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“Mean Free Path” ? ) IGM opacity caused by photoelectric absorption

Evolution of extragalactic UV background J.,:

Emissivity from QSOs, galaxies, ...

0 0 C
Fram vH ]v + 3HJ, = —ck, ], + — s

Haardt & Madau 2012

Ly absorber distribution f(Ny,z) @ 11 = ff(NHI,z) (1 — e NH19) Ny, dz

Useful in Lya mocks!
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Motivation

Worseck et al. 2014

-+ Prochaska et al. 2009 & o (14 2)754 ]
=+ O'Meara et al. 2013 o2 L <. 1 Zhu et al. 2023
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Na »  Worseck et al. (2014) - -|- VLT/X-Shooter
03<E 10 3 - Prochaska et al. (2009) .
.\ Fumagalli et al. (2013) ]
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2 Constrain the reionization model



" DARK ENERGY
| SPECTROSCOPIC
| INSTRUMENT

: ° °
U.S. Department of Energy Office of Science M 0 t' v at' 0 n

¥1L2RIER

Department of Astronomy, Tsinghua University

Use SDSS DR7 QSOs

H+ Prochaska et al. 2009
h e o1
Prochaska et al. 2009 3.71~4.34 1260 H Worseck etal. 2014
O’Meara et al. 2013 2.3~2.6 53 g 1
Fumagalli et al. 2013 2.8~3.2 105 iﬁ
Worseck et al. 2014 4.4~5.5 145 5E
This Work 3.2~4.6 12595
At & (1 +2)754
101
DESI significantly enlarges the sample size!

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
y4

Worseck et al. 2014
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2.5 T T T T
—— SED from Lusso et al. 2015 at z=3.44
—— SED from Telfer et al. 2002 at z = 3.44
1. Stack the spectrum ol
1.5F

Y
fSED _ ftemplate A ‘
A A 14504

f)\/f1450

SDSS 2=4.08

!

0.5r
Our Choice: y, =0 b
"

3600 3800 4000 4200 4400 4600 4300
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2. Model the spectrum

b SED Lyman LL
fo > =Cf (_Teff ) exp(— Teff

Definition:
A
Zg1p = /1_;(1 + quo) -1
(AL = 911.764)

The redshift at which a photon of A,
emitted at z, IS redshifted to Ay, (i.e.

absorption stops at this redshift).

(Our choice: y; = 3.0)

Prochaska et al. 2014
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Result

Worseck et al. 2014: n = —-5.4+ 0.4

)L?r}é < (1+z)™"

This work: n = —4.20 + 0.14 (with Telfer SED)

Best fit of this work
Best fit of previous work
Prochaska et al. 2009

O'Meara et al. 2013
Fumagalli et al. 2013

B FI_' N Lusso et al. 2018 i
1 % N HH  Worseck et al. 2014 AN ] 3
6x10 H N HH ] B S h ]

This work
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Remeasure using their data and our fitting pipeline: =~ Bestfitof this work

1 === Best fit of W14
6x10°r é DESI
4 SDSS (original))
& SDSS (remeasured)

« DESI: MFPs measured with DESI quasar stacks

at the same redshift range . i
« SDSS (original): MFPs measured in Prochaska - A

et al. 2009 T2y
« SDSS (remeasured): MFPs remeasured using =

our fitting pipeline. 27 ol
After correcting for the Lyman series opacity, the
MFPs from the SDSS becomes closer to our power law!

2107 3 39 10 Iy e 43
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A further confirmation:

Add Worseck et al. 2014 remeasurements

60

20

10

Validation

NEZEL &

Department of Astronomy, Tsinghua University
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Prochaska 2009 (My code)
Worseck 2014 (My code)
Prochaska 2009 (previous)
Worseck 2014 (previous)
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Broken power-law:

: \\\\\I .
2 TR

107 F S~ E
—N1 = P :
2912 o (1+2)™, z < Z o F :
mfp & (14 2z)™"2, Z = Z S 0 ]
| HH This work 3% 4

T =

= Prochaska et al. 2009

+0.08 < 10 = + (remeasured) ,,.%'\ —
Zy = 490 —011 ~~ F HH Worseck et al. 2014 ,li\_| .
S5 [ OMeractal 2013 \_1. i
~< i Fumagalli et al. 2013 N \ 4

— 4. 26+0 12 — 16_28+2-57 0 Lusso et al. 2018 \
171 0.12 772 —3.41 10 HH  Becker et al. 2021

H4  Zhuet al. 2023
——— Best fit

 Reionization may still be ongoing at z = 5. , | | | .
f (Nyy, z) may need further consideration. 2 3 4 5 6

T IIIIIII




f‘;’@ MUST MUItiplexed 8urvey Telescope nhttps/mustastro.tsinghua.edu.cn/en

e MUST aims to carry out the world’s First Stage-V spectroscopic survey for Cosmology and create
the Largest 3-D Map of the Universe.
e MUST will constrain cosmologlcal models W|th unprecedented precision and strive for
breakthroughs in Fundamental Physical Prc 5, such as the primordial condition of the
' ' and the nature of Dark Matter.

z.llm Secondary i 15755.{3%;{ MUDULAR Focal Plane
N /4 ‘imﬁ'. S Au

1. 6 I Lens for WFC Spectrographs

7deq? 0.37-0.98 micron

cprL  (OCT R

™~ ala rf{
R~2000-4000

Credit: MUST Team
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We remeasured the Mean Free Path of

HI ionizing photons at 3.2 < z < 4.6. ,
107 RIS E
2 ! e E
Aglz » (1 + Z)_4'26, 7z < 490 HE | HH This work m,Ll:Pﬂ |
2 Prochaska et al. 2009
mip =1 4 2)71628 2 >490 < 10k T (emeond A= -
—~ F HH Worseck et al. 2014 ,:i\_¢ ]
g% - O'Mearaetal. 2013 ‘_1. .
~ i Fumagalli et al. 2013 N A i

Lusso et al. 2018 \

Public Code (under construction): 100; F Becker etal. 2021 3
https://github.com/AnningGao/MeanFreePath | T 22 :
I I I | l
2 3 4 5 6


https://github.com/AnningGao/MeanFreePath

