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CKM vs. PMNS matrix ﬂ(“.

stitute of Technology

a CKM matrix close to unity
. .
Vekm=1 - @
o

u small off-diagonal: generate mixings radiatively ?
[Weinberg 1972]

different pattern for the leptonic mixing matrix:

® o -
Upns = | o o @
. [ .

large mixings
non-vanishing 613: possible CP violation in v oscillations

[T2K, DoubleChooz, Reno, DayaBay]
try to model quark and lepton mixing using the same mechanism?
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Radiative Flavour Violation
in the MSSM ﬂ(“.

Theories with Additional Sources of Flavour Violation

m non-minimal flavour violating MSSM
m arbitrary flavour structure in the soft breaking terms?

My, M3 MB M ME, A% A9 A

m additional flavour mixing in fermion—sfermion—gaugino interaction

m especially non-CKM-like: e.g. quark—squark—gluino and
lepton—slepton—neutralino

i I [Crivellin, Nierste 2009]
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radiative lepton flavour violation

PMNS matrix renormalization

. 8 . g )
v A L Ulans — 5P (U(O)T L AUSUODT LAY U(om) ,

flavour changing self energies and sensitivity to neutrino mass

AUf"/ ~ ml/fzﬁ
1 A 2
ml/
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Neutrino masses and seesaw AT

eeeeeeeeeeeeeeeeee f Technology.

Standard Model + righthanded Neutrinos = Seesaw Type |

) 1
_['u,mass = VI MpVR += V[ MRVR + h. c.
—_— 2 ——

Dirac mass Majorana mass
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Neutrino masses and seesaw AT

eeeeeeeeeeeeeeeeee f Technology.

Standard Model + righthanded Neutrinos = Seesaw Type |

_ 1 —
_Acu,mass =V MpVR += VZmRVR + h. c.
—_—— 2 ——

Dirac mass Majorana mass

Neutrino mass matrix:
0 mp
My — < T .
mp  MmMp
What about mg?

m righthanded neutrinos are SM singlets — no constraint for mass

m seesaw @\Q: m, = —mDmﬁlmD ~ 0(0.1 eV)

m assumption: Dirac mass of order EW scale (O(10...100 GeV)):
mg ~ O(10131% GeV)
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The IYISSM with righthanded AT
neutrinos

Superpotential of the YMSSM

1
W = My - Huy — Y¢'Ha - LLER + Y, Huy - Li Ng + 5 mig Nig N,

with Ly = (¢,0;) € SU(2), and Eg = (ef, &5), Ng = (5, 7}).
Soft-breaking terms

Vsoft :(ME)UZI*ZJ + (M%)Uéfl?éé* + ( \/l )UI//?Z;’T;C*
_ [(B Vol + AVHy  Thed — AMH, . DLk h.c.] :
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One Numerical Example AT
m try to generate PMNS mixing completely radiatively
® “vMSSM": Y" in general arbitrary (for simplicity taken diagonal)
[

all soft breaking masses assumed flavour blind

only source of flavour mixing: soft trilinear couplings

large off-diagonal values of A€ ruled out by ¢; — ¢;~y

toy numbers for mg, My, Mo, u, tang, ...

Some remarks. . .

m corrections to UE’MNS more or less linear in A% (for i # j)
m no decoupling, if all SUSY parameters shifted uniformly

. . h
m size of corrections correlated to Am,?j and, of course, U}J’- i

Wolfgang Gregor Hollik — Neutrino Mixing from SUSY breaking March 5, 2013 7/8



One Numerical Example KIT

ftute of Technology

m scan over uniform soft mass
(assuming M2, M%,M%,M%,M% =m21)

m display values of off-diagonal A parameters needed to generate
corresponding mixing matrix element fully radiatively

m since corrections are linear in A, those grow linearly with mgyg
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One Numerical Example AT

Karlsruhe Institute of Technology

a dividing by mgost. . .
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Karlsruhe Institute of Technology

One Numerical Example
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One Numerical Example KIT

ftute of Technology

m corrections crucially depend on the neutrino mass spectrum:

my, X f

AU~ "Amz

w rough estimate: self energy X4 ~ m,, ,
a devide by that:

Fo— m,,fml,,.
i = Am2
fi
v
o A,‘j(msoft) C’J
C,J = ?
Msoft ij
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Karlsruhe Institute of Technology

One Numerical Example
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One Numerical Example AT

Karlsruhe Institute of Technology.

generate large PMNS elements

m size of correction larger for large Uj;

a correct for that
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One Numerical Example
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One Numerical Example AT

» Mg = 10" GeV
m SUSY scale: 2 TeV, mgon = 200, ...,4000 GeV
tan 8 = 10, p = —3600 GeV
m? = 0.35 eV (potential KATRIN discovery)
Am?, = 7.54 x 102 GeV?, |Am?;| = 2.47 x 1072} GeV?
|Ur2] = 0.53, |Ui3| = 0.15, |Uo3| = 0.58
My = Mz = mgofe

all other A values set to zero

neutrino B term set to zero
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Conclusion ﬂ(“'

stitute of Technology

m described corrections very general to theories with new flavour
structures

m can completely spoil tree-level mixing patterns

m simple extension of MSSM to incorporate v masses can lead to
lepton mixing from SUSY breaking in sneutrino sector

= numer(olog)ical example: at least for quasi-degenerate neutrino
masses potential size of corrections for (1,3) and (2, 3) mixing
rather the same
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Splitting of the

neutrino mass

Karbuhe Instiuteof Technology
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enhanced corrections to PMNS mixing ﬂ(“'

stitute of Technology.

flavour changing self energies and sensitivity to neutrino mass

ml/fzfi - my,.my,

AU} ~ < 5x 103 for m% ~0.35 eV and f,i = 1,2
2 2 — v 3 ;
Am; Amg
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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

_ ( M3 + M3 T}, cos261 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 AT

m charged slepton mass matrix as in the MSSM
m sneutrino mass matrix in the MSSM: simple
M2 =

v

/\/l2 + M2T. LcosZ[i’l 1
1 0

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

MQ
M2 = N LR
< (Mig)" Mig )

N

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

Mg:} M%LT M%R
T2\ (Mig)' Mg

M2, = ( M%+%M§cos2ﬁl+myml 0* )7
0 ()
= (e v )
—p* cot fmy, — oA, smymp,
(O el )
—2B M5 +mym,, + QmRm’,*?

Wolfgang Gregor Hollik — Neutrino Mixing from SUSY breaking March 5, 2013 14/8



effective sneutrino mass matrix ﬂ(“'

2 2 *

Ma;—o (Ma; ) 2 -2

M%:( AL=0 AL2*>+(’)M my<) ,
¢ m2AL:2 (m2AL:O) ( SUSYTIR )

-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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radiative flavour violation

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

0
s AURURT

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 (1+ Drsi + Dr#i),

V2
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radiative flavour violation in the lepton
P AT
sector

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
_ v 1/O)f
j=1
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Majorana mass renormalization AT

Karlsruhe Institute of Technology.

Uy Uy Uy 17%% Uy Uy
P Uy P Uy
® ® ®~\/,' >§J‘,k\ .-® ®‘\\//’ M/k\\’/®
! ! by Y Yi v i oAl Yi N o
i VR oY K o kE
L L ) | )
VL VLl VL VL Vi vLi
2 v v v
Y Mk Y Xo Xo

effects of righthanded Neutrinos
m trilinear couplings A,

m see-saw-like terms in sneutrino mass matrix

(51’;/1/')1,"7
vy /,”®‘\\,;1 (517 ~ X mD (m2 +M2)*1 m mDT
/ \ LL* vitly R 1% ALY
VL k VLI VUAZ/ .
%o ~ 5 with mg = vghg

VR
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