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(Alfred Nobel)

(The Royal Swedish Academy of Sciences)
(Andre Geim)
(Konstantin -~ Novoselov)

(University of Manchester)

(Sochi) 1958
(Institute of Solid State Physics, Russian Academy
of Sciences) 1987
(Nizhny Tagil) 1974

(Europhysics prize)
2008

[1] http:/obelprize.org/nobel_prizes/physics/laureates/2010/
[2] http:/lwww.sciencedaily.com/releases/2010/10/
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(Life Science)
( ) (Material
Science) , (Yorey
( | Absorption  Spectroscopy:  XAS)
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[1] http://www.manager.co.th/Science/ViewNews.aspx?

[2] http:/lwww.hangkokbiznews.com/home/detail/it/science/



H@ﬂf‘)ﬂﬁﬂﬂ!;ﬂ

2553

1947 P.R Wallace [l1]

Tight-binding

(Antiparticle)
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(Pseudo relativity)
(4]
Geim Novoselov
2010 6
2
K-valley K/-Valley 300
Wallace
(Graphene under mechanical strain) L .
~ - Ab-initio calculation 26 % [5]
Bpseudo = Vx Apseudo
2010
Apseudo = Axi +ij University of California Berkeley
(Nanobubbles)
c (6]
Ay = (t2 +t3-2tp)
2evp
NER
Ay = (t3 —t2) “
2GVF
e 4123
Nano bubbles
ViB1,2,3( D
'[1’2,3 2.8 eV gﬂﬁ 2
(Graphene nanobubbles)
41,23
t) #ty) #1t3 300 [6]
K-valley K/-Valley
Wallace
2004 Andre Geim
Konstantin Novoselov [3]
(Graphite)
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(a) Localized region of
uniaxial strain

(b) Ferromagnetic stripes
with perpendicular
magnetic anisotropy

strained region ¥

parallel magnet

X
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current 1
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(A=A
K-valley
(IK' =0) Pereira, Neto Peres [11]
L. [12,
Valley polarization 100%
IK’ -0 K- 13] Soodchomshom ( )
valley 7 (c)
Spin polarization
23% [14] Soodchomshom
1 -1
Spin polarization of K-valley = M (1) (Semi-massless
Igt +1xy formi
ermions)
Spin polarization (+) () 100% X y
K- [14]
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Tight-binding Soodchomshom
Zigzag ( X 1(a))
(Conduction band)
(Valence band) [3]
23% 23%
Gapless graphene 23%

Gapped graphene
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3 Annual UK-NL Condensed Matter

Meeting 2010 University of Cambridge Dr. Koenraad
Prof. Jan Zaanen
Science .. 200911
(String Theary)

Mapping Anti

de Sitter/Conformal Field Theory

(Interacting electron system)

String Theory Never Dies

v e 1
AU UIFUN

Massachusetts Institute of Technology (MIT) Leiden
University Netherlands
(Condensed matter physics)
(String theory)
( )
( 4
)

()
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Richard  Feynman
Anderson [2,3]

energy physics)
Large Hadron Collider (LHC)

Astrophysics

Bang Inflation

Schalm
. 1969
Zaanen
Phillip
(High
Big
-3 v

12

Dr. Koenraad

Dr. Schalm Prof. Jan
Schrodinger
7&%’: ﬂZ(,t‘: Ne ar‘)H 7%‘:'112 T;{A Z’ _Zan’_l
i a [Tj— Ru‘ i<k "'.7 - "’\" a 2M, akf ‘Rz\ — Rl
9y Electron - Nuclei Electron-electron Nuclei - Kenetic enegry  Nuclei-Nuclei interaction
interaction interaction

Exact solution
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10%-10% Strongly correlated electron system
Fermi Liquid
(High-temperature superconductor)
A (Daping level)

T

p-type cuprate

vl 1A
s (Optimally-doped)
e ( )
P e (B
20
Al oo, Prof. Robert Laughlin
- .. 199
e ]
I Strongly  correlated
, electron system
g 1 A
B)
(optimally- (Mathematical framework)
doped)
Fermi  Liquid
Anti de Sitter/Conformal Field Theory
Fermi Liquid  Landau (AJSICFT)
(Nearly-free electron system) Map AdSICFT i
(Mapping)
Quasi-particle
V(D)
(Renormalization effect) Fermi Liquid
X V() = dx(t)/dt
y v(t) = dy)t

13
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Anti de Sitter/Conformal
Transformation Field Theory AdSICFT
AdSICFT Conformal AdSICFT
(xy) Conformal map
(r,0) Duality map
Scale invariance
(27 (Duality) 1

AdS(d+1)/CFT(d)  d

2B
z=x+
iy ! %9 1
(Conformal map) g
_ gafﬁ 3
““““ ! http:/fwww.cad-ultra.co.uk
JHH Erremed 2T AdS(E+1)CFTId)
(Hologram)
g1fii 2 A (Cartesian coordinates) (3
(Polar coordinates) B)
AdS(d+1)/CFT(d)
3 @)
10 b d
4 AdSICFT
6
4 (Strongly  coupled)

14
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2

Strongly  correlated electron ~ system

(6

AGSICFT
AGSICFT
[1] AGSICFT

Fermi Liquid (4
o AdSICFT
Angle-resolved - photoemission
spectroscopy (ARPES) Scanning Tunneling Microscopy
(STM)

*%

[1] M. Cubrovic, J. Zaanen, and K. Schalm, "String
Theory, Quantum Phase Transitions and the Emergent Fermi-
Liquid," Science, 325, 439-444 (2009). (arxiv:0904.1993)

[2] Jim Holt, "Unstrung", The New Yorker, 2 Oct 2006.

[3] “God (or Not), Physics and, of Course, Love:
Scientists Take a Leap”, New York Times, 4 Jan 2005.

[4] M. Gurvitch, and A. T. Fiory, “Resistivity of
L8, 4,:515,5CUO, and Y Ba,Cu,0; to 1100 K: Absence of
saturation and its implications”, Phys. Rev. Lett. 59, 1337 (1987).

[5] R. B. Laughlin, "Hiawatha's Valence Bonding,"

g1/ 4 AdS/CFT Annals of Improbable Research, 10, p. 8 (2004).
Fermi Liquid ~ [1] (A) [6] M. Cubrovic, J. Zaanen, and K. Schalm, "
Tlu T H (B)  Constructing the AdS dual of a Fermi liquid: AdS Black holes
Fermi Liquid with Dirac hair," arxiv:1012.5681 (2010)
T © U e wikipedia

org/wiki/String_theory
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. Hubble Space Telescope

“I'would rather be ashes than dust!

| would rather that my spark should burn out in a brilliant blaze than it should be
stifled by dry rot. I would rather be a superb meteor,

every atom of me in a magnificent glow, than a sleepy and permanent planet.
The proper function of man is to live, not to exist.

| shall not waste my days in trying to prolong them.

| shall use my time.”

Jack London

. .2003

(Columbia

space shuttle)
“The proper function

of man is to live, not to exist.” « (National Aeronautics and Space Administration: NASA)

(Hubble Space Telescope: HST)

24 .. 1990 ( 1)

(Edwin Hubble)

(Discovery Space Shuttle) [1]

16
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Instrumen
i Secondary
Incoming light it _F.ocal
point
—| Primary mirror

Incoming light

Secondary mirror
N\
Primary mirror

Instruments

gz]ﬁ' 2
(Cassegrain)

(Primary Mirror) 24
[2]

(Reflection Telescope)

(Cassegrain) 2
24
569 (Spherical Aberration)
( )
(2, 3]
(Service
Mission)
( 3)
(Filter)
(Infrared) (Visible)
(Ultraviolet) (X-rays)

(Gamma Rays)

(CCD: Charge Coupled Device)

17
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(Cartwheel Galaxy
ESO 350-40)

() ()
(Spherical Aberration)

1

13.75 (4]
(z: Red
Shift) [5, 6]
(Doppler  Effect)
(Hubble’s Law)
v = zxc = dxH, ")
(v: km/s)
(d: Mpc)

(H,: s'Mpc) ( pc : parsec

18

1 3.262 )

C
(3 x 10° m/s) z
z =1
7
(Look-Back Time)
(Cosmology)
1
[7]
-3
d,(z)= ! Z+1MZZ+... 2)
(H,/c) 2(H,/c)

q, (Deceleration Parameter)

qo = q,(4,) 8]

(Big Bang)
(Hubble Time) [6]
t, = L ggx100 4 ©)
H,
h
05-1
13.75
h=071
(8]
-1 -1 l 2
t,—t=H,z—-H, (1+5q0)z +... 0@

(S, 6]

(Dark Energy)

(A: Cosmological constant)
(Albert Einstein)

(Friedmann-Lemaitre equation) [8]

2553
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1 drY 8 1
S Gh A R =~k (5)
R dt 3 3 (6] 30%
4%
R(?) (Scale factor)
(Dark matter) 22%
) 74%
(c)
(G : Gravitational constant)
p 3 () Radiation, ( ) Matter Dust, ()
Vacuum energy Dark energy [8]
k
(k>0
k<0
k=0
t—>o) k
P
H,
1(8
k = 7(—7:Gp—H§j 6)
c \3
[1] http://www.nasa.gov
h= 071 ,
. [2] http://hubblesite.org
k=-35.69x10 [3] Clarke J T, et al. Nature, 415, 997-1000, 2002.
( k [4] http://www.space.com
[5] http://science.nasa.gov
k=0 k<o ) 6] Carroll B W, and D A Ostlie, AN introduction to modern
aStrophySiCS, Addison-Wesley publishing company, INC.,
pp1221-1264, 1996.
(Supernova) la [9, 10] [7] Hungston L P, K P Tod. An Introduction to General

(Cosmic microwave background)

(Gravitational lensing)

Relativity, cambridge, 167-168, 1990.

[8] Hobson M P, G P Efstathion, A N Lasenby. General
Relativity; An Introduction for Physicists, cambridge, 2006.

[9] Riess A G, et al., Astrophysical Journal, 116, 1009-38, 199s.
[10] Perlmutter S, et al., Astrophysical Journal, s17, ses-ge,
1999.
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“1 CERN School Thailand 2010”

Student Program CERN Physics High School Teacher
(The  European  Program
Organization for Nuclear Research: CERN)
3 16 2552

(Expression of Interest: EOI)

1% CERN School Thailand 2010
(CST2010) 413
2553

CERN  Summer

2
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“1st CERN School Thailand 2010”

Pre-school 3
1 School 6
Pre-school 4-6 2553
(
)
/
L - (
) “Quantum Field Theory for
Particle Physics "
2.
( ) “Quantum  Field
Theory for Particle Physics I1”
3,
( ) “High Energy
Particle Physics: Standard Model”
4. - (
) “High Energy Particle Physics:
Beyond Standard Model”
J - (
) “Introduction to Experimental
Particle Physics”
6. (
) “Introduction  to
Monte Carlo for Particle Physics Study”
7 2553

Professor Dr. Emmanuel Tsesmelis (Head of
the CERN Directorate Office) “CERN

& The Large Hadron Collider: Shedding Light on the Dark
Universe”

(Accelerator)
(Detector)
Collider)

LHC (The Large Hadron

Big Bang

The LHC is not only the world’s

most powerful microscope,

but also a telescope.

Looking towards

the beginning of time

Professor Tsesmelis

. 1954 12
20
Sandwich Program
2
/ 2 CERN Physics High

School Teacher Program ~ CERN Summer Student Program

(Medical Imaging)
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(Grid Computing) World Wide
Web

Professor Dr. Albert De Roeck (Deputy
spokesman for the CMS experiment)
“Experiments and Physics at the Large Hadron Collider (LHC):
The Big Bang Machine”

LHC
35 TeV

7TeV
ATLAS, CMS (Compact Muon
LHCh

LHC
Solenoid), ALICE (A Large lon Collider Experiment)
(Large Hadron Collider beauty)
( Prof.
De Roeck )

vacuum chamber

central detector
electromagnetic
calorimeter

||||||

2

ooooooooooooo

ATLAS

I
[T T
Iil L]

Events (Higgs)
Beyond Standard  Model Extra
Dimension
2
2
CERN Physics High School Teacher Program CERN
Summer Stucent Program
School
8-13 2553
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L. Professor Dr. Emmanuel Tsesmelis
“CERN and Accelerators”

2, Professor Dr. Albert De Roeck
“Large  Hadron Collider Detector”
LHC
( ) “High Energy
Particle Physics (HEP): Heavy lon Physics”

) “Cosmology”

5. Dr. Steven D. Worm, (Particle Physics
Department, STFC, Rutherford Appleton Laboratory)
“Beyond Standard Model and Higgs Physics”

Supersymmetry
(SUSY)

6. Dr.  Lucia Silvestris  (CMS  Offline
Coordinator) “Software and Analysis within CMS,
Compact Muon Solenoid”

CMS

1. Dr. Dirk Duellmann (Deputy Leader of the
data management group in CERN’s IT Department)
“Grid Computing in HEP”

School

1. Professor Dr. Emmanuel Tsesmelis

B
FS-Booster tune diagrap 2. Professor Dr. Albert De Roeck

3. Dr. Lucia Silvestris
4. Dr. Steven D. Worm
5. Dr. Dirk Duellmann

23
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%
610 3 /

“I1st CERN School Thailand 2010”

String Theory Supersymmetry

( ) Supersymmetric  particles
() The CMS Collaboration, CERN
( ) ()
()

CST2010 [1] http://public.web.cern.ch/public/en/LHC/LHCExperiments-
en.html

/ [2] http:/findico.cern.ch/conferenceDisplay.py?confld=92209

- ‘
I CERN Sehool Thailand fj‘“y

x Chulalongkorn University ) ‘-"j
- R ] 4 ),,__’ e

-1

cr 2010
e
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[1] 3

1 L=6
/ " () (13), (19 @4
(26), 3,1), (35), (4.2), (4,6), (5.1), (5.3), (6,2), (6.4)

(LY)
(L) =>(24)=>
(33) (15 =>(28)=> (35) =>(44)

n=>2 n=3
s (
| | )
1 () (ab)
(ba)
L s -s)
2.
(
s)
3 3 s
L-s
()

2
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(s e T7..=1/2 i=j i J
L) 2 d-1
1)
o T .=1/4 |i-j=1 i
2 d-1f
1)
i Td,d—lsz,dzl/z L/2
(Stochastic  Matrix) ( L/2
‘ (tate)’
, ’ 2 )
T dxd e T, . =1/4 T,, =3/4 L/2
d=1/4L+3+(-D)"?) | ( | (L-2)/2
(i, ]) T (
T,) 3
2(j-1) - )
2(i-1)
° l.’j=0
L=6
1 0
L ( ) T(L:6):(1/4 3/4}
1/4
2 ( )
m 2G-H 2
2(i-1)
3. ( 1 i k
2 ) 14 1 k
4, ( 2. )
L4 7:, (2steps) = z]:k];{j
4 k
TZ
i,
(i, )) "
e T,=1( 2-) _ n_
) 23i-1)
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) , ( A 0
2 Vo o N O 0
Tomason " ’ ’ ) 0
urt— 0 % % %
0 oo e HEDE ST
sk 8 8
0sf T;ub(L) (d—l)X(d—l)
04k = T
G, (
P— sl Al I‘U-_T-_""{';—‘—-*--‘—-‘— agy (un)
mwﬁ' 1 T2,1=1/4)
2 2i 2j
6 n
(Ta):,
P (1) = [ij 8
survive 4 1 2] n
psurvive(n) ZZ
L T z Z =1
2j n Z,=0
T 5
] n
L
- . E[Z1=1P(Z, =1)+0-P(Z, =0)=P(Z, =1)
v P(Z, =1)
T(L)= (,) T 2j n (Toaw);.;
' ET]
0
2 2j
2i

2
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2

L=6
2j 37, (7 2)
2j
1 L
E[Zozn]=ZoE[z,,]=[Zozzb) | 1 ( | )[3]
(
s )
lx4x+.=1/(1-x)  |xk1 ( p)
E[Zzn] :(ZT;ZbJ = (I_T;ub)l_,i
(Invertible) I ()
(Identity Matrix)
3 ( ) 2 3
2% 1
3
(I_Z;Ub)l'_,; 2,
2 s p
S U-T,);) . ,
L-p
L
L
d
L(L-2)
2i L d= 2 +1
i M
_ * (5,p)=(0,%
M=(I-T,(L)" e
¢ ! e (s,p)=(2l,m) 1<I<L/2-1
0<m<L/2-1-1
M o L 2 L:6 (S7p) (01*)! (210))
S 2) (0
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3
1
5 1 6 (
] b=0 (a,0) ) ( )
(a-2,1), (a,min(l, L —(a+2)) (
10 )
[5]
° b>0 (a,b)
(a-2,b+1), (a,b-1),
(a,min(b+1,L—(a+b+2)),
(a+2,b-1) 1/4
(20,20 (40 813,208 1613
L=6 T
(0,%) 1 0 0 0 4
2,00 [1/2 0 1/2 0 L =8 10, 12 14 776/87, 12686/901,
@n |(1/4 1/4 1/4 1/4 271462722/1348395, 3359477704/120933015
(4,0) 0 0 1/2 1/2
L
T L
4 y :
cosed (L) = 0.141L7 +0.051L - 0.484
Tanasoa
b
- 1, 1
M__(Ly=—L +-L
UL—_ B open( ) 12 +6
| T — S (Random Walk) (Walkers)
ﬂ]?’\l;)’.?
()
( ) 1 2
5
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)

M=(I-T,(L)" e

L2
L >

[1] http://en.wikipedia.org/wiki/Stochastic_matrix

2]

3]

Stochastic Processes

e G. R. Grimmett and D. R. Stirzaker, Probability and

Random Processes (Oxford University Press, New
York, 1992), 2" ed.

C. D. Meyer, Matrix Analysis and Applied Linear
Algebra (SIAM, Philacelphia, 2000).

S. M. Ross, Stochastic Processes, Wiley Series in
Probability and Mathematical Statistics (John Wiley &
Sons, Inc., 1996), 2" ed.

30

4]

i— (@), p(i)) = (L =2f(),

[l

Paurvive

sub

ub (S9 p)

23

(s, p)=(2l,m)
1<I<L/2-1  0<m<L/2-1-1

m (m

0<m<L/2-1-1 l )

(s,p)
(Mapping):
SO O+ | LL-2) H._lj
2 8
i 1<i<d-1

2

f(l_)Th/(L—l)z—Si‘ N

(n)

x (Floor Function)

_ 4715970714245 + (52135 —1165)(1+/5)" +(24476+/5 - 54730)(1-+/5)")
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