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m explain smallness of masses and largeness of mixing
u different situation as in the quark sector

u radiative flavour violation: describing neutrino mixing out of
radiative corrections
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ftute of Technology

m puzzle of neutrino masses and mixings

m explain smallness of masses and largeness of mixing
u different situation as in the quark sector
u radiative flavour violation: describing neutrino mixing out of
radiative corrections
m Standard Model of Particle Physics not symmetric under parity
m restore parity at high scale — left-right symmetry
m spontaneous parity breakdown
® LR symmetry gives the see-saw mechanism for free

a SUSYLR quite economic:

u only one Dirac-like Yukawa coupling (for quarks and leptons each)
m boundary conditions at high scale not far from GUT-scale
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The top-down-approach A“(IT

@ framework: SO(10) Grand Unification

@ breaking down SO(10) with intermediate steps to the Standard
Model
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CKM vs. PMNS matrix AT

a CKM matrix quasi diagonal

o -
Vckm=| o @ -
- @
m assume tree-level matrix as unity matrix, generate mixings
radiatively
a different pattern for the leptonic mixing matrix
® o
Upmns=| @ o @
- 0 0o

not at all diagonal

rather large mixings instead in 1-2 and 2-3 blocks
m same assumption as for the CKM case justified?
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Type | + 1l see-saw \“(“'
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Type I: righthanded singlet
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Type | 4+ |l see-saw IT

eeeeeeeeeeeeeeeeee f Technology.

Type |: righthanded singlet Type |I: scalar triplet
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left-right symmetry and neutrino

masses
m combined see-saw type | + II:
m, = m; — mDmglmE

2
—vh — Y, p1, T
=vih VR.yVRyy7

where
L= (6D h = vihy,

m

r = (0%)hg = vghg and
mp = <hu>)/l/ = VuWv

w left-right symmetry requires y,, = ye and h; = hg (imposing parity)

a type Il dominates
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left-right symmetry and neutrino
sht =y y AT
masses e
m combined see-saw type | + II:

m, = m; — mDmglmE

2
h _i h—l T
veng VRyV R Yu >

®
hh=hgr=| - @ -
- @
ma minimal SUSYLR: y. = y,, = diagonal
w h; = hg =~ diagonal — ignore small off diagonal entries

m PMNS matrix at first approximation unity matrix
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effective sneutrino mass matrix AT

M

N

= M%LT Mig %( O(M&ysy) O(Msusva)>
(Mig)" Mg O(Msusymg) O(m3%)
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effective sneutrino mass matrix ﬂ(“'

M

N

= M%LT Mig %( O(M&ysy) O(Msusva)>
(Mig)" Mg O(Msusymg) O(m3%)

12 x 12-matrix — see-saw-like structure %

perturbative diagonalization: [Dedes, Haber, Rosiek 2007]

M3 O(M32 ey mzt)
UTM,jU — < 2 SUSY'™R ) ,
O(M3ysymg') Mg+ O(M2sy)
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effective sneutrino mass matrix AT

M2 = Mi - Mig ~ ( O(Miysy)  O(Msusymr) >
Y (M) Mg O(Msysymg) — O(mg) )
12 x 12-matrix — see-saw-like structure ﬁ:m
perturbative diagonalization: [Dedes, Haber, Rosiek 20»09]

M3 O(M32 ey mzt)
UTM,jU — < 2 SUSY'™R ) ,
O(M3ysymg') Mg+ O(M2sy)

~1 n _
where Mzzzé = M}, — Mg (MEg) " (M3g)" + O(Méysymg?).
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effective sneutrino mass matrix ﬂ(“'

M2 = Mi - Mig ~ ( O(Miysy)  O(Msusymr) >
P\ (M2R)T Mg O(Msysymg) — O(m?) "

12 x 12-matrix — see-saw-like structure m
perturbative diagonalization: [Dedes, Haber, Rosiek 2(50;]

M3 O(M2 ey mzt)
UTM,jU — < by SUSY'™R ) ,
O(M3ysymg') Mg+ O(M2sy)

-1 + _
where M?y = M}, — Mg (MEg) " (M3g)' + O(Méysymz?).

2 o D 2 2\—1 DT
My, _, = Xym; (mR+./\/l,~,) mepm; " + ...

XI,mE = —u* cot Bm,’f* —vyA,
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radiative flavour violation in the lepton
P AT
sector S i

0
s AURULT

W,

PMNS matrix renormalization

g v
/E’y PLUF,M,\IS—H\/§ VP (1 + AU+ AUY),

flavour changing self energies and sensitivity to neutrino mass

My, 2 f
Am>

v

AUY ~
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flavour mixing only in the trilinear ﬂ(“‘

couplings
w values for A} producing U};MNSS

vg = 1013 GeV, tan 8 = 10, pw=1TeV, My = M, =mg
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ﬂaVOL.II’ mixing only in the trilinear AT
couplings

® sensitivity to the LR scale (see-saw-like contribution v, A, /v3):

tan 8 = 10, ,u,_lTeV My = My = mg
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Conclusion AT

Karlsruhe Institute of Technology

m radiative flavour violation due to SUSY corrections
a flavour mixings in trilinear couplings

ma A, as remnant of heavy singlet neutrino superfields
m smoking gun of high scale physics in effective sneutrino mass matrix

= entanglement of heavy neutrino mass scale (= LR scale) and SUSY
breaking terms

m leptonic RFV prefers quasi-degenerate neutrino mass spectrum
a KATRIN does so as well

m sensitivity up to 0.2 eV
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See-saw and neutrino masses AT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Puzzle of neutrino masses

m,<1leV <+ m;>~1GeV.

@ heavy singlet neutrino
(“righthanded”)

@ triplet scalar (“vev see-saw")

@ left-right symmetry combines
both

features of left-right symmetry

= ESWB: Higgs Bidoublet (2,2,0) couples ¢; and g via yy

w breaking SU(2)g x U(1)g_.: Higgs triplet Ag = (1,3,2) gives
masses to vg — mg ~ (AR) = vg ~ 101214 GeV

® LR symmetric form: (3,1, 2) giving rise to see-saw type |l
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Type | + |l see-saw

Type I: righthanded Singlet

1
—E; = I7LmDI/R+§VEmRVR+ h.c.
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Type Il: Scalar Triplet

—Eﬁ, = h/_%(AQI/L aF hRI/_;_:<AR>l/R
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see-saw extended MSSM AT

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Superpotential of the vMSSM

1
W = uHg - Hy — YPHg - LLEZ + YYH, - LINE + EmEN,'?N,{,,

where the chiral superfields are L; = (¢;,7,) € SU(2), and
Er = (e, = (er)%, &%), Nr = (vf,7%) € SU(2)g, but leftchiral.

Soft-breaking terms

Vot =(MF) LI L{ + (MB) ek + (M3) kg
- [(B”)Uﬂ;?*ﬁfj?* +AUH; - LILéR* — AYH, . ZILﬁ/{e* 4= h.c-] ;
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effects on sneutrino mass matrix AT

m charged slepton mass matrix as in the MSSM

m sneutrino mass matrix in the MSSM: simple

M

RN

_ ( M%+M§T35Lcos2ﬁ]1 1 >
1 0

a Majorana mass term V,ngl/R inflates sneutrino mass matrix:
additional terms ~ Drig, ViR

‘\/12 \/12 M2LR* Mé_R
T\/l2RL K/IQRL MzRR* M2RR
YYER*L  YYVER*LY R* R* *R

M2 =

12 x 12-Matrix
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effects on sneutrino mass matrix ﬂ(“’

m charged slepton mass matrix as in the MSSM

m sneutrino mass matrix in the MSSM: simple

M2 — /\/l% + M2 T3, cos2p81 1

v 1 0

m Majorana mass term y;mRuR inflates sneutrino mass matrix:
additional terms ~ DriR, Vpig

MQ
M — N LR
< (Mig)" Mig )

N

12 x 12-Matrix
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full sneutrino squared mass matrix in
a AT
the vMSSM

M,Z;ZE M%LT M%R
2\ (Mzg)' Mg

M%L _ ( M%—F %/\/I%cos2ﬁl+m,jml 0 )

0 (\)*
M2, = < . Fm,mg —uco'gﬁm,, — wA ) ’
—p* cot fmy, — oA, smymp,
e
—2B M5 +mym,, + QmRmTQ
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effective sneutrino mass matrix AT

2 2 *

my,_, (my,_,) _

M%z( pL=0 AL2*>+0 M2ysymz?) |
‘ ma o (M3 ) (Msusvme”)

-1
m3,_o = MSSM + mEmVDJr —mPmg (m%, + ./\/l%) mzm?,
-1
mi o = Xom (% + M3) " mem)7 + ()"
1 -1 1
—2mP*mg [m% +(M3)T| B (mk+ M3) mgmP’,

X,mP = u* cot Bm,?* — A,

by —
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minimal SUSYLR model AT

Superpotential of the minimal SUSYLR model
Wi =E Tr[0TedeT] + M Tr[A1,Ap + A
=5 1182 + A1RrAR]
+yMLledeT L + Ll eNq L] + hE LheARLE,

where the chiral superfields are L; = (¢1,71) (lefthanded) and
Lr = (0% = (¢r)¢, £};) (righthanded).

Soft-breaking terms of SUSYLR

Viort =(MPYLI'L] + (MR)VIR L7
+ [A{ZJZ’L@JM + h.c ]

aF [BLIJZ;_EAU_Z]_’ aF BRUZ;QCAlRZ’/.j? + h.c |,
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Particle content of the minimal XIT
SUSYLR model — Higgses and Leptons Rt

1SU(2)1 x SU(2)r x U(1)s 1|

[Cvetic, Pati 1984]
= scalar bidoublet (EWSB): ¢ = (2,2,0)

<—é>

w scalar triplets: A; = (3,1,+2), Ag = (1,3,-2)
(802 5 =%V =6
o= (U ) o= (TR )

w additional triplet fields: A} =(3,1,-2), A, =(1,3,+2)
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Particle content of the minimal XIT
SUSYLR model — Higgses and Leptons S

1SU(2)1 x SUR)r x U(1)s 1|

[Cvetic, Pati 1984]
u lepton doublets: L; =(2,1,-1), Lp = (1,2,+1)
m both L; and Lg left-chiral Superfields

c c
e< <
R R

m Majorana mass terms out of triplet vev:

Il
7N
o X
~ o~
~——

'\

)

Il

0
<AR> = ( 0 V(;? ) — hRL;—6<AR>LR = I/EmRVf?
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Particle content of the minimal XIT
SUSYLR model — leptonic and gauge B

sector
multiplet of el. charge
fields # SU(2)L X 5U(2)R X U(l)BfL Qel
L= (gLaeL) 3 (2717_1) (07_1)
Lr = (0%, 7%) || 3 (1,2,+1) (0,+1)
) 1 (2,2,0) -1,0,+1
AN 1 (3,1,+2) 0,+1,42
Doy 1 (3,1,-2) 0,-1,-2
AR 1 (1,3,-2) 0,-1,-2
JAVY 1 (1,3,+2) 0,+1,+2
GH2 1 (8,1,1,0) 0
Wi 1 (1,3,1,0) +1,0
7 1 (1,1,3,0) +1,0
B 1 (1,1,1,0) 0
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radiative flavour violation in the lepton

sector
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radiative flavour violation in the lepton
P AT
sector e i

0
s AURULT

W,

flavour changing self energies

Th(p) = S ()PL + TIR(02)Pr + p [THH(P7)PL + T (57) P

PMNS matrix renormalization

iify“PLUT N i%’y“PL (L+ D s+ Dr#i),

V2
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radiative flavour violation in the lepton
P AT
sector S ot

S 0)t
J#f AUij;i)

W,

PMNS matrix renormalization
(v)LR (V)RR (v)RL (v)LL
D =S (Zﬁ Mg >+ M (Zﬁ M2 )U(O)T
L.fi — Z m2. — 2 i

3
_ Z v 1/O)f
J=1
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mass renormalization

Majorana
Uy Uy Uy Vi Uy vy
® ® R N @ . @™
! v | 171./’// Yy Y i 78 '7i.1I//A'fr, Y \\\ Vg
VL ' . ' VLl VL ) VL Vi ‘ Ly
Y M vy Xo Xo
effects of righthanded Neutrinos
m trilinear couplings A,
m see-saw-like terms in sneutrino mass matrix
(5ZL')L~7
i ,/®‘\ i (517 ~ X D( 2 +M2)*1 DT
/) N LL* ymy, (Mg 17 mgrm,
v,A
VL k VLl u’ ‘v .
%o ~ 5 with mg = vghg
VR
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LR symmetry at high scale ﬂ(“'

m vg ~ 1012-1% GeV out of neutrino data: seesaw scale mg ~ vg
m relating SUSY and LR scale: RGE running [Martin, Vaughn 1994]
m above the LR scale: using LR symmetric RGEs

A[GeV]

Ag

"= Mgsysy 1= VR
t =log(pu/Msysy)
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flavour mixing only in the trilinear
: g ony AT
couplings

m sensitivity to the neutrino mass scale and degree of degeneracy:
tan8 =10, u=1TeV, My = My = mg

8000 : VI
—— m,=0.14 ¢

7000 - m, =0.2eV T
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5000 |
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