PH120 Introduction to Physics Research
1. Purpose
This is a freshman physics course which covers selected modern physics research topics. I will use a recent paper on direct dark matter search as the basis of all lecture discussion. The discussion topics touch upon the astronomy, particle physics, solid state physics, and particle experimental methods. The main goal is to inspire the students with cutting edge problems, and be prepared to start a research project early in their college years (without learning too much advanced physics course). I will use class discussion and homework assignment to invoke independent thinking and group discussions.

2. Things you should expect
There is no single textbook that is suitable for this course. I will describe the problems that people found in real life of research. Most of the content are informational, and you don’t have to understand or memorize all concepts/experiments I mention in the lab. But you should learn how to think/argue with scientific reasoning.
3. Language
The lectures will be 100% in English. You are encouraged to ask questions in English, though bilingual attempt will also be supported. Homework should be completed in Enlgish.
4. Basic facts
a) Program: Zhiyuan Honor Program (Physics and Astronomy) including physics international class and physics majors from Zhiyuan College

b) Name of the course: Introduction to Physics Research

c) Hours/credits: 48/2

d) Prerequisite: n/a

e) Time: Friday 4 – 5:30 pm (week 1-16)

f) Location: Xia Yuan 下院310
g) Lecturer: Jianglai Liu, jianglai.liu@sjtu.edu.cn
h) Office: “Redhouse Lab” (close to the swimming pool), 15214333469

i) TA: n/a

j) Office hour: TBD
5. Teaching plans
a) Introduction: Scope and goals of the course
b) Four basic interactions 

c) Dark matter in the Milky Way
d) More astrophysical and cosmological evidence of dark matter
e) Structure of matter: atoms and atomic nuclei
f) New periodic table and possible DM particles
g) DM particles might have weak interactions
h) Direct detection of DM particles
i) Electronic Structure of atoms
j) Electronic Structure of the matter
k) Passage of particle through matter
l) Particle detectors
m) Liquid Xenon as Detection Medium
n) How does a PMT work?
o) Large area photon sensors
p) Scintillation in LXe (liquid xenon)
q) Ionization (Electron) Yield In LXe
r) What is a xenon TPC?
s) Nuclear Radioactivity 

t) Cosmic rays
u) From raw measurements to physics: an example
v) Neutrinos: irreducible background to dark matter
w) Neutrino properties I
x) Neutrino properties II
y) Building a gaseous Xenon detector to detect “NO neutrino” 
6. Grades: 60% based on homework, 40% based on final project (might be presentations) 
7. References:

a) PandaX physics papers (I will send you electronics copies)
b) http://www.learner.org/courses/physics/index.html
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