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Ground	state

1st	excited	state
57Fe
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()F→→()#F

Ground	state

1st	excited	state
229Th

8.4	eV jk ~ 103 s
𝛿𝐸	~ 10-4 Hz	
𝛿𝐸/𝐸~	10-19

lm()#noO"Fpq&

E.	Peik and	C.	Tamm,	Europhys.	Lett.	61,	181	(2003)
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S��ÙÚ��;Nuclear	Hyperfine	Mixing,	NHM<&Û-229

Th90+ Th89+

V.	M.	Shabaev et	al.,	Phys.	Rev.	Lett.	128,	043001	(2022)

mixing	coefficient
𝑏 ≈ 3%

level	mixing

#!wxjk

103 s	→ 10-2 s
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Ü,)ÏÐ&,)Ý½Î?⟷()#½Î?

Th88+:	ÞNHM

Th87+:	¢NHM

Th86+:	ÞNHM

ß
ß
ß

Th3+:	¢NHM
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Th3+â)S��ÙÚ��

• çè�O'é��OE1#!wêë

• çè�OE1#²!êë

131 nm,	E1,	 |𝐼/, 5𝑓3/456 → |𝐼7, 6𝑑:/456
g 148 nmOM1#!wêë!w�ì�2íî?t

I#�Pxjkïð 1%—7%

J.	Zhou	and	X.	Wang,	under	review



|𝐼/, 5𝑓3/45

P?

|𝐼7, 5𝑓3/45
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|𝐼/, 6𝑑:/45
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2.869
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|𝐼7, 7𝑠>/45
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9.497

10.154

11.225

Th3+
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|𝐼/, 5𝑓3/456 		= |𝐼/, 5𝑓3/45	 +𝑏>|𝐼/, 5𝑓;/45 +𝑏4|𝐼/, 6𝑓3/45 +𝑏:|𝐼7, 5𝑓3/45 +	⋯

|𝐼7, 6𝑑:/456 = |𝐼7, 6𝑑:/45	 +𝛽>|𝐼7, 6𝑑3/45 +𝛽4|𝐼7, 7𝑑3/45 +𝛽:|𝐼/, 6𝑑3/45 +	⋯

𝑏> = 1.9×10HI

𝑏4 = 7.0×10HJ

𝑏: = −2.1×10H;

𝛽> = −1.2×10H3

𝛽4 = −2.9×10H;

𝛽: = −8.6×10HJ



|𝐼/, 5𝑓3/456 		= |𝐼/, 5𝑓3/45	 +𝑏>|𝐼/, 5𝑓;/45 +𝑏4|𝐼/, 6𝑓3/45 +𝑏:|𝐼7, 5𝑓3/45 +	⋯

|𝐼7, 6𝑑:/456 = |𝐼7, 6𝑑:/45	 +𝛽>|𝐼7, 6𝑑3/45 +𝛽4|𝐼7, 7𝑑3/45 +𝛽:|𝐼/, 6𝑑3/45 +	⋯

𝑏> = 1.9×10HI

𝑏4 = 7.0×10HJ

𝑏: = −2.1×10H;

𝛽> = −1.2×10H3

𝛽4 = −2.9×10H;

𝛽: = −8.6×10HJ



𝐸1

<latexit sha1_base64="DcLZwXA7yMDRJXfG2yM+9c5hmbA="></latexit>

+hIm, 6d3/2|M(E1⌫)|Ig, 5f5/2i+
<latexit sha1_base64="6u6Cm1dpVXBitcs8uMYyzi0YqNU="></latexit>

⇡ b3hIm, 6d3/2|M(E1⌫)|Im, 5f5/2i
<latexit sha1_base64="mCxqzM7sFP9EnbTQzBXGu0qusls="></latexit>

+ �3hIg, 6d5/2|M(E1⌫)|Ig, 5f5/2i

𝑏> = 1.9×10HI

𝑏4 = 7.0×10HJ

𝑏: = −2.1×10H;

𝛽> = −1.2×10H3

𝛽4 = −2.9×10H;

𝛽: = −8.6×10HJ

|𝐼/, 5𝑓3/456 		= |𝐼/, 5𝑓3/45	 +𝑏>|𝐼/, 5𝑓;/45 +𝑏4|𝐼/, 6𝑓3/45 +𝑏:|𝐼7, 5𝑓3/45 +	⋯

|𝐼7, 6𝑑:/456 = |𝐼7, 6𝑑:/45	 +𝛽>|𝐼7, 6𝑑3/45 +𝛽4|𝐼7, 7𝑑3/45 +𝛽:|𝐼/, 6𝑑3/45 +	⋯



𝐸1
131	nm

𝐸1
122	nm

!wñì&

𝑀1, 𝐸2
148	nm

<latexit sha1_base64="ya0MdKGDkVaqQQk0e0fP8k7Vp1s="></latexit>

+hIm, 6d3/2||E1||Ig, 5f5/2i+ = 6.22⇥ 10�8 a.u.

+hIm, 5f5/2||M1||Ig, 5f5/2i+ = 3.73⇥ 10�9 a.u. !wñì2íî?tpòó



1.36×10HO	𝑠H>

ô+O𝐸1²!wêë→→I#�Pxjkïð

Γ = ΓQ + ΔΓ

ΓQ = 1.36×10HO	𝑠H> 𝐵 𝑀1 = 0.0076	W. u.



|𝐼7, 5𝑓3/45	6

8.356	eV

F=1

F=4

F=2

F=3

Γ = ΓQ + ΔΓ
ΓQ = 1.36×10HO	𝑠H>

∆Γ = 3.5×10HI	𝑠H>
∆Γ/ΓQ = 2.6%

∆Γ = 1.43×10HI	𝑠H>
∆Γ/ΓQ = 1.1%

∆Γ = 8.7×10HI	𝑠H>
∆Γ/ΓQ = 6.4%

∆Γ = 9.5×10HI	𝑠H>
∆Γ/ΓQ = 7%

37.7	GHz

6.6	GHz

-24.3	GHz

-53.9	GHz

S��ÙÚ��\±#!wxjkïð
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J.	Zhou	and	X.	Wang,	under	review
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205Pb82+
ö#

205Pb77+
¸÷â)

W.	Wang	and	X.	Wang,	Phys.	Rev.	Lett.	133,	032501	(2024)

15	min	à 32	ms

#!wxjk&

øùw�S��ÙÚ��\±
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Th89+

Th90+
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H.	Zhang,	T.	Li,	and	X.	Wang,	Phys.	Rev.	Lett.	133,	152503 (2024)
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Th89+

H.	Zhang,	T.	Li,	and	X.	Wang,	Phys.	Rev.	Lett.	133,	152503 (2024)
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«100%ý#ýDE!wñì

1053	nm,	100	fs

60%

90%

70%

H.	Zhang,	T.	Li,	and	X.	Wang,	Phys.	Rev.	C	111,	044614	(2025)
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Z.-W.	Lu	et	al.,	arXiv:	2503.12812
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205Pb82+ 205Pb81+

#lx
𝐼 = 5/2

1s,)
𝐽 = 1/2

𝐹 = 2

𝐹 = 3
0.922	eV

𝐹 = 2, 3

𝑚 = −2

𝑚 = −3

−1 0 1 2

−1 0 1 2−2 3
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𝑚 = −2
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−1 0 1 2

−1 0 1 2−2 3

205Pb82+ 205Pb81+

#lx
𝐼 = 5/2

1s,)
𝐽 = 1/2

𝐹 = 2

𝐹 = 3
0.922	eV

𝐹 = 2, 3
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𝐹 = 3
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H.	Zhang,	T.	Li,	and	X.	Wang,	under	review
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