2= Fermilab

Managed by Fermi Research Alliance, LLC for the U.S. Department of Energy Office of Science

Engineering for Particle Accelerators

Timergali Khabiboulline
U.S. Particle Accelerator School (USPAS)

SRF cavity design, RF measurements and tuning, part 2
16 January 2020



Development of SC accelerating structures
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Development of SC accelerating structures

Machine parameters

Cryogenic
I ssues system

Pulsed operation

Lorentz force detuning

CW operation

RF power dissipation
in cavity walls

Beam stability (HOMSs)

High beam current
l Heavy beam loading
| Low Qext
High beam power
| Availability of
high-power RF sources
Beam quality /
(emittance) p| Parasitic interactions
preservation (input coupler kick, alignment)
Low beam power [Fr—| High Qext,
microphonics

Auxiliary systems: AC power,
cooling water, ...

Cryomodule design

Cavity design Vacuum

Mechanical design
stiffness,
vibration modes,
tunability,
thermal analysis

RF design
frequency & operating
temperature choice,
optimal gradient,
cavity shape optimization,
number of cells,
cell-to-cell coupling,
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HOM extraction,
RF power coupling
instrumentation
Cryostat design & controls
7
Input coupler design
HOM damper design
Tuner design
High-power
RF controls RF
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Power coupler design

TTF-3 Coupler, Rio R o
_ _ v? Q@ Q@
adjustable coupling Pg:4(R)-QL (e = ——cosh)’ +tany + = ——sing,)
tany = —2Q, L=% :_ZQL£
@, f,
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Power coupler design

5

waveguide to room light detector (PM)
coax temperature

transition window

warm vacuum warm coax cold coax
pumping port @ 62 mm @ 40 mm
Z=50 0hm Z=70 Ohm

cold window
4.2 K point

bias voltage
feedthrough

pickup
isolating roomtemperature 70 K point 1.8 K
Kapton foil 1solation vacuum flange to
flange cavity
& Fermilab
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325 MHz coupler

Spring to compensate

Cryomodule flange
thermal expansion

“SK” intercept
“80K” intercept

325 MHz
Ceramic window

>1 MHz

_ 25 kW

/ . e~ Antenna
M \! ~2kV

Arc detector " = - r
— : — N Cold flange
= e-pickup port P, 2K /Pl, 15K /Pl, | 125K/

3”x 0.0158” kW W W Pl, W

stalnlessisteel tube 0 006/ | 058/ | 2.02/40
Heater (~ 10W) 52 151

Matching bump

Bellows

3 0.10/ 0.81/ 2.35/ 47
86 211

oo 5 . 6 0.15/ 1.03/ 2.68/54
Air inlet Cabadiiar 3-1/8” coaxial input 129 268

20 0.35/ 2.07/ 4.25/ 85

PIP-Il SSR cavity, s01 | 53

fixed coupling 30 | 050/ @ 282/ | 536/
430 733 107
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Extra
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Bead pull measurements of RFQ

PXIE RFQ Design Features

e All OFHC copper body machined from solid billets

e 4-vane cavity structure with fly cut modulated vane tips
e Four ~1.12 m long cavity modules with bolted joints
e 162.5 MHz frequency
e Total length:4.46 m

e Pi-mode rods for
mode stabilization

e Distributed fixed
slug tuners

‘‘‘‘‘‘

£ |
CAD model of assembled 4-module PXIE RFQ design concept

Accelerating H- from 300 keV to 2.1 MeV
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Bead pull measurements of RFQ

Module #2 was manufactured before other modules

Tuner at one end of the RFQ. 50 mm
protrusion, frequency shift is 45 kHz.

J€ :
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Bead pull measurements of RFQ

Parameters
Frequency, MHz 162.499
Frequency of dipole mode. MHz 181.99
Q factor 14985
Q factor drop due to everything. % -14.7
Power loss per cut-back, W (In‘Out)  336/389
Total power loss, kKW 738

L max, mm 172.73

Part Total, KWz | Per unit, W | %
Walls 29.5 - 40
Vanes 3l 7764 42
Input cut-backs 1.34 336 1.8
Output cut-backs 1.56 389 2.1
Pi-mode rods 5.53 173 1.5
Tuners 4.79 59.9 6.5
& Fermilab
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Bead pull measurements of RFQ

Sweeping vane tip profile along modulation curve.

Complete vane tip solid models.

J€ :
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Bead pull measurements of RFQ

4 Fermllab
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Bead pull measurements of RFQ

Bead pull diagram

Horizontal actuators

['1Sphere R=2 mm

Vertical actuators

2.5
) /

IAF], kHz

2 4 6 8
Distance from center , mm

RF
resonator

Bead
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Bead pull measurements of RFQ

Positioning error can be compensated by averaging of measurements in all 4 guadrants
df (x+dx, y+dy) =c- f(x,y)+a(x y)-dx+ B(x,y) -dy

g %

T,

x=y=a(x,y)=pB(xy)

DETEE 0 ¢ 1)
D WWNRR =D

a(— X, y) = —a(x, Y)J a(x,—y) = —a(x, y) il

B(=x,y)=-p(x.y); Bx-y)=—B(xy)

df (x+dx,y+dy)+df (—x+dx,y+dy)+
df (x+dx,—y +dy) + df (—x + dx,—y + dy) = 4c- f(x, y)

J€ :
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Bead pull measurements of RFQ
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Bead-pull setup on RFQ Module #2
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Bead pull measurements of RFQ
File Edit View Project Operate Tools Window Help — J\”@l{:l
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Program allow to position bead in any location near cavity center and measure field flatness.

Multiple passes and post processing is included. .
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Bead pull measurements of RFQ

17

Quadrant measurements:
single quadrants 1 to 4 and
average filed amplitude
along RFQ length @ 30
mm radial offset.

First bead pull
measurement before
tuning, FF approximately
80% for avg.
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Bead pull measurements of RFQ

3
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 After final FF tuning: Freqg= 162.443 MHz FF=98%
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Bead pull measurements of RFQ
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