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Split up the ‘problem’:

L inac made of different sections
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| set value | L

vector sum

JVVV

Power Splitting H
Nuisances.

 Lorentz detuning transmitter
» externally driven cavity vibrations

e errorsin vector sum

e errorsin power splitting

o scatter in Qext
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2 cavities.  100%+100% excitation: perfect situation

A

B

At cavity 1 all particles see nominal voltage: nominal Speed
At cavity 2: nominal phaseanglefor =1 and p<1: 100% + 100% = 200%

2 cavities.  70%+130% excitation: same (vector) sum: looks OK

[30% |

At cavity 1 all particlessee  |OWEr voltage: B<1lower speed, B=1 same speed
at cavity 2: nominal phaseanglefor  =1: 70% + 130 % -> 200 %

at cavity 2: larger phaseanglefor  B<1:70% + 150 % -> 220%
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& proton

(3 electron |Global Title

o

basic freq [MHz]
pulse rate [Hz]

pulse length [ms]

352.20900
¥5.00000
2.20000

Global specs. —

(fo: T <y 8

pulse’

What todo: —

Active sections; —|

Plot scalings — |

RF rise time [ms]
cpulse currents [mA]
Inj. energy [MeV]
*bunch dt {inj) [ns]
*bunch dE (inj)

RF
mech. clock tick [ms]

Ick [ns]

2.00000
11.00000
120.00000

| 3.50000e<02
0.14000

496.86408
1.00000e-01

G Pulses # pulses 20 [] Dot HC
shots/pulse 5 ] PhSp HC
[ hold at end of shot
[J dt, dE along Linac [ HC
b Full bunches # (250
kI PhSp along Linac all .. cav | 1 | JHC

max plot shots | q

[] periodic Lorentz force

[ plot also Vacc

Diagnostic: ] show TTs [ HC

sect.0-9 tl'ansm. IZI [J define traces

CIRF #pts [1789 | all [15 |ticks [ HC

[ Beamloading [ Feedback delay #plots (1 [ RF test pulsing [ test beamldg
Active show | [clock seed 8578453
M beta=052 (] [ regul. bunch @ rings |3
beta = 0.7 O [ paint bun @ [ chose col. @
4 beta= O nEE
M beta=0.8(b) O Q —l— Q@ ® .
g beta = 1.0 S - x - <> Pix IZI
O O Plot dt (min) [ns] [-1.00000e-01 |
O O Plot dt {(max) [ns] | 1.00000e-01 |
O O Plot dE (min) [MeV] | -2000000 |
O testbed O Plot dE (max) [MeV] | 20.00000 |
1375 pluts!pagell_l PlotV {min}) [MV] | =2.00000 |
[dmovie [dsavefr. [ Overlay mode PlotV (max) [MV] | 2.00000 |
| Joachim TuckmanteIN/sL | Plot P [kW] | 1000.00000 |
[ auto run  wait sec. Plot +df [Hz] [ 20.00000 |
[JHardcopy All [] Sound on [Save specs] [ Revert ] [ Cancel ] GO II




modules in section

Cavites/ module

M echanical positioning

Cavity specs.

1:O’ (R/Q)’ Qext’ Af’ Vacc’ (pO’

Cavity external vibr.

L orentz detuning data —

Transmitter data

Vector loop data

RF system error data

|heta=l].8(a} ‘ group # 2
# modules 6 ! e,
# cavities/module 4 Vibr [RF-Hz]
ampVibr [RF-Hz
dist cav=-cav [m] 25 [ distr.vib. Ampl
dist cent.cav -flange [m] 263 Vibr [Hz] 355263
# cavities/transm L] ilblinat]
ot oo
[MHiz] [ distribute vib. ph
Q0 ’ sl [ vibr.freeze
QE;E"_E ohm] Je+06 LorConst [Hz /MVA2] =-0.75
/ cati df;m IE:'E tscatter [Hz/MVA2] 0
static
[ distribute LorConst
V. k [MV 15.3
peak [MV] f0.mech [Hz] 100
sync. phase [deqg] =20 3
7
1 [
beta/V (1) | 0.71 [ 1 6 [ distr. f0.mech
betav @ |08 | [__89 ] |qomeen
betav(3 | 09 || 876 ||HALorentzireeze
_ [ force nom. e 100
FB im 0
Plim transm. [kW] 1000 Duff ) (im)
[ adjust setvalue by (1+g)/g
ransm. z 1.2
FB delay [ns] 200

[ Vector Sum error

b Power split error

[ Qext error

field error %

field error %

L
]

III [Jignore all dyn. detuning
5

10

[ Revert ] [ CﬂnceI] [cnntinue]




Sect 0

Sect 1

beta ( 0.43, 0.65) MV

TTrange 0-1.2000

beta ( 0.60, 0.80) MV

TTrange 0-1.2000

Sect 2

_,_,..-o-"_'_'_'_'——_"

Sect 4

beta( 0.71, 0.90) MV

TTrange 0-1.1500

beta ( 0.85, 0.96) MV

TTrange 0-1.0500




Cavity

loading

Cavity

unloading

Change of resonance

0 cauities
1 iransmitter

Af £ 20.0Hz

t0 0.000[mg]

< 13.333[ms]> Joachim Tuckmante!




Transmitter 74 (

av[ 74, 77]

Transmitter power

Cavity Beam Cavity
loadin ulse unloadin
g > < P > ¢ g
v

——

AN

Vv t0 0.000[ms]

Reflected power

< 13.333[mg]>
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Transmitter 74 Cav[ 74, 77]

Reall part of voltaues

Trueindividual cavity voltages

— v

e

Cavity Cavity

loadin

|
'8 o
g 5
|
A

unloading

—
\

“True sum voltage

v As seen py the nominal particle

‘ Zero suppressed
Scale 13.3-17.3 MV

AV/n ( -2.00, 2.00) MV t0 0.000[ms]|< 13.333[mg]>




Transmitter 74 Cav[ 74, 77]

Measured sum vol

Cavity

loading

_ruWity voltages

AN

Truesum

As seen by the nomi

AV/n (-2.00, 2.00) MV

:oltage

particle

t0 0.000[ms]

[aginaryarofuoliages

< 13.333[mg]>
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ThejInfo Windgw (Cmd-I)

_ _ [ =———————InfoWinhow="——— H
Gives data for time- 2.494 [as]
Instant
of mouge-cusor meas AZY¥ ( -0 362

true AXY (
0 AY
1 AY
2 A¥

/ 3 AV

1 2 — —
Var 2 _Hh_ \\
— <

Cmd-T: Tells ptatic’ data: position in linac, nominal particle energy, vibratjo
phase and amplitude, mech. resonance frequency, nominal beta ....

rquency

h——_————_




‘Long term’ pulsing and .... (no vibrations)

Transmifter 74 Cav| 74, 77]

\

-

[

dVacc Jﬂp.oo, 2.00) MV

O[ms]| dt 2

1.843

ms

B

ph +1801

—
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7
Tpansmittsy’7 TINTT]

dVice (-2.00, 2.00) MV diA 20.0H . gt 4p.686 ms ph +180°




L orentz detuning: normal k

Transmitter 74 Cav[ 74, 74]

fmech = 100 Hz, fr

=75 Hz

fi
tn

’ NO pre-detuning

eld breaks dq
ansmitt

\

p—

DWN.

out of stea

dVacce (-2.00, [2.00) MV

df + SOO.L A‘z

t0 0.000[ms] dt 1

B.333 ms

P SBE T Rw




Lorentz detunig: with ‘normal’ k

Transmitter 74 Cav| 44 /-

fmee = 100 Hz, frep =| 75 Hz predetuning +200| Hz

first pulse
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19th pulse f\ 20th pulse \ 21st pulse q 22nd pLIseﬁ

\ /f\
T

\ /
.V \,_U . resonance freq.\_lV/

U Longer|field rise ti e !
Field |more ‘shaky! ! |




dt and dE of center of bunch along the linac

dt,dE along Linac, Pulse 1(2/5)

['0-@\ /)’\ 4""9\’,

a4
+ .10ns]\]' U \>V w

Cavity index [0} 230]




Bunch in phases space, injected and e

Pulse 1 (1/5)

[ N

pulse# (shot# /(sh.per.pulse))

‘ [+20.00MeV
/ -20.00MeV]

injected bunch
final bunch

[ -0.10ns +0.10ns]




Center of bunches at end of linac, 50 pulses, 5 shots each

Shot map
Off screen 79
L
- n
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L
]
an ® n "
| |
| ]
|
lﬂ n ... -
J " . - [+20.00MeV
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[ -0.20ns +0.10ns]




Overlay plot of many phase space images

Overlay: 20 pulzes 5 shot/pulse

e T A
/
N\
' [+20.00MeY
_20.00MeV]

... Or movie
(with QuickTime® [&] )

[-010ns B0 0ns] Tacken Tuckenane |




SPlinae can siim w ate RE systems wih
* 3-dependent . factor

 vector (sum) feedback (opt. with delay)

o transmitter power limit and BW limit

e microphonics (different modes of perturb.)
 Lorentz detuning, mechan. resonance

e vector (sum) feedback errors

e power splitter errors
* Q. Errors
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SPlinae displays phase sace plots
o for each bunch along thelinac
o for consecutive bunches at the end of thelinac
e ‘dot maps for centroids
e dE, dt along thelinac
internal parameters ol
each transmitter family

Precise Numoers or
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More information may be found at
http://cern.ch/joachim.tuckmantel/

» More detalled porgram description / user guide
SL -2000-053.pdf

» Application example (for CERN’s SPL study)
SL-2000-054.pdf

» Some descriptions of the algortithms can be found in
Download phcO7.pdf  (*)

e ... and some QuickTime movies
For movie display on Mac or PC:

QuickTime® can be downloaded free of charge at
(careful: Mac or IBM compatible version)

at http:// www.apple.com/quicktime/download/.

(*)HEACC2001 contribution which describes another program made for LHC but uses partly the same
cavity descriptions.
Historically this program is the ‘mother’, SPLinac the ‘ child’



