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15	
  March	
  2018	
  

1) 	
  The	
  JUNO	
  sensi6vity	
  to	
  MH	
  is	
  null	
  
(when	
  the	
  Δχ2	
  es*mator	
  is	
  used)	
  

2)	
  The	
  extended-­‐F	
  es6mator	
  
	
  	
  	
  	
  	
  (when	
  any	
  couple	
  of	
  Δm2

atm	
  are	
  used)	
  

Luca	
  Stanco,	
  JUNO-­‐Italy	
  mee6ng,	
  Frasca6,	
  15	
  March	
  2018	
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5	
  toys	
  

50	
  toys	
  

Reproduce	
  JUNO	
  evalua1on	
  for	
  MH	
  doing	
  an	
  event-­‐by-­‐event	
  simula1on	
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The	
  two	
  minima	
  in	
  Δm2
atm	
  

True	
   Fake	
  

They	
  are	
  ok:	
  centered	
  at	
  the	
  right	
  (expected	
  values),	
  good	
  resolu6on	
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True	
  minimum	
  

Fake	
  minimum	
  

The	
  two	
  χ2	
  minima	
  seem	
  more	
  problema6c	
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ΔχMH
2 = χmin

2 NH( )− χmin2 IH( )

The	
  two	
  χ2	
  minima	
  are	
  correlated:	
  the	
  central	
  value	
  seems	
  ok	
  	
  

A	
  heavy	
  simula*on	
  is	
  needed	
  !	
  

(outcome	
  of	
  the	
  full-­‐immersion	
  MH	
  mee6ng	
  on	
  February	
  28th)	
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NH	
  genera6on,	
  1000	
  toys	
  

IH	
  genera6on,	
  1000	
  toys	
  

Study	
  of	
  the	
  χ2	
  

Several	
  days	
  of	
  a	
  server	
  CPU	
  system	
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Δχ2	
  

??	
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In	
  principle	
  

2Δχ 2

n"σ "= 2Δχ 2

2 Δχ 2
= Δχ 2

nσ = χmin
2 (NH )− χmin

2 (NH )

è	
   50%	
  prob	
  to	
  reject	
  	
  
the	
  wrong	
  MO	
  	
  
with	
  nσ

median	
  sensitvity	
  

But…	
  

General	
  result:	
  sigma	
  of	
  each	
  Gaussian	
  =	
  2	
  √(Δχ2)	
  	
  (arXiv:1210.8141)	
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Δχ2	
  

NH	
  genera6on,	
  1000	
  toys	
  

IH	
  genera6on,	
  1000	
  toys	
  

worse	
  gaussianity	
  	
  fit	
  for	
  IH	
  

The	
  central	
  values	
  
are	
  not	
  symmetric	
  
	
  
The	
  dispersion	
  of	
  each	
  “Gauss”	
  
is	
  not	
  2sqrt(Δχ2):	
  
They	
  are	
  much	
  larger	
  !	
  

n"σ " NH( ) = 23.74+15.77
24.40

=1.62

n"σ " IH( ) = 23.74+15.77
24.51

=1.61
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p-­‐values	
  from	
  the	
  two	
  Gaussian	
  fits	
   µNH = −15.21± 0.77
σ NH = 23.83± 0.53
µIH = 24.85± 0.80
σ IH = 24.54± 0.68

p− valNH = GNH =
µIH

+∞

∫ 4.6%

p− valIH = GIH =
−∞

µNH

∫ 5.1%
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Similar	
  results	
  (actually	
  worse)	
  with	
  an	
  independent	
  program,	
  	
  
making	
  the	
  full	
  minimiza6on	
  on	
  χ2	
  (no	
  scan).	
  By	
  Fatma.	
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IH
2χ
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And	
  with	
  a	
  scan	
  à	
  la	
  JUNO	
  (by	
  Fatma)	
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From	
  1210.8141	
  plausibly	
  this	
  sentence	
  is	
  wrong	
  as	
  the	
  “error	
  of	
  the	
  error”	
  is	
  forgo^en	
  

Note:	
  the	
  usual	
  expression	
  is	
  usually	
  due	
  to	
  not	
  plausible	
  assump6ons	
  	
  

From	
  1305.5150	
  plausibly	
  this	
  equivalence	
  is	
  very	
  approximate:	
  
	
  	
  	
  	
  	
  	
  (and	
  jus6fied	
  by	
  the	
  next	
  paper)	
  	
  

2 yi
N − yi( )
σ ii

∑ ≈
4 yi

N − yi( )
2

σ i
2

i
∑

From	
  1210.3651	
  plausibly	
  this	
  equivalence	
  is	
  very	
  approximate	
  for	
  many	
  reasons:	
  

µi
NH −µi

IH( )
2

µi
NH +

µi
NH −µi

IH( )
3

µi
NH( )

2

"

#

$
$

%

&

'
'

i
∑ ≈

µi
NH −µi

IH( )
2

µi
NH

i
∑

(the	
  most	
  relevant	
  one	
  being	
  the	
  same	
  of	
  the	
  first	
  paper)	
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NH	
  genera6on,	
  1000	
  toys	
  

Δm2atm	
  

Resolu6on:	
  ≈	
  0.5%	
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IH	
  genera6on,	
  1000	
  toys	
  

Δm2atm	
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The	
  origin	
  of	
  the	
  very	
  low	
  performance:	
  convolu6on	
  with	
  the	
  energy	
  resolu6on?	
  

NH	
  genera6on,	
  100	
  toys	
  

IH	
  genera6on,	
  100	
  toys	
  

Δχ2	
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p-­‐values	
  from	
  the	
  two	
  Gaussian	
  fits	
   µNH = −118.5± 2.3
σ NH = 21.9±1.9
µIH =116.1± 2.7
σ IH =19.3± 2.0

p− valNH = GNH =
µIH

+∞

∫ 0%

p− valIH = GIH =
−∞

µNH

∫ 0%

σ = 2 Δχ 2 !!	
  
21.9	
  vs	
  21.8	
  (NH)	
  	
  
19.3	
  vs	
  21.5	
  (IH)	
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Conclusions	
  for	
  the	
  Δχ2	
  study:	
  
	
  
When	
  the	
  simula6on	
  is	
  performed	
  on	
  a	
  event-­‐by-­‐event	
  basis	
  
and	
  not	
  on	
  a	
  semi-­‐analy6cal	
  way	
  	
  
the	
  significance	
  drops	
  dras6cally	
  to	
  less	
  than	
  2	
  σ

The	
  reason	
  seems	
  to	
  stay	
  in	
  the	
  convolu6on	
  of	
  the	
  sta6s6cal	
  fluctua6on	
  	
  
and	
  the	
  energy	
  resolu6on	
  

More	
  studies	
  are	
  needed	
  !!!	
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New	
  procedure,	
  new	
  es6mator,	
  which	
  couples	
  NH/IH,	
  no	
  fit	
  

LS,	
  G.	
  Salamanna,	
  A.	
  Lokhov,	
  C.	
  Sirignano,	
  F.	
  Sawy,	
  arXiv:1707.07651v3	
  

Amount	
  of	
  difference	
  in	
  events	
  for	
  214	
  GW�year	
  	
  

F = Δ+
j +

j
∑ Δ−

j
j
∑

Δ+ = nobs − n i
IH when nobs > n i

IH in I +

Δ− = n i
IH−nobs when nobs < n i

IH in I −

I + intervals when n i
IH < n i

NH

I − intervals when n i
IH > n i

NH

!	
  a	
  possible	
  complementary	
  analysis	
  

New	
  es6mator:	
  F	
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F	
  	
  computa1on	
  

I+	
  	
  
interval	
  

NH	
  

IH	
  

NH	
  

obs	
  

FNH	
  	
  
contribu6on	
  

;	
  
obs	
  

FIH	
  	
  
contribu6on	
  

IH	
  

I-­‐	
  	
  
interval	
  

IH	
  

NH	
  

IH	
  

obs	
  

FIH	
  	
  
contribu6on	
  

;	
  
obs	
  

FNH	
  	
  
contribu6on	
  

NH	
  

	
  emphasize	
  the	
  energy	
  intervals	
  where	
  one	
  of	
  the	
  two	
  mass	
  	
  
hierarchies	
  is	
  expected	
  to	
  produce	
  more/less	
  events	
  than	
  the	
  	
  
opposite	
  one.	
  

Note:	
  think	
  how	
  a	
  normaliza6on	
  
error	
  can	
  affect	
  FNH	
  and	
  FIH	
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The	
  F	
  es1mator	
  and	
  the	
  

From	
  a	
  theore6cal	
  point	
  of	
  view	
  the	
  rela6ons	
  hold:	
  

Δm31
2 NH( ) = Δm23

2 IH( ) issue	
  

Δm31
2 (NH ) = −Δm32

2 (IH ),
Δm32

2 (NH ) = −Δm31
2 (IH )(“given	
  the	
  unique	
  value	
  of	
  the	
  lightest	
  neutrino	
  mass”)	
  

From	
  the	
  experimental	
  point	
  of	
  view	
  there	
  are	
  infinite	
  solu6ons:	
  

1)m1 = a,m2 = b,m3 = c
2)m1 = a ',m2 = b ',m3 = c '
3)m1 = a",m2 = b",m3 = c"
...

either	
  NH	
  or	
  IH	
  

The	
  evalua6on	
  of	
  F	
  is	
  based	
  on	
  the	
  construc6on	
  of	
  the	
  I±	
  intervals	
  where	
  the	
  	
  
rela6on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  used.	
  Δm31

2 NH( ) = Δm23
2 IH( )

The	
  construc6on	
  brings	
  to	
  an	
  op6mal	
  es6mator.	
  

In	
  other	
  words,	
  we	
  use	
  a	
  theore6cal	
  constraint	
  to	
  construct	
  I±	
  
That	
  is	
  part	
  of	
  the	
  algorithm,	
  like	
  the	
  other	
  algebraic	
  	
  elabora6ons	
  

Does	
  that	
  ma^ers	
  ?	
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In	
  principle	
  what	
  ma^er	
  are	
  the	
  F	
  distribu6ons	
  and	
  the	
  results	
  

The	
  F	
  procedure	
  

One	
  single	
  JUNO	
  exp	
  

One	
  curve	
  for	
  NH	
  

One	
  curve	
  for	
  IH	
  

One	
  best	
  value	
  for	
  Δm2	
  (NH)	
  

One	
  best	
  value	
  for	
  Δm2	
  (IH)	
  

The	
  “distance”	
  of	
  the	
  two	
  best	
  values	
  provides	
  a	
  significance	
  >	
  5	
  σ

Technically:	
  the	
  “distance”	
  in	
  Δm2	
  is	
  equivalent	
  to	
  the	
  “distance”	
  in	
  F	
  at	
  the	
  same	
  Δm2	
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The	
  key-­‐picture	
  

take	
  one	
  value	
  	
  	
  
	
  	
  	
  and	
  eg	
  IH	
   get	
  two	
  values	
  

and	
  two	
  MH	
  

take	
  the	
  JUNO	
  dataset	
  
è	
  get	
  two	
  MH	
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However,	
  one	
  may	
  think	
  that	
  the	
  defini6on	
  of	
  F	
  
could	
  ar6ficially	
  enhance	
  the	
  significance.	
  

	
  
Therefore,	
  it	
  is	
  worth	
  to	
  study	
  the	
  generic	
  case	
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The	
  extended	
  F-­‐es6mator	
  

Δm31
2 (NH ) = −Δm32

2 (IH )

Δm31
2 (NH ) ≠ −Δm32

2 (IH )

ΔN	
   F-­‐ideal(True)=0	
  
F-­‐ideal(Wrong)=Int	
  |ΔN|	
  

The	
  F	
  algorithm	
  can	
  be	
  	
  
extended	
  to	
  any	
  choice	
  
of	
  Δm2

atm	
  different	
  for	
  	
  
NH	
  and	
  IH	
  

Infinite	
  models	
  

How	
  features	
  and	
  
Sensi*vi*es	
  change	
  ?	
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F-­‐ideal	
  
(wrong)	
  

Δm23
2 (IH )Δm31

2 (NH )
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F-­‐ideal	
  
(wrong)	
  

Δm2	
  (IH)	
  while	
  NH	
  fixed	
  at	
  0.00256	
  

2%	
  
1%	
  

3%	
  uncert.	
  
corresponds	
  to	
  
the	
  solar	
  mass	
  

The	
  shape	
  does	
  not	
  change	
  for	
  different	
  values	
  of	
  NH	
  atmospheric	
  mass	
  

What	
  ma^ers	
  is	
  the	
  rela6ve	
  difference	
  
between	
  the	
  two	
  atmospheric	
  masses	
  

Δm2	
  (IH)	
  while	
  NH	
  fixed	
  at	
  0.00240	
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These	
  behaviours	
  are	
  ar6ficial.	
  What	
  is	
  relevant:	
  
1)  the	
  determina6on	
  of	
  the	
  true	
  atmospheric	
  mass	
  at	
  the	
  F	
  (true)	
  minimum	
  
2)  the	
  distance	
  between	
  the	
  two	
  minima	
  F(true)	
  and	
  F(wrong)	
  	
  

Further:	
  
3)  the	
  significance	
  level	
  

Let	
  us	
  overkill	
  the	
  result:	
  pick	
  up	
  the	
  worst	
  model,	
  ie	
  	
  

Δm31
2 (NH ) = Δm32

2 (IH ) − 0.00005 eV 2

(from	
  6396	
  to	
  2637	
  counts)	
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F-­‐true	
  

F-­‐wrong	
  

One	
  ideal	
  toy,	
  generated	
  with	
  NH,	
  Δm2=0.00256	
  eV2	
  	
   looked	
  with	
  the	
  worst	
  	
  
extended	
  F	
  es*mator	
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-­‐  The	
  true	
  value	
  is	
  correctly	
  found	
  
-­‐  The	
  minima	
  are	
  closer	
  (about	
  12*10-­‐5	
  	
  eV2	
  -­‐	
  	
  Δ)	
  and	
  fuzzy	
  
-­‐  The	
  sensi6vity	
  (following	
  our	
  method)	
  on	
  the	
  true	
  minimum	
  should	
  decrease	
  
-­‐  A	
  relevant	
  absolute	
  sensi6vity	
  seems	
  available	
  

More	
  studies	
  are	
  needed	
  !	
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NH	
  generated	
  at	
  0.00252	
  and	
  extended-­‐F	
  with	
  	
  	
  Δm31
2 (NH ) = Δm32

2 (IH ) − 0.00005 eV 2

NH	
  generated	
  at	
  0.00256	
  and	
  extended-­‐F	
  with	
  	
  	
  Δm31
2 (NH ) = Δm32

2 (IH ) − 0.00002 eV 2
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NH	
  generated	
  at	
  0.00260	
  and	
  extended-­‐F	
  with	
  	
  	
  Δm31
2 (NH ) = Δm32

2 (IH ) + 0.00003 eV 2
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Conclusions	
  for	
  the	
  extended	
  F	
  study:	
  
	
  
Modeling	
  the	
  F	
  in	
  a	
  different	
  way	
  is	
  possible.	
  
It	
  turns	
  out	
  to	
  be	
  a	
  1-­‐D	
  configura6on	
  model.	
  

The	
  true	
  value	
  is	
  always	
  iden6fied	
  but	
  the	
  sensi6vity	
  and	
  distance	
  of	
  the	
  degenerate	
  
solu6ons	
  in	
  terms	
  of	
  atmospheric	
  masses	
  change.	
  
Different	
  procedures	
  to	
  evaluate	
  the	
  sensi6vity	
  should	
  be	
  envisaged	
  	
  
for	
  specific	
  single	
  models.	
  
	
  
One	
  should	
  keep	
  in	
  mind	
  that	
  the	
  original	
  F	
  is	
  the	
  only	
  op6mized	
  es6mator	
  
as	
  demonstrated	
  by	
  Alexey	
  Lokhov.	
  
	
  
The	
  only	
  “reasonable	
  reason”	
  to	
  use	
  an	
  extended-­‐F	
  model	
  is	
  that	
  due	
  to	
  a	
  strong	
  
indica6on	
  that	
  there	
  are	
  two	
  possible	
  solu6ons,	
  one	
  for	
  NH	
  and	
  one	
  for	
  IH,	
  
from	
  the	
  global	
  fits,	
  with	
  two	
  different	
  atmospheric	
  masses.	
  
	
  	
  


