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Rapidly Oscillating Massive Erticles

+ Particle production by oscillating from one interaction state to another
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+ Ubiquitous and potentially efficient production mechanism of dark matter

+ Goal to generalize this framework. Necessary ingredients?
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+ Mass mixing: misalignment between interaction and mass basis
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+ Diagonalize by rotation matrix with vacuum mixing angle 6
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* Two state quantum system
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+ Interactions that keep % in equilibrium also can generate thermal mass — §(T)



ROMP Example

+* Many possibilities for operators/interactions that keep v in equilibrium

i f
+* As example, heavy vector exchange
my ~ A
. ¥ ¥
+ Important operators from EFT perspective:
1 . h
£6 — E(f’yMPLw)g,uV (wnyPLf) 4-Fermi like interaction
1

Lo — A4 (]‘77“ P L@D) ( gw/@2 ot 6’M 8y) (1;7 -y f) Modification from heavy vector propagator



ROMP Production Time

+ Characteristic of ROMP dark matter that new temperature of production 7.

M2 . m?p mCZZ—’ mzsz Potential Resonance at 7.
el = m2 m2
Yx e 3 E

.
2m¢X

2 2 D
mT+mw my

tan 20 =

Y Production Rate

Can be large in early universe. Mixing suppressed!

101 10

Tosc when |m%| = mi — mi




Evolution Equation?

+ How to capture:
1. Oscillations
2. Scattering

3. Resonances

4. In-medium (thermal) mass corrections

To determine relic abundance of X dark matter?
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* Need evolution of density operator
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ROMP polarization vector
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(Quantum Kinetic Kquation

* Need evolution of density operator

A

10rp = [H, p|
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Akhiezer et al ‘81; Stodolsky '87

ROMP mixing vector. “Magnetic field” with V = wg(sin 20% + cos 202)
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* Need evolution of density operator
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* Need evolution of density operator
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(Quantum Kinetic KEquation

* Need evolution of density operator

b S dP -
Zatp — [H, IO] P E e V & P — DPJ_ —|— P()i Akhiezer et al ‘81; Stodolsky ‘87
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(Quantum Kinetic Kquation

* Need evolution of density operator

5 dP

Z@tﬁ — [H, ﬁ] P E e V & P — DPJ_ —|— P()i Akhiezer et al ‘81; Stodolsky ‘87
& .
D = 5{‘ i (Reduces |P|, making ROMP a mixed state)
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N FE o x suppression factor when damping strong
b -+ transient oscillatory factor

t/tosc<0>



In-Medium Masses
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Forward Scattering
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In-Medium Masses

s mfb + m2T mfbx
G mfb m
X

Example: Photon Forward Scattering

7(p) v(p)

N N

< M (O) Nbg > e QTle (Non-relativistic

265 . (k) M plasma limit)




Example ROMP Calculation: Thermal Mass
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Example ROMP Calculation: Thermal Mass

1
T A2

1

£6 :P

(P Pro gl B f) Ls (FY* Pr)(9,0° + quay) (0" Prf)

2 SR it
s ms — AL0) fing ~ i (nf —nf) Canbe small!
2E,. (k) e Ip




Example ROMP Calculation: Thermal Mass

1
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Example ROMP Calculation: Incoherent Production

+* For ROMPs, production maximized when m7 =mi—mj; (T =T.)

: <M(0)nbg> - 1 1

A o Max{my, m, } o5,
T... ~ 500 MeV e
. <1OOGeV> ( 100 keV )

F¢ SiIl2 2(90
H

X

+ Boltzmann limit of QKE Y oas ),

TOSC



Example ROMP Calculation: Parameter Space

Preliminary
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Summary

Simple framework for calculating production of ROMPs in early universe
New temperature where production dominates, Tosc, where —m7 . =mi —m;
Quantum mechanical effects like Landau-Zener also arise in ROMP models

Variety of other interesting operators to consider, like scalar exchange

Potential signals: photons from ROMP decays, warmness, collider bounds for small A



