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F N A L, B at a vi a, I L 6 0 5 1 0, U S A
F E R MI L A B- P O S T E R- 2 2 -1 5 0 - T D. 

T his m a n us cri pt h a s b e e n a ut h or e d b y F er mi R es e ar c h Alli a n c e, L L C u n d er C o ntr a ct N o. D E -A C 0 2 -0 7 C H 1 1 3 5 9 wit h t h e U. S. D e p art m e nt of E n er g y, Offi c e of S ci e n c e, Offi c e of Hi g h E n er g y P h ysi cs

* pi s c h al n @f n al. g o v

T h er e ar e s e v er al e x p eri m e nts o n g oi n g at F N A L t h at r e q uir e fr e q u e n c y t u ni n g of b ar e ( u n dr ess e d) S R F c a viti es w h e n t h e y ar e c o ol e d d o w n a n d o p er at e d 
i nsi d e dil uti o n r efri g er at or. O n e of t h es e e x p eri m e nts is f or t h e s e ar c h of d ar k p h ot o ns usi n g a 2. 6 G H z S R F c a vit y. T h e li mit e d h e at c a p a cit y of a dil uti o n 
r efri g er at or pr e v e nts usi n g a st e p p er m ot or f or a n S R F c a vit y t u n er. T h e t u n er f or t h e 2. 6 G H z S R F c a vit y will b e e q ui p p e d wi t h e n c a ps ul at e d pi ez o 
a ct u at ors t h at will d eli v er l o n g a n d s h ort -r a n g e fr e q u e n c y t u ni n g. D esi g n of t h e t u n er a n d r es ults of t h e t esti n g c a vit y/t u n er s yst e m at a m bi e nt 
e n vir o n m e nt a n d at T = 7 7 K will b e pr es e nt e d.

T w o PI C M A 1 0 * 1 0 * 3 6 m m st a c k s gl u e d i n si d e o n e c a p s ul e.
Str o k e i s 3 8 u m at R T a n d ~ 4 -5 u m at T = 4 K ( at n o mi n al V olt a g e 1 2 0 V).
A ct u at or will d eli v er 2 * 5 = 1 0 u m.
At T < 7 0 K pi e z o c o ul d o p er at e at -1 2 0 t o + 1 2 0 V t h at will i n cr e a s e str o k e u p t o ~ 2 0 u m.
Effi ci e n c y of t h e t u n er/fr a m e i s 8 0 % … w e ar e e x p e cti n g str o k e ~ 1 5 u m … t h at will d eli v er 
t u ni n g r a n g e ~ 1 5 0 k H z. 

A N SI S Si m ul ati o n s/ T u n er d e si g n o pti mi z ati o n
PI pi ez o - a ct u at or

M e a s ur e m e nt s of w ar m t u n er effi ci e n c y  
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T e st of c a vit y i n si d e L N 2

d F [ k H z]

C a vit y @ 2 9 3 K wit h air i n si d e R F v ol u m e 1 5 9

C a vit y @ 7 7 K wit h L N 2 i n si d e R F v ol u m e 7 2. 5

V = 6 0 V a p pli e d t o all t hr e e pi e z o- a ct u at or s V = 6 0 V a p pli e d t o all t hr e e pi e z o- a ct u at or s 

T a ki n g i n a c c o u nt c a vit y df/ d L diff er e n c e b et w e e n air 
& L N 2 w e c o ul d e sti m at e t h at pi e z o a ct u at or h a s 
~ 5 0 % of str o k e r e m ai n e d at 7 7 K ( c o m p ar e t o T = 2 9 3 K)

S u m m a r y

P a r a m et e r s of t h e t u n e r, m e a s u r e d at
a m bi e nt e n vi r o n m e nt a n d at L N 2,
a g r e e d wit h e x p e ct e d f r o m
si m ul ati o n s.
B a s e d o n p r eli mi n a r y  m e a s u r e m e nt s
e x p e ct e d t u n e r r a n g e at T < 1 K will  b e
~ 1 0 0 k H z t h at li k el y will c o v e r r e q ui r e d
r a n g e f o r D a r k P h ot o n  e x p e ri m e nt.
T e st at 2 K e x p e ct e d i n A u g u st 2 0 2 2 .
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Sheet1

		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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