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« Off-line laser spectroscopy of Er with S3-LEB

* Analysis
o Isotope shift

o Broadening mechanisms of spectral lines

o Hyperfine structure

 (Conclusion and outlook
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First commissioning case 415.2 nm
ErliP = Al: 49293.6 cnr 41F5Egm Method  A(MHz) B (MH2)
49262 cm-1
) 41%(°Hs)  gasjet[1,2] -147.1(7) -1936(24)
Q’S 6s6p,
" J=5 ref [3] -146.6(3) -1874(16)
7 77 4 f1(4F )5d6s?, J= 6 — gas cell
T L 4 f12CH Y6s6p, J=1T |
FES — 4 F11(4])5d652 J=6 gas cell & jet
E /T~ N - =
,\Q OOQG Cb(\& ,Lo‘}\’ ” 4f12CH )6s6p, J=5]1.2] Three different Er schemes explored in this work:
oé;," b&'@q’}')@ - « 408.8 nm with injection-locked Ti:sa in gas jet.
A * 400.8 nm with dual-etalon Ti:sa in gas jet.
” * 408.8 nm, 400.8 nm, 393.7 nm with dual-etalon
4112652 CHe), J =6 Ti:sa in gas cell.

[1] A. Ajayakumar et al.Nuclear Inst. and Methods in Physics

Research, B 539 (2023)
[2] J. Romans et al. Nucl. Instrum. Meth. B 536 (2023)

[3] W.J. Childs et al., Phys. Rev. A 28 (1983)
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A —A
A’A
 Field shift: large F; values — high
sensitivity to §(r2)4"4

5I/AI’A = Ff,;(s(’l"z)A,’A + Mz

(2

* Mass shift: M; =M, \yus + M, suis

D;
Mixms = 1836.15

1 King plot

Atomic factors F; and M,
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 Field shift: large F; values — high

sensitivity to §(r2)4"4

* Mass shift: M; =M, \yus + M, suis

Di
MiNms = 1836.15

1 King plot

Atomic factors F; and M,

Modified Av;ds (MHz)
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King plot analysis

—2501
-500+
—750

—1000+

Type | using muonic X-ray A.170 data:

(AV@A,’A)mod = AA"A)mod +\pM;

12501

4 408.8 nm gas jet

[166,167]

¥? =185
F = 10809(3198) MHz/fm?
M = —7514(6511) GHz*u

-0.14 -0.12 -0.10 -0.08

Modified AAA"A (fm?2)

Limitations:

« Type Il: too large uncertainties.
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4 ’ AI =
(SI/f4 A = Fi5<1°2>A A + Mz—

(AV@A,’A)mod = AA"A)mod +\pM;

i —250+
A’A = 4 408.8 nm gas jet
 Field shift: large F; values — high < -s00]
r 2\ A", A o [166,167]
sensitivity to 6 (r<) 8 _750
=
. <
« Mass shift: M; =M s + M;qmg §-1000-
’ ’ = 2=1.85
Di 3 8,170] £ 2
. = —12501 ' F = 10809(3198) MHz/fm
M,NMS 1836.15 = M = —7514(6511) GHz*u
_ -0.16 -0.14 -0.12 -0.10 —0.08
1 King plot Modified AAA"4 (fm?2)
Atomic factors F; and M; Limitations:
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Type |: too large uncertainties.
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A/
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sensitivity to §(r2)4"4

* Mass shift: M; =M, \yus + M, suis

Di
MiNms = 1836.15

1 King plot

Atomic factors F; and M,
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7 A
v A= FS (r)AA - M
7, (r) A A

 Field shift: large F; values — high

King plot analysis

Modified Av;ds (MHz)

—2501

-500+

—750

—1000+

12501

Type | using muonic X-ray A.170 data:

(AVf,’A)mod = AA,’A)mod +\pM;

4 408.8 nm gas jet

[166,167]

x? =185

M = —7514(6511) GHz*u

8,170] F = 10809(3198) MHz/fm?

Modified Av2;Zy (MHz*u)

-0.16 -0.14 -0.12 -0.10 -0.08

Modified AAA"A (fm?2)

Limitations:

« Type Il: too large uncertainties.
« Type Il: the 583 nm reference[1]

assuming M; g\s = 0.

[1] H. Okamura, S. Matsuki, Phys. Rev. C 35 (1987)
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/A A/ A
v s =(0. £ 0.5)007 400.8 jet + MS 415.2 jet + MS
i, SMS ( ; ) i, NMS § 1000 [168,170] + .8 nm gas je E - <+ .2 nm gas je
for ns® — nsnp transitions = [166,168] = [166,168]+[166 r
o 7507 ~ 1001 '
\ 4 8 500 [166,167] 3 [168,170]
. = 1 N ,
Intercept of type | King plot 3 3 50
_ o 250 ©
Mo GOS8 e ViR e X
0 = — m . == m .
y = M = 399(253) GHz*u MS point = 50| M= 323(311) GHzu MS point
2. =6- , : : : : V1 : : : : ‘
400.8 nm 6s2-6s6p, J=6-7 —016 -0.12 -008 -004 000 —016 -0.12 -0.08 -0.04 0.00
415.2 nm 6s2-6s6p, J=6-5 X Modified AAA“4 (fm?2) Modified AAA“4 (fm?2)
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Type | King plot + SMS estimation for 400.8 nm and 415.2 nm

-+ 400.8 nm gas jet + MS

A A

Modified Av,

N 10001 [168,170]
for ns® — nsnp transitions = 150, *- [166,168]
) 2 :g [166,167]
Intercept of type | King plot g 200
uM; = pM; Nms (2 0.5uM; Nwvs) % 27 4= 154 2 v
o pojpmammmt s poir
400.8 nm 6s2-6s6p, J=6-7 V -0.16 -0.12 -0.08 -0.04 0.00
415.2 nm 6s2-6s6p, J=6-5 X Modified AAA"A (fm?2)
Reference 582.7 nm 6s2-6s6p, J=6-7 theoretical calculation[5]
Atomic Elil A B £
“tatos (cm™) (MHz) (MHz) (GHz/fm?)
Expt. Calc. Expt.  Calc. Expt.  Calc. Calc.
GS 0 0 -120.487 -120.66 -4552.984 -4880 -507.58
OSsg3 17157 17392  -172.5  -164.3 -4440  -4602 -510.68

[5] V. Dzuba, V. Flambaum. UNSW.

5/29/2024

[6] H. Okamura and S. Matsuki. Phys. Rev. C 35 (1987)
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1501 <4 415.2 nm gas jet + MS
100 [166'168]+[166,167]
[168,170]
50
o] X* =257 X
F = —821(168) MHz/fm? )
50| M= 323(311) GHzu MS point

-0.12 -0.08 -0.04 0.00

Modified AA#"4 (fm?)

F583
(GHz/imz) 310

-0.16

—6.71(0.17)

Outlook: redo the King plot for 583 nm
transition with calculated Fi;
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What are the factors causing the different linewidths?
* injection-locked Ti:sa in gas jet ~ 200 MHz
* dual-etalon Ti:sa in gas cell ~ 3GHz at 100 mbar
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What are the factors causing the different linewidths?
* injection-locked Ti:sa in gas jet ~ 200 MHz
* dual-etalon Ti:sa in gas cell ~ 3GHz at 100 mbar
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Power saturation test

408.8 nm in gas cell
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4 A1 = 408.8 nm, dual-etalon Ti:sa
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——
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I=Apps1t8B P

Po = 0.84(0.10) mW
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4 A = 402.6 nm, single-etalon Ti:sa
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Laser power (mW)

A\q easily saturated at mW.

Ao the Al transition, far from saturation.
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Collisional broadeni
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Collisional broadening :

1.0¢ 66gr 408.8 nm
0.8
0.61

0.44

lon count (a.u.)

0.2;

0.0+

Gas cell 300 mbar
Ay=3768(117) MHz

Gas cell 200 mbar
Ay=3313(151) MHz
Gas cell 100 mbar
Ay=2971(68) MHz
Gas jet
Ay=192(12) MHz

e

—-6000 —4000 —2000 O

2000 4000 6000

Frequency - vg 16sg, (MHZz)

408.8 4.53(0.66) -0.13(0.29)
400.8 19.32(1.00) -1.95(0.32)
415.2 [1] 11(1) ~4(1)

[11 A. Ajayakumar et al.Nuclear Inst. and Methods in Physics

Research, B 539 (2023)
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Hyperfine structure constants A and B for different FES of 167Er
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Excitation
step(nm) Method A(MHz) B(MHz)
4088  gasjet -124.0(6.0) 209.0 (7.8)
jet
4152 9 _qu747)  -1936(24)
[1,2]
i ref[3]  -121.8 ~4563

[11 A. Ajayakumar et al.Nuclear Inst. and Methods in
Physics Research, B 539 (2023)

[2] J. Romans et al. Nucl. Instrum. Meth. B 536 (2023)
[3] W.J. Childs et al., Phys. Rev. A 28 (1983)
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Conclusion and outloo

Conclusion:

* The IS and HFS analysis of the 408.8 nm transition is finished. We found good
agreement between gas-cell and gas-jet data. The transtion has large IS so is
a good one for studying (r*)*"* but it is challenging to get an accurate field
shift factor from it.

Outlook:

« Try to include the theoretical calculation with experimental data to better
constrain the F and M for the 408.8 nm transition.

* Next Step for S3-LEB: more NB spectroscopy need to be done once the
Matisse cavity is ready for the transitions that are not achievable with the
current Ti:sa cavity.

ISOL-France 2024
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With Power Normalization Without Power Normalization
1.00{ Ay =-124.11(0.27) MHz } — fit without racah L0071 4, = -124.10(0.27) MHz —— fit without racah
B, = 196.18(18.36) MHz + 167Fr By = 199.49(21.15) MHz + 167Fr

0.751 0.75

0.50{ 0.50
5 0.25 S 025
s 3 ©
— 0.001, = 0.001, .
C c
> >
8 - —— fit using racah 8 1.00 i i
N 1.00{ Au =-123.69(0.16) MHz g A, = -123.74(0.16) MHz —— fit using racah
Fo) B, = 200.13(7.95) MHz 167Fr S By, = 199.47(7.88) MHz + 167pr
=~ 0.75. = 0.75

0.50{ .

0.251 0.25

0.004, * i . . . . 0.0014, * . . . . .

—-3000 —2000 —1000 0 1000 2000 —3000 —2000 —1000 0 1000 2000
Frequency - 733 206 000 (MHz) Frequency - 733 206 000 (MHz)
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400.8n_ IS studies

400.8 nm gas cell

0.21 400.8 nm

Gas cell
AR,
00 LI} im (X

| 164Er FWHM:
- 4959(286) MHz

IEEEI'

FWHM:

5077(130) MHz

167
4959

FWHM:
(286) MHz

lon count (a.u.)

168Er FWHM:

N) h

0_

170,

FWHM:

4692(215) MHz

—10000

0

10000

Frequency - vg (MHZz)
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lon count (a.u.)

0.1

-

400.8 nm gas jet

184Er FWHM:
2334(59) MHz

400.8 nm i
Gas jet l+

A 165Er FWHM:

% | FACULTE

universite | pessciENces
PARIS-SACLAY | D'ORSAY

@

i
1
: 2373(36) MHz
JL
1
1
- aesssms & 1 [

! 167Er FWHM:
G 2334(59) MHz

168Er FWHM:

A Isotope shifts (MHz) Au“;l;LIm
400.8 nm
gas cell  gas jet [4]
164  2386(118) 2517(39) 2530(22)
166 1748(44) 1720(43) 1681(14)
167  1415(38) 1395(29) 1384(15)
168  875(46)  855(13) 841(20)

i
U
A 2447(34) MHz
i
1
1
S _atesests ! Sessssstets smeem

' 170Er FWHM:
J/r;\\
—5000 0 5000

2345(49) MHz
Frequency - vg (MHZz)
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[4] A. Frisch et al., Phys. Rev. A 88 (2013)
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— Pulse linewidth Av ;. = 441 / T,y T
N Gaussian ———— Laser linewidth Av =\/_2Avfundamema1 1
linewidth A Can be calculated
Voiaht —— Doppler brodening Av pyppre, = 7.16 X 10-7v, VT /A — and fixed during
oIg the Satlas fit
FWHM —
A
voight —— Natural linewidth T',,,= A /21t —
Lorenztian
— linewidth T Collisional brodening I',;

=T- rnat

kPower brodening I'yoer

AG — \/Aygulse + AU%oppler + AVl2a$er
Ayoight = 0.5346T + \/ 0.216602 4+ A2,

I' = Fnat + Fcoll + Fpowe'r
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IS = field shift + mass shift
Two typeleing plots

Atomic factors F; and M,

l

Large F; values — high sensitivity
to A4~ §(r2)AA

Limitations:

« Type I: too large uncertainties.

» Type II: only reference for Er is the
583 nm transition[1] assuming
M; sps = 0.

[1]1 H. Okamura, S. Matsuki, Phys. Rev. C 35 (1987)
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Modified Av4;s's (MHzZ)

408.8nm King plot anal

—2501

Type | using muonic X-ray A.170 data:

(AVA”A)mOd - Fi(AA,’A)mod + VJMi

2

—5001

—7501

—1000 1

—1250

4+ 408.8 nm gas jet

[166,167]

x2 =185
F = 10809(3198) MHz/fm?
M = —7514(6511) GHz*u

-0.14 -0.12 -0.10 -0.08

Modified AAA"A (fm?2)

M; = M; npgs + M s

Di
Mi s = 1836.15

* M;sus = (0. £0.5) M; nys
for ns?-nsnp transitions
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Modified Av4gZ, (MHZ*u)

(A

v

4 )mod =

,% | FACULTE

universite | pessciences
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@

Type Il using 583 nm reference:
F; A A

i

A A

Mref
Fref

x107

1 x*=0.39

<+ 408.8 nm gas jet
[167,168]

[168,170]
164,166]
[166,167]

F = 10524(260) MHz/fm?
M = —6874(>404) GHz*u

—2.00 —-1.75 —-1.50 —-1.25 —1.00 —0.75 —0.50
I 7
Modified AvA;2 (MHz*u) x10

51/;"8’;348 —=(0. + 0.5)%;?}&8

for ns* — nsnp transitions

M; sps = (0. £0.5) M; ngs

for ns?-nsnp transitions
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