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Outline

Synchrotron Radiation  Photon Stimulated Desorption

 SR-PSD at Accelerators during operation: Trouble

 SR-PSD at Beamline for surface analysis: Benefit

BL19B-Beamline (PSD) at 1.5 GeV TLS

Measurement of PSD (Photon Stimulated Desorption)

Measurement of PEY (Photoelectron Yield)

Conclusion
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SR causes high Pressure Rise (dP/I) due to the PSD

• 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/I).

• 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

• Ion trapping  induce beam instability

• Electron trapping  induce e-cloud
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Photon Stimulated Desorption (Model)

入射光(incident SR) photon flux

電子束 e-beam bunch current

光電子 photo-electron

釋氣 desorbed gas molecules
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photoelectron yield -- Y(ε)
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TLS BL19B Beamline for PSD measurements

Sample Tube

(with Cooling Jacket) 

SR: VUV ~ Soft X-ray

5AFAD-2024 4.17-19 (by G.Y. Hsiung)



)Q = C(P1 − P2ሶ𝑁 = 8.05 × 1017𝐸 ∙ 𝐼 ∙
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Photon flux ( ሶ𝑁) _from SR Outgassing Rate of PSD (Q) _from Sample
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* Index of Surface-Cleaning-Quality (Lower η~ Lower Pressure rise)

 Accumulated Photon Beam Dose (D) :

PSD-Yield:hPSD(molecules/photon)
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Installation of 0.5 m Tubes at BL19B (PSD) 

Radiation Shielding

SR Exposure in the Tube

Water Cooling Jacket

NEG-coating

AL Tube

SS(NEG) Tube
• Dimension the Tube: 0.5 m in length, 38 mm I.D.

• SS: Stainless Steel; AL: Aluminum Alloy
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PSD Mechanism and outgas molecules formed
1. Synchrotron Radiation (SR)  Hit Surface of beam duct (Generate Photoelectrons)

2. Photoelectrons  Motivate Atoms diffuse from bulk to the surface layers

3. Atoms  Recombine to form the molecules and Desorb  Significant Pressure rise

Beam Duct
Atom: Name

H: Hydrogen

C: Carbon

O: Oxygen

N: Nitrogen

F: Fluorine

[amu] Molecules

- [2] H2

- [15/16] CH3/CH4

- [26/ …] CxHy

- [18] H2O

- [28] CO

- [44] CO2

- [17] NH3

- [31/ …] CxFy

Resided 

on the surface

Desorbed

from surface
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PSD - Pressure Increase due to SR exposure

RGA
SR Off SR On

UHV

UHV

High Pressure rise

- Outgas from PSD

1Ž10-4 Pa

4Ž10-8 Pa

P1

P2

h𝑷𝑺𝑫 ~
𝒅𝑷

𝑰

Pressure RisePSD Yield

Continuous exposure of SR

Pressure reduced

H2

CH4
CO2

CO

Typical PSD Outgas

Pressure rise:

4 orders of magnitude

Beam Cleaning (Memory Effect): Evidence of PSD molecules come from surface
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RGA(PSD) - chemical cleaned surface 
Residual N, F atoms from surface were measured

17 (NH3)

19 (F)

18 (H2O)

17 (OH)

SR ON

Chemical Cleaned Surface

- PSD of NH3 [17+] and F [19+] 

observed at initial SR 

exposure.

- Residual ions (N, F) on the 

surface came from 

chemical cleaning 

(HNO3+HF).

17, 19 >> 18 (?)

18 (H2O)
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RGA(PSD): SS(C.C.) vs. AL(Ethanol)
PSD of SS-Ch (Chem. Cleaning)

17 (NH3)

19 (F)

18 (H2O)

17 (OH)

PSD of AL-Ch (Ethanol Machining)

18 (H2O)

17 (OH)

No N or F ions were 

found on ethanol 

machined surface, 

without chemical 

cleaning.

11AFAD-2024 4.17-19 (by G.Y. Hsiung)



XPS Analysis: F-ion on SS(C.C.) surface

7 nm

6 nm

Aluminum Alloy: AL(Eth)
(Ethanol CNC machining)

Stainless Steel: SS(C.C)
(Chemical cleaning)

C

O

Al

F
C

O

• Carbon on very top surface

• SS has F-atom buried

(F: from chemical cleaning)

XPS

Depth Profile

(Clean Surface Oxide) 

(Residual F atom on surface) 

AL(Eth)

SS(C.C.)

XPS

Surface Scan

F

12AFAD-2024 4.17-19 (by G.Y. Hsiung)



PSD yields of Aluminum surfaces 
(a, b) Ethanol Machined (c) +Ozone Water cleaned

Different PSD yield ( ηPSD) 

corresponds to different 

surface conditions

(c) Ozonized Water cleaned 

surface possesses lowest PSD 

yield.

G. Y. Hsiung et al, AIP Conference Proceedings 2054, 060055 (2019) 13AFAD-2024 4.17-19 (by G.Y. Hsiung)



RGA(PSD): Lower CxHy for O3-water cleaning

G. Y. Hsiung et al, Proc. IPAC2022, THPOTK037

(a) PSD similar for bare tubes.

(b) Ozone water cleaned tubes: 

AL(O3W), Ti(O3W) possess 

lower hydrocarbons (CxHy) at 

0.02 Ah (initial) of Beam Dose .

(b)

(a)

High Low Low

AL(EL) AL(O3W) Ti(O3W)

0.02 Ah

Beam cleaning

AL(EL) AL(O3W) Ti(O3W)

• AL(EL)

• AL(O3W)

• Ti(O3W)

• SS(NEG)
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RGA(PSD) SS(NEG): Lower CxHy , CO2
SS(NEG)

SS(NEG)

Low

*Kr was measured in some cases of SS(NEG)

- PSD(1 Ah, after Baking) : 

H2 > CO > CO2 ~ CH4 > CxHy > H2O

- PSD(10 Ah, after Activation of NEG): 

H2 > CH4 > CO > CO2 ~ CxHy > H2O >> Kr

SS(NEG)

- Baked

SS(NEG)

- Activated

RGA

(c) SS(NEG)-Baked: Lower PSD yield

(d) SS(NEG)-Activated: Lowest PSD yield

* However, in some cases, PSD of Kr 

(discharge gas) was measured.

(c)

(d)

0.02 Ah

15AFAD-2024 4.17-19 (by G.Y. Hsiung)



Measurement of Photoelectron Yield (PEY)

SR

Vacuum Tube (with cooling jacket)

A

V

- Ie
Photoelectrons

Al Cathode (+V)
ORTEC 556 

Power Supply

Keythley 6514 

Current Meter

AL Cathode (400 mm)

G Y Hsiung et al 2024 J. Phys.: Conf. Ser. 2687 082027 16AFAD-2024 4.17-19 (by G.Y. Hsiung)



Calculation of the Photoelectron Yield (PEY)

V = +1000 Volts was 

applied on the cathode 

1 mA (-Ie) equals to 0.035 e-/photon (he)

* TLS top-off injection at 362 mA (Ibeam) 
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Curve of PSD-yield (–) vs. Beam Dose (D)

G Y Hsiung et al 2024 J. Phys.: Conf. Ser. 2687 082027

AL(O3W)

Ti(O3W)

SS(NEG)

PEY:

AL > Ti ~ NEG
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Quick Installation: pumping+baking (in 2 days)

1. Day-1: Installation of test chamber, pump down (low 10-7 Torr), Start baking.

2. Day-2: Cool down to UHV (~10-10 Torr), ready for PSD measurement.

27 hours
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Conclusions
 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.

 The Beam Cleaning, depicts a mono-decreasing of PSD-yield (~ dP/I) 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.

 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.

 The PSD-outgas, measured by RGA, illustrates the typical partial pressures
including H2, CO, CO2, hydrocarbons (CxHy), etc. which reflects the surface
cleaning efficiency of beam ducts.

 Lower he results in a lower hPSD, however, longer exposure of beam dose
decreases the hPSD significantly but with little reduction for the he.
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