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number of mass eigenstates 
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New Physics
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Sterile Neutrinos?

active neutrino    sterile neutrino

for appreciable mixing, mT ~ mM ~ mD

Arise in several GUT extensions to the Standard Model  [e.g. SO(10), E6]

active/sterile mass
term:
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Sterile Neutrinos 
in the Early Universe 

& 
Big Bang Nucleosynthesis
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The primordial He abundance:
Yp = 0.238 ± 0.002 ± 0.005 

(Olive, Steigman & Skillman 1997; 
Fields & Olive 1998)

Yp = 0.244 ± 0.002 
(Izotov & Thuan 1998)
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3. The primordial helium abundance:

Yp  = 0.238 ± 0.002 ± 0.005
(Olive, Steigman & Skillman 1997; 
Fields & Olive 1998)
Yp  = 0.244 ± 0.002 
(Izotov & Thuan 1998)

4-Neutrino Mass-modelling

Ö!×�Ø Ù ÚoÛ Ü Ý Þ ß à á'â ã ä åoæèçoé�ê ê ëíì î îoï å�ì î î ì�ð ñ ò ó ô�õ öo÷ øíù úeû�ü ý û�þ ÿ � � ÿ

�

� ����� �

}δm2
atm

}δm2
sol

δm2
LSND

ν1

ν2

ν3

ν4

	 
���
 


}δm2
sol

}δm2
atm

δm2
LSND

ν4

ν3

ν1

ν2



Sterile Neutrinos in Astrophysics and Cosmology

Kev Abazajian, FNAL (KITP Neutrino Conf 3/05/03) 6

Constraining Sterile Neutrino Mixing

• Collisions decohere neutrino gas and populate sterile 
neutrinos

• Requiring that νs are not equilibrated (Nν<4) – for most 
conservative case with no resonances δm2 > 0
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K. Abazajian, Astropart. Phys. (2003) [astro-ph/0205238]
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Constraint Evasion & New Physics

1. Pre-existing lepton number (L ~ 107 B)
2. A fifth mass eigenstate, mostly sterile

may dynamically generate lepton number (Foot, Thomson & Volkas, 
1996) sufficiently early

3. Generation of majoron fields (Berezinsky & Bento 2001)
4. Low reheating temperature (3 active neutrinos are not 

thermalized)
5. Baryon-Antibaryon inhomogeneities: Nν < 7 (Giovannini, Kurki-

Suonio & Sihvola 2002)
6. Extended quintessence (“dark radiation”) (Chen, Scherrer & 

Steigman 2001)
7. CPT violating Neutrinos (Murayama & Yanagida 2001; Barenboim, 

Borrisov, Lykken & Smirnov 2001)

ν �

The CMB, Large Scale Structure, 
limits on 

Neutrino Mass 
& 

Sterile Neutrinos
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WMAP+2dFGRS+Ly-α, Neutrino Mass,
and 4-Neutrino Models
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The perils of conceding primordial scale-invariance

Abazajian, Dodelson, Gates (2003)

(prelim.) eV2.1∑ ≤νmrunning

ν mass
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Neutrinos from 
Large Extra Dimensions

Reduced Fundamental scale: (ADD model)

Large Extra Dimensions:  Neutrino mass & Sterile Neutrinos

F

No longer a large scale to suppress neutrino 
masses. Introduce a bulk fermion νb that couples 
to active neutrinos giving Dirac masses:
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If one sterile is bad is an infinite number infinitely worse?

K. Abazajian, G. Fuller & M. Patel, PRL (2003)
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The Dark Matter

Bode Ostriker & Turok 2001
Ghigna et al. ‘98

Sterile ν Dark Matter?
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Is there a dwarf halo 
problem?

• Suppression of gas infall into dwarf halos after reionization, and 
tidal disruption of halos (Bullock, Kravtsov & Weinberg 2001)

• Disruption of gas infall due to winds from star formation and 
supernovae in small potential wells (Binney et al 2001)

• Breaking the power spectrum produced by inflation at the 
proper scale (Kamionkowski & Liddle 2001)

• Warm dark matter: thermal suppression of small scale power

Power Spectrum Suppression with 
Warm Dark Matter
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Sterile Neutrino Dark Matter Production

Boltzmann equation for production:

Γ /
H

QCD Thermodynamics
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Sterile Neutrino Dark Matter:
Production & Prediction

Dodelson & Widrow (1993),
Shi & Fuller (1998), 

Abazajian, Fuller & Patel (2001), 
Dolgov & Hansen (2001)

Abazajian & Fuller 2002

�����

Lower bounds on mass:  when is warm 
too hot?

• Suppression of the 
observed Lyman-α flux
power spectrum 
(Narayanan et al 2000)

• Reionization [Barkana, 
Haiman & Ostriker 2001; 
Spergel et al (WMAP) 
2003]

• m > 0.75 keV for gravitino
WDM

• m > 2.6 keV for warmer 
sterile neutrino WDM

• for m > 1 (3) keV, no 
difference in the nonlinear 
power spectrum from CDM
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All Constraints: 
CMB, Diffuse Photon Background, BBN, Type II 

Supernovae, Small Scale Structure, X-Ray…

Abazajian, Fuller & Patel 2001

Laboratory Methods for detection of massive sterile neutrinos

kink-searches in nuclear beta-decay

∆ K
/K

The 17 keV neutrino…
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Radiative decay
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Resolving the Diffuse X-ray 
Background…

Chandra Deep Field South
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The Diffuse X-ray Background
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Chandra
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Constellation-X

XMM-Newton

ms = 4 keV ms = 5 keV

Abazajian, Fuller & Tucker (2001)
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keV 5<⇒ sm

Eminent Exclusion or Detection…

keV 5  keV 3 << sm

�����
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AFTER
Detection of the Dark Matter…

Probe the QCD transition

1st order

cross-over

Abazajian & Fuller (2002)

Dark Matter Density  + Strength and Energy of X-ray Line
�

Probes critical behavior of QCD at high T

Abazajian & Fuller PRD (2002)
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Raffelt & Sigl (1991); Abazajian, Fuller & Patel (2001)

Sterile Neutrino Cooling in 
Stellar Core-Collapse SNe

SNe Constraints on νs Dark Matter
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Summary…Summary…
•• Sterile neutrinos arise in several extensions to the SMSterile neutrinos arise in several extensions to the SM

•• Minimal models of the big bang and Minimal models of the big bang and nucleosynthesisnucleosynthesis are in are in 
conflict 4 neutrino models accommodating conflict 4 neutrino models accommodating 
LSND+Solar+LSND+Solar+AtmAtm resultsresults

–– If LSND is verified, it will require new physics in the early If LSND is verified, it will require new physics in the early 
universe and in particle physicsuniverse and in particle physics

•• Neutrino cosmology places some of the strongest limits on Neutrino cosmology places some of the strongest limits on 
large extra dimensions containing bulk neutrinoslarge extra dimensions containing bulk neutrinos

•• CMB+LSS+LyCMB+LSS+Ly--αα constraints on neutrino mass must be constraints on neutrino mass must be 
carefully interpretedcarefully interpreted

•• More  massive sterile neutrinos are a viable, detectable dark More  massive sterile neutrinos are a viable, detectable dark 
matter candidatematter candidate

–– Such detections may probe the physics of the early universe Such detections may probe the physics of the early universe 
beyond the epoch of beyond the epoch of nucleosynthesisnucleosynthesis to the QCD transitionto the QCD transition


