2.6GHz SRF cavity tuner for DarkPhoton experiment
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There are several experiments ongoing at FNAL that require frequency tuning of bare (undressed) SRF cavities when they are cooled down and operated
inside dilution refrigerator. One of these experiments is for the search of dark photons using a 2.6 GHz SRF cavity. The limited heat capacity of a dilution
refrigerator prevents using a stepper motor for an SRF cavity tuner. The tuner for the 2.6 GHz SRF cavity will be equipped with encapsulated piezo
actuators that will deliver long and short-range frequency tuning. Design of the tuner and results of the testing cavity/tuner system at ambient
environment and at T = 77 K will be presented.
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Two PICMA 10*10*36mm stacks glued inside one capsule.
Stroke is 38um at RT and ~4-5um at T=4K (at nominal Voltage 120V).

Actuator will deliver 2*5=10um.

At T<70K piezo could operate at -120 to +120V that will increase stroke up to ~20um.
Efficiency of the tuner/frame is 80% ... we are expecting stroke ~15um... that will deliver
tuning range ~150kHz.

Tuning of the warm cavity

Load on each piezo ball 1 kN Fixed opposite piezo ball
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Measurements of warm tuner efficiency
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cavity response,
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ambient environment and at LN2,
agreed  with  expected  from Test of cavity inside LNZ2
simulations. V=60V applied to all three piezo-actuators
Based on preliminary measurements 1 ' dF [kHz] > 64um
expected tuner range at T<1K will be Cavity @293K with air inside RF volume | 159
~100kHz that likely will cover requirea Cavity @77K with LN2 inside RF volume | 72.5

range for Dark Photon experiment.
Test at 2K expected in August 2022.

Cavity Leng

Taking in account cavity df/dL difference between air |
& LN2 we could estimate that piezo actuator has | T
~50% of stroke remained at 77K (compare to T=293K)  —===es =20
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		preload		Frequency [MHz]		Preload [kHz]

		Initial		2592.6183

		preload		2592.8979		279.5999999998

		After 30 min 		2592.8764																								long PZT on the 2.6GHz cavity



				Room Temperature & Air		All Three		Piezo #1 		Piezo #2		Piezo #3						LiNbO3												All Three		60V

						Frequency Shift [MHz]		Frequency Shift [MHz]		Frequency Shift [MHz]		Frequency Shift [MHz]				Ratio		0.0612447242										Shift 293 K [kHz]		158.8000000002

				0 V		2592.874		2592.8725		2592.8755		2592.8759																Shift 77 K [kHz]		72.4

				60 V		2593.0328		2592.9315		2592.9327		2592.9232																Ratio 		0.4559193955

				Shift[kHz]		158.8000000002		59.0000000002		57.1999999997		47.3000000002		163.5000000001

				Cavity Frequency [MHz]		2592.8764																								dF [kHz]

																												Cavity @293K with air inside RF volume 		159

																												Cavity @77K with LN2 inside RF volume 		72.5

				77 K & Liquid Nitrogen 		All Three		Piezo #1 		Piezo #2		Piezo #3

		1st Meas		LiNbO3		Frequency Shift [MHz]		Frequency Shift [MHz]		Frequency Shift [MHz]		Frequency Shift [MHz]						LiNbO3

				0 V		2169.8053		2169.8126		2169.8118		2169.8167				Ratio		0.0333670491

				60 V		2169.8777		2169.8375		2169.8327		2169.8413						0.5448150766

				Shift[kHz]		72.4		24.8999999999		20.9		24.6000000002		70.4000000001

		2nd Meas		LiNbO3		Frequency Shift [MHz]		Frequency Shift [MHz]		Frequency Shift [MHz]		Frequency Shift [MHz]

				0 V		2170.0013

				100 V		2169.8712

				Shift[kHz]		-130.0999999999

				Cavity Frequency [MHz]		2169.8053





Sheet2

												V=60V applied to all three piezo-actuators 

														dF [kHz]

												Cavity @293K with air inside RF volume 		159

												Cavity @77K with LN2 inside RF volume 		72.5

																						2.65
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