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No.
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Light scattering or Four-Fermi vertex: Coherence set by momentum transfer

Coherence for a small d€2 around k;jn
for which g < R~!
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Observable in Elastic Scattering

Momentum Transfer
q — ‘kin — kout‘ ~ R_l
~ 107 %V
For a 10cm sphere

Energy Transfer

q2

2M
For a 10cm sphere of tungsten

~ 107 *eV

Compare to 1 atom/cm3 at 1K:
Macroscopic coherence n(rR*)v ~ 1 Hz

g~ 10"% eV
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Need appropriate observables

ldea: what if we changed the internal state?

e.g: NMR splittings can be ~ 107/ eV
ESR similarly ~ 107 eV

Can we get macroscopic coherence and single spin flips”?

Then N? and potential observable
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Only this contributes

A

These interfre destructively

Another regime
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Summary

Inelastic processes need product states for coherence
Large energy exchange per interaction
Macroscopic coherence Is set by the momentum transfer

Splitting of two-level system serves as control parameter
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The Cosmic Neutrino Background

Produced when TUniverse ~ 1 second

Follows a relativistic Fermi-Dirac with temperature 1.95 K ~ 1.7 X 10~ %eV

—1
f(p) = (/" +1)
Number density n,, = 55.6/cm” per neutrino

Wavelength (\,) ~ 2.1 mm
Consists of three mass eigenstates, evolving independently

Only source of non-relativistic neutrinos
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Interaction with any fermionic spin ¥
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Rayleigh-Gans regime for relativistic particles

Very suppressed net rates, but total rates:
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QCD Axion
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Dark Quantum Optics
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Interested In system dynamics — integrate out cosmic noise
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Compare to Lindblad equation for thermal photons

Net rate zero!
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Lindblad equation for CvB

ps = —idws| Tz ps] + = Lo_lps ()] + 5L, [ps (O] + 5L [ps(8)]

For example:

) —v_(Ji+J_)  Net suppressed

(Ve + v )t Sum of rates

\ Can look for variance change

I 3 &, }
\ M Need to overcome N
X



Net
en
ergy CvB b
ound

n2\2 R4
vy — |t

VN

C
bo
ost ™
zﬂml(mmngﬂ
. ) 3 - 107
( 0 2 Cm3)3/2
T
| 10
( 00 SGC)
t ( 103 1/2
Nshot )

SNR =




Net energy CvB bound

N Ry — |t

VN

g ot (10cm 32 13,1022 em3\ *? /1000 sec [ 10° \ '/
oost R Ng t Nshots

Comparable to KATRIN (200 ton spectrometer)

SNR =




States




? States

———— e —
—
-
//

Product state: AJ, =V N

—
==



? States

e
—
g
//

R % Product state: AJ, =V N Easy to produce, noisy

—~
e
==



3 States

T ———
T
—
T

( N Product state: AJ, = VN Easy to produce, noisy

——— e

e ——
g
=

£ —= Equatorial Dicke state: AJ, = 0



3 States

————t— ——
—
=
//

( N Product state: AJ, = VN Easy to produce, noisy

— —

e ——
g
=

£ —= Equatorial Dicke state: AJ, = 0 Hard to produce



e ——
—
-
//

I

|
/ //‘

. 8
.‘w’/////

|

|

|

|

|

|

|

|

|

|

|
Q_——I‘JQ

|

|

|

|

|

|

[

[
m

States

Product state: AJ, =V N

Equatorial Dicke state: AJ, = 0

Easy to produce, noisy

Hard to produce

Squeezed state: AJ, = /&N, £ <K 1 Bestbet



Conclusions




Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter

Need special guantum states of matter



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter

Need special guantum states of matter

Apply for scattering-type interactions: CvB, relativistic neutrinos, sub-GeV DM



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter

Need special guantum states of matter

Apply for scattering-type interactions: CvB, relativistic neutrinos, sub-GeV DM
Apply for absorption/emission-type interactions: QCD axion, ALPs, Dark Photons



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter

Need special guantum states of matter

Apply for scattering-type interactions: CvB, relativistic neutrinos, sub-GeV DM
Apply for absorption/emission-type interactions: QCD axion, ALPs, Dark Photons

Can think of particles as tunable noise on the system



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter
Need special guantum states of matter

Apply for scattering-type interactions: CvB, relativistic neutrinos, sub-GeV DM
Apply for absorption/emission-type interactions: QCD axion, ALPs, Dark Photons

Can think of particles as tunable noise on the system
New observables that depend on the sum of excitation and de-excitation rates



Conclusions

Superradiant interactions: macroscopic coherence and change the
internal state of the system

Coherence when momentum transfer ~ inverse system size
Regulated by energy splitting — control parameter
Need special guantum states of matter

Apply for scattering-type interactions: CvB, relativistic neutrinos, sub-GeV DM
Apply for absorption/emission-type interactions: QCD axion, ALPs, Dark Photons

Can think of particles as tunable noise on the system
New observables that depend on the sum of excitation and de-excitation rates

May point to a new type of table-top and ultra-low threshold particle detectors
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