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‘IR HOM Issues”

Collection of HOM effects

Sasha Novokhatski
SLAC, Stanford University

ﬂjaraffef Dession: :g;ltz 725@;7!2? gf(m/‘er

June 15, 2006

J
N
%&

et 1
\”"" i
?-;'#f-'k'-—i‘_»:i’" '
o
‘




Super))  Luminosity and wake fields
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 We need high current beams of short bunches
to achieve super high luminosity

 These beams carry high intensity
electromagnetic fields.

Electric field at the beam pipe wall
cZ, eN, N 1

E..-=23.
(27[)% ac K 107 &

E —

cm Gcm

Breakdown limit is around 30 kV/cm
on not very well polished surfaces
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Luminosity and wakRe fields

* Field spectrum goes to higher frequency

with shorter bunches

A(w) ~ 1)

Bunch spacing resonances

n=123,..

Bunch spacing

T, =—
RF

m=123,...

Beam spectrum (12 mm bunch)

#*FBI 3@ kHz Marker 3 [T1]

UBK 188 kHz -77.64 dBm
Ref -1@ dBm #Att 1@ dB SHT 13.5 = 13. 336000008 GHz
i & Marker 1 [T1]

-13.97 dBm
3.560000080 GHz N
Marker 2 [T11
-14.24 dBm
1.655000008 GHz

"
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PEP Cavity model
Bunch= 1.80mm RxZ=251.20x718.00

Time = 360.0

Wake fields of
short bunch
N a
PEP-II cavity

- |

Loss Factor Frequency Integral,

Wake fields and HOMs

& RQ - - - cut-off real W} Loss Integral (4mm bunch) k=0.805Y/pC
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Main mode and Higher Order Modes
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r=136kHz h=3492

SupeB)) HOM power in cavities (2004)

01/20/04
5SUpBPPB. Fct

————

NE THIRD
O A SUPER FLAVOR FACTORY
BASED O LINEAR COLLIDER TECHMNOLOWCGY

WATCREICS FLO T

T

-1y W)
';?:r.rud oy In

N
~§ Faguency Pipe Ric Bunch | Total Above |Beam |Bunch Wake
g% radius length | Logs  cut-off |[current |charge Yoltage
= [MHz] [mml] [OGhml [Imml | [VipCl IVipCT [[A] InC1 kW1
~§ 476 4T 6 114 13| 0.4699 0.0849 2| 11.14 0.95
E% CESR-IN 500 120 48.2 100 0.175 0.1014 2] 11.14 1.13
I
\Q PEP-I 476 4T 6 116 0.205 0.389 11| 23.44 912
Q CESR-II 500 120 482 0.251 0.2174 11| 23 .44 5.10
3 10-20%
3 KEKB-5C 508 110 449 1.326 1.182 11| 23.44 27.95
oS with tapers 75
%’3 KEKB-5C-NT 508 110 47.7 0.318 0.2373 11| 23.44 5.56 Of RF power
> no tapers .
&E PEP-l-Large 478 95.25 T4.5 0.35 0.209 11| 23.44 4.50 |n HOMS
PEP-I 476 47 6 118 1.8 1.217 0.794 15.5| 33.03 26.23
CESR-IN 500 120 452 1.8 0.448 0.3744 15.5| 33.03 12.37
KEKB-5C-NT 508 110 477 1.8 0.498 0.4173 15.5| 33.03 13.79
PEP-l-Large 478 95.25 743 1.8 0538 0.397 15.5| 33.03 13.11
N PEP-l-Large 478 95.25 743 18 0538 0.357 23| 45.02 15.48
N
‘wg New PEP-I §52 476 55.4 18 0748 0.472 15.5| 15.52 ¥.80
§ Hew PEP-I G52 476 58.4 18 0748 0.472 23| 24.51 11.57
‘§ PEP-Ellips 952 4746 758 1.8 0719 0.434 23| 24.51 10.64
Qé PEP-5C 952 7762 31.6 1.8 0.303 0.208 23| 24.51 5.10
N
3
»

Stanford Linear Accelerator Center
14 - 16 June, 2006



SuperB))  L0ss factor and HOM power

F’=z'b><K><|2

HOM Power Bunch Spacing Loss Factor Current

_ 2
1[kW] = 4'2[nsec] X 3[A]

/ pC

So small value of the loss factor produce a lot of HOM power
Now even small irregularities of the vacuum chamber become very important

/\
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Supers Main HOM Effects

— Heating of vacuum elements

 Temperature and vacuum rise
— Deformations and vacuum leaks

— Decreasing the pumping speed due to the large
temperature rise

— Breakdowns and multipacting
— Vacuum leaks

— Melting thin shielded fingers
— Longitudinal instabilities
— Electromagnetic waves outside vacuum

chamber
— Interaction with high sensitive electronics
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Supers Examples from PEP-11

A very small gap in a vacuum chamber is
the source of high intensity wake fields,
which cause the electric breakdowns
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SuperB
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0.2 mm gap

Small Gap, Breakdowns and Temperature 573
Osc 1[[61 t10ns 26 -

Gap of 0.2mm in a flange pair
ch= 13.00mm RxZ= 61.05x 130.10

Wake fields
due to small i

In the flange
connection
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SuperB HOMs with transverse
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Wake fields, which have transverse
components may penetrate through small
slits of shielded fingers to vacuum valves
volumes and excite high voltage
resonance fields, which may destroy the
fingers




- Wake field Evidence from PEP-I1

e Shielded fingers of some vacuum valves were destroyed by
breakdowng of\mt\enswe HOMs excited in the valve cavity.
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uped Wake fields outside

 Wake fields can go outside the vacuum
chamber through heating wires of TSP
pumps.
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SuperB)) HOM leaking from ISP heater connector
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The power in the wake fields
was high enough to char
beyond use the feed-through
for the titanium sublimation
pump (TSP).
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Wake fields

* Other possibilities for wakes to go outside
IS to escaped from the vacuum pumps
through RF screens
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HOMs cam go through REF screens to pumps and
then outside via high voltage cable

REFEREHCE LEVEL #RBW 3@ kHz  TMarker 1 [T1]
52 dBn UBH 188 kHz 29,643 %
Ref 52 dBin AEE 18 dB BNT 2.25 5 4.04490000090 GHz
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3.5e0008a00 Grz KN
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5.230000008 GHz
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Not well installed gap ring may be 75
a reason for the beam instability ~=

—PRO4:4102X  —PRO4:4092 TMIT | Single LER 1980 mA: 01/07/06 12:12 =
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Breakdowns traces
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SuperB Temperature raise
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* Propagating in the vacuum chamber wake

flelds transfer energy to resonance HOM
modes excited in the closed volumes of
shielded bellows.

 Main effect is the temperature rise
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SuperB

Daska %VOﬂfatJIG ! %ﬁ?‘f fﬁ%ct& in the cﬁamjn'nj &nj ?

Change of temperature raise due to
REF voltage change in bellows

Temperature rise in bellows

If we change the RF
voltage in the cavities we
change only the bunch
length and consequently
the HOM power.

So all the temperature rise
IS due only to the HOM
power.

/71\.



Wake field Evidence from PEP-I1

* All shielded bellows in LER and HER rings have fans for
air cooling to avoid high temperature rise.
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SuperB Resonance heating
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 Some bellows have RF mode that are In
resonance with the bunch spacing
frequencies




SuperB))  ‘Bunch-spacing resonances in

HER bellows

1og
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Bellows temperature
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Vacuum chamber temperature / \



L Stan Ecklund

| discovered resonance

at 5 cm wavelength In
the vertex bellows.

The dissipated power

reached 500 W [imit

Stanford Linear Accelerator Center

14 - 16 June, 2006




SuperB Localized HOM source
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 Beam collimators are the powerful HOM
sources in the PEP-II ring




Smm-Collimator Loss Faclor, X=0

0:200-

0100

Lear factor [Wel)

=10

THE THIRD WORKSHOP
O A SUPER FLAVOR FACTORY
BASED O LINEAR COLLIDER TECHMNOLOGY

HOM Power in_Absorber and
Beam posz'tz'on near (Collimators

— X-colmator PROM:Z081 (45m)
= X-collmator PRO4 2041 (20m)

= f.colimator PROS. 2002 (15m)
= -colimator PROS:208C (B5m)
= HOM Power in absarber

X and ¥ pansition [mm]

4 ‘ i v ‘ . i ‘o
L 0 400 €00 L 100 1200 1400 1800
s Jvec]

HOM power in absorber (red line) and vertical beam position
near 15m colimator (blue line) and 65m collimator (green line).

12132004

10 ol 49 SN PEP-II MAC REVIEW

Stanford Linear Accelerator Center
14 - 16 June, 2006




> Hottest Bellows 2012 takes HOM power
from four Y and X Collimators

—Y-collimator PR04:2032 (15m)
—Y-collimator PR04:2092 {65m)

= HOM power in bellows PR04:2012

—— X-collimator PR04:2041 (20m)
— X-collimator PR04:2081 (45m)

200

X and Y position [mm)]

g 180

r 160

r 140

r 120

r 100

r 80

- 60

0 200 400 600

800

Time [seconds]

HOM power in bellows 2012 [a.u.]

Y and X collimators
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SuperB Interection region
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 High power wake fields are generated in a
very complicated geometry of the
Interaction region




70 ~

Wake in IP region of PEP-11

. A model
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40 A
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Stanford Linear Accelerator Center
14 - 16 June, 2006
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Loss factor for PEP-I1T IR,

Loss factor [V/pC]
a1

PEP-II Interaction region
Loss factor and approximations
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dependence
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Guper)) Measurement of absorbed HOM
power in QZ/ 5e[[ows

Thermocouples

on input and
output

water pipes

*Aﬂﬁ]
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Measurement of the HOM power (5 )
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IP HOM Power simulation results

Daska %v«»k%@tw@ ! %j‘zo fﬁ%ct& in the cﬁamjoz'nj &nj ’

e

g,x?
L ,r‘n-

Parameters
Bunchlength[mm] =
Lossfactor [V/pC]=

LER current [A]
HER current [A]
Bunch spacing [nsec]

Power loss (pulse) [kW]

V.
o

PEP-II

11.3
0.327

2.6
1.7
4.2

13.26

Super B

6
1.137

2.6
1.9
4.2

49.51




Cuper)
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t the end of 2005 and beginning 0f 2006
we got a problem: vacuum spikes and
aborts in Interaction Region

Sasha_PR02_VP3044
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w John Seeman suggested that a small gap between
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a ceramic tile and a metal omega-spring may be
the reason for vacuum spikes . Wake electric

fields may be above the breakdown limit.

Stanford Linear Accelerator Center

14 - 16 June, 2006



SuperB

2
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Simulations:
Electric displacement force lines

Maxfield = 0.310E-08 Vim/pC Maxfield = 0.000E+00 Vim/pC
e
Loss factor = 0.287E-13 VipC SLACS tanfonf
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SuperB Electric field distribution

Small Gaps
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Maximum electric field is near the
breakdown [imit

d

First tiles gap

Langirsdiml pesisan
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Metal corner Tile corner
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SuperB
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Fields that
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SuperB))  Resistive-wall wake fields

Daska %VOﬂfataﬂ ! 72%5/17 fﬁ%ct& in the cﬁamjn'nj &nj ?

e Other type of wake fields is due to the
finite conductivity of vacuum chamber
walls.

* Resistive-wall wake fields usually give
temperature rise of the chamber walls.

* |In all cases the beams energy loss has to
ne restored by the additional power the
Klystrons
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SuperB

Change of temperature raise due to RF
voltage change in chambers

Temperature rise in BPMs({Quads)

RF Voltage was changed
from
4.5 MV to 5.4 MV

Temperature of the

vacuum chamber
changed by 4F around
the ring
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SuperB)) Estimation of the total Resistive wake loss (45
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V2 [MV]

sigma at V1 [mm]
sigma at V2 [mm]
V2/V1
sgrt(V2/V1)-1

W ater-cooled circuits
Water flow g/m

delta T [F]
Delta power [Kw]

C

Total Power at V1 [KW]
Total Power at V2 [KW]

2.40
12.00
10.39
1.33
0.15

200.00
1.00

4.00
116.80

20923.37

503.34
624.55

et
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SuperB)) Resistive Wall Wakefield Losses- formulas ([,

Loss factor asymptotic (M. Sands, K. Bane)

1/3
S, = 2a2§ when 22 <<1
0 Gz
Z 3/2 Z 1 3/2
K 20282 x| 20 | —02%2C & = | « 22
Ara® | o, 4ra’ |\ o, Z,

césawﬁa %v«»ﬁ&t&l@ ! %@ﬂo fﬁ%ct& in the cﬁamfz'nj &nj ”



SuperB
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Restistive Wall Wakefield Power

in PEP-11

pipe Radius [mM] 0.045 0.035 0.045
Material Cu Al SS
resistivity [Ohm m] 1.69492E-08 2.8571E-08 7.14E-07
SO [m] 5.66792E-05  5.705E-05 0.000197
bunch length [m] 0.012 0.012 0.012
loss factor [V/pC] 0.000288255 0.00048119 0.001871
Bunch spacing [nsec] 4.2 4.2 4.2
beam current [A] 2.2 2.2 2.2
power [KW/m] 0.024610531 0.04108255 0.159765
Total (20/30/50) [kW] 213.68516

Current=3A 397.3484337

\



Supecd) Resistive Wall WaRefield Power (75

for super-B

pipe Radius [m] 0.045 0.045 0.045
Material Cu Al SS

resistivity [Ohm m] 1.69E-08 2.86E-08 7.14E-07
SO [m] 5.67E-05 6.75E-05 1.97E-04
bunch length [m] 0.003  0.003  0.003
loss factor [V/pC] 0.002 0.003 0.015
Bunch spacing [nsec] 2.1 2.1 2.1
beam current [A] 2.4 2.4 2.4
power [kW/m] 0.059 0.076 0.380

césawﬁa %v«»ﬁ&t&l@ ! %@ﬂo fﬁ%ct& in the cﬁamfz'nj &nj ”
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SupexB))  Comparison of 2.5, 1, and 0.5 cm pipes

for vertex pipe.

Material Cu Cu Cu
resistivity [Ohm m] 1.69E-08 1.69E-08 1.69E-08
SO [m] 3.83E-05 2.08E-05 1.31E-05
bunch length [m] 0.004 0.004 0.004
Loss factor 0.003 0.007 0.013
Bunch spacing [nsec] 2.1 2.1 2.1
beam current [A] 2.4 2.4 2.4
power [kKW/m] 0.068 0.171 0.342

Daska %v«»ﬁ&t&l@ ! %@ﬂo fﬁ%ct& in the cﬁamfz'nj &nj ”

This is only resistive-wall power!
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SuperB What we can do
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 There is only one way
absorb HOM power

In the specially designed water-cooled
HOM absorbers




SupexB) \Water-cooled absorbers in bellows

Field leakage though
bellows fingers

——7

\ e ceramic absorbing Yiles
\'\“\ brazed to cupper block
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Selective absorber device to capture
the collimator HOMs

Red line shows absorption in ceramic tiles
:\ T N e e e e e S S ey R A /

abs=0.0137

f[Hz] £ 10°
J. Seeman, M. Kosovsky and N. Kurita S.Novokhatski and S. Weathersby "
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Stralght
Bellows-Absorber

'_f; “Super Fan” 22, -
Bellows 2012




SuperB
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Effect of the straight bellows-absorber:

temperature in the “super fan” bellows
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Efficiency of the absorber

HOM power in Arc absorber before and after
installation of the straight HOM absorber

—Arc absorber PREOL: 2010 before ——aprox (145°LERN2
— Arc absorber PRO4: 2010 after  —— aprox | 85*LERM2
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SuperB)) A new more efficient and high
power absorber is in the design
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SuperB Summary for Super-B

All shielded bellows as vacuum valves must
have water-cooled absorber behind the shielded
fingers.

* |P vertex region must include at least two HOM
absorber of straight bellows-absorber type and
two high power absorbers near the crotches.

« NEG pumps must include absorber inside.

« All beam chambers are water-cooled against
resistive wakes
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