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Accelerators at DESY.

linear and circular
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Greetings from
Elbphilharmonie
across the
city of Hamburg to
XFEL in august 2017
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Accelerators at DESY
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XFEL

european project
11 (12) countries

ca. 1.22 billion EUR
(D: 58%, RU: 27%) since 2009

3.4 km tunnel length

1.3 GHz pulsed rf
24 klystrons

768 sc 9 cell niob cavities
In 96 cryo modules
(1.7 km accelerator)

energy goal: 17.5 GeV
(now: 14.3 GeV)

up to 27 000 flashes
per second

wavelengths: 4.7 to
0.05 nm
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Accelerators at DESY

Main parameters:

e [=2304m

 beam energy = 6.08 GeV

* beam current: 100 mA (4.8 E12 e°), Top Up
» emittance (hor.) = 1 nmrad

e energy loss: ca. 5 MeV per turn
(ca. 65 % from damping wigglers)

e 20 undulators

 fill pattern:
e timing mode :
e 40 bunches, 192 ns gap, 2.50 mA per bunch
e 60 bunches, 128 ns gap, 1.66 mA per bunch
» continuous mode:
e 480 bunches, 16 ns gap, 0.21 mA per bunch
* 960 bunches, 8 ns gap, 0.10 mA per bunch
» availability: ca. 97 % (2017), MTBF: ca. 40 h (2017)
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rf system at PETRA Il

rf parameters

« frequency: 499.664 MHz
* harmonic number: 3840
« 20 MV cavity voltage

e 12 x 7 cell nc cavities

o rf power: up to 4 x 800 kW
(2 Thales and 2 Philips klystrons)
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calibrating the voltage

e[hf:

U,/ Vv
fo/ Hz
fo/ Hz

E,/ eV
E/eV

fSZ*ZT[*E ’
N\ fo“* axh

+ E,°

sum (geom.) of 12 peak cavity voltage (PETRA: 20 Mv)
synchrotron frequency (PETRA: ca. 6.1 kHz)
revolution frequency (PETRA: 130120.91 Hz)
harmonic number (PETRA: 3840)

momentum compaction factor (PETRA: 0.001127)
energy loss per turn (PETRA: ca. 5 MeV)

beam energy (PETRA: 6.083 GeV)

rf frequency (PETRA: 499664310 Hz)
synchronous phase about 14.3 deg
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But we observe (here in 40 bunch mode) a big change (5 %) of the
synchrotron frequency (blue) when the beam current (black)
decreased. Explanation? So we were looking for different methods.

And we want to calibrate the voltage of each cavity separated.
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the cavity as a triangle

Im U
Ug conditions: s C)
Cauvity is tuned I _
UC i Caity
< P
1/) Rs w1,  coupler
Ip —=—0 —
R > I ¢
o u ;
Ig Ug 1,
l/) beam synchronous phase psi: l/)
a0, cavity detuning angle phi: (0
accelerating voltage: U a

Ug

Re U
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the idea

* We want to calibrate the cavity voltage without using the generator power to increase the accuracy.
This method requires only the knowledge of beam current, shunt impedance and
loaded quality factor of the cavity.

» This calibration process makes use of blanking the accelerator rf-power for few milliseconds
in order to dump the beam current.

The transient of the cavity-voltage is measured at three characteristic points:

1.) Just before the rf-power is blanked (cavity voltage).
2.) Shortly after the rf is blanked, but the beam current is still unaffected (beam induced voltage).
3.) Shortly after the beam is lost and the rf is recovered (generator induced voltage).
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measure the three sides of the triangle
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The beam is dumped by switching

off the rf for 5 ms.

In this example the reason for the dump
was a trip of a magnet power supply.

A transient recorder saves 800 ms of data.

Here we see the (tentative calibrated)
voltages U, of 6 cavities (one transmitter)
and the beam current.

The first side of our triangle.

Let’s zoom in...
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measure the three sides of the triangle
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Looking on the measurement of the
cavity voltage after the beam is gone
and the rf ist back again we see

the generator induced voltage: U
The next side of our triangle.

Let’s zoom in more ...
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measure the three sides of the triangle
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Looking on the measurement of the
cavity voltage during the rf is off

but the beam is still in the machine

we see in each cavity

the beam induced voltage: Ug

We took the maximum after a short time
(ca. 30 us) of changing the charge in
the cavity and before the bunch is
debunched and lost.

The last side of our triangle.
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the next steps

* From the arbitrary calibrated measured values a triangle
can be constructed and the detuning-angle of the cavity can be calculated.

» By the knowledge of the detuning-angle the beam induced voltage
can be calculated. Since the beam-induced voltage forms
one side of a triangle, the remaining two sides which represents
generator induced voltage and cavity voltage can also be calculated.
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constructing the triangle

1. Calculating the cavity detuning angle phi ¢ by using
the law of cosines:

Im U 2 2 2
— Uco +Ug —Uq
Ug @ = arccos
W C W G
U <€ P . . .
C Ig All three sides coming from the same pick up
do have the same error.
So there is no effect to phi.
Ug
Example (Cavity PE_SR_Cy?2):
Uc: 2.051 E06 V _
Ugy: 1.916 E06 V ¢ =29.7 deg
@ Ug: 1.025 E06 V

Re U
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calibrating.

calculating and calibrating

R
2. Calculating the beam induced voltage: U B — 26 Q,_ ] B |]IOS¢ __

We only need R/Q, beam current and the loaded Q; :

» R/Q for our 7-cell cavities was calculated to 845 Ohm at
TU-Darmstadt (TEMF) in april 2016 in a high detailed
CST-MWS-calculation, including plungers, input coupler and
doorknob. older MAFIA calculations shows 856 Ohm.

* Precision of Iz measurement is about 1-2% (less in 40 bunch mode)

* (, was specified several times by band width measurements =

8000 +

6000 +

Example (Cavity PE_SR_Cy?2):
Q.: 7247 1

U, =2[(845Q (7247 100mA[cos29.7° =1.064MV

3000 +

originally Ug = 1.025 E06 V, so we had to correct 1
the calibrating factor for that U, pick up by 1.038 o |

[

SOyl SLOy2 SLC3 SLOM4 SLGS SLO6 Sh-Oyl SR-Oy2 SR-Oy3 SR-Cyd SR-OS SR-O%
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more capabilities

* Itis even possible to calculate the cavity phasing
and the forward and reverse coupler power of the cavity.

* The experiences at PETRA-III shows that the accuracy
of this calibrating method is comparable to those from
directional coupler measurements or calorimetric power measurements.

» By averaging the calibration data of many beam e ———
dumps the accuracy can be increased. R ..--- ... .o e s&tsitt i e/ m,....stai i

« The presented method is potentially well suited for @ mm oo
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Thank you for your attention
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