
6SHFWURVFRS\�RI�6XSHU6SHFWURVFRS\�RI�6XSHU��KHDY\�$WRPV�KHDY\�$WRPV�
WKURXJK�,QWHUIHUHQFH�LQ�WKURXJK�,QWHUIHUHQFH�LQ�4XDVLPROHFXOHV4XDVLPROHFXOHV

8���8���

����0H9�X5HLQKROG�6FKXFK��8QL 6WRFNKROP

(�W�

WLPH

5�W� >IP@

QHJDWLYH�FRQWLQXXP�

�SS�SV
�V�� �V�
HOHFWURQ�
WUDQVIHU

�VV I nt er f er ence!    
Á ) ~ Õ'Edt



1sV-2pV binding ener gy 
dif f er ences as f unct ion of  R

S15+ - Ar

R.S. J .Phys.B17,2319(’ 84)



Level of  model calculat ions

(��5�W�� �SS�SV

WLPH

�VV

URWDWLRQDO�FRXSOLQJ�
���SKDVH�VKLIW

16MeV S15+ - Ar      dat a

2-st at e 2pV-1sσ coupling

mult iple-st at e coupling



;;��UD\�(PLVVLRQ�IURP�UD\�(PLVVLRQ�IURP�4XDVLPROHFXOH4XDVLPROHFXOH

8���

8���

� ��0H9�X

(�U�
�SS

�VV

WLPH

5�>IP@

QHJDWLYH�FRQWLQXXP�

3KDVH =1/ ! Õ'Edt
Á R(t )

;�UD\V Á (



R. S. et al., PRA��, 3313, ’88

7HVW�&DVH�&O��� � $U��=XD  ����JRDO�8��� � 8��8QLWHG�DWRP�
= �����IRU��6XSHU�&ULWLFDO�

)LHOGV��

separated atom 
energies

Unit ed At om Ener gy



QHJDWLYH�FRQWLQXXP��

*RDO�

K. Schulze, B. Fr icke et  al. P.Rev.A59,1578(’ 98)



*RDO�

QXFOHDU�VWLFNLQJ�WLPHV��



FDOFXODWLRQ�



FROOLVLRQ�EURDGHQLQJ�
¨E ¨t =! and ¨Ex<<E(1sV ) Á
¨t =10-18keVs/ keV (E(1sV ) 
#1MeV)  wit h R#10-12m     Á
v/ c# 10-2 Á MeV/ u



=0, �,...

= 1/ 2�, 3/ 2�,...

,QWHQVLW\�a([FRV�

Spect r al Shape and Phase Values



(�5�
=� ����

�VV

�SS

ZLWK� �� ([  ���! W�([�  ��! W�5���DQG

([SHFWHG�3UHFLVLRQ

ZLWK� (��VV ) # ([ Á (��VV )  � !��W�([�

Á (��VV �  ����NH9��IRU�([ XS�WR�����NH9
DVVXPH� #���



gast ar get  # 1013 A/ cm2

Solid angle # :/ 4� =30%
P(400 keV) # 3 10-5 / keV
P(200 keV) # 3 10-4 / keV

VRut her f  # 10-22 cm2

wit h beam I nt ens.  1010 U91+/ s
w FRXQW�UDWH� 1�¨(������NH9���������K�NH9�

ext r act ed beam f r om (N)ESR:
1010 at  5 MeV/ u  cooled,  cycle 100 sec   

beam int ensit y   106 U91+/ s
solid t ar get     1016 A/ cm2

KK t r ansf er
V KK #10-21 cm2

FKDUDFW��;�UD\�FRLQFLGHQFH�UDWH��² ����V�

A f ew exper iment al par amet er s, ESR and lat er  NESR

essent ial: 1s vacancy needs t o sur vive int o t he close collision 
dilute gas t ar get  x dense solid t ar get  mult iple collisions occur



K-K Tr ansf er 5.5MeV/ u

Wint er meyr  et  al. Z.Phys.17, 145,(’ 90)

2-st at e 2pV-1sσ coupling

mult iple-st at e coupling



4XDVLPROHFXODU�;�UD\V����0H9�X�.U��� � 0R

Wint er meyr  et  al. Z.Phys.17, 145,(’ 90)



72 76 80 84 88 92
100

101

102

103

0 40 80 120 160

Fig.1 U & Au Kα
1
 emission cross sections

8T���$X

 

Pr
od

uc
tio

n 
cr

os
s 

se
ct

io
ns

, k
b

Projectile charge state, (q+)

U Kα
1
     t=18

               t=170
Au Kα

1
   t=18

               t=170

  

Target thickness, (t), µg/cm2

U Kα
1
    73+

              91+
Au Kα

1
  73+

              91+

P.Ver ma, A. Br åunig-Demian, P.Mokler  et  al. NI M235,309, 2005 



100 1000 10000
700

100

10

v
ion

= v
K

2 1

U    Au
1s

3d
5/2

3d
3/2

4s
3p

3/2
  

4p
1/2

2s

2p
1/2

3s
2p

3/2

3p
1/2

U  n=3

Au n=1

U  n=1

Au  n=2
U    n=2

U    Au 

B
in

di
ng

 E
ne

rg
y 

(k
eV

)

Internuclear distance (fm)

Fig. 6.6. Adiabatic level diagram for the asymmetric U-Au collision 
system. All the electrons above the region for vion = vK,  i.e. shaded 
area,  cannot be considered within the quasiadiabatic picture.
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