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In collaboration with [a great friend] and highly 
capable Yue Zhang (Northwestern U):

arXiv:1602.0071; arXiv:1610.06931; arXiv:1704.02347 [this 
last one also involves

Huangu Xiao, an undergraduate whiz kid from Tsinghua U]
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outline
• Intro …….
• Key important characteristics
• Basic philos…..seek as simple a solution as possible which 

naturally accounts for the key
features of DM

• Viable candidate?
• Possible repercussions:
• Gigantic DSS, GWs, Cosmic selection rule for relic density

• Future directions…..incl possible non-perturbative (lattice) 
studies
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Introduction + motivation
• Preponderance of DM  over matter 

is sometimes (often) used as a rationale to suggest
that the underlying explanation for DM may well

require considerable complexity i.e. much more
complicated than theories of visible matter 

• Pursue different philosophy:
• Explore as simple a solution as possible and introduce

complexity iff forced by experiments and   
observations
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Two Key characteristics

• Proven to be exceedingly difficult for direct 
detection ……………….=> fig

• Remarkably, the only compelling evidence of DM 
that so far we have is  gravitational !

• Seek simple  explanation for these key features
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SIMPLICITY IS OUR PRIORITY!
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SU(N)…simplest theory with non-trivial mass scale

Parameters: N, Λ

Implicit: θ [later] 
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Pure gauge theory, no fermions
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IN FACT THIS THEORY IS SO SIMPLE AND 
SO ELEGANT, IT SEEMS DIFFICULT TO 
BELIEVE THAT NATURE DOES NOT MAKE 
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LOW LYING SPECTRUM
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Cornwall + AS PLB’83
[QCD]
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Matured lattice simulations
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Low lying spectrum
• For QCD phenomenological  models, 

[Cornwall+AS’80]
as well as lattice calculations [Morningstar +
Peardon’99]  0++ and 0-+ as lightest states
with masses ~ few X ΛQCD
• For N>> 1, lightest gluonia masses go as

See : Lucini + Teper ‘01; Lucini, Rago + Rinaldi, ‘10
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Interactions
• Gravitational for sure…….decays to gravitons

• With SM ….unavoidable via higher dimensional
operators

• No compelling reason to think nature cares 
whether DM interacts with our detectors or not
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Decays to gravitons
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where  тU  = 1017 sec is the age of the universe 
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immediate consequences
• The mentioned interactions naturally 

accounts for:

• Why it has been so difficult to detect DM in 
“direct detection experiments”

• SUN-onia will of course have gravitational
Interactions  [more later]
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Decades of effort at direct detections 
has so far given no clear evidence

• SUN-ny gluonia DM provides a natural 
explanation why that may have been the case

• [another line of thought is (lepton) flavored DM; 
see e.g. Kile + A.S. 1104.5239; Agrawal,Banchet, 
Chacko, 1109.3516; Kile, Kobach, A.S.1411.1407]

• SUN-ny gluonia is an extreme example: matter 
interactions are too miniscule to be 
detected=>positive evidence for direct 
detection, if ever found, would mean SUN-DM is 
quite unlikely the source

LAT'17; Granada, Spain.   A. Soni[HET/BNL] 1706/23/17 



OUR FOCUS WILL BE ON THE LIGHTEST 
0++ ONIA; MORE RECENTLY FORESTELL
ET AL IN 1605.08048 HAVE EXTENDED 
CONSIDERATIONS TO OTHER ONIALAT'17; Granada, Spain.   A. Soni[HET/BNL] 1806/23/17 



Interactions of dark [SUN] gluonia
• Scalar potential: 
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Constraints due structure formation I
• 2 to 2 elastic scattering of gluonia:

σ ~ 1/m2N2

• For this DM to address the ``core/cusp 
problem’’ of dwarf galaxies: 
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II
• Interactions also allow 3=>2 inelastic annihilation

3=>2 reaction rate, Г (3=>2) ~ (nф)2 σ (3=>2) with
σ (3=>2) ~1/m5N2

• The 3=>2 process tends to make ф relativistic & 
warmer until there gets to be balance with the 
reverse 2=>3 rate

• So far in this set up, the DM relic density is given by 
value of nф at  the decoupling of the 3=>2 
annihilation; will re-visit this towards the end
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ARXIV:1610.06931 WITH YUE 
ZHANG
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GWs from colliding Dark SUN stars [DSS]
• As the distance bet. the colliding DSS decreases, 

the frequency of emitted GWs increases.
• For binary dark stars with equal mass M and radius 

R, the highest frequency of the radiated GWs, 

•

• LIGO sensitivity is only 50 – 1000Hz 
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Expected freq from DSS binary collisions
• For SUNny GDM to be warm and SI, 
• m ~KeV and N ~ 1000  => f  ~ 10^-3 Hz << 50 Hz

• Thus that range wont be accessible by LIGO but 
would need eLISA

• However, somewhat cooler DM that is SI 
[i.e. m ~ 100 MeV and N~ few, LIGO may be 
adequate]

LAT'17; Granada, Spain.   A. Soni[HET/BNL] 2806/23/17 



LAT'17; Granada, Spain.   A. Soni[HET/BNL] 2906/23/17 



Cosmic selection rule(for relic density) and possible 
repercussions

• See arXiv:1704.02347 with Huangyu Xiao and Yue 
Zhang

• To establish a connection between the gluonia DM
and the SM particles

• Introduce vector-like quarks that act as bridge 
particles transforming under 
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This allows  to build a thermal contact between the two 
sectors in the 

early universe, when the temperature is high enough



Large N selection rules and decays of Q-onia
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ENSURES  dark gluonia density stays well below neutrinos
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Interactions with the SM via HDO
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Estimates of direct detection Xs[DDXS]
of SUN DM  

• Cut-off of HDO needs to be >100 GeV
• That implies the DDXS < 10-50/cm2 !!
• This is 10-10 of current LUX upper bound for

DMXS, see D S Akrib et al[LUX]PRL 2016

• This is many orders below the “neutrino 
wall”
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Implications of    

• This can generate an effective interaction with 
the SM

=>          
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Using nedm bound of  10 -26 em => t

Theta SUN ~ O(1) cannot be ruled out !
Possibly interesting implications
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Key issues  for non-perturbative  studies

• Potential for s s scattering, attractive or 
repulsive?

• pp…..?

• Key to BEC into Dark SUN-onia stars[DSS]
• DSS give rise to  different pattern of 

gravitational waves as in arXiv:1610.06931 of SZ
• DSS could lead to gravitational lensing [now 

under study]
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FOR QCD SOME STUDIES
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A well known study in QCD is ππ scattering 
• In fact this is part of the RBC-UKQCD major 

project, K=> ππ and Ꜫ’ and in particular for Ꜫ’
scattering phases of ππ are very important.
See [CU] thesis of Qi Liu [2012] and Daiqiang

Zhang [2015] and in progress currently
• See also E. Shabalin, arXiv:1511.00498 who 

uses ChiPT.
• Scattering length for I=2 is   + 
• And for I=0 is     -
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Summary & Outlook
• SUN pure gauge theory provides a strikingly simple and viable DMC…[in fact 

it’d be a bit surprising if nature does not make use of the simplicity of this 
theory]

• It naturally explains why direct detections so far have gives null results; any 
positive detection would imply different type of DM than SUN-DM

• It may well also provide a natural explanation for the only compelling 
evidence, i.e. gravitational,  that we have so far

• Exciting possibility of  BEC and gigantic Dark SUN  “stars” of 106  to 108 X  
solar masses leading to the possibility of enhanced lensing effects!

• DSS collisions can lead to GWs possibly accessible to LIGO and perhaps even 
more so to eLISA

• Vector-like (bridge) doublet of mass over 107 GeV allows suitable relic
density with selection rule,  Nd => Λd /0.1 KeV

• Non-perturbative studies of this simple but rich theory are called for, esp
….is it attractive or repulsive for low lying gluonia? [for low-lying 

gluonia, = o++, O-+]
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XTRAS
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Black hole vs DSS
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