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Coupled physical systems can dissipate collectively into
the same environment or common bath, a situation that is
known to enable physical phenomena such as decoherence
free subspaces, asymptotic entanglement or collective
synchronization, amongst others. This dissipation séenar
is the opposite of the usually considered separate baths
scheme, in which the units of the system dissipate into
different uncorrelated thermal baths. The conditions for
collective dissipation have been recently established in
structured environments [1] in a general theoretical frame
work.
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characterized so far. Here we analyze the effects of common
dissipation onto two different physical phenomena. Hjrstl

we study the emergence of synchronization between the me-
chanical oscillators, and we compare the results with the
ones of previous studies in which separate mechanical dissi o

pation was considered. In particular we show that collectiv ]
mechanical dissipation enlarges the region in which sponta o0 oo oo e s AP

neous synchronization can be found. Secondly, we study the Lo,

presence of entanglement between the mechanical modes in

the asymptotic state, below the threshold self-sustaised 0 Eigyre 1: Synchronization diagram for two mechanically
cillations. Asymptotic entanglement between the mechan- o pled optomechanical oscillators dissipating into a-com
ical mode and the optical one is known to arise in single mon path: white region corresponds to unsynchronized os-
optomechanical systems. Here we study the novel cases of jjations, red and blue regions correspond to synchrahize
mechanically coupled devices dissipating both in common ,gijjations. The phase differen¢éy| at which the me-
and separate mechanical baths. We report asymptotic en-chanical oscillations lock is encoded in the color scale:
tangled states in both cases, and we analyze the strong re-qark plue regions correspond to anti-phase synchronizatio
lation between the presence of entanglement and the degree(|5¢‘ — 1), dark red regions to in-phase synchronization
of optomechanical cooling of the oscillators. Again we find (6] = 0). The map is obtained varying the mechanical
that collective dissipation enhances the presence of asymp coupling strengthi, and the mechanical frequency detun-
totic entanglement in the studied parameter region. We fi- ing Aw,. The other parameters are fixed to the same values
nally explore the presence of quantum synchronization in 45 Ref. [2] in order to compare the results with the ones ob-
this regime. tained considering separate mechanical dissipation. n pa
ticular the fixed parameter values arB; = P, = 0.36,
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