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Beesenue
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PHYSTAT - cepust “paboumx COBeIIaHUiA
BBICOKUX SHEPTHUil.

II0 CTATUCTUYECKUM MeTOJaM B (l)I/I3I/IKe

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

Introduction:

PHYSTATEs @ workshop series dealing with stafistical methods in paricle physics. If was founded in 2000 by Louis Lyors. A wide range of fopic ks covered: Irequentist and bayesian inference,
parameter estimation, hypofhess testing, Goodness of Fit testing, confidence inferval estimation, urfolding, mutivriate anaiysis techriques, systematic uncertinties, data combination and more.
The workshop is a urique meeting point of Physicists and Statisticiars, where the latest advances in statistical techniques and procedures are exchanged. The workshop consists of @ mixture of invited
and contributed taiks plus panel discussions. The: procesdings of the workshop Provide @ comprehensive reference onstatistical sues and state of the art methods used in particle physics and
neighbouring fielc.

Since beginning of 2018 Olaf Behnie (DESY} is actaing s char person of PHYSTAT.

Next Events:

* PHYSTATLHC 2019 (DESY] Oct. 2019 PHYSTAT Committee (2019):

Please send you suggestion for possible future meetings to olal behrke Edesy de. Olaf Behnke (DESY) [Chair] olaf.behnke@desy.de
Louis Lyons (Imperial) louis.lyons@physics.ox.ac.uk
Robert Cousins (UCLA) cousins@physics.ucla.edu
Glen Cowan [RHUL) g.cowan@rhul.ac.uk

Kyle Cranmer (NYU( kyle.cranmer@cem.ch
Themas R. Junk [FNAL) tj@inal.gov

Mikael Kuusela (CMU) mikael.kuusela@cemn.ch
Nichelas Wardle (Imperial) nw708@ic.ac.uk

Links to past events:

+ PHYSTATS 2019 (CERN) Jon 2235 m
\4

L e

.
.
.
.
.
& PHYSTATu 2016 [FNAL) ©
.
.

* PHYSTAT-u 2016 (Kavi, Japan) ﬁ

* PHYSTAT2011 (CERN] Procesdings "Stofisfical issues sefofed 1o discovesy cioims in seorch experiments, concentioling on those of the LMC. + Unfelding workshop”
* PHYSTAT 2007 (CERN] Link fo proceedings “Stofisical issues for LHC physics.”

* PHYSTAT 2005 (Oxford) Froceeding:

Stasisiical Froblems in Farticie Physics, Asirophysics and Cosmology”

« PHYSTAT 2003 (SLAC) e Tp— Physics, Astophysics and Cesmelogy
« PHYSTAT 2002 (Durhom) isficat analysis wsed in and searches in
* Workshop on Confidence Limits 2000 (FNAL)

+ 15t Workshbop on Confidence Limits 2000 (CERN)

including

1. B. Cmupuos (IIUSP) O6z0p meronos ananuza PHYSTAT-v 2019 Cemunap OPBD ITUAD 19.02.2019 2/ 32



Beesenue

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

PHYSTAT-v 2019 nocBsilieHo MeToJlaM aHaJIM3a JAHHBIX B (PU3UKE HEUTPUHO.

PHYSTAT-nu 2019

22-25 January 2019 S gel
CERN

Europe/Zurich tim

Overview - .
The workshops deals with the statistical issues in the broad range of modern neutrino physics, in
call for Abstracts particular in view of the increased precision of current and future experiments.Topics to be included
are
Timetable
Contribution List ® Measuring model parameters, choosing between models

® Setting limits, discovery

® Determination of systematic uncertainties

Participant List e Unfolding

® Machine learning for event reconstruction and classification

Registration

Videoconference Rooms

Vidye connection procedure The workshop will be a mixture of invited and contributed talks from physicists and statisticians
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Beesenue

~ 100 neutrino physicists
~ 50 LHC physicists
6 statisticians.
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[Touemy 5—o-discovery?

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

Why 50 for Discovery?

Statisticians ridicule our belief in extreme tails (esp. for systematics)
Our reasons:
1) Past history (Many 3o and 4o effects have gone away)
2) LEE
3) Worries about underestimated systematics
4) Subconscious Bayes calculation
p(H;1x) = p(x|H,) * m(H,)

p(Holx)  p(xIHo)  T(Hy)
Posterior  Likelihood Priors
prob ratio
“Extraordinary claims require extraordinary evidence”

N.B. Points 2), 3) and 4) are experiment-dependent
Alternative suggestion:
L.L. “Discovering the significance of 56” http://arxiv.org/abs/1310.1284 67
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[Towemy 5—o-discovery?

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

4thgenq, |, v

How many c’s for discovery?

Low No No

Medium/Low Medium Am No
W Medium High sin?228, Am? No
~
Y
(g-2), anom Ye
Hspinzo

Y

Ye

Low/Medium No Medium

‘es High/V. high M, decay Medium
mode

es High No Yes

es High No Medium

es High M, mode No

es Very high Strength Yes

No High Enormous Yes

5
3
7
4
4
3

7

0o U oo u b

Suggestions to provoke discussion, rather than ‘delivered on Mt. Sinai’/

Bob Cousins: “2 independent expts each with 3.50 better than one expt with 50"

Higgs search Medium Very high M Medium

Single top No

susy Yes Very high Very large Yes
o

68

U. B. Cuupnos (IIUSI®)
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[Tonesubie acumnrornyeckne hoOpMyJIbl

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

Measure two Poisson distributed values:
n ~ Poisson(s+b) (primary or “search” measurement)

m ~ Poisson(zb) (control measurement, 7 known)

Asymptotic significance

Use profile likelihood ratio for g,, and then from this get discovery
significance using asymptotic approximation (Wilks’ theorem):

zZ=y@
[ (o [ e )

for n > b and Z = 0 otherwise.

Essentially same as in:

501; arXiv:physics/0702156.
Tipei Li and Yuqgian Ma, Astrophysical Journal 272 (1983) 317-324.

G. Cowan PHYSTAT - v Intro Course 11 / CERN, 22 Jan 2019

Robert D. Cousins, James T. Linnemann and Jordan Tucker, NIM A 595 (2008) 480

Nnmeercs: n 6osiee npocrasi bopmyiia JJjisi U3BECTHOW BEJIMYUHBI b.
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®akTop Baiteca

James Berger (Duke University). Bayesian techniques.

Two Types of Bayesian Problems

1. Estimation ( limit) In principle, they are

straightforward.

PHYSTATIN 14222019

+ There are optimal prior distributions for most probloms (e

priovs - although their derivation can be difficult)

u physics) of Ho to Hy: ratio of likelihood wnder Hy
¢ likelihood under Hy (or “odds™ of Hy to H,)
Poisson(N | 0 + b) L

Posea(V [ 5+ ba(a) ds [ (s 4 D) =500

Iuplementation of Bayes is usually easy, through MCMC.

inty problems: Not so easy

I1. Hypothesis testing or model unces

+ Sometimes one can use the optimal estimation priors, but often not
bjectively (e.g., nsing the standard

i etive approad >
« In the latter case, the answers can be quite sensitive to the choice of tive approach: Choose (s

physies model predietions of the mass oty Higgs)

to be thd ntrinsic prior](not disessed

here) 7' (s) = b{s + 6)~%. (Note that this prior is proper and has median b.)

prior

~ so that one often secks a robust conclusion over the choice. Objective approach: Choose

+ Computations can be much more diffieult
\ B or: is then given by
' oY

o = =

BN b

G+b2ds D(N-Lb)°

where [ is the incomplete gamma funetion.

PedepencHble anpuopHble OObIMHO He MHTerpupyemsl (improper)!
Sro ne npobiuema s dopmyisl Balteca (IponsBosibHasi KOHCTAHTA COKPAIAETCH).
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Craryc dhuzukn HeUTPUHO

Alain Blondel (Universite de Geneve (CH)).

@ The Nobel Prize in Physics 2015
Takaaki Kajita, Arthur B. McDonald

Share this: EF1EAEIEX' 951 2

The Nobel Prize in Physics

Photo © Takaaki Kajita

Takaaki Kajita

Prize share: 1/2 Arthur B. McDonald
Prize share: 1/2

Photo: K. MacFarlane.

Queeris University
/SNOLAB

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki
Kajita and Arthur B. McDonald "for the discovery of neutrino
oscillations, which shows that neutrinos have mass"

A massless particle cannot be seen to transform Tiab = Tparticle” E/M = 00
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Craryc dhuzukn HeUTPUHO

Alain Blondel (Universite de Geneve (CH)).

neutrino definitions
the electron neutrino is present in association with an electron (e.g. beta decay)
the muon neutrinoispresent in association witha muon (pion decay)
the tau neutrinoispresent in association witha tau (W-otv decay)
these flavor-neutrinos are not (aswe know now) quantum states of well
defined MASS (neutrino mixing)
the mass-neutrino with the highest electron neutrino content iscalled v
the mass-neutrino with the next-to-highest electron neutrino contentis v,

the mass-neutrino with the smallest electron neutrino content iscalled v,

1. B. Cmupuos (IIUSP) O6z0p meronos ananuza PHYSTAT-v 2019 Cemunap OPBD ITUAD 19.02.2019 10 / 3:



Craryc dhuzukn HeUTPUHO

Alain Blondel (Universite de Geneve (CH)).

+ If neutrinos a
mass eigens

.flavor eigenstates"

Weak eigenstates +1 complex phase
W W e o O .
m; my my

Lepton Sector Mixing

V.
V: A
f” 1at the

:the same:

3 independent parameters .
Mass eigenstates

Pontecorvo 1957

U. B. Cmupnos (IINUSI®)

O630p meromos ananusza PHYSTAT-v 2019 Cemunap OPBD IIUSAP 19.02.2019

11 / 3



Craryc husukn HeHTPUHO

Alain Blondel (Universite de Geneve (CH)).

EOR N o

General framework and status:

Weknow that there are three families of active, light neutrinos (LEP)

Solar neutrino oscillations are established (Homestake+Gallium+Kam+SK+SNO)
Atmospheric neutrino (v, —>) oscillations are established (IMB+Kam+SK+ K2K)

At that frequency, (v,—>v,) ocillations, small (5%) have been observed (T2K, NOVA)
and v, disappearance has been measured (Daya Bay, Reno, Double Chooz)

Thisallowsa consistent picture with 3-family oscillations preferred:
LMA: 0, ~30° Am,>~8 10%€V?2, 0,3 ~45° Am.; 2~+2.5 10%V?, 0,5 <~

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

including leptonic CP & T violations.

Thereare unexplained phenomena inter preted as possible higher frequency oscillation
(LSND miniBooNe, reactors) but they areinconsistent with excellent disappear ance experiments
(MINOS, MINOS+, ICECUBE and DayaBay) so sterile neutrino explanation isruled out, but
further investigation will be performed with time-sensitive experiments (SBN,

*)to set the scale: CP violation in quar ks was discovered in 1964
and thereisstill an important program (K Opi0, B-factories, Neutron EDM, BTeV, LHCb..)
togoon for 10 years...i.e. atotal of ~50yrs.

and we have not discovered leptonic CP yet!
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Craryc husukn HeHTPUHO

Particle Data Group, 2018.

Neu

Me.

Propel

See the note on “Neutrind properties listings™ in the Particle Listings.
Mass m < 2eV  (tritium decay)

> 300s/eV, CL = 90%  (reactor)

- 7 x10% s/ev  (solar)

an life /mass, 7/m > 15.4 5/eV, CL = 90%  (accelerator)

Magnetic moment p < 029x107'0 g, CL = 90%  (reactor)

Number of Neu

Mumber N = 2.984 = 0.008

Types

data)

Number N = 292 + 0.05 (5 =12) (Direct measurement of

invisible Z wicth)

(Standard Model fits to LEP-SLC

Neutrino Mixing

U. B. Cmupnos (IINUSI®)

The following values are obtained through data analyses based on
the 3-newtring mixing Scheme described in the review “Neutrino
Mass, Mixing, and Oscillations” by K. Nakamura and 5.T. Petcov
in this Review.

Sir?(0,5) = 0.307 £ 0.013

Am3) = (7.53 £ 0.18) x 10-% ev?

Am2, = (—256 £0.04) <1073 ev?  (Inverted order)

SirP(f13) = (2.12 + 0.08) x 10-2

sir? (3) = 042170 0% (Inverted order, quad. 1)
S (03) = 0.592 7092 (Inverted arder, quad. 1|
sir () = 0.41770 02 (Nermal order, quad. 1)
Sir? (fa) = 0.507 7552 (Mormal order, quad. 11)

AmZ, = (251 £0.05)x 103 V2 (S =1.1) (Normal order)

O630p meromos ananusa PHYSTAT-v 2019 Cemunap O®BD IIHUAP 19.02.2019
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Dusnka HEHTPUHO U CTATUCTUKA,

Yoshi Uchida (Imperial College London)

Three-Neutrino Oscillations
0 sinf.e
0 1 0

—sinfze™’ 0 cost

cosfy> sinf, 0
—sinfp cosB> O

0 0 1

Previous oscillations correspond to the “1-2" and “2-3" parameters

The third type of oscillation would correspond to

Zero or very small 6,5 combined with very different Am” values for the two
existing oscillations implies strong decoupling between them (Two-neutrino

oscillations)
Finite #,; means two of the three Am"* values are very similar and oscillation
effects become complicated

= Three-neutrino mixing

Neutrino Physics and Statistics PHYSTAT-» 2019 at CERN-Yoshi.Uchida@imperial.acuk
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Dusuka Heil THO N CTaTHUCTHUKa

i Uchida (Imperial College London)

Oscillations in the Three Large Mixing-Angle

Paradigm (and beyond)
Since 2012

® Ten years ago we thought we might still be chasing a very small third mixing angle

® Now we know that all three mixing angles are “large”
® (1> ~ 34 degrees, -3 ~ 50 degrees, 6:3 ~ 8.6 degrees
Clear signs of flavour change when seen: basic “rate analyses” were enough to be
convincing in discovery mode
Next steps could be more subtle

® Determination of parameter values within the PMNS model
Mass Hierarchy / Ordering
CP-violation and dcp
Deviations from the Unitary 3 x 3 PMNS matrix
Oscillations into additional states
Non-standard interactions, Lorentz violation,...

Neutrino Physics and Statistics PHYSTAT-~ 2019 at CERN—-Yoshi.Uchida@imperial.acuk

PMNS matrix: the Pontecorvo-Maki—Nakagawa—Sakata matrix, see previous

. B. Cuupuros (IIUAPDP) C METOJOB AHAJIUS 'AT-v 2019 Cemunap OPBD ITNAD 19



dusnka IIeﬁTpHIIO 1 CTaTUCTUKa

Yoshi Uchida (Imperial College London)

Three Large Mixing-Angle Paradigm

From PhyStat-~ 2016 IPMU

Marginalization vs Projection

« T2K found that treatment

of systematics can have
noticeable effects on
analyses, especially
when treating oscillation
parameters, which are
very non-gaussian

» T2K has moved to
marginalization for all
oscillation analyses,
using both MCMC and
likelihcod averaging
over toys

Neutrino Physics and Statistics

]_.V“x\:fdfva_\_v_\

[ oy (X)=max, f(x,y)

® Fake MC data

Marginalising and
Profiling give
different preferred
points

Differences in
meaning between
Marginalising and
Profiling

perialacuk

MHO>KeCTBO BaXKHBIX JleTaJsiell He 0ObscHsiercsi. EcTh coobIleHns o APpyrux MeToJax B 9TOH

KoJsimabopanuu.
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Dusuka Heil THO N CTaTHUCTHUKa

hi Uchida (Imperial College London)

Presentation of Results
Elimination of nuisance parameters
® “Did you marginalise or did you profile?; Asked frequently at 2016 meetings
® For each set of values in the parameters of interest:
® Profiling: Fix nuisance parameters to their best-fit points (with external
constraints)
® Marginalising: Integrate over nuisance parameters (according to their
priors)
Nuisance parameters not so problematic if they are for detector effects etc.
But they also include physics parameters that are not well-measured yet
® Such as 63 when presenting 8,3 and dcp; not at all Gaussian
® Using the prior m(6,3) to integrate over

Differences of coverage may also need to be studied

“Never profile if you are a Bayesian”

Many experimental systematics are also non-trivial, for example, neutrino
production and interaction uncertainties

Q: Can we agree on when we marginalise and when we profile?

Neutrino Physics and Statistics PHYSTAT-+ 2019 at CERN-Yoshi.Uchida@imperialacuk
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Dusuka Heil THO N CTaTHUCTHUKa

oshi Uchida (Imperial College London)

Frequentist and Bayesian Statistics

From 2016 meetings: general open-mindedness towards use of Frequentist and
Bayesian statistics

Bayesian methods used quite enthusiastically for model selection, event
classification and study of discrete outcomes (e.g., mass hierarchy)

Frequentist methods may be preferred for discovery searches

Tend to agree for parameter estimation, which is also less dependent on prior
choice than model selection

"Why throw away half your toolbox?”

INSPIRE HEP numbers for papers with “Neutrino” in the title:

® 1548 mention “Frequentist” and variants
® 2816 mention “Bayesian” and variants

® 560 mention both

® 35044 mention neither!

Neutrino Physics and Statistics PHYSTAT-v 2019 at CERN-Yoshi.Uchida@imperialac.uk
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dusnka HGIL/.ITpI/HIO 1 CTaTUCTUKa
Yoshi Uchida (Imperial College London)

Use of Bayesian Statistics
Mass Hierarchy

Strong Bayesian evidence for the Objective Bayesian analysis of

normal neutrino hierarchy neutrino masses and hierarchy
Fergus Simpson,” Raul Jimenez, ' Carlos Pena Garay * and

Alan F. Heavens, Elena Sellentin

Abtract

“minimally-informative prior on "we construct a prior that is
the masses” minimally-informative”

“infer odds of 42:1 in favour of "we find that the normal hierarchy is

the normal hierarchy” favoured but with inconclusive

“which is sified as ‘strong’ on PGSR odd b1

the Jeff s’ scale” “our uninformative prior was
constructed from principles of the

Objective Bayesian approach”

ER

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

2. Uniform prior for difference of squares of m.
1. B. Cmupuos (IIUSIP) O6z0p meromos ananuza PHYSTAT-v 2019 Cemunap O®BD IIUAP 19.02.2019 19 / 3




dusnka IIefITpI/IIIO 1 CTaTUCTUKa

Yoshi Uchida (Imperial College London)

Use of Bayesian Statistics Simpsonetal

Mass Hierarchy . Normal Hierarchy

® Conflicting conclusions for model
selection

@ Quite similar results for parameter
fitting

[ ]
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Iloceiame omeHKN MepapXum Macc

Stefano Gariazzo (IFIC-CSIC/University of Valencia)

M Can current data tell us the neutrino mass ordering?
L [Hannestad, Schwetz, 2016]: extremely weak (2:1, 3:2) preference for NO
(cosmology + [Bergstrom et al., 2015] neutrino oscillation fit)
Bayesian approach;

2 [Gerbino et al, 2016]: extremely weak (up to 3:2) preference for NO
(cosmology only), Bayesian approach;

3 [Simpson et al., 2017): strong preference for NO
(cosmological limits on 3 m, + constraints on Am2; and |Am3,|)
Bayesian approach;
4 [Schwetz et al., 2017], "Comment on ..."[Simpson et al., 2017]: effect of prior?
5 [Capozzi et al., 2017]): 20 preference for NO
(cosmology + [Capozzi et al., 2016, updated 2017] neutrino oscillation fit)
frequentist approach;
6 [Caldwell et al., 2017] very mild indication for NO
(cosmology + neutrinoless double-beta decay + [Esteban et al., 2016]
readapted oscillation results)
Bayesian approach;
7 [Wang, Xia, 2017]: Bayes factor NO vs 10 is not informative
(cosmology only).
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Iloceiame omeHKN MepapXum Macc

Stefano Gariazzo (IFIC-CSIC/University of Valencia)

I Can current data tell us the neutrino mass ordering?
L [Hannestad, Schwetz, 2016]: extremely weak (2:1, 3:2) preference for NO
(cosmology + [Bergstrom et al., 2015] neutrino escillation fit)
Bayesian approach;

2 [Gerbino et al, 2016): extremely weak (up to 3:2) preference for NO
(cosmology only), Bayesian approach;

3 [Simpson et al., 2017]: strong preference for NO
(cosmological limits on Y m, + constraints on Am3, and |Am3,|)
Bayesian approach;

4 [Schwetz et al., 2017], “Comment on ..."[Simpson et al., 2017]: effect of prior?
5 [Capozzi et al., 2017]: 20 preference for NO

(cosmology + [Capozzi et al., 2016, updated 2017] neutrino oscillation fit)
frequentist approach;

6 [Caldwell et al, 2017] very mild indication for NO
(cosmology + neutrinoless double-beta decay + [Esteban et al., 2016
readapted oscillation results)
Bayesian approach;

7 [Wang, Xia, 2017]: Bayes factor NO vs |O is not informative
(cosmology only).
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OKCIIEPUMEHTBI ¢ “JJIMHHON 6a30ii”

Alexander Himmel (Fermilab)

What is a Long-Baseline Neutrino Experiment?

+ Abeam of neutrinos (primarily v,) is
produced by an accelerator.

¢ The neutrinos are allowed to travel

observe the neutrinos before and after
oscillations.

+ While energy and distance
vary, the ratio of L/E is
chosen to maximize
“atmospheric” oscillations.

Alex Himmel

/ 7
e
and oscillate over a long distance. @ f {
« Detectors at the near and far end v

1. B. Cmupuos (IIUSP) O6z0p meronos ananuza PHYSTAT-v 2019 Cemunap OPBD ITUAD 19.02.2019
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OKCIIEPUMEHTBI ¢ “JJIMHHON 6a30ii”

Alexander Himmel (Fermilab)

Feldman-Cousins Pseudo-experiments: T2K

« For sin20,5 and Am?:

— Generate an Asimov dataset at best fit values, and
construct a likelihood for this simulated dataset.
Convert the likelihood to a PDF, and draw values
for the experiments from that distribution.

« For 0,5 and systematics:

— Draw from prior distributions
(PDG or output of ND fit)

Pseudo-Experiments
Sample from these
prior/posterior
distributions

Fit Parameters

Fit Parameters.

280

Alex Himmel

Hpoue}lypa CHUJIBHO OTJIM4YaeTCcs OT CTaH,ELapTHOIjI.
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OKCIIEPUMEHTBI ¢ “JJIMHHON 6a30ii”

Alexander Himmel (Fermilab)

Feldman-Cousins Pseudo-experiments: NOVA  nova praiiminary
2.4 " "
« Fitthe data and extract parameters with all
possible values of 0.

N
o
T

!

«  When generating experiments, always use the

Am2, (10%V3)
S
N

best fit to the nuisance parameters from the N
fit to data for each 6.
L 22 Feldman}Cousin 7
— Minimizes over-coverage of all methods we @ 20 Ofc + Bedt Fit NH
examined while still never undur»covcrmg. 03 T 22_5 o4 o7
. Sin’s,
« Tested coverage with a method from Berger 23
and Boos for handling p-values with unknown Pseudo-Experiments
nuisance parameters. “Profile:” Use best fit value
~ R.L.Berger and D. D. Boos, J. Amer. Statist. of nuisance parameters

Assoc., 89, 1012 (1994)

— Tested coverage at a variety of choices of NOWAFD | 885f0" POT eqd v + 610" POT ¥

oscillation nuisance parameters within 30 5
educing quoted significance by a very small amo = 255 ER
Reducing quoted significance by a very small amount 529 S
— Inall cases, the other choices of nuisance E E R
- 3 2 3
parameters produced stronger rejection than the e 2
P - 3
quoted rejection at the nominal profiled values. S 15 EES
o . PR N = - =No Feldman-Cousins 2
—  This is as expected if everything is working s £ 33
T e rofiled point should aive th 5 — Feldman-Cousins
correctly since the profiled point should give the 3 " Normal harchy
widest CIs or lowest significance. O5E _ invered Herarohy E
Alex Himmel 0.4 0.52 06 0.7
SN0,

Underlines are mine.
B gacTHOM cilyvae MOAYEPKHYTOE MOXKEeT OBbITh BEpHO. B oflieM ciydae MOJYepPKHYTOEe HeBepHO!
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Ciaitn n3 moero gokiazma or 10.01.2017

1)
2)

3)
1)

5)

Bribop p-sBenuuaunb

e MakcumMH3auHsa p-BeJIHYHHBl MOAD0OPOM MEIMIAIOIINX HapaMeTpos:

IaeT KOHCEPBATHBHYIO OLEHKY, HO HACKO/IBLKO KOHCGPBATH3M oupasian?
HeTpl/IBI{ld.lleh.[e ]\IE.KCHMy.\lhI Cy"_]‘eCTByK)'F He [JId BCEX TeCTOBBbIX
CTATHCTHK U BBIGOPOK.

JYIHIeCTBOBANNE TAKHX TECTOBLIX CTATHCTUK M BLIBOPOK HE [0KA3IAHO JJs
IIpDH?’BOJIbHDi 3a0a4H.

B HeKoTOpbIX CIyuasX BRIOPAHHBIE MEMIAIIINE MTAPAMETDHI
HECOBMECTHMbI ¢ H3MEDEHH M.

Veranosienue orpanudenuii 1pyu 1oa60pe NPUBOAUT K 3ABHCUMOCTH OT
(1pON3BONALHBIX) OrpaHHYCHUI.

o Makcumusanus p-BeJHvaHHBl NOADOPOM MEIMIAIIINX HAPAMETPOE HA
goBepurensHoM MHOKecTBe: |R. L. Berger, D. D. Boos, J.Am.Stat.Ass., 89
(1994) 1012] “Valid p-value™ P(p < a) < e g moboro a € [0, 1].

IIyern CS €CTh JAOBEPHTENLHOE MHOXKECTBO cooTs. 1 — 3 mux 6, ecan Hy
MCTHHHA. pg = SUDgecy {p(#)} + B, ps 3amensierca na min{pg, 1}, u aror
muHIMYM — “valid p-value”.

Yerpansier (dopuansio) npobiemy 4), HO TONBKO €&,
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ArmocdepHble HEATPUHO

Christophe Bronner (University of Tokyo)

Mass hierarchy significance 1
Super-K results

107

Plot for SK atmospheric only
SKTruelH | OX%40,=433
~SKTrueNH |

!
2l 7 ’
i i A
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0.004
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PRD 97, 072001 (2018)

Dopmyna B JUCKPETHOM Cily4dae He BepHa!
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[Ipobitema MojieTMpOBaHUs PEAKTOPHBIX AHTUHEHTPUHO

Emilio Ciuffoli (IMP, CAS)

Reactor Neutrino Spectrum

Theoretical model for reactor neutrino fluxes:

e Ab initio approach: calculate spectrum branch-by-branch (however,
problematic for the large number of isotopes, ~ 103, and branching
ratio, ~ 10%)

@ Conversion method: measure the beta spectrum directly and then
convert to 7.

In the last years with the measurement of the “5 MeV bump” it became
clear that the current models for reactor neutrinos are not very reliable.
Moreover, only available measurements of reactor neutrino spectrum with
low energy resolution (= 6%/VE; for MH 3%/V'E needed).
A fine structure (“sawtooth-like features') ’
is most likely present (showed also in “ab

initio" calculations) and currently
undetected; it could be a problem for the
MH determination

See also D. Forero, R. Hawkins, P. Huber,
arXiv:1710.07378, and Danielson et al,

arXiv:1808:03276 Danielson et al, arXiv:1808:03276

y in the Reactor Neu rum and MHD
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Robert Cousins Jr (University of California Los Angeles (US)),

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

Have in place tools to allow computation of resu Its using a
variety of recipes, for problems  up to intermediate co mplexity:
— Bayesian with analysis 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 CLg (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, /2019 32
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Hpyrue mokaaabl

Emg okomno 20 mokaanos, B Tom uucie no unfolding u deep neural networks.
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SakJouenne

Ha cosemanun PHYSTAT-v 2019 o6cyxKaeHbl
> OCHOBHBIE METObI CTATUCTUYECKOTO aHAJIM3a JAHHBIX,

> HEKOTOpHBIe JpyTue MEeTO/bl aHaJIN3a,

> CTaTyCc HeHTPUHHBIX SKCIEPUMEHTOB U II€PCIEKTUBBI Ha OymylIee.

. B. Cmupuos (IIUSP) O6sz0p meronos ananuza PHYSTAT-v 2019 Cemunap OPBD ITUSAD 19.02.2019 i J &



Cracubo 3a BHUMaHMe!
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