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Summary

Part 1. Introduction.

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 

IPMU Postdoc Colloquium 



IPMU Postdoc Colloquium 

Part 1. Introduction.
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Part 1. Quest for measuring quasar lifetime

Brief (and incomplete) history of lifetime measurement quest
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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
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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

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1319+5202

z = 3.916±0.007
Rpz = 3.61±0.98 pMpc

Rpz

40000-4000
0.0

2.0

4.0
HØ

zline =3.914

zsys =3.916

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1711+6052

z = 3.835±0.011
Rpz = 2.97±1.65 pMpc

Rpz

40000-4000
0.0

2.0

4.0

6.0

8.0C IV

zline =3.817

zsys =3.835

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ2354-2033

z = 3.774±0.01
Rpz = -3.65±1.68 pMpc

Rpz

40000-4000

4.0

6.0

8.0

C IV

zline =3.755

zsys =3.774

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1614+4859

z = 3.817±0.011
Rpz = 2.72±1.66 pMpc

Rpz

40000-4000

2.0

4.0

6.0

8.0
C IV

zline =3.800

zsys =3.817

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ1630+0435

z = 3.81±0.006
Rpz = 8.43±1.02 pMpc

Rpz

40000-4000

4.0

6.0HØ

zline =3.800

zsys =3.810

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1137+6237

z = 3.788±0.01
Rpz = 4.92±1.68 pMpc

Rpz

40000-4000
2.0

4.0

6.0

8.0

10.0

C IV
zline =3.771

zsys =3.788

-5051015

Distance from QSO [proper Mpc]

0.0

0.5

1.0

1.5

2.0

HE2QSJ2311-1417

z = 3.7±0.01
Rpz = 1.94±1.72 pMpc

Rpz

40000-4000

Velocity
£
km s°1

§
40.0

50.0

60.0

70.0

80.0

90.0

C IVzline =3.678

zsys =3.700

T
ra

ns
m

is
si

on
F
lux

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1319+5202

z = 3.916±0.007
Rpz = 3.61±0.98 pMpc

Rpz

40000-4000
0.0

2.0

4.0
HØ

zline =3.914

zsys =3.916

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1711+6052

z = 3.835±0.011
Rpz = 2.97±1.65 pMpc

Rpz

40000-4000
0.0

2.0

4.0

6.0

8.0C IV

zline =3.817

zsys =3.835

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ2354-2033

z = 3.774±0.01
Rpz = -3.65±1.68 pMpc

Rpz

40000-4000

4.0

6.0

8.0

C IV

zline =3.755

zsys =3.774

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1614+4859

z = 3.817±0.011
Rpz = 2.72±1.66 pMpc

Rpz

40000-4000

2.0

4.0

6.0

8.0
C IV

zline =3.800

zsys =3.817

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ1630+0435

z = 3.81±0.006
Rpz = 8.43±1.02 pMpc

Rpz

40000-4000

4.0

6.0HØ

zline =3.800

zsys =3.810

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1137+6237

z = 3.788±0.01
Rpz = 4.92±1.68 pMpc

Rpz

40000-4000
2.0

4.0

6.0

8.0

10.0

C IV
zline =3.771

zsys =3.788

-5051015

Distance from QSO [proper Mpc]

0.0

0.5

1.0

1.5

2.0

HE2QSJ2311-1417

z = 3.7±0.01
Rpz = 1.94±1.72 pMpc

Rpz

40000-4000

Velocity
£
km s°1

§
40.0

50.0

60.0

70.0

80.0

90.0

C IVzline =3.678

zsys =3.700

T
ra

ns
m

is
si

on
F
lux

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1319+5202

z = 3.916±0.007
Rpz = 3.61±0.98 pMpc

Rpz

40000-4000
0.0

2.0

4.0
HØ

zline =3.914

zsys =3.916

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1711+6052

z = 3.835±0.011
Rpz = 2.97±1.65 pMpc

Rpz

40000-4000
0.0

2.0

4.0

6.0

8.0C IV

zline =3.817

zsys =3.835

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ2354-2033

z = 3.774±0.01
Rpz = -3.65±1.68 pMpc

Rpz

40000-4000

4.0

6.0

8.0

C IV

zline =3.755

zsys =3.774

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1614+4859

z = 3.817±0.011
Rpz = 2.72±1.66 pMpc

Rpz

40000-4000

2.0

4.0

6.0

8.0
C IV

zline =3.800

zsys =3.817

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ1630+0435

z = 3.81±0.006
Rpz = 8.43±1.02 pMpc

Rpz

40000-4000

4.0

6.0HØ

zline =3.800

zsys =3.810

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1137+6237

z = 3.788±0.01
Rpz = 4.92±1.68 pMpc

Rpz

40000-4000
2.0

4.0

6.0

8.0

10.0

C IV
zline =3.771

zsys =3.788

-5051015

Distance from QSO [proper Mpc]

0.0

0.5

1.0

1.5

2.0

HE2QSJ2311-1417

z = 3.7±0.01
Rpz = 1.94±1.72 pMpc

Rpz

40000-4000

Velocity
£
km s°1

§
40.0

50.0

60.0

70.0

80.0

90.0

C IVzline =3.678

zsys =3.700

T
ra

ns
m

is
si

on
F
lux

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1319+5202

z = 3.916±0.007
Rpz = 3.61±0.98 pMpc

Rpz

40000-4000
0.0

2.0

4.0
HØ

zline =3.914

zsys =3.916

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1711+6052

z = 3.835±0.011
Rpz = 2.97±1.65 pMpc

Rpz

40000-4000
0.0

2.0

4.0

6.0

8.0C IV

zline =3.817

zsys =3.835

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ2354-2033

z = 3.774±0.01
Rpz = -3.65±1.68 pMpc

Rpz

40000-4000

4.0

6.0

8.0

C IV

zline =3.755

zsys =3.774

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1614+4859

z = 3.817±0.011
Rpz = 2.72±1.66 pMpc

Rpz

40000-4000

2.0

4.0

6.0

8.0
C IV

zline =3.800

zsys =3.817

°5051015

0.0

0.5

1.0

1.5

2.0

HE2QSJ1630+0435

z = 3.81±0.006
Rpz = 8.43±1.02 pMpc

Rpz

40000-4000

4.0

6.0HØ

zline =3.800

zsys =3.810

°5051015

0.0

0.5

1.0

1.5

2.0

SDSSJ1137+6237

z = 3.788±0.01
Rpz = 4.92±1.68 pMpc

Rpz

40000-4000
2.0

4.0

6.0

8.0

10.0

C IV
zline =3.771

zsys =3.788

-5051015

Distance from QSO [proper Mpc]

0.0

0.5

1.0

1.5

2.0

HE2QSJ2311-1417

z = 3.7±0.01
Rpz = 1.94±1.72 pMpc

Rpz

40000-4000

Velocity
£
km s°1

§
40.0

50.0

60.0

70.0

80.0

90.0

C IVzline =3.678

zsys =3.700

T
ra

ns
m

is
si

on
F
lux

H
e 

II 
tr

an
sm

is
si

on
Flux

Distance from quasar [proper Mpc] Velocity [km/s]



IPMU Postdoc Colloquium 

Part 2. Modelling the He II proximity zones
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Proximity zone size depends on: 

1. Quasar on-time (lifetime)    
2. HeII ionizing background (initial He II fraction)    
3. Quasar luminosity (fixed by observations)
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