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(a) Observability of galaxy spins assuming thin-disk approximation. Projective angle, parallactic angle,
spiral feature and color gradient are used to infer the 3D spin vector (orange vectors). Using only

spiral features (i.e. in Galaxy Zoo) we only obtain j; component (red vectors) parallel to the line of
sight.
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Isofropic tidal field. Isotropic Lagrangian region (red cloud) is gravitationally collapsed (orange
arrows) into a virtualized object (blue dotted circle).

Anisotropic, scale-independent tidal field. The gravitational force is stronger along the Lagrangian
coordinate g, as represented by a long orange arrow. Consequently, the Lagrangian region is
elongated along this direction. Here, the direction of the major axis of T does not depend on the
smoothing scale.

Anisotropic, scale-dependent fidal field. Similar to (c), but as we move to larger scales, major axis of
T rotates clockwise (d1) / anticlockwise (d2). This is illustrated by the pairs of green arrows. As a
result, the Lagrangian regions will be slightly tilted as we go further from the center.

Evolution of the two systems from (d) into two halo-galaxy systems inside a filament (grey bar). The
tidal torques have opposite signs, spinning the halo-galaxy systems in opposite directions. As a
result, (e1) ends up with spin pointing out of the screen and we observe an “S”-shaped spiral
galaxy, while (e2) has spin pointing into the screen and we observe a “Z"-shaped spiral galaxy.

Notes:

(1)

@
(&)

Grey ellipses represent tidal tensor T = (7; jJ = dqidqjqﬁ. Their major axes are oriented along the

major principal axes of T and show directions of (relatively) stronger gravitational clustering.
Concentric ellipses represent T averaged over increasingly larger smoothing scales, with the
largest ellipse corresponding to the largest smoothing scale.

In our Universe, we are able to reconstruct the initial gravitational potential (d1,d2) from the
positions of galaxies, and thus predict the oriented spins of galaxies (e1,e2).

We are able to predict the full 3D direction of the spin, so we can explicitly distinguish between j
and —j. Measurements of galaxy shapes (intrinsic alignments) cannot provide such a distinction.
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