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Composite DM 1407 412

Consider simple model for asymmetric DM where
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Scalar field provides attractive force ®
for stable bound states: ®
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Large N-limit: @) = (¢) RMFT —— valid when: Ry>m;' 14074121
Field value determined from energy density minimum:
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Cosmological formation 1701.05859
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XX annihilation 2X formation NX formation
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e.g. phase transitions
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Qdep = QpyC

fusion in strong binding limit:

oy =~ 4nR; Depending on parameters:
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Nuclear coupling

Consider an interaction term with SM nucleons: & = £, + g ngn

boundary conditions Impose:
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N_X Scatterl ng Fermi sphere 47;PF

k" = mpy(1,7 y)
DM constituents are ultra-relativistic ®
and degenerate:

Scattering rate: anov;%c; phase
Moller velocity
Pr dp p° do 'f‘
['yx = ny do d(cos0) | da d(cosy) 7 O(AE +p — pp)
o VF 719 oMy | |
| ) | Pauli-blocking
integrate over target phase space relativistic kinematics

(composite rest frame) (centre-of-momentum frame)
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() x my ~ MeV — EeV —— substantial acceleration even if g, <1
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Atomic collisions Thermal bremsstrahlung Nuclear fusion

Recombination
I'x g my ;



1812.09325

Detection

1) Massive/strongly-coupled:

10*! GeV S M, S 10%° GeV ~ nm S Ry S um

Thresholds:

SNO+: ~1 MeV per 100 ns
(~100 PeV in single
lceCube: ~10 TeV per 100 ns crossing)

20NNH99|

Composites radiate continuously along path:
Eqvo, =~ 10* GeV s7! E, -~ 10" GeV s7!
M ~ 10%* GeV M7 ~ 3 x 10% GeV
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increasing radius/mass

5 10—10

stellar cooling
constraints
8n

Parameter space for detection:

myg [GeV]



2) Lighter/weakly-coupled:

102 GeV <M, < 10'8 GeV 107" nm < Ry

LNE
experiments

/ large mass numbers
\

low e-backgrounad

Differential event rate: ~ 47R2 §(Eq — EV)
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-I-ype_ I a Sy pernOvae Thermonuclear explosions of WDs:
/0

Energy dissipated in the e

composite transit via conduction:

. 47°T*R R

O.ong = 2 ~ 107 GeV s [ —=

15k.p- um

localized heat deposition leads to
runaway fusion:
Composite kinetic energy:
, 1) nuclear energy prod. > diffusion

1 ) 78 MX VCSC T
—M,vZ .~ 10°° GeV 2) critical temp. ~ 1010 K ~ MeV
2 1032 GeV 3 x 102

At ~ 1 s

Cross
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Carbon burning rate:

2
3 P+ _
2c _|_12C N 24Mg>1< Rth Moy sl 1()42 CIIl ) S 1 (—) Q0 ~ 3 MeV

. , 4nR; i 1 Rx 3
Nuclear energy release: Qs =~ ORy, ~ 107 GeV s

— Ry 2 ym
T M, > 10°* GeV

WD survival In turn implies constraints:

lgnition requires: Qs 2 COcond
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(~MeV temp. not reached) (~1 encounter/Gyr) 12



Conclusions

Composite states with a binding field coupled to nuclel presents new interesting
ohenomenology:

Radiation and fusion observable at large neutrino observatories,
ionization events at DM detection experiments.

On the astrophysical side: white dwart explosions, could also look for
— stellar/planetary capture and heating, alterations to isotope
abundances.

—>  Model can be extended to include other fields and interactions.
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Thank you for
your attention!



Backup slide

Cosmological synthesis:
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Radiative WD losses: 0,4 =
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Acceleration/Migdal:  Taccel =
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