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Abstract

We have analyzed 1Po resonances for He and Ps− associated with n = 5 thresholds of He+ and Ps by

the time-delay matrix Q(E). Q-matrix as functions of total energy E is constructed from scattering ma-

trix obtained by scattering calculation. The eigenvalues {qi(E)} of Q-matrix are quite useful to identify

resonances in the energy region where some resonances overlap and where the eigenphase sum δ(E) and

its energy-derivative dδ/dE do not provide enough information. Some overlappling resonances are appe-

ared by examination of the eigenvalues {qi(E)} for He and many new resonances are found for Ps−.
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Atomic scattering
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� 5  Ps−(• P• ) � � � � 3∼15 � � � �  ! , - � (a) � � "
.

# δ / (b)Tr Q � Q  � � � � � {qi} / (c) $ % & 0 % 1 ' � ( �

5 � � Lorentzian(Lν ) � background / ) * + , - � # (total) �

+ , 	 ! " �  � � � 
 � 4 � 	 −0.01008 ≤ E ≤

−0.01005  � � � � � � � ' � � * � � �  + , 	 !
"  A f  � � � � 5 ' � % � � 5(a)  \ ] I N �
δ(E) � 
 1   � � � � � � � ' h π  i , j k # �

� * 
 � * � 	 1   ! " # � $ % � � � # l * � * 

� 5(b)  Tr Q(E) ' � 2   d � e & � � � � � �

	 
 � * � 	 2   ! "  � $ # � . V � * � � � �
� 
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 , 3 � 
 Tr Q(E)  � % 2   d � e  K ' 
 Q � �
m  n � d � e � 1  � � % � � � # ' 4 � � � * � 


�  � � � � � � � � � 3   ! " # � $ % � � 4 5
' 4 � � {qi(E)}  l o � � � � 
 3   Lorentzian �
� �  + 2 � 3 ` ' Tr Q(E) � 6 7 8 9 � ) � 0  �

� � � 5(c) � � % � � 5(c)  � Lorentzian # {qi(E)}

 � � � � � � � 6 7 � � � 	 
 � Lorentzian � � �
 � � (total) � � 5(b)  Tr Q(E) � � � � � # � �

* � � �  � � � 
 \ ] W {qi(E)}  � � � � � $ �

� � � � � � � � � 	 
 m  8 � 2   ! "  � � � 

δ(E) / Tr Q(E) ' � �  V � * , � ( ) m  n � ! "
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� 1 : Ps(n = 5) � � � � � � � � 	 
 � � � Ps−(1Po)  � � � � � �
�  � � � � 
 � (Er � Γ) � x[y] = x× 10y �

Present HSCC Complex-Rotation[13]

No � (K, T )A Er Γ Er Γ

1 (3, 1)+ -1.2462[-2] 3.07[-5] -1.2462[-2] 3.05[-5]
2 (4, 0)− -1.1215[-2] 1.94[-6] -1.1215[-2] 2.7[-6]

3 (3, 1)+ -1.1039[-2] 3.22[-5] -1.1043[-2] 3.15[-5]

4 (1, 1)+ -1.0829[-2] 1.34[-4] -1.083 [-2] 1.36[-4]
5 (4, 0)− -1.0580[-2] 1.31[-6]

6 (2, 0)− -1.0493[-2] 8.81[-7]
7 (3, 1)+ -1.0414[-2] 1.36[-5]

8 (4, 0)− -1.0276[-2] 7.42[-7]
9 (3, 1)+ -1.0171[-2] 6.34[-6]

10 (2, 0)− -1.0144[-2] 1.22[-7]

11 (4, 0)− -1.0132[-2] 3.67[-7]
12 (3, 1)+ -1.0071[-2] 3.95[-6]

13 (1, 1)+ -1.0065[-2] 1.51[-5]
14 (4, 0)− -1.0062[-2] 2.11[-7]

15 (2, 0)− -1.0043[-2] 4.53[-8]

� � � � � � � � � 	 
 � � �  � � � � � � � � �
� � � � � 1 � � � � 
 � � 1 � � Ho  13) � � � �
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� � � � � �  ! � � � � 8 � � 9 � - : % � � 0 �
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� 1 2 3 4 � ] / dδ/dE - Breit-Wigner ^ _ � ` a b

c $ d 0 8 ' 2 � � e � � � 8 H � � � � 	 � ' N � I
J 6 ! � � � f � 7 � � � - � g � �  � % � % � � �
= > ? - h % � ' C D E � F G Q(E) � X K i {qi(E)}

� 1 2 3 4 � 
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7 	 
 � = > ? � : % 
 � � � I J # ! � ' j + $ / +
k l [ \ % k l � m � / & � K L � � 0 �
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