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Context

> The two-point velocity correlations Rjj(x1,x2) is a measure of
convection. It converges to the Reynolds stresses when x;
tends to X».

Two-point velocity
correlations on the
Sun’s surface

Damien Fournier

Context



Context

> The two-point velocity correlations Rjj(x1,x2) is a measure of
convection. It converges to the Reynolds stresses when x;
tends to X».

» Using Reynolds's decomposition, the velocity field can be

written as
v=vw+V

where vg is the deterministic mean part of the velocity and V
the fluctuating (turbulent) part.

Two-point velocity
correlations on the
Sun’s surface

Damien Fournier

Context



Context

> The two-point velocity correlations Rjj(x1,x2) is a measure of
convection. It converges to the Reynolds stresses when x;
tends to X».

» Using Reynolds's decomposition, the velocity field can be
written as
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where vg is the deterministic mean part of the velocity and V
the fluctuating (turbulent) part.

» Supposing that the turbulent part is horizontally spatially
homogeneous, the two-point velocity correlations can be
written as

Rij(d, 21, 22) = (Vi(x, 21) Vj(x + d, ).
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Context

> The two-point velocity correlations Rjj(x1,x2) is a measure of
convection. It converges to the Reynolds stresses when x;
tends to X».

» Using Reynolds's decomposition, the velocity field can be
written as
v=vw+V

where vg is the deterministic mean part of the velocity and V
the fluctuating (turbulent) part.

» Supposing that the turbulent part is horizontally spatially
homogeneous, the two-point velocity correlations can be
written as

Rij(d, 21, 22) = (Vi(x, 21) Vj(x + d, ).

» Aim: recover Rjj from SDO/HMI observations.
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Context

™ (x) = / KA(X —x,z2) - v(X,2)d?X' dz + N2A'(x')
v

Advantage: Only one inversion required. Should be fast! Improve
the signal-to-noise ratio
Drawback: We need kernels, a noise model

Standard inversion
T1y--s TN ard ersio Vi, ..., VNV

Covariance Covariance

New inversion
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» Relation between travel times and velocity

Context

A (x) = / KA(X' —x,2) - v(x',z)d*X dz + A2A' (x')
v

where A28 (x') = Cov[r2(x), 78 (x + X)].
» Similarly, the two-point velocity correlations are linked to a
product of travel times

’
new observables 024

noise for 7
——
(T2(x), 72 (x + d)) — A4 (d) =
/ /K,-A(X; z) % KJ-A/(X +d;2')*R;(d, z, z")dzdz" +

’
new kernels K,.jAA

where
FAA,‘W(d,d’) = Cov[<7'A(x), 7'A/(x+d)>7 <7'6(X),T6/(X+d/)>].



Observations

e(d) = <t > (d) TTx(d) = TA(x)TA,(x + d)dx

x+d-(A12,0) x+d+(A/2,0)

1
vl,
1
vl,

’
Ax(d) = n®(x)n® (x + d)dx
X-(A12,0) X+(A/2,0) AA’ AN’
Oux(d) = 7722 (d) — A7 (d)
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Figure: 77 (d) (left), A (d) (middle) and 77 (d) — A (d) (right) in

s? in the real space as a function of d at a latitude of +20°. All units

are 52.
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1 (d) = <t* '>(d) x+d+(0,A/2) TTxy(d) = V/ TA(X)TA (x + d)dx
© 1 v Observations
x+d-(0,A/2) Ay (d) = V/ nA(x)nA'(x +d)dx
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Figure: 774 (d) (left), Ay (d) (middle) and 77, (d) — A, (d) (right) in

s2 in the real space as a function of d at a latitude of +20°. All units
2
are s°.
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Covariance matrix for products of travel times

A good approximation of the noise covariance matrix for products
of travel times is given by [Fournier 2014]

Cov[ri12, 1374] & Cov[m, 13]Cov|ra, Ta] + Cov|[r, 74]Cov|[ra, T3].

Xg = (dp,dy + Ay)

1(x7,%s)

X6 = (dp + Dy dy)
3(x5,%6)

xi=(0,4,) X5=(d—Asdy)

2(x3,%1)

71 (X1, X2
x1=( A.;,0)

)

X2 = (Ap,0) X7 = (deydy = D)

X3 = ‘—A,/)
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Covariance matrix for products of travel times

A good approximation of the noise covariance matrix for products
of travel times is given by [Fournier 2014]

Cov[ri12, 1374] & Cov|r, 73]Cov|[ra, Ta] + Cov|[r, 74]Cov|[ra, T3].
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» Without rotation Oy, should be mirror antisymmetric Damien Fournier
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Figure: Observations O, (d) (left) and the non mirror
antisymmetric part at a latitude of +20°(middle) and -20°(right).
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Figure: Observations O, (d) (left) and the non mirror
antisymmetric part at a latitude of +20°(middle) and -20°(right).

» With rotation, following [Kitchatinov 1986]
0,/(K) = (0D (k) = 09 (K) ) + B4, 09 (K) + 5,0 (k)

where Of-jo)(k) denotes Oj;(k) in the absence of rotation.
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Figure: Observations O, (d) (left) and the non mirror
antisymmetric part at a latitude of +20°(middle) and -20°(right).

» With rotation, following [Kitchatinov 1986]

0,/(K) = (0D (k) = 09 (K) ) + B4, 09 (K) + 5,0 (k)

where Of-ﬁ)(k) denotes Oj;(k) in the absence of rotation.
> As O(X?,) is mirror antisymmetric, we observed a quantity
related to 0§‘j) — Ofg) as plotted in the mixing length

approximation [Riidiger 2005].
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Figure: Observations O, (d) (left) and the non mirror
antisymmetric part at a latitude of +20°(middle) and -20°(right).

» With rotation, following [Kitchatinov 1986]
0,/(K) = (0D (k) = 09 (K) ) + B4, 09 (K) + 5,0 (k)

where Of-ﬁ)(k) denotes Oj;(k) in the absence of rotation.
> As O(X?,) is mirror antisymmetric, we observed a quantity

related to 0§‘j) — Ofg) as plotted in the mixing length
approximation [Riidiger 2005].

> The term § contains sin(latitude) which explains the change
Af cioaon hatwvican ON°AanAd 1L.9ON°
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» Without rotation O,, should be mirror symmetric
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Figure: Observations O, (d) (left) and the non mirror symmetric
part at a latitude of +20°(middle) and -20°(right). All units are s°.
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Additional averaging

» Without rotation O,, should be mirror symmetric
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Figure: Observations O, (d) (left) and the non mirror symmetric
part at a latitude of +20°(middle) and -20°(right). All units are s°.

» With rotation, following [Kitchatinov 1986]
0s(k) = 0 (K) + 1, 00 () + 0,0 (k) + a2, O (k)

where Of-j )(k) denotes Oj;(k) in the absence of rotation.
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» Without rotation O,, should be mirror symmetric
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Figure: Observations O, (d) (left) and the non mirror symmetric
part at a latitude of +20°(middle) and -20°(right). All units are s°.

» With rotation, following [Kitchatinov 1986]
Osx(k) = 0 (k) + s, O (k) + 1 O () + 1, O (K)
where Of-j )(k) denotes Oj;(k) in the absence of rotation.

> As 0 and OE,?,) are mirror symmetric, we observed a

quantity related to O&?) as plotted in the mixing length
approximation [Ridiger 2005].
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Additional averaging

» Without rotation O,, should be mirror symmetric
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Figure: Observations O, (d) (left) and the non mirror symmetric
part at a latitude of +20°(middle) and -20°(right). All units are s°.

» With rotation, following [Kitchatinov 1986]
0s(k) = 0 (K) + 1, 00 () + 0,0 (k) + a2, O (k)

where Of.j )(k) denotes Oj;(k) in the absence of rotation.

> As 0 and OE,?,) are mirror symmetric, we observed a
quantity related to 0&?) as plotted in the mixing length
approximation [Ridiger 2005].

» The term a,, contains sin(latitude) which explains the
change of sign between -20°and 420°.
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of travel times and derived the forward and noise models. A
first inversion showing the concept has been performed.
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Conclusions and perspectives

>

We have linked the two-point velocity correlations to products
of travel times and derived the forward and noise models. A
first inversion showing the concept has been performed.

It clearly shows that for more precise reconstructions,
additional data are required. This can be done by averaging
over angles, using more distances or different filters.

Averaging over angles shows interesting features on the data
that can be mainly explained by Kitchatinov and Riidiger
theory of rotating turbulence.

Inversions with all the data must now be performed in order
to have a precise reconstruction and recover the Reynolds
stress.
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