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[1Synchrotron Radiation - Photon Stimulated Desorption

m SR-PSD at Accelerators during operation: Trouble

m SR-PSD at Beamline for surface analysis: Benefit
C01BL19B-Beamline (PSD) at 1.5 GeV TLS
[0 Measurement of PSD (Photon Stimulated Desorption)
[0 Measurement of PEY (Photoelectron Yield)

1 Conclusion
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SR causes high Pressure Rise (dP/l) due to the PSD

- -
A AiAtE

* In the beam duct of large accelerators, synchrotron radiation Photons hit
on the surface (absorbers) and Stimulate huge amount of gas molecules
Desorption (PSD) out of the surface that results in a significantly high ~—
Pressure Rise (dP/l). o

* PSD-molecules bounce in the beam duct and transport to the pumps
nearby (conductance limited) that causes problematic issues:

« Beam loss = short lifetime, Bremsstrahlung radiation
* lon trapping = induce beam instability
« Electron trapping - induce e-cloud
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@ 3 & e-beam bunch current

dQ _ f d d?N (¢)
dt ¢ ) dt dlds

! \ f f

molecules photons electrons molecules “ Electron Stimulated Desorption (ESD)

Y () F(0) - 2nde

S ) photon  electron
— photon energy spectrum F(8) = 1
Intrinsic photoelectron yield -- Y(¢) /sin(H)
irradiation angular factor -- F(6)
yield of electron-stimulated desorption (ESD) -- »

d _1 :
d—f =858 x 10'E, - I, - F(0) - 2n-¢&. 3+ (1 —216.5-¢.7%%) | Aluminum duct
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TLS BL19B Beamline for PSD measurements

B B i S
vuv I-@L“ B Hard
1020 - TLS [-’:-::.;_‘ X-Ray
1.5 GeV -
10'°

-
o_.
U

b
o

Y
o

B

10° 10 10°
Photon Energy (eV)

SR: VUV -~ Soft X-ray

AFAD-2024 4.17-19 (by G.Y. Hsiung)

~(1993~) EPNSO 1
| /’\

Photon Absorber
SR | Safety Shutter

~,

Front En(; k 9, : Incident Angle: 3°
(FE19) & @ N

Reducer Flange ~ Sample Tube (I.D. 38 mm, Long 0.5 m)
(tilted-angle: 3°)

Photon Span Size (WxH) =23 x 5 mm

(at distance of 9.08 m from SR source)

(BL19A ) (BL20A M)

| mm

15 mm

Sample Tube
(with Cooling Jacket)
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PSD-Yield: A..,(molecules/photon)

» BLI9B (PSD) Beam line Parameters X-Y SLIT

E | electron beam energy (1.5 GeV)

Ie | clectron beam current (362 mA) Top-up IG1 (P1) Screen

g. | critical energy (2.14 keV) ‘ _ { ‘
C | conductance of Al tube (10 L/s) | 7" :
0 | horizontal photon span (2.53 mrad) L@ - 25 mm
23 mm

P | pressure (Torr) (7.013m) P~ 579, = 253 mrad (9.079 m)

Photon flux (N) _from SR Outgassing Rate of PSD (Q) _from Sample

— «-----------I

N=8.05><1017E-I-2£=K-I Q = C(P1 - P2)

T

%
K = 8.05x 10VE - —
( )

» Accumulated Photon Beam Dose (D) : > Yield (n) of the PSD : #pgp = Q /N (Molecules/photon)

. _(C\ (P1-P2) dP
N=det=K-f1dt=K-D ”PSD‘C(Pl_PZ)/(K'I)_(E) I
; * Index of SurfaceCleaningQuality (Lowermn ~ Lower Pressure rise)
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Installation of 0.5 m Tubes at BL19B (PSD)

« Dimension the Tube: 0.5 m in length, 38 mm I.D.
« SS: Stainless Steel; AL: Aluminum Alloy

- :_‘ | AL Q ‘;‘: ‘““T. ;‘ ”‘/
7 0 | =

g
4 |
E
~

' Water Cooling Jacket |

a4

., £ | & SR Exposure in the Tube

7
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PSD Mechanism and outgas molecules formed

1.
2.
3.
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Atom: Name

Synchrotron Radiation (SR) > Hit Surface of beam duct (Generate Photoelectrons)
Photoelectrons - Motivate Atoms diffuse from bulk to the surface layers
Atoms = Recombine to form the molecules and Desorb - Significant Pressure rise

[amu] Molecules

Y

" H: Hydrogen
C: Carbon
O: Oxygen Q .

N: Nitrogen
. F: Fluorine

»{:

Resided
on the surface

2
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2] H,

[15/16] CH,/CH,
[26/ ..] C,H,
[18] H,0

[28] CO

[44] CO,

[17] NH,
[31/ ..] CF,

Desorbed
from surface
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Beam Cleaning (Memory Effect): Evidence of PSD molecules come from surface

PRESSURE RISE / BEAM CURRENT (Torr/mA)




RGA(PSD) - chemical cleaned surface
Residual N, F atoms from surface were measured

?Z?lé]?f Eééighjjf“’—_, e " Chemical Cleaned Surface

_|TSP|

= SR ON T P ey e - PSD of NH, [17*] and F [19*]

EE
P

o ——
jfm'lé%g_. ETHWW m | . _ ) rE | observed at initial SR
= SRR BT eposure

..... 17, 19 >> 18 (?) 17 (OH) ::fi;?;ggg;ggg - Residual ions (N, F) on the
o= 17 (NH;) - | | | | | _ surface came from

chemical cleaning

Ly F 100 Log

ﬂ T % Recipe
o7 [PSDures
Ie%—;

(HNO,+HF).

el MM Jual

[T T TAAAT l \
I ;I I ] 10.0 120.0 0.0 40.0 50.0 0.0 70.0 <«

called Data File C:\Users\Public\Documents\Vacuum_Files\Studies\2017_Experin|Advanced
18 (H,0)

For Help, press F1
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XPS Analysis: F-ion on SS(C.C.) surface
Aluminum Alloy: AL(Eth) == O A ~ AL(Eth) M%“

. 40000 | o 0000 .
(Ethanol CNC machining) = guw /% /1M o
%‘EDDDD ' v ‘ o000
(Clean Surface Oxide) > . . as
'g 15000 Al L ===0= | .
E 10000 m— i B _\'\. _______ — —Alp 20000 l Cis Alzs}\lZ
« Carbon on very top surface o LC Tt S R B m&s«ﬂw}
. o 5 10 15 20 25 T 8 s w0
* SS has F-atom buried Depth (nm)
. . 504-1_107
(F: from chemical cleaning) o0 O
o 25000 L 6 nm
‘E‘zmun \“ ‘
Stainless Steel: SS(C.C) s . ,\
. . = . s L A
(Chemical cleaning) &= ¢ S —e L~ -
= so00 P e LA Cis |
(Residual F atom on surface) 2 N U -
0 5 10 15 20 25 o o e mw w0 ssmm;“m : 500 400 300 200 100
Depth (nm) o
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PSD yields of Aluminum surfaces
(a, b) Ethanol Machined (c) +Ozone Water cleaned

Al-SMPSD Yield: (2)AL(Ethanol-1); (b)AL(Ethanol-2); (c)AL (Ethanol-3 + O3-water cleaning)

Different PSD yield ( Npgp)

corresponds to different L OE-01

surface conditions = mpe:wzb g
l(b) . i

1.0E-03 () o :..".. B

oo ° ©
/ ..". ® e,
1.0E-04 s * o

PSD Yield

(c) Ozonized Water cleaned

Yield of PSD ( mdlecules / photon )

. o N
Slope ~-0.5 $i) g
surface possesses lowest PSD (s ‘o
yield. \\
1 0E-06
1 0E-07 |
0001 001 0.1BEAM Dé) SEmh}w 100 1000 (a) CNC(Ethanol)-1
» Accumulated total number of Photons (N) A (b) CNC(Ethanol)-2
. L]
N = JN dt = K - fldt =K-D D= fldt (c) CNC(Ethanol)-3 + O, water
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RGA(PSD): Lower C,H, for O;-water cleaning

~ 002 Ah 4y (emmBossy AL(EL) | Att (ethanon AL(O3W) | a2 Emeo3w Ti(O3W) 1503w

0.02 Ah

o (D) 1.0E-02 1.0E-02
v 1.0E-02 " O -
Bkzdm”ﬂ"{ \ 0.4 Ah 40 Ah ¢ AL(EL) C(; "
] ; co
A \\ (A e AL(O3W) LOE03 | €O, LOE03 |+ €O, 1.0E-03
O - — AN . CH, CH
e — . Ti(O3W) SN :
= 1.0E-04 . T TOEM = 1OE-04
i N\ « SS(NEG)  © ~
T LoE-04 AN = H,0 = O =
K] ' £ 1.0E05 £ 1.0E-05 : 2 1.0E-05 —H2
& | ] ] 2 — CH4
é i — 1 (AL-1 Ethanol) 3 E] 2 —mo
% LoE0s ! R ——1(AL-2_Eth+O3W) 2 10B-06 2 10E-08 8 0B - NCN NN e C2H4
§ i \ —— 1 (Ti3_03W) E Ll;:J = ——cCo
g ! —n(S5-4_NEG) & & 2 —co
i~ ' & 1.0E-07 X & 10E-07 - £ 10E07
- ~ by ™
2 1.0E-06 N N
]JEG hervated T \'{lk 1.0E-08 . 1.0E-08 1.0E-08
(150 . 241 " Beam cleaning
1.0E-07 1.0E-09 : 1.0E-09 1.0E-09
10E+17 LOE+18 1.0E+19 1.0E+20 10E+21 10E+22 10E+17 LOE+18 1OE+19 1.0E+20 10E+21 10E+22 LOE417 1.0E+18 10E+19 10E+20 1.0E+21 1.0E+22
PHOTON DOSE (Photons/m) PHOTON DOSE (Photons/m) A PHOTON DOSE (Photons/m)
LOE08 AL(EL) AL-1 (Ethanol) AL(O3W) AL-2 (Eth+O3W) T1(O3W) Ti-3 (O3W)
T L0E+17 1.0E+18 1.0E+19 1.0E4+20 1.0E+21 1.0E+22 1.0E+23 1.0E-05 1.0E-05 1.0E-05
PHOTON DOSE (Photons/m) _— H'Igh —_— CxHy LOW 0506 LOW
. . LOE-07 | ‘ f 1.0E-07 I | 1.0E-07 | -
(a) PSD similar for bare tubes. s 5 s |
£ 1.0E-08 R Z 1.0E-08 £ 1.0E-08 fi
(b) Ozone water cleaned tubes: e L —avienan 2 azooay 2 ‘i = me
§ 1.0E-09 n.‘v o 14‘ AL-1(0.4 Ah) % 1.0E-09 <:| AL-2 (0.4 Ah) g 1.0E-09 LJ ~——Ti-3 (0.4 Ah)
AL(O3W), Ti(O3W . g |[[f| o | £ | | € A | B i) e
( )7 ] ( ) possess 10E-10 I { } i 1.0E-10 r q 1.0E-10 ‘l 1 [‘ ”
| hyd b C.H ] | | “‘ [
Ower y rocar Ons ( X y) at oe-tr | f V 1.0E-11 ‘ f m “ 1.0E-11 f M JM
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RGA(PSD) SS(NEG): Lower CH, , CO,

0.02 Ah SS(NEG) = ssunec
G| e -

lAh(B am Dose)
0.02 Ah OE-00

{ T " Kr was measured in some cases of SS(NEG
& RGA & - PSD(1 Ah, after Baking) :

O et 60C.- __.\ V - (C II-I_;4 )
1.0E-04 \\ N » ;,2 1.0E-05 " N HZ g CO g C02 - CH4 g CXHy g HZO
(c) | SS(NEG) | — o - PSD(10 Ah, after Activation of NEG):

- Baked i \ —— 11 (AL-1_Ethanol)

y

)

1.0E-06 H,0

PSD-YIELD (Molecules/phot

PSD-YIELD (Molecules/photon)

1.0E-05 —n(AL-2_Eth+O03W) —co
i \ ::glsi’;;vg 1.0E-07 ‘ e H2 > CH4 > CO > COZ ~ CxHy > HZO >> Kr
1.0E-06 T N 1.0E-08 “‘\“\
JEG L — \QL 1.0E-06 1,
180 °C, 24h “n CO
LOE.07 S(S(NE)G) LOE{I'?OEHT 10E+18 1.0E+19 10E+20 1.0E<21 1.0E+22 1.0E-07 2] FHAi [28] Co,
ON DOSE (Photons/m) 16 [44]
(C ) - Activated S5(NEG) $S-4 (Dual-NEG) |L0E-08 C
1.0E-08 ! ! LOE0> [Hydrocarbon]
1.0E+17 1.0E+18 1.0E+19 1.0E+20 1.0E+21 1.0E+22 1.0E+23 ‘ LOW ’g‘ A ~
PHOTON DOSE (Photons/m) 1.0E-06 % 1.0E-09 !ﬂ
10E-07 | 7 —1 Ah (Ba-)
(c) SS(NEG)-Baked: Lower PSD yield g | e e
(d) SS(NEG)-Activated: Lowest PSD yield = e -
E S —ss4(46Ah) KI
1.0E-10 Hik il 1.0E-12 [84
* However, in some cases, PSD of Kr M (i I h ““ lﬂ L ﬂ L m h
(discharge gas) was measured. el I

MASS (amu!e)

I i 1
0 10 20 30 40 50 60 70 80 90 100
MASS (amw/e)
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Measurement of Photoelectron Yield (PEY)

Vacuum Tube (with cooling jacket)

l

Photoelectrons

#’; s pe

| AL Cathode (400 mm)

Table 1: Sample Tubes for the Experiment

7 @ 7
unl mAL/

sow

Label of Tube Composition of the NEG

Provider

Treatment (at BL19B beamline) prior to the SR photon exposure

SS-1 (NEG-¢c) conductive (TiZrVAg)

SS-2 (NEG-t) triple-layer (columnar/dense/TiZrVN)

SS-3 (NEG-d) dual-layer (columnar/dense TiZrV)

AL Ozone water (O3W) cleaned

R R R 2

Ti Chemical cleaned + O3W cleaned

ASTeC (a) In-situ Baking (80 °C, 24 h) for short-dose (< 1 Ah) exposure
ASTeC (b) NEG Activation (180°C, 24 h) for continuously long exposure
ASTeC

NSRRC | In-situ Baking (150°C, 24 h)

ASTeC | In-situ Baking (150°C, 24 h)
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Vacuum Tube (with cooling jacket)

l’ Photoelectrons

SR = "t =
= A
N =~ 1O
Al Cathode (+V) l ™V = +1000 Volts was
= applied on the cathode
Photon flux (N) _from s Photoelectrons flux (N,) _from Tube
8B B N F § B N B § Y
. ) _ PE-current of sample tubes vs. the cathode bias voltage
N =8.05x%x10YE-1]- o = K-I N, =1,/(10% x 1.6 x 10719) 1100 ‘
» Photoelectron Yield, PEY (n.): 7. =N./N  (Electrons/photon) oo | =T
1000 R SO NP LS bbbt :--Pf‘-:(-(:-(]:zﬁ:]is-s-"-ﬂ?n--?i “2—| Ie (1000 pA) ~ PEY (0.035) |
1 Ie) Ie i 900 / L L | e meme w4 — PEY(0033) 583 (Ba- 095 AR)
: T)~1278(7)  [UnitoflleimA] i -
ne 16>< 10_16 X489X 1014 ( I ( I ) g 700 17 o s - 71;253‘52373_:22: ?t:zsi ,::;)) IIIIIII SS-f(NE)G-c)iBa
a 600 7‘:-"‘:'_.-" P S e E::(onzu}, :m. 85 AR e $S-3(NEG-d)_Ba
1mA A 500 i ©OI9)S52 Ae24 AW . 55.3(NEG-d)_Ac
= = =12.78 X 7 ——— =3. -2 - ey ey
(K =805x107E 50 e = 1278 X oA~ >0 510 .| g BENNS,
100 — —Ti(Ba-)
1 mA (-l.) equals to 0.035 e-/photon (4,) o .
* TLS top-off injection at 362 mA (l,e,) Cathode Bias ( Y,

17
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Curve of PSD-yield (-) vs. Beam Dose (D)

Table 2: PE-current and PEY of Tubes vs. the Dose

1.0E-01 = === P EYO # Tube I[);lslfls PE—ICIK;‘ent |P];:Y (11;.)h
After Baking (80°C)  After NEG-Activation (180°C) o n [electrons/ph.|
_ Da SS-1 Ba 0.5 1040 0.036
1.0E-02 l = AL > T-i ~ N EG $S-2_Ba 0.27 698 0.024
SS-3 Ba 0.95 945 0.033
$S-3 SS-1_Ac 0.85 642 0.022
SS-1 0 $S-2_ Ac 24 548 0.019
0.07 .
7 L4803 =52 e ES[_) from cathode (+V) Baked | NEG Activated SS-3 Ac 8.5 803 0.028
3 . during PEY measurements AL (Ba-) 15 1300 0.046
& i 0.06 Ti (Ba-) 9.5 602 0.021
< 1.0E-04 :
v | L
3 S= . e— AL _LALO3W)
é i IR NSRRI — Ti g 005 e
T ™ g 4
@ 1005 ® o 24 — SS3(NEG-d) 2 NP
b ——SS-1(NEG-c) E blasd
= —— SS-2(NEG-t) % 0.04 - 0.036 —+-- Al (Ba-)
# 10806 2 e = $S-3(NEG-d)_Ba
3 0.033° -4 SS-1(NEG-c) Ba
E 0.03 1 foa e SS-2(NEG-t)_Ba
8 Ti(.W) —> Fan 0.024 —=—SS-3(NEG-d)_Ac
1.0E-07 z e 0.021 X
2 os e B —+—SS-1(NEG-¢)_Ac
s ™ SS(NEG) 5, —o— SS-2(NEG-t)_Ac
A 0.019 0.019 (.18 e Ti (Ba-)
1.0E-08
0.001 0.01 0.1 1 10 100 1000 0.01
BEAM DOSE (A h)
0.00
* Beam Dose 1 Ah ~ 7.963x10'° Photons/m 0.01 0.1 1 10 100 1000

Beam Dose (Ah)
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Quick Installation: pumping+baking (in 2 days)

1.0E-04

1.0E-05

1.0E-06

1.0E-07

PRESSURE (Tor1)

1.0E-08

1.0E-09

1.0E-10

TLS BL19B PSD-Chamber Pump

‘ 27 hours |
——— -y

Baking

—_—

0.01 0.1 1 10
TIME (h)

down

—P3(PSD2a)
—P2(PSD2)
_ 0.67nTorr
-
[ <02aTerr
100 1000

PRESSURE (Tom)

1E-05

1E-06

1LE-07

1.E-08

1E-09

1E-10

1E-11

1E-12

1E-13

AL-3 Tube - Baking (P, T vs. t)

Baking

20 hours

IG3: 6.7x101° Torr

- :
-

Rl =t

0

\
¥
1

_______________

12

----- T3 (AL-5 Tube)

- -T5T (5-way IG3 Chamber) 100 "C| 100

24
TIME (h)

IG2: =2.0x10% Torr

36

1250 &
1 E ——PSD 1G3
T 200 —PSD IG2
I R— PSD T3
N —
150°C 15 E - - -SD_T5T

Lo
48

1. Day-1: Installation of test chamber, pump down (low 107 Torr), Start baking.
2. Day-2: Cool down to UHV (~10-1° Torr), ready for PSD measurement.
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Conclusions

0 The BL19B(PSD) Beamline of 1.5 GeV TLS can measure PSD-yield and PEY
simultaneously, and possesses high sensitive analysis feature of surface cleaning
qualities. It takes two days for mounting the tubes and baking to the UHV prior
to the SR exposure experiment.

[0 The Beam Cleaning, depicts a mono-decreasing of PSD-yield (~ dP/l) vs. Photon
Beam Dose, confirms the desorption of outgassing molecules were formed by
combining the residual atoms and adsorbents on the surface of the tubes under
SR exposure.

[0 Measurement of PSD-yield and PEY at BL19B Beamline is effective at wide range
of 10-2~10-7 molecules/photon and 0.01~0.1 electrons/photon, respectively.

[0 The PSD-outgas, measured by RGA, illustrates the typical partial pressures
including H,, CO, CO,, hydrocarbons (C,H,), etc. which reflects the surface
cleaning efficiency of beam ducts.

O Lower h, results in a lower hg,, however, longer exposure of beam dose
decreases the hy, significantly but with little reduction for the h..




