
Indirect Damage  

Due to  

High Intensity Beams 

John Seeman  

SLAC National Accelerator Laboratory 

US-PAS 

January 25, 2017 



2 

    

Past (future) e+e- colliders have (will) operate(d) with many 

bunches, short bunch lengths, small emittances, high 

currents, and small interaction point betas. The various 

beam requirements and techniques will be discussed with 

using PEP-II observations as a starting point. The stored 

beam has a lot of power stored and also high power 

radiated and then replenished. 

 

Abstract 
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Indirect Damage: High Intensity Beams 

Head load and damage by electromagnetic fields  

Mechanisms of heating of components (with examples) 

Risks for the RF system 

Damage by synchrotron radiation 

Damage to undulators  (PETRA-III, LCLS, etc) 

How to avoid damage 

Instrumentation to make the accelerator safe(r) 
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Thanks for inputs 

Inputs from: 

   

 A. Fisher 

 W. Kozanecki 

 N. Kurita 

 M. Nordby 

 A. Novokhatski 

 M. Sullivan 

 M. Weaver 

 U. Wienands 
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Collider High Power Topics from PEP-II and other Rings 

Beam parameter overview: 

Beam position (single pass and orbit) 

Beam size 

Bunch length 

IP luminous size 

HOM measurements  

Bunch transverse instabilities 

Bunch longitudinal instabilities 

Chamber temperature 

Backgrounds (detector) 

Beam loss rates 

Beam abort timing system 

Chamber temperature 

 

 

 



PEP-II Construction and Project Management 

  
PEP-II was constructed by SLAC, 

LBNL, and LLNL with help from 

BINP, IHEP, BaBar collaboration. 

Many thanks to the 

US Department of Energy 

and members of the  

Machine Advisory Committee. 

 
1x1034 
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Design of a collider: Plan for options 

  



PEP-II Parameters for 3.1 GeV x 9.0 GeV 

Parameter Units Design 
April 2008 

    Best 

  2008  

Potential 

I+ mA 2140 3210 3700 

I- mA 750 2070 2200 

Number 

bunches 
1658 1722 1740 

by* mm 15-25 9-10 8.5 

Bunch length mm 15 11-12 9 

xy 0.03 0.05-0.06 0.07 

Luminosity x1033 3 12 20 

Int lumi / 

day 
pb-1 130 911 1300 

7 times design 4  times design 



              KEKB and SuperKEKB Beam Parameters 
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KEKB Nano-beam 

LER HER LER HER 

Energy GeV 3.5 8 4 7 

Beam current A 1.8 1.4 3.60 2.62 

Bunch length mm 6~7 6~7 6 5 

No. bunches 1584 2503 

Energy 
loss/turn 

MV 1.64 3.48 2.15 2.50 

Radiation Loss  MW 2.95 4.87 7.74 6.55 

Loss factor, 
assumed 

V/pC - - 35 40 

Parasitic Loss  MW - - 1.82 1.10 

Total Beam 
Power 

MW ~ 3.5 ~ 5.0 9.56 7.65 

RF Voltage MV 8.0 13~15 8.4 6.7 
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JLEIC Parameters (future) 
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Future High Energy e+e- Collider Parameters 

100 km 54 km 27 km 



12 

Synchrotron Radiation Monitor 

Extraction of SR light 

Size measurements 

Bunch length measurements 



  
The PEP-II Collider 
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PEP-II: Exit for synchrotron light to measurement table 
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PEP-II Synchrotron Light Optics for Beam Size Measurements 
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Synchrotron light monitor 
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Streak camera: LER bunch length versus current 
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LER bunch length versus bunch number in train 
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PEP-II Beam Position Measurements (single pass and orbit) 

 

PEP-II BPM buttons and  

HER copper vacuum chamber 



PEP-II Vacuum  p20 

BPM – Complicated design 

Thermal models  

• Goal 

- Predict acceptable temperatures 

- Power 

- Match experimental measurements 

• Difficulties 

- Boundary conditions unclear 

• Where does the power go? 

• Contact between button and housing 

• Radiation calculations 
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Higher Order Modes (HOM) Heating 

Beam interaction with the vacuum chambers 

HOM Movie 

HOM generation 

HOM heating 
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PEP-II 
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HOM Power Consequences 

• Heating of the vacuum elements 
• Temperature and vacuum rise 

• Chamber deformations and vacuum leaks 

• Decreasing the pumping speed  

• Outgassing  

• Multipacting, sparking and breakdowns 
• Vacuum leaks 

• Melting thin shielded fingers 

• Longitudinal instabilities 

• High backgrounds (high radiation level in the detector) 

• Electromagnetic waves outside vacuum chamber  

• Interaction with sensitive electronics 
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HOM Calculations 

Movie of HOMs for PEP-II bellows unit by A. Novokhatski 
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Expected HOM Power A. Novokhatski 
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HER synchrotron and HOM power losses 
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PEP-II first turns in HER : Beam Position Monitors 

Two bunches in HER 

Injection stacking 
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PEP-II bunch train pattern 
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PEP-II Line spacings 
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Frequency spectrum versus bunch length 
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Spectrum of Positron LER Beam 
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LER bunch length from RF spectrum 

Novokhatski 



Resistive-Wall Wake (bunch lengthening) 

Power 

SS: 45 MW 

 Al:  9 MW 

Cu:  7 MW 

 

SR: 18 MW 
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HOM power versus beam current in HER and LER 

  

[ ] [ ] [ ]146.2W gpm FP Q T   

Measured HOM power captured in different absorbers at the level of 

several kilowatts; however the total power may be much higher.  

Novokhatski 
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Beam Abort Spoiler (increase dumped beam emittance) 

  

Dump 

Kicker 

Spoiler 
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PEP-II 
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PEP-IOI 



38 

PEP-II Abort beam spoiler 
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Unshielded beamline bellow  High HOMs 
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PEP-II HOMs for Bellow Seals (Omega) 
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PEP-II bunch wake in a chamber RF gap 

Novokhatski 



42 

PEP-II 
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LER vacuum valve RF gap overheated from HOMs 
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Arcing omega seal 
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HOM Absorbing Bellows (Version 1) 

  

HOM tiles 

Shield fingers 
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PEP-II bellow in a Very High HOM region 

 Need better design 



Q2 bellow version 21 



Q2 bellow version 22 



Q2 bellows version 30 



4 August 2004 

PE

P-II 

Run 

4 
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es 
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Q1/Q2 Bellows Thermo Model at 10 KW (N. Kurita) 
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Final sliding bellows solution with Many Cooling Loops 

The new MKIII bellows 



Beam Line Q2 HOM absorbers 
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Fast Vacuum Pressure Rise in IR due to Arcing SiC 
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IR Q2 Bellows and Vertex Chamber Bellows 

  



Dark spots on tiles (~3 spots total) 

  

Dark spot on tile corner (1 mm2) 

The cause of the dark spots is not known.  

Manufacturing? Arcing? Vacuum leaching? 



Tile Brazing 

  

Probe moved to push on tiles. 

All bottom half tiles probed. No loose tiles!  

Checked 39 tiles on the bottom and sides. 
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Beam induced burn marks 



PEP-II Vacuum  p61 

Tile Thermal Model 
Closest match to Stan’s in air measurements. 

• 250 C at button 

• 25 C body 

Will do an in air analysis 

20ºC 

250ºC 
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RF System 

RF system layout 

High power RF 

Calculation and measurements of ring-wide HOMs 



A Typical PEP-II RF System  

1.2 MW Klystron 

Circulator 

Control Racks 

Penetration 

Load 



PEP-II RF Cavity 

Early design and testing at LBL. 

 

High power production cells. 

 

Fully fitted cavity units with  

HOM dampers. 



HER 12-1 HER 12-1 HER 12-2 

RF System Upgrades – HER 12-2 
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PEP-II RF Parameters (ca 2006) (P. McIntosh) 

July 2006 optimum projections were unrealized. 



Main mode. Electric Field Distribution 

Rb=110mm 

Rb=90mm 

Rb=70mm 



A bump does not decrease R/Q 

r/Q  =    31.037 

r/Q  =    35.543 



Checking dependence from bore radius 

Two-radiuses cavity: l/2 



l/2   Cavity length   l/4 



How cavity shape changes 

impedance for fixed bore radius 
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PEP-II (Novokhatski) 
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PEP-II 
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PEP-II 
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PEP-II 



76 

PEP-II 
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PEP-II 
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RF Power Measurements to Find HOM Power 
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PEP-II 



80 

HOM Loss Power versus Time 
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Moderate-fast real-time vacuum pressure monitoring 

from LER beam instability and loss 
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PEP-II HOM Measurements and RF  Cavity Damage 

HOM effect on RF cavity tuner 



83 

PEP-II longitudinal feedback system 

  



Longitudinal Feedback Kicker Design 

Existing drift-tube kickers have 
directivity  HOM power extracted via 
the 2 load ports 
New cavity-kicker has no directivity  
HOM power extracted via all 4 
coupling ports,  less 
power/feedthrough 
New cavity-kicker has twice the shunt 
impedance of drift-tube kicker  more 
efficient! 

12kW 14kW 

Beam Induced 



RF System Upgrades - New LFB Kicker Feedthroughs 

As VRF in LER increased  bunch length reduces. 

HOM heating  damage of LFB kicker feedthroughs and 
cables, which has limited LER currents: 

 

 

 

 

 

 

In collaboration with INFN-Frascati and KEK, a new LFB 
cavity kicker has been designed and fabricated at SLAC. 

A new high power, broadband feedthrough has also been 
designed at SLAC and manufactured by industry. 

2 kickers will be installed in summer 2004. 



New High Power RF Feedthrough 

7/8” EIA Connector 

Alumina RF Seal 

Boron Nitride 

Vacuum Interface 

To Kicker 

To  

Amplifier  

or Load 

7/8” EIA Connector 

Glass Vacuum Seal 

Boron Nitride 

Vacuum Interface 

To Kicker 

To  

Amplifier  

or Load 

VSWR = 1.3 

Back-to-back Feedthroughs 
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Interaction Region Chamber HOMs and Heating 

Chamber geometry 

Beam interaction 

Chamber heating and temperature 

 

 



Interaction Region Support Tube 

Be chamber 

Silicon 

Vertex 

Tracker 

SVT 



LER Forward Q4 Location 
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PEP-II and BaBar interaction region luminous region measurements 

PEP-II vertex chamber and B1 dipoles 



VTX Bellows Cooling Installation 



IR Vacuum Chambers 

Vertex Bellows 

Q1/Q2 Bellows 



4 August 2004 
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Forward Vertex Bellows – Before Cooling 

T_VTX2 Thermocouple 

( dT = 105 F = 58 C) 

Beryllium Vertex Chamber B1 Chamber 

Hottest Point according to model (300 C) 



Forward VTX BLWS Cooling 

Ecklund 



New Be bellows design 

  

SiC 

Cooling 
Langton 
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PEP-II IR bellow details 



4 August 2004 

PE

P-II 

Run 

4 

Pos

t 

Mor

tem   

IR 
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ting 
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es 
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Thermo Model  

(May 2001)  

for 100 Watts 

Power input 

behind 

fingers. 

 

Does not 

match data in 

detail. 
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IP: Temperature monitoring 

(Ecklund et al) 
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IP Temperature monitoring and modeling 

(S. Ecklund et al) 
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Temperature: IR Q2 Bellows and Vertex Chamber Bellows 

  

Borescope camera for vacuum chambers 



LER Q5 Vacuum Chamber showing NEG Screen 
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PEP-II high capacity NEG vacuum pumps 



LER NEG  

Test chamber  
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Beam loss rates (PMT with scintillators) (~200 around ring) 

 

PMT loss monitors 
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Lifetime versus collimator setting  beam profile in the tails 
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Radiation tests of Coils and Undulator Magnets 

KEK magnet coils 

PETRA-II Undulators 

APS Undulators 

LCLS Undulators 
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Spring-8 Magnet Coils Radiation tests 
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Spring-8: Coil irradiation Tests 
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Spring-8 Magnet coil tests 
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Spring-8 coil insulation scratch test  damage test 



Example: PEP-II IR Permanent Magnets 
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INVESTIGATION OF RADIATION DAMAGE OF INSERTION 

DEVICES AT PETRA III (G. K. Sahoo et al. IPAC 2015) 

PETRA III is a 3rd generation synchrotron light source 

dedicated to users at 14 beamlines with 30 instruments 

since 2009. The horizontal beam emittance is 1 nmrad 

while a coupling of 1% amounts to a vertical emittance of 

10 pmrad. Some undulators and wiggler devices have 

accumulated total radiation doses of about 100 kGy. 
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PETRA-III 
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PETRA-III Undulator Radiation Damage 
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PETRA-III 
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PETRA-III 
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PETRA-III 
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PETRA-III 
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PETRA-III 



120 

PETRA-III 
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PETRA-III 
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APS undulator radiation damage tests 
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APS Undulator 
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APS Undulators 
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LCLS (SLAC) 

LCLS has 33 magnet girders. 
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LCLS 



127 

LCLS 
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LCLS 
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LCLS 
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Power, HOM, and Radiation Conclusions 

Many complicated designs, measurements, and operational techniques  

are needed in a high-power, high-current collider or light source. 

 

Make a full plan for every lost watt that gets deposited. 

 

Measure as many parameters and possible. 

 

Many measurements relate to potential hardware damage to the 

accelerator. 

 

Many measurements need to automated and computer monitored to 

make the accelerator operation safe and look at the past events. 


