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A Jet lag separatrix in mice

Figure S1 displays representative locomotor activity in mice. When the mice were subjected to phase advance of the LD cycle
by eight hours, almost all re-entrained by advancing their daily rhythm of locomotor activity, i.e., by waking up earlier every
day to adjust their daily rhythm to the shifted LD cycle. In contrast, when the mice were subjected to phase shift of the LD
cycle by 12 hours, all re-entrained by delaying their daily rhythm of locomotor activity. These results indicate that the jet lag
separatrix exists between the advancement of eight hours and 12 hours, possibly around the advancement of 10 hours.

B Derivation of Eq. (5)

A rough estimation to the synchronized state in Egs. (1b) and (1c) can be obtained by linearizing the coupling terms, yielding
1 =0+K (90— 01)+ K2 (2 +—¢1), (S1a)
$2 = 0+ Ki(9o— $2) + Ko (1 — (2 + @)). (S1b)

By solving ¢ = ¢,, we obtain Eq. (5).

C Derivation of Eq. (8)

We define synchronization level R > 0 and collective phase ®(¢) as the norm and phase of the Kuramoto complex order
parameter, respectively, i.e.,

. 1. .
Re® = E(ew‘ +¢92). (S2)
From Eq. (S2), it follows that
1 . .
R= 5\/(cos(l)l +cos )2+ (sin ¢y + sin ¢, )? (S3)
A
= Jeos 22 (s4)

where A = ¢; — ¢». It also follows that

91+¢ Ao
COS 5 COS 0

cos® = , (S5)
A
€OS >
. sin w cos %
sin® = . (S6)
Ap
cos >
Equations (S5) and (S6) imply that
91+ if AP 0
o ¢i¢2 1cos? >0, (S7)
A5+ otherwise.
We thus have
o1 = CI>+A2—¢ ifcos%zo, (S8)
P D+ % 4+ otherwise,
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and

P — % if cos % >0,
¢ = A . (89)
®— 5 +7 otherwise,
By taking the time-derivative of Eq. (S2), we obtain
s LiRD — L (6:6101-®) 4 G i(02-P)
R+1R<I>_§<¢1e 1=®) { greil92 ) (S10)
By assuming R > 0 and using Eq. (S7), we obtain
1. cos(¢y —P . cos(¢p — P
‘cos 7¢ ‘cos 7""
1, . .
= S(61+ ). (812)
Substituting Egs. (1b) and (1c) into Eq. (S12) and using Eqs. (S4) and (S7), we obtain
do K . .
—r =@+ = {sin(go— 1) +sin(go — 42)} (S13)
A
:a)+K10057¢sin <¢0—@) (S14)
A
=w+K; 0057¢ sin (¢ — D) (S15)
= o+ KRsin (¢ — D), (S16)

which is Eq. (8).
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Figure S1. Locomotor activity of mice, i.e., representative double-plotted actograms of mice subjected to (a) eight-hour jet

lag and (b) 12-hour jet lag.
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