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1.6.4 MEBT: basic
considerations,
achievements and
criticalities
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1.Basic considerations:

4 quads and 1|2 buncher would be
sufficient.

it Chopper, 2 matchings are
required: RFQ to chopper, chopper
to DTL.

it Diagnostics, require some space.




2.Achievements
Buncher EM desigr
Tuner considerations
Coupler design
Quad design

LLRF definition
Optics/Layout preliminary definition




2a.Buncher EM design:

Starting from model buncher_01, a multivariable non-
linear constrained optimization process has started.

The algorithm uses Matlab® for optimization functions
and SUPERFISH/COMSOL® as eigenvalue solver.

The number of parameters (of the 2D buncher
geometrical definition) to be optimized varies from 4
to 6. Optimization problem aims at maximizing ZTT
with non-linear constrains =352.2 MHz kilpatric<1.4.
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2a.Buncher EM desi
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2a.Buncher EM design:

Fields normalized to
EoT = 0.5 MV/m
Kilpatrick: 1.37488

}; Cavity length: 160.00mm



2b.Buncher tuner design:

Different plunger tuner configurations are being considered. EM
simulations use model buncher_01 as test-bench for design, operating

at nominal power.

The estimated power loss in the plunger is also computed to define
cooling conditions.
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2b.Buncher coupler design

The power coupler for the buncher cavity is being designed
using electromagnetic codes.

The optimum taper design to guarantee 50 Hz matching and
ceramic window thickness are obtained from this study.

Window




Elliptical Cavity with couplers

Inductive
loop

e ——

==

The Resonating mode has similar field componenté than the
bunching cavity.

Two couplers have been inserted into an ellil[otical cavity to
check the inductive coupling provided by the loops.
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2c.Buncher cooling

Power loss obtained with model buncher_01 provides heat source input
for a heat transfer solver and the temperature field map in the copper
volume is obtained for the operating conditions of the cavity. Cooling is
being designed based on this information.

0

A 4.091x10’ A 6327.9
E X107
\ A
B\
; -0.2 \[‘:;;-\I 3.5
r - VM.
B 2.5
m L ‘ % / 2
°’ Y 1.5

1

. ! \ » .‘i'/ vl»
0% \ A\, /
N 4 / X
z @b 0

|_ 0.5

Q v

9 Surface electric field [V/m]

8 o A 9.8103x10°

N

o] 90000

£ -02 80000

. 0.2 70000

(@] 60000

c 50000

%) 40000

O 30000

Q o 20000

LL \x/v 10000
¥4

Electric field arrows [V/m] Power loss per éyclfe, [W/m?]




2d.Quadrupoles for MEBT

A review of different focusing elements used in similar MEBTs
worldwide is being done.

SNS MEBT Quadrupole




2d.Quadrupoles for MEBT

Energy
(MeV) Length (m) # Quadrupoles Types
32 mm o, 41 T/m, 61 mm L, 45 mm iron
SNS 2.5 3.64 14 42 mm @, 29 T/m, 66 mm l.&, 45 mm iron
20 mm @, 1.7 T/m, 255 mm l.g
44 mm o, 4.3 T/m, 155 mm L
LINAC4 3 3.9 1 28 mm @, 38 T/m, 56 mm l.¢
28 mm @, 12 T/m, 82 mm L.
RAL FETS 3 3.2t04.6 11 28 mm @, 9 to 33 T/m, 70 mm e
J-PARC 3 3 8 From 13 to 37.5 T/m, 60 mm L.
CSNS 3 3 8 From 12 to 33 T/m, 60 mm l.s

Summary of the MEBT's quadrupoles




2e.RF Interfaces for MEBT: LLRF

Based on the 1Q Demodulation (0-IF frequency)

— RF frequency too high for direct sampling of the cavity fields and
waveguide coupler signals

— Narrow bandwidth
— Easier implementation of the | and Q loops

— Analog solution provides a wider bandwidth, short group delay, and
cheaper than digital solution

LLRF composed of three different loops:

— Amplitude loop
— Phase loop ]’

— Tuning loop

Klystron polar loop considered as a separate part of the LLRF




Block Description of the LLRF

- Amplitude and phase loops

* RF signal demodulated to IQ components
* IQ comp. compared with reference levels
* Pl regulation depending on the error signal
* Phase shift to compensate the loop delay
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Block Description of the LLRF

 FPGA program for the amplitude and phase loops
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Block Description of the LLRF

« Tuner Loop

* RF signal demodulated to
IQ components

(RIS - 1Q comp. after and before
the cavity
_.L? — cav * T regulation to keep the
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Block Description of the LLRF

- FPGA program for the tuning loop

LLRF GUI
{Control and %

Monitoring)
) ) Digital Unit j |: Tuner Driver Unit
Tuning Unit S
lfwd ofst Tets‘ fwd
| |
Ifwd Ofst Pulse disable
> I
o » ADC LPF comp. (2x2] +ph thmsh -ph thrash l
Vwd -
> Cordic ‘ ‘
Dem Qfwdrofs > +ph_thresh | zn Pulse
l Phase < -ph_thresh [ ®| Generator DAC | Fuls=
| -
Qfwd Ofst Shifter
» ADC LPF comp. ™
(1) Ph_\fwd
+
’ ._,_ N\ Ph_zarmo
Analog Front- Tots cov F—
end Unit lcav ofdt l A
l Ph_Wecav
lcav Ofst Movement rev
»| ADC LPF comp. |—» [2x2]
L » l
1Q Cordic
Veoav Qecav ofst N >0
» Dem l Phase > <0 DAC #| Dirzction
. —>
Qcsv Ofst |—»| Shifter
» ADC LPF comp. 2




Outputs
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LLRF measurements

« Test Set-up
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LLRF measurements

Transient fields into the cavity and |, component

Pulse Frequency 50 Hz
Pulse Width
Duty Cycle

Settling Time <100 pus

File Control Setup Measure Analyze Utilities Help 7:29PM  File  Control Setup Measure Analyze  Utilities  Help

Duty cycle(2+) + width(2e) Frequency(?+)
87 7 1.9889063 ms 49 ,6391697 Hz

1.98913430 ms  49.6393553 Hz
1.9886379 ms 49.6382027 Hz
1.9897712 ms 49 .6404483 Hz

250 — 2000 s
1.25 — 10%

49.64 Hz
1988 us
9.88 %

2—10 us

Eﬂaé

e ol Markers | Scales
Rise time(2+)
current  10.50350 ps
mean  10.4024240 ps
min  9.25600 ps
max  11.31000 ps




Temp. (deg C)

LLRF measurements
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= Aperture 20 mm
2f.Optics Gradients 8-23 T/m

Effective length 70 mm
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2g.Diagnostic Elements

X&Y (mm)

Collimator(s)

Current Transformers
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3.criticalities
DTL Input data missing

Emittance b

Aperture de

Fast/Slow Chopper unde

INItIoN MISSIr

udget missing

9
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