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Resume : 

La prevision de Sunyaev et Zel 'dovich que les 

p ro to-amas peuvent pa s se r par une phase d'hydrogene neutre pendant 

leur formation a ete tes tee par la recherche de leur Amission de 

la ra ie d'hydrogene decalee v e r s le rouge. Des l imites super ieures 

comprises entre 0. 07 et 0. 17 °K ont ete obtenues dans une bande 

de 2. 5 MHz a 327 MHz ce qui correspond a un decalage ve r s le 

rouge de z = 3 . 3 3 . Ces resu l ta t s indiquent qu'il ne peut pas exis ter 

plus de p ro to -amas d'hydrogene que la quantite calculee par ces 

auteurs . 

I . INTRODUCTION 

It is general ly assumed that galaxies have formed 

out of neutral gas. A res iduum of this promordia l neutra l gas is 

still seen in the nearby (low redshift) late type galaxies. It is of 

par t icular in te res t to discover this neutra l gas phase in galaxy for

mation which occurs between the hot Big Bang (in the conventional 

picture) and the presen t luminous galaxy epoch. This neutra l phase 

evidently occurs before z r^s 1, the epoch of the furthest detected 

normal galaxies. Indeed the quasars which may also be taken as 

indicators of galaxy formation, a re found out to z r^> 4. 
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This suggest that not all ma te r ia l would be in the hot gas phase at 

this epoch. A search for H-line emission from neutral protogalaxies 

at such an epoch would appear to be worthwhile. In order for this 

line emission to be detectable with p resen t day techniques it is 

necessa ry to consider c lus te rs ra ther than individual galaxies. 

A quantitative a s se s smen t of the hydrogen line 

emission from protoc lus ters has been made by Sunyaev and Zel ' 

dovich (1972, 19 75). They predict that protoclus ter emission would 

be detectable in the range z = 3-10 from a neutra l hydrogen mass 

of r^/ 10 1 4 M at a t empera ture of <£ 10 K. 
0 '>-

II . THE OBSERVATIONS 

The present search for pro toc lus te rs was made 

at a frequency of 328 MHz in a bandwidth of 2. 5 MHz. This band 

also included the 271 oC radio recombination line ; the detection of 

recombination lines from a number of galactic sources provided a 

check on the performance of the observing system. The Mark IA 

radio telescope (diameter = 76m) was used for this experiment ; it 

has a beamwidth of 50 a rcmin at this frequency. Simultaneous 

observations were made of the emission in orthogonal l inear pola

r izat ions in order to improve sensitivity. 512 channels of the Jodrel l 

Bank 1024 channel autocorrelat ion spec t rometer were used on each 

polarization. The result ing frequency resolution was 8. 8 kHz. 

The use of such a high frequency resolution re la t ive to the predicted 

as t ronomical signals (100 to 1200 kHz) enabled continuous wave 

interference to be identified and eliminated from the analysis . 

Interfering signals could also be distinguished from protocluster 

emission because the former a r e polarized and la t ter a r e unpolarized 
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The observations were made by switching the 

beam between pa i r s of fields separated by Z" in the sky. The 

difference in signal from each pair of fields was recorded, so that 

the emission from a protoclus ter in one or other field would be 

detected as a positive or negative feature in the 2. 5 MHz bandwidth 

spectrum. Regions chosen for observation were in a r ea s of low 

background continuum br ightness ( / v 30K) lying at in termediate 

galactic lati tudes. One group was centred at / - 110° , b = -40° 

and the other at £ = 170° , b = 50° . Per iods of 3 to 7 hours c lear 

of confusing interference were spent on observations of each of 10 

beam pa i rs (i. e. 20 beam a r e a s in total). Upper l imits of 0. 07 to 

0. 17K were set on the emission from var ious beam a r e a s . 

These upper l imits re fe r red to line emission features whose widths 

were in the range 100 to 1200 kHz (which correspond to AV=90 to 
-1 -3 -2* 

1100 km s and A z = 1. 3 x 10 to 1. 5 x 10 ). More details 

of the observations a r e given in a paper to be submitted to the 

Monthly Notices of the RAS. 

Ill . DISCUSSION 

The predictions of the Sunyaev and Zel 'dovich 

model can be compared direct ly with the observat ions . A pro toc lus-
14 ter mass of 3 x 10 M and a d iameter of 2 Mpc, as deduced for 

nearby (low z) c lus te rs a r e appropriate p a r a m e t e r s for the ear ly 

epochs considered in the model. Half the total m a s s is taken to be 

neutral gas of which 70% by mass is hydrogen and 30% is helium. 

The neutral hydrogen line integral through such a cluster (assumed 

spherical) is 

n__ A. = 6. 4 x 10 atoms cm 
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The velocity dispers ion of the protoclus ter can be est imated on 

the bas is that it is gravitationally stable. This leads to an upper 

l imit of the observed velocity dispers ion of 1100/lB = 660 km s 

A total velocity width ( AV) would be a reasonable upper l imit for 

a stable c luster where AV = 660 km s 

The br ightness t empera ture T expected from 

the c luster is related to the neutra l hydrogen line in tegral by 

T, = 5.44 x 10" 1 9 ( 5 V ) * 1 . nTT t = 3. 5 x 103 ( AV)" 1 

b H 

Where A.V is in km s . The br ightness t empera tu re actually 

seen by the observer i s T, 1 = T / l + z. At the 328 MHz 
' b b 

(z = 3. 33) observing frequency this becomes 

T * = 1.2 K for AV = 660 km s" 1 

b 

o r 2 . 5 K for AV = 330 km s" 1 

The ae r ia l t empera tu re observed will depend 

upon the re la t ive size of the pro toc lus ter and the ae r i a l beam. 

Sunyaev and Zel 'dovich es t imate a typical d iameter of 10 a rcmin 

at this value of z ; the p rec i s e value depends upon the cosmological 

model chosen. With the p resen t observing beamwidth of 50 a rcmin 

the expected ae r i a l t empera ture is 

T a = 0. 05K for AV = 660 km s" 1 

orO. 10K for AV = 330 km s" 1 

The probabili ty of observing a protoclus ter in 

the beam within a given bandwidth depends upon their lifetime in 

the neutra l state Sunyaev and Zel 'dovich as sume to be 10% of 

their cosmological age. the total number of such p ro toc lus te r s is 
5 

/ u 2 x 10 and accordingly in the annular shell sampled by the 

bandwidth there will be 1500 over the whole sky. 
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/ \2 This corresponds to one protocluster per 2 7 (deg) . The presen t 
2 

survey has covered 14 (deg) at a sensitivity g rea t e r t han the 
2 

half power response and 26 (deg) at grea ter than the quar ter power 

response . Thus the predict ions indicate that with the p resen t 

sensitivity one protocluster would have been seen in the 20 beam 

a reas searched. If a protoclus ter in a beam contained more than 
14 

2 x 10 M of neutral hydrogen or its velocity width were less 
-1 ° than 600 km s it would have been readily detectable. 

We thus conclude that there a re not significantly 

more protoclus ters than the numbers est imated by Sunyaev and 

Zel'dovich. A sensitive search for protcrclusters at l a rge r values 

of z is planned. Such an extension is neces sa ry since the epoch of 

condensation into the neutral phase is not known with any precis ion. 
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DISCUSSION 

B.M. LEWIS: The z = 3.35 epoch is rather late to see HI protoclusters 

for most cosmologies, is it not, and in more extreme cosmologies such 

as those with (p ~ t ), galaxy formation in proto-clusters is likely 
Q 

to he completed by about 2 x 10 years after the beginning of the ex

pansion. 

R.D. DAVIES: As judged by the cut-off in the numbers of observed QSOs 

at z ~ h, it would seem that a study of protoclusters at z = 3~*+ would 

be justified. Further searches at larger values of z are planned; the 

era of protocluster formation (particularly the neutral phase) is clear

ly very uncertain since it depends upon the particular cosmology assumed. 
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B.J.T. JONES: Was the 10' angular diameter calculated for a q = 0 

cosmological model? 

R.D. DAVIES: A value of about 10' arc is obtained for a range of cosmo

logical models investigated by Sunyaev and Zel'dovich, including the 

q = 0 case. uo 

S. SHOSTAK: Can you comment on the sensitivity of your experiment to 

broad velocity features? Protogalaxies might be expected to have veloc

ity dispersions of thousands of kilometers per second. At what level 

can broad features be distinguished from instrumental baseline effects? 

R.D. DAVIES: The 2«5 MHz bandwidth used in this experiment is equiva

lent to a velocity range of 2000 kms . The estimated velocity widths 

of the protoclusters is less than 1000 kms to ensure the necessary 

gravitational binding. A beam switching technique was used with two 

512 channel receivers as described in the text. The limits given were 

for broad features. Noise fluctuations in the band were much less (a 

factor of 3 to 10) than the tabulated limits. 

J.-C. PECKER: What would be the number of protoclusters predicted in 

the case of a completely static universe? Would it be compatible with 

your upper limit? 

R.D. DAVIES: Yes, the number would be similar. Details of the calcula

tions are given in the Sunyaev and Zel'dovich papers. 

G. DE VAUC0ULEURS: Why not use a larger disk to better match the beam 

width to the expected size of the HI clouds? 

R.D. DAVIES: Indeed a smaller beam would be an advantage, however more 

beam areas have to be covered to make a detection. The prediction is 

that the protoclusters cover only 0.1 percent of the sky in the bandwidth 

used. Further, a receiver with a large number of channels (~ 1000) is 

required to eliminate continuous-wave interference propagated via the 

ionosphere. Long integrations are also needed. 
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