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October 11-13, 2010  

Why did we need HOM absorbers at PEP-II? 

 Evidence of the HOM heating. Transverse wake fields. 

 The design of the HOM absorbers: 

 MAFIA simulations 

 Ceramic tiles property measurement 

 Fabrication and installation. 

 Efficiency  of the HOM absorbers.  

 Measurement results 

Outline 

10/12/2010 
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Temperature raise in IR vertex bellows 
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10/12/2010 

Temperature raise in bellows 
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The Hottest Bellows 

Bellows  

Temperature 

LER 

Current 

10/12/2010 
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HOM leaking from TSP heater connector 

HOM spectrum from 

Spectrum analyzer 

antenna 

The power in the wake fields  

was high enough to char 

beyond use the feed-through 

for the titanium sublimation 

pump (TSP).  

The pumping section is 5.5 m long and consists of the beam 

chamber and an ante-chamber. Electromagnetic fields, excited 

in the beam chamber penetrate to the ante-chamber and then 

through the heater feed-through come out.  

10/12/2010 
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8 of 25 

Water-Cooled Absorber in the  First Arc Chamber 

Absorber effect 

10/12/2010 
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HOM power in absorber 

bunches

RF

N

V
IP  207.0

HOM power reached level of 1 kW  

10/12/2010 



Sa
sh

a 
 N

ov
ok

ha
ts

ki
 “

D
es

ig
n 

an
d 

A
pp

li
ca

ti
on

 o
f 

th
e 

H
ig

h-
E

ff
ic

ie
nc

y 
H

O
M

 A
bs

or
be

rs
 a

t 
P

E
P

-I
I”

 

October 11-13, 2010  

Chamber HOM absorbers in region 4 

The hottest 

Bellows 2012 

10/12/2010 
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HOM Source.  

We found a strong correlation with the beam position near  

collimators which are far away from the bellows  and  arc chamber.  

HOM power in bellows HOM power in absorber 

10/12/2010 
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PEP-II collimator is the source of the 

transverse wake fields 

Dipole and 

quadrupole 

modes. 

10/12/2010 
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Transverse wake fields 

Transverse wake fields are generated in the 

asymmetrical parts of the beam pipe. 

 

Transverse wake fields can penetrate 

through the small hole in the vacuum chamber 

or longitudinal slots of shielded bellows, 

vacuum valves and RF shields. 

 

Transverse wake fields may propagate long 

distances. 

10/12/2010 
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October 11-13, 2010  

Transverse wake fields couple to valve cavities 

• Shielded fingers of some vacuum valves were destroyed by 

breakdowns of intensive HOMs excited in the valve cavity. 

10/12/2010 
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10 kW HOM power in a Q2-bellows  

B-side 

A-side 

10/12/2010 
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Open to beam absorber ceramic tiles produce 

more HOMs in Q2-bellows  

• Loss factor 

0 0
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150%  
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10/12/2010 
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A.Burov and A.Novokhatski 

Wake Potential of a dielectric canal, 

in Proceedings of HEACC’92, 

p.537, Hamburg, Germany, 1992. 

• For Q2-bellows parameters 
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Electromagnetic fields in ceramic tiles 

10/12/2010 
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Sparks in ceramic tiles 

10/12/2010 

18  

The PEP-II B-factory at SLAC had 

experienced unexpected aborts due 

to anomalously high radiation levels 

at the BaBar detector. Before the 

problem was finally traced, we 

performed a wake field analysis of 

the Q-2 bellows, which is located at 

a distance of 2.2 m from the 

interaction point.  Analysis showed 

that the electric field in a small gap 

between a ceramic tile and metal 

flange can be high enough to 

produce sparks or even 

breakdowns. Later traces of sparks 

were found in this bellows. 
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3D-simulation: mode scattering. 

Input waves: mono dipole quad 

10/12/2010 

Input, propagated and reflected signals Fourier transform 

19 
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Adsorbed power in the ceramic tiles 

Absorb dipole HOMs 

Absorb quadrupole HOMs 

Produce new monopole HOMs 

10/12/2010 
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Mode scattering for a round pipe. 

10/12/2010 

21  

Input waves 

Absorbed power in the tiles 
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Trapped modes in the “tiles” cavities 

10/12/2010 
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October 11-13, 2010  

Coupling slots 

• We want to damp TM-type waveguide modes, which have azimuthal wall 

currents  and not to damp longitudinal modes, which have longitudinal currents. 

• By adding longitudinal slots parallel to the beam, transverse currents will be 

intersected and strongly disturbed. 

10/12/2010 

23  

3

4
~

3
ln 1

l

d

l
k






• To satisfy both conditions we need long and narrow slots 

A slot with an elongated elliptical shape of semi-

major axis l and semi-minor axis d and l >> d 

• The coupling  parameter for longitudinal fields 

(which we want to be small) 
2~

3
k ld



• The coupling  parameter for transverse fields 

(which we want to be large) 
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Properties of ceramic tiles  

10/12/2010 

24  



Sa
sh

a 
 N

ov
ok

ha
ts

ki
 “

D
es

ig
n 

an
d 

A
pp

li
ca

ti
on

 o
f 

th
e 

H
ig

h-
E

ff
ic

ie
nc

y 
H

O
M

 A
bs

or
be

rs
 a

t 
P

E
P

-I
I”

 

October 11-13, 2010  

The “cavity” method 

• Empty pill-box frequencies  

 

 

• Box filled with a material 

 

 

• Loss tangent and quality factor 

2 2 2

2
ijk

c i j k
f

a b c

     
       

     

1
( , )ijk ijkf f 




a 

b 
c 

1
Q

 

10/12/2010 

25  



Sa
sh

a 
 N

ov
ok

ha
ts

ki
 “

D
es

ig
n 

an
d 

A
pp

li
ca

ti
on

 o
f 

th
e 

H
ig

h-
E

ff
ic

ie
nc

y 
H

O
M

 A
bs

or
be

rs
 a

t 
P

E
P

-I
I”

 

October 11-13, 2010  

Property measurement in a 3 GHz cavity 

10/12/2010 

26  

We assume that main part of 

the field is concentrated in a 

ceramic tile, which expands with 

the temperature as 5.1x10-6/C, 

when copper box changes its 

sizes as 1.5x10-5/C 
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Straight HOM Bellows -design details 

GlidCop 
Stub 

Inconel Spring 
Finger 

GlidCop RF 
Shield Finger 

Welded 
Bellows 

Absorbing Tile 

2.75” long by .24” wide 
HOM Trapping Slots 

Modes in the chamber 

propagate through the slots & 

are absorbed by the AlNiSiC. 

Bellows Cavity 

Modes that leak past the RF 

shield finger and are trapped in 

this area still see the absorber 

10/12/2010 
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State of art technology 

10/12/2010 
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Installed absorbers after each LER collimator 

10/12/2010 
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Efficiency of the absorber 

10/12/2010 
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Almost as it was designed! 
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Thermo-analysis 

• 22 Tiles: 

• 8 each top & bottom, .4 x .5 x .5 

• 3 each side, .28 x .6 x .5 

• Qtot = 2 kw (assumption) 

• qgen = 966 w/in3 

• h = 1 w/cm °C 

• Tb = 20 °C 

• Tmax (tile) = 196 °C 

• Tmax (braze) = 80 °C 

• σmax (prong) = 10 ksi 

 

 

 

10/12/2010 
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2 kW absorbed power at 3 A 

10/12/2010 
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SLAC has developed high efficiency HOMs absorbers 

for different cross-sections and installed 25 in the rings 

10/12/2010 
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PEP-II LER absorber 

OFE Cu Prong Body 

Welded Bellows Restraint 

Ceralloy Tile 

SST Prong Support 

Glidcop Stub 

Inconel 

Spring 

Fingers 

SST Water 

Jacket Cover 

Glidcop RF Fingers 

J-Seal 

10/12/2010 



Sa
sh

a 
 N

ov
ok

ha
ts

ki
 “

D
es

ig
n 

an
d 

A
pp

li
ca

ti
on

 o
f 

th
e 

H
ig

h-
E

ff
ic

ie
nc

y 
H

O
M

 A
bs

or
be

rs
 a

t 
P

E
P

-I
I”

 

October 11-13, 2010  

Q4 side, 10” 
flange 

 

Q5 side 12” flange 

GlidCop 
Stub 

Inconel Spring 
Finger 

GlidCop RF 

Shield Finger 

Welded 
Bellows 

Cooling – not shown 

Absorbing Tile 

• Mechanically 
decouples Q4 
& Q5 vacuum 
chambers 

• Absorbing tiles 
above and 
below beam 
orbit 

 

Q4/Q5 Bellows with Absorber 

10/12/2010 
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30 kW absorber 

10/12/2010 
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• Technically very challenging 

– Limited space available 

– Anticipated high power loads 

• Design compromises travel 
during installation to 
accommodate new HOM 
absorption arrangement 

• 61 mm maximum tile/slot length 

• Absorbing tiles are open to the 
convolutions 

– No additional tile set needed 
in bellows cavity 

• HER Arc Bellows features 

– Spring, Stub, RF shield 

Q2-Bellows HOM absorber 
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Optimization for a given absorber length 
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5 times less HOM power in Q2 

10/12/2010 

No addition losses due to open ceramic tiles 
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At the same time no great changes of the 

vertex bellows temperature  

10/12/2010 

We designed a new 

vertex bellows, but 

have not built 
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