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Don’t Mess wit the Force

Observed:

Rc N M1/3

Expected from a matter
system of given density

Clusters

Modified Newtonian Dynamics (MOND):
a. = constant ~ M /R

Implies:

RC ™ M1/2 108 10"

M., central in Mg

Spheroidal Galaxies

Difficult to reconcile across systems.
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Types of Freezeout

X WIMP '
\ /

N

Zeldovich, Lee, Weinberg, Steigman, Turner,...
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Types of Freezeout

NS

7N

Zeldovich, Lee, Weinberg, Steigman, Turner.,...

Hochberg, Kuflik, Volansky, Wacker
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Types of Freezeout

Ipym = (035202, ) npynsy > H(T)
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Cartoon of Target Space

Dark Matter Annihilation (owv.q.)

Dark Matter Mass

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23



mailto:juri.smirnov@liverpool.ac.uk

Cartoon of Target Space

thermal relic
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Electroweak Dark Matter
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Effect on the Freezeout

zoom in on | !

freeze—out
@z =25

tree—level

thermal

distribution bound states

I_‘ann — 10_5 MDM

100

7= Mpm/T J. Smirnov, J. F. Beacom:
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' Example: DM Spectroscopy (SU(L) 5-plet)
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Sensitivity to Heavy Dark Matter
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The Dark Sector

See also the talk by:
[:D ™ Lscalar T £fermion T Lgauge Abhishek Chikkaballi
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M. Reichert, J. Smirnov: 1911.00012

1) Stuckelberg Mass for the Z’

&) Vector-like fermions for Vacuum Stability
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Fermion Dark Matter

1) Upper bound on
gauge coupling and
quantum number

&) Allows to derive an
absolute upper
bound on the DM

Imass

M. Reichert, J. Smirnov: 1911.00012
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Fermion Dark Matter

ez %mZ//Q

® Resonant annihilation:
leads to maximal mass

Mpn <40 TeV

104
M DM [GCV]

M. Reichert, J. Smirnov: 1911.00012
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Other Types of Freezeout
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Electron capture Neutrino emission
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Electron capture Neutrino emission
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Superfluid He
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Superfluid He Materials with Lattice Defects
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We need lower Energy Thresholds

Superfluid He Materials with Lattice Defects

- ._—_-A
Superconductors
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Superfluid He
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Superconductors 3D Dirac Materials

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23



mailto:juri.smirnov@liverpool.ac.uk

Superfluid He Materials with Lattice Defects
Small AF
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Detectors with lower energy thresholds = eV
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arXiv: 2002.04038; J. Smirnov, J. Beacom

Detectors with lower energy thresholds = eV
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Cartoon of Interaction Space
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Cartoon of Interaction Space
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Dark Matter-Electron Scattering from Aromatic Organic Targets

Carlos Blancoa’b J.L. Collar""bm Yonatan KahnCE and Benjamin Lillard‘ﬁ

S NS, 9 2

Smm Haw s S
,.-f."“l,,Q iy S 1S o
&c«; -

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23


mailto:juri.smirnov@liverpool.ac.uk

Eadait i il Eaats e q (gt = a = = it = = = e

Direct Detection with Organic Molecules

10731,

10—32 _

r—
o

&

Q
e

10733/

10—35 :

L
S
c
o
—
-
Q
L
—_—
L
>
-

10—36 |

10—37'
1

Dark matter mass [MeV]

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23


mailto:juri.smirnov@liverpool.ac.uk

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23

b

32


mailto:juri.smirnov@liverpool.ac.uk

i

.
p [
-

"V

[ The quick brown fox jumps over the lazy dog ]

Teach

Decoder

Encoder

AN

NS

\\\‘\:‘\“ﬁ//f > g7
Q\{\‘\\\' ¢ 'll;/;\ ‘ \ v‘v N A I’
XN XN N KL
\\:\\\» 410»"0.4 \\ ’ VRS {/[7//
N XA - ‘ 2R B
ZaNabucd s T
AT NTOKET
A
o A

W .
’2; N0 e e
N RS @, %

/\\"" Yo',
ndZ AKX\

\ » '..I \.'
254, VO
N/

RN %

)
7 4
LA 4 .
LB AR
/ilﬁ N ® 4/" \ Z/;’,;o{\ ‘\\K

~L A ’, N/ ‘\:‘\7 S

77 XX NN
VIS AN
7N =

\ QN
./ @
iD//'

Bottleneck

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23

Ing Machines Chemistry

4 /80

[ The quick brown fox jumps over the lazy dog ]

33


mailto:juri.smirnov@liverpool.ac.uk

e A continuous space of faces generated by Tom White using VAEs

QOO N XX RN ()
COOTRNN R NN M0

o e e The smile vector
COLR M

=<1
Ry Y.
‘s

https://gaussian37.github.io/deep-learning-chollet-8-4/
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SMILES and SELFIES

S1M ILES

Starting point
CNC (C) cc 1 =cc=cC 2 c [(=€|1[)] oco 2 SP

of decodin
) :
SELFIES

1 0 ' Q=3 1905.13741
| T T 1

[CIIN][C] [Branch3][e][C] [C][C][=C]I[C][=C] [C] BESRERSIEONIECH [Ring] [#N] [0][CI[O] [Ring] [#N]
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SMILES
A) Single Mutation

CNC (C) CC1=CC=CNC (=C1) 0CO2 _
syntactically invalid

CNC (C) CC1=CC=C2C (=C1FO0OCO2 '
syntactically invalid

CFC (C)CCl=CC=C2C (=C1)0C02
semantically invalid

B) Double Mutation

CNC (C) OC1=CC=C2C (=C1lcoCc0Zz
syntactically invalid

CNC (C) CC1l=CCOCcCC (=Cl)0oc0oz2
syntactically invalid

CNC (C) #C1=CC=C2C (=C1) OCON
syntactically & semantically invalid

C) Triple Mutation

C=C (C#CC1=CC=C2C (=CN) 0CO2 _
syntactically invalid

CNO (C) CC1=CC=C2C (#F1)0CO02
syntactically & semantically invalid

CNC (C) CC1=CCCC2#F=C1)0CO02
syntactically & semantically invalid

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23
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Latent Space Quality

=

Validity of Latent Space in VAE
SMILES SELFIES

% ‘. @ @
_ =- 22=2

22=1 = 22=-2

z0
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FIG. 2. A 2D projection of our latent spaces showing the
intrisic separation of molecules by HOMO-LUMO gap.
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VAE Trained First

Molecules
(SELFIES)

Dimension 13
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Dimension 24

FIG. 2. A 2D projection of our latent spaces showing the
intrisic separation of molecules by HOMO-LUMO gap.

MLP Trained Second

/ \
/ Decoder \\ KL divergence Perceptron

MSE loss MSE loss

N

Reconstructed Molecules <~ N\
(SELFIES) . molecular properties )

-~ //

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23

39


mailto:juri.smirnov@liverpool.ac.uk

|3
R

VAE Trained First

Molecules
(SELFIES)

Dimension 13

-03 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
Dimension 24
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intrisic separation of molecules by HOMO-LUMO gap.
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input molecule

HO

- - y 3 . - 8 - _ _ - . - _ _ . T N - . -~ _ _ ~ ~ _ = 3 . - N - AN ~

reconstructed molecule:

N—
HO

Similarity score 0.6774193548387096

reconstructed molecule:

Similarity score 1.0

reconstructed molecule:

Similarity score 0.7666666666666667
Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23
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Small subset training: prove of principle

5% dataset makeup

Input molecules
New molecules
Target molecules

Fraction

I

2

-

Standard deviation vanation
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Phase Transitions and
Stable Dark Bound States
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Beyond QCD:
Non-abelian Dark Sectors
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Geometric Rearrangement

Nl)(‘ - 3* S)'I)N1 ~ ()43 Sl N[)(‘ - 4. .().])M ~ ()33 .(2 Nl)(‘ = 5. QI)M ~ ()24 _(l

Figure 5: Fxamples of dark condensation for Npc = 3 (left), 4 (middle) and 5 (right). Dark
quarks Q (anti-quarks Q) are denoted as red (blue) dots, placed at random positions. We assume
that each DM particle combines with its dark nearest neighbour, forming either unstable QQ

dark mesons (gray lines) or stable QNP dark baryons (red regions) and QNPC dark anti-baryons
(blue regions).

Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380
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Npc = 3, Qpm ~ 043 () Npc =4, Qpym = 0.33 Q) Npc =5, Qpy =~ 0.24 Q)

Figure 5: Fxamples of dark condensation for Npc = 3 (left), 4 (middle) and 5 (right). Dark
quarks Q (anti-quarks Q) are denoted as red (blue) dots, placed at random positions. We assume
that each DM particle combines with its dark nearest neighbour, forming either unstable QQ

dark mesons (gray lines) or stable QNP dark baryons (red regions) and QNPC dark anti-baryons
(blue regions).

Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380
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Dynamics of the Phase Transition

Phase Conversion vs. Time
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Result for Rello Abunda,nce

Rehc Abundance

P. Asidi,
T. Slatyer,
D. Kraemer,
BE. Kufik,
1 OO G. Ridgway,
J.Smirnov:

Confinement Scale, A|TeV] 2103.09822
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Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23



mailto:juri.smirnov@liverpool.ac.uk

Juri Smirnov, juri.smirnov@liverpool.ac.uk; Hamburg, 21/12/23



mailto:juri.smirnov@liverpool.ac.uk

| Color-Charged Dark Matter Model

(SU(3)e, SU(2)L, U(1)y)

Q= (3,1,0)
Qqq e=4/3ore=—-2/3ore=—1/3

Q= (3,N,Y)
Q= (8,1,0) Qg
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Idea: Chromocatalysis
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Chromo-catalysis in Cosmology
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Abundances Today

Open Question:
Nuclear Binding
of Isospin=0 ¢
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Direct Dectection & Chromopolarizability
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Primordial Black Holes LLookback

z ~ O(0)

Carr & Kuhnel 2021
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