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Introduction

hypothesis: anew particle “y”

its character: (0 Charge under all fundamental forces

1/2: spin
1  :baryon number
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Introduction

hypothesis: a new particle “y”

its character: (0 Charge under all fundamental forces

1/2: spin
1  :baryon number

It's called a neutron.
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neutron “dark” neutron
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neutron “dark” neutron
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Consequences

oscillations magnetic “transition” dipole moment
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Consequences

oscillations magnetic “transition” dipole moment

quantum mixing already seen in Nature: @ } @
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photon - rho meson photon - Z boson neutrino flavours
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Why care?

(1 ) the dark matter of the universe

GALACTIC ROTATION

dark matter

83% BULLET CLUSTER
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Why care ? (2) the neutron lifetime puzzle

Neutron Lifetime Measurements
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Why care?

(3) the “XENONT1T excess” from last summer

image: APS
arXiv: 2006.09721
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| Phys. Rev. Lett. 125, 231803 (2020)] : McKeen, Pospelov, Raj



From where?

elementary

Kobzarev, Okun, Pomeranchuk 1966



Where to find? o

(O) ultra-cold neutron
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her e to flﬂd? Dark anergy
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Wher e to flﬂd? Dark stergy

expansion

Structure

Cosmic Microwave .
formation

Background radiation

1 ) synthesis of nuclei: O s visible
earliest epoch of

Big Bang cosmology
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Where to find?

accelerated
expansion

Structure
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(2) Telic radiuti()n Accelerators is visible
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Wher e to flﬂd? Dark stergy

Structure
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(3) ancient neutron stars Accidlicabans
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new heating mechanism:
nucleon “Auger etfect”
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COIlStI'aiIltS ® BBN data: Y, = 0.245 + 0.004 ,

D/H = (2.55 4+ 0.03) x 107° |

n—xv n® = 5.4 (n® + n?) "He/H = (1.0 £0.5) x 107,
open

® CMB limit:  f, /7 S107%° 571

T. R. Slatyer, Physical Review D 87 (2013),
10.1103 /physrevd.87.123513.

J. M. Cline and P. Scott, JCAP 03, 044 (2013), [Erratum:
JCAP 05, E01 (2013)], arXiv:1301.5908 [astro-ph.CO].

z ; . n — yy direct search: 1802.01595 [nucl-ex]

10712 = :
10nger i —E Viable Da}‘k Matter . . | t
. I 0 — YUY . borexino recas
life & - AVY

by McKeen, Pospelov (2003.02270)

®°Be —» 2 4He + y:

o 10719\ * /1 MeV \*/?
- Limited by: 1o, ~ 4 x 10" yr( L ) ( eV)

10~ Coldest NS

v, QgBe
<3x10°yr in metal-poor stars
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Constraints
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100 keV “neutron lifetime puzzle” window
for UCN experimentalists to target!
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Highlights

B Cosmology (BBN + CMB) stringently limits dark neutron explanation of
neutron lifetime puzzle.
[1small 100 keV-ish window left for UCN experiments to target!

B Heavier-than-neutron dark neutrons (see back-up slides): cosmology sole probe.

M very slow dark neutron production => explosive heating of neutron stars.
[] constrains 19 orders of mass splitting more than UCN searches

[Imotivation for future astronomy: direct probe of neutron’s
quantum properties

Thank you! Questions?



Back-up slides



Neutron stars = Pauli batteries

new heating mechanism: g "vcleon Fermi sea

nucleon “Auger etfect” o

neutron Fermi energy

n — y + anything 00 Moy
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Fermi sea

Dark Kinetic Heating of Neutron Stars and an{Infrared Window
10

on WIMPs, SIMPs, and Pure Higg

Masha Baryakhtar,l Joseph Bramante,' Shirley Weishi Li,” Tim Linden,” and Nirmal Raj3
'Perimeter Institute for Theoretical Physics, Waterloo, Ontario N2L 2Y5, Canada
*CCAPP and Department of Physics, The Ohio State University, Columbus, Ohio 43210, USA
. Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556, USA
Future 1 ab: (Recetved 10 April 2017; revised manuscript received 20 July 2017; published 26 September 2017)

We identify a largely model-independent signature of dark matter (DM) interactions with nucleons and
electrons. DM in the local galactic halo, gravitationally accelerated to over half the speed of light, scatters Optimi Zed fOr

against and deposits kinetic energy into neutron stars, heatng them to anfrared blackbody fempe
~2000 K

James Webb Space Telescope the Thlrty Meter

The resulting radiation could potentially be detected by th¢

Telescope, or the European Extremely Large Telescope.




Conversions to dark neutrons in NS

symmetry factor neutron chemical potential*
2
. ~ pn,
Er = E anN Hon 2, On’NU
/
N=n,p " PN>PFy
|
energy release rate number density” Pauli blocking condition

3 sources of energy: Amusement

proton spectators

E, (~ 10% of NS nucleons)
supply more heat!
scattering neutron spectator nucleon less Pauli-blocked,

Fermi sea Fermi sea

greater cross section

* determined from high-density equation of state + NS mass & radius,
in practice used Brussels-Montreal BSk24 with Mg = 1.5 M, Ryg = 12.6 km



2012.09865 McKeen, Pospelov, Raj

Constraints: y all the dark matter

m, —m, (MeV)
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Constraints: y percent-level dark matter

m, — my, (MeV)
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Constraints: NS heating

NS energy per baryon Zeeman from Earth’s B field
neutron star heating: |m, — m_ | < 0(10 MeV) UCN searches: |m, —m | < 10718 MeV
- S \ Cas A \ - \ \ I -6
10-10 I 10
future telescopes
“12/ 2 PSR B0950+08,
A0 Goamanerar ] | PSRJ0108-1431, |
% 1 0_14' PSR J2144—-3933: PSR J0437-4715,
— g coldest NS PSR J2124-3358.
= |
= _ |
J 10 16i
8l T IE
0= - Mys =15Mo, 1 2009.11046  0905.4208
205 ,,,,,,, Rns =12.6km || 171205761 0809.4902 future telescopes: 104
o~ g
1000 104 10° 109 05 1 5 10 50 100
TNS(K) B'(IUT) [hypothetical mirror B field]

ceilings: neutron conversions stop within NS lifetime
NB. neutron lifetime anomaly explained by €, , ~ 1075 eV (Berezhiani 2018)




