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Dirac neutrinos?

Easy to make Dirac neutrinos in the SM:
just add VR, and Yukawa couplings.

Lyyp = —yfjéRiCDTLLj — y,;/jDRiJDTLLj + h.c.

+ Straightforward!
— 9 elements of y%; all O(10713), by hand.

— No signhatures other than absence of Ovss.

— Why no Mvrrvr Majorana mass term?
— usual Type-1 seesaw with Majorana vs

Other possibilities:

New physics at EW scale could generate m,,.

Ex: Type-2 seesaw, yijLZ-ALj -+ h.c.
A = SU(2) triplet scalar with Y =2
AT — ¢ rf collider signatures

Majorana neutrino masses ~ y;;jva
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This talk:
Simple new model for Dirac vs from a second Higgs doublet.
Somewhat similar to Gabriel & Nandi, hep-ph/0610253
New field content:
3 right-handed two-component neutrinos vg. (EW singlets)
Second scalar doublet ®©5, same EW charges as SM Higgs
New symmetry: global U(1)
VR, and 5 have charge +1; all SM fields uncharged
Mvrrr Majorana mass term forbidden by global U(1).

Lepton Yukawa couplings: structure fixed by U(1)

‘C’Yuk = _yzejéRz‘cb]iLLj — y;;/jﬁRiCT);LLj + h.c.

To generate neutrino masses, break U(1) explicitly:
A
V o= ml, ol +m3,dlds — [m,dlds 4+ hc] + ?1(<DJ{<D1)2

A
+ 5 (@LD2)% + Ag(P] 1) (D5 P2) + Aa (D] P2) (Phb1)
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Particles and couplings

3 SM neutrinos are Dirac particles: no additional fermionic d.o.f.
4 new scalar degrees of freedom: H=*, HO, A°
Mixing effects: new scalars ~ @, + O(vy/v1)P1: completely negligible

Scalar masses: SM-like Higgs: M2 = \jv?

1

2
2 1, -

New states : MI%H‘ m%z + >\3v%,

M2 = M%

Vev of &5 vp = m%Q'Ul/MEX

Another seesaw: m3%, ~ (few hundred keV)? — vy ~ eV

—— 1y Pproper size

Yukawa couplings of physical scalars:

APDiysu; — V24U H T Prey + h.c.]

() () Vo

Uy; is the Maki-Nakagawa-Sakata-Pontecorvo matrix
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Constraints: big bang nucleosynthesis

vR, thermalized in early universe via 5, exchange — AN, = 37
E.g., ete” — vpip via t-channel HT

But: primordial 4He abundance — AN/ < 1.441

Cyburt et al, Astropart.Phys.23, 313 (2005)
Need vp to be colder than vy so they count less towards rela-
tivistic energy density.
Freeze out vp before quark-hadron transition: Enough extra
d.o.f. to dump energy into vy, e*, ~ leaving vy colder.

1/3
Toe _ 300 MeV (o7 \ M2 _ [ 1 403M] /
TdecoUpN 3 MeV -~ OR o v1m4|U&|4

vy

This gives an upper bound on neutrino Yukawa couplings:
S = /3T < 1 [ Mgy 1/v2

v vo 7 30 |100 GeV |Uy;|

a little bigger than SM bottom quark Yukawa coupling
or v = 2 eV (scales with heaviest neutrino mass).
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Phenomenology: u — ey

HT loop :

BR(pu — ey) =

2 2
Olem, vil 1> muiUeiU;ﬂ

96wvg
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Unitarity of Up: Yy m2UeUs; = —Am3 U Uy + Am3,UesU%5
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- Goes like vy*My7;
plot for v ~ BBN |imit

- Doesn’'t depend on
lightest neutrino mass,
only differences

- Same range covered
for normal hierarchy
and inverted hierarchy

- MEG expt target
from data-taking to
end of 2011

Numerics: 20 v parameter ranges from Fogli et al, Prog. Part. Nucl. Phys. 57, 742 (2006).
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Phenomenology: decays of new scalars

Fermionic modes: Ht —¢tu, A%/HO - up

(via y¥)

Bosonic modes: A%/HO — W+H~ or HT — WTA9/HO (gauge int)

depends on masses: M35 = M7z = Mz, + \av3/2

Most interesting decays: HT — ¢t u.
Assume Mg > Mg+: no HtY — WTHO9/AS.

M(HY —ty) = M—fﬁzmiwm?

335 p
Depends on ‘“expectation value” of mﬁ in flavor eigenstate v,.
2 2

BR(HT — ¢tv) = S
S [2im2|U ]

Identical to AT decay BRs in Type-2 seesaw model.
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H* branching fraction

Normal hierarchy
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Behavior controlled by 0>3 ~ 45°, U,3 small.

Normal hierarchy: eigenstate 3 contains half of v,, half of v,, very little v,
— BR(uv) ~ BR(7v) ~1/2, BR(ev) < 1
Inverted hierarchy: eigenstates 1 & 2 contain all of v,, half of v,, half of v,
— BR(ev) ~1/2, BR(uv) ~ BR(7v) >~ 1/4

Degenerate spectrum
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— all three BRs = 1/3.
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Constraints: LEP limit on HTH—
BR(H1T — 7v) too small for usual LEP charged Higgs search.
Look at LEP slepton searches instead with massless “neutralino’ .

2
)
=

- Selectrons .
+ Observed Cross Section U.L. (pb)
© Vs=183-208 GeV

. ADLO Preliminary

C

&

Neutralino Mass (GeV/

(553
(=]

50 60 70 80 90 100

Selectron Mass (GeV/cz)
LEPSUSYWG/04-01.1

Put in eTe™
off upper limit on BRs

Heather Logan (Carleton U.)

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

— HTH~ xsec, read

2
g

Neutralino Mass (GeV/c”)

BR

x®©
S

3

I
(=)

[V
(=]

0.8

- Smuons '
+ Observed Cross Section U.L. (pb)
| Vs=183-208 GeV

- ADLO Preliminary

60

70

80

90

100

Smuon Mass (GeV/cz)

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

'decay to electr
decay to m

M
50

M
60

Dirac vs from a 2nd Higgs doublet

M
80

M
90

M
100

110

Pheno 2009

9



SN ANANNNN] SN
NN NN
RN AAAANANN QAN
OIOANNNNY, SN
NN NN
AN N
NN NN
NN NN
NN NN
N N
NN NN
.. NN
0 01 AN NN
RN .
NN NN
AN ANhne
NN NN
AN Nhnnge
NN NN
Nk Ay
NN .Y
OO, DN
NN NN
SRR QAN
RRONANNNNN, DA
NN NN
AN NN
NN NN
Q\\}\\ \Q Q\\ N | | ‘

N 3
N X AN
Nk
N NN

0.001

NH: pppr

H* branching fraction

Heather Logan (Carleton

50 60

M1SS

channel strongest

0.5

0.4

0.3

0.2

T
normal hierarchy

ev

X

wv o ox

TV

¥

u.)

1

00

0.01

0.001

7

GTT TS
= I III AP IIIIIIIIAIY

g

e v.eTv,

N_Iju/«b-l_yu

IH: eep

H* branching fraction

50

0.7

0.6

0.5

0.4

0.3

0.2

0.1

M1SS

T

60 70 80

90 100

mpy+ [GeV]

channel strongest

inverted hierarchy

ev X
wvoox
TV +

0
0.001

0.01 0.1
my3 [eV]

Dirac vs from a 2nd Higgs doublet

Pheno 2009
10



Phenomenology: LHC prospects

Rely on pair production: pp — HTYH—, H*A%/HO, AOHO
- No coups to quarks; H+KEVR coupling < 1/30 (BBN constraint)

- Single production ~ g?wv>: super tiny

HT BR to uv or ev always > 1/3: £T¢~plH'ss signature

&= 1000 ; ; ; ; T
- . o : Ginlot moadel e ;
Nice feature: HTH~Z coupling. £ e -
. ' 100 |
This model: SU(2) doublet: i
—_e (1 2
IH+H-Z = Sypay 2 — 5v) é .
o 3
Type-2 seesaw: SU(2) triplet:
— _ € (0—g2 L
gA+A_Z T SWcW(O SW) i
Doublet cross section ~2.5x 0.1 A S S R
100 150 200 250 300 350 400 450 500
larger than triplet. my+ [GeV]
Heather Logan (Carleton U.) Dirac vs from a 2nd Higgs doublet Pheno 2009

11



Summary

We introduce a simple new model to generate Dirac neutrino
masses from couplings to a 2nd Higgs doublet with vev v, ~ eV.

Dirac neutrinos: no neutrinoless double beta decay. (sorry EXO ppl)

Constraints from BBN (vo, 2 2 €V) and LEP slepton searches
(M+ 2 65—83 GeV).

© — ey signal at MEG if sinf13 = 0.01 and vy < 6 eV.

Decay BRs of HT reflect my, spectrum and PMNS matrix;
BR to uv or ev always > 1/3. (Same as in Type-2 seesaw.)

Currently studying LHC signal & background in pp — HTH~ —
,u‘l',u_p%”ss channel. (LHC xsec ~2.5x bigger than Type-2 seesaw.)
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