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The main issue

v oscillations suggest the presence of vg =N:

Losu = Lsm + (NaMopNg/2 — LigYiaNa +Hee.)

If M does not allow a conserved fermion #




Two examples giving m ~ 0.01 eV:

e M~ 100 GeV, my~ M, 0n/10 (Y ~ 107)
e M~ 10 GeV, my~m,, (Y~1)

But the N decouple in both cases:

When M ~ 10> GeV because they are very heavy
When M~ 100 GeV because they couple weakly:

LY 4 = —(g/V8)UinNey*(1 — )W, + H.c.

Uy ~ V/my /M ~Y ~ 1077
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Masses & mixings

Dirac mass:
m=(pY =vY

1 -

] \

Absorbed the effects of From (L¢) (! L°)
(NN°)(¢9) /A

Naturally small: p ~ v3/A




Newer physics

Observable N effects likely imply more new physics
| will assume the newer physics has scale A ...

A >M
1TeV >M > 100 GeV

... and that the scale A is not directly probed
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Leff = Lysm + i At Z (}...EOEH}

n==>5 1

e (O:gauge-invariant built of N and SM fields
e The oL, cCannot be calculated (unless the underlying physics is known) ...
... but they can be bound by naturality

e |Largest effects from tree-level generated operators

L: left-handed lepton isodoublets

): left-handed quark isodoublets

e: right-handed charged lepton isosinglets
u, d: right-handed charged quark isosinglets

DimenSion 5 terms o scalar isodoublet

(Lo)(pTLe)  (NN°)(¢'¢)

v, Majorana mass ~ v?/A vi Majorana mass ~ V?/A
+ H interactions + H interactions
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Dimension 6 terms

OLng
ONNg
OnNes

Od‘HN e
OLNLe

OQunL

(67¢)(LN )
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i(¢"eDyg)(Ny*e)
(dy"u)(N~te)
(LN)z(Le)
(Qu)(NL)

Ofnn
OLNQd
OgnNLd

L: left-handed lepton isodoublets

): left-handed quark isodoublets

e: right-handed charged lepton isosinglets
u, d: right-handed charged quark isosinglets
¢ scalar isodoublet

= (fyf)(N+*N)
= (LN)e(Qd)

= (Q@N)e(Ld)




Onng = (@' Dug)(NY*N),
/ ONep = i(beaDpij;)(]\'r,Y#E)
Generated by //;’// OdgunNe = (d_’]f”u)(ﬁf'y:e)
= 0 g
e |Leptoquarksee=—

W//}\‘;sl Ornga = (LN)e(Qd)

. Extend . (Ou)(N )
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Application: pp, pp — €475 5

Lagrangian

From L, o\,
Small coupling ~ 10”7

L',ff ;= A? [—\/Evmw awgmfy“eLW:
—V 2umy iy Ny er
\/§ NA# W+

From i(QSTEqub) (NvHe)




do § — M?2)2
dcg (12811' §A)4 {0d) + gy — aszass(1 + cp) + 0BT

+403 T 416 (a2, T +a, Y1) [w(8)} ,




§<A=1TeV

cos 0| < 0.9,
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M 5200 GeV,

A~ O(1) TeV, 5o effect @ LHC
awr ~ O(1) (a; = 0 otherwise)

M <600 GeV,

A~ O(1) TeV, o 2100fb (LHC)
¢ V. o

— I 7] I;IH."."

W _R or vector leptoquark



Other observables

Aqz = 0 asymmetry
AY, = double asymmetry in O and the rapidity y

non-zero coeflicient
M = 200GeV




do do

. discriminate between o, and a
de " dMyy

gy + gy — Q5203
dal 2 9
e g(z)dzx separates { 53 +4ag

2 2
Ay + o

M 4
_) {(agl + C!gg - as?ﬂsﬂ) Js

+ [oZ + 402 + 16 (o2, + o2,) (M — 2E)M)] f.}




Conclusions

e Standard approach: N[ W coupling suppressed
* Merely seeing a few 100 GeV N — physics beyond N+SM
e New physics effects described by

Specific models — valid at all energies

Effective theories — valid below A

e Model-independent L cannot fully distinguish between models ...

W' or leptoquarks — (dy*u)(N~"e)

... but it does estimate the scale.

e New physics effects can be dramatic, but not as dramatic resonance peaks
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