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Detector response:
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Neutrino oscillations:
 Matter density (fixed)
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 PDFs (fixed)
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ℒ 𝜃𝜃 ≅�
𝑖𝑖

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
�𝑃𝑃(𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣) ⋅ 𝐺𝐺(𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣,𝐸𝐸𝑖𝑖) ⋅ 𝑑𝑑𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣

In theory:
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ℒ 𝜃𝜃 ≅�
𝑖𝑖

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
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log ℒ 𝜃𝜃 ≅�
𝑖𝑖

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
log �

𝑗𝑗

𝑁𝑁𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑃𝑃 𝐸𝐸𝑗𝑗 ⋅ 𝐺𝐺 𝐸𝐸𝑗𝑗 ,𝐸𝐸𝑖𝑖 ⋅ Δ𝐸𝐸𝑗𝑗 = �

𝑖𝑖

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
log�

𝑗𝑗

𝑁𝑁𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝐶𝐶𝑖𝑖,𝑗𝑗

In theory:

In practice:
 ℒ 𝜃𝜃  log ℒ 𝜃𝜃 (Π Σ)
 ∫ Σ
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ℒ 𝜃𝜃 ≅�
𝑖𝑖

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
�𝑃𝑃(𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣) ⋅ 𝐺𝐺(𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣,𝐸𝐸𝑖𝑖) ⋅ 𝑑𝑑𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣

log ℒ 𝜃𝜃 ≅�
𝑖𝑖
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𝑗𝑗

𝑁𝑁𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑃𝑃 𝐸𝐸𝑗𝑗 ⋅ 𝐺𝐺 𝐸𝐸𝑗𝑗 ,𝐸𝐸𝑖𝑖 ⋅ Δ𝐸𝐸𝑗𝑗 = �
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𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
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𝐶𝐶𝑖𝑖,𝑗𝑗

In theory:

In practice:
 ℒ 𝜃𝜃  log ℒ 𝜃𝜃 (Π Σ)
 ∫ Σ

Complexity scales with𝑵𝑵𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 × 𝑵𝑵𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 !

But the computation of the 𝑪𝑪𝒊𝒊,𝒋𝒋 is independent “embarrassingly parallel” computation
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log ℒ 𝜃𝜃 ≅�
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Multi-thread
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Control
ALU ALU

ALU ALU

Cache

DRAM

DRAM

CPU

GPU

Model: Intel Xeon Gold 6238R CPU
N° of ALU*: 28 cores (56 threads)
Price: 3 k€

Model: NVIDIA Tesla V100 16 GB SXM2
N° of ALU*: 5120 CUDA cores
Price: 14 k€

*ALU: arithmetic-logic unit

Pros:
More memory
Faster ALUs

Cons:
Less cores

Pros:
Thousands core

Cons:
Less memory
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Multi-threading implemented 
in both CPU and GPU!

Multi-threading on GPU can 
achieve performances x100

– Less time for computations
+ More time for analyses 

x100
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“What if parameters are different from what we expect? (but we still manage to measure them)” precision loss
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“What if parameters are different from what we expect? (but we still manage to measure them)” precision loss
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Important to maximize number of 
selected events: 

Vanessa C.
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“What if we fail in fitting/estimating one or more parameter?” possible bias, accuracy loss
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“What if we fail in fitting/estimating one or more parameter?” possible bias, accuracy loss
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𝟐𝟐 - accuracy
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Important to understand the 
energy scale of JUNO and to 
characterize its nonlinearity

Beatrice J.
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» Unbinned likelihood gives us more freedom in treating space/time-dependent effects:

• performs comparably to binned likelihood/𝝌𝝌𝟐𝟐 when no additional info is provided
we need to test performances when space/time effects are included

» In unbinned likelihood computation time scales linearly with the number of events

• luckily the 𝑵𝑵𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 × 𝑵𝑵𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 computations required are almost fully independent
 perfect for parallelization

» GPUs are a “no-brainer” when considering parallelization

• Multi-threading implemented in the ORSA fitting framework for both GPU and CPU
 x100 reduction in computation time
(e.g., only 10 seconds for an Asimov binned fit with Minuit)
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