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Qutlines

AN

Dlﬁ; N SR

e HOM iIssues

— Beam breakup (BBU)
= Transverse
= Longitudinal

— HOM power

* Objectives
— Figuring out HOM’s and trapped modes
= R/Q, f, field profile...
— Beam Breakup (BBU) simulation due to HOM'’s
= Establish Q limits for each HOM
— Heat Loads estimation
= To HOM couplers and cavities
— Design Basis for HOM coupler
= Estimating damping levels and finding trapped modes including cavity

manufacturing imEerfection
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HOM Anal

A

nl ﬁm@c%sem;

Pre-estimation
Cavity Design | Finding HOM'’s for 1 of heat load as Finding HOM’s
the reference a function of including the effects
geometry (R/Q, f...) Qext & Qo of manufacturing
l imperfection
Df measurement ¥ BBU for each > Compare results
of non-SNS cavity HOM'’s assuming Q allowable ?
A A No lYeS
‘ Reduce
o < Q threshold
If Q is unrealistically low,
\ 4 cavity should be redesigned. v
Ring Injection; Linac beam Qex estimation &
foil, beam loss, & [ G—P dynamics design basis for
activation HOM coupler
finished In progress to be done
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Principal Participants

AN

- D.rr N SCUNE

* Ron Sundelin
— Transverse BBU
— Longitudinal BBU
— HOM power
* Dong-o0 Jeon
— Transverse BBU
— Longitudinal BBU
e Sang-ho Kim & Marc Doleans
— Finding HOM'’s
= R/Q, Stored Energy, Mechanical imperfection effect..
— HOM power
— Qex estimation for each HOM (to be done)
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R/Q (Ohm)

HOM vs. b

R/Q vs b; TM monopoles (40), Dipole (45), Quadrupoles (30),
and Sextupoles (18) for each betas

N

N SCUNCE

)

Examples (TM monopoles)
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Beta beta
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TM Monopoles

1.E+03

~ 1.E+02

1.E+01
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2.0
Frequency (GHz)

2.5

3.0
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Trapped Modes (ex. High beta cavity)

* Trapped mode; difficult to extract by the HOM coupler
for monopole; stored energy in both end cell combined<0.1 %
for multipoles; stored energy in each end cell<0.1 % (2 polarization)

« Two HOM couplers are planned for each cavity (one at each end)

* Including manufacturing imperfection

NN Y Y MY
TM Monopoles (possibly trapped) f Il'l | | f 'il f '.I Ii' 'll ( |

! | | |
mode no. frequency total % —s'l left 1~_JI lI'L J U ILJ 'L._.J'rightllk "
15 1.7546E+09
16 1.7588E+09 Quadrupoles

mode no. frequency right % left % total %

Dipoles 1 1.52443E+09 9.99E+01 3.32E-09 9.99E+01
mode no. frequency right % left % total % 2 1.55870E+09 5.80E-02 2.38E+00 2.43E+00
1 1.1037E+09 9.97E+01 1.26E-08 9.97E+01 6 1.56571E+09 2.37E-02 3.59E+01 3.59E+01
13 1.4848E+09 9.74E+01 9.58E-05 9.74E+01 7 1.60687E+09 9.88E+01 4.42E-07 9.88E+01
19 1.8176E+09 9.33E+01 8.99E-04 9.33E+01 8 1.66181E+09 9.54E-02 1.57E+00 1.67E+00
20 1.8363E+09 2.47E-08 9.78E+01 9.78E+01 12 1.67829E+09 4.21E-04 7.86E+01 7.86E+01
27 2.0800E+09 3.23E+01 3.03E-03 3.23E+01 13 2.07735E+09 9.98E+01 4.16E-07 9.98E+01
32 2.1161E+09 2.37E-02 8.16E+01 8.16E+01 19 2.24853E+09 8.83E+01 1.90E-02 8.84E+01
33 2.1243E+09 9.25E+01 7.75E-04 9.256+01 20 2.37723E+09 9.93E+01 2.78E-04 9.93E+01
34 2.1865E+09 4.63E+01 1.95E-03 4.64E+01

Sextupoles; all modes are trapped
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HOM frequenc roperties

)

FEN{RGH SUNRCE
* Frequency spreads (cavity to cavity) reduce beam dynamicsﬂI |
problem
— Results from Cornell study with tuned fundamental mode
= $=0.00109*|f -f |, here 0.2 x S is used for frequency spread
* Differences between measured frequency centroids and
calculations
— HOMSs
= +0.00376 maximum fractional error (from Cornell study)

= +0.008 maximum is used for SNS (more possibility to hit the
resonance line; will be mentioned later)

— Other fundamental passband members (from Cornell study)

f - f fo.
meas. ~ calc. y Pi. £0.027 2.5 times is used for SNS
fca|c, 1:Pi.' passband
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Time structure of SNS beam (for 1 GeV operation)

T.=16.7ms (1/6QH2)

Midi-pulse & macro-pulse periods will vary
depending on operation condition and beam energy
1ms

15.7ms

|
Macro-pulses I I I I

T,=945 ns (1/1.059 MHz) -
< <

Midi-pulses 30 n 1,060 mid-pulses

<<

o] | L L] ]

260 micropulses

T,=2.4845 ns
(JJ402 5MHZ2)

Accelerator Physics SNS/ORNL



Transverse BBU

1012

1011

1010

Blow-Up
3

Q Value Required to Prevent Transverse Beam Blow-Up

vs. Fraction of Nominal Frequency Spread
R/Q = 40 Ohms at 1.15214 GHz
MNominal Spread Sigma = 0.00109 = |[ffHOM) - f(Fund) |

o = Single Monte Carlo frequency set

* = Lowest Q from 80 Monte Carlo seeds

equired to Avoid Beam
S

.nuﬁ
g

105

Fraction of Nominal Freguency Spread
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10-11 10-10 10 -2 10-s 10-F 108 10-5 10-4 10-a 10-2 10

100

Al

” J g DL&S&IKE

Threshold Q to
avoid beam Blow-up;

R/Q=40 Ohm for all
cavities (high & medium)

Same frequency centroid
for high and medium beta

Q<108, &

0.00109 nominal
Frequency spread
;INOo beam blow-up
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1.6810 ——
16805 - ¢ & ¢ 4 4 4 4 4 | 95120 | . S TR
_ 1.6800 Bl it T NI R A R AR A |
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E 16795 | - 2 {10 1 S O |t gk o
* 16790 | i | o o5t {1 W b O
red: 0.01MHz {,, spread : L Gt i L '
16785 I blue: 0.1MHz {,,, spread | S |
1.6780 et | 560,80
-25.0
Five most dangerous modes with Qex=108 ' '

255 H th oo o I
20% of nominal frequency spread of 2.5 GHz LOLELE)

:~0.35 MHz -
Even with about 6 % of nominal frequency spread it mw”""”‘“'”*"‘“‘“““‘*‘”‘w'w*i‘w
® No measurable transverse instability |

& {cleg)

-265 —— :
0.0 5000.0 10000.0

midipulse number {10 macropulses)
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1E.350
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KBRS beam output position, nm
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18,350
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mhtig to tha baan . Modes have a g of LOWE .

The fequency spmad & 30% of the expacted spmad

duoe to @ amufschurng tokmnoes. A Lenterng bonches

am ofSetby 16 35 o . ¥tha n ode calubicd feguency
& w ihin centnd ernemnge of an rwbuanch ham onic,
tha fmguency & sot at that ham oni tmes {1 + 0 235,0).
Erot, but the fmguarcy & w thin centod exor mnge of
am dpuks ham oni, the Sequency & set to the sida of
that ham ont. Enot, tha feguency & set to tha sie of
amacmbunch hame oni, This sk uhtion detects the
pmsence of nstabiiy (not pmsent D any case) and

+hnbez

sutput peatinn emnre agfieatie 1 00000 —00035

This ezor & so smallas o be unn easombl,

]

15 n a5 0 i) 40
Mode Sequance Nun ber D peles, Quads, Sextupelns)
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gﬁwsaﬂé
Input;
Q=10°,
Frequency spread; 20 % of nominal value,
45 dipoles, 30 quadrupoles, 18 sextupoles
with calculated R/Q(Db)
entering bunch offset; 16.95 nm

Frequency centroid shift
; to resonance frequency

Result;
output position error; 1.00000+0.00062
-0.00035
(unmeasurable)
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Longitudinal BBU

Medium Beta; No instability was found until Qex=108

& 20% of nominal frequency spread

1.E+00

1.E-01

1.E-02

—+— Qex=10"6, no frequency spread
—m— Qex=10"8, 20 % of nominal f spread
—&— Qex=10"7, no frequency spread
—%— Qex=10"6, no frequency spread
—%— Qex=10"5, no frequency spread

1.E-03

1.E-06

RMS Energy Spread (MeV)

1.E-07

1.E-08

1.E-09
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10

20 30
Mode number

40

N SCUNCE

WA
g !
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itudinal BBU , *SNS

N SCUNCE

High Beta; No instability was found until Qex=108
& 20% of nominal frequency spread

1.E+00
—+— Qex=10"6, no frequency spread
—m— Qex=10"8, 20 % of nominal f spread
1.E-01 —4— Qex=10"7, 20 % of nominal spread
— —— Qex=10"6, 20 % of nominal spread
% h —%— Qex=10"5, 20 % of nominal spread
S 1.E-02
©
RNV ///\
o ' / V /’ ’ V \ /\"‘\ / \
: Az awvAY
> f \ // f
g lE_04 _ o \ 1/!‘ v \.iM'l - _«-!-
. ! ,l ‘y
L / | / v ‘
0 1E-05 N y o
: ; \w\/f i
1.E-06 - ~
1.E-07 T T T
0 10 20 30 40

Mode number
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Time averaged HOM

Freqguency dependencies of HOM power

1.059 MHz (1/945 ns) midi-pulse

AT

402.5 MHz micro-bunch resonance® AT TR e

LEv02 resonance |
1.E+01 Qex=10"6 |
X

£ 1.E+00 +——~ — I
5 1E-01 N
E 1.E-02 ﬂ VAN ﬂ
- 1.E-03
S ron. I | VAN, AN A K}{
€ Tros A SN A N [SIU7 NS \/ \ﬁ/\ JAN K
S ros A/ N\ | JARY \/ N
8 1.E-07 \ V

1.E-08

l.E'Og \\ T I// T T

2.8075E+09 2.81155\0/9/ 2.8155E+09 2.8195E+09 2.8235E+09 2.8275E+09
f (Hz)
1.55 MHz (1/645 ns) midi-pulse 1E+04
without gap anti-resonance 1403 et Ly
1.E+04 g
o

E e Qex=> 1078 = 1E0 W A J\Vﬂu AVI\M A UAV UUI\
5 @ 1.E+01 | l A |
2 1.E+02 5 v U
gmm_ 60 Hz (1/16.7mS) 3 1e:00 \
B Macro-pulse 3 Qex=5 10”8
& 1.E+00 A 1.E-01
g resonance
o x T T T

LEoL 1.IZEE?12749E+09 2.81750E+09 2.81750E+09 2.81751E+09 2.81751E+09

1.E-02 f(H2)

f (Hz)

Accelerator Physics

2.82E+09 282IE +09 282IE +09 282IIE +09 282IIE +09 282IE +09 2.82E+09 1 kHz (1/1m3) macro-pulse
without gap anti-resonance
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HOM Power/(R/Q) at 2.8175 GHz (micropulse resonance),

Q dependencies of HOM power

1.E+04

1.E+03

1.E+02

[W/Ohm]

1.E+01

1.E+00

1.E-01

1.E-02 + | T
1.E+01 1.E+04 1.E+07 1.E+10

Qex
Micro-pulse resonance

Accelerator Physics

HOM Power/(R/Q) at midipulse resonance frequency

around mode 15 (high beta), [W/Ohm]

1.E+00

1.E-01

1.E-02

1.E-03

lE'04 1 T T T T
1B+ 1.E+ 1.E+ 1.E+ 1.E+ 1.E+

05 06 07 08 09 10
Qex

Midi-pulse resonance
Around trapped mode

HOM Power/(R/Q) at off-resonance frequency

(+500 kHzaway from 2

2N

0N NEUTRR SOUMCE

1.E+00

=
I
o
=

€
<
Q
=
~
T
o
Lo
N~
—
(o0]

1.E-02

1.E-03

1.E-04
1.E+01

1.E+04 1.E+07 1.E+1(

Qex

Far away from any
resonance
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Effect of time structure change

1.00E+02
S 1.00E+00 l \ - J“' A Qe
ggl.OOE-oz i J\'} \ WA\ | A L L
2 O 1.00E-04 ,\ W
o —~
; Z.1.00E-06 \ —— 800 MeV | (
2 o LY -y WY
B | | M| — 1300 Mev | M || B
100E_10 T T T T T T
2.8110E+09 2.8130E+09 2.8150E+09 2.8170E+09 2.8190E+09 2.8210E+09 2.8230E+09
f (Hz)
1.E+03
e Qex=1077 % =800 MeV | |
2 E™ = | 1000 MeV
Q35 Only resonance peak values - n
I 2 1.E+01 X 1300 MeV [
o 3 are marked. A % s
> -
S 5 1.E+00 e =
S o KT X
g S T . u u C e ™
%gf I)KIIY |’I. | *| | [ I | | | | | |>F | ‘I‘| YI.XI
05 1.E-01 +m 5 ~
£ 2 " ! ! =
= 8_ 1.E-02 X I)K %( .>K X X X X >K. >= >KI X
1.E'03 T T T T T T T

2.798E+09 2.803E+09 2.808E+09 2.813E+09 2.818E+09 2.823E+09 2.828E+09 2.833E+09 2.838E+09
f (Hz)

Midi-pulse period is determined by the ring revolution time.
The probabilities to hit the resonance line will increase (not at the same time).
But heights of midipulse resonances decrease exponentially from the micropulse resonance.
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HOM Power

; can provide upper limit of HOM power

Example ; mode 4

1.E+01 ¥

1.E-04

Time Averaged HOM Power (W)

1.E-08 +—

1.E+00 +

1.E-01 +

1.E-02 1

1.E-03 £

1E-05 ¢

1.E-06 +

1E-07 1

g%mx;
Worst movement of the frequency centroids & without frequency spread
Calculated
frequency
< »
Frequency ¢entroid range
<
I \ For 800 MeV 800 MeV
| \ 1000 VeV
\ / \ —— 1300 MeV.
\ N For 1000 MeV, &
. 1300 MeV
8.018E+08 8.019E+08 8.020E+08 8.021E+08 8.022E+08 8.023E+08
f (Hz)
SNS/ORNL
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HOM Power

1000 MeV

Al

Silll(E

BeL

1.E+04 <
N 2~ HOM Povier at G107 ‘l *\ These main peaks
E e TR (]
g L Ev0p 9 | —e—Howm Power ai Qex-10°3 ‘ “ :gls?g?\;pnuclcsae
= = ) .
Z e J I\ N ,‘f‘i\\
% %1 E+01 - AV, . “ _g‘!-.— Ve Micro-pulse
g / i /ll\\ ’!\ &\\\\. resonance bandwidth
%E 1.E+00 A w ”", ‘“- %‘\'I ; ~ kHz (low probability)
S O
“ : L
1. ,ui |M\$\Mf l\\\\-.%, iz
=5 b
§ 1.E-02 - "}W'LI” \W/l‘.‘-,
e ISR Y
— 1E‘03 7] \w'( -
N
l.E_O4 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20 25 30 35 40

Mode Number

5~6 modes can produce large HOM power. Behaviors are same for different time structures.
Total HOM power decreases by factor of 20~30 with 20 % of nominal frequency spread.
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1.E-06

—— 800 MeV (Med) - -& - 800 MeV (high)

1.E-07 —— 1000 MeV (Med) - - - 1000 MeV (high)
—A— 1300 MeV (Med) - -& - 1300 MeV (high)

HOM Power upper limit/Cavity (W)

1.E-08
1 2 3 4 5

Mode Number

Q’s are provided by fundamental power coupler.
(end-cell stored energy ratio comparison with fundamental mode)
It is very important for 5" mode not to hit the resonance line. (high R/Q~140)
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SUMMARY
)

. HOM'’s for both medium and high beta cavity of reference geometry are
identified.

° Transverse BBU
. Q<108 and +/-20 % of nominal cavity-to-cavity frequency spread
:no beam blow-up for both medium- and high-beta cavity
. Longitudinal BBU
. Q<108 and +/-20 % of nominal cavity-to-cavity frequency spread
; no instability was found.
* Upper limit of HOM power is calculated with very conservative assumption.
Damping is required at certain case. (especially for 5 modes near micro-
pulse resonance line)

. Coupler development is in progress.
. Baseline; 2 TESLA HOM couplers per cavity.
. Damping levels of TESLA HOM coupler will be calculated with MAFIA.
° Associated power will be determined.
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