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(Performances: )
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ﬂhvsical effects inducing noise and shifts: \

L Main sources of noise

hin = E. — E = Laser
; - i = Detection
= interrogation _
Ultrastable laser Dteteqlor ?f
il O Effects of trapping

(1) .
g [ Effects of thermal radiation

-
Clock output w(t) = Weg A+ y(t)))’ 1 Interactions between atoms

(Performances: ) KEI Many other physical and technical effects /

O High accuracy: overall uncertainty on &
O High stability: statistical properties of y(t)
O Low sensitivity to external perturbations
\EI Reproducible )
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QO Metrology

= Better time & frequency references
= Redefinition of the Sl second

O Tests of fundamental laws
=  Test of GR Living Rev. Relativ. 17, 4 (2014)
= Stability of fundamental constants Rev. Mod. Phys. 90, 025008 (2018)
= Search for dark matter i1iving Rev Relativ 28, 6 (2025)

= Probe nuclear properties via isotope shifts nat Rev Phys 7, 119 (2025)

O Chronometric geodesy
= Transportable optical clocks
= Optical fiber and free-space links
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Hg optical clock

Why using mercury (Hg) for an optical clock?

6 Low sensitivity to black body radiation (Yb/16, Sr/30)
Q) High vapour pressure (no oven)
O Simple transition structure (7 stable isotopes)

U High sensitivity to possible variations of constant a

\_

~N

J

185 nm, 120 MHz

1P1

. ;Clock transition
265.6 nm
So 100 mHz

transitions

435.8 nm

404.6 nm

546.1 nm

Y 3P2

L 4 3P1
————— b 5.5 MHz
detuning (-4.3 ")

3P0

PRL 101, 183004 (2008)
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Hg optical clock

Why using mercury (Hg) for an optical clock?

6 Low sensitivity to black body radiation (Yb/16, Sr/30)
O High vapour pressure (no oven)

O Simple transition structure (7 stable isotopes)

U High sensitivity to variations of constant a

@ Cooling and clock transitions in deep UV!

~N

F 3 F ' 3 351
1p, E| £ |g| Repump
A 1 22| transitions
| S| | <
JESE
N ¥ 3P
T 2
=N
Q
E e, e I 55 MHz
g detuning (-4.3 ")
3P-:J
Spontaneous
) ' decay ~ 1.5s
e " Clock transition
——, 265.6 nm

St} 100 mHz PRL 101, 183004 (2008)
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Hg optical clock

Why using mercury (Hg) for an optical clock?

6 Low sensitivity to black body radiation (Yb/16, Sr/30)
O High vapour pressure (no oven)
O Simple transition structure (7 stable isotopes)

U High sensitivity to variations of constant a

\EI Cooling and clock transitions in deep UV!

~N

J

G) far only 19°Hg isotope:
O Secondary representation of the second

U Performances reached @ LTE:
= Systematic effects uncertainty : ~ 5 x 1017 [1]
= Stability : 8-9 x 10 @ 1s [2][3]

\_

~

J

[1] 2024, Zyskind, PhD Thesis
[2] 2016, Tyumenev, NJP18, 113002
[3] 2023, Guo, PRA107, 033116

1P1

185 nm, 120 MHz

" Clock transition

265.6 nm
100 mHz

F 3 F ' 3 351
E| g | g| Repump
S | 2 it
<@ o transitions
(€3
Y 3P2
L i 3P1
————— U - 5.5 MHz
detuning (-4.3 ")
3P-:]
Spontaneous
' decay ~ 1.5s

PRL 101, 183004 (2008)
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Hg optical clock

Why using mercury (Hg) for an optical clock?

6 Low sensitivity to black body radiation (Yb/16, Sr/30)
O High vapour pressure (no oven)

O Simple transition structure (7 stable isotopes)

U High sensitivity to variations of constant a

@ Cooling and clock transitions in deep UV!

~N

J

G) far only 19°Hg isotope:
O Secondary representation of the second

U Performances reached @ LTE:
= Systematic effects uncertainty : ~ 5 x 1017 [1]
= Stability : 8-9 x 10 @ 1s [2][3]

Transition width soon a limitation vs new
\ generation of ultrastable lasers

~

J

[1] 2024, Zyskind, PhD Thesis
[2] 2016, Tyumenev, NJP18, 113002
[3] 2023, Guo, PRA107, 033116

185 nm, 120 MHz

F 3 F F 1 351
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1 el 2|2 ..
2@ o transitions
uy | =¢
5|2 |2
Y 3P2
3
L i P 1
————— b 5.5 MHz
detuning (-4.3 ")
Spontaneous
) ' decay ~ 1.5s
""" Clock transition
S 265.6 nm
0 100 mHz PRL 101, 183004 (2008)
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Towards Hg bosonic isotopes

3P1

Bosonic isotopes: no nuclear spin

=7 3P0

Y d
7

7’

.7 Fully forbidden transition
Ve

1S0 =
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Towards Hg bosonic isotopes

Quenching scheme

3P1

/ ................................ . 3P0
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Bosonic isotopes: no nuclear spin

1S0



Towards Hg bosonic isotopes

Quenching scheme
3P1

Bosonic isotopes: no nuclear spin

| — . 3P0

Probe laser w, E(F)

AW LW 3
1,9

1S0
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Towards Hg bosonic isotopes

Bosonic isotopes: no nuclear spin

= Still inducible via state mixing using a strong )
magnetic field [4]
in 88 174
kD Already demonstrated in Sr and */*Yb )

[4] 2006, Taichenachev, PRL96(8), 083001;

Quenching scheme

: 3P1
0 )y,
Rabi Aoy :,’
LA —r— 3P0
Probe laser w, E(F) e g
A ,

1S0
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Towards Hg bosonic isotopes

Bosonic isotopes: no nuclear spin

( Weak coupling:

1 Strong probe power w= Probe Light Shift

\_

= Still inducible via state mixing using a strong )
magnetic field [4]
in 88 174
\D Already demonstrated in Sr and */*Yb )
\

[ Strong magnetic field = Quadratic Zeeman Shift

J

[4] 2006, Taichenachev, PRL96(8), 083001;

Quenching scheme

. 3P1
Q L |
Rabi '
Ao
| — ——— 3P0
7’
— 7
Probe laser w, E(7) R4

U 7

1S0
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198Hg bosonic isotope

Isotope choice:
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198Hg bosonic isotope

Isotope choice:
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Probing the transition: Transition width of ~ Hz over +/- 10 MHz range!
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198Hg bosonic isotope

Isotope choice:
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198Hg bosonic isotope clock

Population

Ultrastable laser:

Linewidth ~ 200 mHz
Mean drift rate ~ -16.9 mHz/s

Lattice:
Trapping depth ~ 92.4 Er
Waist ~ 69 um

Cooling Lattice trapping
2D MOT

3D MOT

Probe
3P0

Clock interrogation

— 4 150

e
3

o
=)

80 —60 —40 -20 0 20 0 60 80
Frequency (Hz)
Detection
Detection
A 3P1

‘ 3P0

—= 1S0
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198Hg bosonic isotope clock

How to get a reliable clock?

e
3

o
=)

Population

Lattice: Ultrastable laser:
Trapping depth ~ 92.4 Er Linewidth ~ 200 mHz ]
Waist ~ 69 um Mean drift rate ~ -16.9 mHz/s . @
—-80 -60 -40 =20 0 20 40 60 80
Frequency (Hz)

Cooling Lattice trapping Clock interrogation Detection
e Detection
3D MOT A 3P1

3P0 —4- 3P0 48 3P0

— 48— 150 e 150 T Ts 150
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198Hg bosonic isotope clock

(. . )
How to get a reliable clock? L0
09
U High stability == Statistics 05l
O High accuracy s Systematics S 07
\ J %0.6
Lattice: Ultrastable laser: 03
Trapping depth ~ 92.4 Er Linewidth ~ 200 mHz .
Waist ~ 69 um Mean drift rate ~ -16.9 mHz/s . @
—-80 —60 —40 =20 0 20 40 60 80
Frequency (Hz)
Cooling Lattice trapping Clock interrogation Detection
2D MOT Detection
3D MOT A 3P1

3P0 —4- 3P0 48 3P0

— 48— 150 e 150 T Ts 150
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198Hg bosonic isotope clock

a .
How to get a reliable clock?

Q High stability == Statisti 05
O High accurac Systematics .
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~

\ Y,
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Lattice: Ultrastable laser: 03
Trapping depth ~ 92.4 Er Linewidth ~ 200 mHz .
Waist ~ 69 um Mean drift rate ~ -16.9 mHz/s . @
—-80 —60 —40 =20 0 20 40 60 80
Frequency (Hz)
Cooling Lattice trapping Clock interrogation Detection
2D MOT Detection
3D MOT A 3pP1
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198Hg systematics characterization

Lattice linear lightshift

|EL|?
8mh

U Total shift on atomic clock transition: Av = (algo (v) — azp, (v))
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198Hg systematics characterization

Lattice linear lightshift

|EL|?

U Total shift on atomic clock transition: Av = (algo (v) — azp, (v))
8mh

O Magic Wavelength: a;5,(v) = azp,(v)

X
—
I‘o
@
=3

s, (vy) U‘; d

a3Po( VL) o o
[ T
= &

Polarisability (C m2 V1)

Around 827 THz for Hg ;
0.0 0.2 0.4 0.6 0.8 Umagic 1.0 1.2 1.4 16
Frequency v, (x 103 THz)
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198Hg systematics characterization

Lattice linear lightshift / Magic Wavelength calibration \
Amagic = KV[, (VL'Vmagic) UL,

[ Total shift on atomic clock transition:
2
Av = (01150 (v) — a3p, (v)) |EL| O Differential measurements using different
8mh lattice depths
O Magic Wavelength: a45. (V) = a3p. (V) |
0 0 Fit:ys -y1 = 0 for v - ver = -288 +/- 40 MHz
de-15) * {  Differential measurement : 92.4 E, - 66 E,
%1079
— a5, (VL) U; d ot 229715-
| azpo(uL) o o on § +
T TA % o .f+ +
'? 2 (0) rE: '9-4 S §
~> Qsp, o o _::_%-25-15:
: | #,J P |
é 0 \ : ‘ —4e—15:
'g Y8y (0) E -2.0 -15 -1.0 -0.5 0.0 0.5 1.0 15 2.0
E =D 1 VL = Vrer (GHZ)
» ; Vmagic = 826.855 228(28) THz

Around 827 THz for H : o _
& - 22— 4/-3.2x 10716
0.0 0.2 0.4 0.6 0.8 V’m(Lgi(: 1.0 1:2 1.4 1.6 VO
Frequency v, (x 103 THz)




198Hg systematics characterization

Systematics calibration of clock transition

Cold collisional shift

O Induced by interactions between cold atoms

Accs = Kees Natom

[ Differential measurements with different atom
number

92 —4/-1.4 x 10716/1000 atoms

Vo

(1)
PHg, sr

0
= Phg, sr

2)
PHg, sr

(1)
Hg,Sr —

(2)
YHg,sr—Y

-

-]
oT
Q

0
PHg, sr

2e-161

le-16:

-le-16

-2e-16'
200

Cold collisional shift calibration

t  Differential integration between two configurations yyig s, — Viig s

Linear fit

250

300

350 400
ANatoms = N}a%():ms - N‘(ah))ms

(2)

(1)

450

500
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198Hg systematics characterization

Systematics calibration of clock transition

Cold collisional shift

O Induced by interactions between cold atoms

Accs = Kees Natom

[ Differential measurements with different atom
number

92 —4/-1.4 x 10716/1000 atoms

Vo

Our experiment: ~ 500-1000 atoms

oT
Q

(1)
PHg, sr

0
= Phg, sr

(2)
PHg, sr

(1)
Hg,Sr —

(2)
YHg,sr—Y

-

0
PHg, sr

2e-161

le-16:

-le-16

-2e-16'
200

t  Differential integration between two configurations yyig s, — Viig s

Cold collisional shift calibration

Linear fit

250

300

350 400
ANatoms = Nfa%():ms - Né%t)yms

(2) (1)

450

500
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198Hg systematics characterization

Systematics calibration of clock transition

Quadratic Zeeman Shift (QZS)

2
Q 8qzs = 5 | B

[ Differential measurements with different
values of B

Fit :— By, a2= 6.9216 +/- 0.0013 Hz/A"2
Goodness-of-fit Q = 0.5

coefficient (Hz/A?)

+|) M}“}l

Quad Zeem hift coeff
—

10 ) 5
Differential integration iteration

Bexp = —27 - 3.0 + 0.2 MHz/T2
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198Hg systematics characterization

le-17 le—13
- . - =y = oL A —— ===
Systematics calibration of clock transition ; o incerianty 1,
4: -== le-17
a --- le-18 16 2
Quadratic Zeeman Shift (QZS) £ | 5
, £3 &
= < 4 E
3 0= 5] :
QZS ﬂ T':; 2} _3Ej
‘IQ I Y%
[ Differential measurements with different <l 25
values of B : 11
% 2 & 6 & 10 ©
Fit :—By, 2= 6.9216 +/- 0.0013 Hz/A"2 Bfield current control (A)

Goodness-of-fit Q = 0.5

+ ‘) . M}“} l

Quadratic Zeeman shift coefficient (Hz/A?)

10 ) 5
Differential integration iteration

Bexp = —27 - 3.0 + 0.2 MHz/T2
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198Hg systematics characterization

le—17 le—13
- - - — 5
Systematics calibration of clock transition | o incerianty 1,
I -—= le-17
. . A ——- le-18 165
Quadratic Zeeman Shift (QZS) £ | 3
L T Cr
2 0= 5] ﬁ
o< 139
N 1N
[ Differential measurements with different <1} ©
values of B : 11
ST Sy e S "
Fit :—By,/a2= 6.9216 +/- 0.0013 Hz/A"~2 Bfield current control (A)
i Goodness-of-fit Q = 0.5 3.5 .
3 —— n-pulse power ]
g’ 3.0} ;
a§ ]
S oo S 25} ;
5 E |
g 6,921 + + i + + \ + } : + { : g 20r _
S| \ + + 815} .
Eae 210} ]
’ 5 ’ 10 ’ 15 0.5 _'é
Differential integration iteration 1
003 2 6 8 10
Bfield current control (A)
— . 2 .
,Bexp = —2m-3.0 £ 0.2 MHz/T maximum power ~ 500 uW 23
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198Hg systematics characterization

[=)]

T
QZS rel.shift [AoLz|/vo

L L
N w
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- - - L. 5. — — T T T T T T T T T T T T T T ]
Systematics calibration of clock transition | o incerianty
42 -—- le-17
: . >t = le-18
Quadratic Zeeman Shift (QZS) I
£ 3/
K ) QZs -
— ol _ B
0 Agzs = 8 || B 2 =+/-1-4 x 107172 2<
VO st F
o
[ Differential measurements with different “ 1)
values of B :
0 | 56 8 10
Fit :—By, a2= 6.9216 +/- 0.0013 Hz/A"2 [ Bfield current control (A)
g Goodness-of-fit Q = 0.5 3.5 : .
| [ —— nm-pulse power
30F | |
5 I 3
g S 25 ]
£ } = ] :
g 6.921 + + \ i : + + \ + } : + { : g 201 : _
v + + 815F |1 ]
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o E 10‘ I ;
’ 5 ’ ] ’ 15 0.5 I _'E
Differential integration iteration 1
0.0

(l) L I

Bexp = —27 - 3.0 + 0.2 MHz/T2

2

4 6 8
Bfield current control (A)

maximum power ~ 500 uyW
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~J

1
=
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198Hg systematics characterization

Systematics calibration of clock transition

Probe Light Shift (PLS)

D APLS =oP
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198Hg systematics characterization

Systematics calibration of clock transition

Probe Light Shift (PLS)

D APLS =oP

O Differential measurements at different power

Shift (1071°)

=
[\

[
o
I s P, s s .

14}

0 100 200 300 400 _ 500

Power (UW)
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198Hg systematics characterization

Systematics calibration of clock transition Maximum power ~ 500 pW:

= Waist of ~ 63.5 um
" 04 ~ 50 um

Probe Light Shift (PLS)

J Apps =aP =) Strong spatial inhomogeneities

O Differential measurements at different power

T T m—
~ Fit gat = (0.48620.019)Wq, probe
Laoool \ i MNirve = (0.773£0.009) MNgetected |
F 1\ ===~ Beam center 1

1 ]

12000 -

14

10000 |-

12

8000 [

10

6000
4000 -

2000 |

Shift (1071°)

0 100 200 300 400 _ 500
Power (uW) 37



198Hg systematics characterization

Systematics calibration of clock transition

Probe Light Shift (PLS)

D APLS =oP

O Differential measurements at different power

Shift (1071°)

12}

10}

14}

0 100 200 300 400 _ 500

Power (UW)

Maximum power ~ 500 pW:
= Waist of ~ 63.5 um
" 04 ~ 50 um

ms)p Strong spatial inhomogeneities

— T T m—
™ Fit gat = (0.48620.019)Wq, probe
Laoool \ i T Mire = (0.773£0.009) Mgetected |
F 1\ ===~ Beam center 1
1 ]
12000 -
10000 -
8000
6000
4000 -
2000 +
0 7\ 1 I I T 1 I n L I i I 1 n PN I 1 L I I I 1
0 10 20 30 40 50

m) Bijases on PLS estimation

2V — 4 /- 5.8x 10718 /uW

Vo
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198Hg / 87Sr Comparison

Zyskind et al., arXiv:2512.04920
2 month local comparison campaign: oot Correction  Uncertainty
ee (x10717) (x107'7)
. . . _ adratic Zeeman effect TR68.7T 4.9
O Total relative systematic uncertainty: 6.9 x 107 1° %i;;iécﬁcffjr;;;f;mifﬂuh. o 59
O Statistics <3 x 1017 Residual magnetic field 0 4.3
Cold collisional shift 4.1 17.3
7<¢: —-17
Q 87Sr: 4.6 X 10 Linear lattice light shift 0 32.3
Nonlinear lattice light shift 2.1 2.1
Viggy Blackbody radiation 14.6 1.5
g — 2.629 315734 684 118 1 (18) Background gas collisions 3.0 3.0
V87sy Probe light shift 201.8 58.4
\_owns = 1 128 575 945 288 666.3 + 0.78 Hz Total 76006 9.1 )
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198Hg / 87Sr Comparison

/2 month local comparison campaign:

O Statistics <3 x 1077
Q 87Sr: 4.6 x 1017

Viogyy

= 2.629 315 734 684 118 1 (18)

V87ST'

\1/198Hg

Zyskind et al., arXiv:2512.04920

O Total relative systematic uncertainty: 6.9 x 10~ '°

1 128 575 945 288 666.3 + 0.78 Hz

Correction Uncertainty
Effect (x10~17) (x10717)
Quadratic Zeeman effect TR68.7T 4.9
Magnetic field fluctuations 0 2.9
Residual magnetic field 0 4.3
Cold collisional shift 4.1 17.3
Linear lattice light shift 0 32.3
Nonlinear lattice light shift 2.1 2.1
Blackbody radiation 14.6 1.5
Background gas collisions 3.0 3.0
Probe light shift -201.8 58.4
Total 7600.6 69.4

/Stabilitv estimation:

With ~1s cycle/200ms probe:

O198ng(1)~6 — 7 x 1071 /T

O Already better than fermionic isotope
O Limited by Dick contribution

Overlapping ADEV

107151 \
N
10—16 L
— 1.0x107 /T
ylgaHngTSr N
_1? il i i IR | i i P AR | i i I R | i i
10 10° 10! 102 103

40
Time (s)

AN



https://arxiv.org/abs/2512.04920

198Hg / 87Sr Comparison

/2 month local comparison campaign:

O Statistics <3 x 1077
Q 87Sr: 4.6 x 1017

Viogyy

= 2.629 315734 684 118 1 (18)

V87Sr

Zyskind et al., arXiv:2512.04920

O Total relative systematic uncertainty: 6.9 x 10~ '°

Correction Uncertainty
Effect (x10~17) (x10717)
Quadratic Zeeman effect TR68.7T 4.9
Magnetic field fluctuations 0 2.9
Residual magnetic field 0 4.3
Cold collisional shift 4.1 17.3
Linear lattice light shift 0 32.3
Nonlinear lattice light shift 2.1 2.1
Blackbody radiation 14.6 1.5

Background gas collisions 3.0 3.0

ve light shift -201.8 58.4

Total To00.0 69.4

\1/198Hg = 1128575945 288 666.3 + 0.78 Hz

~

/_Stabilit_v estimation:

With ~1s cycle/200ms probe:

O198ng(1)~6 — 7 x 1071 /T

O Already better than fermionic isotope
O Limited by Dick contribution

Overlapping ADEV

107151 \
N
10—16 L
— 1.0x107 V3N T
ylgaHgwar B
10—1?

T T T "
Time (s)

AN
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Hyper-Ramsey Spectroscopy

Ramsey Interferometer: (qb = —O0T 34k Sensitive to light shift errors:
O Sh'ft 5(‘)0
Loading Probing Detection o Broadening
Tdark
Probe laser < P 0.4 I : :
Ramsey
Pulse
area im/2 /2 0.2
Detuning {Agep Agte;
Phase 0 0
2 00
—
-0.2
-0.4 ' : : : : L
-0.4 -0.2 0.0 0.2 0.4
Al Qo
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Hyper-Ramsey

Ramsey Interferometer:

Spectroscopy

Loading Probing Detection
Tdark
Probe laser < >
Pulse
area (m/2 /2
Phase 0 0
Hyper-Ramsey Interferometer:
Loading Probing Detection
B Tdark R
Probe laser B i
Pulse
area m/2 - 14 /2
Detuning Astep 0 Astep Astep
Phase | 0 0 T 0

(¢ — _aTdark

0.4 ,

Sensitive to light shift errors:

O Sh'ft5w0
o Broadening

Smn
o
o

]

0.4 ,

—_—
i e 2

Hyper-Ramsey

Phys. Rev. A 82, 011804(R)
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Hyper-Ramsey

Ramsey Interferometer:

Spectroscopy

(¢ — _aTdark

0.4 ,

Sensitive to light shift errors:

O Sh'ft5w0
o Broadening

0.2

W
o
o

T

-
-
-
-
=i, =
#
L

-0.4 '

-
—
-—— e e e et
P

Hyper-Ramsey

Phys. Rev. A 82, 011804(R)

0.0
ﬂfﬂo

0.2 0.4

Loading Probing Detection
Tdark
Probe laser < >
Pulse
area (m/2 /2
Phase 0 0
Hyper-Ramsey Interferometer:
Loading Probing Detection
B Tdark R
Probe laser B i
Pulse
area m/2 - 14 /2
Detuning iAgep 0 Astep i Astep
Phase | 0 0 T 0

O Expected reduction on PLS <1/1000!
O Insensitive to pulse area errors (spatial inhomogeneities)
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Hyper-Ramsey Spectroscopy

12000FF T~~~ T T , ,
Successful implementation
10000 | § 1st integration tests on-going
] ' i i
S 8000F %1} 1M fen L AN
— 1 / Al 0.4 —
© 6000} . v F L
= b ] 1
= VloL) ' .
B 4000} - | |
0.2} -
2000 |
0-300 =50 0 50 100 S oo} |
Frequency (Hz) ﬁ '
Hyper-Ramsey Interferometer: 0.2F .
Loading Probing Detection
0.4 1 I 1 |
o Taame -0.4 -0.2 0.0 0.2 0.4
Probe laser ) : Phys. Rev. A 82, 011804(R) Al Qo
Pulse )
area /2 - T w2 O Expected reduction on PLS <1/1000!
Detu:ing Astep g Astep : Dstey O Insensitive to pulse area errors (spatial inhomogeneities)
Phase 0 T 0
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Using of Repumpers

5565 35, Repumpers

=21 x 119 MHz Clock transition

5s5p *P, 546.2 nm
| 404.8 nm I/2n=7.8MHz
: r/2n=3.3MHz
- 2
- 1 > 5s5p 3P,
: - L T 0
3
I

185 nm :

|

1 265.6 nm

e—— = 21t x 100 mHz
5s21S,

46



Using of Repumpers

5565 35, Repumpers
f=——=—— ==
\ LS
[/2n=8.9MHz
o
555 9\ 546.2 nm
404.8 nm 2 \[/2n=7.8MHz
r/2m=3.3MHz 2

2
1 } 5s5p 3P,
T 0

I
|

185 nm |
=21t x 119 MHz | Clock transition
1 265.6 nm
i [ = 21 x 100 mHz
5s21S,
4 198HQg repumpers: )

O Sideband cooling
» Decrease atomic cloud size

\ [J Normalized detection )

47



Using of Repumpers

5565 35, Repumpers
f=——=—— ==
\ LS
[/2n=8.9MHz
o
555 9\ 546.2 nm
404.8 nm % I/2n=7.8MHz

r/2rn=3.3MHz

2
2

i
[
f
f
: 7 =27
i
| =
185 nm :
i
I

=21 x 119 MHz Clock transition

H 265.6 nm
e [= 21 x 100 mHz
5s21S,
( 198HQg repumpers: )

O Sideband cooling
» Decrease atomic cloud size

\ [J Normalized detection )

} 5s5p 3P,

Amplitude

0.55

0.50 1

0.40 1

1 405 transition

—— f=274.645948 THz. o=20.82 MHz

0.00588 0.00590 0.00592

Frequency (THz)

0.00598 0.00600 0.00602
+2. 746422
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Using of Repumpers

5565 %S, Repumpers O 405 transition
I=—--=-——
\ K R ® —— 1=274.645948 THz, o=20.82 MHz
[/2n=8.9MHz

; 2 0.5
Sl 9\ 546.2 nm
1 404.8 nm 2 \[/2n=7.8MHz
: r/2mn=3.3MHz 2 0501
' E
| 2 E
- 1 5s5p 3P, < 045
! ; ‘
" =21 L T 0
i
I 10

185 nm : 040
=21t x 119 MHz | ) Clock transition
1 265.6 nm | | | | | | | |
A & [ = 21t x 100 mHz 000588 000590 000592 000504 000596 000598 000600  0.00602
5s? 150 Frequency (THz) +2.7464e2

4 198Hg repumpers:

O Sideband cooling
» Decrease atomic cloud size

[J Normalized detection
\_

0 No signal of 546 transition so far

~

J
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Using of Repumpers

5565 35, Repumpers 1D, (Intensity: 2000) 366.3nm
v XX 3D, (Intensity: 3000) 365.5nm
LT 3D; (Intensity: 9000) 365.01nm

bvg

5s5p 1P,

546.2 nm
404.8 nm I/2n=7.

)
O
2.

[/2rn=3.3MHz >

Optical lattice: 362.5nm

I )
|
O =
u
)
Ul
©
w
9

185 nm !
M=21tx 119 MHz 1 Clock transition
1 265.6 nm
E—— [~ 21t x 100 mHz
5s21S,
4 198Hg repumpers: ) O No signal of 546 transition so far

O Sideband cooling
» Decrease atomic cloud size

\ [J Normalized detection )
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Using of Repumpers

404.8 nm
r/2rn=3.3MHz

185 nm |
[=2nx 119 MHz :

Clock transition

H 7 265.6 nm
ey = 21t x 100 mHz
5s21S,
4 198HQg repumpers: )

O Sideband cooling
» Decrease atomic cloud size

[J Normalized detection
\_

J

">\ 546.2 nm
2 \[/2n=7.
2

Repumpers

1D, (Intensity: 2000) 366.3nm
3D, (Intensity: 3000) 365.5nm

3D; (Intensity: 9000) 365.01nm

Optical lattice: 362.5nm

(" A Blue detuned lattice w/ dipole force ~ 100x )
larger
A Should loose atoms in 3P2 in a few ms

= Very short pulses of 546nm: need more power

0 No signal of 546 transition so far
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Conclusion

/Ellst experimental measurement of the clock transition \ 10_15;' \
. . . > + 1
in a bosonic isotope of Hg: W | ™
<
Vi9sg
19 = 2629315734684 1181 w/ ~ 7 x 10716 uncertainty| £
V87gsy 3107
g |
Qstability 6 — 7 x 10716 /4/7 a7
lgng,I'S?Sr
(Paper submitted on PRL) o T - E— T
Time (s)
. . . . . 12000 F
Uncertainty dominated by probe light shift uncertainty 10000l
Insensitive hyper-Ramsey interrogation S 8000}
T 6000}
: A 4000}
dSetting up repumpers
\ / 2000 -
0

~100 =50 0 50 100
Frequency (Hz)
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Perspectives

/Ellnvestigating purity transfer and synchronization of
Hg/Sr clocks

(cancelling Dick contribution)
[ Continue working on implementing repumping

dNew campaign of systematics calibration

(lattice light shift, cold collision calibration...)

ANew vacuum chamber for improved lifetime (~ 600ms)

\_

~

/

10715¢

>
Ll
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<
(@)}
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o
O
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Q
>
@) I
| — 6.9x10715VT
198Hg/8?5r
=17 L. 1 I Piil iiiil
10 100 102 103
555p 1P, 546.2 nm
r/2n=7.8MHz

2
1 5s5p 3P,

185 nm 1|
M=2nx119 MHz 1 Clock transition
"’ 265.6 nm

[=2m x 100 mHz
5s2 15,
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Thanks!

4 Mercury Lab ) 4 Srontium Lab ) 4 Frequency Comb A
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Sebastien Bize Jéréme Lodewyck Benjamin Pointard
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Carla Zyskind
N\ L _/
Observatoire
de Paris

Lu_ Université B SORBONNE LN=
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198Hg systematics characterization

Lattice linear lightshift

o
O Unbound atoms: Doppler broadening + recoil shift
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198Hg systematics characterization

1.0

Lattice linear lightshift

0.8

bility P

0.6

O Unbound atoms: Doppler broadening + recoil shift
O Trapped atoms: supressing motional effects S04

oba

0.2

0.0
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198Hg systematics characterization

Lattice linear lightshift

O Unbound atoms: Doppler broadening + recoil shift
O Trapped atoms: supressing motional effects

Vertical lattrice trap:

Potential

Potential U(r,z)

=h Longitudinal direction 2

/Confinement in Lamb-Dicke regime: \

O Intracavity power ~ 9W
O Waist ~ 69 um

=) Strong Stark shifts on the two

\ clock levels

J
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