, which decides the exact design of all the wires needed =~ - = .  —= . i
to connect the placed components. '

« Design v_1 was sent for manufacturing on Sep 18, 2021

$2a L53% iie%
2¥7 T8 B35d
. .

Makiko Kuwahara: makikoku@hawaii.edu
Ph.D. student of Electrical and Computer Engineering
IDL : advisor Professor Gary Varner

» Next task is to make simulation board using Xilinx PYNQ
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Martin Bessner TOP In Belle Il . getetonineuminosiy  exp: 7-18 - Al runs

bessner@hawaii.edu Integrated Iuminosity

mmm Recorded Weekly
12 [Crecoraeadt =213.49[f071] T

~ 200
I~ mirror

Particle identification in 2 cm
Cherenkov detector 270 cm
Time Of Propagation 2.cm

AN
Readout

Y,
s~

10 A
- 150

Belle Il luminosity evolution
-+ 100

- 50

Total integrated Weekly luminosity [fb!]

Minimal contact shifter scheme
accelerator and detector kept running

Major upgrade/replacement work in
summer 2022

Detector BE o _ _
in Japan MEESERNE < \BEVE IS W Join our group!

Total integrated luminosity [fb~!]



purwar@hawaii.edu

Joined HEP Group in Oct. 2019, working with Prof. Varner
For general info on Hawaii Muon Beamline — stay tuned to other ppts

GEometry ANd Tracking, a platform (toolkit) for simulation of the passage of particles
through matter using MC methods

Why Geant4?

® Extensively used in Particle Phys, Nuclear Phys, Acc. Design, Space Engineering, Optical Phys,
& Medical Phys.

®* Provides a complete range of functionality: tracking, geometry, physics models and hits.

* Toolkit includes several inbuilt physics processes: HEP, EM, Optical, etc.

More info: https://www.phys.hawaii.edu/~idlab /taskAndSchedule /HMBv3 /HMBv3.html

Energy before hit Total energy deposited on HMB calorimeter

— only Top layer
=== only Bottom layer
= Both layers

20 40 80 0 100 120 120 160 180 200
Energy deposited (J)

25 30
Muon's Energy before Hit (GeV)

Harsh Purwar — HMB Geant4 simulations

Color codes:
u+ : blue

Yy : green
e+ : yellow
e- : orange

Others: grey

.

y=50cm

Scint.
fibers

U’
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Rare B Decays: B —» K*171~

Shahab Kohani (kohani@hawaii.edu)

* These rare decays are sensitive to * ’ M =%vﬁ,vt: {[< Krlsy"(CETP, + G Py B)
. o o { + ™
possible contributions from new ™ e, o, 1.
s (NP 4 ~ \Nobzyl - 2 Knlsio 4(CE P+ CEPME) (0
physics (NP) eavy mediators. - = N/ + (Knlsy* (C P, + CLtPr)bl B (Ey50)
. ]IcExpe.rlmentaI S'IEUd:ﬁS O'fbbr?nChmgd B 7 +<f<w|§<cspg+chL>b|B><ee>+<Kw|§<cPPR+c;3PL)b|B><W)}
ractions, angular distributions an e

ratios of branching fractions
between decays with different
flavors of lepton pairs all show
discrepancies from the standard
model.

* The new physics here can be
modeled as different values of
Wilson coefficients.

* We are using a new generator
by Alexei Sibidanov.

B® - K*(—K'm) -

£ 000 * I’'m looking at the effects of
e S 7000| e varying Wilson coefficients on
B === = C — ¢, =01 . . . .
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Shivang Tripathi, Postdoc (shivang@hawaii.edu)
Instrumentation & Development Lab

with Prof. Gary Varner

HMBv3 Calorimeter Readout
Readout solution for various photosensors being
considered for the RICH & DIRC detectors * 6U VME and Zynq based readout for the

Firmware & Software Development for SiRead based R.E. s e
Madular RICAUEHE + Hands-on with Xilinx's Vivado, Vitis SDK and
Zynq SoC

Readout Electronics for the EIC-PID (eRD14)

Detector Description for High Enerqgy

1 Incident p anm\e: il R E ﬁ;' TI"C!HSITIOH BOCll"d

SIREAD based DC Physics (DD4hep)

Carrier Board
MAPMT (256 ; o .
Anodes)(  Toolkit framework for detector description
from single source of
information

Board, FW & SW development for Nalu Scientific's next

gen HDSoC ASIC « Geometry description of

the HMB

i "HDSoC v1-144
: S/N:
= Mfg: Q121

6th Annual 1-minute colloquium, Oct 7, 2021



Primary Cosmic Rays

BELLE2 - KLM — MUON TRIGGER UPGRADE

Richard Peschke | rp40@hawaii.edu

KL and muon detector

Resistive Plate Counter (barel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

A

EM Calorimeter
Csl(T1), fy pling el

——
g

—

electrons (7 GeV) et Particle Identification

Time-of-Propagation counter (barrel)

iy Prox. focusing Aerogel RICH (forward)
Vertex Detector g s
2 layers Si Pixels (DEPFET) + 5
4 layers Si double sided strip DSSD "'/

/

positrons (4 GeV)

Central Drift Chamber
Smaller cell size, long lever arm

300 A H Signle Muon Event
B Cosmic Muon Event 1500
250
200 4
500
* 150 - E 0
-
100 A =500
-1000
50 -

-1500

ﬂ_
—-1000 -750 -500 -250 O 250 500 750 1000 -2000
Distance From the interaction Point [mm)

1000 {

Studying the possible upgrade of
the KLM Muon Trigger

Trigger should successfully identify
muon events and simultaneously
suppress cosmic muons
Implementing track fitting algorism
on the FPGA

Muon events converge around the
interaction point

Cosmic muons are (more or less)
uniform distributed

Electromagnetic f
Shower [ |

Cosmic Muon Events

10?
102
10?
10!
- T T T T 10° —2000 T T T T T T 10@
500 1000 1500 2000 2500 o 500 1000 1500 2000 2500

X [mm] X [mm]
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Instrumentation Development Lab

ASIC Design - Application Specific Integrated Circuit
Gang Liu : liugang@hawaii.edu
: /A

APT The Advanced Particle-astrophysics Telescope
- Space-based high-energy y-ray and cosmic-ray explorer

ALPHA Advanced Low-Power Hybrid Acquisition

- Data Transmission Sequence

- Readout Sequence . Data out -

2 outputs (Left, Right)
2 inputs (Left, Right) 250MHz

100MHz LvDs

- Two Operating Modes:

Data Transmission

* Calorimeter (100MSPS) Sequence

Readout

* Tracker (250MSPS) Sequence

Sampling Banks 16 channels
Wilkinson ADC

- Mix-signal design (analog & digital) A, (12 bits

256 A
256 B

Channel N+1

with our own pad and standard cell library

256 Data




Analog Signal Circuit Design in the Instrumentation Development Lab

What Analog Circuit Designers Do:
> Analyze output Specifications from Analog Sensors which output signals in a continuous time
o These can be sensors like microphones or light detectors in the ID Lab the HDSOC chip
is trying to detect one photon.

> With Analog Specifications derived we try to fit a combination of MOSFET’s (Metal Oxide Field
Effect Transistors) to analyze the analog signal without interfering with the input signal and
increasing the output in a way which can be digitized and evaluated with more advanced
methods.

In Effect - Analog Designers make circuits which record physical observations for

further analysis or alter the signal in real time for further analysis

with other methods.
Circuit which converts and

amplifies a SiPM signal for
further analysis

The silicon wafer layout for
the circuit which measures
78 by 55 microns. -The

width of hair is between 10

to 180 microns
Charles White

whitece6@hawaii.edu




The digital component for Q-Pix pixilated readout concept.

Vasily Shebalin, postdoc . . )
professors : Kurtis Nishimura, Gary Varner e-mail:shebalin@hawaii.edu

Our part : QPix digital component

(PC readout |
' Microbaze <> QpixDebugHub IDLE system interrogation
\_cpu T T T measuring : ON §
oY)
______ [ tx X x 29 b I
" ; ” i’ ’ REPORTING LOCAL X
_ O
...... tx o I O State machine measuring : ON/OFF S
Q
for data o
2 transport | PO emPy 3
I x i oo x <
O —> X tx X tx X tx
- <
- @) tx i3 tx 3 tx rx REPORT
Q-Pix Concept N S i X LOCAL FINISHED
Self-triggering charge integrate-reset (CIR) blocks generate reset pulses 14 REPORTING 1S T
for a fixed amount of input charge => detect pulses, reconstruct charge. measuring : ON/OFF
25.6 Cm ------ r><rX tx!x rxrx lxtx rx’x tXlx
MfJ_ atnstestadtestestedtritdtadtadtadtnitaiiniiel NN By Ty C— repeat until timeout
= S P F e e or "state reset" command
1 [32-bit Gray-code counter| £ 6 (e » The design utilizes synthesised logic.
C | , , L
! S Tt Tyt Tt e e Reconfigurable inter-ASIC communication.
In ] Out_| 32-bit latch and buffer | FE S TRTOABIC e Data transfer to the DAQ node through neighbour ASICs.
| | | | Ll axa pixels) e Slow control and monitoring data flow.
0.; Schmitt trigger output —— Analog output — ' ‘ “ 3 l’ " T ¢ T¢ :' ‘
5 S QPix Low e e N
g os analog  .imesems: Q-Pix ® A full design of the Q-Pix digital component has been implemented in a Xilinx
S os p : , : g g : .
Zul R digital Zyng-7 FPGA including multiple ASIC blocks arranged in an array to emulate
] ey P O |- et . ASIC-to-ASIC functionality.
T 5 LI ‘“1,7} e First version of Q-Pix analog and digital are planned as separate submission.
g c Jﬂ WW D i i e FPGA-based board prototype for the digital component with low-power Lattice
© . . .
A ‘ | | A "tile" as a basic unit of 16x16 ASICS Semiconductor chips is under development by UH team.

t [us] (4096 4mmx4mm pixels)



Single Volume Scatter Camera:

Reconstruct double neutron scatters

» Fast timing to reconstruct energy

* Require spatial resolution O(~1cm) to
reconstruct and overlay cones

» Fast scintillators coupled to SiPMs

incoming
neutron with £,

4 4,

) L s . /'J;,A 'J;,) 0: scattering angle
“Monolithic” Design 2y dy g ‘

. . - —— > cone axis
*  Complicated algorithms / e s ’

. » . scattere Sy
. “Slmple Mechanical neutron with £, 21
Design recoiling ~~ _
proton with £, RN

d;pand t,,: distance and time
between first two scatters

Recoiling proton

I
“OS” Design
«  “Simple” algorithms
«  Complicated reuon
Mechanical Design —~_ ¢

Kevin Keefe

kevinpk@hawaii.edu

Optically Segmented (OS) Implementations:

OS 1:

Constructed at UH
128 channels (64 bars) ™
Large electrical -
crosstalk motivated
design of second
prototype

Overall resolution
limited by timing

(mm)

Position resolution

161 ——=a— Previous characterization
C —=—— Current characterization
14
12 2
< o2 7t 644675
L po 0.7976 + 0.1316
L \!\ pl 0.01626 + 0.0118
10 p2 18.17 + 9.502
L \K L p3 7.989 + 02875
L e
\El\ Tt
r —.—
8
C -
6| 7 709475
L |po 0.8231 + 0.06466 e SOV
L |pt 0.01357 + 0.005503 ‘%\ﬁ__
L [ep2 -13.12 + 5.282
4118 4.507 £ 0.1473
TR SR AT

Energy (keV)

Pl S| e A T A A
300 400 500 600 700 800 900 1000 1100 1200

Constructed at Sandia National Labs
“Simple” 32 channel (16 bar) Modular Design
Improves interaction time resolution by nearly
a factor of 2 (400 ps ~ 250 ps)

(99n8N) ABJBu3
G0 €0 G920 ¢0 ST0 TO S00

S (cm)

BLUE

Elﬂ'lﬂs




David Rubin: Observational Cosmology

drubin@hawaii.edu

‘

Cosmology Surveys |
- Measuring gravity and dark energy S e e §
- SUbaru Supernovae with Hubble Infrared, 3 ~ -
(SUSHI) " : o™ ¥
+ Nearby SN surveys with the 2.2m, UKIRT, ¥
VYSOS, IRTF, and others 3 :
SN Standardization and Cosmology Analyses o M0, c0).

- Unified Nonlinear Inference for Type la cosmologY
- Twin SN Statistics

- Union Cosmology Analyses —

- Hubble constant measurements E
- Blinded analyses

(&
T * C ES S—N
Rt RS, ¢t o
~ 4
v S ’ N PR
1 \ S e 1 s ’ 1
LV ARN
: 2 ‘\L,’ \s :
. P2 PRANS P28 .
4 A ~ ¢ \
’ < o AN
f’ N\

Calibration
- Photometry methods
- Calibration methods
- Flux scale




Philip von Doetinchem (PI), Cory Gerrity
(G), Diego Gomez (PD), Bobby Lyon (G),
Jesus Negrete (G) , Anirvan Shukla (G),
Achim Stoessl (PD), Hershel Weiner (UG)

* Measurement of cosmic-ray antinuclei is
a promising way to search for “new” physics

* Detection of cosmic-ray antinuclei is
experimentally challenging
— multiple experiments needed

* AMS-02 on the ISS since 2011
* GAPS first balloon flight planned for 2022

* cross section measurements needed to improve

understanding of antinuclei production:

Ground-based measurements
with NA61/SHINE

pMaview zriiclgs JEAROS 0548 (2020), =ed0%42002.041 6%
X&R)

GARPS AR zlgo: fitio//go. izl ed /S
P. von Doetinchem Sep 2021




Diego Gomez Philip von Doetinchem
Jesus Negrete Associate Professor

Search for Cosmic-Ray Antinuclei Cosmic-Ray Nuclei (Deuteron)
Indirect detection of Dark Matter or other Information about cosmic-ray propagation
exotic sources in the Galaxy

AMS ExpEginlaili
Nuclei and Antinuclei are identifi JIEVAUEEH LIRS IEHEEI IR
charg Bty

Modeling antinuclei Ll GEITTE 0
Interpretation of new resulleEh GRS OIJai HLEIAZE LI

deomezco@hawaii.edu ” - » - Oct 7, 2021
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* Searching for Antihelium at low Energies
* Learn about Antimatter asymmetry
* Indirect detection for Dark matter

* Analysis with AMS-02
* Using the TOF (,B ) and Tracker/ Magnet (R, Z)

—
S
[4)]

—
C%
[+2]

Antihelium flux [m® s st GeV/n]”
=

1 0‘-°J

107%%

10—11 2

10712

1
Kinetic energy per nucleon E [GeV/n]




GAPS - General AntiParticle Spectrometer
more Balloon experiment to study antinuclei
N in cosmic rays, smoking gun signal for
dark matter.

Solar
panels

Electronics
bay

TOF cortina

Tticube Work at UH:
Characterizing and testing Si(Li) tracker
GAPS experiment detectors.(— Cory)

sssssssssssssss
'''''''

Support for prototype and integration

'_’FE GAPS 1 event, 3 x LDB
Simulation: High precision geometry
modeling

antihelium-3 flux [m® s sr GeV/n]"!
3

Analysis: First 6 flight modules
E.g studying of anti-He3 capabilities Arranged for GAPS

o+ B .1 - [ICRC proceedings] / prototype at MIT
kinetic energy per nucleon Eki" [GeV/n)




INFN @

enzia spaziale
= ﬂoiosrf\)g

4-Detector module  Our“dlean-er room,” humidty
mounted to door. _controlled for module mounting

A single GAPS Si(Li)
8-strip detector wafer

" w/ Fafd cgie;/’ Cold-chamber/readout electronics

1-Minute Collogium, 2021 - University of Hawaii 1
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An irvan Shu kla The NA61/SHINE experiment at
anirvan@hawaii.edu CERN-SPS

Vertex magnets

| am a graduate student, and | work

with Philip on: Target

e Understanding the production of LI |
light nuclei in p-p collisions at
the NA61 experiment at CERN.

e Simulating the production of
light antiparticles in the
interstellar medium, and their
propagation through our galaxy.
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produce this AntiHe-3 spectra TPCs as function of momentum of rapidity and p,.




Na I‘IOphySiCS Klaus Sattler sattler@hawaii.edu

Website: https://sites.google.com/a/hawaii.edu/klaus-sattler-lab/

Ultralight Carbon Nanofoam

° Density ~5% of graphite density
. Micropearls; 2D-3D Network

. Highly porous on the nanoscale

. Very high storage capacity

. Study of fluid dynamics in nanochannels
. Produced by hydrothermal carbonization
. Analytic methods used:

. SEM, TEM, HIM, XPS, Raman, FTIR, DLS

. Applications in Nanomedicine,....

Graphene Quantum Dots (Materials Design with the Computer)

¢ Nanoflakes, and search for new types of 5-,6-,7- networks
e Determine structure-activity relationships (SAR), magic numbers,...




Search for new physics at world’s Proposed directional experiment that will search for
brightest particle collider dark matter particles and measure solar neutrinos

* Are we seeing physics beyond the
standard model in B-meson decays?

e Are there measurable limits of
quantum entanglement?

https://doi.org/10.1146/annurev-nucl-020821-035016

New detector prototypes under construction!

Contact Sven Vahsen, sevahsen@hawaii.edu

Al ! y, y
§ { " >
i Ay N >
o < ¥
o) \ \ i
PR L
{ B .
i~ - 3 5

https://www.belle2.org




Analyze B meson decays

9 (PID=TOP+ARICH)

Hima Korandla Email: korandla@hawaii.edu [VXD=PXD+SVD
Pl: Sven Vahsen Email: sevahsen@hawaii.edu
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Dr Alexei Sibidanov, e-mail: sibid@hawaii.edu

@ Full time postdoctoral fellow at the University of Hawaii,

December 2020 till present time.

@ Introduction of New Physics contributions into the
EvtGen particle decay generator framework, particularly
B — K*£*¢~ and B — D*{" v to test Belle Il
sensitivity to them.

@ Full time postdoctoral fellow at the University of Victoria, June
2015 — November 2020. @ Full time researcher at Budker Institute of Nuclear Physics and

@ Belle Il software development, mainly ECL part time at Laboratori Nazionali di Frascati, 2003—2010

@ Precision test of Lepton Flavor Universality in the
leptonic decays of the T(3S) resonance with the BaBar
dat.a: Phys. Rev. Lett. 125, 241801 (2020). @ Precise MC generator with radiative corrections for

o Efficient random number generator RANLUX++, processes in ete™ annihilation (< 0.2 % accuracy), Eur.
Comput.Phys.Commun. 221 (2017) 299-303. Phys. J. C 46, 689 (2006), Eur.Phys.J.C 71 (2011) 1597
— part of my PhD

@ Precision measurement of the ete™ — 777~ cross

Sydney, October 2010 — May 2015. section, JETP Lett. 84, 413 (2006) — part of my PhD

@ First observation of quantum interference in the neutral

@ Design of a drift chamber for the CMD-3 detector as well
as its software support.

@ Full time postdoctoral research associate at the University of

@ Search for B — pv at Belle — first time the null

hypothesis is excluded with 90% CL, Phys.Rev.Lett. 121 kaon system, Phys. Lett. B 642, 315 (2006)

(2018) 3, 031801 @ Precision measurement of K~ — e~ 7., Eur.Phys.J.C 64
@ Study of charmless semileptonic decays of B with Belle (2009) 627-636 )

data and Vi), determination, Phys.Rev.D 88 (2013) 3, @ Study of K decay properties, and Vys, Phys.Lett.B 632

032005 (2006) 43-50

1/1


https://dx.doi.org/10.1103/PhysRevLett.125.241801
https://doi.org/10.1016/j.cpc.2017.09.005
https://doi.org/10.1103/PhysRevLett.121.031801
https://doi.org/10.1103/PhysRevLett.121.031801
https://doi.org/10.1103/PhysRevD.88.032005
https://doi.org/10.1103/PhysRevD.88.032005
https://doi.org/10.1140/epjc/s2006-02532-8
https://doi.org/10.1140/epjc/s2006-02532-8
https://doi.org/10.1140/epjc/s10052-011-1597-2
https://doi.org/10.1134/S0021364006200021
https://doi.org/10.1016/j.physletb.2006.09.046
https://doi.org/10.1140/epjc/s10052-009-1177-x
https://doi.org/10.1140/epjc/s10052-009-1177-x
https://doi.org/10.1016/j.physletb.2005.10.018
https://doi.org/10.1016/j.physletb.2005.10.018

Majd Ghrear

majd@hawaii.edu
Source: NASA
EJ0% [keV]
o o e ot e 10 e
10! 102 103

10 F — — ‘ e
> Soliar neutrinos n & 1/2
§ 101 =__ﬂ—\ — RERSECER | o(z) = V2 {azx(l +0.0581n 5)2 + 021'_3]
Im 108 L i E: '

10° - " 1 Lo L 13.6MeV
E 102_ ep = —\/gﬂCpVXO
[

101 ' - '161 . b= X052

 [oew
Source: CYGNUS for Neutrinos “= %\ 4B/dx



Dr. Andrii Natochii
natochii@hawaii.edu
Based at KEK, Japan

Pl: Prof. Sven. E. Vahsen

R/
L X

R/
L X

Current research field

Beam-induced background simulation and UNIVERSITY
measurements in Belle I of HAWAI'l®
SuperKEKB collimation system operation MANOA

and optimization

SuperKEKB Collider

In 2021, achieved

the world’s highest

instantaneous luminosity of 3x1034 cm™s™"

/Electron beam

(HER) 7GeV

positron ring

Positron beam
(LER) 4GeV

positron damping ring

S

Interaction

Region Belle Il detector

electron / positron
linear injector

Data/MC Ratio
The current status of the
single-beam background
understanding in Belle Il

Belle Il Detector
Is expected to collect around 50 times more
data than its predecessor

LER single-beam

Beam-gas

PXD I Suwe
i Syst. unc.
SVD — ——- Arithmetic mean Beam-gas
— - —  Arithmetic mean Touschek
Ees Tokluno. Towohek
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Neutron backgrounds and tests of quantum decoherence at Belle Il

280

Jeff Schueler
jschuel@hawaii.edu

Flavor mixing in
neutral B-meson
pairs can be used
to measure
decoherence

Directional detection
of neutron
backgrounds at
SuperKEKB

----- Truth expectation: cos(AmgAt); Amg = 0.496ps™
-~ unfolded reco lepton fi )
-- unfolded reco lepton fil gAt)exp(—AAt)
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Large scale structure
of the Universe

* Does the cosmological constant + cold dark matter

: model describe our Universe? Eric BaXter

AT , . :
R0 iy e TV e , * Are late-time measurements of structure
' ; " consistent with early-time measurements?

:y (with the Dark Energy Survey, South Pole Telescope,
j and Atacama Cosmology Telescope collaborations)

* How does accretion change the boundaries of dark
matter halos? (with DES, SPT and ACT)

* Can we detect signals from dark matter
annihilation? (with Jason Kumar, Jack Runburg,
Jacob Christy)

Email:
ebax@hawaii.edu

Optimal analyses of
aStrT)n? surveys to probe structure? (with DES, SPT, ACT)

* How can we combine data from galaxy and CMB

Faculty at IfA

e

* How can we use techniques such as approximate
Bayesian computation and neural networks to extract
information from astronomical datasets?

(with Jason Kumar, Jacob Christy, David Krejcik)

*If you're interested
in joining weekly
cosmology meetings,
let me know!*
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UH Physics One Minute Colloquium: current activities of Prof. John Gregory Learned, 10/7/2021
Watchman: deep mine in UK, neutrino detector 2026

Double Scatter Neutron camera: UH and Sandia concluding

SuperKamiokande: continuing, Nobel in 2015 discovery of nu osc, now
neutrons via Gadolinium

KamLAND: continuing, now best double beta limits, Korean reactors

Nulat: Protoype in testing at VT, reactor nest year.

Neutrino physics & astrophysics: continue studies, writing and talks

Japanese Hanohano: Under development with Tohoko U & JAMSTEC

UH Neutrino Team: collabs Profs. Kurtis Nishimura, Jelena Maricic, Gary
Varner; project manager Andrew Druetzler; departing post docs Aline Tellez
and Salvador Ventura; grads Brian Crow, Jack Borusinski; 5 undergrads;
recent grads Slava Li, Ryan Dorrill & Kevin Croker on postdoc



Andrew Druetzler — adruetzl@hawaii.edu

SVSC COMING TO AN END!

SVSC = Single Volume Scatter Camera
Collaboration led by Sandia Labs in Livermore, CA

4 year program aiming to reconstruct neutron
multi-scatters using compact detectors/imagers

18 UH team members over the years
e 8 undergrads
e 3 grads
e 2 postdocs
e 4 staff*
e 2 faculty
* Two prototypes developed

* One last ditch effort to reconstruct neutron
scatters




Group members: " PROTODUNE SINGLE PHASE TPC
Jelena Maricic, PI N E UTRl N QS CERN, Switzerland

(jelena@phys.hawaii.edu)

Radovan Milincic AR K MATTE R
Postdocs: Ranjan Dharmapalan, =7 1 \ N 1Y \ |
John Koblanski

Grads: Alex Dvornikov,
Victor Goicoechea Casanueva,
Andrew Meyer

DarkSide DM
Experlment

strumentatlon calibration, analy5|s

Lookmg for grad students







Precision Reactor Oscillation And
Spectrum Experiment
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PRESPECT;

designed to make both a precise measurement of the antineutrino
spectrum and probe ev-scale sterile neutrinos via neutrino
oscillations|

Li-doped liquid scintillator detector for both efficient detection of
reactor antineutrinos through the inverse beta decay reaction and
excellent background discrimination.

Currently working to increase antineutrino position and energy
resolution using a novel approach which uses deep learning model
blueprints nested from within a genetic algorithm.

Paper near completion

John Koblanski johnk2@hawaii.edu




Neutrino group working with Prof. Jelena Maricic
and Alex Dvornikov

Previously:

e PhD work on MiniBooNE experiment. Neutrino cross sections and
searching for sub-GeV dark matter

e | ong baseline neutrino oscillations on NOVA experiment and Large Area
Picosecond Photodetectors

Deep Underground Neutrino Experiment (DUNE). Answer questions like:

e \Why is universe made up of matter rather than antimatter?

e Do protons decay?
e What can we learn from neutrinos produced in SuperNovae?

How to make sure the largest Liquid Argon Time Projection Chamber
(LArTPC) to be built works and we understand the data?
e New ideas for detector calibration

Testing prototypes in LN2 Testing light output from a fiber

Laser setup



DM Searches and v Astrophysics at DUNE *

arXiv:2107.09109

: DUNE Simulation i Collection

Muon KE: 56 MeV
Proton KE: 33 MeV

U Induction

50 us

V Induction
200
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—p
Relative Wire

0 20 40 60 80 100

[f OM accumulates in the Sun and annihilates to standard

matter, perhape v’¢ are a beacon.

Turne out, v obgervatorieg are sengitive to thig hypothetical
signal (gimulation above) and can test DM modele outeide

the gragp of current direct detection experiments.

. P /_\_f_—-‘/L'_//r/‘.

s-rays: 8 cm x 30 em Snippete (Axeg stretched for eagier viewing)

ProtoDUNE ?P Data

s-rays are secondary e¢ that have eufficient energy to leave ionization trail.
They are often geen ag backgrounde accompanying cogmic muong at v
obgervatories.

The golar and supernova v spectra overlap with the 5-ray gpectrum.
Meaning that the e~¢ liberated at detectors by rare agtrophygical s are of
similar energies to the ever-pregent 5-raye.

S-raye can be a “ctandard candle” for extraterrestrial v'’s.

* DUNE (Deep Underground Neutrino Experiment) - Under Construction
ProtoDUNE SP (Single Phage Prototype for DUNE) - Operational




DarkSide -20k

g"" Victor Goicoechea Casanueva - victorgc@hawaii.edu

Latest experiment of the DarkSide Project @ Gran
Sasso

Two phase Time Projection Chamber filled with liquid
Argon for dark matter (WIMP) direct detection

20 ton of fiducial volume, projected sensibility in the
order of 1047 cm2 for WIMP mass of 1TeV/c2

Argon extracted from underground (Urania) and
depleted for higher purity (Aria)

Background free

Current work:

- Event position
reconstruction
using machine
learning

- Calibration
studies focused
on recent
changes of

detector geometry |-
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(plus using these particles to do cool science!)

Remy Prechelt (Gorham Group)
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Interdisciplinary:
Multiscale:

Recent results:

In preparation:

Cosmological Coupling in Strong Gravity

Physics, Mathematics (Differential geometry), Astronomy

Cosmology (Mpc+), Compact binaries (AU), Stellar collapse remnants (km)

LIGO-observed population reproduced with a single parameter
Croker, Zevin, Farrah, Nishimura & Tarle 2021, 2109.08146 revised at ApJL

Viable accelerated late-time expansion without a cosmological constant
Croker, Runburg & Farrah 2020 ApJ 900 57

Predicted BBH within the upper mass gap (7 weeks before detection)
Croker, Nishimura & Farrah 2020 ApJ 889 115

Integrated Sachs-Wolfe (ISW) with anisotropic stress (FL21)
Black hole merger rate vs. stellar formation rate (FL21)
Primordial star formation rate predictions for James-Webb (SP22)

Kevin Croker, kcroker@phys.hawaii.edu



Physics of Information Processing and Machine Learning

Inf

Collaborations

Theory groups in US,
Canada, UK, Italy

Experimental group at
SFU, Canada

Applied / CS groups in
Canada, UK

Application areas:

Laboratory
ormation I Machine .
learning :

theory learning
[
Information | .

engines @

Lossy Predictive e °
compression inference (‘2 o

=
o=
—

Nonequilibrium
statistical mechanics

FOUNDATIONAL QUESTIONS INSTITUTE

Reinforcement
Learning

Evolution

Origin of life

Data analysis
Econophysics

Thermodynamic
Computing

VFetzer Franklin
"xploring Frontiers.
Fund grfa%thr%lfg%s.t o

Science.
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 Work in progress: partial observability in quantum systems
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Abah & Paternostro, J. Phys. Comm. 4(8) 085016, 2020




