
Special Topics Physics: Phys 7905 

           Exp. Tech. in High Energy Physics 

Techniques and Detectors for Nuclear and Particle 

Physics Experiments 

Fall 2019 

MW 11:00 – 12:15 VAN 155 

 

     Text: W.R. Leo, Techniques for Nuclear and Particle Physics -Springer Verlag 

Text:  D.Green, The Physics of Particle Detectors-Cambridge Monographs 

This course is designed for advanced graduate students or senior undergraduate working on the 

nuclear and particle physics detector designs, applications and utilization. This course will 

provide information for the basic history of Nuclear and Particle physics and fundamental 

principles of particle physics and collider physics. This course will provide information about tye 

energy loss mechanism when particles interact with matter. In addition- we study Gaseous 

Detectors, Scintilllating Detectors, Silicon Detectors Trackers- Case Study CMS, Photonics in 

HEP, Calorimeters Energy Loss of Heavy Particles, Energy Loss of Electrons and Positrons, 

Interactions of Photons, basic Scattering processes. There is a detailed study of Hadron 

Colliders-The physics of the Large Hadron Collider (LHC) .CMS Experiment at LHC, The US 

contribution to the CMS at LHC. Experimental challenge at LHC. The students also work 

individually on projects: Detectors and physics results from a fixed target experiment, Detectors 

of physics results from a colliding beam experiments, Detectors for a medical research project, 

Detectors and physics for a Space /Astrophysics High Energy. The students provide reports and 

oral presentations regarding their studies based on the above projects. 

 

 

                             

SYLLABUS 



I-Introduction to Nuclear Physics (History and basics) 

II-Introduction to Particle Physics (History and basics) 

III-Fundamental principles of particle physics  

IV-How Detectors are designed? 

    Energy Loss 

    Gaseous Detectors  

    Scintillating Detectors 

    Silicon Detectors 

    Trackers- Case Study CMS 

    Photonics in HEP 

    Calorimeters 

    Energy Loss of Heavy Particles 

    Energy Loss of Electrons and Positrons 

    Interactions of Photons 

    Scattering 

V-High PT Physics  

    1 - The Standard Model and EWSB    

    2 - Detectors Basics 

 2.1 SM Particles - Mapping into Detector Subsystems  

 2.2 Tracking and b Tags  

 2.3 EM Calorimetry - e and photon 

 2.4 Hadron Calorimetry - Jets of q and g and neutrino (missing Et)  

 2.5 Muon Systems  

 2.6 Complex Event Topologies in D0 and CDF  

 2.7 Fragmentation, Minimum Bias Events   

    3- Collider Physics  

 3.1 Phase space and rapidity - the "plateau" 

 3.2 Source Functions - protons to partons  

 3.3 Pointlike scattering of partons  

 3.4 2-->2 formation kinematics  

 3.5 2--1 Drell-Yan processes  

 3.6 2-->2 decay kinematics - "back to back" 

 3.7 Jet Fragmentation             



    4- Collider SM Experiments 

 4.1 QCD - Jets and Dijets, alphas determination  

 4.2 Prompt Photons  

 4.3 b Production at Fermilab  

 4.4 t Production at Fermilab      

 4.5 D-Y and Lepton Composites  

 4.6 EW Production  

o W Mass and Width  

o Pt of W and Z  

o bb Decays of Z, Jet Spectroscopy  

 4.7 Higgs Mass from Higgs      

    5 - Search Strategy at the LHC Precision EW Measurements 

 5.1 Cross Sections at the LHC  

 5.2 Higgs Loop Decays and Direct Decays  

 5.3 Higgs Production Rates  

o gg Fusion  

o WW Fusion and Tag Jets  

o Associated Production - HV, Htt  

 5.4 Higgs Branching Ratios and Search Strategy     

 5.5 Lower limit on Higgs mass  

 5.6 Luminosity and Discovery Limits  

 5.7 Others- Composites, Extra Dimension  

    6- SUSY and Open Questions in HEP 

 6.1 Generations  

 6.2 Parameters for Masses and Mixing  

 6.3 Mass Scales  

 6.4 Grand Unification  

 6.5 SUSY - p Stability and Coupling Constants  

 6.6 SUSY - Cross Sections at the LHC  

 6.7 SUSY Signatures and Spectroscopy  

 6.8 Cosmological Constants (and SUSY?)  

 6.9 SUSY and Gravity    



VI-Hadron Colliders 

     1.The physics of the Large Hadron Collider (LHC) 

     2.CMS Experiment at LHC 

     3. The US contribution to the CMS at LHC 

     4. Experimental challenge at LHC   

VII Projects 

     1 Project A : Detectors and physics results from a fixed  target experiment 

     2 Project B : Detectors of physics results from a colliding beam experiment. 

     3 Project C : Detectors for a medical research project      

     4 Project D : Detectors and physics for a Space /Astrophysics High Energy    
 

 
 

Administrative Information & Policies  

Administrative Home 

The College of Liberal Arts and Sciences is the administrative home of this course 

and governs matters such as the add/drop deadlines, the second-grade-only option, 

and other related issues. Different colleges may have different policies. Questions 

may be addressed to 120 Schaeffer Hall, or see the CLAS Academic Policies 

Handbook at http://clas.uiowa.edu/students/handbook. 

Electronic Communication 

University policy specifies that students are responsible for all official 

correspondences sent to their University of Iowa e-mail address (@uiowa.edu). 

Faculty and students should use this account for correspondences (Operations Manual, 

III.15.2, k.11). 

Accommodations for Disabilities 

A student seeking academic accommodations should first register with Student 

Disability Services and then meet with the course instructor privately in the 

instructor's office to make particular arrangements. See 

http://sds.studentlife.uiowa.edu/ for more information. 

http://clas.uiowa.edu/students/handbook


Academic Honesty 

All CLAS students or students taking classes offered by CLAS have, in essence, 

agreed to the College's Code of Academic Honesty: "I pledge to do my own academic 

work and to excel to the best of my abilities, upholding the IOWA Challenge. I 

promise not to lie about my academic work, to cheat, or to steal the words or ideas of 

others; nor will I help fellow students to violate the Code of Academic Honesty." Any 

student committing academic misconduct is reported to the College and placed on 

disciplinary probation or may be suspended or expelled (CLAS Academic Policies 

Handbook). 

CLAS Final Examination Policies 

The final examination schedule for each class is announced by the Registrar generally 

by the fifth week of classes. Final exams are offered only during the official final 

examination period. No exams of any kind are allowed during the last week of classes. 

All students should plan on being at the UI through the final examination period. 

Once the Registrar has announced the date, time, and location of each final exam, the 

complete schedule will be published on the Registrar's web site and will be shared 

with instructors and students. It is the student's responsibility to know the date, time, 

and place of a final exam. 

Making a Suggestion or a Complaint 

Students with a suggestion or complaint should first visit with the instructor (and the 

course supervisor), and then with the departmental DEO. Complaints must be made 

within six months of the incident (CLAS Academic Policies Handbook). 

Understanding Sexual Harassment 

Sexual harassment subverts the mission of the University and threatens the well-being 

of students, faculty, and staff. All members of the UI community have a responsibility 

to uphold this mission and to contribute to a safe environment that enhances learning. 

Incidents of sexual harassment should be reported immediately. See the UI Office of 

the Sexual Misconduct Response Coordinator for assistance, definitions, and the full 

University policy. 

Reacting Safely to Severe Weather 

In severe weather, class members should seek appropriate shelter immediately, 

leaving the classroom if necessary. The class will continue if possible when the event 



is over. For more information on Hawk Alert and the siren warning system, visit the 

Department of Public Safety website. 
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