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The hierarchy problem

A% [3 1 3
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The little hierarchy problem:

e my =130 GeV = 6MIm2 ~m2  for A~ 580 GeV

o Effective operators £ =), 15 O; imply A% few TeV.

Solutions to the little hierarchy problem:

e Increase of the allowed value of the my: the inert Higgs model by Barbieri, Hall,
Rychkov, arXiv:hep-ph /0603188, (see also Ma) = my, ~ 400 — 600 GeV, (m3
terms in T" parameter canceled by m g+, m 4, mg contributions).

e Suppression of corrections growing with A = e.g. supersymmetry
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Our goal: to lift up the cutoff to multi TeV range preserving 65M)m2 < m?.

e Extra gauge singlet ¢ with (¢) = 0 (to prevent H < ¢ mixing from ©?|H|?).
e Symmetry Zs: o — —¢ (to eliminate |H|*p couplings).

e Gauge singlet neutrinos: vg; for i = 1,2, 3.

1
V(H, @) = —pHHP? + Ag|H|* + p20® + = App* + Ao |H[?p?

24
with .
H)=—, =0 for 2 >0
(H) 7 () Hig
then
ms = 2% and m? = 2,u920 + Apv?
e Positivity (stability) in the limit h, ¢ — oo: Ay > 62

e Unitarity in the limit s > m2,m? Ay < 2 (the SM requirement) and A, < 8,
Ay < 4w
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Figure 1: Plot of A\, as a function of m for D; = 1, we chose A = 56 TeV and
myp = 130, 150, 170, 190, 210, 230 GeV (starting with the uppermost curve); solid (dashed)

lines correspond to ¢ = +1 (¢ = —1).
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It is possible to find parameters A, A\, and m such that
both the hierarchy is ameliorated to the prescribed level and
such that Q,h? is consistent with Qpay.

1 A2

pPp — hh, W+W_, 270 = <o'f()> — S—W
s

The Boltzmann equation = ¢ (E Tﬂf) — In [0.038mf}T<175>]
x Ly

Q,h% = 1.06 - 10° =
’ gi/QmpKJv) GeV
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Figure 2: Plot of m as a function of the cutoff A when D; = 1 and Q, = Qpu
nghQ = 0.152, left plot and Qth = 0.104, right plot; for

at the 30 level:
myp = 130,150, 170,190, 210, 230 GeV (starting with the uppermost curve) and for ¢ = +1

solid curves and ¢ = —1 (dashed curves).
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Neutrino physics

_ o~ 1
Ly =—LY)Hlp — LY, Hvp — §(I/R)CMI/R — (vr)Y,vr + H.c.

Lo H—H, p ——p, L= S,L, Il — Sizlr, VR — SupVR

The symmetry conditions (S;S] = S1S; = 1):

StViS, =V, SiY.S,,=Y,, SLMS,, =+M, SLY,S,,=-Y,
The implications of the symmetry:

Sy MS,,=+M = S, =41, S, ==diag(l,1,-1)
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S,,=%+1 = Y,=0or S, ==+diag(l,1,-1) = Y,=| 0 0 by

S1ViS,, =Y, = Sp=8,=dag(s1,s2,53), |[si|=1

SIJ[JYVS,,R =Y, = 10 Dirac neutrino mass textures

For instance the solution corresponding to s1 23 = *1:

a b 0
Y, = d e 0
g h O
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with the see-saw mechanism explaining M,, < My:

1
My ~M  and M, ~Mp—M}
M
where 1
VL:TLL—I—MDMNL and VR:NR_MMgnR

a b 0 y
Y, = d e 0 = Mp=Y,— = M,

g h 0 V2

To compare our results with the data, we use the following approximate lepton mixing
matrix that corresponds to 13 = 0, f23 = /4 and 65 = arcsin(1/v/3):

(Vi o)
v=| Vi Vi
SR Y
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Writing the diagonal light neutrino mass matrix as

Miighy = diag(mi, ma, ms3)

we find
1 2m1 + Mo —m1 + Mo —m1 + Mo
M, = UmlightUT = § —Mm1 + Mo %(ml + 2mo + 3M3) %(ml + 2mo — 3777,3)
—my + Mo §(m1 -+ 2m2 — 3m3) §(m1 -+ 2m2 -+ 3m3)

4
2_d2 b2_2 2d2_ 2 22—b2

my = —4v? (a + c ) and m2:—4v2( Mla + eMl )

ford=g, h=e, (a+2d)(a—d) =0, (b+2e)(b—e) =0 with mz < my ».

Does Y, # 0 imply ¢ — n;n; decays?

a b 0 0 0 bl
Y= d e 0 |,Y, = 0 0 b = @ — Ngns, NyN3, (a =1,2)
g h O bl b2 0

that can be kinematically forbidden by requiring M; > m.
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Does ¢ explain the PAMELA data?
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Figure 3: Combined fit of different DM annihilation channels to the PAMELA positron and PAMELA
anti-proton data, from Cirelli, Kadastik, Raidal and Strumia, arXiv:0809.24009.
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Summary and comments

e The addition of a real scalar singlet © to the SM may ameliorate the little hierarchy
problem (by lifting the cutoff A to 50 — 100 TeV range).

e |t also provides a realistic candidate for DM.

e Since m =10 TeV therefore ¢ can properly describe the PAMELA results both for
e’ and p.

e The Zs symmetry implies a realistic texture for the neutrino mass matrix.

e (© cannot be assumed to be responsible neither for inflation nor for dark energy.
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