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Why is the Higgs so much lighter than other

mass scales (neutrino, GUT, Planck)? _ _;L_ _},L_ _
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The SM Is the sector with
the lowest negative Higgs
mass squared.

How do we explain our
universe?
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Leptogenesis sector not one of the N. @'

Fields are not charged under SM (or N e’
hidden) gauge groups. M\

Looks like original leptogenesis.
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Reheaton has very long lifetime
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and becomes non-relativistic. 162
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Reheaton energy gets divided into

N sectors by branching ratios.
F =15 ) L H;— mgSS°
l
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mq ~ my(SM)
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Reheaton energy gets divided into Kinematic effects guarantee nearly

N sectors by branching ratios. all reheaton decay to the SM sector.
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Reheaton energy gets divided into Kinematic effects guarantee nearly

N sectors by branching ratios. all reheaton decay to the SM sector.

OCZ:/ISCZLiHi_mSSSC BR(S - SM) ~ 1

Decays to sectors with higher Higgs
mass parameter become 3 bodly.
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mg ~ my(SM) BR(S — (i >+ 1)) ~ 1/i
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Lepton asymmetry also gets
transferred to N sectors by
branching ratios.

Electroweak sphaleron can

transform lepton asymmetry
Into baryon asym.

Sphaleron is only active at
temperatures above 130 GeV.
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What happens to SM if mé > 07

SU(2); X U(1)y broken down to U(1)gp by colour
confinement at the GeV scale.

Proton mass is roughly the same as in SM.

6 quarks much lighter than QCD scale.
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Lightest exotic Higgs will be similar
In mass to SM Higgs.

£ =A8°) LH —mgSSe

D
A' 'l

Have mild kinematic suppression to
lightest exotic sector.

BR(S > (i=—=1)) ~ 10772

Decays to sectors with higher Higgs
mass parameter become 3 bodly.

BR(S - (i=—-2)) ~ 107
BR(S — (i < —2)) ~ 1/i*
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Lightest exotic Higgs will be similar Have mild kinematic suppression to

In mass to SM Higgs. lightest exotic sector.

g:’ISCZLiHi—mSSSC BR(S = (i=~-1) ~ 107

Decays to sectors with higher Higgs
mass parameter become 3 bodly.

A%y ...
(mH)i:_]\I[{(Qz+T)’ BR(S - (i=-2)) ~ 107

BR(S — (i < —2)) ~ 1/i*
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Can dark matter be the baryon In
one of the hidden sectors?

AL(SM) BR(S — SM)

AL(dark) BR(S — dark)
= < 1

Will it be enough?
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Can dark matter be the baryon in For SM-like sectors, sphaleron is

one of the hidden sectors? less efficient than SM.

AL(dark) _ BR(S — dark) < Qpm N AB(dark) < AL(dark) < 10~
AL(SM)  BR(S —» SM) Qg AB(SM)  ALSM) ~

Will it be enough? Not even close (need ~ 5).
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Can dark matter be the baryon In
one of the hidden sectors?

AL(i=-1) BR(S - (i=-1))
AL(SM)  BR(S — SM)

1072



Can dark matter be the baryon In
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active down to QCD scale so Its

much more efficient!
Dark asymmetry depends only on

p_i =BR(S = (i =-1)).



hep-th > arXiv:hep-th/0501082

Predictive Landscapes and New Physics at a TeV

Nima Arkani-Hamed, Savas Dimopoulos, Shamit Kachru

A No Baryons for mi > 0

Phase transition temperature 1, <m,, .

Sphaleron process Is biased towards erasing any baryon asymmetry.

Estimate tiny final baryon asymmetry ng/s ~ Aycp/Mp, ~ 10718,
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|s the sphaleron fast enough to
wash out asymmetry?
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|s the sphaleron fast enough to
wash out asymmetry?

Iz
FSph ~ @ gw I
H ~ T*Mp,

Depends sensitivelyon f,_ and T,
both non-perturbative parameters!
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|s the sphaleron fast enough to
wash out asymmetry?

Iz
FSph ~ @ gw I
H ~ T*Mp,

Depends sensitivelyon f,_ and T,
both non-perturbative parameters!

Can also change rate with g, .
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Can also change rate with g, .
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Built a model which gives a baryon

asymmetry and dark matter in
NNaturalness framework. B N i
T 0.050 |
Dark matter is neutron in sector ll, |
without Higgs vev. c/T) -ANeft =510~
g 0.010 - -
Predict ANg¢s 2 0.01 . | ANgg = 102
0.005

5.x10~10 1.x10~19 2.x10~1° 5.x10~1°

Interesting dark matter pheno. rs [GeV]
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What do neutrinos in sectors with
larger Higgs vev do”?

If G ; is not too big, they

thermalize.



What do neutrinos in sectors with Relic density proportional to mass.
larger Higgs vev do?

How does neutrino mass scale with
If G ; is not too big, they Higgs vev?

thermalize.
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How does neutrino mass scale with
If G ; is not too big, they Higgs vev?

thermalize. ,
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What do neutrinos in sectors with Relic density proportional to mass.
larger Higgs vev do?

How does neutrino mass scale with
If G ; is not too big, they Higgs vev?

thermalize. ,

i m

O . 3/4 N 5/4
P2 i () () (M)
QDM 0.06 eV 10-> 250

l

Majoranna:m; X v

Too much hot dark matter if there are more than 250 sectors.



Take neutrinos to be Dirac: m; «x v; .

Neutrinos only thermalize up to

Npmax = 2,500 .

3/4 3/4
2 Q) 5 _3< M > ( V1 ) (Nmax>
~ 35X 10
QDM 0.06 eV 103 2,500

l

No bounds from these sectors.
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For larger vevs, neutrinos produced via direct reheaton decay: S — 3vvv.

Neutrinos have energy ~ m./3 and do not interact.

§)

U,l

| - , N 1/2
’ ~2.4><10—2( x )( : )( max)
QDM 0.06 eV 103 105

Can compute free-streaming, these neutrinos are not hot.

Could be all of dark matter for Nyay = 3 X 10°.
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Lightest baryon in exotic sector Is the neutron.

Neutrons have large self interactions:

o, ~ 107 cm2 > 2 x 107%* cm?

Tension with bullet cluster bounds.
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Neutrons will generically bind into nuclel.

Nuclei can get quite large (no Coulomb barrier!).

Dark nuclei can get very large A ay ~ 107

No problem with bullet cluster. Could be strange pheno.



QCD phase transition is first order. Will there be pockets in the quark phase?

Yes, but nuggets rapidly evaporate via emission of 7 + .

Process conserves all gauge quantum numbers but violates B-L.

Electroweak sphaleron active inside nuggets, will destroy baryons.



