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Through the looking glass, Lewis Carroll
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A Slightly Broken Mirror

Arushi Bodas,
PostDoc NYU

+ Shadow version of the SM
+ Approximate Z2, softly broken Shadow protons decay
+ Asymmetric Inflaton Coupling p' —n' + /" + Vé

+ Reheating T" < T is compatible with CMB

But shadow
+ Higgs vev and Yukawas such that proton nucleons can be

slightly heavier than neutron stable

+ Interaction weak: gravity, U(1) mixing, p+n" — D 4+~
axions

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26 3
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Shadow BBN Network |

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26



mailto:juri.smirnov@liverpool.ac.uk

Shadow Nucleosynthesis

Shadow BBN with D, -assisted T' production Shadow BBN with D/ -assisted T' production (zoomed)
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Slightly broken
mirror sector

dissipative shadow

plasma + shadow
neutron halo

©

Shadow BBN
composition

~99% “He’,
~1% T’

-

Cooling
channels

~N\P
~ N\

‘He’ drives
high-temperature
cooling

T Y
NN

T/ T2' enables

lower-temperature

cooling

forms a dark disk,

clouds, and

shadow stars

Fragmentation
scale

high cooling floor =
large Jeans masses
+ rapid accretion
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Initial mass
function

M

top-heavy, roughly
Population-lll-like

typical masses

~10 - 100 M,,
with efficient cooling

"

End states

shadow
neutron stars

black holes

massive short-lived
stars end mainly as
shadow neutron stars
or black holes
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Expected Shadow Object Population

g = = - T . - _ . - . - BN -~ _ . o ey g 3 _ - ra g

First-generation shadow stars: IMF - compact-object population

core collapse pair instability
WD-like NS/BH PPl / PISN direct BH

—— [ scenario
T scenario
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Molecular-cooling branch: D 90%| T 30%
Bands: 68% and 95% model-uncertainty envelopes fate thresholds: SM heljum-star analogue

100 101 102 10°
initial shadow-star mass M. [Mg pl
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SM core

Shadow-sector neutron-star mergers
My=M,=14Ms, D=100Mpc

Shadow neutron star + shadow neutron star
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Ry=24 km, A=21089, feontact =583 Hz, > =1073 Hz, 7, =28.3 ms
Ry =12 km, A =395, feontact = 1650 Hz, > =3034 Hz, 70 =10.0 ms
Rs=5km, A=1, feontact =6136 Hz, f, =11281 Hz, 7, =2.7 ms, strong-field extrapolation

Hydrodynamic contact
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X-ray flash

Visible neutron star + shadow neutron star

Ry =24 km, f,y =898 Hz, feore = 1650 Hz, tgw = 14.68 ms
Ry =12 km, fo, = 1650 Hz, foore =4668 Hz, tgw =122 ms |
Ry =5 km, fo,, =2768 Hz, f.ore =4668 Hz, tgw =0.87 ms

Geometric overlap
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Time relative to contact or overlap [ms]
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X Pa,ys from ca,ptured SlVI Matter

+ SM matter in a compact core 1n51de the
shadow neutron star. ek

+ During merger, this SM core is shock- SM
heated producing a hot thermal photon bath.
+ The characteristic temperature reaches the
keV regime, so the prompt emission peaks in
X-rays.

+ Unlike an ordinary NS mergers, there is
much less surrounding SM material.

+ X-rays therefore encounter a smaller SM
optical depth and escape more easily

+ Visibility reaches the Mpc scale

VS bo Mca
E’Y prompt — 77boE’dep ~ 10%° Crg ( _ ) ( = ) .

103/ \10%3 g

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26

X-ray flash
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Expected Interactions and Cross Sections

Couplings to visible matter Parametric scaling

Charged constituent scattering:
e‘a’

20,4
Uev

O X

Neutral shadow atom:

nuclei / 2
nucleons Oeff ™ scr(Q) o

For(q) €1 for gay <1

Shadow neutron:
residual interaction only
—> strongly suppressed

neutral sha’dow electrons
atom A

atomic screening
at low q

Low-q scattering is controlled
by atomic screening and the
internal shadow structure.

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26
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Interaction
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Direct Detection Range Cartoon

Nuclear
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The Barth as a Dark
Matter Accumulator
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15


mailto:juri.smirnov@liverpool.ac.uk

Asteria Code by:
R. K. Leane (SLAOQO),

J.Smirnov

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26
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| Captured Dark Matter Profile

V(TLXT> f rav (7“)
My 1 += fh
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V(TLXT> f rav (7“)
My 1 += fh

Hydrostatic equilibrium:
Isothermal DM

Ref: Effect of hypothetical, weakly
iInteracting, massive particles on energy

transport in the solar interior
D.N. Spergel and W.H. Press in 1984
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V(TLXT> f rav (7“)
My 1 += fh

Hydrostatic equilibrium:
Isothermal DM

Ref: Effect of hypothetical, weakly
iInteracting, massive particles on energy

transport in the solar interior
D.N. Spergel and W.H. Press in 1984
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R/Rg R. K. Leane and JS
2209.09834
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Even stronger
boosts possible
With long range

mediator

See our work:

2303.01516

Earth
DM surface

density in cm™>

100

mpm [GeV] R. K. Leane and JS

2209.09834
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10*’:t  Even stronger
boosts possible
1073%L With long range
mediator
10-3! See our work:
2303.01516

107 Earth

DM surface
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New Detection Concept without a Threshold

@ Capture in Earth

shadow
matter x

energy loss +
gravitational binding

| |

Accumulated
terrestrial population

local terrestrial density
near detector

i —= w
@ Collisions with detector

thermalized
x from Earth

Lo
lT Cryostat
e ——

target atom

cryogenic detector
(bolometer)

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26

@ Continuous heat flow

300 K
environment

ultracold
detector

(~ 10 mK)

o

P, x n, o (0VAE) N,

&

many tiny collisions integrate
into measurable power
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Quantum Sensing and
Supertluid Hed

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26
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Phases of He3

L,=-1,5 = -1

sSuperfluid A phase YA =4y(2) @ + &é
4"'/ —-—/
L =1,5 =-1 L =0,S,=0 L =-1,5 =1
¥Yg :ei(/) A"(z) +A(2) +A||(z)
-/ /
Normal fluid i i jt
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2 3
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Measure Power not Recoils!

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26

Tetiana Kozynets

DAc - [\.l,\/\—b ora l ,‘(‘,(;\.C(.}‘u rehar
mUoLjU JOUCLC LU C _esSCcdlCl e

Technique has
potential to
get rid of readout
thresholds

Sensitive to even
slow drifting DM

24
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Heat Exchange and Heat Leaks
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Temperature Drift in the Bolometer

Estimated from
simulations

171.50

171.25

17100 Pradiogenic ~ 1.2 x 10~* pW,

170.75

—4
170.50 Pcosmic,surface ~ 6.3 X 10 pWa

170.25

—9
P, cosmic,underground 1.0 x 10 pW

500 1000 1500 2000 2500 3000 3500
t [s]

Figure 2: Example evolution of the *He temperature in QUEST-DMC over 1 hour, measured
at 0 bar pressure. Data courtesy of Robert Smith and the QUEST-DMC Collaboration
(February 2023).
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Signals with Varying Depth

~

P, (r) x n,(r)(cvAE).

 Already push below pW
sensitivity

 Heat leak depth dependent

e Cosmics are as well

e Effects calculable

e Differential measurement

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26
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Summary

e Shadow sector with dissipative Dark Matter

o Astrophysical multi messenger signails

e New signatures in ultra-low temperature
experiments

e Harth bound slow dark matter population
contributes to a thermal link/ anomalous heat leak

e Signal strength varies with detector depth

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26

Inspiral

Merger -
S

SNS
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Expected fate of the first-generation stellar mass

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26

scenario
B D
T
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Sha,dow Sector forms I—Ia,los a,nd Structures'

+ In a,ddltlon to sha,dow neutron halo d1831pat1ve plasma,
(99% 4He’), (1% T")

+ (4He’) drives high-temperature cooling; (T°/TRQ’) enables
lower-temperature cooling

+ Dissipation forms a dark disk, clouds and shadow stars
+ High cooling floor -> large Jeans masses and rapid
accretion

+ Shadow-star IMF is top-heavy, roughly Population-III-
like: Typical masses: 10 - 100 MSun with efficient (D/T2")
cooling, and direct BH collapse without it

+ Short-lived massive stars end mainly as shadow neutron
stars or black holes

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26
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QUEST-DMC Superfluid He3
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QUEST-DMC Superfluid He3
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. Collision WIMP-He3? atom

Heat as quasiparticle excitations

- Light from de-excitation

WIMP

\
NS

Ionlzatlon

> Quasiparticles (heat)

Singlet

Excitation

I

fraction

102 101 100

> UV photons

~100% recombination IR photons

Juri Smirnov, juri.smirnov@liver

ool.ac.uk; Paris, 14/09/26

Nuclear
Recoil

\

energy [keV]

> Scintillation
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Quasi Particle Dampening

Vibrating nanowire resonator in a
vertical magnetic field

Damping force from QP collisions:
— T dn2 —_A)
F=—viprvpNoexp (kBT

3He

Andreev scattering amplifies force

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Paris, 14/09/26
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Overall Sensitivity and effect

Ll

SL-SQUID QUEST-DMC reach (This work).
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surface Overdensity: DM w. long range force

Preliminary

> 1016 Earth
DM surface

density in cm™>

> 1012
> 104

mpm [GGV]
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