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= In the quest for new, higher-precision measurements, handling experimental
8 results is an essential and increasingly important part of modern research, but

it is rarely discussed in the open. A recent workshop at CERN remedied this.

Charus + The first conference for high-energy
| al

10° KOMA: N physicists devoted entirely to statistical
- —

data analysis was the Workshop on
jet

Confidence Limits, held at CERN on 17-18

I
cosmalngdingl 2 :
m " January. The idea was to bring together a

small group of specialists, but interest

o S
10 *+1 proved to be so great that attendance was
0? Kamicksnrde finally limited by the size of the CERN
[
atmasphric vs Council Room to 136 participants. Others
107" were able to follow the action by video
ST Superkimiakane: retransmission to a room nearby. A second
N [
- S workshop on the same topic was held at



Some group photos
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Present: Wikipedia!

PHYSTAT (et

Phystat is an organisation dealing with statistical methods in particle physics and represents a critical initiative in advancing statistical
methodologies within particle physics and allied scientific domains. The organization serves as a nexus for interdisciplinary
collaboration, bridging the gap between physicists and isticians to intricate challenges in data analysis, hypothesis
testing, and uncertainty quantification for cutting-edge experimental research. PHYSTAT was founded in 2000 by Louis Lyons. Olaf
Behnke and Lydia Brenner are the current co-chairpersons of PHYSTAT.

Origins and Development |edit)

Phystat was conceived to address the mounting need for robust statistical frameworks in experimental physics, particularly as large-
scale scientific endeavors, such as the Large Hadron Collider(LHC) and neutrino observatories, began generating unprecedented
volumes of complex data. Founded in response to these analytical demands, Phystat has evolved from a specialized initiative into a
pivotal institution in the physics community. By organizing targeted workshops, fostering intellectual exchange, and publishing
guidelines, the organization has driven advancements in both theoretical and applied statistics, ensuring their integration into
experimental workflows.

Core Activities |edit)

Phystat’s core activities encompass a wide range of statistical topics crucial to experimental and theoretical physics. These are
organized into the following categories:

Frequentist and Bayesian Inference |[edit)

Frequentist and Bayesian inference are foundational approaches in statistical reasoning, with frequentist methods focusing on long-
run frequencies and fixed parameters, while Bayesian inference incorporates prior information through probabilities to update beliefs
as new data emerge. Frequentist techniques, such as maximum likelihood estimation, emphasize the reproducibility of results, while
Bayesian methods, including the use of hierarchical models and Bayesian networks, provide a flexible framework for uncertainty
quantification. Both paradigms offer complementary perspectives, addressing distinct challenges in data-rich environments like
particle physics.

For Phystat, the relevance of these methodologies lies in their ability to tackle the statistical demands of large-scale experiments,
such as those at the Large Hadron Collider and neutrino observatories. Frequentist inference underpins hypothesis testing and
confidence interval estimation, crucial for validating discoveries, while Bayesian inference enables the integration of prior knowledge,
such as theoretical predictions or historical data, into complex analyses. Discussions in Phystat have emphasized the complementary
nature of these approaches, with a focus on practical applications in experimental workflows (1],

A specific focus has been placed on handling nuisance parameters, exploring the trade-offs between frequentist profiling and
Bayesian marginalization. Profiling simplifies analyses by maximizing the likelihood over nuisance parameters, while marginalization
integrates them out to provide a broader uncertainty picture. These methodologies have been critically analyzed in PHYSTAT
discussions, highlighting their strengths and limitations in addressing complex experimental scenarios (2],

Parameter Estimation [edit)

Phystat has contributed significantly to the development and application of maximum likelihood estimation (MLE), a cornerstone
method in parameter estimation. This framework estimates parameters by identifying the values that maximize the likelihood of
observed data under a given model. Widely discussed in Phystat workshops, MLE has been refined to address challenges such as
low-statistics datasets and complex multicomponent fits. Notable contributions include discussions on reducing bias in MLE and
leveraging Monte Carlo simulations to improve parameter estimation accuracy 13/,



See you all at PhyStat’s 50th!



