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Original plan vs actual achieved

Original plan: Carried out as planned; Postponed; Cancelled.

Adjusted plan: New plan, achieved; New plan, not achieved yet.

• 4.11 Run skdetsim, shooting N 0.1-1 GeV electron/muon; check chain fidelity

• 4.14 Calculate confusion matrix of RJMCMC-fiTQun to see the ring counting
capabilities. Low energy fake rings issue found.

• 4.14 Record proposed steps and acceptance information: chain fidelity
checked, birth/death low acceptance issue found.

• 4.15 Change initial state from fiTQun 1R to MR Record birth/death
separately, found unbalanced birth/death issue;
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Original plan vs actual achieved

Original plan: Carried out as planned; Postponed; Cancelled.

Adjusted plan: New plan, achieved; New plan, not achieved yet.

• 4.15 Adjust the smearing width of 4-hit new ring proposal, resolves
unbalanced birth/death issue, but low acceptance remains;

• 4.16-17 Tune prior and estimate chain convergence using Gelman-Rubin
method

• 4.15-16 Study the fiTQun multi-ring algorithm

• 4.17 record fiTQun searched new ring as proposal
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4.11-4.14: Simulation and reconstruction pipeline

generator.py
Vertex, mo-

mentum truth
stored in hdf5

skdetsim

RJMCMC-fiTQunConfusion matrix

convert to .dat
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4.15: fake rings with low energy

Evis > 130 MeV cut on reconstructed rings can make confusion matrix more
diagonal.

Truth
Recon

1 2 3 4 5 6

1 67 32 0 0 0 1
2 0 4 0 0 0 96
3 0 0 0 0 0 100
4 0 0 0 0 0 100
5 2 0 0 0 0 98
6 0 0 0 0 0 100

⇒

Truth
Recon

1 2 3 4 5 6

1 92 7 0 0 0 0
2 12 73 10 3 1 0
3 1 16 45 31 7 0
4 0 2 16 35 35 12
5 0 0 8 28 45 19
6 0 0 2 14 44 39
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4.15-16: Acceptance rate of new ring proposal

The program now records the proposals and acceptance probability.
om a:message

Hypothesis:

• Uninformative proposal are not efficient, causing chain hard to converge
• Bad proposal (mismatch target distribution) may cause imbalanced

birth/death rate when chain not converged
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4.15-16: Acceptance rate of new ring proposal
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merge acc=0.00879 2/228
death acc=0.00210 38/17830
weights acc=0.26405 4764/17902
xyzt  acc=0.19420 4181/21528
total Evis acc=0.19126 1410/7537
pid acc=0.33882 5936/17521
birth acc=0.00270 12/4838
split acc=1.00000 33/33
 Eloss acc=0.99189 12475/12583
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merge acc=0.00800 2/250
death acc=0.00000 0/22535
weights acc=0.25184 4422/17591
xyzt  acc=0.09186 1974/21482
total Evis acc=0.19496 1492/7653
pid acc=0.34531 6080/17614
birth acc=0.01484 5/340
split acc=1.00000 2/2
 Eloss acc=0.99966 12528/12533

Enlarge the smearing of 4-hit proposal: from a mismatch proposal to a
uninformative proposal

Both lead to low acceptance in ring jump; former one has unbalanced birth/death
acceptance.
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4.15-16 Study fiTQun multi-ring fitter

already
found n ring

Use 1R vertex,
Enew = 50MeV,

grid scan
2nd ring’s dir

Grid scan
new ring Enew

optimize 2nd
ring’s |p|, θ, ϕ

Fix others, fit
E1, . . . , Enew

if n = 1 fit
parameters
of all rings

Likelihood cut
on new ring

SearchNewRing

OneMoreRing
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4.16-17 Try fiTQun::SearchNewRing based RJMCMC new ring pro-
posal

fiTQun executes OneMoreRing in every branch

Our goal: hook into SearchNewRing as a good-enough new ring proposals; let
RJMCMC stochastically explore PID space and other parameters. Still needs
debugging!
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Conclusion and outlook

• Set up the simulation-reconstruction pipeline.

• Obtained the confusion matrix and acceptance history.

• Identified the problems with 4-hit new ring proposal algorithm.

• Studied fiTQun multi-ring algorithm to obtain better proposal algorithm.

• Ongoing work on fiTQun::SearchNewRing as RJMCMC proposal.

Future: simulated annealing (to avoid zero gradient when ring mismatch) +
gradient guided MCMC (RJHMC)
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