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Method in High Energy Physics

➜ Goals

• Search for new states (or particles)

• Measure their properties

• Study the interaction between particles

• Study the internal structure of composite particles

➜ In general, use collision experiments

• e+ + e− annihilation → energy → matter

• proton + anti proton

•
197Au + 197Au: creation of early universe

• use probes: γ, e−, µ−, ν etc.

• hadron beams: p, n, π, K etc.



Tools

beam target detector

➜ beam

• Most of the time, use the accelerator

• Natural source (cosmic rays, solar, atmospheric neutrinos)

• Nuclear reactor

• Radioactive sources (limited to low energy)

➜ target

• Solid targets: gold foil, carbon foil, etc.

• Liquid targets: waterfall, LH2, LD2, water (ν)

• Gas targets: He

• Frozen NH3, butanol



Detectors

➜ Positions, directions

• Wire chambers (or drift chambers)

• Multi-wire proportional chamber (MWPC)

• Scintillating fibers

• Micro-strip detectors

• Scintillators

➜ Momentum/Energy

• Magnetic field

• Calorimeters

➜ Particle identification

• dE/dx

• Cerenkov

• Ring Imaging Cerenkov (RICH)



Detectors (Cont.)

➜ Photomultipliers

• Most of the time, particles passing through detector element

generate photons

• Photons are converted to electrons using photo-electric effect

• Electrons are multiplied via successive acceleration giving a

detectable signal at the end

➜ Electronics

• Amplify, delay and shape signales from each detectors

• Make a trigger signal

• Convert amplitude or time to logic signal

• Store everything (almost) for future analysis
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Accelerators

➜ Acceleration of charged particles using EM interaction

➜ 1 unit charge (e) by 1V → 1 eV

➜ Static electric field

• TV, computer monitor, X-ray machine: few kV

• Van de Graaf - Really old technology

• Tandem Van de Graaf - ("hÕoé7��É�u� ÎáºÐwíU�U���Á)

➜ Dynamic electric field

• Cyclotron (Îã³[�×��h�̈A'Q)

• Linear Accelerator - Stanford

• Linear Accelerator + Recycling - Jefferson Lab

• Synchrotron - Most of the big accelerators (� �µ¢ �Ék��Óàô

��ÔÁæU�)
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➜ ç5wÑ�ê(4He)4É Ðwíëâ��Á{ ôcÓ 3He·Ý ½�gÀ�gX�Îå·ÔÁæôcÓ �¦Z�Ðkê(Rb)Õlé

\�Õxí

•
3He¢Ḱ �¢5�4É �Êk�[Ù��·Ý U[�5�4É <jí�[Ù��x¤ ���[Ù

• ����d�Ék@�<S"h �¢5�4É �Êk�[Ù��4É {�ùcÓ¢Ḱ "hx¤ �ÉkÐÞ

• �� Q]� U[�5�4É <jí�[Ù��4É {�ùcÓ\� 3He4É {�ùcÓÕlé X�Õ�_Ù

➜ NS\�$h�²é \�Õxí, Óàô 0ùÖ�¡ÙÕlé Ù�í�#� �¦Z�Ðkê(Rb)��Á���²é ù�ÓÎå³½)

➜ �¦Z�Ðkê��Á��NḰ 3He·Ý4É 
�í�hé°Ã�_Ù<S"h 3He <S5� {�ùcÓ õ9Ó�̧g

➜ ��;��̂ç (Xe)U�>�x¤w  ��N²º

➜ ù�ÓÎå³U�>�Ðlé¢Ḱ AM<S�b�_�×�á#Q ��U�Îáº�hÙF�%+hÙ

➜ ù�ÓÎå³ç5wÑ�ê¢Ḱ �̂Õ�̀Õ,�ÒôcÓ ù�ÓÎå³<jí�[Ù���¡,�Ò|�x¤ ÒoéX��É�<S \�Õxí
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➜ NS\�$h�²é Z��¦U� õ9Ó<SNḰ õ9Ó��Ðlé\�

����d�Ék@� (S1/2) <S"h 50:50 |�x¤

mj = −1/2 ·Ý mj = +1/2 �Ék@�<S _�á¢²·

➜ ��d¢éÐwí�Êk +1Õlé ��õcÓ NS\�$h4É Óàô��NḰ

mj = −1/2 <S _�áNḰ õ9Ó���²é S1/2

�Ék@�<S"h P1/2 �Ék@�x¤ Ûv  }ç (�cÙÄ�@½)¼�g�¡)

➜ mj = +1/2<S_�áNḰõ9Ó��NḰ��d¢éÐwí�Êkz¤£¿ç

]#×-�Ò<S 4É�#� P1/2 �Ék@�x¤ ¶�g �¢ _#ì��

(mj = +3/2�� d�Õ|¡)

➜ P1/2, mj = +1/2 �Ék@�4É õ9Ó��Ðlé¢Ḱ

50:50 |�x¤ ��[� S1/2 �Ék@�x¤ \�Ðwí

(,�ÒÄ�@,�Öó9Ó½)¼�g�¡)

➜ \�D1 U[�ò�Ó mj = +1/2 �Ék@�x¤ \�ÐwíU[�

õ9Ó��Ðlé¢Ḱ 5�ÔÁæ u� �Ék@�<S  QÒoé5� �����

➜ [�H[e\� ]���ñ�Ó ��4É y OḰ (��d 99%)

õ9Ó��Ðlé\� mj = +1/2 �Ék@�<S QÒoé5� �����




�ä}±É\�>uèJ��º3?ê c�ëà� (?ê�ÄO,0��)

➜ U�£¿ç4É ��U�Îáº�hÙF�%+hÙ¢Ḱ AM<S"hNḰ ��Õxí��é�� (òcÓÎáºH[e)

➜ ù�ÓÎå³U�>�ç5wÑ�êÕlé AM<S �b�_�×�ª ��U�Îáº�hÙF�%+hÙ

➜ ó9Ó�hÙU[� u�B��Ékw  +hÙ�Ék

➜ �̂Õ[�H[e Õjê,�Ò+�Ö Óæî¿�g ��N²º

➜ ��dÖÁí AM�̀Õàî# õcÓJ[e Õxí\�
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➜ ÒoéX� �̂Õ1�Õxí �Ék�̂4É

5�|¡w 

➜ Ý̧�¢4É �¢5�4É ¥ǵ �̈_�Õ¢Ḱ

ù�ÓÎå³ ç5wÑ�ê4É �Ék�¶¢ �£]�

➜ U�>� ç5wÑ�ê°Ã �¦Z�Ðkê¢²º

��¢é7L4É (�cÙÄ�@) �£X�x¤

L[eOḰ à-CO[e<S \�ÕAM

➜ 45�4É u�=�é'úÒ NS\�$hNḰ

Óàô 0ùÖ�¡ÙÕxí

➜ u��á4É �Ék�̂Ðlé¢Ḱ ç5wÑ�ê4É

ù�ÓÎå³w  
gæ�_ÙÕxí
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•
3HeË;t4É ��}  (½)¼�g�¡NḰ {�ùcÓ�Ék�¶¢)

• �Êk�[Ù��(�cÙÄ�@) �¢5�4É {�ùcÓ¢Ḱ �ÉkÐÞ�áu�

• <jí�[Ù��(,�ÒÄ�@)4É {�ùcÓL[e\� ������"h

• ���̂Õ�Ék4É ù�ÓÎå³ <jí�[Ù���� �����

➜ <jí�[Ù���²é \��¦u� _�áNḰ îÅ��4É {�ùcÓ\� #Qg{ß5� <jí�[Ù��4É {�ùcÓÕlé

���[Ù�NḰ]� ô�Ó��

➜ îÅ��·Ý Úoé_�×��Ðlé4É �Ék�¬��dÕxí \�B� (�Êk��Ä�@{ \��{ç, QCD)

➜ #��Q QCD Ã7 ]#×-�Ò (Sum Rule)4É �̂Õ1�,�Ò $íÖÖ²º

➜ <jí�[Ù��4É �p�@�ôcÓ�� (Form Factor)4É 
gæ�_Ù


