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Introduction - spins and precession

e Astrophysical formation = spin misalignments
® Spin misalignments = spin precession
® Spin precession = modulated gravitational waves

e Modulated GWs = detectable effect (if modeled)

e Use effective spin parameters = X eff Xp

q = m2/m1
Xi = S;/m?

S =1S1+ S5
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Rederiving X, the effective precessing spin

e Measure precession with orbital plane changes:

S2

dL . . X
= <Q1X1S1 + Q2)(252) x L

e Average extremal cases and normalize:

1 : Qy : Qs
Xp = 5 (Xl sin 61 + XQQ_2 sinfs + |x1sinf; — XQQ_z sin 05 )
1 1
) Qs .
= max <X1 sinfy, x2 Q_i sin 92) P Schmidt+ 2014
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X1sinfp , x2
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A new generalized X, back to the start

Conclusions

O

dL . . .
= <Q1XISI + QzXzsz) x L

e | ook at the magnitude of the entire expression
dL
dt

9
= (Qxasin6;)” + (Qaxosin )’

+ 2Q1Q5x1 X2 sin 61 sin 65 cos AP

e Keep the same normalization

_ 1]dL
Xp_m dt

Generalized,
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A new generalized X, consistent spin averaging

e Functions can be averaged over a precession cycle:

<f> = L /det— % /S+ f dS M Kesden+ 2014
— - 3 _ r ’dS/dt‘ D Gerosa+ 2015 S2

e Averaging the previous definition removes
precession-timescale variations

_ /1 |dL
=N
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A new generalized X, - how does it look?

Conclusions
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3 . D ) (for M =60M)
() Heuristic 5 e ,

. Q.
Xp = max | x1sinb; , XQQ— sin 0o
1

e ‘Generalized’

=1
=1
=xf

o

A b =
1 | dL
Xp = ~ | 37
P Q| dt
e ‘Averaged’
1 |dL
Xp =\ =~ | =7
> Q4| dt
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What'’s the difference? - parameter space exploration

x1=0.2
X2 = 0.2

[ Heuristic

[ Generalized
[ Averaged
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Limiting cases:
o Zero spin limit (both spins
are low)
o Single spin limit (one low
spin, or low mass ratio)
o Two large spins

Inconsistent averaging gives
‘heuristic’ two artificial peaks

‘Averaged’ accounts for both
spins
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What’s the difference? -
a look at GWTC-2

.

r"'

T

The new ‘averaged’ definition:

iqad

e agrees with the previous definition in

low-precession limit (due to normalization)

® prevents posterior railing at boundary

® presents a previously inaccessible region
between 1 and 2

(R
A

e this region can ONLY be populated by
binaries with two precessing spins

i
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What’s the difference? - GW190521

LVC+ 2020

Sq1/( Glnf ) t'Sg_,/"'(Gm::: )

e GW190521 shows the strongest deviations

i Yo tilt
e ‘Averaged’ definition indicates GW190521 may ' \
contained two precessing spins '

e LVC analysisisin

: GW190521
agreement, showing 1 Houristic
that GW190521 may 1 Averaged
contain highly tilted
spins

posterior probability per pixel
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Conclusions

e [Effective precessing spin was originally designed for waveform modelling

e Several heuristic choices make it unsuitable for its current use in data analysis:

© (pop-synth distributions # LIGO posteriors)
O
® Links
Pl L Paper:
° r pr r finition:
Ou P opqsed ede e . _ arxiv:2011.11948
o Consistently accounts for all (PN) spin information Githiub
. . . itHub:
o Is approximately conserved on the precession timescale github.com/daerosa/
( ) generalizedchip

e Appliedto GWTC-2, we see stronger evidence for two precessing spins
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