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Intro to Stasis

Normal Cosmology Stasis Cosmology

Q <4— Abundance of an energy component

e-folds of expansion



Models of Cosmological Stasis

Most models of =
Stasis involve towers .
of states, which
appear in many BSM =
theories: ] 0
Strings 0

Soft Strings
Extra Dimensions

K. R. Dienes, L. Heurtier, F. Huang, D. Kim, T. M. P.

Tait, and B. Thomas, Phys. Rev. D 105, 023530 (2022),
P B H S arXiv:2111.04753 [astro-ph.CO].




Condition for Stasis to Happen

Energy Density of Matter

| A_/_ (p)
In general WvatpM = —P Total amount of matter
\decreases due to a

“Comoving” Derivative: “Pump” process.

Dipy = 0rpyv + 3Hpu
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Condition for Stasis to Happen

Energy Density of Matter

| A_/_ (p)
In general Weca”}thpM = —P Total amount of matter
\decreases due to a

“Comoving” Derivative: “Pump” process.

Dipar = O + 3Hpu Hubble

Parameter

Matter abundance o p
evolves according to: P - Oy = (1 — QM)H,UM _ p)

Therefore, in order to have stasis,

Stasis happens when the Pump has to have the property: | 2(#)
0w = 0 for along P property: | P O(HpM

time.




Evolution of the Hubble Parameter

The first Friedmann H O(
equation says that: p '\

Note: This means that H,OM X ,0:]3\42

Total Energy
Density

(Hubble Parameter will decrease in a universe dominated by matter
and/or radiation)



What the Pump Actually Does

Let's examine two cases.

Decay (with tower):

P = (T) pus

\ Decay Rate,

averaged over the
abundances

Annihilation (assume no tower):

P = (gv) p3

“Cross Volume”, /
averaged over
all collisions
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What the Pump Actually Does

Let's examine two cases.

Decay (with tower): _
Annihilation (assume no tower):

(p) —
P =) pu PY) = (gv) p3;

\ Decay Rate, /
“Cross Volume”,

averaged over the

Stasis arises naturally if; ~abundances averaged over
all collisions
<F> x H Stasis arises naturally if:
(Average Decay rate must drop
over time) <O‘U> 0.¢ 1/H

(Cross-volume rate
must grow with time)



How Could Cross Volume Change
with Hubble? |
onTl?rtnié c(:jrgs:nds on . / Egﬂg:r;;rﬁ?a%cig}ﬁr
momentum? et gy — O ( |pCM‘ ) q\

\m
some rate constant

some exponent



How Could Cross Volume Change

_ Momentum of either
Wll1at if c(:jross . / iIncoming patrticle in
volume depends on . q CM frame
momentum?

Let: ol — C |pCM‘ \
m
If we assume the matter is in thermal \
equilibrium with itself then the average some rate constant
cross section is a thermal average.

Thus: <‘ﬁCM‘q> X TQ/2

some exponent

Temperature of
Matter



How Could Cross Volume Change
with Hubble?

: Momentum of either
Wl|1at if c(:jross ; / Incoming particle in
volume depends on . q CM frame
momentum?

m
If we assume the matter is in thermal \
equilibrium with itself then the average some rate constant

cross section is a thermal average.

some exponent

— q /2
Thus: <‘pC’M‘ > x T It then follows: <0‘fU> x T/?

Temperature of

Matter Average cross volume depends on
temperature! And temperature will drop over
time.




Could a Temperature Dependent
Cross Section Lead to Stasis?

We must Satisfy: <0‘”U> X Tq/2 X 1/H X 1/P1/2

Or: Tq X 1/,0
q
| . puT
Define a new parameter: ==
mq+4

g will have to be negative, so we call = the “coldness”

Inorderto have  {(ov) < 1/H = must be constant.
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Thermal stasis can happen
whenever:

—642V3 < g< —3/2

The plot shows shows that this
Stasis is an attractor (just like the
tower Stases).



What About a QFT Model of This
Mechanism?

This diagram can do it.

mx = 2mg

The property we need is:

X X

I
oV X |Pom|

The loop is
important even for
small couplings.



Constraints on Stasis with Our
Model

Density must be above that of BBN.

Temperature must be in a range set by the propagator

A 4¢-> 2¢ process must be weak.

Initial Density/Temperature must be able to reach the Stasis balance (set by E).
Any primordial X particles must have decayed.

QFT in curved spacetime must not interfere with the propagator.

There must not be Bose Condensation of the matter.

We must be in the Thermodynamic limit, with lots of particles per Hubble volume.
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Duration of Stasis in this Model
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LLL too hot
—— in stasis
TT1T too cold

~~~ particle destruction (4 - 2)
-~~~ bose condensation

Note: exact stasis duration depends on
how the start and end are defined

Note: certain regimes (gray) cannot be
guaranteed to be in thermal equilibrium
(stasis could still occur);

Stasis can last several e-folds.

Tv7 X-particles decay 444 BBN e Tmin
+== thermodynamic limit QFT in curved spacetime === Tmax



A Note on the Density-Dependence
of Stasis Pumps

In general, Let: P(p) — Zp}(’i

Decay: Annihilation:
plr) — <I‘> OM P(p _ < >
n=1 —9



A Note on the Density-Dependence
of Stasis Pumps

In general, Let: P(P) — Z,ORZ
Decay: Annihilation:

§F> PM Let: PP = (ov) p?,




A Note on the Density-Dependence
of Stasis Pumps

In general, Let: P(P) — Z,Or'j\%

Decay: Annihilation:
P'¥) = (') pas et P(p) — (o0) iy
n=1 dlog(P®)) =2

et = "o
Decays along tower &PM Thermal effects
deform nes deform nes
3

n L Both Stases pump rates lie sort of
Hpy o P eft 9 krziftvv:eeSr}zdecay and annihilation:



Conclusion

A Temperature-dependent cross section can lead
to stasis.

This type of stasis does not require a tower.
A QFT model can give the required cross section.
All Stases appear to share a common pgf? scaling.

JB, K. R. Dienes, and B. Thomas, Phys. Rev. D 110, 123515 (2024), arXiv:2408.16255.
JB, K. R. Dienes, and B. Thomas, Phys. Rev. D 111, 063519 (2025), arXiv:2412.09123.

(more to appear)
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