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INTRODUCTION
Experimentalmeasurementsof photodesorptioncoefficientsof H2, CH4, CO. and CO2 have

beendoneto obtaindatanecessaryto predictthe vacuumperfonnanceof the20-TeV Collider at
the SuperconductingSuperCollider SSC. Experimentshavebeendone for wanntubes i.e.,
roomtemperature,cold tubesi.e., 4.2 K, andliner configurations,

Two synchrotronradiationbeanilines,SSCI and SSC2,were constructedon the VEPP-2M
storagering at Budker Institute of NuclearPhysicsBIN? in Russia.The photon-criticalenergy
is 284 eV, as in the SSC Collider, and the angleof incidenceis 10 mrad. Twenty-sevenwarm
beamtube sampleswere tested,each1 m long and 33 mm insidediameterID. The following
materialsfor tubesweretested:electrodepositedCu Silvex andFluhmann,electrodepositedCu
with Au coatingSilvex, bulk Cu Hitachi 10100,Nitronic40 SS ASTM2 169,andA7NO1/4N
Al Japan.Thesetube sampleswere cleanedfollowing ultrahigh vacuumcleaningprocedures
usedat BrookhavenNational LaboratoryBNL and at CERN. Two tubes007v, OOSv were
thermally treatedat Virginia Polytechnic Institute. Photodesorptionmeasurementswere also
madefor differentexperimentalconditions,suchas in situ bakeof thetestedsampleand in the
presenceof 500-10000 transversedipole magneticfield. Experimentswere also done on the
VUV ring at BNL. Thepurposeof theseexperimentswasto checka subsetof theBINP dataand
to achievetheintegratedphotonflux of morethan i0 photons/rn,or 100 daysof SSCoperation.

The goal of this summaryis simply to providea catalogof the warm tubephotodesorption
coefficientsfor eachof the testedmaterials.The datafor eachexperimentoccupiestwo pages.
The first pagehasa tube number,which was engravedon the tube, and includesthree tables.
Somedetails of theparticularexperimentare given in the first table. The secondtablecontains
photodesorptioncoefficientsfor H2, CH4, CO, and CO2 at certainintegratedphotonfluxes. The
lasttablecontainsthe amountsof gasdesorbedat different integratedphotonfluxes. Thesecond
pagehastwo plots. The first, basicplot showsthephotodesorptioncoefficientsversusintegrated
photon flux for eachgas.The secondplot showsthephotodesorptioncoefficientsasa functionof
desorbedgas.

Contributorsto this work are V. Anashin,0. Malyshev,V. Osipov, V. Nazmov,V. Pindyurin,
andA. Salimov of BudkerInstitute of NuclearPhysicsin Novosibirsk,Russia;C. Foersterand
C. Lanni of BrookhavenNational Laboratory in Upton, New York; B. He, M. Stawovy, 0. Lu,
S. Desu, W. Reynolds. and A. Aning of Virginia PolytechnicInstitute and State University in
Blacksburg,Virginia; and I. Maslennikovand W. Turnerof the SuperconductingSuperCollider
Laboratoryin Dallas,Texas.
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Parametersof VEPP-2M storagering

Energy MeV 150-670

Bending radius m 1.22

Average radius of ring m 2.84

Perimeter of equilibrium orbit m 17.88

Beam current mA up to 400

Maximum quantity of magnetic field H kG 18.25

Critical energy of photon radiation for E = 534 MeV eV 284

Radiation losses of energy per 1 turn
for energy E = 534 MeV key 6

Total photon flux for E = 534 MeV
and I, = 300 mA photon/sec 1 .3*1 020

Lifetime E = 534 MeV l = 300 mA sec 1000

Speed of electron injection electron/sec 3.108



FIgure 1. Layout of SSC1 and SSC2 Beamilnee on VEPP-2M Storage Ring.
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Figure 2. ExperImental Setup of BINP SSC1 and SSC2 Beamilnes.
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Conductance
-40L/S

MK - Mask for front end valve Vi V2, V3 - Isolation Valves
FV - Fast Valve RGA - Residual Gas Analyzer
SS - Safety Shutter IG - Ion Gage
BS - Beam Stop IP - Ion Pump

Cv, Cli - Vertical and horizontal collimators TI - Ti sublimation pump

FIgure 3. SNL Experimental Setup.
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Synchrotron Radiation Beainline Parameters.

E - particleenergy;
I - beamctnwnt;

- relativistic factoT;
- critical energyof photons;

drldt - photonflux;
- angleof incidence;

- FWHM stripheightof photonswith themedianenergy 0.08E
D - distancefrom sourcepoint.



lube #002

Desorbedgas,molecules/rn

Material: SSplatedby 70 pm of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BINP

Typeof test: warm, no bake,no magneticfield

Experiment#: la

Beainline: SSC1

Date oftest: Jul27 1992

Pumpingtimebeforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mmd

Photodesorptioncoefficients,molecules/photon

1.1019 i.io20 1.1021 i*io22 1.1023

H2 6.48102 1.50.10.2 2.40*10 N/A N/A

CH4 1.5710 3.87*10 6.08*10 N/A N/A

CO 1.31.10.2 2.87*10 4.01*10 N/A N/A

CO2 3.67*10 7.49*10 1.16*10"’ N/A N/A

1.1020 i.io2l 1.1022 1.1o

H2 2.45.1018 6.93.1018 N/A N/A

CH4 6.17.1016 1.77.1017 N/A N/A

CO 4.83.1017 1.29.1018 N/A N/A

CO2 1.28.1017 3.47.1017 N/A N/A
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Tube #003

Material: SSplatedby 70 p.m of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BINP

Typeof test: warm, in situ bake 150C for 24 hrs, no mag
netic field

Experiment#: 2a

Beamline: SSC1

Dateof test: Jul22 1992

Pumpingtime beforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284eV

Angle of incidence: 10.0 mrad

Photodesorptioncoefficients,molecules/photon

i.io19 1.1020 1.1021 1.1022 1.1023

H2 6.34.102 2.18.10-2 4.73*10 N/A N/A

CH4 1.31*10 5.01*i0 9.69*10- N/A N/A

CO 1.66.10-2 5.75l0 9.33*10 N/A N/A

CO2 2.72*10 9.34*10 1.33*10 N/A N/A

Desorbedgas,rnolecules/m

1.1020 1.1021 1.1022 1.1023

H2 3.04.1018 1.08.1019 N/A N/A

CH4 6.94.1016 2.38.1017 N/A NJA

CO s.44*lo’7 2.60.1018 N/A N/A

CO2 1.33.1017 4.14.1017 N/A N/A
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Material: SS platedby 70 pm of Cu, madeby Silvex in
1988-90

Treatment: CERNprocedureAppendix:3.2

TestLaboratory: BINP

Typeof test: warm, no bake,no magneticfield

Experiment#: 8d

Beamline: 550

Dateof test: Oct28 1992

Pumpingtimebeforeexperiment: 308 hrs

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

i.iø2 1.1021 i.io22 1.1023

H2 1.55.1018 N/A N/A N/A

CH4 5.98.1016 N/A N/A N/A

CO 405.1017 N/A N/A N/A

CO2 1.79.1017 N/A N/A N/A

Tube #019

Photodesorptioncoefficients,molecules/photon

Desorbedgas,molecules/rn
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Material: SSplatedby 70 p.m of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BINP

Type oftest: warm,no bake,no magneticfield

Experiment#: Ia

Beanthne: SSC2

Dateof test: Sep 5 1992

Pumpingtime beforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284eV

Angle of incidence: 10.0nirad

1.1020 i*io 1.1022 i.io23

H2 1.62.1018 7.53.1018 2.81*10’ N/A

CH4 5.69.1016 1.89.10’ 3.13.1017 N/A

CO 5.56*10 1.96.1018 4.63.1018 N/A

CO2 1.96*10’ 7.60*10’ 2.05*10’ N/A

Tube #009

Photodesorptioncoefficients,molecules/photon

Desorbedgas,molecules/rn
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Tube #026

Material: 55 platedby 70 Ism of Cu, made by Silvex in
1988-90

Treatment: BNL procedureAppendix:3i

TestLaboratory: BINP

Typeof test: warm,no bake,no magneticfield

Experiment#: 1 a

Beamline: SSC2

Date oftest: Jan201993

Pumpingtime beforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

Photodesorptioncoefficients,molecules/photon

i*io’9 1.1020 1.1021 1.1022 1.1023

H2 2.15.102 1.o6.1o2 4.20’1ff3 9*29*10A N/A

CH4 1,78*l0 8.27*I0 2.47*10 4.15*10 N/A

CO 1.05.102 5.21*10 i.si*icr3 2.56*10 N/A

CO2 3.22*10 1.59*10 5*18*10A 8.O4*10 N/A

Desorbedgas,molecules/rn

1.1020 1.1021 1.1022 1.1023

H2 1.20.1018 6.64.1018 2.25*10’ N/A

CH4 1.02.1017 4.59*10’ 1.27.1018 N/A

CO &07.10h7 2.85.1018 764.1018 N/A

CO2 1.83.1017 9.18*10’ 2.56*10’ N/A

14



C
0
0

0
F
Cu

C
0
0

&
0
F
Cu
C,

1O

101

1 o.2

.310

1

1

i

10 j
10 io io2° io21 ioV ic?

photons/rn

tube#026a

b

10

1

1

106

I

a photodesorptioncoefficientetaversusphoton flux and b versusdesorbedgas.

100

101

1 o2

.3

tube#026

1018 1017 i&8 1019
desorbed molecules

1 o24

0- H2
x - CH4
+-CO

- C020
+ ++

L

*1

0 0
+ + ++

xxx

o -112
x - CH4
+ - Co
.-C02

15



Material: SS platedby 70 pm of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3.1

TestLaboratory: B1NP

Typeof test: warm,no bake,with magneticfield

Experiment4*: 3a

Beamline: SSC2

Dateof test: Jan111993

Pumpingtime beforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

1.1020 i*io2’ 1.1022 1.1023

H2 1.33.1018 s.gs.io18 1.91.1019 N/A

CH4 6.75.1016 2.98.1017 8.21.1017 N/A

CO 5.58.1017 2.53.1018 736.1018 N/A

CO2 2.13.1017 9.15.1017 2.44.1018 N/A

Tube #028

Photodesorptioncoefficients,molecules/photon

Desorbedgas,molecules/rn
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Tube #018

Material: SSplatedby 70 pmof Cu, madeby Silvex in
1988-90

Treatment: CERN procedureAppendix:3.2

TestLaboratory: BTh4P

Typeof test: warm, 350°C bakefor 24 hrs, no magnetic
field

Experiment4*: N/A

Beaniline: SSC2

Date of test: April 1993

Pumpingtimebeforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

Photodesorptioncoefficients,molecules/photon

1.1019 1.1020 1.1021 1.1022 1.1023

H2 N/A 5.60’10 3.30*10 N/A N/A

CH4 N/A 7.70.106 4.90.106 N/A N/A

CO N/A g.go*io 6.80*10 N/A N/A

CO2 N/A 5.90*l0 4.20*10 N/A N/A

Desorbedgas,molecules/m

1.1020 1.1021 1.1022 1.1023

H2 5.30.1016 4.00.1017 N/A N/A

CH4 7.30.1014 5.60.1015 N/A N/A

CO 6.70.1015 7.50.1016 N/A N/A

CO2 4.70.1015 s.oo*io16 N/A N/A
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Tube #024

Material: SSplatedby 70 jim of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BNL

Typeof test: warm,no bake,no magneticfield

Experiment#: I

Beamline: U1OB

Datesof test: 10/29/92-11/12/92

Pumpingtime beforeexperiment: 72 hrs

Basepressurebeforeexperiment: L9108 Ton

Critical energy: 490 eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecules/photon

1.1019 1.1020 i.i&1 1.1022 1’l&

H2 6.34.102 l.72.102 3.95*10 8.4010 1.7010

Cl!4 8.58*lCr4 3,l3*l0" 6.78*l0 1.22*10 2.06.10.6

CO L22*102 4.42*10 L06*103 2.21*10’ 4.35*1cr5

CO2 8.03*l0 3.31.10 7.58*10 1.44*10 2.56*uu

Desorbedgas,molecules/rn

1.1020 1.1021 1.1022 1.1023

H2 2.55.1018 8.78.1018 2.24.1019 506.1019

CH4 4.31.1016 1.54.1017 3.69.1017 7.40.1017

CO 6.01.1017 2.26.1018 5.90.1018 1.32.1019

CO2 4.41*l0’ 1.66.1018 4.13.1018 8.64.1018

20



a ttibe#024
10

1 o24

photons/rn

}j tube#024
100

10*1

io2

C
0
1o
&0
F
It
C,

1

1 o6

10
io15 io16 io io io19 io2

desorbed molecules

a photodesorptioncoefficientetaversusphotonflux andb versusdesorbedgas.

0

0

+
0

+

10-I

1 o2

C
0
1o

0
E *
0
a,

0

o - H2
x-CH4

+

x

tt+

+-CO
.-CO2

x

0r
Ow

t4-i-

x xx

0

>4<
0

0x4
cxxx 0

+ +

H
x x

1 o19 1 o20 1 21

0

0- H2

+

x-CH4
i--CO
.-C02

x

00

+

x

S
0

xx
I-

0

.1

21



Tube #029

Material: SSplatedby 70 pmof Cu, madeby Fluhman
in 1992

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BNL

Typeof test: warm, no bake,no magneticfield

Experiment4*: 4

Beamline: U10B

Dateof test: 2/2/93-3/24/93

Pumping time beforeexperiment: 96 hrs

Basepressurebeforeexperiment: 1.6.108Torr

Critical energy: 490eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecules/photon

1l0’ i.iø2o 1.1021 1.1022 1.1023

H2 1.19.102 6.36*10 1.5210 4.42*10" 1.3l*I0

CH4 6.84*10 3.27.10 6.21*l0 1.32*10 2.01.10-6

CO 4.51*10 1.92*10 3.64*10 8.02*10 2.76*10

CO2 8.56*flT 4.08*l0 5.93*l0 8.11*l0 1.28*10

Desorbedgas,molecules/rn
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Tube #030

Material: SS platedby 70 jim of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BNL

1’pe of test: warm,no bake,with magneticfield

Experiment#: 3

Beainline: U1OB

Dateof test: 12/14/92-1/25/93

Pumpingtime beforeexperiment: 120 hrs

Basepressurebefore experiment: L2*108 Torr

Critical energy: 490 eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecules/photon

1.1019 i*io2° 1.1021 1.1022 i*io23

H2 3.77.102 6.90*10 l.97*10’ s.so*io 1.39*10

CH4 5,22*10 1.24*10" 2.48*10 4.54*10 7.95*10

CO 9.7610 2.45*10 5.82*10 1.33*10 297*10

CO2 9.27*10 2.17*10 4.48*l0 9.06*10 1.82*lfY5

Desorhedgas,molecules/rn

24



a ttibe#030
10 .

o - H2
10 x-CH4

0 -i--CO

2 -
- C02

10_ +
0

+ 0
C + 0
9 -3 00 0
210 t+ oSco

a > t t+ 0

x
tt-’t

4! x

1
1018 1019 io2° io2i io 1o23 io24

photons/rn

la tube#030
100

o - H2
lOl x-CH4 -

+-CO
-2 .-C02

10 - 0
0

.4- 0
C +2-s
210
&
0
E X
-10

x

1 o

10_s

1
1016 1017 io18 io 1o2°

desorbed molecules

a photodesorptioncoefficientetaversusphotonflux and b versusdesorbedgas.

25



Tube #032

Material: SS platedby 70 jim of Cu, madeby Silvex in
1988-90

Treatment: BNL procedureAppendix:3J

TestLaboratory: BNL

Typeof test: warm, no magneticfield, 350Cbakeat SSC
for 24 hrs, shipedtoBNL undervacuum

Experiment#: 5

Beamline: U1OB

Date of test: 3/31/93-4/16/93

Pumpingtime beforeexperiment: 144 hrs

Basepressurebeforeexperiment: 1.2*10 Ton

Critical energy: 490 eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecules/photon

thermally des
orbedgasfor
24 hrs bake

1.1020 1.1021 iiO22 1.1023

H2 2.3.1020 2.47.1017 1.21.1018 4.64.1018 1.68.1019

CH4 4.5.1017 3.52.1015 i.soio’6 4.56.1016 120*1017

CO 4.5.1018 4.51.1016 2.26.1017 8.55.1017 220.1018

CO2 2.0.1018 6.13.1016 2.94.1017 9.69.1017 2.65.1018

Desorbedgas,molecules/m
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Material: rotatedtube032, SSplatedby 70 jsm of Cu,
madeby Silvex in 1988-90

Treatment: seetube#032

TestLaboratory: BNL

Typeof test: tube032 wasrotatedby 140 degreesunder
vacuum

Experiment#: 6

Beamline: U1OB

Dateof test: 5/17/93-6/15193

Pumpingtime beforeexperiment: 240 hrs

Basepressurebeforeexperiment: 4.5.l010Tort

Critical energy: 490 eV

Angle of incidence: 12.0mrad

1.1020 1.1021 i*io22 1.1023

H2 3.80.1016 4.30*10’ 2.0510’ 1.3010’

CR4 1.3010’s i.90i0’ 9.20.1015 6.00.1016

CO 5.30*10’ 620.1016 3.20e10’ 2.05.1018

CO2 3.10*10’ 4J01016 2.3010’ 1.04.1018

Tube #032r

Photodesorptioncoefficients,molecules/photon

Desorbedgas,molecules/rn
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Tube #033

Material: SSplatedby 70gm of Cu and 2 p.mof Au,
madeby Silvex in 1993

Treatment: BNL procedureAppendix:3.1

TestLaboratory: BNL

Typeof test: warm,no bake,no magneticfield

Experiment#: 7

Beamline: U1OB

Date oftest: 7/12/93-7/29/93

Pumpingtime beforeexperiment: 432 hrs

Basepressurebeforeexperiment: 6.6*10Ton

Critical energy: 490 eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecules/photon

i*io’9 i*io2° 1.1021 i.1o22 1.1023

H2 N/A 5.6010 1.7010 6.2011104 i.so*io

CR4 N/A 1.2010 2.2010 4.20.106 7.60.lcrl

CO N/A i.so*io-3 3.40*10 760*10 1.6010

CO2 N/A 2.00*l0 3.50*10 7.60*10 i.ooio5

Desorbedgas,rnolecules/m
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Tube #034

Material: SSplatedby 70 tIm ofCu, madeby Silvexin
1993

Treatment: Bit procedureAppendix:3.1

TestLaboratory: BNL

Typeoftest: warm,no bake,no magneticfield

Experiment#: 8

Beaniline: U1OB

Date of test: 8/6/93-8/23/93

Pumpingtime beforeexperiment: 172 hrs

Basepressurebeforeexperiment: 8.1"lO9Torr

Critical energy: 490eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecul&photon

i.io’9 i.1o20 i*io21 i*io22 1*1023

H2 1.70.10-2 5.9O*10 2.4010 4.10*10 8.90*10

CR4 4.30*10 1.80*10 5.50*10 6.40106 6.00*i0

CO 4.60’10 i.go*io3 7.40*1cr4 i.io*io4 2.1010

CO2 7.70*10 2.70*10 7.90*10 i.ioio4 160*10

Desorbedgas,molecules/rn

1.1020 1.1021 1.1022 i023

H2 7.50.1017 4.00,1018 1.80l0’ 3.5010’

CH4 2.00.1016 ioo*i&7 4.10.1017 6.10,1017

CO 2.00.1017 1.20.1018 590.1018 i.oo*io’9
CO2 3.10.1017 1.50.1018 5.40.1018 1.01.1019
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Tube #008v

Material: SS platedby 70 p.m of Cu, madeby Silvex in
1988-90

Treatment: WI treated,700C-2hrs,scanningannealingin
10%H2+90%Heatmosphere,Au flashed200-
300A

*

TestLaboratory: BNL

Typeof test: warm,no bake,no magneticfield

Experiment#: 9

Beamline: U1OB

Date of test: 8/30/93-9/16/93

Pumpingtime beforeexperiment: 144 his

Basepressurebeforeexperiment: 1.11i08Ton

Critical energy: 490 eV

Angle of incidence: 12.0 mrad

$
- B. He et. a!. PreprintSSCL-N-8491994

Photodesorptioncoefficients,molecules/photon

1.1019 1.1020 1.1021 1.1022 1.1023

H2 3.10.1112 7.40*l0 2.l0*10 6.90’10 i.so*io-4

CR4 7.10’10 1.9010 5.20*10 9.60.,106 1.10,106

CO i.00,io2 2.30.10 6.3010 1.80*10 270*10

CO2 1.30.10-2 3.20*10 7.9010 1.70’10 2.20*10

Desorbedgas,molecules/rn

i.1o2 1.1021 1.1022 1.1023

H2 1.20*10’ 4.5010 1.90*10’ 5.6010’

CR4 2.90.1016 i.io*io’7 4.0010’ 1.00.1018

CO 3.9010’ 1.50.1018 s.ooio18 1.40.1019

CO2 5.9010’ 2.00.1018 6.00.1018 1.8010’s
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Tube #007v

Material: SS platedby 70 p.mof Cu, madeby Silvex in
1988-90

Treatment: YPI treated,700C-Shrs,annealingin
10%H2+90%Heatmosphere

TestLaboratory: Bit

Typeof test: warm, no bake,no magneticfield

Experiment#: 10

Beamline: U1OB

Dateof test: 10/15/93-11/3/93

Pumpingtime beforeexperiment: 96 hrs

Basepressurebeforeexperiment: 6.7*10 Ton

Critical energy: 490 eV

Ang!eof incidence: 12 mrad

. B. He et. a!. Preprint SSCL-N-8491994

Photodesorptioncoefficients,molecules/photon

1.1019 1.1020 1.1021 1.1022 1.1023

H2 i.00.102 2.6010 8.50*l0 2.10*10 6.80*10

CH4 2.0010 5.70.lcr5 i401o 1.80.106 3.80*10

CO 2.00’10 5.60*10 1.8010 4.50*10 L40*105

CO2 4.20*10 1.30*10 380,10A 8.60*10 1.6o*1o-

Desorbedgas,molecules/rn

i.i020 1.1021 i*io22 1.1023

H2 5.201O’ i.oio18 540,1018 1.47.1019

CH4 1.00.1016 3.50.1016 8.30.1016 1.40.1017

CO i.oo*io’ 3.80.1017 1.10.1018 2.90.1018

CO2 2.30.1017 8.3010’ 2.20.1018 540.1018
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Tube #010

Material: OFHC Cu Hitachi 10100

Treatment: BNL procedureAppendix:2.1

TestLaboratory: BINP

Typeof test: warm, in situ bake 150C for 24 Irs, no mag
netic field

Experiment#: 8e

Beamline: SSC1

Dateof test: Oct 8 1992

Pumpingtime beforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

Photodesorptioncoefficients,molecules/photon

i*io’9 1.1020 1.1021 1.1022 1.1023

H2 1.17102 5.78*10 N/A N/A N/A

CR4 8.9010 3.92*10 N/A N/A N/A

CO 8.79*10 3.68*10 N/A N/A N/A

CO2 3.16*10 1.14*10 N/A N/A N/A

Desorbedgas,molecules/rn

i.io20 i*io2t 1.1022 1.1023

H2 6.69.1017 N/A N/A N/A

CH4 4.81.1016 N/A N/A N/A

CO 4.61*10’ N/A N/A N/A

CO2 1.51.1017 N/A N/A N/A
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Tube #011

Material: OFHC CuHitachi 10100

Treatment: BNL procedureAppendix:2.1

TestLaboratory: BINP

Typeof test: warm, no bake,no magneticfield

Experiment#: 81

Beamline: SSC1

Dateof test: Oct 11992

Pumpingtime beforeexperiment: 104 Irs

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0mrad

Photodesorptioncoefficients,molecules/photon

1.1019 i*io2° 1.1021 1.1022 i*io23

H2 5.91102 2.24.102 N/A N/A N/A

CH4 164’10 1.23*10 N/A N/A N/A

CO 3.20.102 9.7910 N/A N/A N/A

CO2 1.02.1112 3.22*10 N/A N/A N/A

Desorbedgas,rnolecules/m

i*io2° 1.1021 i*io22 i.1o23

H2 2.92.1018 N/A N/A N/A

CR4 1.71*10’ N/A N/A N/A

CO 1.39,1018 N/A N/A N/A

CO2 4.52.1017 N/A N/A N/A
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Tube #012

Material: OFT-IC Cu Hitachi 10100

Treatment: BNL procedureAppendix:2A

TestLaboratory: BINP

Typeof test: warm, no bake,with magneticfield

Experiment#: 8g

Beamline: SSC2

Dateof test: Dec 31992

Pumpingtimebeforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

Photodesorptioncoefficients,molecules/photon

1.1019 i.1o20 i*io21 1.1022 1.1023

H2 3.45.102 2.34.102 7A5*103 N/A N/A

CH4 1.22*l0 8.31*10" 2.54*10 N/A N/A

CO 985*10 6.69*10 204*10 N/A N/A

CO2 2.S8*10 1.96*10 5.99*l0 N/A N/A

Desorbedgas,molecules/rn

z.1o20 1.1021 i.i&2 i.io23

H2 2.54.1018 1.35*10’ N/A N/A

CH4 9.01.1016 4.80*10’ N/A N/A

CO 7.25.1017 337.JØ18 N/A N/A

CO2 2.l2*10’ 1.13.1018 N/A N/A

42



a tube#012
10 . .

1 o-H2
10 x-CH4

1o2
.-C02

10

1

10

1

19 20 21 22 23 24
io18 10 10 10 10 10 10

photons/rn

1 tube#012
10°

-1 o-H2
10 x-CH4

0 0000 +-co

io2 +
+

x xxxxooc%M

10

1 o6

10*
io15 io16 1017 io18 io’

desorbed molecules

a photodesorptioncoefficienteta versusphotonflux andb versusdesorbedgas.

43



Material: OFHCCu Hitachi 10100

Treatment: CERN procedureAppendix:2.2

TestLaboratory: BINP

Type of test: warm, no bake,no magneticfield

Experiment#: 8c

Beamline: SSC1

Dateof test: Oct 19 1992

Pumpingtime beforeexperiment: 63 hrs

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0mrad

1.10 1.1021 1.1022 1.1023

H2 1.04.1018 N/A N/A N/A

CR4 8.43.1016 N/A N/A N/A

CO 543.1017 N/A N/A N/A

CO2 3.41.1017 N/A N/A N/A

Tube #022

Photodesorptioncoefficients,molecules/photon

Desorbedgas,molecules/rn
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Tube #025

Material: OFHC Cu Hitachi 10100

Treatment: BNL procedureAppendix:2.1

TestLaboratory: BNL

Typeof test: warm, no bake,no magneticfield

Experiment#: 2

Beamline: U1OB

Date of test: 11/23/92-12/9/92

Pumpingtime beforeexperiment: 240 Irs

Basepressurebeforeexperiment: 2.8.108Torr

Critical energy: 490eV

Angle of incidence: 12.0 mrad

Photodesorptioncoefficients,molecules/photon

l*1& i*io2° 1.1021 1.1022 iio23

H2 1.53.10-2 6.25*10 139*10 4.07*111 9.21.10

CH4 2.801W4 1.28*10 2.32*10 4.02.10-6 7.l4*l0

CO 5.24*10 2.30*10 6.29*l0 1.32*l0 2.04*10

CO2 s.ài*io-3 2.63*10 6.85*10 l.41*10 2.26*10

Desorbedgas,molecules/rn
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Tube #014

Material: 55 Nitronic 40

Treatment: BNL procedureAppendix: 1.1

TestLaboratory: BINP

Typeof test: warm, in situ bake300C for 24 hrs,no
magneticfield

Experiment#: id

Beamline: SSC1

Date of test: Sep 111992

Pumpingtime beforeexperiment: unknown

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0 mrad

Photodesorptioncoefficients,molecules/photon

1.1019 i.io20 1.1021 1.1022 1.1023

H2 1.17*10 i.iô*i03 N/A N/A N/A

CH4 3.06*10 2.78.l0 N/A N/A N/A

CO 207*10A l.35.10 N/A N/A N/A

CO2 5.81*10 3.14.10 N/A N/A N/A

Desorbedgas,molecules/rn

i.1020 l.1& i.ion 1.1023

H2 1.08*10’ N/A N/A N/A

CH4 2.74*10 N/A N/A N/A

CO 1.40.1016 N/A N/A N/A

CO2 3.5610’ N/A N/A N/A
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Tube #020

Material: 55 Nitronic 40

Treatment: CERN procedureAppendix: 1.2, 950C fire

TestLaboratory: BINP

Typeof test: warm, no bake,no magneticfield

Experiment#: 8a

Beamline: SSC1

Date of test: Nov 26 1992

Pumpingtime beforeexperiment: 73 hrs

Basepressurebeforeexperiment: unknown

Critical energy: 284eV

Angle ofincidence: 10.0 mrad

Pbotodesorptioncoefficients,molecules/photon

1.1019 i*io2° i*io21 1.1022 1.1023

H2 5.05*l0 3.56*10 N/A N/A N/A

CH4 3.23.110 2.05*10 N/A N/A N/A

CO 2.08*10 1.18*10 N/A N/A N/A

CO2 1.09*10 525*lcO N/A N/A N/A

Desorbedgas,molecules/rn

iqo2° 1.1021 1.1022 1*i023

H2 4.06.1017 N/A N/A N/A

CR4 2.40.1&6 N/A N/A N/A

CO 1.41.1017 N/A N/A N/A

CO2 6.55.1016 N/A N/A N/A
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Tube #021

Material: SSNitronic 40

Treatment: CERNprocedureAppendix: 1.2

TestLaboratory: BINP

Typeof test: warm, no bake,no magneticfield

Experiment#: Sb

Beaniline: SSCI

Dateof test: Oct 14 1992

Pumpingtime beforeexperiment: 99 Irs

Basepressurebeforeexperiment: unknown

Critical energy: 284 eV

Angle of incidence: 10.0mrad

Photodesorptioncoefficients,molecules/photon

1.102° 1.1021 1.1022 l.1o23

H2 6.00.1017 N/A N/A N/A

CH4 5.81.1016 N/A N/A N/A

CO 3.09.1017 N/A N/A N/A

CO2 2.04.1017 N/A N/A N/A

Desorbedgas,molecules/rn
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Tube #036j

Material: A7NO1/4NAluminum, Japan
din. 50.5mm

Treatment: BNL procedureAppendix:4.4

TestLaboratory: BNL

Typeof test: warm, no bake,no magneticfield

Experiment#: 11

Bearnline: U1OB

Date oftest: 11/8/93-05/01/94

Pumpingtime beforeexperiment: 72 Irs

Basepressurebeforeexperiment: 8.1*l0Ton

Critical energy: 490 eV

Angle ofincidence: 12.0mrad

Photodesorptioncoefficients,molecules/photon

1.1019 1.1020 1.1021 1.1022 1.1023

H2 2.00.102 5.00*10 l.80*10 4.0O10 1.0010

CH4 9.5010 1.20*10 i.60*i0 2.30.1116 6.40*10

CO 5.90*10 1.50*l0 3.40*l0 i.oo*io4 2.i0*10

CO2 1.10.l02 3.001cr3 4.701W4 2.30*10 3.lO.106

Desorbedgas,molecules/m

1.1o2° 1.1021 i.1o22 l*io23

H2 8.20*l0’ 3.60.1018 1.20.1019 3.10.1019

CH4 3.50.1016 7.60.1016 1.30.1017 2.40*10’

CO 2.70.1017 9.20.1017 230.1018 6.70.1018

CO2 5.50.1017 1.60.1018 3.00.1018 3.76.1018
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Thbe Index

Tube#002SS+Cuplated . . 6
Tube #003 SS+Cuplated 8
Tube #007vSS-Cuplated. 36
Tube #008vSS-i-Cuplated+Auflash 34

Tube#009 SS+Cuplated 12

Tube#010 OFHC Cu 38

Tube#011OFHCCu 40

Tube#012OFHCCu 42

Tube#014 SS 48

Tube#018 SS+Cuplated 18

Tube#019 SS 10

Tube#020 SS 50

Tube#021 SS 52

Tube#022 OFHC Cu

Tube#024 SS+Cuplated 20

Tube#025 OFHC Cu 46

Tube#026 SS-i-Cu plated 14

Tube#028 SS+Cuplated 16
Tube#029 SS-i-Cuplated 22

Tube #030 SS+Cuplated 24
Tube #032 SS+Cuplated 26
Tube#032rSS+Cuplated 28
Tube#033 SS+Cu+Au 30
Tube#034 SS-i-Cuplated 32
Tube#036j Aluminum 54
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Appendix: CleaningProcedures

1. Cleaning Proceduresfor StainlessSteel

1.1 BNL1
1. ultrasonic cleaning in degreasesoap2for 5 mm

2. non etchcleanerdetergentfor 5 mm
3. tapwaterrinsefor5min
4. hydrofluoricacidfor 5 mm
5. tapwaterrinsefor 5 mm

6. alutonefor 5 mm

7. tapwaterrinsefor 5 mm

8. deionizedwaterfor 5 mm

9. wipe all partsdry andplace in ovenfor 30-45mm

10. removefrom oven,allow to cool,wipeall partswith methyl alcohol.

1.2 CERN
1. vapordegreasein perchioroethylene1210C

2. ultrasoniccleaningin alkalinedetergentph = 9.7 at65° C. Thedetergentis
ALMECO-18 =P3-VR-580-17,manufacturedby theHenkelCorporation.It is made
up to aconcentrationof 20 gil with ordinarywater.

3. immediaterinsing insideandoutwith colddemmneralizedwaterjet

4. rinsing by immersionin a bathof cold flowing demineralizedwater

5. drying in a vacuumovenat 80° C.

2. CleaningProceduresfor Bulk Copper
2.1 BNL

1. ultrasoniccleaningin degreasesoapfor 5 mm
2. AC soocleanerfor 10 mm
3. tapwaterrinse
4. methyl alcoholbath
5. wipe dry andlet air dry.

BNL proceduredescribedaboveis usedfor non-weldedpartsof the vacuumsystems.After preireatmentthe
componentsare welded.No acidcleaningis carriedoutafterwelding; only acetoneandalcoholareused.This note
is alsotrue for all BNL proceduresdescribedin this appendix.

2. LPS PrecisionClean,Cleaner/Degreaser,LPS Laboratories,Inc.,46-47HughHowell Rd., Tucker,GA 30085,
800 241-8334.
Phosphoricacidmetalcleaner,RochesterMidlandCompany,333 HollenbeckSt., Rochester,NY 14621,
716 336-2200.
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2.2 CERN
1. vapordegreasein perchloroethyleneC2C14at 121° C
2, ultrasoniccleaningfor 5 mm in alkalinedetergentph = 9.7 solutionat 50°C. The

detergentis 1740SspecialCERN suppliedby CleaningTechnology,Geneva,andis
madeup to aconcentrationof 10 gIl.

3. tapwaterrinse
4. pickling in HC1 33% 50%by volumewith H20 50% at roomtemperaturefor

1-15mm
5. tapwaterrinse
6. acidetchin H2S04 96% 42%by vol.

HNO3 60% 8% by vol.

HCI 33% 0.2%by vol.
H20 to completeat roomtemperaturefor 30 s to 1 mm;

7. tapwaterrinse
8. passivationin Cr03 chromicacid 80 g/l

H2S04 3 cm3/l
atroom temperaturefor 30sto 1 mm

9. hot demineralizedwaterrinse
10. alcoholrinse
11. drywithN2.

3. Cleaning Proceduresfor Copper-plated Thbes
3.1 BNL

1. ultrasoniccleaningin degreasesoapfor 5 mm

2. tapwaterrinse
3. methyl alcoholbath
4. wipedryandletairdry.

3.2 CERN
1. degreasein perchloroethyleneat 121° C
2. ultrasoniccleaningfor 5 mm in alkalinedetergentph = 9.7 solutionat 50° C. The

detergentis 1740SspecialCERN suppliedby CleaningTechnology,Geneva,andis
madeup to aconcentrationof 10 g/l

3. tapwaterrinse
4. hot demineralizedwaterrinse
5. alcoholrinse
6. dry with N2.
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4. Cleaning Proceduresfor Aluminum
4.1 BNL

1. vapordegreasein hot Vythanefor 5 mm
2. soakin non-etchalkalinecleanerfor 5 mm at 40°-65°C with air agitation
3. rinsein cold runningtapwaterfor 5 mm
4. etchin 6% Oalcite360L solution for 2 minutesat 37°-43°C with air agitation
5. rinsein cold runningtapwaterfor 5 mm
6. desmuttat roomtemperaturein Alutonefor 5 mm with air agitation
7. rinsein coldrunningtapwaterfor 5 mm
8. rinse in hot, 70° C, deionizedwaterfor 5 minuteswith air agitation
9. wipeallpartsdry,bakeinovenat121°C.

4.2 CERN
1. perchioroethylenevaportreatment121° C followedby drainingand drying
2. NaOHbathat45° C for 1-1.5 mm
3. rinsein cold demineralizedwater
4. immersionin HNO3 + 1% HF bath
5. rinsein demineralizedwater
6. drywithN2.
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