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Introduction
● The main deliverable will be a document detailing recipes on how to properly combine 

results from different experiments, in presence of multi-parameter analysis:

emphasis on combination of likelihoods  as a function of the parameter of 
interests (~5) and the nuisance parameters (~hundreds)
(complete likelihood at their highest possible level of dimensionality to preserve 
coherence of information for further manipulation: profiling/marginalization...)

A conceptual, technical (and sociological) challenge

● Second optional deliverable (if personpower):  software tool for storing and 
combination of user-provided likelihoods

October 2018: J2 Consortium General Meeting https://agenda.infn.it/event/16350/timetable/#20181030.detailed

September 2019: J2 Kick-off meeting https://agenda.infn.it/event/19571/timetable/#20190912.detailed

… and then COVID: 2 years suspension of travels...

 But we learned how to work differently: a lot of new developments !

- T2K-NOVA combined analysis

- T2K-Superkamiokande combined analysis

- Belle2 – Belle combinations

Analyzers and conveners from J2!
Real implementations on-going!
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T2K-NOVA
● Combination of full likelihoods (including all oscillation and systematics paramaters) 

into dedicated software containers

Alternative of combining reduced (pre-marginalised/pre-profiled) likelihoods not feasible because too computationally 
expensive (required in at least 4D space of oscillation parameters + correlated systematics)

L(o, f, f’, a) = L
T2K

(o,f,a) x L
NOVA

(o,f’,a) x L
other

(o) 
 o = oscillation parameters

f, f’ = uncorrelated systematics

a = correlated systematics

● Correlations? Starting from widely different models of n flux and n-N interactions. 

- unpractical to produce new MC with unified models

- big physics challenge!

n/n l/e+/-

Target 
nucleus

hadronic 
final state

W-/+

- T2K only focus on leptonic final state: dominated by 
‘simple’ charge current at lower energy (600 MeV)

- NOvA exploits the whole final state to reconstruct the 
neutrino energy (~2 GeV)

- No model is available to cover the whole energy and 
decribes leptonic-hadronic correlations

- Detailed studies on-going to asses the impact 
of correlations and expose possible biases 

● Timeline ~ 2023
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T2K-SuperKamiokande
● Combination of data:  SK atmospheric neutrinos + T2K beam with same far detector

Correlations of flux, n-N interactions and detector systematics evaluated and included 
when relevant

● Timeline ~ 2023



5

A step into the future
The T2K/NOVA/SK joint fits are opening the road to a much more challenging future: 
HyperKamiokande and DUNE

Statistics will be a factor ~20 larger thanks to more powerful beams and  larger/better 
detectors → oscillation measurements will not anymore be limited by stattistics but 
by systematics

CPV discovery and MH determination are ‘low hanging fruits’ to be harvested. 
After that: precision oscillation measurements and go beyond PMNS standard paradigm
Combination between experiments allows to

- highly enhance the credibility of our systematics models

 - strongly enlarge the BSM reach

Jennifer 2 people are strongly involved in present generation of joint fits → 
producing results of paramount importance for HEP and paving the road to the future
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Collider side: combined Belle + 
Belle II analyses

• Similar 
collisions/initial states

• Different detectors

• Full data re-analysis 
including relevant 
correlations between 
Belle and Belle II 

• Consistent 
uniformization of 
analysis models and  
nuisance parameters 

• Same software 
(same analysts)
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Belle + BelleII : results
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Comments

• Provides an internal and detailed view of how relevant/critical is to keep consistency 
in the models assumed.

→ eg, In principle could use it as a test bench to compare results from a fully 
combined analysis with the results of combining only likelihoods (or reductions 
thereof) with approximations/limitations

• Such Belle+Belle II combined analyses are happening for various other results

• A different scenario/perspective is surfacing for the option of Belle II + LHCb combinations: 
slow luminosity start-up for SKEB/Belle II makes it unlikely the emerging of a compelling case 
for topics to combine on the Jennifer 2 timescale
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Finally: data sharing!
Belle II has started a systematic push toward data sharing

There are a number of commonalities between the technical needs of 
combination and those of data sharing (standard format, documentation, etc): 
this complementary effort will assist the ultimate mission of our group.
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Data sharing: existing example

So far limited to higher
level information: final
plots, limits,
efficiencies, but can
and will be extended to
lower-level info such as
likelihoods
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For instance...

From Belle II data preservation workshop: 
https://indico.belle2.org/event/7653/

Significant progress, in the past few years toward the goal of “likelihood preservation”
 
Mature tools exist that allow preserving the likelihood information in a way that is 
documented and re-usable for fits, within the tool itself. 

A large and growing community is using and developing these.

→ our J2 task can profit/contribute of these efforts!
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Summary

- J2 collaborators are working on joint analysis thus pursuing / implementing in real 
life the WP5 Common tools subtask !

- T2K+SuperKamiokande, T2K+NOVA on-going → results expected in 2023
Exploring very different approach for combination

- First Belle + Belle II combination published!
Very useful tool to test internally the different combination approach on the 
same joint analysis

- Data sharing efforts are also developing tools for likelihood preservation: really 
pointing to the importance of our Common tools subtask
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