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New generation light source: 
“High current & low emittance” 

High gas load 

High heat load 

Small beam size 
(submicron stability) 

Small aperture 

Tight space 

Vacuum system should accommodate: 

Photon absorber 

Damage protection 

BPM support 

Pumping system 

High impedance 



1. Pumping system 

Spring-8-II[4] 

NSLS-II[2] 

ESRF EBS[3] 

 Conventional pumping with ante-chamber 
PLS-II[1] 

Multipole chamber 

 22 mm V-aperture with ante-chamber 
 Machined & welded Al chamber (or SST chamber) 
 NEG strip/cartridge + SIP 

 25 mm V-aperture with ante-chamber 
 Extruded & bent Al chamber (or SST chamber) 
 NEG strip/cartridge + SIP + TSP + NEG coated chamber 

 13 mm V-aperture with ante-chamber 
 Deep drawing & welded SST chamber (or Al chamber) 
 Thick ante-chamber as a stiffener 
 NEG cartridge + SIP 

 16 mm V-aperture with ante-chamber 
 Roll forming & LBW SST chamber 
 100 um copper coated on inner surface 
 NEG cartridge + SIP 



1. Pumping system 
 NEG coated chamber 

MAX-IV[6] 

SOLEIL[5]  56% of the ring is NEG coated 

 100% of the ring is NEG coated 



1. Pumping system 
 Conventional pumping + NEG coated chamber 

APS-U[7] 

APS chamber 

APS-U chamber 



1. Pumping system 
 NEG coated chamber (new technique) 

ALS-U[8] CERN[9] 



1. Pumping system 
 Pill type NEG (low-cost option) 
PLS-II[10] KEK[11] 

Type NEG Film ( ~ 1 μm) Pill NEG 

Activation 200℃, 1 d 180℃, 1 ~ 2 d 

Pumping Speed / 

length 
-  Low (< 1/5) 

Sticking probability 

(α) 

0.015  

 (200oC, 24 h) 

0.003 ~ 0.0037 

 (180oC, 48 h) 

α (after two 

additional venting) 
0.015  0.008 

Substantially 

constant  

Capacity(H2) - 1000× 

Disadvantages Aging after venting Particle 

- Vacuum chamber with the pill NEG is being used since 2015 
- Do not experience particular issue in a storage ring for a year 



2. Photon absorber 
 Materials for high-heat-load photon absorber 
 OFHC Copper 

 Commonly used for photon absorption 
(easily available) 

 Excellent thermal conductivity 
 Very low outgassing rate 
 Need bi-metal joint with stainless steel 

flange (brazing, EBW, …) 
 Softened after exposure to high 

temperature for brazing 

“Glidcop absorbers at NSLS-II”[2] 

 Glidcop 
 Good thermal conductivity & high strength 
 Resistance to thermal softening 
 UHV compatible 
 Widely used for high-heat-load vacuum 

components 
 Difficult to optimize brazing condition 
 Limited supplier (cost, delivery) 
 

“Glidcop absorbers at ALBA” [12] 



2. Photon absorber 
 Materials for high-heat-load photon absorber 
 Cold forged OFHC Copper 

 Excellent thermal conductivity 
 Easily available 
 E-beam weld to prevent softening 

from brazing (shorter exposure to 
high temperature than brazing) 

“CuCrZr flange at NSLS-II”[13] “CuCrZr absorber at TPS”[14] 

“Cold forged OFHC 
absorber at PLS-II”[1] 

EBW (Cu-SST) 

EBW (Cu-Cu) 

 CuCrZr 
 Good thermal conductivity 
 UHV compatible 
 Conflat flange integrated to absorber 
 Widely available 



3. Damage protection 
3.1 Cu/Ni foil damage in IVUs at PLS-II 

Abnormal pressure change 
before beam dump 



3. Damage protection 

1. Hardware 
• Removed all side clamps 
• Increased the thickness of the Cu/Ni foil from 

50/20 μm to 50/50 μm 
 

2. Orbit control 
• Apply a fast beam orbit interlock 

 200 ms (already implemented)  
  10 ms (goal) 

 
3. Heat load reduction (to be done) 

• Bunch length ↑ 
 RF gap voltage ↓ by Ext. Q adjustment 
 3rd harmonic cavity 

• Bunch current ↓: 400  430 bunch (10% ↓) 
 

  Improvements 
3.1 Cu/Ni foil damage in IVUs at PLS-II 



3. Damage protection 

PLS-II 

3.2 RF-shielding failures 

PEP-II 

NSLS-II[2] 
SOLEIL[5] 



3. Damage protection 
3.2 Designs for robust RF-shielding 

SuperKEK[15] 

NSLS-II[2] 

Mo-type flange Comb type 
RF-shielding 

Wide thick fingers 

Gate valve with wide fingers 

Sliding fingers 

ESRF EBS[3] 



3. Damage protection 
3.3 Analyze of failures 
 Vacuum chamber heating in NSLS-II 

[cf. foil damage in PLS-II] 

 Transition behavior of pressure 



3. Damage protection 
3.3 Analyze of failures 
 Vacuum chamber heating in NSLS-II 

 Transition behavior of temperature 

In principle, it is possible to find heat source with transient 
data of temperature at several points. 



4. BPM support 
4.1 Improvement in BPM position stability in PLS-II 
 Effect of BPM displacement to photon beam stability 

 Orbit feedback system intends that the electron beam pass through the 
center of the BPMs 

 Position of BPM could be changed by ground motion, thermal load change, 
etc., then the electron beam orbit can be changed 

 
 

 New design of BPM chamber & support 
 Balance in thermal expansion 
 Enhanced cooling 

Existing 
design 

Improved 
design 

Beam dump  Δtemperature  Δe-BPM position  Δphoton beam position 



 Improvement of new BPM chamber & support 
 

(a) Reduction of BPM displacement 
 25 um  5 um. 

(b)  Fast recovery after beam abort & restoration 
  3 h  1 h 

4. BPM support 
4.1 Improvement in BPM position stability in PLS-II 

(a) (b) 

old 

new 



4. BPM support 
4.2 Improvement in BPM position stability in PLS-II 

Water cooling 

BPM 

 Water cooling jacket for BPM chambers 

Air cooling 

Water cooling 



4. BPM support 
4.2 Improvement in BPM position stability in PLS-II 
 Need more careful design of support to keep the center of the BPMs still 

Water cooling 

BPM button 

Center of the BPMs moves vertically  



Summary 
 Pumping system 

 Conventional pumping 
 Antechamber, NEG strip, NEG cartridge, SIP, TSP, … 

 NEG coated chamber 
 Combination of conventional pumping and NEG coated chamber 

 High heat load photon absorber 
 More options in material choice rather than Glidcop 

 Cold forged OFHC copper with EBW or LW 
 CuCrZr absorber integrated with flange (no bi-metal joint) 

 Damage protection 
 Need fast orbit interlock (< 10 um) to prevent damage in IVU 
 Various shielding mechanisms are studied 

 Need high mechanical stability (< 1 um) 
 Water cooling is very effective 
 Need careful design of BPM support 



I would like to close my talk by introducing a great description 
by Ben Stillwell in vacuum group of APS-U 

we need a robust & reliable 
vacuum system: 

On the other hand, 
we need a high performance 

vacuum system: 

Thank you! 

We need a 
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