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Rydberg receivers provide:
« Self calibrating measurements -

directly correlated to atomic /:\
response .,
* Narrowband responses from - o
T N o J@ <
MHz to THz S ST ¢
* Areceiver configuration that Y l
does that scale in size with
wavelength
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Ground State Rubidium Spectroscopic Notation: 7.L;
s 11 n = principal (orbital size)
n=1 2,3, ..
LI RERE L= orbital angular momentum (orbital shape)
3s [P sp[TU LT 3a bl titltltd IL=0 to n-1
as (1] ap (11111 J = total angular momentum (orientation)
55 (1 j=1|L—S|to|L+S9]

* Highly excited atom, shown by principal quantum number “n”
* Any atom can be excited to the Rydberg state

* Rb and Cs are optimal for their single valence electron and
readily available cells
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* Asingle red laser is
insufficient to excite the

Rubidium atoms to the
Rydberg state from ground  piope:
state 780.24150 nm I

Probe Laser
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53P 3/2

52D 5/2
(Rydberg)

5P 3/2

55 1/2
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A second blue laser excites

the atoms to a Rydberg
Pump:
S.Fate 480.%4261 nm ‘
* Light from the red laser Srobe:
reaches the photodetector  7s0.24150 nm I

_ ({1 EIT”

Probe Laser
Pump Laser
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53P 3/2

52D 5/2
(Rydberg)

5P 3/2

55 1/2
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SANEGO -
= 53P 3/2
| ﬂ | 52D 5/2
= PUMP: (Rydberg)
g 9°f ’ 480.04261 nm
g 04 - 5P 3/2
< g2t | Probe: I
A A | 780.24150 nm
i e 5S 1/2
e T 100 0 100
A

Probe Laser
Pump Laser
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: P3/2
* Introducing an RF source,  rrinput ‘ 53P 3/
the singular EIT peak splits """ 52D 5/2
. Pump: (Rydberg)
into two peaks - Autler 480.04261 nm
Townes splitting Probe: oP 3/2
780.24150 nm
5S 1/2

Probe Laser
Pump Laser
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l_ 05 Autler-Townes Spl?tting (AT) 53p 3 / ’
5 | ﬂ"’ﬁ 7 RF Input:

g o ol ||E| = —AT| 15-03460 GHz 52D 5/2

S 03}

2 | P Pump: (Rydberg)

c 02 | 480.04261 nm 5p 3/9

ﬁ A | Probe: /

5O g W W WarTL 780.24150 nm

g 01 . . bS1/2
200 -100

Probe Laser
Pump Laser
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Rydberg-atom Receiver

AN, [N
/T T l\

\_ J
Errp

Sensitivity metric: minimum
detectable electric field per unit
bandwidth

Rydberg vs. Conventional RX

SAN DIEGO

Conventional Receiver

Err o

NF

Sensitivity defined in terms of the
noise figure of the LNA [W/Hz].

Vol Hy—1/2 B — \/8kae
2 G2
Soim = LA = 1T,
NFna = 10log(1 + T./Tp) min = 5 ~Aeff = fle V! Hy /2
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Rydberg-atom Receiver

Rydberg vs. Conventional RX

SAN DIEGO

Conventional Receiver

Y i ) o9 )] o l Demod
T ) ERF»
I /T L 9 XX LA J l\ |_> /detector
ERrp NF
Resonator

Sensitivity metric: minimum
detectable electric field per unit
bandwidth

Sensitivity defined in terms of the
noise figure of the LNA [W/Hz].

Vol Hy—1/2 B — \/8kae
2 G2
Soim = LA = 1T,
NFna = 10log(1 + T./Tp) min = 5 ~Aeff = fle V! Hy /2
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«  Gads +  GaN
« InP O Aluminum cavity Ja
CMOS & Free space; T' = 0K, variable vol. ey
8 = * e
10 «  SiGe — — —Quantum limit Rydberg free Spaci,égﬁ'k"
) = W
—— = r,‘%’k'.
A 105E o _
= : o Rydberg, cavity enhanced
g i 7 e
2 10*F o 5
- LNAs B . of
i = f K . "’:la{::?:‘ * - e OO - i - -
E f : = 3 1: : .-: & - .:-r . :i'f)‘-'k:YJ s S, :’.k . #'e D .‘ e
5 . 2f L feit s R, L L pO0R T
é S
5 1 s
T —— T T Quantum limit
10-2 | | i i i [ R B i i i i PR R | ] |
10° 10’ 10°

Frequency [GHz]

G. Santamaria-Botello, S. Verploegh, E. Bottomley, and Z. Popovic, “Comparison of noise temperature of rydberg-atom and electronic
microwave receivers,” 2022. [Online]. Available: https://arxiv.org/abs/2209.00908
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Tail Aperture

15.096-GHz

\ Waveguide A

cavity
e S One half of the
Coupling Sp”t—blOCk
Aperture - machined
Tuning Screw Cavity

Waveguide B Aperture

The unfilled fused
silica vapor cell
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[S11| [dB]

14 142 144 146 1438 15 152 154 156 1538 16
f [GHz|

Mag. meas. = = = Mag. fit Phase meas = = = Phase fit.
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S11is-18.0793 at

15.5106 GHz
Q, = 1100
Q, = 2860

Field enhancement factor
of 20.4

T, equivalentto 110 K
Half the intended Q, but
still significant noise
Improvement over non-
enhanced counterpart
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NamedExpr .
[vim] Effect of Tuning Screw
1.18E+05 0 T T
8.68E+04 P ) —~ —-0.271 mm
SSSCEE e .. ——-0.221 mm
— N e AT

. \ F 7 Y W /

i § N o -0.121 mm
e ——0.071
1.87E+04 & =-10f -0. mm
1.38E+04 » L = —-0.021 mm
1.01E+04 e 2 = —0mm
7.45E+03 + — s [——0.029 mm
5.48E+03 { ”“J /() —0.079 mm

\ Y \_ ]
4.03E+03 _’:_ N & e . 0.129 mm
2.96E+03 O —— \_J 200 |=——=0.179 mm
2.18E+03 R | —0.229 mm
1.60E+03
1.18E+03 -25 ' ' ' ' '

14.2 14.4 14.6 14.8 15 15.2

Frequency (GHz)

* Resonance can be shifted using tuning screw
* Screw displacement from 0.271 mm insertion to 0.229 withdrawal allows 216 MHz of tuning
* Resonant cavity provides a high degree of uniformity i.e., better AT splitting resolution
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106 S — —— S — T
.......... o ] G Y o 1300
- = = w/o cavity i oS
- 5t 1ol 1200
n 10} 1100
o i
< 5
T 15} % 0 2
'E ‘i K H. 7T mm =
| B 4 IS 4 A 1 I 944 9 z -20 2 i — — —59mm|4.100
10 1 0 . 5 3 : E"__- .......... 6.1 mm
10° 10 10 10 10 o5 | ’ .'""*----........__,............................. 200
Qi/Q(‘
NEF, =0.1 xVm~ ! Hz~V/? NEF, =5 gV m ! Hz /2 -30 ' ' ' -300
NEF; =1 uV m Y Hz /2 NEF, =1(l',u-VII1_1 Hz /2 15 15.05 15.1 15.15 15.2
NEF, =3 xVm ' Hz /2 Best LNA Frequency (GHz)

* Coupling aperture allows critical, over, and under-coupled regimes
* Important for sensitivity enhancement - critical coupling is not always best
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A defect
that
created a
bulge of
material
between
the vapor
cell and
tail

Manually drilled a taper to
accommodate the bulge
between the cell and the tail
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* Demonstrated Rydberg receiver sensitivity enhancement using
a resonating cavity

— 216 MHz tuning range
— Access to over, critical, and under-coupled regimes

— Resonance is measured at 15.5016 GHz, less than 4% (412 MHz)
above the target frequency, with significant hand-made modifications

— Noise temperature of ~110 K (without cavity, 4160 K)

* Future work
— Integration of this cavity into an AT set up on an optical table
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Thank you!

Georgia Sandidge
CU Boulder
georgia.sandidge.@colorado.edu
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