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అ��యం  1 .

నN����లM అ��త�ం� ��
నN����ల �సం ���ం� �న�� �త�� ���ం

 �2M�� 0ట@�  ��>M, �� �2ట �� 1��ం� �4M�4���� ��ంచ0�� �, �=>ం
��0 
=@4ం� �0�� ����. � ��>M 0��0 .��ం� �4M�40�� �, =�=@��
�04 ��> ����=ం� <���ం� �4��=� �>=-ం ���.

4N����>4M 04చM� < =� =���� 4M �ం2M�ం� 
� .�4�ం �Mం� �M��ంచ0-�Mం� �����>�
2�3M ��4��ం� ��> 2�=���� @ం0ం3ం ��� �4� ��3 2�=��� 4N�ం0�>M� 
�ం2M��. ��� ం0�0�>M 4N����>M �>�ం ��� �� 1�� <�ం2M�M= 
� .�>��M �>�ం �=చ��
��@M� ��4M.
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<అనంత �-జ�యత= నMం� త��ంచMకM� ప�యత�ం

� �@M  8 9 4Mం� 0��ంచM�=��� ��� ం0.4�4 .�30�ం�
.����ంచ0�ం2� �>��@M� ం�.

1920> �>ం�, ��� �@��0�>M  .���3>� ��4��ం�  
<�4ం04ం=� �ం2� �2�ం�4M. �� >��� 
4ం0ం� �1�ంచ=చ�� @N�ం�4ం2M4 
�>�ం�ం�ం�.

4N���� 
4ం0 �1జ�30 
� �=4 4Mం� <0��ంచM�M�= ��� �� 
ం�ం�ం� 2�3M �� <
= 
� ��0 �=44M 
=@4ం ��ం�, ��  ��� �� ��3�ం =�@M� ం�.


4ం0 �1జ�30 4Mం� 0��ంచM�M� .�30�ం ��� ���� .��2ం� 4N���� 0��0 5 @ం=0��>�M
0>�4 0>ం .����ంచ0�ం�.

00��@�ం , ,  2�3M ��� �ం� 4��� ��� 
=ం� ��3 @M.��2�  ���� ��చ� .���> ��� 
4ం0 �1జ�30 �=44M 
���ం� చ�0� ���
�ం�.

� �@M ��� ��4 .��34 ��4 ���� 
ం04��?M� >4M 
ం�ంచ�>2M.
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నN����ల �సం <���ం� �న��= �త�� ���ం

నూ� ���>M

1N0 ��>M
�ం�?4 (�4M�)

4N���� �/ం ∞ 
4ం0 �1జ�30

4N���3� �� �3 �>�� �4� >�� ������
>�� @ం4�/ @N�� ��

�4�0�ం
@�3ం� 0>�4 0>ం

�� �4��� ��3� �� ���� �4��� 
4ం0 ���� �24



1

4N����> ���� ���ం �=>ం <���ం� �4��= �=4 ��4ం� �ం� 2�3M � >�� �  � 99%
<���ం� �4��=� 
� 4��4�, �� 84N����> ��� �@M�?�0-M0Mం�9 
� ��ంచ0-M0Mం� ��

 ���ంచ0�4 99% >��.
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నN���� ��క�స�ం �దన

 @2��ంచ��� GPT-4 .�30�ం� �=��4 చ4� 0��0, �� 2M�ం�ం�:

� .��ట4 [��� ���ం <���ం� �4��= 
�] .�@M� 0 4N���� ����@� ���� ���0ం� .���ం�@M� ం�:


�� 4N���� �M��ం� ప2�0MలM �=�� ప�� �ల0లM .�/M ��0ం � ��0ప� �ం��.
� ప�� �ల0లM �� 1��ం� <���ం� ఎ4��= �=4 � ��0ప� �ం��.
��3 ప���0�� �ట� ల� (�0, ��=0/, �����, �2�4�) ��3 2O��?�లM �.�ంచబ�4ప���, �
2O��?�ల4M 4N����ల�M ���ం� �����ంచడం �ం� 
@లM <���ం� ఎ4��= @.@� 4Mం� �2��@M� ం�.

4N���� �=4 �24 04చM� 8�@�= 2O��?�>M9, @23ం 2�3M .��>4>M 2�3M @ం ట4>
23� @A@ం0ం3ం =ం� �=4>4M ��� �ంటMం�. ��A4/�M,  
�� <

 �M��ం�ం�= 
� ��ంచ0�ం�.

���� 2O��1ం 4Mం� �=�ంచ��� ఒ� 2O��?3ం �ం� �� 
�� 2M��ం �2M. .�>�� �4�� 4N����
���� .����ంచ-ం �>M� 0Mం� 
� 2�3M � �@M 4N����>�M ��� ���ం �=�� �=>ం <���ం� �4��=

� �>��@M� ం�.
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నN���� చ�త�
920> �>ం�, ��� �@��0�>M 4N���3� �� �3 .���3>� �2��ం�4 �>�� �4� >�� ������ >��
@ం4�/ ��4ం� ��ం�4 ���4� ��ం���  >�� ������ ��Mం� 8�4ం04ం9� �ం2� �2�ం�4M.

�2�ం�4 >�� ������ ��� 8�4ం0409 
ం� �>�� �4� >�M� >M ���4�, ��ం���  >�� �� �>�M .��0ం
��Mం� @���, 
���4� �>M=> ���� �4�4M�� � 
� �@���� @N�@M� ం�. ��0ం� � .����
<�4�0�ం @�3ం�= ��� �� ��3�ం =�@M� ం�, �� ���-M ���� > (�4� �2M�� ���>M) �=4�M
��� 2�3M 
� @�3ం� 8ఉం�9 0>�4 0>ం 
� �>M=0��.

<>�� ������= 
� .2ం �ం0 0���� .��ం� �3ం� �ం-=చM�, �ం2M�ం� �� 2�ం0 �� 1��ం�
�2�ం�4 2�=��� �>M=>� �4M �4M�M� �ం�.

@2@� ��� 2N>ం �>��� �� ��� .��2�  @��4/ం E=mc², �� >�� (E) 2�3M 2�=��� (m) 23�
@�4���� �� �@M� ం�, �ం� ��ం (c) ��� 23�=��0�ం �30-M0Mం� 2�3M .�4�-2�=���
@A@ం0ం3ం ��� ��� ం0.4�4 �A, �� ��� >�� @ం4�/ �=4�M ����� 
ం��� �.

@N.���

0>�4 0���

4N���� ������ ��

���-��� .���ం 
/M �����
4Mం� �ం�-4N����>4M



�2��ం�4 �>�� �� ��� 2�=��� �� 4ం1 4N��� � 2�3M 
ం�2 �� �� 23� 2�=��� �� �ం�
0�M�=� �ం�. � <���ం� ��= ����� �@M�0-�2M, �� =>4 <>��� ���ంచ�Mం� �@M���= 4N����
�/ం ���� @N�ం�ం�.

� <���ం� �4��= @2@� 1930� ����3� ��� �@��0� ��� �ం� �� 4N���� .���24�
.�?��ంచ0�ం�:

<�4M ఒ� 13ం�4�4 .� ��4M, �M��ంచ�� ���� .����ం�4M.=

1956�, ��� �@��0�>M  2�3M   �0��� 
�� 4N����>4M �4M�
�M��ంచ��� ఒ� .����� 4N�ం�ం�4M. �� .���ం� 
/M ����� 2��4 �2�   ��ం� 4M
�ంచ-ం జ��ం�.

4N���� ���  � �� �4�� ( ) 
ం0���3 �@M� ం2�
��ం�4��-M, � �� �4M�   
� .���3�M �4���. � చ4��, ఒ�  ఒ�
�� �� � 
ం0���3 �� ఒ�  2�3M ఒ�  �0��� �@M� ం�. � 
ం0���3� �0���

�4 ���� � 0�4� �>�� �� � �>4ం �ం�, �ం-M  �0��� �@M� ం�. �� �4�>M
04M�0 �ం��ట� .�4�ం� 
ం0���3 ��, ���ం� �ం� �� � 4M ( ) �>M=��� �.

��2 �� �3 .���3� 4N��� 4� �0��� =�=@�  ��� 2�=��� �4M�M2> 2�3M ����0�� @ం��?�0
�4M�M2>4M @N�@M� ం�:

, .�ం0 @ం��?��4 4N���/� ������ ���@M� ం�.
 ప��>ం, ప�� ��� �� @�ం0 ప���� ల��ల�.

 
4M.�ంచడం.

���4 2�=��� �4/ం� <���ం� �4��= 4N����>M �@�= ��� ��>M� �ం�>� �4���� ����4
�� 1�� @N��.
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<���ం� �న��= ఇం� ��క ���ం

<���ం� �4��= �=4 �ం� 4N����> ���� ��� 8���ం9.

4N���� �ం�?4 .���>� �.��ం� �3M�� ����4M�  �N� 
@>M ���-��� .���ం =� �� �3
చ4�� ��4.� �ం��.

�>����� �>0>� ��A4/�M, <���ం� �4��= �M��ం� �=4 �� �3 .���3>� �2�ం�4
����0�� @ం��?�0 0�M� 2>� @ం0ం3ం ��� �ం�. �� 4ం1 4N��� � � ���� 
ం�2 ��� ��� 0�M�=
2�=��� 2�3M >��, >�� 
@20M>�0�M ���@M� ం�, �� �M��ంచ0-� �ం�-4N�����M
���ంచ0-M0Mం�, �� <���ంచ�Mం� ��� ��4�టM� 0Mం�= 
� ��ంచ0-M0Mం�.
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�  సNప���� 99% <���ం� �న��=

��� ��� ��-�� ��� 
/M ������
2�= �ం��ట�

0>�4 0>ం �ం��ట�� ��� జ� 4N����
��2 �� �3ం �ం�4N����
���� � 4N��� 4M�

�� �4/ ��4�4M
�ం��?�

4N���/� � ��ల @ం�� �0M�M2ల
ఐ���� =����ల
4N���/� 
ం0���/లM .�/M ప���/ల �@��0 ����



� <
2O>�2��= 99% >�� @2@� ��� 2N��� �>��@M� ం�.

ఒ� 4�0�ం @N.� ��� ��4��-M ��  �ట�3ం� 2�3M
��� ����3� � �4M�M0Mం�, ��  �-M2> 
�0Mం2� ��ంచ=చM�. 
��, �2�ం�4 �?� >��
��ం�4 >��� 1% �ం� 0�M�=� �ం�. ���4 99% ��ం�4 >�� �-M2>4M �=�ంచ���, ��� �@�ం �
<
2O>��4= >��� 4N����>�M ���@M� ం�, 
� ��� �@M�?�� ��3� �0M�4M.

00���� �� �.��ం�, 4N����>4M �.��ం� <99% >��� ��� �ం2 �చ���= .�3��ంచ-ం� �4�
��0 2N.42���� �M��ంచ-ం @M>1ం.

4N��� � ✴ 4�0� 
��3ం 4N����>M �04 �ట�  >��� ���ంచ�Mం� 
2O>�ం �3���
�.��.-�3� �>��@M� ం�.  @N.� ��� �� ���టM 0��0 ��ం� 2�3M
�=�ం� చ>�0-�� 2�3M � �0��4/� 
ం0��4�4 <0����4 >��= 4N����>�
<�@M�?�0-M0Mం�= 
� ���� 4M.

�  @N.� �� 
��3ం @N.� ��� �M4M���4�/ .���� �M�ం� 2��� �=�>4M 
ం�@M� ం�.
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,ల�న ,లం� 99% <త����న >��=

 
�� <  (�2M�� ��>� ��>M) � ��� �ంచM0Mం�= 
� ���� 4M.
�>�� �� ❄  �� 
��3ం 0>�4 0>ం అ��  
� �>��@M� ం�, �� 
4�ం
0>�4 0>ం  
�.

0>�4 0>ం 4N���� 0��0 5 @ం=0��>�M  .�30�ం� ����
.��2ం� .����ంచ0�ం�.

0>�4 0>ం ���-N .�0��ం� �2�ంచ0-�2M ��  ��� �@��0�>M �-M 2�ం0
���0�4 .���>� ��� �>=�>2� 42M�0M��4M, �� 2023� ����� ����� � .�చM�ంచ0�4
��@ం� @�?�2�0Mం�:

గమ�ంచ��� �� �న��
<���� > 2�=��� � �=>ం 1 �0ం �0��,= 
�  
ం�4M, �� 

� .� �@M� 4� .�����, 
��- —0>�4 0��� 0>-�A� �/ం—
1979� �2���� �4M�40�ం�.

<���4�  �4� >��. .�4� 2�=��� 0>�4 0> >�� ��� �=�0-M0Mం�.=

(2023) బల�న బ��� �లవడం� ఏ� కష�ం?
Source: ����� ��గ��

0>�4 0>ం �� �� 2�=���� 99% �@ం �3�0 =�@M� ం�.

�>�� �� �  �� 
��3ం� ���� ���ం 0>�4 0>ం ��0 �4�0�� 
� �>��@M� ం�, �� 
4�ం �
99% >�� 0����ం2�.

@N.���

�ం2�ం� �M4M���4�/ 2�=���
�?� >��

4N��� � 4��� >M

0>�4 0>ం ���� >4M �� ��
8�4�0�ం @�3ం�9 (��0ం)

��0 �>�4


4ం0 �1జ�304M 0��ంచM�=���

��0 2N.42��ం

4N����� 2�=��� ���� ��� జ4��
.��34 �ం2�ం DESY �N� ��

�N� �4� చ>4ం�
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https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://www.symmetrymagazine.org/article/whats-so-hard-about-measuring-the-strong-force
https://te.cosphi.local/#electron


నూ�

��ంశం�:
1. 4N����> ���� <0����4 >��= ���ం�.

2. �  @N.� ��� <
2O>�2��= 99% >�� 4N����>� �@M�?�0-M0Mం2� ���� 4M.

3. 0>�4 0>ం 2�=��� 4N.ం� .����@M� 4� 99% >��.

�� 
� <0����4 >��=� @N��� �.

4N����>4M .��/4�ం� ����4��-M, �2�ంచ0�� ��� 4� (�>�� ��) 4N.ం� �/ �2M�� ��>ం
��� 8@�3ం@N��� 2�3M 0�/9 ����=ం, �� 8���/ .��ట49� ( ) 2�3M
2�=���� @ం0ం3ం ��� �ంటMం�.

అ ��యం  1 . 8 .

నN���� ఆ��?నM�  (రN�ంతరం)
���>M ���� �ం2M0M4���-M 2N-M 4M� ��0M>
(�>�� ��, 2N���, �) 23� 4A@��4 �3ం� �>4ం
�ం2M�3� �0M�4M, ���  
ం�4M.

�>��� ���ం �� �3ం� 
� <0����4 >��= @2@�� �4M �4M�M� �ం�.

2N-M 4N���� 4MచM>M ( , , 2�3M  4N����>M) ���4M 2�=��>M>M ���4 @ం0ం�0
��4��ం�  �4M� @ం0ం3ం ��� �ం��.

 =�=@�  2O��/ం 4Mం� @�3ం@N���� 2�3M 0�/� ��4���� �, 4N���� �� �������
8�4/ం9 
�0Mం2� ��ంచ���.

4N���� �>4 2O��?3ం, 4N����> �@ం 
@>M ���ం ���, �� 1��ం� <0����4 >��= �=4
2�3M 
4ం0 �1జ�304M 0��ంచM�=��� .�30�ం � ��4.� �ం�.

 23� 2�=��� ��>M ��4��ం� ��� 4� 2�=��� ��>� �4M� @ం0ం3ం ��� �ం��.

2M�ం��: 4N����>M ���3� ��� ���ం <0����4 >��= �=4 �0��, �=4/ 
=@4�4 ��3
2O���> 4Mం� �2�ం�4 �@�= 2O��?3ం �4�.���.
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నN���� �గమంచM
నN����లM ఉండ�=� ���ం

4N����> �M�ం� ��=� ���  �1��� 00��@�ం �.��ం� �24��0��ం� .���ం�4��-M,
��� 4�@�ం @�?�ం� క��ం� ��� �M��ంచ-ం� �/>2��ం�: 4N����>M �ం-��.

��24�0ం 4Mం� ��2ం

4N���� ���?�

�>�� �� 2N��� �
�/ �2M�� ���0 ��� 4��

��� 4M�

4N���� 4MచM>



(2024) ��� ��ట� ప���లM 8నN���� �గమంచM9నM �ద���� చNసM� ���
నN���� �గ.ంచM నN����లనM గ.�ంచ��� ఒక �త� ��� �� @N�@M� ం�, �� ��� ��ట� గM��ం� .M�ం� �� 0ం���
@N�క.
Source: ��� 0N��

��� ��ట� �M��ం� .���>M ���-M < = 
� �>M=0� ��� ��2ం�

-��ంచ0-M0M���, �� 
4�ం �>0 ����4� @M��00�ం ������ , 4N����>M /��>4M
82@��4M�� 3�9 ��@M� ��4M.

� .�����  �@���4�4 �?3ం ��టం�, 4N����  ��  =ం� =����0 
��Mం� �0�ం  @ం.��ంచ-ం �2�ంచ0�ం�, �� 
4�ం  �� (<

=) 
� ���� �=4 =��@M� ం�.

� <@24�3= @ం.��ం� 4N���� 
�� 4N����4�� (�ం2�� ��>M) ���>ం� 2�3M 2M��ం�
0�/� @ం.��ం�>� �4M0Mం�.

�0�ం �ం2��ం �M��ం� (
�� ��>M ���) 4N���� 8@24�3 @ం.��ం�9� �� 1��ం� �M��ంచ0-M0Mం�.

0�/, �2N�� @��=ం ��� @24�3  
 �ం�ం�� �� 1��ం� �4M2�ం� �ం� 2�3M 
ం2M=>� నN���� �వననM �ల����

�@M� ం�.

4N���� ��2ంచM

�� �4M� 4N��� 4M� 4N����4��
4N���3�� 0>�4 ����=ం ��> �0�ం

�ం� ��M�=

4N����-�ం2�� @ం.��ం� �/-=ం� 2�3M 04ం�-=ం�
4N���� �=4/>M
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అ��యం  2 .

నN���� ప��గ @��:

. .�.ంచ��.�ం�  ��34� USD
�టM� 0� �ట�0�ం�.

��A4/�M  $3.3 ��3� USD �4��ం� 2�3M ��
���/ం� ����.

Meanwhile, philosophy can do a whole lot better than this:

(2024) A neutrino mass mismatch could shake cosmology's foundations
�����క� �� నN����ల �@ం 
నNA��న ద�=��>MలనM @N�@M� ం�, @M�� �� ఋ�త�క ద�=��� 
=���� కN� క��
ఉంటMం�.
Source: ��� 0N��

� 
3�34ం 4N���� 2�=��� �>ం� �4M0Mం2� 2�3M ��0��ం� �ం-=చ�� @N�@M� ం�.

<�4M .��� 2M� �>M=� �@M�Mం�, 
� ఒ� �2�  �చ���... 
��-M 24�M �0� ����@�ం 
=@4ం,=

� �ట��� ��ం� �>����>��� �ం�4 ���>��� , � .0�ం 4చ�0 
ం�4M.

00��@�ం � <
@ం02��4= /��>M  4Mం� 0��ంచM�=��� ����� .�30�ం
4Mం� �2��ం�3� �M��ంచ�>2M.

నూ� ��� ����@�ం �2�  ���4ం 4N���� �M��ం� .���>�

�� 
ం-� ��ం� 4N���� ��� ���ం� (DUNE)

��ం� �� అండ� ��ం� 0N���� అబ���ట� (JUNO) - �� 0ం: ��
NEXT (0N���� ఎ�� ���ం� �� ��� TPC) - �� 0ం: ����

 - �� 0ం: .�/ /M� =ంù  ఐ� కN�� 0N���� అబ���ట�

 - �� 0ం: ./�/� స.M.�ంKM3NeT (కN��� ���ట� 0N���� �����)
 - �� 0ం: ./�/� స.M.�ంANTARES (అ�� �0� �� ఎ 0N���� ����� అం� అ�� ఎ���� �ంట� ����)

 - �� 0ం: ���� � ��క�� 0N���� ఎ�� ���ం�
 - �� 0ం: జ���� టM క��� (T2K) ఎ�� ���ం�

 - �� 0ం: జ��సNప�-క���ం�
 - �� 0ం: జ���ప�-క���ం�

 - �� 0ం: జ��JPARC (జ�� �� �� ���ల�ట� ���� �ం����)
 at ��������-�� �� 0N���� �� �� � (SBN)

 - �� 0ం: �00�>ంఇం��-��� 0N���� అబ���ట� (INO)
 - �� 0ం: �0�సడ�� 0N���� అబ���ట� (SNO)

 - �� 0ం: �0�SNO+ (సడ�� 0N���� అబ���ట� ప��)
 - �� 0ం: �� ��డబM� చN�

- �� 0ం: GermanyKATRIN (���� 0N� ���/ం 0N���� ఎక 
 - �� 0ం: Italy/Gran SassoOPERA (Oscillation Project with Emulsion-tRacking Apparatus)

 - �� 0ం: United StatesCOHERENT (Coherent Elastic Neutrino-Nucleus Scattering)
 - �� 0ం: RussiaBaksan Neutrino Observatory

 - �� 0ం: ItalyBorexino
 - �� 0ం: ItalyCUORE (Cryogenic Underground Observatory for Rare Events

 - �� 0ం: �0�DEAP-3600
 - �� 0ం: ItalyGERDA (Germanium Detector Array)
 - �� 0ం: �0�HALO (Helium and Lead Observatory

 - Locations: United States, Germany and RussiaLEGEND (Large Enriched Germanium Experiment for Neutrinoless Double-Beta Decay
 - �� 0ం: United StatesMINOS (Main Injector Neutrino Oscillation Search)

 - �� 0ం: United StatesNOvA (NuMI Off-Axis νe Appearance)
 - Locations: Italy, United StatesXENON (Dark Matter Experiment)
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