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Abstract came active[6] to cause RF trips. By warming up the cav-

Condensed/adsorbed gases can enhance field emissiorlltX{hmOSt adsorbates were released, gving a glean surface
a lower SEC. Accordingly, the multipacting problem

superconducting cavities and deteriorate the input couplglll leviated
performance in a superconducting RF system. It is ther&2> alleViated.
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total amount of adsorbed gases for different working pe-
riods are compared. Gas species are analyzed. A Monte-
Carlo computer code is used to simulate the gas conden-
sation/adsorption profile along the waveguide. The warm-
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up desorption curve is extracted, which might help us to Ll a1 yansiton ‘ Ni:::f:h': N L R
understand the interaction between gas molecules and sub- : [ :&L
strates. The pumping speed of the window pump-out box DE@Q . N

was evaluated by using the same code and was compared ‘ . o 270 Us

with the speed due to cryo-pumping. New designs of the L - u—ﬁ%4 ~ fonpump
pump-out box were explored to improve its pumping speed. ar Wma:W pumpoouthox Elbow

(with two 60 I/s ion pumps)
1 INTRODUCTION Figure 1: The SRF cavity for the CESR luminosity upgrade

Condensed/adsorbed gases can enhance field emission

in superconducting cavities[1] and deteriorate the in- Itis always desirable to keep the gas load to the system as
put coupler performance in a superconducting RF (SRApw as possible. This can be achieved by following ways.
system[2]. For SRF cavities installed in a routinely rund) Reducing gas content of gas sources, e. g. baking the
ning accelerator, like B-cells for the CESR luminositywindow prior to the cavity cooling down. 2) Improving the
upgrade[3], the desorption and condensation/adsorptionfimping speed of the evacuating system.

residual gases are of great importance to the cavity per-

formance, especially when high RF power and high beam? GAS EVOLUTION BY WARMING-UP

current are involved. Possible gas sources in such a system

include the ceramic window, beam line components nearbiuring the cavity warming-up, ion pumps were used for
and HOM absorbers. Gas molecules can be desorbed fr&yacuation with pressures monitored with cold cathode
surfaces of gas sources through different processes: heat@@y!ges installed near the pump ports. Fig 2 shows a typical
of the ceramic window by RF power, heating of HOM ab/Pressure curve during a warming-up event. Total amount
sorbers by HOM power, bombarding of the waveguide and

ceramic surfaces by multipacting electrons. The desorbed 1e+03 , , , : : : :
gases are finally condensed/adsorbed on the cold surfaces E2RBT TAPER COLD CATHODE
of the system, if not properly evacuated.

The implementation of SRF cavities (Fig. 1) for the
CESR luminosity upgrade started from October 1997[4} 1e+02 ¢
Till now, two cavities, referred to as E2 and E1, havgi
been installed. During the commissioning period, it wa
found that the input coupler benefited a lot from roon%
temperature warming-up cycles[5], during the course of
which significant amount of gases evolved from the sys-
tem. It was believed that gases condensed/adsorbed on the
waveguide surface enhanced the secondary emission co- 00 L ) ) ) ) ) )
efficient (SEC). As a result, more multipacting bands be- Mon Tue  Wed  Thur  Fii St S Mon

E2 WINDOW COLD CATHODE ——

1let+01 K

*Work supported by the National Science Foundation.

T on leave from IHIP, Peking University, Beijing 100871, PRC. . . .
t Email: rg58@cornell.edu Figure 2: Pressures during the warming-up (E2, Jun.98)

0-7803-5573-3/99/$10.00@1999 | EEE. 983



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

of evolved gases during warming-up was obtained by prepeaks between 10K and 120°K are due to the turning
sure integration. Table 1 shows results for the E2 and Edff of the LN» supply.)

Table 1: Gas evolution during the warming-up ler04 2
Cavity | Warm Up | Gas evolution| Gas Layers E21un. 98 —
@ [torr-Liter] [H; eq.] , £ Pe 99 ——
E2 | Feb. 98 14.68 7.03 g 08y ] 3
E2 | Jun.98 5.51 2.64 =
E2 | Oct 98 9.25 4.43 B
O  1let02 t(fi 5 k!
E2 Feb. 99 14.30 6.84 £ \
[ E1 [ Feb.99 [ 862 | 412 | 7§ NN T
T les01 | —
Table 2: Integrate@®, andl, between CESR down 16400 ‘ ‘ ‘ ‘ ‘
Cavity | Warm | Totalcold | [ Pydt | [ Ldt 0 50 100 150 200 250 300
Up @ | time[day] | [MW-hr] | [A-hr] Cavity Temperature [K]
E2 Feb. 98 120 138 440
E2 Jun. 98 99 160 470 Figure 3: Warming-up desorption curves of cavities
E2 Oct. 98 90 184 490
E2 Feb. 99 95 213 593 RGA Spectrums, recorded during warming-up, indicates
[ EL [ Feb. 99] 95 | 232 | 593 that residual gas species are mainky, H,O, and CO/N,

along with small amount of CQ) O, He and Ne. It is also
cavities in different warming-up events. Note that the layei'dicated that different species prevail in different desorp-
number of gases is given in that of an equivalent amoutien peaks_ as shown in Table 3. For reference, temperatures
of H, over an area of 3.3 Mthe total surface area of cold Of the cavity, the cold end of the HEX and the cold end of
components, including the cavity, the cold He gas cooledpe elbow are also listed in the table. The exceptionally

heat exchanger (HEX), and the bNooled RBT/FBT tran- high amplitude of the third peak for the E2 warming-up in
sitions and waveguide elbow. Feb. 98 suggests that excessive,G@d CO/N were ad-

Table 2 shows the total time that the cavity was colgsorbed betyveen the installation and the first warming-up of
the integrated RF power delivered to the bear) @nd the E2 cavity.
integrated CESR currenf) over the period between the
current warming-up and previous CESR down. The firStapie 3. prevailing gas species and nominal temperatures

warming-up of the E2 in Feb. 98 gave roughly 7 layerg¢ yne cavity, the HEX cold end, and the elbow cold end at
of equivalent H with only a 138 MW-hr integrated beam o time of desorption peaks

power delivered in the past four months. After the first Peak Gas Cavity | HEX | Elbow
warming-up, we were able to deliver more beam power) 4 species [°K] | [°K] | [°K]
We found the more integrated beam power in the pas 1 Hy, He 9 25 85
four months, the more gas evolution during the succeedr 5 COIN,.Hy.05.Ne 57 35 9
ing warming-up. However, the gas evolution seems not di 3 COQ, C(,D/l\b, a3 9 130
rectly correlated with the cold time, neither with the inte- 2 s Hgb CoN, 163 165 190
grated current. The first warming-up of the E1 in Feb. 99 5 ’H2 |_’|20 530 550 540

gave only 4 layers of equivalentHvith a 232 MW-hr in-
tegrated beam power delivered in the past four months. In

Comparison, the E1 has a much abated gas load and bet-

ter performance upon the first warming-up. It was believed 4 WHERE DO GASES LODGE

that the baking of the E1 window prior to the installation ] . ] )
helped a lot in reducing the gas load. Among all possible gas sources, special attention was paid

to the ceramic window, from which most gas load was sus-
3 GAS SPECIES pected to come. If not properly evacuated, those gases
would condense/adsorb on cold surfaces of the waveguide,
In Fig. 2, one can see several distinct pressure peaks. Thiseven enter the cell of the cavity through the tongue.
is suggestive that different gas species are desorbed oveWhen the cavity is at 4.2K, measurements show that
the warming-up period. Fig. 3 shows the desorption curvethe elbow temperature ranges from 180 (warm end) to
the cavity pressure as a function of the cavity temperatur80 °K (cold end) and the HEX temperature ranges from
All desorption curves, both for the E2 and E1, show prest5°K (warm end) to 10°K (cold end). Below 120K,
sure peaks at the same cavity temperatures. (Note thdgO vapor pressure is many orders of magnitude lower
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than1 x 10~? torr[7]. This means that virtually all the 5 EVACUATING RESIDUAL GASES
residual HO would condense on the surface of the waveg- ful i tem is al desirable t
uide elbow, most likely that of the section from the middleA powerlul evacuation system Is always desirable to com-
to the cold end. By the same token, G&O/N, and G, pete effectively with the cryo-pumping due to cold sur-
would condense on the surface of the HEX. faces.

A Wonte-Caro simulaton code, NOLFLOWE, was 11 SSmeled oo pumpng speed 2 600 1S it 1o
used to estimate the condensation profile of,COO/N, P 9 )

and G along the HEX. A unity sticking coefficient, re- lations show that the E2 pump-out box gives only a 30 I/s

gardless the condensation thickness[7], was used for thenseet pumping speed. Mod|f|cat|qns onthe E1 pu_mp-out box
. were pursued. The net pumping speed was improved to

species. The results suggested that 90% of these gagﬁﬁ /s

would condense on the HEX surface with an exponentia '

distribution. Only 10% of them might enter the Nb waveg-rn Tr?t carPhpete ;/nwth trﬁ) c):)?o-fpl:/mrplglg, erther |mtpr(;)ve-n
uide of the cavity. ent on the pump-out box Is tavorable. A suggested con-

The residual H is the hardest to condense oapor Pgl:arli)ttl)c\:\?s ;:.?.gsslégr;/% oLfnSOsscvﬁ\lNei\"/:;aénzgi}l:f],e:}zgr:]nrt]
pressure is higher thah x 10~ torr even at 4.2°K). pumps, wit'g pump

However, there are possibilities for the ltb be adsorbed g](?of/zecerd;)-wzfqhif hopefully able to compete with the
by a 4.2°K Nb[9] and a 10°K copper plated stainless yo-pumping.

steel[10][11]. Fig. 4 shows the simulation result on the 6 CONCLUSIONS

100 — Gas evolution during warming-up of the CESR SRF cav-
— ities was evaluated. A few equivalent mono-layers of
0 H, were adsorbed on cold surfaces, even after several
warming-ups. There seems to be a correlation between
80 the integrated beam power and the gas evolution during the
succeeding warming-up. Residual gas species were found
0 mainly H,, H,O, and CO/N. They condensed/adsorbed

selectively on surfaces of different sections. The initial H
was most likely adsorbed on the Nb waveguide surface.
With heavier H gas load, H molecules could enter the
cell of the cavity and adsorb on the cell surface. The cur-
rent pumping speed of the pump-out box is much lower

60

Adsorption ratio by Nb waveguide [%]

50

0.01 01 1 than that due to cryo-pumping. Further modifications on
Sticking Coefficient the pump-out box is necessary to compete with the cryo-
pumping.
Figure 4: Ratio of the Kladsorbed by the Nb waveguide to
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