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 s table 

 43
 19

K
≈

1.54% 9.71

0.9% 8.5

4.06% 7.6

90.9% 5.6

2.60% 6.0

3/2+ 0

22.3 h

Qβ−=1815

niveaux de parite

non naturelle

niveaux de parite

naturelle
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π ν
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d5/2

f 7/2
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π ν

43Ca20

transition GT
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s 1/2

d3/2

f 7/2

p3/2

p1/2

5/2f

π ν
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 20C a

03/2–

2023.21/2–

3585.05/2–

40721/2–,3/2–

42723/2+

5314(1/2+,3/2+,5/2+)

5590(1/2+,3/2+,5/2+)
5720

6330(1/2+,3/2+,5/2+)
6365(1/2+,3/2+,5/2+)
6550(1/2+,3/2+,5/2+)
6690(1/2+,3/2+,5/2+)
6900(1/2+,3/2+,5/2+)
7060(1/2+,3/2+,5/2+)
7280(1/2+,3/2+,5/2+)
7420(1/2+,3/2+,5/2+)
7590
7800
8140
8390(1/2+,3/2+,5/2+)
8670

9100
9280

9580

10100

00+
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 20C a

3831.72+

4284.20+

n

1
.7

6
4

2
7

2

1
.5

4
2

2
4

9

0
.2

4
0

7
2

0
.2

3
5

8
5

.0

0
.4

2
0

2
3

.1
6

 8.715 m 
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 19K≈

10.0% 6.6

0.4% 7.6

0.2% 7.5

0.2% 7.3
3.3% 6.1

6.7% 5.4

13.5% 5.0
8.4% 5.2

8.0% 4.9
2.1% 5.5
17.6% 4.5
14.3% 4.5
1.4% 5.4
9.2% 4.5
2.5% 5.0
1.4% 5.2
0.3% 5.8
0.3% 5.6
0.5% 5.2
1.0% 4.7
0.30% 5.0

0.2% 4.8
0.10% 4.9

0.10% 4.6

0.05% <4.1

(1/2+,3/2+) 0

1.26 s

Qβ−=10970

transition

 interdite

transition

 permise
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trigger β

FAG

FTA

porte de validation

temps mort

CFD

point de validation

signal énergie

porte individuelle 

 de codage ADC

CFD

signal énergie

porte individuelle 

 de codage QDC

CFD

signal énergie

porte individuelle 

 de codage ADC

remise à zéro

ordre de codage

lecture des modules

100 ns

8 µs

2 µs

15 µs

~ 100 µs

120 ns

point de validation

point de validation
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GMT: Grand Master Trigger

DT: Dead Time

Preampli: Preamplificateur

Ampli: Amplificateur

CFD: Constant Fraction Discriminator

FAG: Fast Analysis Gate

FTA: Fast Trigger Accept

TDC: Time to Digital Converter

QDC: Charge(Q) to Digital Converter

ADC: Analog to Digital Converter
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������� x � x � �nx ��� | � x �� � | � ~7} � u�x{�<| � �x � } � u�xPz �
���d� x�u�x DGF#"������
��� |��n� �
��� � � } � º � v�}n�.x � ~ �%�
�?� }n���nxPu�x{uU�xL~7x �7� } � x �
Q u�x · | [z �
� ¶| � xL~ �7�
� �
x � �<| � �
��� xª�l|��nx ��� u�x��<| � �x � } � u�x � ¦ox �7� xjz�~ � x´u�x«��v ���
� � � § x � |�u�} � |�z�~1} ��x�%�
��� zLx ��� �
| � � �x �7� ��~1x u�x �<| �7��� x �?�'��� } ~7} �
� u�x ��v�|lzL~1}��d} ~��xPuE�x�~1xLzL~��xLxª| � z �
���?� u�x �f� } � z��dzj�nx � u�xz � �n�nxLzL~7} �
���>� x �7��� x z �
� ~1x �C��� u�| ������� �?��� x � z��dzj�nx � ¦�| ��§ ��� xª¥>¨ � ���C� | �^��� �x � x � ~1x ��� x � | � ~7}nx¬u ��7� xjz�~ � x³u�x´��v ���
� � � § x ��� }��
x �?� xL�n�nx¾}n� � ��� ~ � | � ~P� x´z���zL�nx¾u�x � x �?��� x � ¦�| ��� | � x³u�x � x �7��� x´u�x �[�� x � x �?� x�~ � | � | �d� ��� ��| ��� u�x DGF$" } �{� �<| � ~��x �¬� ­ �&%!'  £�
�����³�B� u�xªuE�xjz �?� ¼ ½ ~ � x ~ � ~B|l�nx � x � ~£|��l| � ~�<| ���7� z � |�} � x ��� | � x�u�x � x �7��� x � � } ��� } � ��v�|�zL~7} �d} ~��x � vg�xL~1| � ~ �xL�l|�z � �xjx£º � v3¶|ªz � |�º � x �?��� x � z���zL�nx � u�x �
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��� ��| ��� } ��� �<| � ~��x � � �
�7� u�x¾z � |�º � x ��� | � x³z �
� ~ � }n� � x � ~ ¶| | � § � x � ~1x � ��v�|�zL~7} �d} ~��x«u�x �¬��� | � x � u�x� x �7��� x �7� } �l| � ~1x �;� ¥>¨ ���
�C� | �7�_��¹ v�x � ~ �%�
��� º ��� } �l�'������� ��~7x � } �����P�7� xjz�~ � x;u�x���v ���
� � � § x � |�u�} � |�z�~1} ��x¿ ¿ ���7����� x�À À � } � · | � ~»| �h��� �x�|��n|���� x � �xj� xjz�~1} ����� x � � x ��� x � } x �¯��� � � xPu�x{z � |�º � x �7��� x � zL�dzj� x`¶|«��v�|�} u�xu � �?� xLzL~ � x ���
� � � § x ��� }��
x �7� xL�n� x£xL~¯� x ���?� �?xL~?~1x � u�| ��� �nx �?� xLzL~ � x ���
� � � § x � |�u�} � |�zL~7} �
x � ��§ � ¥>¨ ���
�� � �7��� ° ���?� } ~7x � }n� �7� yP~Uu�x,u�}��d} � x � � x*z �
� ~1x �d� u�x,z � |�º � x,z�| � |l�%u �¬�7� xjz�~ � x � ��~7x �C�ª� | � �nx ���
� � � xu�x �7��� x � zL�dzj� x � � :�� :����! x�~ u�x¾z �
�7� } § x � ��v�x�¸Kx�~{u � ~7x �{���{���
� ~³¶|[��v�|l}nu�xªu�x��<| ·5�
�?�£� � x�¥>¨ � © x ��7�����'��� | � ~ ��� x´zLx � ~1|�} � x��l|�� x ��� u�x Q �E� }*zLxL~?~1x´u�x �7� }�¶x � x��l|�� x ��� x � ~ � �x�|�� } � ~7x � ��v�|�� ��� ~1x � x � ~ u ��7� xjz�~ � x�u�x���v ����� � � § x � |�u�} � |�z�~1} ��x*u � } ~Eu �
��� x � �n| � �x � } � u�x*z �
���d� x�u �¬��� �
| � DGF "���¹ x�~7~1x � �x�~ ��� u�xx � ~e~ � ¶x � � |���� x,u�| ��� zjx,z�| �e��� �xjzL} � z�| � �nx � x � �Ku�x � zjx � u�| � ~mu�} � xLzL~e} ��� ~1|���� x*u�x DGF$"�� � x ��� ��| �¬DGF_¹ | ��%�
�7� ¶xju�x ��� x � �x � } � u�x�u�x ����©����¬� } � ~ � ¶x � § � | � u�xPu�x���| � ~f�nx£~7x �{��� u�x � x �7��� x �T� |«z ��� ~ � } � � ~1} �
�u�| ��� �nx �7� xjz�~ � x¯u�x���v ���
� � � § xmx � ~�u ��� z,z �
��� ~1| � ~1x¯x�~ � x �{� u�} � x � | � �<| � x � ~7x�u�x��n|fuE�xLz �?� } �?� | � zLx �¦.v�|�� ��� ~7x � x � ~�u �P�7� xjzL~ � x ���
� � � § x�|³�xL~��xmx�¸KxLzL~ � �x �?��� �nx �?� xLzL~ � xmz �
�?� } § �xeu � ~1x �������{�
� ~�x � ~ � x ��	
	xL~ �l	
	
	 �{� x �`� ~7}n� } � | � ~ ��� x ·5�
� zL~1} �
� x ���%�
� x � ~1}nxL�n� x£xL~ ���³·5��� u`z �
��� ~B| � ~ � U*� |�zLz �
� u �
� ~1} � |l�x � ~ � x � �x � } � u�x � x �?��� �xLxexL~ � �x � } � u�xX~B|�� � ���xjxE|��x�~��x � ��~1x �C���'�
���#��� xE�l|��nx ��� u�x Qfu�x ����		�w�U� ~1|���� x�| �¥>¨ �����_� ¦�| � ¼x � x�| � |���� � x¬| �xL~��x�xL¸'xjz�~ � �xLx �'����� � x ��� �
| �
� � "�� ¦T| � �x � } � u�x�u�x � x � u�x � zjx � u�| � ~ �u�} � xjz�~ � �xL~1| � ~ �?��� �x � }nx ��� x � ¶| ��	��j�q�
��� x � ~ª�x § |��nx � x � ~;z �
��� } uE�x � x � º � x»�nx ��� z �
� ~ � }n� � ~7} �
� u�| ��� �nx�7� xjz�~ � x¯u�x���v ���
� � � § x � |�u�} � |�zL~7} �
x � x �{� u�} � x � | � �<| � x � ~1x,u�x��<|fuU�xjz �7� } �7� | � zjx¯u�x � � " x � ~ � x ��	
	
	xL~ ��	
	
	P�{�j� } � ~1x � �l|�� �nxiu�x^��v�|�� ��� ~7x � x � ~ � .¯| ��� zjxfz�| � �x § |�� x � x � ~ � �n|{�l|��nx ��� Q  £�
��	��w� u �
��� xf�nx� xj}n� �nx ���U� �x �7� � ~B|9~ �

����>= ��� � � �
�$E/�  �  � � ! E C��GEJ�gº � �FEGC �mº J H  ! ��#  �� � �$E
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�����  �� �¦�| uU�xL~7x �7� } � |l~1} �
� u � ����� � � x´u�x³uE�xLz �7� } �7� | � zLx � ¡ � u � ��� ��| � uwv�} � ~��x � ¼x�~ªx � ~ ��� x u �
��� �xjxx �?� x � ~7}nxL�n�nx*� �
�?� º � x���v ��� �
x � ~muE�x�~1x �?� } � x � u�x � º � | � ~1} ~��x � |l� �7� � � x � ~1xj� �nx � º � x¯� x � |l�n} � x � ~1|l~1} �
��� ¥	�u�x � u�}�¸;�x � x � ~ �,� }��
x�| ���¾� x ��� ���x � u�| ��� � x ��� �
| � � � �j�q�T�
��� zLxj�n| � �nx �;�7� xjz�~ � x ������� � � § x � |�u�} � |�z�~1} ��xxL~ ���
� � � § x ��� } �
x �7� xj�n� x �?�
� ~£} � u�} �?� x ��� |l���nx � zj| � } � � z �
� ~7}nx ��� x � ~£��v � } � ~ �
� } º � xPu�x � uE�xjz �?� } �?� | � zjx �} �?�7� x � u �P��� ��| � uwv�} � ~��x � ¼x�~ � |�} � | ���7� }�u�x � x � u�x � zjx � u�| � ~ �j� ¡ �
�������
���.���7�
�%�
�7����� u �
� zUu�x � x�~7~ � x| �¾�'� } � ~ ��� x � �xL~ ��� u�x � x �?� x�~7~1| � ~,u�x � �x � | � x � �n|{z �
� ~ � }n� � ~7} �
� u�xfz � |�º � x[�xj���x � x � ~{¶|P��v�|�zL~7} �d} ~��x~ � ~B|�� x � | � uU�xjz �
� � � � � ~1} �
� u �`�7� xjz�~ � x�u�x���v ���
� � � § x � |�u�} � |�z�~1}��
x � .¯| ������� ��� x � } x � ~7x �{���j�K���
����{� uE�xL�n} � x �?�
��� �nx ���7� � �,uwv�} �{� �<| � ~1|l~1} �
� u�x �¬��� �
| ��� �7��� �n| ��| � u�x³x � ~7x � | � ~¬z �
�{� ~1x´u�x³�nx ���
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z �����%�
� ~7x � x � ~{x � �?�
� ~7}nx�u�x���v�x ��� x � ��� x¾zL}n��� x �>�7�
��� zjx �E�.� } � ������� uE�xjz � } �?�
��� � x«z�| ��� �x�|l�n} � ~1x«u�x��v�} �{� �n| � ~B|l~7} �
� uKv ���f��� ��| �^� ¶x � xe|��
xLz ��� } � x�x � z �
�{� ~7xEu�x�~ �
� ~1x��<|�z � |�¼ ½ � xEu�x � � }<|l~7} �
�¯� | � ~1} zj} � | � ~¶| ��v�|�z�~1} �d}�~��x � x �?��� �xLx`xL~ ���
��� x ��� �n} º � x �?�
��� �nx � �xL~1| � x �ª� x �7� xL~?~B| � ~«uwv�|�zjz%�xju�x � | � ���
� � � x u�xuE�xLz �7� } �7� | � zLx � ¡ �{|�� �?� � �K�
� � �(�� 
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��� �K� �&�
� �¡ �
��� u�xL� �
���L� u�| ���R������� x � } x � ~1x �����L���{� uE�xj�n} � x � ��vG�x�� � � � ~1} �
� ~7x �{�'��� xj� �nxXuwv�} �{� �<| � ~1|l~1} �
� u�x ���� ��| ���[�7��� �n|«��| � u�x{| ��� ¶x � ��v�} �{� |�z�~�uwv ���[� |�º � xL~fu�x ���?� ~ �
���j�T¹ xL~?~1x �xL� � � � ~7} �
� x � ~i~ � }n� � ~1|�} � xu�x¬�n| � | � }�¶x � x{u �
� ~�� x � } �
���^�?�
� ~�x � ~ � |�}�~ � u�x ��v�x ��� x � ��� x¬zj} ���nx �g�?�
��� zLx x�~�}n��x � ~�} �{�'��� ~B| � ~fu�xz ����� |�¼ ½�~ � x�� x �X��� �x ���
� ¶x � x �X��� � � }nº � x �U� �x § } �?� | � ~��nx ��� z �����%�
� ~7x � x � ~Xu�x �7��� ~1} x � ¡ �
��� |�� � �
��� u �
� z���
��� | ����� �
x �.�?��� ��v�} ���%�
� ~1| � ~�~ � |��l|�} ��u�x ��� uE�xj� } � |l~1} �
� u � z �
�{�%�
� ~7x � x � ~�u�x � } �
��� ¶|,�n| �7�
� ~1} xUu�x��v�x ��� x � ���nx»zj} ���nx �g�7����� zLx»x�¸KxLzL~ � �x � | ����� ¦oxL~7~ � �«x�~��<|�z � �n�n|�� ��� |l~7} �
� ¥ � ®¯¦ .¯° � ���l��� ¦oxi~1x ����� u�x�7��� ~1} xEuKv ���^��� ��| � uE�x � x � u£�%x�| � z �
��� u�x � | �'��� } ~7} �
� u�| ��� �<|mzj} ���nx � | �T� | ���'��� ~m¶|*�<| �7����� zLxeuwv�} �
���L�° � xL¸'xL~ � | ��� ¶x � ��v�} �{� |�z�~�u�x �����7� ~ �
���j� �nx �#��� �
| ���^� }�~ � �x � ¶| ���?��� } � }�~��xXu�xE�<|*� } § � x�u�xE~ � | ����· x � ~ �7�
� ~�nx �¯��� x � } x �?� ¶| � | �7� x � u�| ��� �n| �?�
��� zjxPuwv�} �
��� x�~ª¶|`¼x�~ � xP|�zjz%�xj���x � �x �f��� } �¯� �x � | � �x �j�#¹ x�~7~1x ��� x � }�¶x � x��� | � x � | ��� xL���xLx.xL¸ ��� } �
�w��� x.zj| � |lzL~��x � } � x � | �o��� ~7x �{��� u�x ����� ~��xjxXz�| � |�z�~��x � } � ~1}nº � x ��� �����
� ~Tx � ~ � |�}�~ �x ���7� }�~1x;�nx ����� ��| ����� } ~ � �x ��� � ��� � � } � u�x*�n| �?�
��� zjx,uKv�} �
��� xL~Eu �
� ~E�nxmz �
�{�%�
� ~7x � x � ~�x � ~EuE�x�~1x �?� } � �x� | � � x ��� �x ���
� ¶x � xmu�xmu�}�¸ ��� } ��� u�| ��� �<|�zL}n��� x � ¦�x � z�| � |�zL~��x � } � ~7}nº � x � u�x;zLxL~?~1xmu�} ¸ ��� } �
� uE�x � x � u�x � ~·5�
� ~1x � x � ~Eu�x,�n| � |l~ ��� x*u�x,��v�x �?� ¶xjzLx,z � } � } º � x*x�~Uu�x,�<|¯~1x ��� �x � |9~ ��� x*u�x*�<|izj} ���nx �d¹ xL~7~7x,u�x ��� }�¶x � x��� | � x � x � ~ � x ��� uE�xj� } � x ��� | � u�x ��� z �
���%�
� | � ~1x � u�x;u�}�¸ ��� } �
�K�
� | � }nu�x�x�~E� x � ~1x � z�| � |�zL~��x � } � �xLx ��� | �
� 9 xL~ �  �� x �?� xLzL~1}��
x � x � ~ � ¥g�%x � ~ �%�
�7� }n��� x,|�} ��� }%u�x*uU�xjz � } � x,��v�x ��� x � ���nx;u�x �e���7� zjx �7�?��� z ��� z �
��� | � ~^¶|��vg�xL� � � � ~1} ��� u �����7� � �wu �ª· |�} � zjxj| � uwv�} �
��� ¶| ��� } ��� ~B| � ~�~;| ��� ¶x � ��v�} ��� |�zL~Uu�x �m���?� ~ �
�����7��� �<|£zL}n��� x§ � ¼|�zjx¬¶|��<| ·5�
� zL~1} �
� � �l�l��±
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� � ¦ox �ª� | � | � ¶xL~ � x ��� �  � �q��� ��� ���89  � �q��� � 9 x�~ �� � � �q� � �  {�?�
� ~«�nx � ~ �7� } � z �
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� ~ ��� �x � x � ~��x �¬�7��� �n| ��§ ��� x�¥>¨ ������� | ��%�
������� x ��� | � xiu�xiz � �n� xjzL~7} �
�d�g� x �7��� x,u�x �£	�	
	���� uKv ������� ��| �w� u�x � �x � } � u�x & �&%!'  i��	
	£�{�j�����?�l�u � }�~»u�x � | � }�¶x � x ����� x�xL~fu �
� ~^� xPu�x � zjx � u�| � ~�x � ~ � ~B|���� x � ® � � x � | � º � x{�nx{uE�xLz�|��n| § xPx � ~1x �{���u.¼� ¶|��n| � �x � } � u�xPu �h��� �
| � x � ~ � x{�nx � | � } �^��� uwv�} �{� �n| � ~1} ��� xL~f�nx � | � } �£��� uwv�|�zL~7} �d} ~��x � ¡ �
���|�� �
��� �x § |��nx � x � ~ � x ��� �x � x � ~��x^��v�|�z�~1} �d}�~��x � ��� � � uE�xLu � }�~1x¯u�x � � � �U� | � | ��� �n}nzj|l~1} �
� u � ~7x �{���m���
� ~u�x���v�|�zjº � } � } ~7} �
� Q  �
��	 �w� x�~ � x ��� �x � x � ~B| � ~P��v�|�z�~1} �d}�~��x � �xLxj�n� x � x � ~ � x �7��� �xjx � ° � � �x�|l�n} ~��x � ��v�| � | �� � � x�u �`�7� xjzL~ � x ���
� � � § x � v�xL¸'xjz�~ � xPx �[� x ��� } � �
x �7� x � ® �`� x �7��� x���v�|�zL~7} �d} ~��x � �¯� � � º � xP��v �
� z ������ } § x«u � ~7x �{���{���
� ~{z�| � |l� � | � zj| � |��mu�| ��� � x �?� xLzL~ � x ���
� � � § x � |�u�} � |�z�~1}��
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� zz ����� } uU�x � x �i��� u�x ��� }�¶x � x{z �
��� | � ~ "
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��� ~1x � } � z �
�{� ~1xPu�xPzjx�~7~7x ���?� u � zL~7} �
� u�} � xjz�~1x � .¯| ������ ~ � x�x � x �{� �nx�x�~ �%�
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��� u�} � � x � � � ~�¶x � xPuwvG�xLº � |l~1} �
���L�o���
���i� v�|��n� �
����� | � z �
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