A. Aparici F del Aguila,
K. Kim S. Bar Shalom
A. Santamaria A. Soni

J. Wudka INFO 09 Jul. 2009 1



The facts are coming! The facts are coming!
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Some information about neutrinos:

Some limits can be derived now ...
... others at the LHC
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v oscillations suggest the presence of v, = N:

e M~ 10" GeV, my~m,, (Y~1)

e M~ 100 GeV, m, ~ /10 (Y ~ 107)

eIectron
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But the N decouple in both cases:

When M ~ 10%> GeV because they are very heavy
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Effective interactions

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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Log = Lysy + i At Z cxi@gn)

=

operators

e Strongly coupled: coefficient estimates using NDA
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L: left-handed lepton isodoublets

2: left-handed quark isodoublets

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

B: U(1) gauge field

W. SU(2) gauge fields

v, Majorana mass ~ vZ/A + H interactions

vz Majorana mass ~ v2/A + H interactions

c\ PRV ) i .
(NJWN )B vk Majorana magnetic moment; Z coupling
7 (Arcadi’s talk)
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Heavy mediators (example):

or

Type lll see-saw:
Fermion isotriplet,
hypercharge =0
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L: left-handed lepton isodoublets

(): left-handed quark isodoublets

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

B: U(1) gauge field

W1 SU(2) gauge fields
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A-fermion operators

/_‘ All SM fermions
Oiv = (ff)(Ny"N) Oy = (fyf)IH" L)
OduNe — (dj}’#u) (N:Y# 6) Ogc%l — (E’}‘#TIL) (Q"Y”TIQ)
Oqune = (QY*L)(Nv*u)




Fermion=-vector boson operators

Ong = (#10)(LNG) 0 — (¢'D.d) (Ir*L)

O = i(¢'D,g)(N¥*N) 5 - i

qus e ; ¢>)(; o 0) = (¢'71D,¢) (Erlr L)
Nep = & e, Y€




Mediators

(@ L)(Ny*u)
= (f’)’uf) (ff’)”u L)
Generated by , / Q1. Q)(Lr'~*L)
. w, 7 o

e Leptoquarks ,7-Z Ve /(ENJE(Q@
. Extende AT sector (QN)e(Ld)

i S S
\\

(‘JbT Du‘f’) (N"J’MN)
i (¢pTeD,p) (Nv"e)




Dirac mass:
m={(pY =0vY

From (L) (¢7L°)

Naturally small: p ~ v?/A

mhea\r}r — M +

llght.

vy, — N mixing : ~ —‘*'-i

M~
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From L, o,
Small coupling ~ 107

- T —_
tag1 (@rdy) (e N) From i(¢" eD,¢)(Nv"e)

—asy (4rdr) (ELN)
+asz (upN) (ELdr) + H.c.]
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L'ﬂ'}f = A2 [—ﬁvmwaw;mﬁy”ef,w:
—ﬁvmwawrﬁq“eRW:
+ay (dry"*ur) (Nyuer)
+ag (#rdy) (€LN)
—agy (iLdg) (ELN)

+ags (ap N) (epdr) + H.{:.]

My (8) =md [(8 —m2)? + (mn,._,1"-‘,.ur)2:|_:l fs = 62%(1 — 2z)
Ti:%[(licg)ﬁ_l_MZSg/J?] V=;1;2(3—4:c);
0: £ —u (CM) scattering angle z = Fy/M in the N rest frame
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P N — -2 _ Nl -+
lcos 0] < 0.9, Vi< A= 1TeV Loty A [ V2uimy e Ny e, W,
5 —ﬁvmwawﬁf'}f"‘eRW:

- e +a (@t un) (Fucn)
+as (urdy) (ELN)

a.=1 —asz (@LdR) (ELN)

+ags (ur,N)(epdr) + H.c.]

-~ o, Ora,, =1

Tevatron)

C “’%Y Sq N e 3
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-2 N e\‘ \

10 5_ \‘ \‘\‘ N\ ‘ _E
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M 5200 GeV,

W, or vector leptoquark
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Aqz = 0 asymmetry

AV, = double asymmetry in O and the rapidity y

non-zero coeflficient

M = 200GeV Qry (51,52 ¥g3
App (Tevatron) 0.62 0 —0.62
AY. 5 (Tevatron) 0.12 0 —0.12

A% 5 (LHC) 0.40 0 —0.40




do do

discriminate between ., and a.

dM;;"  dMg

M (MmN
s (1) {03+ a% —avaa)

+ [aZs + 402 + 16 (a2, + a2,) I (M = 2E)M)] fv}
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N Majorana mass .
Dirac mass +
/ \ density effects
1 v?

Emass = —§EPLMHC — EHPRUG — I}mPRU_I‘ H.c

v, Majorana mass
(naturally small)

/" Yukawa coupling
1

m = 7 + 5 lgu (@Ppu) + ga (dPrd) + ger (€PLe) + ger (€Pge)]

Density-dependent
mass terms




Spin-spin coupling

Current terms x (PBPrv) - [gy(dLBdR) + g.(LBer)/12]

(gauge invariance precludes v-u terms to this order)

Liny = vy, (PrIf + PLIf ) v + 0" T, Prv + H.c

x 1/A2: subdominant

o 1/v2: dominant :
not v—flavor diagonal

v—flavor diagonal

1 :
Jt = JEMJrEE:QLff’Y”f
f

1 _ / | No SM background
I = 13 > grp IS




M>E
type 1 see=saw

Generic form of the various terms

- (—‘ﬂ;’gz cos20 + V2 Gpn + 6 "";”; sin® 0 + 9, )

%—”E":zsinzﬁJrég* "5‘2%2 c0s20 — V2 Gpn — &,

Mgy = 0.1 €V, M=100 GeV
= e~ 10°




e L. useful parameterization ... but valid only below A

e Constraints on operator coefficients - restrictions on all models
But a non-zero coefficient does not single out a specific model

¢ Important caveat:
o strongest effects from tree-level generated operators
o there are many models where these are absent
For example those with a symmetry such that
new particles - non singlets
SM - singlets
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e Understanding how L  is generated can lead to useful connections. E.g.
o Observing vp; magmom - y=1 fermion isosinglet E,
o = look for Z-coupling universality violation
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