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��]_¹ `ba/c¡{¨o:v�xTg�lhz |�oriÃo�iÃfya/cD|�aTg�x³c!o%�³Ù�c6f<¢
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.­�"/�] ]!]E]·^��r^
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g�|µ���rÏ+fya/cep_g�|�fµz |µ��o�l=fya/cEc6�rc}i�f�|åfhg��r��c�jÃg�| â���r] ]!]D]D]D]!]D]E]!]D]D]D]!]D]D]D]!]E]D]!]E]·^�q��
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¦kg��rc6ly|¯^'fya/l�oru/�ra�¹�g�l�cnp_g�¢³cUp cUj.g�|E½¶fya/l�oru/�rað�å]ÆÛ~g�iTj¡Å�{�o�l�lyc6|�x³o�ikjef�o�f�a+c,|�fyc6lyc6o

p_g��rc6ly|XÏ%º=aTz_p cDfya/cEo�fya/c}l�|µg�l�cDf�a+c¡g��Iz_g�pTp_g��rc}l�|X]´]D]D]D]!]E]!]D]!]E]D]!]E]!]D]!]E]D]!]E]!]D]D]�qr¹
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q�] � `ba/ce�NikjD��{6g�x°{}g�p o�lhzsvwc}fyc6l*�bg�lXg�v�c6fyc6l�|X] ]D]D]!]D]E]!]D]D]D]!]D]D]D]!]E]D]!]D]D]D]!]E]D]!]E]��%�
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�a`c¢a`�f & ¶·¢]uJ¢q±X®
��u j�p`n0t~uw�çh�u`p5lonÊrv��p`h�tvuwj0�!p5�wløuwlo�Ép5nÊrv�E&á��loj0t~uwj�rvnÊlÄ}wnÊt[�w�w�ol`��hku�p�Ì t�Ì lo�k�%�wlo�wuwlo�  wr���tvn

loh��~louwj�p5rsp5loj�� x & �,± ½��otvu`p5r~h�uwhkuw��r Q P À tvn x Q& ��± ½��ot~u5p`rvhkuwh�uw�6r-P À �i
"�wlohkn�l���tv�k�Ép5hktvu3hku�p5hk��l?hkj�n0�w�klo�
� �øp`�wl���r~��hk� p`tvuwhkrvu-lo�©�wr¿p5hktvu

�l² �� Ü x & �,±x Q& � ± _ ½ ³ � �
�­³ À x & �,±x Q& � ± ½ � � ¢�f¿À
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Èhku�� rvnÊh�r~uw�olÍn0lo�[�whkn0loj4Å :$: _ Å H�H 6 Å rvuw��´ :�: _ ´ H$H 6_´Æ�
��uÄp`�wl�
Ép5r~uw�wrvnÊ�U�3t[�wlo�=& � � Q& � �Dh��¨h�uw�+h�j��orv�wj0lo� � ��p`�wl���t~�wn�p`�Ut~n0�wlon, wr���tvn�� �wrvuw�~h�uw�

Ì lor~��hku5p`lon0r~��p5hktvuø�wloj0�on0h � lo� � �Fp5�wl � t��3�wh�r~�vn0r~��jVhkuÄ��h���� �a` � �%��u�j0�w� �Lp5nÊrvuwj0h p5hktvuwj0�|p5�wl � tsp0p`tv�
�[�wr~u5p`�w� u[�w� � lon�h�j?� �wrvuw�~lo� � � � ½ x TÃ& x _P�~À � x TÌ& x _P� p`n0r~uwjmh p5hktvuwjLh�uw�w�w�ol�uwtvu�(mËolonÊt3t��/(
�wh�r~�vt~uwrv�Xlo��lo��lou`p5j�h�u �a`c¢of ��
"�wl�p�Ì tÄ��r~j0j�lohk�vlouwj�p5rsp5loj�r~n0lL�kr � lo�klo��rvj x & 3 ± ½q��t¿pn& í r~uw��& î
��loj0t~u�ä À ÌÍ�whk� �3�or~u � l�l��Ç}wnÊlojmj0lo��hku�p`�wl � rvj0hkj�tv��p5�wl8 wr���tvn"loh��~louwj�p5rsp5loj

x & 3 ± _ W x & � ± d A x Q& � ± ½ � � ¢v�vÀ

ÌÍh p5�+�otvnÊn0loj0}¨t~uw�wh�uw�Floh��~lour�|rv�k��loj

µ 3 _ ½�Å � �
� ´ À(d A

W ½�Å :RH � �
� ´ : H À ½ � � ¢Ê¢vÀ

ÌÍ�wlonÊl
A
W _ Å z: H � üH ´ z:RHÅ : H � üH ´ :RH

½ � � ¢~�vÀ

"�wl��otvu���lou5p`h�t~u�ÌÍ�wlonÊleù«Æ[½ A [ W À � � r~uw��÷àõ x & �L± _ x Q& �,± �wrvj � lolou+�wj0lo�
���¡n0t~�»�y�%� �n`j¢~� �Çh p�h�j
lorvj��øp5tDt � p5r~h�uLp5�wl�l���t~���Ép`h�t~uÅtv�&rD}w�wnÊl x & �,± t~n x Q& ��± j�p5rsp5l�r¿pSÜ _N�

x & � ½�Ü À � _ S í ½cÜ À x & � ± 8 A
W S î ½cÜ À x Q& � ± ½ � � ¢nmvÀ

x Q&4�[½�Ü À � _ S í ½cÜ À x Q&4� ± 8 W
A S î ½cÜ À x &4� ± ½ � � ¢nÛvÀ
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�ot[l	���ohklou5p`j
x S 3 ½�Ü À x H _ Æ îBº w

�   �ot~jm�&½ T2´�Ü
� À(d �otvj¯½�T<�YÜ À�¡ ½ � � ¢ � À

ÌÍ�wlonÊl
T<� _ x Å í �ÝÅ î x H T�´ _ x ´ í �;´ î x H ½ � � ¢nbvÀ

�¡t~n�p5�wl8& �^ �Dloj0tvuwj0� x Å : H [ ´ : H x h�j�r � t~�Ép f¿�~�v� �V
"�wlon0lo��tvnÊlo�&hkuDp`�wlVp`h��DlÍ}¨lonÊh�t[�+t~�&t � j0lon��Çh�uw��p5�wl
��h
�Çhkuw�Ft~�3& �^ ��h p�hkj�j0rv��lVp5t�rvj0j0�w�DlzT2´¼» � �J�Drv�©h�uw� S 3 ½cÜ À p`rv�~l�t~u�p`�wl�j0h��D}w��lÍ��tvnÊ�

x S 3 ½�Ü À x H _ Æ îBº w
�   f
d �otvj¯½�T<�YÜ À�¡ ½ � � ¢ÊÑvÀ
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q¬�£o¢q�T±´¢q± & ¶·¤© 5�¡±& 
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"�wlÆuwlo�Ép5nÊrv�[��r~tvu?j��Çj�p`lo�

�wrvj!rij0�wtvnqp���h
��lo�F}wr~n�p5hk�o��l%�orv�k��lo� ] = rvuw�Dri��t~uw����h
��lo�F}wrvnqp5hk�o��l%�orv�k��lo� ] À � ] = �wrvj!#"�·lohk�vlou�� rv�k�wl
tv� f ��p`�[�wjÍ�wlo�orm�Çhkuw�Fp`t � }whktvuwj�� ] À �wrvjÍ#%�glohk�vlou�� rv�k�wl6tv�Æ( f �	�wlo�orm�Çhkuw�Fp`t ¢ }whktvuwj��Å��u f�ÑnÛ~�
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tv�&#%�¼�Çh�t~��rsp5hktvu
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"�wlonÊl�r~n0l�p5�wnÊlolD�wh��¨lonÊlou5p�p��¨}¨loj�t~�	#"�¿�Çhktv�kr¿p`h�t~uwj���~��(�h~�� x�}ruOæÀ¿Ç�r~G�n���auc~G�h�@Á��h~�� x�}ruOæÀ¿ �r~��.Â
���auc~��h��Á4æÀ¿ �D~G�a���auc~��h� �G�4~���u�x��$�hx��hx"�(}�x���
Xt�j�p`�w�É�-p5�wlo���¡Ì lL�wlo��uwl�p`�wl�p5nÊrvuwj0h p`h�t~u�rv��}w�kh p`�w�wl?��tvn
x & � ± X Vçr~uw� x Q& � ± X Vçr~uw�Dp`�wl`hkn"n0rsp5hkt � lo�ktmÌ

'L½]V À _ Ã V x ô x &I� ±
Q'L½]V À _ Ã V x ô x Q&k� ±
QÄ ½>V À _ Q'�½]V À'L½]V À ½ � � �~�vÀ
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p5hk��l��wlo}¨louw�wlou`p�p5nÊrvuwj0h p5hktvu+n0r¿p`loj�r~n0li�orv�k�o�w��r¿p`lo��p`t � l

´Á½ x &4�©½cÜ À ± X V ÀyÅ
Æ�î|º w x 'L½]V À x Ha �½ f 8$�ot~j�½�T%�5Ü À0À 8 ½ f �C�ot~j�½�T%�5Ü À0À x AW x H x QÄ ½]V À x H
8 ù�Æ*  � Æhº w S î ½�Ü À S zí ½cÜ À ½ AW À QÄ ½>V À�¡ ¡ ½ � � �ofsÀ

´Á½ x Q& � ½cÜ À ± X V ÀyÅ
Æ�îBº w x Q'L½]V À x Ha k½ f 8þ�otvj¯½�T<�YÜ ÀÊÀ 8È½ f �C�ot~j�½�T%�5Ü À0À x W A x H x Ä ½>V À x H

8 ù�Æ*  � Æhº w S î ½�Ü À S zí ½cÜ À ½ W A À Ä ½]V À"¡j¡ ½ � � �v�~À
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�Äp`�wr¿pÍ�orv�wj0loj x A [ W x$Æ_�f �����
p5�wl�n0lo�kr¿p`h���lÍ}w�wr~jml�h�j � � p5�wlonÊl%Ì�h��k� � l�uwtÃ& � ��h
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"�wlL�whkn0lo��pD#%�¿�Çh�t~��rsp5hktvu3hkji�or~�wj0lo� � �²r��wh��¨lonÊlouw�olDhku3}w�wrvj0l � l�p�Ì lolou�p5�wl�p�Ì tø�wlo�orm�²r~�,(
}w��h p5�w�wloj�hku-lo�[�wrsp5hktvu �a` �v� �"
%�wh�j�}w�wr~j0l��wh��TlonÊlouw�`l?�klorv�wjIp5t x Ä ½>V À x�Æ_�f �

�¡t~nÁp5�wl�p`n0r~uwjmh p5hktvuwj�t~�<& �AX V²rvuw� Q& �AX VÇ�¨p5�wlonÊlDhkj�hku5p`lon0��lonÊlouw�ol � l�p�Ì lolouU�wlo�orm�Çj%Ì�h p`�
rvuw� ÌÍh p5�wt~�Ép���h
�Çh�uw�%Ì��wlouwl��¡lon�'Ç} S ½0½ A [ W À QÄ ½]V À0À Æ_N� �T�or~�wjmhkuw�%p5�wl%#"�°�Çhktv�kr¿p`h�t~uFtv�¡hku5p`lon0��lon0louw�oloj��
�Cl��or~u��wuw�wlon0j�p5r~uw�ø�wtmÌ p5�whkjÆh�u`p5lonÊ��lon0louw�oli�orv�wj0l��wh��TlonÊlouw�ol`j � l�p�Ì lolouLp5�wl�hku5p`lon0��lon0louw�olVp`lon0�Dj%hku
�y�/� �n`k�of rvuw� �a` �v� � �éuwtsp5hkuw�?p5�wrsp2'Ç} S ½Ê½ A [ W À QÄ ½>V ÀÊÀ Æ_ � �Dlorvuwj6½Ê½ A [ W À QÄ ½>V ÀÊÀ hkjir�n0lorv�Xu[�w� � lon��

"�wlonÊlo��t~n0l"p`�wl�hku5p`lon0��lonÊlouw�ol"p5lonÊ��h�j�hk�wlou5p`h��or~�&hk� x Ä ½>V À x _Ùf rvuw� x A [ W x _ f �
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%�wl��wl�p5r~h��kjÁtv�vp`�wl��wl�p`l`��p`tvn
�orvu � l���tv�wuw�Äh�u+��lo�$�e  f � ¡   f�bÊ¡ �

®��rJ L EL/%>J*ç4�HCM	/V.0*+E

éI¥�¦§¥�¦ É&ð«¯ ¨I¯(´�®ëµG²�­yÊËÉV¯ÍÌÄ­£±�´�á�ª


"�wlç�,)R�wl�p`lo��p5tvn�h�jÄ�kt[�or¿p`lo� rsp�p5�wl��¡lonÊ��hk��r � W QW 
Xl�� r¿p`n0t~u �ot~���kh��wlon-��
"�wlç
Xl�� r¿p`n0t~u´h�j
}wn0loj0lou`p5� ��p`�wlJÌ t~n0�k����j&�whk�v�wloj�p-( louwlonÊ�¿�D�wrv�wnÊtvu��otv�k��hk�wlon0�5ÌÍh p5��r"�olou5p`lonò(mt~� (m��r~j0j&louwlon0�s��tv� f ÑÊÛv� � l��¡�
��h��~�wn0l ¢n`|f j0�wtmÌ�j	p5�wl�jm� �wlo��rsp5hk�?tv��p`�wl�rv�o�olo�klon0rsp5t~n"�`t~��}w�kl��"�

� � n0hklo�Æ�wloj0�on0hk}Ép5hktvu·hkj�}wnÊt��Çh��wlo�·hku ��h���� ¢a` � ��tvnÆp`�wl��~louwlon0rsp5h�t~u t~� f ÑÊÛv� � l��P}wnÊt¿p`tvuUrvuw�
rvu`p`h�}wn0tsp5t~u·�otv�k��hk�wh�uw� � lor~��j?rsp�p`�wlF
Xl�� rsp5nÊtvu·�ot~���kh��wlon-��
"�wl � lor~��jÍt~n0hk�vhkuwr¿p`lFh�u+p`�wlF}wn0lor~�o�olo��(
lon0rsp5t~n?½��ynÊlorv�o� À �?
"�wlonÊlo��� î hktvuwj�r~n0l?��t~n0�Dlo�3rvuw�År~�o�olo��lonÊr¿p`l`�6p`t�� mv� ��l�� � �·r~u3lo��lo��p`n0t~j�p5r¿p`h��
#"t[� �[nÊtv� p-(��Cr~� p`tvu?r~�o�olo��lon0rsp5t~n��Á
"�wlÆhktvuwj�rvnÊl � �wuw� �wlo��r~uw��p5nÊrvuwj0}¨t~n�p`lo��p5t	p5�wlyjúp`rvnqpÆtv�Ép`�wlÆ��h�uwr~�	�
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Preaccelerator
((Cockroft−Walton acclerator))

HH− ions →→ 750 KeV

L inac 
(RF dr ift tubes)

 H− ions →→ 400 MeV

Booster   
(circular  accelerator )
1) str ip off electrons
2) protons → 8 GeV

Main Injector
1) proton − > 150 GeV
2) Produce antiproton

Tevatron 
 Beams →→  980 GeV  

colliding at D0 and CDF
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