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Part 2. Inference algorithm.  

Part 3. Results.

• quasar lifetime and why should you care about it 
• quasar proximity zones 

• sample of observed quasars  
• theory, simulations, and statistics 

• individual lifetime measurements 
• distribution of quasar lifetimes 
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Part 1. Introduction.
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Part 1. Lyman-alpha forest and quasar proximity zones 
Credit: Andrew Pontzen

Fan+2006
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Part 1. Lyman-alpha forest and quasar proximity zones 
Credit: Andrew Pontzen
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Part 1. Sensitivity of quasar proximity zones to the lifetime

to Earth

Rpz = f (tQ)
 (Khrykin+2016)tmax ≃ teq ≈ Γ−1

bkg
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Part 1. Sensitivity of quasar proximity zones to the lifetime

to Earth

Rpz = f (tQ) Rpz (t1)

Rpz (t2)
 (Khrykin+2016)tmax ≃ teq ≈ Γ−1

bkg
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Part 1. Let’s fix the terminology, shall we? (finally…)
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t = °ton t = t0
(observe QSO)

t = tQ

Time

quasar lifetime tQ

quasar on time ton

ton 2 [0; tQ]

Part 1. Let’s fix the terminology, shall we? (finally…)

quasar lifetime (  )       - duration of a single accretion episodetQ
quasar on-time (  )      - lower limit on  from proximity zone estimates 

                                            (uniformly distributed from 0 to  ) 

ton tQ
tQ



IPMU Postdoc Colloquium 

Part 2. Inference Algorithm.
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Worseck+2019, Khrykin+2019,  
Worseck+ (in prep), Khrykin+ (tbs)

Spoiler Block

Part 2. Observational Sample

HST/COS UV-spectra of 20 HeII transparent quasars at z ~ 3-4
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Part 2. Observational Sample
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Part 2. Modelling the He II proximity zones
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1. Quasar on-time (lifetime)    
2. HeII ionizing background (initial He II fraction)    
3. Quasar luminosity (fixed by observations)
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teq ≃ Γ−1
HeII ≃ 2.5 × 107 yr
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current definition of PZ 
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Part 3. Results.
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Part 3. Results.

3.1 Individual measurements
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Part 3.1 Individual Measurements - MCMC Inference 
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Part 3.1 Individual Measurements - MCMC Inference 
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Part 3.1 Individual on-times constrains
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Part 3. Results.

3.2 Quasar Lifetimes Distribution
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Part 3.2 Distribution of Lifetimes - likelihood calculations
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Conclusions

We created fully Bayesian statistical algorithm to study the LoS 
He II Proximity Effect in spectra of individual quasars and infer 
the timescales of accretion on the SMBH fully marginalised over 
unknown IGM ionization state. 
 
 

:   ⟨log10tQ⟩ = 0.374+0.191
−0.208 σlog10tQ = 0.564+0.292

−0.255

We found a broad distribution of the on-times from the 
analysis of 20 quasars at z = 3 - 4 

For the first time we estimated the shape of the underlying quasar lifetimes distribution. 
Assuming the log-normal distribution, we inferred:

We derived a simple analytical suppression for the distribution of quasar on-times and  
predict that the probability of finding quasars with t_on < 10^5 yrs from the analysis of their 
proximity zones is                                               , comparable to the values found in 
observations ( 5-10%) 

P ( < 105 yrs) = 0.105+0.238
−0.056


