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1. Summary 

The Cold Bore, saturated with about 4 monolayers of H2, was exposed to 
a beam of 42.6 A and subsequently to a second beam of 45 A intensity. Upon 
raising the Hz coverage to about 100 monolayers by a further Hz injection, 
a third beam of 40 A was stacked. The three beams affected the pressure 
differently and appreciable differences were also observed at the two sides 
of the cryostat. This complex phenomenology will be discussed in more 
detail in this note. Neither ion induced pressure bumps, nor the sudden 
pressure spikes which were already noticed with condensed Nz, were obser
ved. 

2. The Experiment 

Cooling of the cryostat started at 6.00 h and filling was completed at 
10.00 h. Upon closing the sector valves and the diaphragms on the SP's of 
the Cold Bore sector, Hz was injected at 11.00 h with the cryostat at 
4.2 K. The amount injected was about 2 torr 1, corresponding to 4 mono
layers. At the end of the injection, equal pressures on the two sides of 
the cryostat (about 3 x 10-6 torr) certified that saturation was obtained 
all along the Cold Bore. The temperature of the cryostat was then decrea
sed to 2.3 K by reducing the pressure over the liquid He bath to 50 torr. 

At 14.30 h the SV's were open and protons injected. The pressure was 
about 10-10 torr on both sides of the cryostat, and evolved with the beam 
intensity as shown in Figs. l and 2. Already at 5 A a small pressure in
crease was noticed and regular pressure rises appeared at each increase of 
the intensity. The effect was larger on the gauge 317.6 (opposite to the 
Hz injection) than on the gauge 317.3 (Hz injection side). The maximum 
pressures measured with a beam of 42.6 A were about 10-9 torr and 4 x 10-lO 
torr respectively. At constant beam intensity a pressure decrease was 
noticeable which was also more important at 317.6. These observations 
closely reproduce those obtained in a previous experiment, in which, how
ever, the Hz coverage was about 10 monolayers (see ISR Performance Report, 
ISR-VA/CB/sm dated 1.6.78). The first beam was dumped at 17.41 h and the 
pressures recovered very quickly almost completely to the initial values. 

At 18.44 h stacking of a second beam was started, which ended at 
21.00 h with a beam of 45 A. As Figs. 1 and 2 show, the pressure evolution 
was now completely different. The pressure rises were much smaller and 
practically identical on the two sides (about 2 x 10-lO torr at 45 A). 
Furthermore, the pressures were quite constant at constant current. The 
pressure falls were also smaller due to dumping the beam. 
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At 
22.0

0 
h

 
the 

SV
's 

were 
clo

sed 
and 

a 
second 

H
z
 

inj
ection 

was 
carried 

ou
t

 for 
a 

to
t

a
l 

qu
antity 

which 
would 

correspond 
to 

100 
m

onolayers 
if 

uni
form

ly 
sprea

d
 

on 
the 

col
d 

surfaces. 
To 

save 
time 

and 
liquid 

helium 
this 

second 
inj

ec
t

i
on was done 

with 
the 

cryostat 
at 

2.3 
K. 

Af
ter 

injection 
the 

pressure 
at 

31
7.3 

did not recov
er below 10-

9 
torr 

and 
the 

cryostat 
was 

hea
ted up to ab

o
u

t 4 
K b

y
 m

eans of 
the 

internal 
heaters. 

Heating 
affected 

the 
pressu

re 
at 

3
1

7
 .3

 
in 

such 
a 

way 
that 

at 
O 

h 
20 

the 
reading 

on 
this 

gau
ge 

was 
4 x 

10-
l O

 
torr. 

At 3
17.6 

the 
pressure 

was 10-
l O torr 

and 
the S

V's w
e

re
 

opened. 

Stack
ing

 
t

he 
third 

beam 
started 

at 
O 

h 
20 

and 
a 

current 
of 

40 
A 

was 
reached 

at 
1

 
h 

50. 
The 

behaviour 
of 

the 
pressure 

on 
the 

two 
sides 

of 
the 

cryostat 
w

as 
again 

completely 
different 

(see 
Figs. 

3
 

and 
4). 

At 
3

17. 3
 

(inj
ection 

s
i

d
e) the 

pressure 
was 

only m
arginally 

affected 
b

y
 

the 
beam

. 
A 

small 
rise 

to
 

2 
x 

10 -
l O 

torr 
was 

noticeable 
only 

at 
the 

maximum
 

current� 
In contrast, 

a
t

 3
17.6 

the 
effect 

was 
sim

ilar 
but 

even 
larger 

than 
observ

ed 
in 

presence 
o

f 
the 

first 
beam. 

All 
increases 

of 
beam

 
current 

produced 
l

arge 
pressu

re 
rises 

(up 
t

o 
4 

x 
10-

9 
torr), 

which 
were 

fol
lowed 

b
y

 
fast 

-
pressure 

decay
s 

at 
constant beam 

intensity. 
Sim

ilarly, 
dumping 

the 
beam 

at 
2 

h 
11 

was 
fol

lowed 
by 

a 
small 

pressure 
decrease 

at
 3

17
.3

 
(6

P 
� 

2 
x 

10 -
11 

torr), 
w

hile a
t 

317.6 
the decrease was 

about 4 x 
10 -

lO 
t

orr. 

3. 
Discu

ssio
n 

Th
e 

pres
e

n
t

 experiment 
was 

carried out 
for 

three distinct 
pu

rposes: 

(a) 
to 

obtain 
a 

confirmation 
of 

the 
intrinsic 

vacuum 
stabil

ity
 

in 
the 

se
nce 

of 
condensed 

H2 , 
as 

resulting 
from 

a 
previous 

experiment 
ISR

-
VA/

CB/
sm, 

1st Ju
ne 

197
8). 

pre
(see 

(b ) 
t

o deter
m

ine whether 
the 

sudden 
pressu

re spikes which
 were 

noticed with 
l

arge 
coverages 

of 
N

2 
( 100 

monol
ay

er
s, 

see 
IS

R-
VA

/N
H/ gl 

dated 
10

t
h 

M
arch 

1
98

0) 
only 

depend 
on 

coverage 
or 

rather 
on 

the 
condensed 

gas 
species. 

(c ) 
t

o 
understand 

the 
causes 

of 
the 

transient 
pressure 

r
is

es 
which 

w
e

re
 

pre v
iously noticed n

ot
 only 

with 
condensed Hz b

u
t

 al
s

o w
it

h adsorbed 
H

e 
-

(see 
IS

R-
VA/

CB/
sm 

dated 1st 
Augus

t
 198

0). 

(a) 
V

acuum St
abilit

y 

In the attempt 
to 

increase 
the 

chance 
of producing 

an 
ion induced 

pr
es

su
re b

ump, 
the beam 

inten
sity was 

pu
shed

 to 
45 

A, 
whil

e 
in 

the 
prev

iou
s 

ex
periment 

w
it

h 
H2 

the 
m

aximu
m 

cu
rrent 

w
as 

36 
A. 

Fu
rtherm

ore, 
the 

cov
erage 

was 
decreased 

from 
10 

to 
4 m

onol
ay

ers 
becau

se 
the 

m
aximu

m de
s

orption 
yield 

is 
located here. 

In 
spite 

of 
these 

changes, 
no 

pres
su

re 
bumps 

lead
ing 

to 
a 

pressu
re 

run- aw
ay

 
were 

noticed. 
W

e 
may 

con
cl

ude 
t

hat the 
C

ol
d 

Bore 
is 

stable 
v

acuum 
wise 

within 
the 

present 
expe

rim
en

tal 
possibilities. 
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(b) Pressure spikes 

The pressure spikes which were observed with condensed N2 did not ap
pear with a similar thickness of condensed H2. These apparently con
tradictory results may find a justification under the assumption that 
the spikes are produced by electric breakdown. Experimental evidence 
exists that H2 molecules maintain some mobility even at liquid He tem
peratures in contrast with molecules of heavier gases like N2, Mobili
ty may permit H2 ions to migrate to the metal walls of the cryostat be
fore the potential difference required to produce an electric breakdown 
is established. 

(c) Transient pressure rises 

The striking difference of the pressures evolution with the first and 
the second beam (see Figs. 1 anbd 2) is to be expected if, as previous
ly suggested, the transient pressure rises are produced by cleaning out 
under ion bombardment of some parts of the cold surfaces. In the ab
sence of a subsequent recontamination, as resulting for instance during 
gas injection, the surfaces which were cleaned should remain clean and 
produce little degassing when re-exposed to a proton beam. 

After the first experiment with condensed H2, doubts remained about the 
regions which are responsible for the observed degassing. One could 
imagine, for instance, that the density of the impinging ions is not 
uniform along the transverse profile of the chamber. In this case the 
ion bombardment would result in a rearrangement of the condensed mole
cules leading also to a non uniform transverse density profile and 
eventually to clean (i.e. low degassing) longitudinal bands of cold 
vacuum chamber. Alternatively, one could assume that the ions remove 
the Hz adsorbed in the regions at intermediate temperature which link 
the cold bore to the chamber at room temperature. These regions adsorb 
H2 during the injection and slowly release it even without beam, under 
the effect of the thermal radiation entering from both ends of the 
cryostat. 

Previous experimental work has shown that clean metal surfaces at tem
peratures higher than 4.2 K cannot retain more than one monolayer when 
exposed to H2 and subsequently brought to low pressures ( lower than 
10-7 torr). Any effect originated by these surfaces should consequent
ly show only a marginal dependence on the amount of gas injected. In 
contrast a larger H2 injection should directly affect the cleaning time 
of those regions which are at liquid He temperature. Comparing the 
pressure evolution as monitored by the gauge 317.6 in presence of the 
three different beams (i.e. Figs. 2 and 4) may permit one to conclude 
that transient pressure rises are indeed produced by beam cleaning of 
regions at intermediate temperature because the cleaning time after the 
second injection (gas coverage increased by a factor 25) did not change 
appreciably. 

. 

. 
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This interpretation may also lead to understand why, after both injec
tions, the pressure rises at the Hz injection side of 317.3 are smaller 
than at 317.6 (compare Figs. 1 to Zand 3 to 4) and also why the pres
sure rises at 317.3 are larger after the first (smaller injection) than 
after the second one (compare Figs. 1 and 3). At temperatures higher 
than about 5 K the adsorption of heavier gases inhibits a further ad
sorption of Hz. Any impurity present in the injected gas would stick 
to the intermediate temperature regions at the entrance of the cryo
stat, which will therefore take up less Hz than at the opposite end of 
the cryostat. Furthermore, injecting about 50 torr 1 (equivalent to 
100 monolayers) of Hz may easily result in impurity content large 
enough to saturate completely the entrance of the cryostat even at the 
measured impurity level of 3 x 10-3; hence the almost unnoticeable 
pressure rise at 317.3 after the second injection. 

Conclusions 
This experiment completes the cycle of the planned tests in the ISR. -Enough results are available to conclude that a cold bore design for a 

proton machine would be intrinsically safe. A deeper understanding of all 
processes observed during this investigation would require· a bigger effort 
which is difficult to justify in the framework of the present CERN 
programs. 

C. Benvenuti, J-C. Decroux, N. Hill eret, R. Mundwiller 
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