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Simple atom extreme nucleus
——Laser trapping and probing of exotic helium isotopes
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Abstract Helium-8 ®He is the most neutron-rich matter to have been synthesized on the Earth it consists
of two protons and six neutrons and remains stable for an average of 0.2 seconds. It is often viewed as a *He core
with four additional neutrons orbiting at a relatively large distance forming a halo. Because of its intriguing prop-
erties SHe has the potential to reveal new aspects of the fundamental forces among the constituent nucleons. We
have recently succeeded in laser trapping and cooling this exotic helium isotope and have performed precision la-
ser spectroscopy on individual trapped atoms. Based on the atomic frequency differences measured along the iso-
tope chain®He-*He-°He-*He the nuclear charge radius of 8He has now been determined for the first time. Com-
paring this result with the values predicted by a number of nuclear structure calculations will test our theoretical

understanding of the nuclear forces in an extremely neutron-rich environment.

Keywords ®He B8He isotope shift halo nucleus

* This work is supported by
the U. S. Department of Energy Office of Nuclear Physics Under
contract DE — AC02 —06CH11357
2008 —12 -09

T . Email lbwang@ phy. nthu. edu. tw

-8 -4 [¢% 4 T . Email 1u@ anl. gov
31 Project weblink http //www. phy. anl. gov/mep/atta/

- 38 2009 5 http //www. wuli. ac. c¢n 339-



4 1935

o NN
«
-6 . <10 ‘L
1985
1
-6 -8 <10
-4. GSI . -6 -8
-6 -8
2
3
-6 -8
1—1.5 .
0.81s 2
0. 12s. -6 o
GSI
o 2
Borromean -6
“ Borromean 7 1.

()

1 Borromean a -6 b Borromean
Borromean a -6 -8
-6 GSI
a b
a
a . =5
10-21 _6 -6 -8
Borromean
1 O 13
-1/r
2 .
- 340-

http //www. wuli. ac. cn - 38 2009



2°S, - 3°P, )
10 ®m 10°"m=1 fm -6 -8
E -6 2004
— ATLAS
7. -8
s -8 .2007
GANIL Antonio Villari
- 1 GV “C
(a) BBEBET AR (b) FEBATHB 1500°C
2 s P £ . -6 -8 .
a 20 keV
b . -6 -8
10°  5x10° .2007 GANIL
-8 -6
s 6 3
107’
20
eV 58 nm
2°S,
10°°
-6 -8
Windsor Gordon Drake 2°S,
- 3°p,
‘He —*He &f,, = 43196.202 16 MHz - 1.008 x 34 6
<1 >pe —< T >ue MHz/fm’
*He —*He df;, = 64702.519 01 MHz - 1.008 x 8
<P >pg — <1 >ue MHz/fm’
< s >
-4 -6
-8 1mm
-4 1987

- 38 2009 5 http //www. wuli. ac. c¢n - 341



1997

mK
3
1083 nm
2°P,
1000 m/s
2°S,—3°P,
-6 -8 -4

2’S,—

50 m/s
389 nm

2x1078
5x10°

100s

GANIL
500

1083 nm

25 000

2°S,—3°p,

4 -6 -8

10 MHz °*He -*He
-4
1.681 4 fm
-6
2.072 9 fm

. 342

5

°He - *He = 43 194. 751
= 64 701.466 52 MHz.

-8

1.961 16 fm°’ .

http //www. wuli. ac. cn

T i B (50ms )
= 8 B & 32 8

=1

#702-3 #8512
Today

(V1

10 15 20
IFFIE) /s

AIP Physics News Update
Physics

4001
300+
2001

100-

5

t B,

200+

B0 WHe
&0
40

20

 fwd Sk

} fﬁgi.
v %:}ff'..

5 -4 -6

60

0—10—8—6—4—2 0 2 4 6 8§ 10

WAAR A S5/ MHz

- 38 2009 5



point-proton radius

charge radius

-6
-8
matter radius
-6 -8
- e B s
v a i
“He ’ RS AA T AR
Fad Tanihata(1992)
=~ Alkhazov(1997)
A~ Kisclev(2005)
Fo Fad Cauricr(2006)
FH o Pieper(2007)
"le i AR LA
() Tanihata(1992)
A Alkhavov(1997)
a4 Kiselev(2005)
[ F—2— | Caurier(2006)
pi M Pieper(2007)
14 16 18 20 22 24 26 28
¥t/ fm
6 -6 -8
-6 -8
-4. -6
(¢4
o 7 a
o
-6
4. -8 4
-6 -6
-8 -6

- 38 2009 5

http //www. wuli. ac. c¢n

10 11

-6

Bailey K Greene J P Henderson D Holt R J Jans-
sens R VF Jiang CL O’ Connor T P Pardo R C

Rehm K E  Schiffer ] P Tang X D -8

Sulai I A Villari A C C Alcantara — Nunez J A

Alves — Conde R Bailey K Drake G W F Dubois M

Eleon C Gaubert G Holt R J Janssens R V F

Lecesne N O’ Connor T P Saint — Laurent M G

Thomas J C.

1 Tanihata I et al. Phys. Lett. B 1985 160 380

2 Alkhazov G D et al. Phys. Rev. Lett. 1997 78 2313

3 Meng J et al. Prog. Part. Nucl. Phys. 2006 57 470

4 Pieper S Wiringa R B. Annu. Rev. Nucl. Part. Sci. 2001
51 53

5 Drake G W F. Long-Range Casimir Forces Theory and Recent
Experiments on Atomic Systems. New York Plenum Press
1993. 107 217
Yan Z C et al. Phys. Rev. Lett. 2008 100 243002
Wang L B et al. Phys. Rev. Lett. 2004 93 142501

8 2005 34 6 408 DuX LuZT. Wuli
physics 2005 34 6 408 in Chinese

9 Mueller P et al. Phys. Rev. Lett. 2007 99 252501

10 Pieper S C. Argonne National Laboratory unpublished 2007

arXiv 0711. 1500
Caurier E  Navratil P. Phys. Rev. C 2006 73 021302 R

nucl-th

343-



	5期（目次）.pdf
	2009-No.5.pdf
	目次.pdf

	王立邦.pdf

