Right Handed Neutrinos and
Higgs Boson Decay

Michael Graesser, Caltech
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Assume physics for generating My and my at
the weak scale, in the form of new states. In-
tegrate out those states to get:

Lejr=Lr+ _Od_g-l' Od gt

'\_/'"v—\/
Will focus on d =5 and d = 6 operators, with
a focus on higgs phenomenology.
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Lr = SMgvrvR + AH"Lvg + A H Le®

See-saw leads to :
m ~ 1 T2
vy — AU—M }\V‘U

Typically need

1/2
Ay~ 4% 10-7 (L / ( Mg )1/2
a 1/10eV 100GeV




Why focus on the nonrenormalizable opera-
tors? Renormalizable couplings

A ~10"7—-10°
much too tiny for
h — I/LI/R
to be detected
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Last d=5 operator:
1 |
O = KH*HURVR

Very interesting operator! Electroweak sym-
metry breaking leads to

.

AN

Operator only modifies RH neutrino mass.

SMp =

11
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1
O3 = KH*HURL’R
Will focus on
2MR < mh

Higgs can decay into the right-handed neutri-
nos!

h — I.HRLJ'R
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For a single flavour,

2 2\ 3/2
v 4M
rh— = Lot

[ VRVR] A Agmh( % )

Width relative to other decay modes can be
large. Compare to h — bb

_[h—wvgrg] 2 v (1 B 4M}%)3/2

= =
*T Th—bb  3m2A2 m?

Ry>1

for A € v?/mp ~ 10TeV. Won't observe ~v
mode unless A is =~ 10 TeV.

For three flavours, higgs decay width to all

three right-handed neutrinos is greater than
the bb mode up to A ~ 17 TeV.
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R= I'[h == URUR]/r[h — bg] , mp =120 GeV
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R=T[h— HRHR]/r[h = bE] , mp =150 GeV
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Other interesting kinematic region is

mp > 2mwy
mp > 2Mp

Partial decay widths to vgvp and WW com-
parable.For Higgs decay into all three right-
handed neutrinos

‘U4
Pizri= T2
W m%/\?

X phase space factors

< zr( b\-—'b Up,Vp,j

T (W2 wW )
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3
R =IT[h — vgygl/T[h — WW] , m;, = 230 GeV
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Have seen that, if kinematically allowed, the
higgs boson can have significant branching frac-

tions_into right-handed neutrinos. Cen ke Yhe
c.\,bmmnn.{; du—r:-a Chenned

What occurs next depends on the lifetime and
decay mode of the right-handed neutrinos

e Right-handed neutrino long-lived (detector
stable)

— Invisible decay

e Right-handed neutrino decays within the
detector

— = Focus of the rest of the talk. Again,
will do an operator analysis.
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Magnetic Moment Operators

Electroweak symmetry breaking generates Dirac
magnetic moments

NCH
Os45 — AQ (UR ot vy, j) (Fuv + bZu)
)\(5)1}
+ /\2 (I/R %J*U’ 6LJ)

Possible decays of the right-handed neutrino
are then:

VR — v+

And if kinematically allowed,

IJR—"W+E ,Z+UL
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Higgs production has the following cascade de-
cays:

h — vRvR
—+ VYT ULV
If Mp > my:

WWee

l

or

h — VRVR

l

Wevyvr,
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