&
FRIB

Gemini++ Updates: v.3.3
Arjun Ray

Undergraduate Research Assistant Il

raya@frib.msu.edu
08/13/2026

(updated 08/15/2026 by O.B.Tarasov )

Y U.&: DEPARTMENT OF Office of F MICHIGAN STATE ®, oo 4 »+ National
) s . F 4 Sci
WENERGY  science R UV iversiTy NG Foinision

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office of Nuclear Physics and used resources of
the Facility for Rare Isotope Beams (FRIB) Operations, which is a DOE Office of Science User Facility under Award Number DE-SC0023633, and by the US
National Science Foundation under Grants No. PHY-20-12040 and 23-10078 “Windows on the Universe: Open Quantum Systems in Atomic Nuclei at FRIB”.



GEMINI Update Details

+ 3.1.09-3.1.11 — Arjun:

introduced project-wide optimization, About GEMINI++
residual angular-distribution tables,

plotting windows, GEMINI++

Gaussian fits for 1D plots.
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statistical decay code
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.0-3.2.7 — Arjun:

consolidated the 2026 GUI development,
including gamma angular-distribution tables,
center-of-mass spectra,

IMF angular tables and plots,

Boltzmann overlays,

yield-table output updates.

R. J. Charity

Version 3.3.0
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implemented

.8-3.3.0 — Oleg:

covers the Codex-assisted development changes, including startup defaults, T T T R T
migration to double precision,
MinGW/MSVC warning cleanup,
result-window scrollbar support,
About-dialog attribution,
synchronized version metadata.

GEMINI++ h cl.msu.edu/gemini.htmi
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Optimization

Gemini profiling to search for bottleneck points Gemini optimization at bottleneck points and
more to result in Gemini being ~1.6x faster

BOTTLENECKS ADDRESSED AND CHANGES MADE TIMES
No. Location Bottleneck Change Made old time(s) new time(s) Time ratio (%)
Nucleus.cpp(Chucleussgats storeSub.push_back() caused heavy Re.used a threadflucal buffer, reserved capacity Compound Nucleus Decay
1 ) reallocations and conles using (IMax - IMin + 1), and replaced push_back
um i with emplace_back Decay events.= 1000 7.07 4.30 39%
No. Of decay events.= 3000 2151 12.61 41%
) Nucleus.cpp(CNucleus::getS Repeated calls to getTI(L, ek*scale, Added a small local cache to store computed getTl
umTI()) temp) for same inputs values and reused them A=195,=50,Events= 3000 23.63 15.43 3504

Average speed increase: 38.4% time spent, 1.6x faster
Introduced a recycle pool (acquire() / release(}) to

Nucleus.cpp (decay-product Heawvy new/delete churn for
3 reuse CNucleus objects instead of allocating each . :
generation) CNucleus objects during decay ! time g Fusion Reaction
Default 10.23 5.67 45%
2 Nucleus.cpp (decay-product Deep recursive decay traversal Replaced recursive decay traversal with an explicit
generation) causing function call overhead stack-based loop Events= 1000 20.5 11.38 44%
. . Extensive use of pow() in Replaced pow() with equivalent direct arithmetic A=27,100 MeV 7.46 394 4%
5 Project-wide .
performance-critical code paths (e.g., x¥x) A=27 200 MeV 1128 208 a7
=27, e . . %
Nucleus.cpp (constructors & Duplicated constructor logic and Centralized all setup logic into initializeDefaults: . .
6 | _p_p (_ . P e p_ g . 0 Average speed increase: 43.9% time spent, 1.8x faster
initialization) repeated setup code and initialize(...)
7 Nucleus.cpp (decay-product Frequent temporary vector Reused decay-product vectors across events
handling) allocations across events instead of recreating them
8 gm_mwExecFusion.cpp,gm_ Throttled progress + cancel handling Updated progress bar only every 10 iterations to

mwExecCompound.cpp reduce Ul overhead
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Tabs for Residual and Angular distributions

B, Gemini: Results ('°0_'*C_160)
H Save @Print

Results Residual Angular Distributions IMF Angular Distributions

Gemini su

Statistical Decay Code

Starting Conditions
Z N A *m

Projectile 8 &8 16 19Q

Target 6 6 12 g

Compound nucleus 14 14 23 Zgj

Bombarding energy (MeV) 160.00

Center of Mass energy (MeV) 68.57T1

Compound nucleus Excitation energy (MeV) 85.33

@-value of reaction (MeV)} 16.756
Compound nucleus recoil energy (MeV) a1.429
Compound nucleus recoil velacity fem/ns) 2.512e+00
Compound nucleus recoil () §.373e-02
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IMF production table

I save @an

Results Residual Angular Distributions

Yield Events vs Z

Residuals
IMF
7 8 9 10 1" 12

IMF Angular Distributions
Yields of Residual Nuclei and IMF Particles (plot) \
——>
—
Residual Nuclei IMF Particles.
1200
Z Name Events Percent x-section(mb) err(mb)Name Events Percent x-section(mb) err(m
12 Bmg 2 01% 03749 02651 - - - = -
3pMg 70 25% 13142 1568 - - - - - 950
UMg 279 101% 5229 331 - - - - -
“MB 50 1.8% 9372 1325 - - - - - «
H 720
1M UNa 145 53% 2718 2257 - - - - - K]
3
2Nz 60T 220% 1138 4618 - - - - - k3
k)
Ny 132 48% 2474 2153 - - - - - a
Na H 480
2ANg T4 27% 1387 1612 - - - - - z
10 ZNe 5 02% 08372 04191 2Ne 1 0.0%  0.07487 0.07487
2Ne 66 24% 1237 1523 Ne 18 06% 1348 03176 240+
HMNe 403 146% 7554 3763 ®Ne 39 13% 292 04675
UNe 9 0.3% 1.687 05623 Na 20 0.6% 1497 03348
0
- - - - - TNe 5 02%  0.3743 01674
9 TE 4 01% 07497 03740 WE 22 07% 1547 03512
wE 29 11% 5436 1000 ™BE 40 16%  3.600 05241
BF 62 23% 1162 1476 1BF 109 35%  8.161 07816
BE 49 18% 9184 1312 TF 67 22% 5016 06128
g ®g 28 10% 5248 09915 QO 48 16% 3504 05187
7o 342 12.4% 64.1 3.466 7o 263 85% 1969 1214
g 202 73% 3786 2664 g 416 134% 3114 1527
15g 12 04% 2249 06493 15Q 140 45% 1048 03858 e
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Angular Distribution Table

_I 7. Energy and angular distribution of residual nucleus Z =11 and N = 12 (23 Na)

.| Residual velocity/c Vz = 8.29e-02 (sig = 4.77e-03) rms Vxy = 9.30e-03

Energy Range

Angular range (deg)

(Mev) 0 1 2 3 4 5 6 7 8 9 10 " 12|13 |14 |15 |16 |17
_ |mp|emented PACE 1 1 2 3 4 5 6 7 8 9 10 1 1213 |14 |15 |18 |17 |18
. . . || 4.0 -60.0 2
style angular distribution  |[es-eso 1 R 1 1
.. || 66.0 - 72.0 2 4 3 3 1 1 1 1 1
tables for Gemini : - T
78.0 - 84.0 2 2 1 3 1 3 1 1 1
|| 84.0-90.0 1 2 3 1 1 1
' | Above 174
| Total 1 5 10 8 6 7 3 3 4 2 3 12 1
dSig/dOmeg | 11e+03 | 1.8e+03 | 2.26+03 | 1.2e+03 | 7.2e+02 | 6.9e+02 | 2.5e+02 | 2.2e+02 | 2.5e+02 | 1.1e+02 | 1.5e+02 | 47 | 87 | 0.00 | 0.00 | 0.00 | 33 | 0.00
0-0
0-90 1 5 10 8 6 7 3 3 4 2 3 12 1
90 - 180
Above 180

/I | Plot E vs Thﬁ Plot N vs Thet_a Plot N vs E_Plot dCS;dTheta vs Theta l

4 types of plots for each table
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Plots

Plot All: E vs Theta Plot All: N vs Theta Plot All: N vs E Plot All: dCS/dTheta vs Theta

*** Spin alignment perpendicular to recoil axis - standard compound nucleus angular distribution

180.0 = 16. Energy and angular distribution of ALL residual nuclei

N = fitheta)

“Plot All” option for
each type of plot to
display plots for all
tables

é w ;EE 2 o [ ] \_"_ Gaussian
- - = S Amp =30
e . - Mean = 8.371
Std = 4.938
Gaussian distribution for all
2D E vs Theta Plot example 1D plot example 1D plots with N(count)
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