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Texas A&M Group

A&M has a large group with a long history of G4CMP leadership and
development for both dark matter detectors and QIS

e Development and ongoing support of G4CMP by Kelsey supports both
the SuperCDMS simulation effort and QIS device design and simulation

Four graduate students currently involved at various levels working on
their degrees under the supervision of Toback

e Ataee-Lagroundy is completing his Ph.D. thesis soon
e Lamberson is completing his ramp-up as a full-time expert
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Outline of A&M Activities

Overall G4CMP management, releases

Consultation for QIS community members

Migration to Geant4 11

Charge transport and surface interactions

Phonon surface modes (creation and pseudo-transport)
Theoretical calculation of phonon normal modes

Dominant G4CMP issues for decoherence
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Overall G4CMP Management Releases

SLAC Dashboards v Projects v Issues v Boards v Plans v Assets v - ‘Q \4'= 0 fe]
. . .
Kelsey (Senior Research Scientist)
Order by Priority v 4 . Geant4 crystal sim / G4ACMP-515 Expand charge reflection for both specularand 5 o197 . o
diffuse / GACMP-511
£3.G4CMP-180 Create parallel Lambertian reflection code for charges

Recent versions of G4C...

JIRA ticketing system
B GACMP-511 # Edit Q Add comment Assign  More v m < @ Export v
Create parallel Lambertia
¥ Details v People

both bugs and new features

smeBrre 88

3 Gacmp-494 Type: 9 Sub- Resolution: Unresolved Assignee:
Migrations required for G task Limbens
0O G4CMP-550 Priority. 2 Major n, Wade
Warnings and segfaults f. Labels: None (]
e Coding guidelines (Yamaoka, LPS)
I ul 0O G4CMP-549 <o Reporter
g g ’ Non-invertible matrix err. Se.Descrplion Michael
Right now, the Lambertian (diffuse) reflection code, specifically Kelsey @
3 G4CMP-544 GetLambertianVector() and PhononVelocityIsInward(), are ; o
Add new nuclear yield m. included in G4CMPUtils. This is convenient for being able to call Vot
. . .
: them from places other than G4CMPPhononBoundaryProcess, for Watchers @ stop
e Code reviews before Integration e
= O keiseymh / | ¢y + Create issue Add a comment. issue
» 3 12 > Pro tip: press | m | to comment ~ Dates

<> Code () Issues 3

e Single line of development
feature — develop — main

© Tags

GACMP-522 o

e Frequent (1-2 month) releases Oaminam = st B G

g4cmp-V09-09-02 e

©lastmonth < 1e68bbb [}) zip [}) targz

Software reviews usually include
experienced G4CMP developers |
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G4CMP-533 op

Dlastmonth < 35b3cb0 [ zip [} targz




Consultation for QIS Community Members
Kelsey

We provide guidance and suggestions on how to use G4CMP for several QIS
investigators, and will continue to do so

e Spin-qubit systems, with charge transport (Lutz, Sandia)
e Modeling of MKID sensors (Kurinsky, Dang, SLAC)
e Phonon propagation across thin films (Hebenstiel, |U)

As a member of the Geant4 Collaboration, Kelsey has also acted as a liaison with
Geant4 experts to improve overall simulation performance, migrate to G4 11, etc.
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Migration to Geant4 Version 11

Inman (PNNL), Johnson (LLNL), Kelsey, Linehan (NW), Zatschler (SNOLAB)

! AL Dashboards v Projects v Issues v Boards v Plans v Assets v -
G4CMP compatible with Geant4 10.07.p04, ~4 el
years past end of life [Geanta crystal sim] ' G4CMP-494
# Migrations required for Geant4-11

Support for Geant4 11.3.2 (11.4.0) strongly desired =~ Sub-Tasks

H 1. @ Change forward declarations of G4VTouchable
by QIS Communlty to #include for G4v11 compatibility

2. @ std:random_shuffle removed in C++17 needs to

Required nine modification to code (tracked with be replaced
3. @ Refactor because G4String functions are no
JIRA tickets)
[ ilable as th ved
o  G4String/G4StrUtil, G4VTouchable, MPT, std::shuffle, o ot e
PartiCIeChange’ G4VisAttributes 4. @ Work around (or wait for fix) that
e  G4PhysicsModelCatalog apparent blocker being resolved G4PhysicsModelCatalog no longer allows user
with patches on Geant4 side .
e Additional issues identified and resolved with runtime 5 @) DANSEaTOpe | e ey
testing needs third 'true’ argument

6. @ Replace G4VisAttributes::Invisible with
::Getlnvisible() in examples

All modifications implemented to be compatible with both G4 v10 and v11
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Migration to Geant4 Version 11

Tested using G4CMP Phonon example

e [ast release tag with 10.07.p04
e Migration branch with 10.07.p04
e Migration branch with 11.3.2

Results statistically identical (G4 v11
has slightly different random sequence)

counts
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G4-11.3.2 + G4CMP-546
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G4-10.7.4 + G4CMP-V09-09-02
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Histogram shows energy absorbed by aluminum QET fins on surface of detector: spikes at 2A, 4A, 6A,
8A, 10A, 12A. Primary 2.8 meV phonons and phonon < 2A can be absorbed directly by tungsten TES
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Charge Transport Intervalley Tuning

Ataee-Langroudy, Monteiro (Graduate Students)

Ataee completed a major revision of

physics-based electron transport and scattering in
2024

e Completing his thesis in next month
e Will publish as a short paper after

Monteiro is validating and tuning physics-based
intervalley scattering model (Michaud/SNOLAB)

Current (pA)
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Charge Carrier Surface Interactions

Kelsey’ Lambe rson (Grad uate Student) . Z3:Y3 {EventNum==0&&Track==2&&73>0.01267}

(+2]
N 55 Detector Surface

Enable charges to reflect off surfaces

12.695
Electron reflection has non-trivial effects 1266
due to valleys and anistropic mass tensor

12.685

Kinks correspond /

I|||I||l||l|||||||||I|I||||||II|I

Lamberson working on improving model 12.68 to NTL emission

. Incoming
for charge reflection under these 12675 electron
conditions.

12.67

Upcoming: incorporate charge recombination in crystal bulk, when charge momentum
drops below threshold for NTL emission (complicated with E-field!)
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Phonon Surface Modes

Lamberson, Tenpas (Graduate Student) %

Surface Mode Reflection

30 A

Phonons reflection at polished surfaces can — ‘

1
- 1
fail 20 41 ¥

! i

! i i Stage 1: Incident Propagation
[ -
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1

Dispersion relation may direct group velocity

_ €
(Vg, green) out of crystal, even if reflected E © ..
. > H
wave vector (k, purple) is inward ~10 | rimer 2 tarb
E§24.6—
Developed and deployed a comprehensive = !
: . i 24.4 1
framework to handle this, emulating surface 30 ]
mode as displacement of position to where i R
L 40_40 _30 -29.4 -29.2 -29.0 -28.8 -286 |
vgisinward T Ximm] T

Note: All vectors have been scaled equally for visual effect
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Phonon Surface Splitting

Lamberson, Tenpas

Converting phonons to and from surface modes is
not physically correct, should be B— B R

Surface mode energy would be #&AneV) vs. &lmeV)
for bulk phonons: not worth implementing?

Considering computing "lost" energy as part of
diffuse scattering

Would make some event-level sanity checks (e.g.,

vs. E ) more difficult

expected collected
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Calculation of Phonon Normal Modes

Tenpas

Working with Prof. Valery Pokrovsky (A&M) to complete

Phonon Frequency Spectra

an analytical 3D calculation of phonon normal modesina .|
cylindrical detector (CDMS-style)

o
o
L

Includes the full stiffness matrix formalism and phonon
dispersion relations to obtain energy spectra and limits

o
[

Prob. Density [v~!]

o
N

This work (paper in preparation) significantly improves
our grounding in theoretical dynamics of phonons in

IS4
=

o
=}
s

crystals o o e s 20
v [THz]

Gives us insight into physically motivated boundary
conditions, distribution functions, and spectra (PDFs) for
G4CMP processes
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Dominant Issues for Decoherence

Lamberson

|dentifying the dominant issues related to qubit decoherence effects which should be
simulated or simulatable with G4CMP

Time-Dependent Quasiparticle Diffusion, Recombination, and Trapping in Superconducting Films
(Linehan, G4CMP-219)

Improved Modeling of QP Generation at Substrate-Superconductor Interfaces (Golwala/Caltech,
G4CMP-331, G4CMP-332)

Gap Engineering and Variable Superconducting Properties, Additional Materials (Linehan)
Non-lonizing Phonon Sources from Mechanical Stress and Thermal Contraction (CDMS HVeV and
others)

Spatiotemporal Correlations and Large-Scale Device Geometries in QIS Arrays (Linehan,
G4CMP-219 and RISQ Tutorial)

This study expected to be Lamberson's Master's topic, and may become his Ph.D. topic
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Summary and Upcoming Work
G4CMP is fully functional and in use by an increasing number of groups
Contributions are well organized and tracked from request/report to deployment

Improvements to the physics of phonon and charge transport continue incrementally,
along with significant new features (Kelsey, Lamberson, Monteiro, Tenpas)

Expect Ataee's thesis on electron transport to be completed in next month

In the next few months, expect to complete work on charge reflection (Lamberson),
evaluate effect on phonon arrival time distributions

Coordinating final integration of Linehan's QP tracking and RISQ Tutorial

Develop Lamberson's work on decoherence into a more concrete plan, identifying
which issues are already in process, and which we should take on ourselves
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