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Optimal states for sensory signal detection

@ inverted-U dependence on arousal: optimal performance occurs at intermediate levels

of arousal
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Optimal states for sensory signal detection

@ inverted-U dependence on arousal: optimal performance occurs at intermediate levels
of arousal
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at what brain state does this occur?

@ one hypothesis is that optimal states exhibit tonically depolarized cortical neurons
with enhanced movement
e whole cell patch clamp in monkey V1 during attention (Tan et al 2014)
e and in mouse V1 while running (Stryker, Golshani,...)
@ but recent experiments point to hyperpolarization in auditory cortex during arousal
and running (Schneider et al, 2014, Williamson et al, 2015, ...)
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In this study,
@ pupil closely tracks the rate of hippocampal sharp waves (another measure of arousal)

@ slow fluctuations in low arousal, hyperpolarization in medium arousal and
depolarization with hyper-arousal



Peripheral and Central State Fluctuate Rapidly and Continuously in a
Highly Correlated Manner in the Waking Mouse
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Global State Fluctuates Together with Cortical Membrane Potentials
and Their Oscillations
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Neuronal Membrane Potentials and Their Variability Exhibit a U or

an Inverted-U Relationship with Arousal, as Indexed by the Pupil
Diameter

A AP
ACtx Membrane Potential T 5% 3 n AR
fluctuations

slow

2 sec
fucuauuns
j‘ d\hmmw M}M “ﬂmh I l “mh‘ IMM’H' “ *TT’N
Pupil Diameter microdilations

low f(2-10 Hz; dB)

B [ D E
Vm Pawer Vm Spontaneous 110 Vim Variability o MU Spontaneous

200 high £ (50-100 Hz)/ [ 120 2 10 4 z Walk
- = 20 =
= = 5 9 anf S
& £ @ g0
gl 5 @110 a8
8 2 g &
w o 2
21 E :U- 100 E’Eﬂ

o . &=

& .E g 0 w
3 ] = 40
= = 80

soln=e low r(2-10 Hz) = n=0 n=18

20 40 60 80 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100

Pupil Diameter (%) Pupil Diameter (%) Pupil Diameter (%) Pupil Diameter (%)



Subthreshold and Suprathreshold Evoked Responses in Auditory
Cortex Are of Maximal Amplitude and Reliability at Intermediate
Levels of Arousal
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Gain of the signal is highest at intermediate pupil sizes
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Sound Detection Performance Fluctuates Moment-to-Moment with
State and Is Optimal at Intermediate Arousal Levels
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Hyperpolarization of cortex before hit trials
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Figure 7. Auditory Cortical Membrane Po-
tentials Are Most Hyperpolarized and Least
Variable before Correct Target ldentifica-
tions during the Detection Task

(A) An example membrane potential recorded dur-
ing behavior. Lick patterns and reward administra-
tion are indicated attop. The sound spectrogramis
recreated at bottom. Note horizontal green bars
indicating the presence of target sounds and trial
outcomes noted above. Asterisks indicate action
potentials.

(B) The average membrane potential time course
(£ 1 8D} just before and after the start of sound, for
all hits (green), misses (blue), and false alarms (FA;
red) from an example recording during behavior.
(C) The average membrane potential trajectory
sorted by trialtype for the population of membrane
potential recordings during behavior. Membrane
potentials are hyperpolarized before hit trials, de-
polarized before false alarms, and intermediate
before miss trials. Evoked responses are largest
(from baseline) for hits and smallest for false alarms.
(D) The variability (S0) across trials of the mem-
brane potentials, before and during the early
component of sounds, is smallest for hit trials,
largest for false alarms, and intermediate for miss
trials. Data for Hit and Miss trials in (Bi-{D} are re-
sampled (1,000 times with replacement) to have
equivalent target tone level distrbutions. Shaded
areas indicate 88% Cl unless noted.



Influence of Internal State on Neuronal and Behavioral Accuracy and
Responsiveness
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