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Machinery - how are waves generated”?

SPS Travelling Wave Structure - almost an RF Cavity SPS 200 MHz RF Combiner



Standing wave in RF cavities
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Some cool calculations

import math

V = 1.5%10%*6 #voltage amplitude in RF cavities

C 3*10**8

fi = 2*math.pi/180 #phase shift of a bunch (2 deg)
L = 26659 #length of the accelerator

]

energy_gained = V*math.sin(fi) #energy gained in one cavity (in eV)
E = 7%10**12 - 450*10**9 #energy difference between SPS and LHC

n = E/(8%energy_gained)

t =in®Lic

print(t/60) #time needed to accelereate one bunch (in minutes)

[

23.163920773314138



Synchronisation of time

now=datetime.datetime.now()
for hosts in HOSTS:
now=datetime.datetime.now()

msg=f"setdate {now.year} {now.month} {now.day}
:"u.,u. jeekday ()} ‘_":“‘./.":‘:'J"-_' {"u:m.f';\ te} )W.Se
(int(round(now.microsecond/1060))}"|

print(msg)

print((hosts, PORT))

s.sendto(str.encode(msg), (hosts,PORT))
nowl= now+datetime.timedelta(hours=o,seconds=10)

ece PicoScope 6 Beta
A |y | P4y e 1 s/div »4@» < 200120 <x> (SR R ORCHCR I piC()
A< Auto » bc [ B < Auto » 0oC | © off » oc | D ort » oc | [ny] e
Scope 1
8407
v
A
Scale: 1.00
Offset: .00
3554

WW

msgl= f tr r {nowl.year} {‘Owl.foﬂtﬂ; {nowl.day}
{nowl. ay*'} (nowl. (nowl.minute} {nowl.second}
fint(round(nowl.microsecond/16000)) ‘

prlnt(msgl)

for hosts in HOSTS:

s.sendto(str.encode(msgl), (hosts,PORT))

Python code of a client

0.604 0.737 0.871 1.004 1138 1271 1.405

Stopped HE] Trigger None w | C I

Measurement (s‘ﬁ\

Rul |em[—‘Nma .

Synchromsotlon of time from the Internet 5



Tuning RF cavity to achieve impedance match

coupler

Cavity tuner:

e oObserves voltage and
current

e changes the shape of the
cavity using a motor

Rg Beam
Generator P 2
Cavity
T 2
P=—2
(R+Ry)
b UNR=R,)-2UR,(R+R,) 2 2
% — - 2 -— O = RO — R

(R+Ry)*



Digital filters - how & why?

Frequency Response

20 40 60 80

Example of a notch filter

100
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Some random signal
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Bandpass FIR filters generated by us
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Feedback loop - simulated aguarium

32 A

31 A

30

29

28 A

27 A

26 A

25 A

—— Without integrating part
- With tuned integrated part
—— With too high integrated part
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20000 -

15000 -

10000 -

5000 A

e

NS

20000 40000 60000 80000
Integrated error value
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I_NA Cavity Loop

Static Configuration

PNOM 1 MW
VNOM 10 MV
Antenna phase
Antl 84.00 deg
Ant2 -32.00 deg
Ant3 8.20 deg
Ant4 0.00 deg

VOLT. MEASUREMENT

B S —————

Ant Sum

ANTENNA SUM AMPLITUDE

Device Panel version
1.2E7
1E7
8E6
VOLTAGE SETPOINT CAVITY FILLING BEAM TRANS. COMP, 6E6
/ 4E6
/
4
£ Y Y
Voltage setpoint Fdbk Out g " 8
Cavity Filling Adaptive FF
Amplitude 11.4 MV - -
Phase 180.0 » ON HI OEO0
N 0 100 200 300 400
X l Cycle Window [us]
N
RF FEEDBACK :
Drive out
-~ E S POLAR LOOP NOTCH FILTER
|
I
- — |
. ,’ |‘ 1
\ i i -
] \ |
] \ 1
RF feedback ,’ “ :
Ratio 15 ] \ [
Gain 5431 # * '
Prop Gain 2400

KALMAN STATE

200



LHC

[auap-pos IRF Interlocks Power Control HV Interlocks

ext veto ()
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— ) Veto Present . 1]
ws |(Dr @ b o

0.15 kV 948 A
| Cath.V 50.24 kv|Cath.1  7.68 A J
]
I
ENV & PULSE SWAP l J

T RFIn[dBm] RF Out [dBm] | DF-IN Dr-FWD

Cavity - Main

RF Modulator

Analog I/0 D Kly-FWD T
Demod £ Oper |

RF On @D Saturation @D

Phase 7 \ Cav-FWD
NOISE B

O Tuner Loop \ 161.574 |
m Tuner Motor = -’5 ll
Loop E ’
lc FWD Coupler

Clock gen... Input Switch ,
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Data collection - temperatures in offices

25 A

24 1

23 A

22 -

21 4

20 A

19 ] — 194.12.151.226
—— 194.12.191.84
—— 194.12.188.92

18 A
11-091011-092211-101011-102211-111011-11 2211-121011-12 22 11-13 10




Conclusion:

Wheve is my per and papey?! - Julia

physics at CERN

In Python

O RLY Bartosz Bielawski
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