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~700 million years _ |
after the Big Bang Alituiation era

matter and antimatt.er annihilated ...
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~400 million years: Stars
and nascent galaxies form

How ?

... Some matter survived

P
. &5

on years: Dark ages end

~4.5 billion years: Sun, Earth, and solar system have formed

Baryon-Number Violation theoretical ideas

CP-Violation not enough !

Thermal Non-Equilibrium  understood
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ELECTRIC DIPOLE MOWM

B AR <0 AR

Electric Dipole Moments
- Violate P- and T-Symmetry
- CPT-Theorem: violate CP-Symmetry




STORAGE RING EDM




Electric

Dipole moment
Investigation

magnetic ring
RF-Wien filters
introduce f-Field
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1 0—23
1 0—25
1 0—2?
1 0—29

Goal exp. at
COSY (10%e cm)

Goal dedicated
ring (10'29e cm)




Neutrinos-Oscillations

Achim Stahl - September 27th, 2017 17



123

- How neutrinos How neutrinos
interact propagate
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Vorführender
Präsentationsnotizen
Neutrino-Oscillations: The PMNS-Matrix


How neutrinos

[Va) =
eunT

How neutrinos

[

interact propagate
1 0 COS 013 0 sin 013 e_i6 COS 912 sin 612 0
0 cosf,3 sinf,; o 1 0 (— sinf;, cosf;, O))
0 —sinf; cosf3) \—sinf3e® 0  cosfis 0 0 1

Pontecorvo Maki N‘akagawa Sakata - matrix

Achim Stahl - September 27th, 2017
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Vorführender
Präsentationsnotizen
Neutrino-Oscillations: The PMNS-Matrix


coSs 0,5
— Sin 023

Sin 923
cos 0,5

Am? = 241073 eV?
923 = 450

| Atmospheric Oscillations

rnLeract

1 0 0 COS 013 0 sin 013 e_i6 | COoS 612 Slﬁgiz O
0 cosf,3 sinfO,; 0 1 0 _} (— sinf;, cosf i, O’)

0 —sinf,3 cosfy3) \—sinf3e® 0  cosfs 0 0o 1

Pontecorvo Maki Mk‘agéWa’%ka’th‘- matrix
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Vorführender
Präsentationsnotizen
Neutrino-Oscillations: The PMNS-Matrix


cosfy, sinf,
— Sin 912 COS 912
0 0
Am? =~ 7.6 107° eV?2

e I.l 823 =~ 350

Solar Oscillations

How nel .

interact pro

1 0 0 COS 013 0 sin 013 e | COS 612 Slﬁgiz O
0 cosf,3 sinfO,; o 1 0 _} (— sinf;, cosf i, O’)
0 —sinf,3 cosfy3) \—sinf3e® 0  cosfs 0 0o 1

—i6

Pontecorvo Maki Mk‘agéWa’%ka’th‘- matrix
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Vorführender
Präsentationsnotizen
Neutrino-Oscillations: The PMNS-Matrix


0

Am? ~ 241073 eV ?
613 =~ 90

Reactor Oscillations
Imuerdet propdagdie

1 0 0 COS 013 0 sin 013 e_iS , COS 9;[2 Siri‘eiz- 0
0 cosfB,3 sinB,;3 o 1 0 @— sinf;, cosf;, G’)
0 —sinf,3 cosfy3) \—sinf3e® 0  cosfs 0 0 1

Pontecorvo Maki Mkaghw'a‘%h'- matrix
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Vorführender
Präsentationsnotizen
Neutrino-Oscillations: The PMNS-Matrix


erence Am? = m5 — m#?

Mixing anlge 6

Oscillation length:

AT E,, " - E, [MeV]
Am? ' Am? [eV?]
V2
v o
2
Disappearance:  P(v, = v,) = 1 — sin® 26 sin* A:; -
%
2
9 Ve Appearance: p (Va i VB) = sin®26sin’ A:;f
-
V1
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i>j

Re(UalUBan jUg;) sin?

g z Im(Uy;Up;Uq;Uz;) sin

(mi2 —m

(m? -

mjz)L

2F

Oscillation probabilities for an initial electron neutrino

1.0, oy
E 04" \“ “ “ n' |
mnl\h'\““ “ " M'mm’\f\ f“u\""

0.0
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L/E (km /GeV)

0 5000 10000 15000 20000 25000 30000 35000

r

L

Oscillations
require some
m; *0

~

J

24


Vorführender
Präsentationsnotizen
A typical oscillation pattern


“normal” hierarchy

I

increasing
mass

o
L]

V., — electron neutrino flavor
v W muon neutrine flavor

v, wmm Tau neutrino flavor

Normal or inverted hierarchy ?
Only 3 generations ?

Majorana or Dirac neutrinos ?
CP-violation ?

Absolute mass scale ?

VvV V. YV V V

“inverted” hierarchy

OSCHEaCLOIRa LINOSHNIEDIN

Cos PHECISIGRNMESSUTEINENTS
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Szintillator+Target

Ve+tp-on+e'
inverse B-decay (IBD)

1. prompt event: et - yy

2. delayed event: m thermalization
+ capture on Gd

Achim Stahl - September 27th, 2017

Energy Measurement:

1. prompt event
scintillation from positron
gammas from annihilation
E(Ve) > Eprompt +Q - Zme

2. delayed event
Gd: 30 usec delay, 8 MeV
H: 200 usec delay, 2.2 MeV

27


Vorführender
Präsentationsnotizen
Inverse beta-decay


1. Target: Scintillator + 0.1 % Gd

2. y-catcher: Scintillator

3. Buffer: Oil

4. VVeto: Water or Scintillator

5. Muon Tracker

RENO far detector

Achim Stahl - September 27th, 2017
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Vorführender
Präsentationsnotizen
A modern reactor neutrino detector


OSCILLATION PATTERN

atmospheric
® "frequency

solar frequency

L/E (km/MeV)


Vorführender
Präsentationsnotizen
Sources and oscillation lengths


OSCILLATION PATTERN

far

cufeent experiments

i~

next generation

L/E (km/MeV)


Vorführender
Präsentationsnotizen
Sources and oscillation lengths


OSCILLATION PATTERN

far

cufeent experiments

i~

next generation

L/E (km/MeV)


Vorführender
Präsentationsnotizen
Sources and oscillation lengths
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Vorführender
Präsentationsnotizen
Introduction of the 3 experiments
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energy res. 6% (1 MeV)
overburden: 300m
statistics: 40000 IBD

far detector

energy res. 7% (1 MeV)
overburden: 450m
statistics: 60000 IBD

far detector

energy res. 8% (1 MeV)
overburden: 860m
statistics: 150000 IBD

far detector

34


Vorführender
Präsentationsnotizen
Introduction of the 3 experiments


MEASURED SPECTRUM

;

02 o4 o
Lo/ (E,) [km/MeV]

= sin? 260, 5from fit
F.P. An et al. Sil‘l2 2913 = 0.084 i 0.005

arXiv 1505.03456
May, 2015




THE 5 MeV EXCESS

NO Preliminary
BN S ST T

_  RENOPreliminary . @&

C 1 @ — —

§3goug:_ Near detector % 35005 Far detector :

5 - 1 % 3000 —e— Data =
=

S 25000" Dt 18 | __McC ]

I.?.I C - Mcosc 4 w 2500 - osc =

20000 5in’20,; = 0.100 = 500 g sin’20,, = 0.100 é

- |am3, |=232% 107 eV - |am3, |=232x 107 eV? ]

18000 1 1500f -

10000/~ 4 1000F E

5000/ —f 5001 :

L . o | | | I | T

[T | I | | | | | .. B . T LT

2 o2 3 g 0.21- E

G 045- 1 =o0asfT {, E

i 1 B "k 1

= E ++ . & ]

g 01 o 1 = odf * H 3

(1] F ] o - -

2 0.05- + +++ 4 ®0.05F _I_ + : 3

E 1 Q 1L + + .

et T T __

-0.05- , +| | 4 -osf + =

) A P T P P P e ] Y T I T D I T P

VT s e T e e My Y s s 7T 8 9

Prompt Energy [MeV] Prompt Energy [MeV]

.-H. Seo (for the RENO) c
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Vorführender
Präsentationsnotizen
The problem with the spectrum at 4 MeV


WORLD COMPARISON

DC-IV-PRELIMINARY @ CERN

Double Chooz P
JHEP 1410, 086 (2014) C———i i

Preliminary I-()—l | . 2
(CERN seminar 2016) L B sin“ 260,53 = 0.119 £ 0.016
sin%(2013)=(0.119%0.016) T [ADYBIDC) ~220° (- +45%

Daya B Pl
PR:);?S,I::zﬂZ (2015) | sin? 26,3 = 0.084 + 0.005

RENO
PRL 116 211801(2016) sin2 2913 _ 0086 i 0008

L
PRD 91, 072010 (2015) i1 i Arbitrary .
Amg, >0 S o e S

Amiy <0 e

NOvA

Preliminary (private communication) : i
Ami,>0 k -

Am2, <0 e

NPT EPEPEETITE H ST PR BT R
0 005 0.1 0.15 0.2 0.25
(Many thanks to NOVA: latest reference) sin’20),,

0,5 = 8.4° + 0.3°




Anti-Matter?
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CP-VIOLATION

Numerically relevant terms only

., AmZL
41s% |c2 -s2, «sm24—!‘:_3 043
AmiL . AmiL . AmAL
+8vc123-s1zs13323'(c12023312313323)-003 4;" -sin 4":_3 - sin 4; CP-even
+ CAmiZL . AmAiL . AmAL
_8'033'012023312313323S'n 4;-3 "sin 4; "Sin 45 CP-odd
AmZ,L

solare Skala

2 2 2 2 2 .2 .
+4 @ Cis " (Ci2C53 + 815823513 — 2€15C385S138,3 COSJ ) - sin

4E
AmiL . AmiLla-L :
4—53' sin 4E3 (1-2s%) Materie-Effekt (CP-odd)

Achim_

*8.c2 s s -cos



T wimagquiv.

CP-VIOLATION

- 1,000m
NEUTRINO BEAM

Am2.L Am?.L AmAL
+8-C2 - 8,,5,25,,  (C;»,C0a 1COS S| S,,8,,5,, ) COS—=2— - sin—L3— - gin —2
13 ~ 912913923 (=% 23 1213 23) AF 4F 4E CP-even
+g5..2 , AmEL . AmAL . AmAL
= 8-¢5, " C1,C281,5:.8,. F SINS | sSihn——=—"sin - sin
13~ L12023912°13923 AE AF S CP-odd
2 | .2 2 2 2.2 2 . Amsz
+ 41855 | Cj3 " (C1,C55 + S15823S13 — 2C;5C7351,8:38,3 COS S ) - sin AE solare Skala

Am§3L . Sin Am123L a- L

= e |2 [(1-25%) Materie-Effekt (CP-odd)

=8-Cy - Siy * S5, " COS

?;_ 0.008 [ §=-1/2 :
- & : -
o 0007 ; i
0006 [ CPodd : JHF =
E i equivalent i
0.005 [ : ! baseline -
F o CNGS E
0004 = : equivalent :_
F : baseline -
0.003 | :
0002 [- -
0.001 [ - -
0 E : = =TT T T 0 I £ EET A O O S 0 6 4‘00‘ ‘ o
0 5 100 150 200 250 300 350 400 450 500 )
L (km) L (km)




CP-VIOLATION

Plv, =>v,)=

Am2.L
4@(: .82, - sin? /3=
13 23 4E

2 AmZL . AmZL .

+3. .2 - AmEL . AmAL . AmAL
=0°Ci;'C,C5:5,,8.,8 sin * 8N - SIn
13 "~ ©12023912513923 m S S AE CP-odd

AmZL
4E

(1-2s%) Materie-Effekt (CP-odd)

solare Skala

2 .2 .2 .
+ 4@013 (012023 + 81,823513 — 2€4,C535;,5;35,3 COS S ) - sin

+ AmZL . AmZL
~8-c% 8% 82, - cos 4;3 +sin 4":_3




CP-VIOLATION: INDIRECT

AmAL
2 (n2 2 | o2 a2 o2 ; 12
+4 @ Cis " (C12C23 + S12523515 — 2€1,C5351,5135,3 C0S S )~ sin aE

. \ - lI‘:I;:rrma} - gg(‘k R ---- Normal - 68CL
Tl ~ —— Normal - N — Normal - 90CL
* Bestfit  ___. Inverted - 68CL * Bestfit .. Inverted - 68CL
— Inverted - 90CT. — Inverted - 90CL

_
Z
8
5
3
&
o

S¢p (Radians)

T2K (run 1-8) T2K + reactor exp.




T2

Run 1-7:
v: 7.48 x 10%° pot
v: 7.53 X 10%%pot
Run 8:
v:7.48 x 10%%pot
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Accumulated POT

25

20

15

10

Total Accumulated POT for Physics

. v-Mode Beam Power
% 10%° . V-Mode Beam Power
unl  Run2 Run3  Run4 Run5 Run6 Run7  Run§]
= —500
- ¥
m ] /1400
- O
- 36 / * —300
L #x 2 _P —~ i
- ¢ e : | . -2
- ft ‘T | _y—/ P 00
= pf NV g © =100
= r iy {18 B
2010 2012 2012 2013 2014 2016 2016 0
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Beam Power (kW)



T2K-RESULTS

T T 171 7T 1T T T T NEQ 0.003; I I I I 1
q L
= 90% credible interval 0.002}- -
= 68% credible interval 10 C
0.001—
- 2D posterior mode i
- o 0% C.I.
+ 4D posterior mode 0 S 68%C.IL
. i - 2D posterior mode 10*
10 —0.001 * 4D posterior mode
~0.002
107 nnml - -
Parameter Best-fit +1o
. . .(
No CP-violation Sop ~1.789 [-2.450; -0.880]
excluded” Sinz 013 0.0219 [0.0208; 0.0233]
sin? 03 0.534 [0.490 ; 0.580]

0
at 90% c.l. [-3.000; -2.952] x10~%eV?/c?

2 -3 2 4
Amzy 2539 X 1075eVE/eh Ty o4 9 664]x10-3eV2 /¢t
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NOVA-APPEARANCE

Events /0.5 GeV
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" Event: 232856 / -

CVN = .991
E=1.63GeV

UTC Mon Feb 15,2016

04:36:13.437062336

5800
z (cm)

T T T T |
[ 0.75 < CVN < 0.87
- NH
~6.05x10%° POT equiv.

T T T | T
0.87 <CVN <0.95

-4-FD Data
— Best Fit
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3 1 R 1 2
Reconstructed energy (GeV)

T T | T T
0.95<CVN <1

II|IIII‘\+_/III|III

i

|

| LA

>'<

>

1=
LT
(1 |1 | 4

L

"[1c [J20 [J30c e BestFit
—t

|




55

i
o
(@

7

- September 27th

Achim Stahl




MASS HIERARCHY AND CP

T2K
(295 km)

IAm>| = 2.4x107 eV?
sin’(26,,) = 1
sin’(26,,) = 0.09

0.03 0.04 0.05 006 0.07 0.08
P{vu—wej




MASS HIERARCHY AND CP

NOv A
(810 km)

IAm>| = 2.4x107 eV?
sin’(26,,) = 1
sin’(26,,) = 0.09

0.03 0.04 0.05 006 0.07 0.08
P{vu—wej




MASS HIERARCHY AND CP

DUNE
(1300 km)

IAm>| = 2.4x107 eV?
sin’(26,,) = 1
sin’(26,,) = 0.09

0.01 0.02 0.03 0.04 005 006 0.07 0.08
P{vu—wej




Impact of the Mass Hierarchy

CP Violation Majorana Neutrinos

—_ . 2 - Neutrino parameters: Forero et al. 1205.5254, 95%CL.
P(v,) vs. P(v,) for sin"(26,,) =1 0 , , ,

NOVA

|Am,2| = 2.32 107 eV?
sin’(26,,) = 0.095
sin?(26,;) = 1.00

qmaﬁ} [eV]
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5] o

ST Cnon

mlightest [e\!]




(W_Lv | 1|LPRV) Is there something on top of the Higgs
ism?
t ((1 — 7o), |1]( Mechanism?

= (T, (1 +y5)|(11 Do they have the same hierarchy as the
%

il other ferminons?
> (qjvl(l + VS)(]- [
> (‘ijlll(l + VS)LIJV>

chirality flipping
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.. —— COS Sin

~

al.  Ami;L  AmiL

_/

4 F 4 F 4E

Hierarchy of v, and v,
Determined from matter

effects in the sun.
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Long baseline Beams
e T2K (295 km) too short

e Nova(810km) 20
e LBNE/DUNE (1300 km)

excellent
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O
Method 2: 3-Fal =24

I " {ﬁ

normal hierarchy

Ams; hormal = AM34 inverted
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Vorführender
Präsentationsnotizen
Introduction of the physics concept; Factor of 30 between the two mass splittings! Error on Delta32 is 2/3 Delta21, but error on Delta31 is 3 times Delta21.


OSCILLATION PATTERN

far

cufeent experiments

i~

next generation

L/E (km/MeV)


Vorführender
Präsentationsnotizen
Sources and oscillation lengths


'OSCILLATION PATTERN

ow frequency

"Normal" hierarchy "Inverted" hierarchy

L
2 [E S
Am23
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Vorführender
Präsentationsnotizen
Sources and oscillation lengths


'OSCILLATION PATTERN

<
=)

-
P

------- Non oscillation
—— 0, oscillation

Normal hierarchy
Inverted hierarchy

-
oy

Arbitrary unit

typ. v-energy: 5 MeV

0.3 ;" different frequencies “",‘ good L: 50 ... 60 km
0‘2 e _ t“,
0.1 .

0
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Vorführender
Präsentationsnotizen
Sources and oscillation lengths


Matter-Effects:
1. atmospheric neutrinos

2. beam neutrinos

approval
status

®

PINGU
ORCA
INO

Nova
DUNE/LBNE

®
©
©
®

40
40

3-Flavour Interference:
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JUNO
RENOS50

©
®

3-4 o

72


Vorführender
Präsentationsnotizen
Approaches to mass hierarchy: Intereference (JUNO) / Matter effects: Beam or atmospheric


The JUNO Project
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itutions, 1/3 from Europe

+ AT EENESRGE
| 1k Efn|
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THE JUNO PRO
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JEC

Liquid Scintillator

Ultra-high purity
(BOREXINO technology)

20.000 t fiducial volume
acrylic sphere (#35.5 m)
2m water buffer
20.000 PMTs (20“)

embedded in a water
Cerenkov veto

Muon tracker on top



THE CHALLENGE

= - ¢ F
A - N Non oscillation 23000 —
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Photonstatistics Calibration
high lightyield Syt coures

(in all positions)
good transparency light pulsers

(in all positions)
PMT-coverage UV-laser

(in many positions)

PMT-DE
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cathode

e

e lost

hoto
detected eﬁectmn

photon lost
Detection efficiency = Typ. 27%
quantum efficiency Spec. > 24%

x collection efficiency
X area coverage
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Hamamatsu R12860 (20“PMT)
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hoto
detected e::ctmn

photon lost

1

Multi Channel Plate

+HV

Detection efficiency = Typ. 27%
guantum efficiency Spec. > 24%
x collection efficiency
X area coverage

Night Vision / China
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Multi Channel Plate :
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Detection efficiency = Typ. 27%
guantum efficiency Spec. > 24%

x collection efficiency
X area coverage

_ Night Vision / China
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6 years 6 years

L =52 km Ideal distribution
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Civil engineering: Completion July 2018
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Mass Hierarchy

v-oscillations with reactor neutrinos:

Mass hierarchy
Precision Measurements

F o,

- Rttt - - P e

Others

Super Nova

- Direct observation

- Diffuse Super Nova background
Solar Neutrinos

- Oscillation parameters

-  Metallicity

Atmospheric Neutrinos

- Oscillations

- Mass hierarchy ?

Geo Neutrinos

- Models of the earth’s interior
- Heat production 2 climate
Nucleon Decay

- le.p2Kv

Dark Matter

- XDV

Sterile Neutrinos

- Wi ith radioactive sources



L L x b Il v bl - » - e e R g

Physics of LS-bet o

el

| DETECTOR LAYOUT

| Cavern ———
height: 115 m, diameter, 50 m
shielding from cosmic rays: ~4,00¢

| reduction of
neLtron

Steel Cyl
height: 100
| 70kt of orgs
13 500 phot

| Buffer

| thickness: :

| non-scintillati ' i
shielding external radioactivity

Nylon Vessel ———— !
parting buffer liquid !
| from liquid scintillator

| Target Volume —
| height: 100 m, diameter. 26 m
| 50 ki of liguid scintillator

Ach gnishpdRsinR RARATRSE iR s 2Pk pressure and buoyancy forces




Supernova v Neutrino Rates |
~ 8k in 10s for 10kpc _ _;’_

Atmospheric v
several/day

-
-

-
S

Solar v
(10-1000)/day \

J00 m Cosmic muons
~ 250k/day

0.003 Hz/m?, 215 GeV
10% multiple-muon

———————

e 36 GW, 53 km Geo-neutrinos

reactor v, ™~ 60/day
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(b) Type Il Supernova

Helium, carbon Heavy elements

Hydrogen Hydrogen Hydrogen

1

4

Iron

core M

r

Remnant Shock
core e

Normal star fusion Massive star imploding Explosion

© 2011 Pearson Education, Inc.
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(b) Type Il Supernova

Helium, carbon Heavy elements

Hydrogen

Hydrogen \ Hydrogen
b /

Normal star fusion Massive star imploding Core rebound

Channel

Type

Events for different (£,,) values

12 MeV

14 MeV

16 MeV

Ue+p—e +n
V+p—V+Dp
V+e—1UV+e

v+ B2C v+ B2
v, + 12C 5 e~ + 12N
v.+ R2C = et + 2B

CC
NC
ES
NC
CC
CC

4.3 % 103
0.6 x 103
3.6 x 102
1.7 x 102
0.5 x 102
0.6 x 107

5.0 x 10°
1.2 x 103
3.6 x 102
3.2 x 102
0.9 x 102
1.1 x 107

5.7 x 10°
2.0 x 10?
3.6 x 10?
5.2 x 102
1.6 x 102
1.6 x 10°




15 20 25
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fluence weighted by cross section [MeV™']
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(+2]

—— DSNB: <E,>=15MeV

—— Super-Kamiokande
= sum of backgrounds

—— JUNO
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— reactor v,

—— CC atmospheric ¥,
—— NC atmospheric v
—— fast neutrons
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flux normalization [D,]
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d paramters; 10 kpc

Neutrinomasse = 1 eV

Neutrinomasse = 0 eV )
25 «10° . 25 x10”
° 0.4 > 0.4
= 3
® 0.35 2 0.35
o
T 20 @ 20
h 0.3 N 0.3
0.25 0.25
15 0.2 15 0.2
0.15 0.15
10 - 10 ’ -
0.05 | 0.05
5 5 0
004 002 0 002 004 006 008 01 012 004 002 0 002 004 006 008 0.1 012
Zeit [s] Zeit [s]
L] L] L] ~
e Sensitivity ~ 1 eV
* Independent of distance
96

Achim Stahl - September 27th, 2017



Achim Stahl - September 27th, 2017 97



CRRECIUSIONS

S is a very active field
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. )
RDA with
strong German

2K running with

= lceCube: cosmic V.
dNti=NEUtrines . constribution’ and more
Waiting 1or first Japan:
\JJVJJ 5 SE:Jr'ted ) Jr.) 1om "r\frill\J H\/pf—’r}(?

US'longe baseline

lViany activities on
dPPreaching approval

sterile v: SOX, Solio; ...

ENIA: ¢ 1
Will PINGU/ORCA LENA: not
comer forgotten!
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Conelusie)

rino Physics is a very active field
e Oscillation parameters reaching % region
e The precision on 645 is still improving
e Mass hierarchy is the next step

e JUNO has been approved.
Construction started Jan. 2015
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NuFIT 3.0 (2016)

Normal Ordering (best fit)

Inverted Ordering (Ax? = 0.83)

Any Ordering

bfp 1o

30 range

bfp 1o

30 range

30 range

0.3065012
33.5670 1%
0.441%3 057

416715

0.0216610 0002

8.4670 12

51

261724
0.19
7-50i0-17

0.039

0.271 — 0.345
31.38 — 35.99

0.385 — 0.635
38.4 — 52.8

0.01934 — 0.02392
7.99 — 8.90

0 — 360

7.03 — 8.09

+2.407 — +2.643

0.30675513

33.56%0 75

0.58770 034

50.071 ]
0.0217975-9007¢
8491015
27740

0.19
7'50_—|_0.17

0.038
—2.5147 o

0.271 — 0.345
31.38 — 35.99

0.393 — 0.640
38.8 = 53.1

0.01953 — 0.02408
8.03 — 8.93

145 — 391

7.03 — 8.09

—2.635 —» —2.399

0.271 — 0.345
31.38 — 35.99

0.385 — 0.638
38.4 — 53.0

0.01934 — 0.02397
7.99 — 8.91

0 — 360

7.03 — 8.09

+2.407 — +2.643
—2.629 — —2.405




NuFIT 3.0 (2016)

0.800 — 0.844 0.515 — 0.581 0.139 — 0.155
Ulse = | 0.229 — 0.516 0.438 — 0.699 0.614 — 0.790
0.249 — 0.528 0.462 — 0.715 0.595 — 0.776

PDG 2017

0.974347000015  0.22506 4 0.00050 0.00357 = 0.00015

Vekm = | 0.22492 +0.00050  0.97351 +0.00013  0.0411 + 0.0013
0.008751 0 000as  0.0403 +0.0013  0.99915 - 0.00005
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