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Lepton number

v oscillations: first evidence of NP

U
I masses
some NP add 14
) ) b
_ 2 .
K (&b) Dirac masses

U difficult to differentiate




“Standard” scenario:

NP <> vmass = 0y = A ~10°TeV (mp=m))

An interesting alternative:

NP = 0v86 = vmass = A ~1TeV




Low-energy LNV effects

Write down all relevant effective operators exhibiting LNV ... what is relevant?

- Choose the low energy fields
What is the scalar sector like?
Are there v;? How many?

-Decide whether the new physics is strongly or weakly coupled
For strong coupling: some of the light fields should participate (in practice some of
the hypotheticals e.g. vg)

- Do not use the effective theory above A!

- Operator hierarchies
-Weakly coupled new physics: canonical dimension, loop or tree generated
- Strongly coupled new physics: naive dimensional analysis

N.B. loop-generated: for all models
tree-generated: there is a model




Example

Low energy fields: SM (1 scalar isodoublet)
New physics: weakly coupled

Leading LNV operator (Weinberg):
|
L (29)

Generated at tree level by

Fermion isosinglet: type | see-saw models L/

Fermion isotriplet: type Il see-sew models e N
// \\
7 N

/




LNV scale

Best limits: OvB6 decay - considered later

Other limits:
BR(Z — pf) < 1.8 x 107° 95%CL

1 - )
L= F((jgb’y“ec)(dD“uc) =  Apnv > 500GeV

BR(T — py) < 3.5 x 107° 90%CL

1 - _
L = F(q¢’y’uec)(dDuuc) =  Apnv > 600GeV

T = b, A
Kt = a4
DT — =, pe

— ALNV > O(].OOGGV)




OvB[3 decay

Of interest in probing
LNV
Structure of the v mass sector

Best limit from the Heidelberg-Moscow experiment:
T,,= 1.8 x 10% years

Violates B-L: absolutely forbidden in the SM

Next: what kinds of new physics can be responsible:

... What does the H-M experiment constrain?




Possible new physics effects:

Sk e
Sl




Effective operators with no quarks:

vertex effective operators dim. lepton chirality

—_—

o |[(E9) (67 )

vew (quD”qg) [EWN(QETEC)} 4 LE Generated by the
same heavy physics:

Discard dim 7




Effective operators with quarks:

vertex effective operators dim. lepton chirality

veud — (beD, L) (uy"d) 7 LL
(bpd)(uie) + Fierz T. 7 LR

eeWaud (beD, £¢)(uy"d) 7 LL

(¢1D.@)(Ly*e)e)qd) T LR
(67D, o) (v d)(ue®) 7 LR

eeuudd (ey*d)(uy,d)(ue)--- 9 LL, LR, RR




Operators, vertices & amplitudes: Amplitude ~ A/(Q%*v?)

e=v/A
n=Q/v~57x10"4

(lo)(¢"E) — A=e

— A =ne

(¢'D.¢) [er* (87 ¢°)




Amplitude ~ A/(Q%*v?)

e=v/A
e & n=Q/v~57x10"4
(le D, L) (urytd) — A = e’
W
d d

(0D, ) (iy"d) — A = né®




.A Amin(TGV)
Limit: 4 < 1.5 x 10713 = € 10*2

ne’ 270

77263 3

May have observable

LHC effects

Example (Brahmachari & Ma):

A =0(TeV)
m , tiny: 4 loop effect (!)
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For the contributions

v masses generated at 2 loops:

€r

(my)ee ~ 10_6eV Fit v data? — Specific model

>NMM< MMM E hﬂ I Must take into

account: gauge




Testable model
Interested in generating «—> (¢! DH)?(ee)

Many possibilities. We chose SM + 3 scalars:

k = Isosinglet, y=2
M + spontaneously broken L

: (use a singlet o)

>NV‘M/ \‘NWV\< X = Isotriplet, y=1
|




Lagrangian:
1
L = Lou+ Dk +[Dx" + 5(90)° = Vo(d x 81, [k[*, XX, 0)

— _,ukthr (XZ) — )\6J¢qu5 + H.c.}

+ :Yrslznes¢ + grs€Sres k + H.c.}

Ny conservation: no vy, Maj. masses
N, conservation: no Overer decay

Z5 forbids xy—lepton coupling (spont. broken by (o) # 0)

~ Ny and N, decouple: Myy,i(vr) =0
. Ne if/,l%-)\f; " Ors 7&0 Ol/ﬂﬂ;éo

Y —0




Particle content:

(T ) e=(5)

k, Xt ke (mixing o< (x))
¢t , xT — H", G (eaten)
Rex' ., Re¢’, 0 - h, ', b’
Imy", Im¢’ — A, G (eaten)

o (X) K< myand |m, —mg| > () : ki ~k, ko~ T




Some bounds:

Process Bound (90% CL)

T — el e e erJee| < 0.025(m,<,/TeV)!

9
T~ = ete uT  |gerGeu| < 0.017(m,/TeV)?
T = etuTuT |gerguul < 0.020(m, /TeV)?
T > pute e |gurgee| < 0.019(m,/TeV)?
T = pute T |gurgenl < 0.018(m,/TeV)?
T = utuT e |gurguul < 0.025(m, /TeV)?
pte” = p7et  |geeguul < 0.2(m,/TeV)?




(x) = A6 () (9) 00 _ 1;—'0 (tree — level)

~~—"

3
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—~
~—

2
X
. . S -~ —m
Loop corrections: opposite sign P|loop ( >

4m (9)

Will take (x) < 10GeV




ovpp:

Integrate-out x and x :




Majorana masses:

Charged
lepton
masses

1000 2000 3000 4000 5000

m,, (GeV)




GEN

—7.542(logmy +1logm,) < log|mee| < —5.7+ 2 (logmy, + logm,,)

log [|mee||me,|] < —11.9 + 4log (my)
(my , in TeV)

Consistent with the current data?

mi
m, =U ma Ut
ms3
C13C12 6138128138i5 ela/2
U= | —ca3812 — 323313012€i5 C23C12 — 3233133126i5 $93C13 gz /2
$23512 — C23513C12€"  —$23C12 — C23813512€"  Ca3C13 1

o (+0.19 —5_172 2 . k ~3,172




Min{ log[|me.l ]}

0.000 0.002  0.004  0.006 0.008

0.002 0.004 0.006 0.008

w — ete e :

log (M) en (M )ee| <

—11.9 + 41log my
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mg., = 1TeV
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Conclusions

LNV effects can have a light scale
... consistent with v data and the O3 constraint

The scale can be low enough to be probed at the LHC

k and y** probed at LEP and Tevatron:
m, , > 100 GeV

Phenomenology: in progress
some initial LHC limits already available




At the LHC: qgq— Zy — kk: m > few x 100 GeV

CMS F'rellmlnary
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