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Введение
PHYSTAT - серия “рабочих совещаний” по статистическим методам в физике
высоких энергий.

https://espace.cern.ch/phystat/_layouts/15/start.aspx#/
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Введение

https://indico.cern.ch/event/735431/

PHYSTAT-ν 2019 посвящено методам анализа данных в физике нейтрино.

И. Б. Смирнов (ПИЯФ) Обзор методов анализа PHYSTAT-ν 2019 Семинар ОФВЭ ПИЯФ 19.02.2019 3 / 32



Введение

∼ 100 neutrino physicists
∼ 50 LHC physicists
6 statisticians.
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Почему 5−σ-discovery?

Louis Lyons (Imperial College (GB)). Introductory statistics course, part I.

Why 5� for Discovery?

Statisticians ridicule our belief in extreme tails (esp. for systematics)

Our reasons:

1) Past history (Many 3� and 4� effects have gone away)

2) LEE 

3) Worries about underestimated systematics

4) Subconscious Bayes calculation

p(H1|x)  =   p(x|H1)  *  �(H1) 

p(H0|x)   p(x|H0)      �(H0) 

Posterior      Likelihood   Priors

prob ratio

^�Æ���}��]v��Ç��o�]u�����µ]����Æ���}��]v��Ç��À]��v��_

N.B. Points 2), 3) and 4) are experiment-dependent

Alternative suggestion:

L.L. ^�]��}À��]vP�the significance of 5V_ http://arxiv.org/abs/1310.1284 67
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Полезные асимптотические формулы

Glen Cowan (Royal Holloway, University of London). Introductory Statistics Course - Part II.

G. Cowan  PHYSTAT - ! Intro Course II / CERN, 22 Jan 2019 42 

Asymptotic significance 

Use profile likelihood ratio for q0, and then from this get discovery 

significance using asymptotic approximation (Wilks’ theorem): 

Essentially same as in: 

Имеется и более простая формула для известной величины b.
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Фактор Байеса

James Berger (Duke University). Bayesian techniques.

Референсные априорные обычно не интегрируемы (improper)!
Это не проблема для формулы Байеса (произвольная константа сокращается).
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Статус физики нейтрино

Alain Blondel (Universite de Geneve (CH)).

Alain Blondel Groupe 
Neutrino   Université de 
Genève 
A massless particle cannot be seen to transform Wlab = Wparticle* E/m     Æf
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Статус физики нейтрино

Alain Blondel (Universite de Geneve (CH)).

neutrino definitions

the  electron neutrino is present in association with an electron (e.g. beta decay)

the     muon neutrino is present in association with a    muon (pion decay)

the      tau neutrino is present in association with a     tau (WoWQ��decay)

these flavor-neutrinos are not (as we know now) quantum states of well 

defined mass (neutrino mixing) 

the mass-neutrino with the highest electron neutrino content is called       Q
�

the mass-neutrino with the next-to-highest electron neutrino content is    Q
�

the mass-neutrino with the smallest electron neutrino content is called     Q
�
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Статус физики нейтрино

Alain Blondel (Universite de Geneve (CH)).

Lepton Sector Mixing

Pontecorvo 1957
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Статус физики нейтрино

Alain Blondel (Universite de Geneve (CH)).

1. We know that there are three families of active, light neutrinos (LEP)
2.     Solar neutrino oscillations are established (Homestake+Gallium+Kam+SK+SNO)
3. Atmospheric neutrino (QP��!�) oscillations are established (IMB+Kam+SK+ K2K)
4. At that frequency, (QP��!�Qe) oscillations, small (5%) have been observed (T2K, NOvA) 

and Qe disappearance has been measured (Daya Bay, Reno, Double Chooz) 

This allows a consistent picture with 3-family oscillations preferred: 
LMA:  T�� ~300 'm12

2~8 10-5eV2 , T�� ~450 'm23
2~ r2.5 10-3eV2, T�� �~ 90

with several unknown parameters though 2018 revealed hints of CPV and NH.
=> an exciting experimental program for at least 20 years *)

including leptonic CP & T violations. 

General framework and status: 

*)to set the scale: CP violation in quarks was discovered in 1964
and there is still an important program (K0pi0, B-factories, Neutron EDM, BTeV, LHCb..)
to go on for 10 years«i.e. a total of ~50 yrs.

and we have not discovered leptonic CP yet!

5.    There are unexplained phenomena interpreted as possible higher frequency oscillation 
(LSND miniBooNe, reactors) but they are inconsistent with excellent disappearance experiments 
(MINOS, MINOS+, ICECUBE and DayaBay) so sterile neutrino explanation is ruled out, but 
further investigation will be performed with time-sensitive experiments (SBN, 
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Статус физики нейтрино

Particle Data Group, 2018.
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Физика нейтрино и статистика

Yoshi Uchida (Imperial College London)
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Физика нейтрино и статистика

Yoshi Uchida (Imperial College London)

PMNS matrix: the Pontecorvo–Maki–Nakagawa–Sakata matrix, see previous slide.
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Физика нейтрино и статистика

Yoshi Uchida (Imperial College London)

Множество важных деталей не объясняется. Есть сообщения о других методах в этой

коллаборации.
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Физика нейтрино и статистика

Yoshi Uchida (Imperial College London)

1. Hyperprior (a family of priors) for ln(m).

2. Uniform prior for difference of squares of m.
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Последние оценки иерархии масс

Stefano Gariazzo (IFIC-CSIC/University of Valencia)
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Эксперименты с “длинной базой”

Alexander Himmel (Fermilab)
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Эксперименты с “длинной базой”

Alexander Himmel (Fermilab)

Процедура сильно отличается от стандартной.

И. Б. Смирнов (ПИЯФ) Обзор методов анализа PHYSTAT-ν 2019 Семинар ОФВЭ ПИЯФ 19.02.2019 24 / 32



Эксперименты с “длинной базой”

Alexander Himmel (Fermilab)

Underlines are mine.

В частном случае подчеркнутое может быть верно. В общем случае подчеркнутое неверно!
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Слайд из моего доклада от 10.01.2017
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Aтмосферные нейтрино

Christophe Bronner (University of Tokyo)

Формула в дискретном случае не верна!
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Проблема моделирования реакторных антинейтрино

Emilio Ciuffoli (IMP, CAS)
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Robert Cousins Jr (University of California Los Angeles (US)),

My advo cacy  for >10 y ears (Section 16):

32

Have in place tools to allow  computation of resu lts using a
variety of recipes, for problems up to intermediate co mplexity:

– Bayesian with analy sis of sensitivity  to prior
– Profile likelihood ratio (Minuit  MINOS)
– Frequentist construction wi th approximate treatment of

nuisance parameters
– Other “fav orites” such as LEP’ s CLS (an HEP invention)

The comm unity  can (and should) then demand that a result
show n with one’s preferred method also be show n with the other
methods, and sampling properties studied.

When the methods all agree, w e are in asy mptopic nirvana.
When the methods disagree, w e are reminded that the results are
answ ers to different qu estions, and w e learn something!  E.g.:

– Bayesian methods can  have poor frequentist prope rties
– Frequentist methods can badly  violate likeli hood principle

Bob Cousins, PhyStat-nu, 1/2019
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Другие доклады

Ещё около 20 докладов, в том числе по unfolding и deep neural networks.
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Заключение

На совещании PHYSTAT-ν 2019 oбсуждены
I основные методы статистического анализа данных,
I некоторые другие методы анализа,
I статус нейтринных экспериментов и перспективы на будущее.
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Спасибо за внимание!
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