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Abstract

The PIP-II linac will include thirty-six Bg=0.61 and
twenty-four f=0.92 650 MHz 5 cell elliptical SRF cavi-
ties. Each cavity will be equipped with a tuning system
consisting of a double lever slow tuner for coarse fre-
quency tuning and a piezoelectric actuator for fine
frequency tuning. The same tuner will be used for both the
Bs=0.61 and Bc=0.92 cavities. Results of testing the cavity-
tuner system for the B=0.61 will be presented for the first
time.

INTRODUCTION

The proton improvement plan (PIP)-II linac section un-
der construction at Fermilab will consist of five classes of
superconducting RF (SRF) cavities made of niobium. The
linac will accelerate a proton beam to support experiments
for the g-2, mu2e, and DUNE collaborations at Fermilab.
Two types of elliptical cavities, the low beta (LB) cavity
at Bc=0.61 and the high beta (HB) cavity at fc=0.92, are
used to accelerate the proton beam from 185 MeV to
800 MeV [1].

The SRF cavity tuner has three roles. It is needed for ac-
tive microphonics compensation. It is also used for moving
the cavities to the nominal frequency after cooling to 2 K.
Lastly, it is used for protecting the cavity during pressure
tests. This paper presents the double lever arm tuner testing
on the cavity at 2 K. The cavity was placed in the recently
upgraded cryostat [2] at the Meson Detector Building
(MDB) at Fermilab, pictured in Fig. 1. This double lever
tuner will be used for both the HB and LB 650 MHz ellip-
tical cavities. The tuner specifications for the HB and LB
650 MHz cavities are shown in Table 1. There are two
components to the tuner, one is the slow and coarse fre-
quency tuning component consisting of a stepper motor.
The other is the fast and fine frequency tuning component
composed of piezoelectric actuators.

The double lever arm tuner's slow and coarse electrome-
chanical component consists of a stepper motor manu-
factured by Phytron. Accelerated lifetime tests at Fermilab
demonstrate that this stepper motor will survive prolonged
operation far exceeding the typical linac lifetime of
25 years [3, 4]. Additionally, after an irradiation hardness
test (gamma rays), no performance degradation was ob-
served, demonstrating that the stepper motor can survive
under these operating conditions [4].
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The fast and fine tuner component consists of two pie-
zoelectric actuator capsules. The piezoelectric actuators are
used for fast and fine frequency tuning control of micro-
phonics. The piezoelectric actuators are designed and
fabricated by Physik Instrumente (PI) per Fermilab speci-
fications. The accelerated lifetime test demonstrates that
the piezo can sustain 2 x 10'° pulses with a peak-to-peak
amplitude of 2 V. These are the number of cycles expected
for the PIP-II linac, equivalent to 25 years. The irradiation
test, with the same parameters as the stepper motor test,
also showed minimal degradation for this actuator [4].
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Figure 1: 650 MHz Bc=0.92 with tuner and other
ancillaries inside the STC cryostat at the MDB facility in
Fermilab.

SLOW AND COARSE TUNING
COMPONENT

The tuner was tested on both the 650 MHz c=0.92 and
Bs=0.61 dressed cavities. Once the cavity is cooled to 2 K
the frequency will not be precisely at 650 MHz. Since the
tuner can only compress the cavity, which lowers the cav-
ity frequency, the cavity frequency setpoint is set during
the production to avoid being below 650 MHz at 2 K. The
cavity’s frequency at 2 K before tuning is shown in Ta-
ble 2. This frequency is called the 2 K landing frequency
(f2 K Landing) NOte that it is higher than 650 MHz. The slow
coarse tuner has three regions of operation. The first region
is when the tuner can stretch the cavity via the safety rods;
in this region, the piezos are not engaged. The first region
is not used during operation. The second region is the un-
restrained position where the cavity frequency changes
slightly or not at all. This region is due to the safety gap
setup at room temperature. The piezos are not engaged in
this region, hence the small frequency change. The last re-
gion is for normal operation where the piezos are engaged.
These regions are shown in Fig. 2.
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Table 1: 650 MHz Cavity and Tuner Specifications for Different Geometries

Bc=0.92 Bc=0.61

Cavity Stiffness [kN/mm)] 5 4
Cavity Tuning Sensitivity [Hz/um] 150 240
Tuner System Stiffness [kN/m] > 40 > 40
Lowest Mechanical Resonance of Cavity-tuner System [Hz] >100 >100
Slow Tuner Frequency Range [kHz] 200 200
Stepper Motor Resolution [Hz/step] <1 <1
Slow Tuner Hysteresis [Hz] <100 <100
Piezo Tuner Frequency Range (at 120 V) [kHz] 1.2 1.2
Piezo Tuner Resolution [Hz] <0.5 <0.5
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Figure 2: Tuner operation after cooldown to 2 K. The left
axis corresponds to the Bg=0.61 and the right to =0.92.

The figures of merit of the 650 MHz tuner at 2 K are
given in Table 2. The piezo preload frequency at 2 K is cal-
culated from the difference between the 2 K landing
frequency and the unrestrained frequency. The measured
piezo preload at 2 K value is expected since the room tem-
perature piezo preload was set to 30 kHz. The safety gap
for the safety rod is shown in Fig. 2. This is the region
where the frequency plateaus. The size of the frequency
plateau gives the safety gap (see Table 2). The safety gap
value at room temperature was set to 150 um. From the 2 K
landing frequency, the number of steps needed to reach 650
MHz is given in Table 2. The total range of the tuner is also
shown in Table 2, the value exceeds the specification given
in Table 1. The fy,restrained Value for g=0.92 at room tem-
perature was 648.959 MHZ. Note that the pressure in the
helium vessel and outside the helium vessel was atm. The
difference between the f,restraineq at 2 K and at room tem-
perature is 1.148 £ 0.1 MHz.

The hysteresis of the stepper motor was tested by first
operating it in short step increments and then in large step
increments. The short-range hysteresis has increments of
10 steps, and the difference between the compression and
relaxation sweep is 30 Hz, as shown in Fig. 3 for both cav-
ity types. The 30 Hz value of the slow tuner hysteresis is
consistent with the stepper motor actuator backlash meas-
ured with the LCLS-II tuner [5]. This is also within the
hysteresis specification given in Table 1.
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Table 2: Measured Figures of Merit of the 650 MHz Cavity

Tuner at 2 K
Bc=0.92 Bc=0.61
f5 k Landing [MHZ] 650.070 650.124
650.2 £ 20
funrestrained [MHZ] 650.107 kHz
Piezo preload 2 K [kHz] 37 TBD
Unrestrained gap 2K 100 TBD
[nm]
Motor Steps to 650 MHz 93333 99200
Motor Sensitivity
[Hz/Step] 0.75 1.25
Motor Range [kHz] >212 >214
Piezo Sensitivity [Hz/V] —24 -36
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Figure 3: Short step hysteresis of the stepper motor for both

cavity types.

The tuner sensitivities in this range are given in Table 2

and are within the specification given in Table 1. The long-
range hysteresis with a span of 108 steps is shown in Fig. 4.
These values demonstrate that the stepper motor can tune
the cavity to 650 MHz and has a large range.
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FAST AND FINE-TUNING COMPONENT

The tuner consists of two piezo capsules which make
contact with the cavity. The piezo actuator can expand by
34 +2 pm when 100 V is applied at room temperature. The
piezo displacement was studied on the 650 MHz cavity at
2 K, with results shown in Fig. 5 for both types of cavities.
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Figure 4: Large step stepper motor hysteresis.
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Figure 5: Piezo hysteresis for both types of cavities with
20 V intervals. Both piezos were used.

The piezo can be modulated in small increments such as
15 mV achieving a piezo resolution of 0.5 Hz, which is
within the specification in Table 1. At 100 V on both piezo
capsules, the cavity frequency shift was —2.4 kHz for
B6=0.92 and -3.6 kHz for Bg=0.61 (see Fig. 5), which is
higher than the specification given in Table 1. The ex-
pected detuning from microphonics of the cavity operated
in CW mode is 5-50 Hz. Therefore, the piezo actuators pro-
vide a sufficient compensation range [6].
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CONCLUSION

The double lever tuner for the 650 MHz elliptical cavi-
ties (Bg=0.92 and Bs=0.61) was tested at 2 K inside a
cryostat on a dressed cavity. The results show that the slow-
coarse range for the fg=0.92 cavity is larger than 212 kHz
and larger than 214 kHz for the Bc=0.61 cavity. The hyste-
resis for the slow tuner is 30 Hz, consistent with the results
in Ref. [5] and within the specifications shown in Table 1.
The fast-fine component test yielded a response of
—24 Hz/V for B=0.92 and —36 Hz/V for fg=0.61. This
gives a large range for microphonics compensation. Thus,
the double lever tuner is capable of operation in the PIP-II
linac by exceeding the specification of the PIP-II project.

ACKNOWLEDGMENTS

This manuscript has been authored by Fermi Research
Alliance, LLC under Contract No. DE-AC02-07CH11359
with U.S. Department of Energy, Office of Science, Office
of High Energy Physics.

REFERENCES

[1] M. Ball, A. Burov, B. Chase et al., “The PIP-II Conceptual
Design Report,” Fermi Nat’l Accel. Lab., Batavia, IL, USA,
Rep. FERMILAB-DESIGN-2017-01 and FERMILAB-TM-
2649-AD-APC, Mar. 2017. doi:10.2172/1346823

A. L. Sukhanov et al., “Upgrade of the Fermilab Spoke Test
Cryostat for Testing of PIP-11 650 MHz 5-Cell Elliptical Cav-
ities”, in Proc. SRF’19, Dresden, Germany, Jun.-Jul. 2019,
pp- 1124-1128. doi:10.18429/JACOW-SRF2019-THPA91

[3] N. A. Huque, E. Daly, and Y. M. Pischalnikov, “Results of
Accelerated Life Testing of LCLS-II Cavity Tuner Motor”, in
Proc. SRF’17, Lanzhou, China, Jul. 2017, pp. 323-327.
doi:10.18429/JACoW-SRF2017-MOPB110

Y. M. Pischalnikov, B. Hartman, J. P. Holzbauer, W. Schap-
pert, S. J. Smith, and J. C. Yun, “Reliability of the LCLS II
SRF Cavity Tuner”, in Proc. SRF’15, Whistler, Canada, Sep.
2015, paper THPBO6S, pp. 1267-1271.

J. P. Holzbauer, Y. M. Pischalnikov, W. Schappert, and J. C.
Yun, “Performance of SRF Cavity Tuners at LCLS II Proto-
type Cryomodule at FNAL”, in Proc. LINAC’16, East
Lansing, MI, USA, Sep. 2016, pp. 808-810.
d0i:10.18429/JACoOW-LINAC2016-THPRCO17

J. P. Holzbauer et al., “Passive Microphonics Mitigation dur-
ing LCLS-II Cryomodule Testing at Fermilab”, in Proc.
IPAC’18, Vancouver, Canada, Apr.-May 2018, pp. 2668-
2670. doi:10.18429/JACoW-IPAC2018-WEPMLOO1

(2]

[4]

(5]

MOPA27
111

©= Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

©



