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Seesaw model

neutrino mass maitrix
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RH neutrinos decouple and give mass (my),-j
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Michael Schmidt Running of Neutrino Mass Parameters



Premlinaries

Seesaw model

neutrino mass maitrix
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—V;(Y")X’JM to light neutrinos by the seesaw mech- %
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General structure of 5—function

1 loop B-function:

167&1‘{% = 167%6m, = m,P+ P'm, +am,

P.H. Chankowski, Z. Pluciennik (1993)

K.S. Babu, C.N. Leung, J. Pantaleone (1993)
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General structure of 5—function

1 loop B-function:

167&1‘{% = 167%6m, = m,P+ P'm, +am,

P.H. Chankowski, Z. Pluciennik (1993)
P=_C, yeT Yo+ C,Y!Y, + Ca Yi Ya K.S. Babu, C.N. Leung, J. Pantaleone (1993)

SM MSSM
m, Ce Cy CA Ce Cl/ CA
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Mixing parameters

MNS mixing matrix
U = diag(€'’, e, e") - V - diag(e™'1/2, e 1¥2/2 1)

where (s;; = sindj;, ¢; = cos ;)

—is
C12C13 S12C13 5 Si3e™!
5 .
V=1 —C23S12 — 523513C12€"°  Cp3C12 — Sp3513512 €' $23C13
is i
Sp3S12 — C23513C12 €°  —823C12 — C23513S512 €9 C23Cy3
Experimental data T. Schwetz [hep-ph/0606060]
Parameter Best-fit Allowed range (30)
sinZ 615 [°] 0.30 0.24...0.40
sin? 03 [°] 0.50 0.34...0.68
sin 043 [°] 0.000 | <0.04
Am% [10-5ev?] 7.9 7.1...89
lamg | [1073ev?] | 25 1.9...3.2
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S. Antusch, J. Kersten, M. Lindner, M. Ratz [hep-ph/0305273]
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Effective field theory

P = CaviY.

General structure (also applicable for phases):

" f(my,8,1, i
ngh o R FO (e, 01m)
J 1

S. Antusch, J. Kersten, M. Lindner, M. Ratz [hep-ph/0305273]
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Effective field theory

General structure (also applicable for phases):

" f(my,8,1, i
ngh o R FO (e, 01m)
J 1

@ The more degenerate
the spectrum is, the
larger is the running.

@ Phases can damp the
running.

S. Antusch, J. Kersten, M. Lindner, M. Ratz [hep-ph/0305273]
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Premlinaries

Effective field theory

General structure (also applicable for phases):

, f(my,0,¢1, i
ngh o R FO (e, 01m)
J 1

@ The more degenerate o FU) « Yukawa coupling
the spectrum is, the = tan 3 dependence
larger is the running. o FUi) = 0 for zero mixing

@ Phases can damp the (fixed point)
running. S. Antusch, J. Kersten, M. Lindner, M. Ratz [hep-ph/0305273]
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Full theory

P=CeYiYe+CY)Y,
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Full theory

P=CeYiYe+C Y)Y,

i o Y MIshenee) s FD(0,m) x P(Ye, Y.)

mj —ms
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RG evolution in standard seesaw model

Full theory

P=CeYiYe+C Y)Y,

gt oo Yo MmRenee) o FD(9,) 5 Py(Ye, V)

mm

F(’/)( Ye7 Yu)
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RG evolution in standard seesaw model

Full theory

P=CeYiYe+CY)Y,

do; fa(m1,6,01,02) F(’l)

Py ZkIW (Om) % Pra(Ye, Yo)
F(’/)(Y67 Yu)

@ cancellations possible
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Full theory

P=CeYiYe+CY)Y,

do; fa(m1,6,01,02) F(’l)

Py ZkIW (Om) % Pra(Ye, Yo)
F(’/)(Y67 Yu)

@ cancellations possible
@ off—diagonal terms — mixing can be generated
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RG evolution in standard seesaw model

Full theory

P=CeYiYe+CY)Y,

Renormalization scale
dG/j

Bay X 2K Talmid.erea) F;E/’D(G/m) X Pi(Ye, Yy)

ms—m;

. i
+F(Ye, V)

@ cancellations possible
@ off—diagonal terms — mixing can be generated
@ GUT: Y, strongly hierarchical — P33 dominates
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Thresholds

‘Full’
— EFT 1 —+——EFT 2 t EFT 3 1 th
eory
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Between thresholds

@ 2 contributions to m,,:
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e composite operator Y M"Y,
e D =5 operator k
@ MSSM — same RGE (non-renormalization theorem)

Michael Schmidt Running of Neutrino Mass Parameters



RG evolution in standard seesaw model

Between thresholds

@ 2 contributions to m,:

e composite operator Y M"Y,

e D =5 operator k
@ MSSM — same RGE (non-renormalization theorem)
@ SM: additional vertex corrections

x,‘*

K=
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RG evolution in standard seesaw model

Between thresholds

@ 2 contributions to m,:

e composite operator Y M"Y,

e D =5 operator k
@ MSSM — same RGE (non-renormalization theorem)
@ SM: additional vertex corrections

x,‘*

. M.

@ rescaling of right—-handed neutrino masses
M. Lindner, MS, A. Smirnov, hep-ph/0505162

m, =ZI YTXM~Y,Z.

ext " v

additional vertex corrections
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Example for RG evolution

45°

30°

15°

RG evolution in standard seesaw model
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
10g,,(4/GeV)

(a) tan g =20, my = 0.05eV

Michael Schmidt

2 3 4 5 6 7 8
logy(1/GeV)
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(b) tang =10, my = 0.015eV
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RG evolution in standard seesaw model

Current

Beams

T2K+NuMI

JPARC-HK

NuFact-II

0.16
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O 055

odoo M Boline
Michael Schmidt
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RG evolution in standard seesaw model

1
o @ |0.5 —sin? 3] < 0.16
T. Schwetz [hep-ph/0606060]
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RG evolution in standard seesaw model

1
o @ |0.5 —sin? 3] < 0.16
' T. Schwetz [hep-ph/0606060]
806 @ small deviations from
= Asin® (623) maximal mixin
> 0.02 g
04
0.2

0 0.02 0.04 0.06 0.08 0.1
m [eV]

tan 3 = 20, § = ¢ = o = 0, analytic estimate
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1
o @ |0.5 —sin? 3] < 0.16
' T. Schwetz [hep-ph/0606060]
806 @ small deviations from
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04 @ running above see—saw
scales
0.2

0 0.02 0.04 0.06 0.08 0.1
m [eV]

tan 3 = 20, § = ¢ = o = 0, analytic estimate

Current | Beams | T2K+NuMI | JPARC-HK | NuFact-II
0.16 0.1 0.050 0.020 0.055

YA Vl=,

o Boline bwatz W Wintar [han_nb/0d
Michael Schmidt Running of Neutrino Mass



RG evolution in standard seesaw model

1
o @ |0.5 —sin? 3] < 0.16
' T. Schwetz [hep-ph/0606060]
806 @ small deviations from
= ASin’ () maximal mixin
> 0.02 g
04 @ running above see—saw
scales
0.2 .
@ suppression by phases
0 002 004 006 008 01 possible

m [eV]
tan 3 = 20, § = ¢ = o = 0, analytic estimate

Current | Beams | T2K+NuMI | JPARC-HK | NuFact-II
0.16 0.1 0.050 0.020 0.055

indnor 1\

o Boline bwatz W Wintar [han_nb/0d
Michael Schmidt Running of Neutrino Mass



RG evolution in type—Il seesaw model

Outline

Q RG evolution in type—Il seesaw model

Michael Schmidt Running of Neutrino Mass Parameters



RG evolution in type—Il seesaw model

Only Higgs triplet

P=CeYiYe+ CaYiYa
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RG evolution in type—Il seesaw model

Only Higgs triplet

convenient basis: Ya = diag(ys, y2, y3) diagonal

1672y; =2Cay? + vy

Chao,Zhang [hep-ph/0611323]
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RG evolution in type—Il seesaw model

Only Higgs triplet

convenient basis: Ya = diag(ys, y2, y3) diagonal

167%y; =2Cay; + ay;

Chao,Zhang [hep-ph/0611323]

@ Neutrino mass matrix stays diagonal
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RG evolution in type—Il seesaw model

Only Higgs triplet

convenient basis: Ya = diag(ys, y2, y3) diagonal

1672y; =2Cay? + vy

Chao,Zhang [hep-ph/0611323]
@ Neutrino mass matrix stays diagonal

@ Running of angles and phases described by charged
leptons
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RG evolution in type—Il seesaw model

General structure of RG equations |

: D _
167‘(‘2912 = — TAy221 sin 2604»
2015 = — DA )2 1 )2 1 )2 cos20,,| sin26
167013 = 2 |3 + Y32 + ¥21C0S 2042 | SIN 2043
. D .
1672003 = — 7A [(ygchg iy 3122) sin 26,3
+y2,C08 8 SiN 2012 Ca4 913} + 0(6%,)

yﬁ :yjz _ylz’ yfe{y17 Yo, V3, Ye, y/m yT}
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RG evolution in type—Il seesaw model

General structure of RG equations |

: D _
167‘(‘2912 = — TAy221 sin 2604»
2015 = — DA )2 1 )2 1 )2 cos20,,| sin26
167013 = 2 |3 + Y32 + ¥21C0S 2042 | SIN 2043
. D .
1672003 = — 7A [(ygchg + y&, 3122) sin 26,3
+y2,C08 8 SiN 2012 Ca4 913} + 0(6%,)

: D .
16726 ~ —7A (yj2 = y,2) sin 20

yﬁ :yjz _ylz’ yfe{y17 Yo, V3, Ye, y/m yT}
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RG evolution in type—Il seesaw model

General structure of RG equations |l

1672010 = — % [DAyéz1 + Ceyfiz ~ 51 sin 923] sin261o + O(613)

16726015 = — Co  (a—1)ys y2cos dsin 26458in 263 + O(H13)

2 (y3—y1)(ya—ye)

) 1 _
1671'2923 = — E Da (yg — y12SIﬂ2 012 — y220032 912)
Y2 —yi¥o + (Yo — ¥1)c0S 2012 ,
+C sin 20,5 + O(0
¢ (V3 —Yy2) (¥3—w1) ¥r 25+ Ofra)

y/? :ylZ _yi27 yiﬁ{yh Y2, V3, Yes Yus y'r}
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General structure of RG equations |l

1672010 = — % [DAyéz1 + Ceyfiz ~ 51 sin 923] sin261o + O(613)

16726015 = — Co  (a—1)ys y2cos dsin 26458in 263 + O(H13)

2 (y3—y1)(ya—ye)

) 1 _
1671'2923 = — E Da (yg — y12SIﬂ2 012 — y220032 912)
Y2 —yi¥o + (Yo — ¥1)c0S 2012 ,
+C sin 20,5 + O(0
¢ (V3 —Yy2) (¥3—w1) ¥r 25+ Ofra)

Ce  (Vo—)ys
2 (Y3—y1)(y3—ye)

y/? :ylZ _yi27 yiﬁ{y17 Y2, V3, Yes Yus y'r}
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RG evolution in type—Il seesaw model

RG evolution of 053

g D , .
1672003 ~ — TA (y:,? — y2sin? 04, — y2cos? 912> sin 26,3

45° e —
03
612
30°
15°
0° (7‘13
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
log;o(1/GeV)

nh,my =0eV,(A) ~0.1eV, Yo ~ O(0.1 —1),Dp = —3
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RG evolution in type—Il seesaw model

Masses

1672y, = 2Cay? + ayi J

0.06

0.05

0.04

m [ev]

0.03

0.02

0.01

0.00

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
log,, (#/GeV)

nh.,my =0eV, (A) ~ 0.1eV, Yo ~ O(0.1 —1),Ca = — 3, a(yj, 92, A)) < 0
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RG evolution in type—Il seesaw model

Masses

16W2yi = ZCA}/,S + ayi J
0.07
006
Mg
0.05
g oo
£ 003
0.02
m
001
my
0.00

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
log,, (#/GeV)

nh.,my =0eV, (A) ~ 0.1eV, Yo ~ O(0.1 —1),Ca = — 3, a(yj, 92, A)) < 0

REAP/MixingParameterTools: http://www.ph.tum.de/~rge J
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@ Large renormalization group effects above and between
thresholds possible. — High—energy symmetries can be
destroyed by RG effects.
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@ No enhancement factor, but RG effect for considerable Ya
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destroyed by RG effects.

@ RG effects become comparable to sensitivity of precision
experiments.

Type-Il seesaw
@ No enhancement factor, but RG effect for considerable Ya
@ RG effect proportional to mass squared difference
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Summary

Summary

Standard seesaw

@ Large renormalization group effects above and between
thresholds possible. — High—energy symmetries can be
destroyed by RG effects.

@ RG effects become comparable to sensitivity of precision
experiments.

Type-Il seesaw
@ No enhancement factor, but RG effect for considerable Ya
@ RG effect proportional to mass squared difference
@ Sizable RG effect for 63
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