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\uintheSM |

The SM is a gauge theory based on the symmetry group
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\The New Minimal Standard Model |

e Minimal Extensions to give Mass to the Neutrino:

x Introducerrp AND imposeL conservatior= Diracv # v°.
L=Lgy — M,vrvg + h.c.

« NOT imposeL conservation= Majoranav = v°
L=Lspn — %Myﬁyg + h.c.
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\The New Minimal Standard Model |

e Minimal Extensions to give Mass to the Neutrino:

x Introducerrp AND imposeL conservatior= Diracv # v°.
L=Lgy — M,vrvg + h.c.

x NOT imposeL conservation= Majoranaz/ = xv°
L=Lspn — MVLVL—i—hC

e The charged current interactions of leptons are not didgeame as quarks)

—W+Z iyt Lvd + U Uiy LD?) + hc.
e In general forV = 3 + m massive neutrino8 ;, zp IS 3 x N matrix

ULEPUzEpzlgxg but in general UzEPULEP;AINxN

e Urpp: 3(N — 2) anglest 2N — 5 Dirac phases +#V — 1 Majoranaphases
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e If neutrinos have mass, a weak eigenstate) produced in, + N —v, + N’
IS a linear combination of the mass eigenstates): |v,)= ZUM 2
1=1

e After a distancel it can be detected with flavour with probability

Pop = 6ap —4) ReUx;UpiUq;Up;]sin® (%) +2) IM[US,UpiUa;Usjlsin (Aij)
JFi e
Ay _ (B—E)L _ 4 27(m?—m§) L/E
2 2 - eV: Km/GeV
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e If neutrinos have mass, a weak eigenstate) produced in, + N —v, + N’
IS a linear combination of the mass eigenstates): |v,)= ZUM 2
1=1

e After a distancel it can be detected with flavour with probability

Pop = 6ap —4) ReUx;UpiUq;Up;]sin® (%) +2) IM[US,UpiUa;Usjlsin (Aij)
JF#1 JF#1

Ay (Bi—B)L _ (mi—m?) L/E
2 2 = 1.27 eV: Km/GeV

No information onv mass scale nor Majorana versus Dirac

P..=1—P,.. Disappear

P,..= sin2(26’) sin? (1.27A%2L) Appear

e For 2v:
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‘u Oscillations: Experimental Probesl

e Generically there are two types of experimets to search fugcillations :

Disappearance Experiment Appearance Experiment
v source v d(letector vadlel:tector v, source v. detector
_ 1. _ _ b Searches for
- — Bdiffo
L= % Pa ) L ~
- |_ -

Il
Compares ®_, and ®,, to look for loss

e To detectoscillationswe can studyhe neutrino flavour
as function of thdistanceto the source As function of the neutrin&nergy

PSUI’V
PSUI’V

4w E/Am? -~

AV,

L(distancia)

POSC
sin?29
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. sin?29

NE=2 x Am? x L/~
E(energy)
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\ Matter Effects |

e If » crossmatterregions (Sun, Earth...) it interact®herently

v v v e

— ButDifferent flavours
havedifferent interactions

€ v
e, N Ve, Vp, Vr e, N only ve

— To include this effectpotential in the evolution equatiofe # V),
=- Modification of mixing angle and oscillation wavelength

e The mixing angle in matter

Am? sin(26)

il ) = vV (Am? cos(20) — A)? 4 (Am? sin(20))? A=2E(Va—Vp)

— WhenAm? cos(20) ~ A = Enhancement of Oscillation (MSW Effect)
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e By 2013 we have observed with high (or good) precision:

* Solarv, convert tov, /v, (Cl, Ga,SK, SNO, Borexing

x Reactolv, disappear aL ~ 200 Km (KamLAND )

+ Atmosphericv,, & v, disappear most likely to. (SK,MINOS)

+ Acceleratorv,, & v, disappear al. ~ 250[700] Km (K2K,T2K, [MINOS])

+ Some accel,, appear ag. at L ~ 250[700] Km (T2K (NEW 2013), [MINOS])
x Reactorr, disappear al. ~ 1 Km (D-Chooz,Daya-Bay, Reng (NEW 2012)
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e By 2013 we have observed with high (or good) precision:

* Solarv, convert tov, /v, (Cl, Ga,SK, SNO, Borexing

x Reactolv, disappear aL ~ 200 Km (KamLAND )

+ Atmosphericv,, & v, disappear most likely to. (SK,MINOS)

+ Acceleratorv,, & v, disappear al. ~ 250[700] Km (K2K,T2K, [MINOS])

+ Some accel,, appear ag. at L ~ 250[700] Km (T2K (NEW 2013), [MINOS])
x Reactorr, disappear al. ~ 1 Km (D-Chooz,Daya-Bay, Reng (NEW 2012)

All this implies that neutrinos are massive
and There is Physics Beyond SM

e Theimportantguestion:
What is the BSM theory?

e Thedifficult path:
Detailed determination of the new low energy parametarati
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e Forfor 3v's : 3 Mixing anglest 1 Dirac Phase 2 Majorana Phases

1 0O O C13 0 31367;501O ca1 S12 0 e 0 0
ULgp = | 0 ca23 sa3 0 1 0 —S12 ¢c12 O 0 e'2 0
0 —s23 c23 —Slge_i(ng 0 C13 0O 01 0 0 1
NORMAL INVERTED g
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ms; 8 2 NE
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e Two Possible Orderings
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A msolar
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e Forfor 3v's : 3 Mixing anglest 1 Dirac Phase 2 Majorana Phases

1 0 0 C13 0 31367;501O C21 S12 0
ULgp = | 0 ca23 sa3 0 1 0 —s12 c12 0
0 —s923 c23 —Slge_i(ng 0 C13 0O 01
NORMAL

Mms &

£

o~ ©

=

<

e Two Possible Orderings

2
A msolar

Experiment Dominant Dependence Important Dependence
SolarExperiments — 019 Am3, , 013

Reactor LBL(KamLAND) — Am3, 015 , 013

Reactor MBL(Daya-Bay, Reno, D-Chooz) — 0,5 Am?2,
AtmosphericExperiments — a3 Am?2, ., 013 0cp
Accelerator LBLv,, Disapp(Minos) — Am?Z 03

Accelerator LBLv, App (Minos,T2K) — 013 Ocp » 023
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Neutrinos: Theory Concha Gonzalez-Garcia

‘3 v Analysis: “12” Sector I

e Am2; > E/L = P3 = ¢t Py, + 51,

2 — ] 2
7}% Ve _ Agl c?s 2015 sin 2649 + \/2GN, ci3 0 Ve
Vg, S111 2612 COS 2(912 0 0 Vg

e Forfi5 =0
L e L B B B B B
1o W5=0 =
gk E
sk
7
6
5E
s
37 7
°F ‘90’\9‘5"9‘9\’?0‘ | | E

—

b2 024 028 032 036 0.4

0.3 From Solar
0.325 From KLAND

Siﬂ2 (912 =
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‘3 v Analysis: “12” Sector I

e Am2; > E/L = P3 = ¢t Py, + 51,

2 — ] 2
7}% Ve _ Agl c?s 2015 sin 2649 + \/2GN, ci3 0 Ve
Vg, S111 2612 COS 2(912 0 0 Vg

e Forf,5 =0 e \Whend;; increases

( Solar High E : cjlg sin? 2015
P.. ~ { SolarLow E : ¢}z (1 — sin? 2912/2)

2
4 L ain2 .. 2 Am5, L
Kam : cj3 (1 sin“ 2045 sin —

1M —

L AL L L L L L L
10 - 15=0 =

©
[T
\

= KamLAND region shifts left
=- Solar slight shifts right (due to High E)

N LR N
\

- 90,95,99,30 E

b2 024 028 032 036 0.4

—

.5 0.3 From Solar
S111 (912 =
0.325 From KLAND
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‘ 3 v Analysis: “12” Sector and 63 |

e Am2, > E/L= P3 = ¢t,Py, + st,

_ ' 2
i% Ve _ A&%l C(.)S 2015 sin 264- + /3G N, ci3 O Ve
Vg sin 2012 cos 2645 0O O Vg,

e Forf,3 ~ 9° e \Whend;; increases

1 e ( Solar High E : i3 sin® 261
o D=9 E P.. ~ { SolarLow E : ¢]3 (1—sin2 26012/2)

: .2 Am2, L
Kam : ¢35 (1 — sin? 261 sin? ¢)

©
1

\ 4E

= KamLAND region shifts left
= Solar slight shifts right (due to High E)

N LR N
\

- 90,95,99,30 E

b2 024 028 032 036 04

—
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‘ 3 v Analysis: “12” Sector and 63 |

e Am2, > E/L= P3 = ¢t,Py, + st,

_ ' 2
i% Ve _ ATEgl C(.)S 2015 sin 264- + /3G N, ci3 O Ve
Vg sin 2012 cos 2645 0O O Vg,

e Forf,3 ~ 9° e \Whend;; increases

[ Solar High E : ¢35 sin® 2615
P.. ~ { SolarLow E : ¢]3 (1 — sin” 2912/2)

: .2 Am3,L
Kam : ci3 (1 — sin® 2015 sin? 4—1%1)

1M —

,“‘\“o“““““““:
10 - B5=9 =

©
1

= KamLAND region shifts left
= Solar slight shifts right (due to High E)

N LR N
\

- 90,95,99,30 E

b2 024 028 032 036 0.4

—

= Good match of best fit; 5
= Residual tension ofhm?3,
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~ 10

9
8
4
6
5
4
3
2
1
0

Concha Gonzalez-Garcia

‘3 v Analysis: “12” Sector Ams3, I

e Residual tension o3, between Solar and KamLAND

¥,, Marginalized 19,;=9°

G\gé\g\\‘\\\\é\\\\‘\\\\‘\\
— AGSS09 :

N

\
\\\‘\\\\‘\\\‘\\\\‘\\\\7 [}

7T
»

5

6

7 8 9 10 °

Am?,, /1072 eV Y

e Tension related to smaller-than-expected
low-E turn up from MSW at best global fit

0.7 | 7
L e  Super-K ]
- i SNO
C . ¢ Borexino (pep)

0.6 - Borexino ('Be) Borexino (B) .

S -
oo \‘NK\ |
04f 1
| \\F 1
—

0.3 |- | — Best fit (SOLAR only)
T | — Bestfit (SOLAR + KamLAND)

0.2_—...|..|...|. | |
0.2 0.304 0.6

L L PRI NI T B!
1 14 2 3 4 6 10
E

\Y

1 I 1 1 1 I 'I-‘

11
l—\Ill'ﬁ*_ll

4



3 v Analysis: “12” Sector and the Solar Fluxe

— Newer determination of abundance of heavy- Two sets of SSM:
elements |n Solar Surface glve Iower Values Starting from BahcalétaIOS, Serenelletal0909.2668

— Solar Models with these lower metalicites ~ GS98uses older metalicities
fail in reproducing helioseismology data AGSXX uses newer metalicities
e A Flux GS98 AGSS09

L AGsso9  —— CI‘]’]_2 S_l
L AGSS09ph -

0.010~ AGS05

pp/1010 5.97(1 £0.006) 6.03(1 4 0.005)

L — ] pep/108  1.41(1+0.011)  1.44(1 4 0.010)
T N SR S hep/0? 7.91140.15)  8.18(1+0.15)
I B N "Be/10° 508(1+0.06)  4.64(1 & 0.06)
R L 8B/10° 5.88(1+0.11)  4.85(1+0.12)
o e =] I3N/10S 2.82(1+£0.14) 20711014
ot 150M0S  200017016)  1.47(1+018)
Sl ] 7F10'6 56517010y 3.48(1F5 1T

R/R_



3 v Analysis: “12” Sector and the Solar Fluxe

— Two sets of SSM:
GS98uses older metalicities
AGSXX uses newer metalicities



3 v Analysis: “12” Sector and the Solar Fluxe

— Two sets of SSM: Impact in Parameter Determination
GS98uses older metalicities
AGSXX uses newer metalicities 9 Solar+KamLAND
I S L L B L
+ What is the effect on the determination 55 EJnIIeSSA%zsog e
of oscillation parameters? o E
Very small s E
i
6.5 ; —

90,95,99,30

o6 058 03 03 034 036
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3 v Analysis: “12” Sector and the Solar Fluxe

— Two sets of SSM:
GS98uses older metalicities
AGSXX uses newer metalicities

+x What is the effect on the determination
of oscillation parameters?
Very small

+x Which SSM does the solar data favour?
Both model statistically equally prob

3v oscillation fit with solar fluxes free:
(within luminosity constraint)

Comparison with Models

_O 90 ETTTTTTrTT ‘ \\\\\\\\\ E 10 E\ TTT ‘ TTTT ‘ TTTT ‘ T ‘F‘i{‘ TT \E
867 5 g f N ] s E -...0808 -
Ro NS o = 2O B A e AGSS09T
= PP = :f7Be - =
45 — S - =
225 ¢ FACEER N - =
O ; Lle\l\ L'r\ \‘ ‘\sLLL \E O g\ L1l " f.‘ | \‘\‘L[‘PLL \H\;

0.95 1 105 0.5 0.7 0.9 1.1 1.3 1.5
_Q 50 ;\ T ‘ \\\\\\\\\\\\\ 4 ET E:\ T ‘ T 1T ‘ \\\\\\\\\
8 40 ;fpep = 32 ; f1:’aN =
O 50 2.4 0t =
20 ; 1.6 ? E

g S
10 = 0.8 it 3
O g\ O E';I \\\\\\\\

0.9 0 1.5 3 45 6
_Q 4 g\ \:':\ ‘f T ‘ T 1T T \g 15 :\ 1T T ‘ T T T
O 32- 1 Tso = 120 =
Qo4 =i = 9c =
165141 s 3
0.8 |1 e Ve =
O ; 2l 1M LML ‘ L1l = O :J.J’\'\ ﬁ‘\'\ \“‘ ) L:i“\-\ \J.J:
o 1 2 3 4 0.6 0.8 1 1.2 1.4

MCG-G,Maltoni,Salvado JHEP 2010
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‘3 v Analysis: “23"” Sector ATM and LBL v, Disapp I

e Dominant Oscillations,, — v U R I I

9 . : 4[813=0.8m;, =0 Atmospheric
+*Am3, IS best determined -
by Minos-DISv,, — v,, data i
* O3 best determined bgK 3 aC
. . . % - Minos-DIS

* Minos-DISslight favour non-maximatzs = F
Ngm 2.55—
2F

15 ;—[30]

O75H||08 (|)85I 0.9 0.95 1
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Concha Gonzalez-Garcia

‘3 v Analysis: “23"” Sector ATM and LBL v, Disapp I

e Dominant Oscillations/,, — v;:
x*Am3, is best determined
by Minos-DISv,, — v,, data
x fo3 best determined b$K
+x Minos-DISslight favour non-maximass

e FOrds; 7£ 0

x*ATM sensitivity tooctantfos & sign Am3,

N¢

+(7 853 — 1) Pay, (Am3q, 013) [013 term]

—27 813823C23 RG(AZeAue)

7= 39 /B0 ~ 2(subG), 2.6-4.6(multiG)

[0cp term)]

1.2

11f

0.9

1.2

Ne 1~ (77(3%3 — ]-)PQV(Am%l?@lZ) [Am%l term] 1]

L

11f

Normal hierarchy

Inverted hierarchy

“BlABD-aNs 8-31S "IN89-GNS 8-3S

A3D-NjNW 3-3S
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‘3 v Analysis: “23"” Sector ATM and LBL v, Disapp I

e Dominant Oscillations:

x*Am3, is best determined o torNormal ___ $5=9" Inverted
. X ——T2K DIS :
by Minos-DISv,, — v, data Te ||\ a1 E
* O3 best determined b§K 6 1 -
+ Minos-DIS slight favour non-maximafss 43 1k ;
e FOrds; 7£ 0 o8
+ATM sensitivity tooctantfos & sign Am2, S
N — 1 (Fc3s — 1) Po(Am3y, 612)  [Am3; term]
‘|‘(77 3%3 — 1)P21/(Am§1, 913) [913 term] 27

—27 s13823c23Re(Az. Aue)  [dcp term] 22

x In our analysiexcess of sub-GeV e
= slight preference fof;3 < 45° in ATM
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‘3 v Analysis: 6,3 from Reactors and Flux anomaly I

e Recently the reactar, fluxes have been recalculated
T.A. Mueller et al.,[arXiv:1101.2663]P. Huber, [arXiv:1106.0687].

e Both reevaluations find higher fluxes by ab8ut %
1.3

1-23_<r o :% % %ﬂ a1 F .
8T rgs & S
_ _ 2 11f &3 S A A ]
e Sonegativereactor experimentsg | = R L
at short baselines (RSBL) inde®d'f £ ;:_3::::i:;;i'i"?-":'ffff;ifffiﬁ? z
observed a deficit g 0o B J} E R
0.8 [e old 4 F -
- ® new -
0.7C .

e If due to oscillationsAm? ~ eV? = steriler’s (more soon)
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‘3 v Analysis: 6,3 from Reactors and Flux anomaly I

e Recently the reactar, fluxes have been recalculated
T.A. Mueller et al.,[arXiv:1101.2663]P. Huber, [arXiv:1106.0687].

e Both reevaluations find higher fluxes by ab8ut %
1.3

1-23_<r o :% % %ﬂ a1 F .

8 rgs & R

_ _ 2 11f &3 é ~— f'AT“ 4 F

e Sonegativereactor experimentsg | = R

at short baselines (RSBL) inde®d’F = ;:_E____i:;;}fi’i’i’fiﬁfﬁﬁfﬁ‘z :

observed a deficit g 09r B J} E =N
08 [ o old -1 =

- e nNew
0.7-

e For 3v analysis a consistent approadh$chwetz et. al. [arXiv:1103.0734]
— Fit oscillation parameters and reactor fluxes simultasigou
— Use theoretical calculation and/or RSBL data as priors
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‘3 v Analysis: 6,3 from Reactors and Flux anomaly I

e Experiments without near detector

NS0T T T Chodz 4PV (Habkr) A | 1 Doya'Bay E
<5 +RSBL (fl(ux free 11l 1 Reno E (CHOOZ, Palo-Verdd®-CHOO2
e D—Chooz (Hub Jr ] . .
20 +RSBL (flux ffee) | - . sensitive to the flux assumptions

15 e DAYA-BAY andRENO
Near-Far comparison

= results flux independent

10 N

e TWo extreme priors :
a) Use fluxes fronHuber 1106.0687
without RSBL data
sin” 013 = 0.02370 0054
b) Leave flux free and include RSBL
sin® 13 = 0.0227 9 0059

Uncertainty atv 0.5-1 level
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3 evZ)

Am?5, (10

‘3 v Analysis: Reactor Data andAms3, I

CHOOZ + PALO VERDE
+ DOUBLE CHOOZ + RSBL

e Due to different baselines
the combination of reactors
provides independent determination
of the largest mass splitting

DAYA BAY RATE

e Improved with Daya-Bay spectrum
DAYA BAY RAT+SPEC

3o regions 2dof
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3 v Analysis: LBL vs REACT and 653 and Ordering

& 3F T B
[ In LBL APP V,LL — Ve © 2{ \ T2K preliminary 5
3 ) E
2 ) A31 2 2 BE L 1_ /l/ E
~ A12 A31 . VEL . B~ L A31L -F Normal Hierarchy
=l —ol L= =0l g |Am2,,|=2.4x10% eV? ]
+J Ve Br sin 5 sin i2 COS 5— & dop o lal 200"
. 35 Lo e 2
- s T T2K preliminary. |
Bj: fry A31 :I: VE J = 613 sin2 29138i1’12 2023sin2 2912 © 2} \\\ prefminary ,:
) ) :
e / -
- 2 - - 2 o 2 :_ : GK%C.L._E
SO sin 2(9App = 25sin (923 S11 2(913 05 / ol
-1F [ Inverted Hierarchy
2 | lAm?,[=2.4x10% eV2 ]
» \ \ sin?20,,=1.0
N R Y R—Y"
sin®20,,
Am?> 0
— MINOS Best Fit 0, < 4]
= BN | - MINOS Best Fit 6, > /4 |
& IN68%CL. 6y <md  —
© B 90% C.L. 6, <7/4 ]
AM? <0
MINOS
= 10.6x10”° POT v-mode |
e 3.3x10%° POT ¥-mode ]|

0.1 0.2 0.3 0.4
2sin’(26,,)sin’e,,
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‘3 v Analysis: LBL vs REACT and 653 and Ordering I

e INLBLAPPv, — 1,

2
O o2 i 2 Aszq .2 (B L
Pe ~ 554 5in” 2013 (B]F ) sin 5

7 A12 A31 g (VELY gin (BxL Az L
+J Ve B sin | —5 sin 5 COS 5= T ocp
Bj: = A31 + VE J = c13 sin2 29138in2 2923Sin2 2912

So SiIl2 20 pp = 2 SiIl2 023 Sin2 2013

e In ReactorP.. ~ sin? 26,3 sin? (%)

So Sin2 20REAC = Sin2 2013

e INLBL DIS P, ~ 1 — sin? 20 sin? (%)

S0 sin? Opig = cos? f13 sin? Oog # %
= two possible octacts fdt3

1V

sin® 20rpac < sin? 20app = o3 favoured

—
IN
NERNE

sin® 20rpac > sin? 20app = o3 favoured

CP

6CP

3 (n)

5 ()

37 T T T T T |
F \ T2K preliminary 5
2 ) E
1 / ]
r /'/ ]
oF / —ower
r —Bestfit
’1;_ Normal Hierarchy k|
b |Am?2,,|=2.4x10° eV?2 ]
F sin?20,;=1.0
-3t P B
e
3 \TZK preliminary.
2 \\) =
1 // —
/ / 1
oo /) e
/ 7] — Bestfit ]
< [ Inverted Hierarchy ]
2 | lAm?,[=2.4x10% eV2 ]
\ \ sin’20,3;=1.0
-3 X ; | i i | i =
0 0.2 04 0.6

sin®20,,

Am?>0

— MINOS Best Fit 0,, < /4]
..... MINOS Best Fit 6,, > /4]
EN68%CL O, <w4 |
[ 90% C.L. 6,, <m/4 ]

AmM?<0

MINOS 1
10.6x10*° POT v-mode
3.3x10%° POT ¥-mode ]|

0.1 0.2 0.3 0.4
2sin’(26,,)sin’e,,
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‘3 v Analysis: LBL vs REACT and 6,3 and Ordering I

o INLBL APPv,, — v LBL—DIS + LBL—APP + REACT
l1/ e N 10 [ ‘ \'I\ T ‘ T 1 ‘ T 7 ‘ T T, T \7
, é]< NO' | PUbeIR: 5
B Vo ree h ]
Pe =~ 333 sin? 2013 (AB—?]’;) sin? % 8- -
7T A A . VL . B+ L Aaq L i ]
+J V—1EQ B—i’; sin (%) sin (%) COS (% :|:5(;p) 5 ]
Bj: = A31 + VE j = c13 sin2 29138in2 2923Sin2 2912 4 E
So  sin®20app = 2sin” a3 sin” 263 o |
A L O :\ L1 ‘ || ‘ L1 1 ‘ | \‘\\-’I\ [ ‘ L1 \:
e INn Reactorp.. ~ sin? 2643 sin? (%) ~><1O o * CUUHUber T
. 9 . 9 < S Free+RPBL -
SO0 sin“ 20grgac = sin” 26043 8 - : -
6 -
e InLBL DIS P, ~ 1 — sin? 20p;g sin? (%) : :
4 -
S0 sin? fpig = cos? A3 sin? fog # 0 , - E
= two possible octacts fdi3 i ]

o=
oL
or
L
o
NI
o
618
o5
(0]
Q
~l
(@]
0

At present with new T2K data

.2
sin” 26 ~ 0.09
HBAC = o3> 7 favoured

. 2
S1n 29APP—T2K ~ 0.1
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‘3 v. Global Status of 63 and Ordering I

e (53 determination in global analysis:

— Maximal 8,3 = 45 Disfavoured aflL..4 o level
Now mostly driven by MINOS/,, DIS

—NO: 6535 < 45 Favoured afL.6—2¢ level

Driven by SK I-IV ATM Sub-GeVv, excess
Also in MINOS-APP+REACT

—0O: 053 > 45 Favoured afL.4-1.60 level
Driven by T2K-APP+REACT

e sign(Am?,

) determination in global analysis:

— No significant difference Normal versus Inverted
1O favoured at 0-1 level

15

Concha Gonzalez-Garcia

NUFIT 1.2 (prelim)

10

N

AX

Olllllll

0.3

I|III|IIII|IIII|III|I
—-- NO (Huber)

—— NO (Free+RSHL)
-- 10 (Huber)

|
|
|
|
|
\
\
\
\

~
IIII|IIII|IIII

\ ~
Nl R

0.4 0.5
. 2
sin 923
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‘BV Analysis: Leptonic CP violation I

e Driven by the LBL-APP vs REACP; 3

with slight influence of ATM

NUFIT 1.2 (prelim)

15_|||||||||||||||||||||||
- --—-- NO (Huber)
—— NO (Free + RSBL)
10 = ---- 10 (Huber)

—— 10 (Free + RSBL)

~ i
>~
q -
5_
/,
/ N\
0|||||||||||||| AL
0 90 180 270 360

6CP

e FOorlO Best) ~ 270°
e FOrNO Best) ~ 300°

(5cp = 270 = sin? O is smallest)

e Projection over leptonic Jarkskog param

J = sinjo cOS19 Singg COSo3 SIN{3 (308%3 sin 0 p

15

NUFIT 1.2 (prelim)

|
-0.04 -0.02 0 0.02 0.04

Talks by H. Minakata, P. Coloma



Neutrin| Flavour Parameters: Present Statuslo (30): Iez-Garcia

Amd, = 7.45 £0.18 (1989) x 1075 eV? 6y, = 33.5°70% (£29)

(N) 41. 80+1 850 (J—rzll.zééo)
(I) 50. 20+2 5o (ﬁ‘féo)
Am[(1) = 2425087 (£512) x 1072 eV? 0hg = 870G (H10)

(N) 315°+36° E%igog

(1) 270°3%. (+99.

Am3 (N) = 2427080 (F938) x 1073 eV? Oz —

CP—

0.799 — 0.844 0.515 — 0.581 0.129 — 0.173
UlLep(se) = | 0.212 — 0.527 0.426 — 0.707 0.598 — 0.805
0.233 — 0.538 0.450 — 0.722 0.573 — 0.787



Neutrin| Flavour Parameters: Present Statuslo (30): Iez-Garcia

Amd, = 7.45 £0.18 (1989) x 1075 eV? 6y, = 33.5°70% (£29)

(N) 41. 80+1 850 (J_rfé§0)
(I) 50. 20+2 50 (ﬁég.;o)
[Am3,|(1) = 2427507 (Foig) x 1072 eV? 013 = 8.7°755¢ (ﬂ"go)

(N) 315+, E%i’zog

(1) 270°3%. (+99.

Am3 (N) = 2427080 (F938) x 1073 eV? Oz —

CP—

0.799 — 0.844 0.515 — 0.581 0.129 — 0.173
UlLep(se) = | 0.212 — 0.527 0.426 — 0.707 0.598 — 0.805
0.233 — 0.538 0.450 — 0.722 0.573 — 0.787

e Good progress but still precision very far from:

0.97427 4 0.00015  0.22534 £ 0.0065 (3.51 +0.15) x 1073
V]ckm = [ 0.2252 4 0.00065 0.97344 £ 0.00016  (41.27:1) x 1072
(8.67T537) x 1073 (40.4151) x 1073 0.99914610 050034
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‘Lepton Mixing Unitarity I

e Previous results assunmg xp to beunitary
o If vz, mixed withm extra state$/;,zp = (K 3x3, Kn.3xm) Schechter, Valle (1980)

o If m states are heavyl{ >> E,) oscillations measurf;, 5.3 (not unitary)
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‘Lepton Mixing Unitarity I

e Previous results assunmg xp to beunitary

o If vz, mixed withm extra state$/;,zp = (K 3x3, Kn.3xm) Schechter, Valle (1980)
o If m states are heavyl{ >> E,) oscillations measurf;, 5.3 (not unitary)

_ S Flavour Changing Neutral Currents
e But thisunitarity violation=- f|ayour Violation in Charged Lepton Processes

Universality Violation of Charge Current . ..

e Constraints on these processes limit leptonic unitarityagion to

0.994 +0.005 <7.0x107° < 1.6x 1072
KK|=| <7.0x1075 0.995+£0.005 < 1.0x 1072

<16x1072 <1.0x1072 0.995-+0.005
Antuschet alhep-ph/0607029

or equivalentlyK; ~ (I +¢)U(0;;,0,n;) with |e,;| < few x 107 while K}, ~ O(e)
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\Neutrino Mass Scale |

Single3 decay : Dirac or Majoranar mass modify spectrum endpoint

K(T)

2 _ 277 12 2 2 .2, 2 .2 2, 2 2
my, = E :mj‘U€J| = C13C12M7 + C3572M5 + S13MN3

v-less Doubles decay: & Majoranar’s sensitive to Majorana phases

p If m,, only source oAL (TP,) ™" o (1)
\I—»— al (liee = |ZUe2jmj‘

2

_ 1.2 2 i 2 ino 2 —iécp‘
[ . - = ‘6136127711 et + c{3879mo €"'* 4+ sigm3 e

p
COSMO Neutrino massDirac or Majorang
modify the growth of structures > m;




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

= Correlated ranges fon,,_, m.. and> _m,,
(Fogli et al(04))

Maltoni, Schwetz,Salvado, MCG(05%)

—11 "I'Xe 90% CL

s
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|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

= Correlated ranges fon,,_, m.. and> _m,,
(Fogli et al(04))

Maltoni, Schwetz,Salvado, MCG®5%)

> [ 7 77T~ |Width due to range In oscillatign
e | parameters very narrow
¢10 . - L
c High precision determination of
= m,, and ) m,; can give informat
i tion on ordering Talk by A. Quiroga
10_37 | ‘ |
-~ ! ‘ ! E
D /e 90% cL Ge Claim T
— 1 TxeoozcL RIS
c SS o | Wide band due to unknown
o2 = — Majorana phases
_37




|Neutrino Mass Scale: The Cosmo-Lab Connection i

Global oscillation analysis

Analysis of Cosmological data

= Correlated ranges fon,,_, m.. and> _m,, _
ph/040804p Bound on) | m, changes with:

cosmo parameters fir analysis

Maltoni, Schwetz,Salvado, MCG(05%)

(Fogli et alhep-

N

. NCDM+m, PLtLens+WRRNIghL+BAO
L ONCDMm, PL+Lens WP Xighl +BAO

cosmo observables considered

Observables

Ym,, (V) 95%

Planck-lowL+rprior
Planck+WP+highL(4)
Planck+Lens+WP+highL(A)
Planck+WP+highL
Planck+WP+highL
Planck+Lens+WP+highL+BAQ
Planck+Lens+WP+highL+BAC

<131
< 1.08
< 0.85
< 0.66
< 0.98
<0.25
< 0.36

3// Model
PR ACDM + m,,
;f‘ gjjg ‘;l E ACDM + m,,
SR E R ACDM + m,,
= ACDM + m,
E EE E oACDM + m,,
§ g3 5 | ACDM + m,,
i E LS oACDM + m,,

x\/’é\;f) ==
/.
£
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‘ nght Ster”e Neutnnos I Concha Gonzalez-Garcia

e SeveralObservationsvhich can be Interpreted @scillations withAm? ~ eV?

Reactor Anomaly
New reactor flux calculation
= Deficit in data atL. <100 m

1.3r < . .
b > g ] ]
120 2 8 T 4t ]
i N o B ]
T fpeg 2 2 & Jippis
2 [ o @ = 18 & 8 8 7
S11f3 2 .y /- ]
N st I ﬁ
Y S B S | I f T T B
R e 5 50 i e ]
N S T T A R S i | R E
2009 I
© r I ] ]
0.8; e old = q F 4
C e new,| 1 ] ]
0.7t

T T T TTTT
rates +
Bugey3
10 = spectr. 4
R
>
2,
“s
5 SBL react

rates only 3

90, 95, 99% CL (2 dof)
1111 | 1 1 1 | I |
0.1 1

.2
sin 2614

Kopp etal, ArXiv 1303.3011

Gallium Anomaly

LSND, MiniBoone

Acero, Giunti, Laveder, 0711.4222
Giunti, Laveder,1006.3244

Radioactive Sources{Cr, 37Ar)

in callibration of Ga Solar Exp;
ve + "1Ga— "1Ge + e~

Give a rate lower than expected

‘;:..

101 L

SBL reactors

l
!

100 L

!

LBL react

.
.
~

=

Am  [eV?]

107!

95% CL
1073

102
|Ue4|2

Kopp etal, ArXiv 1303.3011
Talk by M. Guzzo

%102 ETTT
4 F

107

10~2 L1

10k

F |l| LSND 90% CL

- |:| LSND 99% CL

— 90% CL
— 95% CL
— 99% CL
— 30
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e These explanations require 8+ mass eigenstates N, sterile neutrinos

5

4

1-3

3+1 3+2 1+3+1

v, — U, dISAPP(REACT,Gallium,Solar, LSND/KARMEN)
e Problem: fit togetherv,, — . app(LSND,KARMEN,NOMAD,MiniBooNE,E776,ICARUS)

v, — v, disapp(CDHS,ATM,MINOS,MiniBooNE)

e Generically:P(v, — v,) ~ |UZ;U,i| [+ =heavier state(s)]

But |U,;| constrained byP(v. — v.) disappearance dat _
. . = Severe tension
And |U ;| constrained by’(v,, — v,,) disappearance daja
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e Comparing the parameters required to explain signals vatmfs from dissap

Kopp etal, ArXiv 1303.3011 Giunti etal, ArXiv 1308.5288

101 10 I sa-clo ] \ T '
|| === 68.27% C (»”
|| === 90.00% CL >
I
1 99.73% CL '
—
>
~ 9,
0 1+ _
g 10 wF '
€
3
3 30
;| — aep
10_1 , , , 10—1 R | R | AR R ————
10~4 103 102 10-! 107 107 107 107" 1

Si nZZSEu

— Difference in the analysis of both appearance and dissapea

— Somewhat different conclusons: Talk by P. Machado
v2... /dof Y2 . /dof PG
K etal 712/689 — 6) 18.0/2 1.2x10°*

Getal LOW 291.7/@59 —3) 12.7/2 2x107°
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e Comparing the parameters required to explain signals vatints from dissap
Kopp etal, ArXiv 1303.3011

3+2 1+3+1
01 Am%l =0.5 eVi / Am} =09 eV?

|Ues U sl

' 90%, 99%
10_3 7\/ ' ! ! | T

10-3 : 90%, 9%
10-3 10-2 10~} 10-3 10-2 10~}
|Uea Ul |Uea U ul
2 2
X mmin/dOf xpc/dof PG

3+2  701/689 —14) 25.8/4 34x10°°
1+3+1 694/689 — 14)  16.8/4 2.1 x107*°
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‘ Implications |

The two arising questions

e \Why are neutrinos so light?

The Origin of Neutrino Mass

e Why are lepton mixing so different from quark’s?

The Flavour Puzzle
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‘ Implications |

Concha Gonzalez-Garcia

e Survey of 63v mass models in 200@.bright, M-C Chen,hep-ph/0608136)

Number of Models

12
11

10

Predictions of All 63 Models

hhnng  anarchy
E—— texture zero

SO@3)
R A4

s S S,

T Le—Lu—LT

SRND

SO(10) lopsided

SO(10) symmetric/asym

IIIII T IIIIIIII T IIIIIIII T T 71T } T T T TTTTT

0.0001 0.001 0.01

0.1

S. Antusch
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‘ Implications |

e Survey of 63v mass models in 200@.bright, M-C Chen,hep-ph/0608136)

Predictions of All 63 Models

12_IIII| T T IIIIIII T T IIIIIII T T T TT : T IIIIIII
11+
L anarchy

10 — texture zero

of [ Ay Present 3 range
Only 7 s
got it right ! 7H SRND

SO(10) lopsided

EE SO(10) symmetric/asym

W
T T

Number of Models

3 -
[ 2
- Z;,//,//{//Fr ,'irr/rt/nrév .......... e e ]
le-05 0.0001 0.001 0.01 0.1
.2
Sin 6

S. Antusch
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Y ‘ Implications |

Simplest proposals still alive

e Anarchy-Random
Hal,Murayama,Weiner (99)

= larget;3 OK with observed 3

de Gouvea, Murayama 1204.1249

g o7t
a” F
0.6
0.5
0.4F
F ..~ Double Chooz ]
0.3 o =
i RENO 1
02F 7 D =
L 7. Daya Bay 1
017" s> E
TE MINOS ]
ol o e e e
0 0.01 0.02 0.03 0.04 0.05 0.06

22
Sin“8,,

e Quark-Lepton Complementarity
Minakata, Smirnov (94),Raidal (04)

Based on observatioh, + 60 = 45

sin @
€ (1= |Vaples) + Vol

V2
~ (.16

= sinfi3 ~ —

Also other relations still to be tested
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Y ‘ Implications |

Simplest proposals still alive Simplest proposals that have not survived
e Anarchy-Random e Bimaximal mixingVissani (97)
Hal,Murayama,Weiner (99) Barger, Pakvasa,Weiler,Whisnant (98)
= largef;3; OK with observed); s 012 = 45, 023 =45, 013 =0
de Gouvea, Murayama 1204.1249 e Tri-bimaximal mixingVissani (97)

Harrison, Perkins, Scott (02)
010 = 35.2, 033 =45, 613 =0
e Golden ratioDutta,Ling Ramond

ol s T bouble Choor ] Kajirama,Raidal,Strumia; Everett,Stuart,Ding
ook < RENO E Ferugio Paris
< D3y
s MINOS E 010 = 31.7, O3 =45, 6013=0
0O — ‘0.61‘ - ‘0.‘02‘ - ‘0.‘03‘ - ‘0.‘04‘ - ‘0.65‘ - ‘0.06

22
sin“8 5

e Quark-Lepton Complementarity
Minakata, Smirnov (94),Raidal (04)
Based on observatioh, + 60 = 45
0S4~ [Viples) + [V

V2
~ (.16

= sinfi3 ~ —

Also other relations still to be tested
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Simplest proposals still alive Simplest proposals that have not survived
e Anarchy-Random e Bimaximal mixingVissani (97)
Hal,Murayama,Weiner (99) Barger, Pakvasa,Weiler,Whisnant (98)
= largef;3; OK with observed); s 012 = 45, 023 =45, 013 =0
de Gouvea, Murayama 1204.1249 e Tri-bimaximal mixingVissani (97)

Harrison, Perkins, Scott (02)
010 = 35.2, 033 =45, 613 =0
e Golden ratioDutta,Ling Ramond

P,(KS)
o
~

I

0.4F e

05 e e Kajirama,Raidal,Strumia; Everett,Stuart,Ding
0ar S ﬁo Ferugio Paris
ATy 015 = 31.7, 093 = 45, 015 =0
A Predicted in flavour symmetry models
e Quark-Lepton Complementarity (f.e. with symm groupsls, S4,45)
Minakata, Smirnov (94),Raidal (04) = Consider as LO pattern corrected
Based on observatiohs + 0~ = 45 f.e. by charge lepton mixing (GUTS)
= sinfyy ~ — S00C (1 = |Viaples) + [V = Predicted sum rules with quark and
~ 0.1/65 lepton angles and phases

Also other relations still to be tested Talks by M. Frigerio, D Vanegas-Forero
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‘Implications: Model Independent Approach I

e If SM is an effective low energy theory, far < A
— The same particle content as the SM and same pattern of Syyroneaking
_ - j 1
But there can beo.n renormalizable r— ESM+Z __0,
(dim> 4) operators — A
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e If SM is an effective low energy theory, far < A
— The same particle content as the SM and same pattern of Syyroneaking
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But there can beo.n renormalizable r— ESMJFZm@n
(dim> 4) operators oA

First NP effect=- dim=5 operator v (+—2\ (=
’ ) g 05 = 245 (Lad) (47LS)
There is only one!
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‘Implications: Model Independent Approach I

e If SM is an effective low energy theory, far < A
— The same particle content as the SM and same pattern of Syyroneaking

—_— = . 1
But there can beo.n renormalizable r— ESMJFZm@n
(dim> 4) operators oA

First NP effect=- dim=5 operator v (+—2\ (=
) ) g 05 = 245 (Lad) (47LS)
There is only one!
which after symmetry breaking of U

Induces a» Majorana mass
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‘Implications: Model Independent Approach I

e If SM is an effective low energy theory, far < A
— The same particle content as the SM and same pattern of Syyroneaking
_ - j 1
But there can beo.n renormalizable r— ESM+Z __0,
(dim> 4) operators — A

First NP effects- dim=5 operator T e AN
. _ P O = 7%, (Lagb) (quLg)
There is only one!
which after symmetry breaking Iy aB U’
induces a2 Majorana mass (M )op = 2 A

o Implications:
— Expected that mass is the first evidence of NP

— Explains whym, < other fermions masses \/v

—If 2%, 21074, my, > \/|[AmZ,,, | ~0.05eV= A~ 10" —10'° GeV

— 05 breaks lepton number and lepton flavours
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Minkowski; Ramond,Gell-Mann,Slansky, Yanagida; KonatscKummer; Cheng,Li; Lazarides,Shafi,Wetterich; Scherxlalle;
Mohapatra,Senjanovich; Foot,Lew,He,Joshi

O5 can be generated by tree-level exchange of singlett (1, 1)) (Type-I) or triplet
fermions (V; = X; = (1, 3)o) (Type-Ill) or a scalar triple\ = (1, 3); (Type-Il)
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Minkowski; Ramond,Gell-Mann,Slansky, Yanagida; KonatscKummer; Cheng,Li; Lazarides,Shafi,Wetterich; Scherxlalle;
Mohapatra,Senjanovich; Foot,Lew,He,Joshi

O5 can be generated by tree-level exchange of singlett (1, 1)) (Type-I) or triplet
fermions (V; = X; = (1, 3)o) (Type-Ill) or a scalar triple\ = (1, 3); (Type-Il)

eFor fermionic see-saw
—Lxp = —iNDN; + SM;;NEN; + N Lo dN; 7]

O — “"Tj Jous ( aq?s) (&TLg) with A — A

e For scalar see-saw
—Lnp = anﬁL—aALC + Mi |A‘2 + ,ung AT o ...

= 05 = L2os ( aqb) (QBTLg) with A = 24
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Minkowski; Ramond,Gell-Mann,Slansky, Yanagida; KonatscKummer; Cheng,Li; Lazarides,Shafi,Wetterich; Scherxlalle;
Mohapatra,Senjanovich; Foot,Lew,He,Joshi

O5 can be generated by tree-level exchange of singlett (1, 1)) (Type-I) or triplet
fermions (V; = X; = (1, 3)o) (Type-Ill) or a scalar triple\ = (1, 3); (Type-Il)

eFor fermionic see-saw
—Lxp = —iNDN; + SM;;NEN; + N Lo dN; 7]

O — “"Tj Jous ( aq?s) (&TLg) with A — A

e For scalar see-saw
—Lnp = anﬁL—aALC + Mi |A‘2 + ,ung AT o ...

= 05 = L2os ( aqb) (QBTLg) with A = 24

Very different physics, but sameparameters: How to proceed?
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Minkowski; Ramond,Gell-Mann,Slansky, Yanagida; KonatsgKummer; Cheng,Li; Lazarides,Shafi,Wetterich; Schectalle;
Mohapatra,Senjanovich; Foot,Lew,He,Joshi

O5 can be generated by tree-level exchange of singlett (1, 1),) (Type-I) or triplet
fermions (V; = X; = (1, 3)o) (Type-Ill) or a scalar triple\ = (1, 3); (Type-Il)

How to proceed?

— Top-down: Assume some specific model and work out the oslsti

— Still Bottom-up: Hope for additional information frooharged LFV collider
signals... Talks by R. Volkas and J.Helo
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‘Implications: LFV & Collider Signatures |

e v Oscillation=- Lepton Flavour is not conserved

Ifonly O5 = Br(t — u~y) ~ 10~* too small!

e But dim=6 operators areN conservingbutLFV (f.e. Og ~ Lo LgL-L),).

So may be L=Lsy+ 10\5;‘]3 (L_aqg) (&TLg) + Z X%; Os,i
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‘Implications: LFV & Collider Signatures |

e v Oscillation=- Lepton Flavour is not conserved

Ifonly O5 = Br(t — u~y) ~ 10~* too small!

e But dim=6 operators areN conservingbutLFV (f.e. Og ~ Lo LgL-L),).

So may be L=Lsy+ 10\5;‘]3 (L_aqg) (q?TLg) + Z X%; Os,i

¢ In general to havebservable LF\bne needs talecouple
New PhysicscaleA ;, n responsible for themallm, from
New PhysicscaleA r (< A n) controlling of LFV

e Collider signature#f heavy state mass/ ~ A,y ~ TeV and/orM ~ App ~ TeV
If M ~ Appr ~ TeV (<« A ) motivation of lightr OK

Furthermore ifcg ; oc ¢5°°™° POWer = | FV andcoll signalsdirectly related ta\/,
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‘Implications: LFV & Collider Signatures |

e v Oscillation=- Lepton Flavour is not conserved

Ifonly O5 = Br(t — u~y) ~ 10~* too small!

e But dim=6 operators areN conservingbutLFV (f.e. Og ~ Lo LgL-L),).

C5a8 (77 T 1 C Ce6,1
So may be L=L (La)( L) Og.i
y SM T+ ALN Qb ¢ I} + EZ: A%F 6,
¢ In general to havebservable LF\bne needs talecouple
New PhysicscaleA ;, n responsible for themallm, from
New PhysicscaleA r (< A n) controlling of LFV

e Collider signature#f heavy state mass/ ~ A,y ~ TeV and/orM ~ App ~ TeV
If M ~ Appr ~ TeV (<« A ) motivation of lightr OK

Furthermore ifcg ; oc ¢5°°™° POWer = | FV andcoll signalsdirectly related ta\/,

Minimal Lepton Flavour Violation

Cirigliano, Grinstein, Isidori, Wise(05); Davidson, Pato (06); Gavela, Hambye, Hernandez,Hernandez (09)
Alonso, Isidori, Merlo, Munoz, Nardi(11)
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e Minimal Elavour Violation HypotheSiSChivukuIa, Georgi (87) Buras, Gambino, Gorbahn, Jager, Sil

vestrini,(01) d’Ambrosio, Giudice, Isidori, Strumia (02)

Yukawas are the only source of flavour violation in and beyShi

Very predictiveandsuccessfuto explainquarkflavour data
Forleptonsmoresubtlesince BSM fields are required to generatejoranal/,
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e Minimal Elavour Violation Hypothesisc:‘,hivukula, Georgi (87) Buras, Gambino, Gorbahn, Jager, Sil

vestrini,(01) d’Ambrosio, Giudice, Isidori, Strumia (02)

Yukawas are the only source of flavour violation in and beyShi

Very predictiveandsuccessfuto explainquarkflavour data
Forleptonsmoresubtlesince BSM fields are required to generatejoranal/,

e Scalar (Type-Il) see-saw is MLFV
s = ragtls  Coapro=Fhopla,, T

o |f MA 5 TeV
= Production of triplet scalarg7=* H*, Ay, Hy

BR

Normal -

T I
2 10-1

pp— HYTH ~ i
Striking Signatures
9= pp — HYHH- ;

Akeroydet al, Chaoet al, Fileviezet al
Garayoeet al, Hanet al, Kadastiket al . ..

=  H*[F5 HE — [y,
predicted by neutrino parameters

BR

Inverted |

0.001 ey ) PRy I
1074 1073 1072

mj (eV)
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. . : - _Chivukula, Georgi (87) Buras, Gambino, Gorbahn, Jager, Sil
e Minimal Flavour Violation HypOtheSIS\/’estrini,(Ol) d’Ambrosio, Giudice, Isidori, Strumia (02)

Yukawas are the only source of flavour violation in and beyShi

Very predictiveandsuccessfuto explainquarkflavour data
For leptonsmoresubtlesince BSM fields are required to generatejoranal/,

pPp —> lulgjj) a.f=e,u

Normal | Inv‘erted‘

e Simplest MLFV Fermionic (I or Ill) see-saw
— one massless & one CP phase ° —
— Yukawas\,y determined by parameters o "

10 E

o If My < TeV | =000y

— Type-l unobservable but Type-lll observable10 o
pp — F(—> faX)F/(—> KQX/) o1

— Rates predictable in terms pfparameters | M=300CeV

NS o< hanl?Agn |2 ~_

— Difficult but beatablesM backgrounds

‘M=500 GeV
0 1 2 S R B S
X 04
Eboli, Gonzalez-Fraile, MCGG 1108.0661

\\\’1
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Implications: We are here I
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Implications: We are hergl.eptogenesis) |

e Majoranam, = L = Baryon asymmetry can be generated

e How? In the Early Universe viaecay of heavyV Fukugita and Yanagida

—IfCP:T'(N — ¢lp) #T'(N — 55)
— And decay iut of equilibrium
(I' v < Universe expansion rate)

A L is generated

Sphaleron processes A L is transformed iMA B ~ —%
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Implications: We are hergl.eptogenesis) |

e Majoranam, = L = Baryon asymmetry can be generated

e How? In the Early Universe viaecay of heavyV Fukugita and Yanagida

—IfCP:T'(N — ¢lp) #T'(N — ag)
— And decay iut of equilibrium
(I' v < Universe expansion rate)

A L is generated

Sphaleron processes A L is transformed iMA B ~ —%

e Details are model dependent
In simplest scenarid/ > 10'° GeV, > " m, <0.5eV

Y

But also scenarios for leptogenesis with ~O(TeV) = collider signals
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\Conclusions |

e First WIN with the three leptonic mixing angles determirfatt 30/6)

Am3; = 2.45 x 107 eV? NO
|[Am3s| =2.43 x 107° eV? 10
0.59 IO

Sin2 (912 = 0.3 (4%) sin2 (923 = 0.44 NO (82%) Sin2 (913 = 0.023 (96%)

Am3, = 7.44 x 107° eV? (2.3%) (2.6%)
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\Conclusions |

e First WIN with the three leptonic mixing angles determirfatt 30/6)

Am3; = 2.45 x 107 eV? NO

Ami, =7.44 x 107° eV? (2.3% 2.6%
7! (2:3%) [Am2,| =2.43 x 1072 eV? 10 (2.6%)
. . 0.59 IO .
sin® 012 = 0.3 (4%) sin® fa3 = ot NO (8.2%)  sin® 613 = 0.023 (9.6%)

e Still ignoreor not significantly determine{But interesting interplay LBL/REACT)
Majorana or Dirac?
Absoluter mass = New experiments beyond approved
CP violation in leptons? needed to answer these questions
Normal or Inverted Ordering?
0,3 Octant
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\Conclusions |

e First WIN with the three leptonic mixing angles determirfatt 30/6)

Am3; = 2.45 x 107 eV? NO

Ami, =7.44 x 107° eV? (2.3% 2.6%
7! (2:3%) [Am2,| =2.43 x 1072 eV? 10 (2.6%)
. . 0.59 IO .
sin® 012 = 0.3 (4%) sin® fa3 = ot NO (8.2%)  sin® 613 = 0.023 (9.6%)

e Still ignoreor not significantly determine{But interesting interplay LBL/REACT)
Majorana or Dirac?
Absoluter mass = New experiments beyond approved
CP violation in leptons? needed to answer these questions
Normal or Inverted Ordering?
0,3 Octant

v masses are BSM physieffects to be put together withl/ other NP effects
from charged LFV Collider signals Cosmo-astroparticle. to establish
the Next Standard Model



