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Why is this an interesting question?

e the (3 g, no triplet) seesaw today...

— we observe small neutrino masses
— "attractive’ mechanism consistent with small m,,

e the seesaw predicts

— m,, majorana (012/3)

— if no SUSY (LHC?), then flavotr, €P x m,, :
i — e~ small, EDMs small , » mag. mos small

— with SUSY:

£
/. can be observable

these are consistency checks

e to "test’ a model, one needs

1. determine model parameters from data
2. make a prediction for an additional measurement
3. confirm prediction

= can seesaw parameters be determined from data?



(realistic answer)

_ ...but in the best of all (SUSY) dream worlds 777 ...yes...

= HOW? and WHY DOES IT WORK?



QOutline

parametrisations of the (type |) seesaw :

— RH parameters (usual top-down)
— LH parameters (? “bottom-up” ?)
— ( a la Casas-lbarra)

— fallacies thereof ... the puppet show?

— what is special about the seesaw?’

“reconstruction’” in SUSY

— in principle (LH — RH)
— In practise...

“reconstruction” without SUSY? (Broncano et al)
(leptogenesis as a “test”?)

summary



input RH parameters

NB 2No “'fl'b.!‘}‘b?rﬁ*
N - - '--*
the usual seesaw parametrisation (3 vy, no triplet scalars): boses

. 3 v with masses Al

. a Yukawa [Y,] g1 with eigenvalues {yi. y2, ys}

N

1

2

3. a unitary matrix [Vg] : Dy, — Dy
4. Y, eigenvalues {y.. y,.. -}

5. a unitary matrix V. : Dy, «— Dy, (or, U : D/: Dini)

o Ve o
vp bases : Dy,. Dy sy bases : [)y,. Dy,
parameters: 9 real eigenvals, 6 angles, 6 phases

= [m,] Vf‘r Dy Vg DJL,' V;t Dy Vi <HYT Dy, basuis)

= U"D,U'

SO in summary:

RH inputs: Dm, [VRL Dﬂ” also LH inputs [VL], D}'ﬂ
parameters: 12 + 9 = 21.
can calculate: U, D,,



input LH parameters

the seesaw treats v and vy symmetrically...so:

1. 3 v; with masses m,
2. a Yukawa [Y,] g1 with eigenvalues {yi, y>. ys}
3. a unitary matrix [W;] : Dy, — D,,
4. Y, eigenvalues {y.. y.. y-}
h. a unitary matnx V7 : D}jﬁ — _JD'}-},. or, lJ : D"}}. — ,D.”“,
M\
.ﬁq\.; w A
vy bases : Dy,,., Dy,. D, (vr basis © Dy,)
(parameters: O real eigenvals, 6 angles, 6 phases)
2™
/A
= M~ = DyW;D.WDy' W, 34\
= wepdul 4
= VeDy Vg D,; — \— Dy
In summary:

LH inputs: D,,, [W}], Dy,, U, Dy,,
parameters: 12 + 9 =21
can calculate Dy, Vg

LH particle masses are < myy ...50...
1) do weak-scale observables depend on W (= V, U) and Dy 7

2) is there any (realistic) hope of extracting V, and Dy from data?



conclusions one should not draw (d’aprés moi)
1. ‘leptogenesis is independent of LH parameters”

proof: |
=5 S{[VLID3: 1--';4’;_;}0 M3
[VaDiVeln = \Mj

I

no LH parameters appear. QED.

2. ‘'light v observables are independent of RH parameters”
proof:
P(vg — vo) = f(Usk, Uajs - m? —m;) B
Vel
no RH parameters appear. QED. I{’U- “/'-\
DYI- — \V{ T Dyv

1. 17, and [/ can be calculated from 175 parameters, so obviously
depend on them. Whereas leptogenesis does not care about Y,, so
does not care about U. Explicitly: U does not appear in the formula
for € in any LH parametnsation that includes W, : Dy, « D ..

2. but — in the “top-down” parametrisation using (Das. Vg, Dy,
U, Dy,), Vg does not appear in P(vg — va).

1. specious argument! At A ~ A, Dy, and [y, are coupling

constants in the LH sector. [J,, is not. So a “correct” top-down

parametrisation uses \; not U/ L {D,_,__‘,{f "{ny‘v:'_ D”E
w # e

2. ah-ha! but at A ~ my- we know U and might get V in SUSY,
so W, = V_ U is dependent in LH parametrisation. So ¢(U) ...

what is correct choice of “independent” parameters?
D= == D,.‘ «— V[ -» DY.-



Mas sro + MaMI'

the SUSY See-Saw

e suppose soft scalar masses universal at Mgpyr: ~ m’l

e Renormalisation Group running will induce flavour violation at the
weak scale in slepton masses:

VR
Py N ;
h
; 3m? + A2 Mgy
[mﬁ] =~ (diag part) — ; 3 U(Yl)ik(Yp)kj log i
1] 'ﬂ' M,

- P . . . 2
Y'Y, is the only source of lepton flavour violation in [1m2];;
= extract Y'Y, x [V.]"D5. (VL] from [m3] (in principle)

= { Dy, .V} from sleptons, { Dy, .U. D,,} from leptons



reconstruction in practise
known  probably maybe ummm

from the leptons

Dr‘
® Dy, : m;,my,m, F N
(could determine tan /7 in SUSY?) Ve N
W Ny
{.,3
o [V :02,012.013.0.c¢, 3 L"’V,h D’"‘
with a pure, high intensity ~ beam: 0,87 Dm;

- f:’m I Mg > ™M >0y
know two Am’s, need pattern and absolute mass scale
7 Ov2/3, cosmology 7

from the sleptons

o Vi : ][l'; 13 |+ | f]’i| |[VL]EZ|

— 1f superpartners are "light” (observable at LHC, in ¢; — £,7)
then from LFV, might extract [m2],,. [m2] e, [112] -

— if SUSY at A > My, then [m:]as ~ [Vi]as[Vi]5ays.
= extract ?|[Vy]oal, [[Vi]isl, s
ACK—other contributions to non-universal [1m>] 7?7

* Dy;-— : .U’-’y?? yl
..only y4 makes significant contribution to RGEs

e 3 phases of V. : 1, @2, @3
CP in charged sleptons? 7?EDMs ?? | 77?7 0—1 oscillations 777
but there are other sources of CP that can contribute...



Summary

the (type |) seesaw treats 1; and vy symmetrically, so can be
described by masses, mixing angles and couplings of v, or v}

LH particles are kinematically accessible (1 < my), so...
can one reconstruct the vy sector?

if SUSY is broken at at A > My, then the high scale parameters (Y,
and M) generate [mn,], and contribute to [772;] via the RGEs.

There is a texture model independent parametrisation of the SUSY
seesaw, that allows the renormalisable interactions of the vy to be

reconstructed from weak-scale masses:

3

[my], [my] « Y., M

e practise: This reconstruction requires exact universality of the soft
masses (!), and some contributions are unobservabley small (<< exptal
sensitivity)

in the non-SUSY case (Broncano et al) Y, and M can be
reconstructed from [m,] and dimension 6 operators ~ A ~.



