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8.811 Particle Physics

  F 2009   U. Becker

Introduction

o Course Personnel
o Objective of this Course
o Homework
o Term- paper, Grades
o Course Cont ent  Overview
o Adjustments to Syllabus
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The lecturer    Ulrich Becker

Started : accelerator measured predicted

PHD 1968 at DESY, Hamburg     photons 7 GeV QED, V-mesons Form factors

1972 moved to MIT -BNL 598     p           28 GeV J- discovery heavy V- mesons

ISR CERN, Geneva    p, p 50 GeV Upsilon,scaling Z

PETRA, Hamburg 1979    e+e-           48 GeV gluon Top

LEP L3, CERN    e+e-         208 GeV E.Weak precision Z,WW ,  Higgs

1998 AMS flight controller NASAp, He  <400 GeV  e+, anti He, He3 all cosmics known

Atlas (a little)    p,p         14 TeV  Higgs or????? Higgs, SUSY

AMS-02 start 7/29/2010    ??           > 2 TeV  ????? Anti-M, DM

Experience: hard work, fun, do interesting physics regardless…..
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Objective of  Course  8.811
_Course focus to understand:

o  physics involved: theory - vs experiment

o  experimental methods - significance of results

(even for theory students) at the LHC

o learn how to do research as an experimentalist at LHC, ILC,
and other places/opportunities

_Not the purpose of this course

provide exhaustive theoretical background,

4 quantum field theory courses cover that,

Not n depth lattice, string considerations…-

Repeat the 8.701 material only when needed

_Goal in practical terms

_Get a background for Gen.III

_Obtain knowledge to design an experiment of physical interest
paper at the end of the course

At least know how to assess the value of future results
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Grade = Homework (easy)  33%  + Mid-term  27%  + Term paper 40%

Mid term:  Oct.22 in class

Homework: weekly
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Final Term Paper, mandatory (40%)

For students in experimental physics

Purpose:
To understand a Physics topic in depth and propose a (reasonably realistic) experimental arrangement

to research it. Remember: an experiment is a question to nature to answer. Good questions may

provoke unexpected answers. Think of it as a proposal you may have to justify as to get accepted.

Good physics taste in selecting the topic will be essential for your career later as to develop an interest

strong enough as to persist over years to plan, implement, construct the experiment and obtain data.
Whereas “theories” (better called hypotheses if they cover unexplored territories) may sometimes

provide a guide for new research, do not make yourself a slave of a particular one. They may change.

Technicalities:
1. Choose a topic by end of October. Aim for a paper of 12 pages maximum.

2. Be prepared to give an in class presentation of ~30 minutes  December 4th or 9th.

3.Hand in the full paper before or on the last day of class.

   I may help you in 1-2 sessions.

Topics Ð examples only: You are free to choose different ones, but discuss with me.

Finding Higgs in WW decays or !! decays or ZZ

Anything LHC may make possible by existing or improved detectors

Top physics

Axions – existence

Neutrino mass

Mixing angles

Rare decays, violating the SM

Linear collider: coupling of Higgs to fermions and bosons

Heavy, new Z! MORE…….
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Consider the physics:
What is the physics question and motivation?

Is it new? What has been researched so far?

The effect/signature to look for – unique?

Discuss the consequences for the effect seen or not seen.

If it is a continuation of existing experiments,

estimate the improvement by your proposal.

The method:
state the specific signal
propose detection components best suited

consider magnitude of backgrounds

define event selection criteria

The detector:
give a sketch with rough dimensions

estimate the intrinsic resolution of the components

consider: multi-scattering, radiative losses, spatial accuracy, etc

Avoid unrealistic designs – give number of elements used

Discuss data analysis:
estimate the time needed to get a significant measurement.

account  for background

give an estimate of recording rates

state significance of your discovery or limit obtained

Conclusion
what have we learned?
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For students of theory

Purpose

To understand future measurements and their level of difficulty and significance. Nothing is more sad than to base evidence for a

hypothesis( Theory) on shaky or premature data. Besides the loss of confidence it may end an career.. Einstein knew what to trust, - he

worked in his fathers production plant and the Bern Patent office.

Technicalities
same as above

Topics

Your choice –as long as a measurable effect can be argued for.

Physics

Off course you want to make the best arguments for the importance and uniqueness of the

hypothesis chosen.

Signature

There should be a characteristic reaction or behavior (signal) stated which can be experimentally measured. Give a clear hint of

how.

Estimate of occurrence

Assume LHC collisions at a luminosity of a) 10 **31  b) 10**34  for one year.

Significance

Give a rough estimate of the significance, assuming a background of a) the size of the signal, b) 10 times the signal, Assess

this by Monte Carlo methods.
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8.811 Elementary Particles  ---- special note

 the year of starting

the repaired LHC at CERN
 Requires different  emphasis on the syllabus:

Part A) Standard Model - to fully understand the

  baseline before looking for deviations

Part B) LHC (large hadron collider)

-  machine, schedule

- detectors

- expectations

Prereq. Knowledge of particles,

  basic Feynman calc., 8.701 usually

TR 10-11:30  in room 26-312     U. Becker
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 = Homework8.811  Outline Fall 2009 Reading

Sept. 10 1. Overview: particles, forces, Standard Model H.M.chapter 1, skim Ch.2

15 2. Concepts/Language: Fields, Feynman, measurable quantities Peskin.S. ch.1,2

17 1 3. Basics: cross sections, kinematics, collliders, statistics H.M.Ch .4, PDG ch.40

22 4. Detectors, some application. in key Experiments: P.D.G ch. 26,27,28

24 2 5. e+e- physics, QED, photoproduction H.M. Ch.3,4

29 6. Hadrons- quarks, symmetries, bound states, penta-quarks? H.M. Ch.2 again 

Oct. 1 3 7. QCD I: alpha s runs, jets, nucleon content, lattice calculations H.M. Ch.10, skim 11

6 8. QCD II:  jets in  ee and pp collisions Barger 

8 4 9. Scaling, partons ep structure functions, fragmentation 8.701 and H.M. ch. 8,9

15 10. Electroweak reactions, LEP, SLD H.M. Ch.10, skim 11

20 5 11. Electroweak W & Z Physics PDG. Ch.11,13 and notes

22 12. The Higgs - expectations, hope, and facts H.M.ch.14, notes

27 6 13. Review, mostly SM

29 14. Mid-term Quiz

Nov. 3 7 15. Weak decays muon, pion, K, D, B H.M. Ch.12  

5 16. K-K oscillations, CP violation Bettini, ch. 8

10 8 17.  Babar, Belle,Kobayashi Maskawa, select term paper CP violation,

12 18. Mixing and oscillations, in D&B systems

17 9 19. Short review of neutrinos, experiments Cern lecture notes

19 20. Top & Higgs  - future at  LHC Cern lecture notes

24 # 21. ATLAS Thanksgiving Guest: Dr. F. Taylor

Dec. 1 22. CMS or Future by ILC, DM and Neutrino exoeriments TBD

3 # 23. Searches beyond the SM  (SUSY, ) Design report/ CLICK

8 24. Outlook, Hierarchy, Dimensions,- start presentations

10 25. Continued presentations of term papers

Changes for special interests, tell  becker@mit.edu
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Literature: Warning: I emphasize Understanding, for exact formulas & 
derivations, see the books

1. https//pdg.lbl.gov/  Excellent, up to date, but not always coherent.

2. Quarks & Leptons by F. Halzen, A. Martin, Wiley 1984)  Old, Good theory, nothing
    experimentally.
3. Collider Physics by V. Barger, R. Phillips, Addison Wesley (1987)  Theory more focused
     and up to date, no experimental detectors, unattractive print.

4. Introduction to Quantum Field Theory by M.E.Peskin, D.V.Schroeder, Westview (1995)
    Very clear, we use only ch.1-3.
5. Particle Physics by A.Seiden, Addison Wesley (2005)  Relatively new, phenomenological
     mostly
6. Introduction to High Energy Physics by D.H.Perkins, Cambridge Press (2000) Easy, some

    history and experimental methods, connection to cosmology.
7. Instrumentation in High Energy Physics, F.Sauli editor, World Scientific  (1992). Advanced
   Series on Directions  in HEP, Vol 9. Separate chapters on  main detector components in
    use now.
2.-7. are available in the Physics Reading room. Some lecture notes will be handed out.

New: Elementary Particle Physics by A.Bettini Cambridge University Press, ISBN 978-0-521-
         88021-3   clear,experimental, too
         CERN summer school 2009: http://indico.cern.ch/categoryDisplay.py?categId=345


