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Pr QjQQt X Pulsed Linac lattice and parameters #

Single bunch simulations using TraceWin Lattice segmentation
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Project X

Pulsed Linac lattice and parameters
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Lattice parameters Beam parameter Initial Final Requirement
: : value value
Cavity gradient (MV/m) 14/24/25.1
Energy (MeV) 3000 8000 8000
Synchronous phase (deg) -4.5/-6.5/-5 .
Norm. hor. rms emit. (mm mrad) 0.5163  0.5159 <0.6
N, EErilEE 22 Norm. vert. rms emit. (mm mrad) 0.2811  0.3114 <0.6
N. quadrupoles 28 Rms bunch length (ps) 2 1.3 < 100
Quadrupole gradient (T/m) 1.42 --2.42 Rms energy spread (MeV) 0.9 1.6 <4
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Goals of multi-bunch simulations:

* Assure that the Pulsed Linac performance fulfill the requirements during all the beam pulse (4.3 ms)
and on multi-pulse time scale in presence of cavity detuning (LFD+microphonics).

* Set constraints for the parameters used in order to consistently perform at an acceptable level.
 Study the impact of cavity gradient spread in cryomodules (not all cavities can reach design
gradient) on performance.

 Evaluate different RF configurations (1 RF station for 1 or 2 cryomodules).

* Validate current design and point out possible improvements.
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Project X Code output

Control of vector sums by regulation of RF stations' power.
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Cav#6: Q=1e7, E=24.5MV/m
Microphonics: STD = 2.27 Hz
T T T T

Detuning, Hz

Measured residual detuning
(after LED compensation)
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Detuning study
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Project X .

LLRF control

L. 2

Klystron delivers requested power and phase with RF Number of RF stations 28/14
station's errors and delay given by loop delay at 1MHz. Cavities for RF station 8/16
Kiystron Total detuning level (peak) 30 Hz
> Receiver amp. rms error (static/dynamic) 0.67/0.009%
Receiver phase rms error (static/dynamic) 0.667/0.005 deg
1300 MHz RE iohsﬁ:ﬁ:;r ........ TS Proportional gain 250
Klystron gain 1
Eg:l 3MHzo, oA Loop delay 1us
8 Chan Rec/Trans 8 Chan Rec/Trans
Generator amp. rms error (static) 0.2%
A
Generator phase rms error (static) 1 deg
Drive fs =62.52MHz
o ¢ i S wwae RF pulse length 7.2ms
G : O — 5 = € Repetition rate 10 Hz
= oI snse Beam pulse length 4.3 ms
13 MHz. FeedForward Set Point
o Pulse current 1 mA
T e preeiens Initial rms bunch time jitter (ps) 1
Digital Controller Initial rms bunch energy jitter (MeV) 0.25
Control system receives voltage amplitude and phase with  Bunch to bunch intensity jitter (max-min) (%) 3
receiver's errors at =1 MHz. Pulse to pulse intensity jitter (rms) (%) 3
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Project X

RESULTS

Simulations performed varying one parameter and keeping the rest at nominal.

Effects of gradient spread up to 10% (total) are negligible.

Final Energy spread Peak RF station power
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Parameter Nominal Constraint OE increase Power increase
Generator amp. rms error (static) 0.2% <2% <1% <1%
OthEF LLRF Generator phase rms error (static) 1 deg <10 deg <15% <2%
jparanleters
Receiver amp. rms error (dynamic) 0.009% <0.09% <1% <4%
Receiver phase rms error (dynamic) 0.005 deg <0.05 deg <1% <14%
10/01/13 A. Vivoli, NA-PAC'13

Page 11



Project X Conclusions & Y
' Outlook b

* Beam dynamics study of the Project X pulsed linac has been carried out for single
bunch simulations and an optimized design has been found.

e Simulations of longitudinal beam dynamics and LLRF control have been performed
with a Matlab based code developed at Fermilab.

 Configurations of 8 and 16 cavities per RF station have been compared in presence of
gradient spread in cryomodules.

» According to simulations gradient spread up to 10% (total) has no impact on
performance.

 Simulations show '16 cavities' configuration more sensitive to detuning level

( <50 Hz for acceptable energy spread < 4 MeV).

» LLRF parameters space have been preliminary studied, showing greater impact of
phase errors in generator and receiver on results.

e Other LLRF parameters don't seem to have strong impact on performance in the
range explored.

» Exploration of parameters space will be completed soon.

» Improvement of the code speed is desirable to have more accurate simulations.
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