ASTRONOMY 698 Homework 6: Due in class Thursday 12/2/04
1. The expression for €, is

Q, = Ho prmp
c pe

(M) N(X), = A(N) N(X).

Using, p. = 3H2/87G, and for H, = 100 km s~ Mpc~! = 3.45 x 10718

s~!, we have

_ 8mumpG  8-m-1.33(6.67 x 107%) - (1.67 x 10~24)

=1.2x 1072,
3 H,c 3 (3.45 x 10~18) - (3 x 1010)

A

So, what we need are the expressions for (N)N(X) for (a) the column
density distribution method,

(V)N = 7 (- N5,

= 9 _ ﬁ mazx min

and (b) the mean column density method,
1 m
N X)=—=)> N,
NN = 353
For the latter we also need AX, which is found (see below) using

X(z) = %(1 4ot

for an Einstein—de Sitter cosmology.

(a) The relevant quantities we need are Ny = 5.3 x 10 cm™2 and

Nyin = 4.0 x 102 cm™2. Using C = 1.4 x 10'° and 3 = 1.5, we have
(NYN(X)=2-1.4x%x 10" (5.3 x 1019)%5 =2 x 10%,
which gives
Q, = A(NYN(X)=1.2x 1072 .2 x 10%° = 0.0024
The uncertainty is given by

1/2

ga, = Q [(UCC)QJFJ% <R+ M)T ,

N2-B1n(Npaz) — N2-P In(Nymin)

R = mazx min

Niraz = Nt

min

where

~ In(Nyaz) = 45.4,



and where we have uncertainties oc/C = 0.1 and o3 = 0.05. We find

0.5
o, = 0.0024 {(0.1)% + (0.05)*[45.4 + 2} = 0.0024 - 2.37 = 0.0057

Thus, we have
1, = 0.0024 £ 0.0057

(b) The relevant quantities we need are

m
>N =77x10" cm~?,
=1

where m = 1998, and AX for the redshift range 2.6 < z < 2.8, which is
computed by

AX = X(2.8) — X(2.6) = 4.27 — 3.84 = 0.38

for an Einstein—de Sitter cosmology. Thus, we have

Q= AN)N(X)=12x10"%. ”{;;;019 = 0.0024.

The uncertainty is given by
o0, = Ao(N)N (X))
where N 1/2
T(NN(X) = ﬁ [m”il ;(Ni —(N >)2] :
and where
(N) = ;iz\f =3.9x 10" cm~2.
We find
TNIN(X) = 0'138 [(192989§ 29 1039]0'5 = 1.4 x 102,

We have

oq, = Aonnx) = 1.2 x 107%% - 1.4 x 10*° = 0.0017,
giving

Q, = 0.0024 + 0.0017,

which really confirms that something is wrong with the uncertainty from
method (a)!

The lesson to learn here, is that the value of N,,,, dominates the results for
the computation of €2,. Comparing to 2, = 0.02, we see that Q4/Q, = 0.1,
or 10% of the total baryon content. In truth, the Ly« forest is more like
90% of the baryon content at (z) = 2.7. The key is that high column
density lines are very rare, and the method is very sensitive to the highest
column density in a survey. Many lines of sight are needed to sample the
high column density regime, otherwise {2, will be an underestimate.



2. (a) The Schaye formula is

13 150261 (1+2\*
N(HI) = 2.7 x 1013 (1 + 6)-° 77026 1) ,

4

where (€,h%/0.02)12(£,/0.16)%5 = 1 for our assumptions. (i) A plot of this
formula is given in Fig. 1 for 6 = 1, 10, 100, and 1000 for 0 < z < 4 as the
solid curves. (ii) The approximate ranges of log N (H1) for 50 < § < 100 for
z=4,3,2,1, and 0 are 16.3-16.8, 15.9-16.4, 15.4-15.9, 14.6-15.1, 13.3—
13.8 cm™2, respectively. (iii) The important qualitative trend is that the
neutral hydrogen column density probed for a given overdensity increases
with increasing redshift.

(b) Using the formula
= —2.3)2
['(z) =6.7 x 10713 (1 z)0.73 exp [_(2193)] 7

which can be rewritten

1+ 2)\07 (z —2.3)?
Iy =1.816 <4> exp | =g |-

Subsituting T'[5, we have

1 3.77 —~923 2
N(HI) = 1.31 x 103 (1 + )5 7,026 (Iz) exp [(219) ,

A plot of this formula is given in Fig. 1 for 6 = 1, 10, 100, and 1000 as the
dash curves. (ii) The approzimate ranges of log N(H1) for 50 < § < 100 for
z=4,3,2,1, and 0 are 16.6-17.2, 15.7-16.3, 15.1-15.7, 14.7-15.3, 14.4—
15.0 cm™2, respectively. (iii) The important qualitative trend is that the
neutral hydrogen column density probed for a given overdensity is flatter
with increasing redshift. The clouds are more neutral at lower redshifts.
This would result in evolution in surveys with a fixed sensitivity. There is
also a slight increase for z = 4, and it is apparent that this increases at
even higher redshift as the QSO luminosity function drops in this regime.

It is apparent that the declining photoionization rate at low redshift makes
a significant difference in the column density associated with a given over-
density at z < 1.5. This also appears to begin to make an effect at z > 4.
Note that the break in the evolution in the N/dz is at z = 1.7, which is
where the curve flattens.

See Fig. 1 on the following page...
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