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Great uzzle:

who am I?

what Universe made of?

where am I from?

how Universe begin?

Science religion:

God and his DESIGN!
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principle 2 Falsification --sir karl Raimund Popper > “W&” vs. “#iR”
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Particle Physics




Standard model particles are
Quarks and Leptons

Leptons Quarks
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Modern Physics

Two scientific revolutions that are the foundation of
modern physics occurred in the first half of the 20t
Century.

These breakthroughs occurred when physicists tried to
extend the laws of physics beyond everyday experience.

* Relativity 785/ %
» Quantum mechanics &7 774



Relativity

To describe things moving very fast
requires the theory of relativity.
Special Relativity

- We cannot catch up with light.

- time-space

- Mass is a form of energy.

rt 4 E=mc?
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Quantum Mechanics

.

To describe things that at very small
requires quantum mechanics.

The Heisenberg uncertainty
principle:
- The more precisely we know the

position of an object, the worse we
know its momentum.

Ap Ax~ AE At~ h

EF 05 M ARAERIL, hbh=dait, RBIHEILERHE.
Ap Ax~h : o 48 ) 6§ 2 A Ax>0, & 28 . ¢4 T Ap> o



H SR EA7#HINatural Units

12 ISUR ] T30k F

2 FEAK T EE -
%%ﬁ%@uantum Mechanics -+ *HXE[“L’%ReIativitv - ﬁ?%%Ouantum Field Theory
Y N\
h ~ 197 MeV-fm c~3X108 m's-!
(6.63X10%4J-s)
3.Natural Units: _ _ )
[h]=[c]=1
V=L/T > L] — [T] HﬂLf_ﬁi
E=ho > [E] =[T]?
: 1=1T] h C
E=mc? > _E] = [|\/|] - [P]

[E]=[M]=[P]=[L]!=[T]? ~ 200MeV-fm
- 1eV=1.6 X1019], 1MeV=10%V, 1GeV=103MeV, 1TeV=103GeV

- M;=0.511MeV, Mp=1.0073u=938.3MeV, My=1.0087u=939.6MeV

- e.g. [F] = [ma] = [- VU] = [E]? = [e2Q%r?]], [V\]1=[G, -MT] =[E]—>[G\J=[M]*
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YIF EEPR Energy Scale(1)

K PFHZRE ~6000K ~0.5eV

- PYVRS P T
KXPFERZ Cr~107K ~ keV Heisenberg:
AL (EH) ~ 10 keV Ax ~ hlAp
BT REm, = 0.511 MeV T 4 —
e ccelerator
RFREM ~1 GeV .

P i = fit e & B 4 32
LA SUDUD 100 Gev, ¢
LRSS Higgs Einstein:

New Physics ~1-10 TeV ? m = E /c?
A th— 42 GUT? ~10° TeV'! Pt "F AT

- Ref: 1eV=1.6 X1019J, 1MeV=10%YV, 1GeV=103MeV, 1TeV=103GeV=10%%eV
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CERN: Large Hadron Collider (LHC)

i

730-Physicists

54 InstHutions

15-countries
75 MCHF

3000.Physicists #2900 Physicists' -# i~ >21000 PhyS|C|sts

176 Institutions#: _184sInstitutions. — 447/ L 105 Institutions;
38 countries 38 cauntries &, R Jﬁ a8 30-countries
550 MCHE# # = 550 MCHF o " B 1) 450 MCHF
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Large Hadron Collider (LHC)

v ERERTHS: 7+7 TeVEF-FRF@ 2E34 cm2st
v BERNNE: FH “&A]” 1018104

» pre-LHC era: LEP e*e” 100+100GeV @ ALEPH + DELPHI + L3 + OPAL
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LHC - B CERN
ezl OINE 8 -=== ATLAS ALICE

v Point 1 == Point 2
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B LHC: 7TeV+7TeV=14TeV

1 [TeV] = 1x10*2 [eV]

o BUTHEE,

1x10%[eV] 1.6x10""[] =1.6x10""[J] EEmTD©2
1[eV]

o RipEntEE L. . 2x10% cm2st

o RHEHETF EjxLin: 3x 1027 3/(cms)

A =hc/E = 200MeV-fm / 14TeV

~1 x 10"¥[m]



BERillzs: “IREE" ATLAS & CMS
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BIEE Tracker

o FH: WHNTHE + BHBHHE> £
o #4KL: Silicon Pixel + Strip

o E: FEVIRMRIP+BRIEPT

BRESE Calorimeter
o HI. HLHk(e) + MRIER (h)ESTRER
o 4Bl HzHER + LAr

o NIE: elyRTHIEIEEE + MET

The dashed tracks

’
< are invisible to
“&Neutrino

MuoniZ{X
o FHE. nFiLERRSR, EB{UBYIME N\
BRI i | EEE_N

o IE: pRLFEEBIEPT
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The Standard Model of
Particle Physics



Review of Glory:

- 1895
- 1896

- 1898
- 1911
- 1919
- 1929

- 1928-32

- 1922-33

- 1935-47

- 1956-64

- 1956
- 1980-90s
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Standard Model(SM): Elementary Particles

Wik
3 -
i -
T
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LZ S

=RIKT

2.4 MeV/ 1.27 GeV/c’ 171.2 GeV/fc®
%3 % %A t
Y4 Ve C Ya
up charm fop
4.8 MeV) 104 Mev/c* 4.2 Gev/c®
Y4 Ya S Ya
down strange bottom

electr_an
neutrino

<=0.17 MeV/c?
Y,
VY
muqn
neutrino

<15.5 MeV/c*
0
A%

neutrino

0.511 MeVjc*

€

electron

105.7 MeV/c*

1.777 GeVjc*

-1

v L
fau

HEAE

MERET

> Blig)=128KF

* Quark:
S ERTT + BB

JER1

 Lepton:

NOvVA vs. K1

= 1 X HLBES

HFi IR + CPEIR?

DR




Standard Model(SM): Interactions
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s (552)

LZ S

=RIKT

2.4 MeVfc® 1.27 GeV/c’ 171.2 GeV/fc®
%3 % %A t
Y4 Ve C Ya
up charm fop
4.8 MeV) 104 Mev/c* 4.2 Gev/c®
Y4 Ya S Ya
down strange bottom

electr_an
neutrino

<0.17 MeV/c?

AUt

muon
neutrino

<15.5 MeV/c*

0

A%
fau

neutrino

0.511 MeV/c*
€
2

electron

105.7 MeV/c*

1.777 GeVjc*

-1

v L
fau

HEAE

MERET

> HIRI=1M¥E%
» Photon: M(Y) =0

FL R AE B H

+ Gluon: m(Q) =0
SERAHEAER

» W20 mZ) ~ 90GeV
m(W) ~ 80GeV
HHEEH




The Standard Model (1): Quarks

--s=1/2

-- fractional charged

-- colored

> H 1.

| - T (uud)

.. ¥ (udd)

> I Fs B
@ A (Ud)

) J/y(cc)



proton  neutron

71.6_fm ,’
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7% fa & 4& A :Quantum Chromodynamics (QCD)

> BEARMRW: quarkiiEl, Biel/2, 78HH, W “67 W > ‘BRI AN FEEHS T
v KRB (~keV)IBN.:

AT X faf BT
s=1/2, mp~1GeV 1
AT ——g“ﬂy‘u u,u >
@ o Ve
@ v EH8(~10GeV)IE M.
+ NERE LR TRA,

e §,=S4=1/2 e.g. ImAAX WIE M T B R E T 21
. Q,=+2/3
* Qg =-1/3 + R FHESREEIRA Y “BE” jet,

e m,~my~0 Le. FRPHFFPAT AT XH 5B THETF



> quarkiEZYSZIORTI0(1): 3MEvEN &

& 9

gt q
3-jets, not 3 EM object, i.e. note*+e > et+e +y
fractional charge : Qg vs Q

strong coupling (qqG) vs. electroweak (qqy)

0~1/137 vs. 0, ~0.2

Colors of quark and gluon

Three-jet event from the hadronic decay of a Z boson
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Three Generations of Matter



o(e"e” — hadrons)

> quarkiERI SZIG R0 (11): BSESLIRR FRENE R=

ole’e >uu)

* m(u)~m(d)~m(s) ~0
* m(c) ~1.7GeV

* Q(u) =Q(c) = 2/3, Q(d) = Q(s) = 1/3
» Colors and fractional charge of quarks

Y s
| i Wl
| mw
1 BES 2-5GeV test
° com @0

R ~ [(2/3)242x(1/3)2]x3 = 2 V [2x(2/3)2+2x(1/3)2]x3 = 3



The Standard Model (ll): Leptons

--5=1/2
-- Integral charged
-- stringent L-number

LIeT=+1 L [e]=-1
Le[ve]:+1’ Le[ve]:_l

L[e"v,.v,]=L[e" v,V ]=0

3 families

N—>P+e +v,
udd) (uud)
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kivwmrig: BB BNTE T IFEETE

3
(5’”“32 T Zﬁki‘?k C) Yix,t) = iﬁa¢g!t)
k=1

BEER:

E:c\/pg—l—mgcﬁ,

E>0 HHBNF3IEE
E<0,? > DiracRAL R



http://en.wikipedia.org/wiki/File:Dirac_4.jpg
http://en.wikipedia.org/wiki/File:Dirac_4.jpg
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SCISTIRBICROMERD: T

« Human body = 20 mg of Potassium
40K emitting 340 million neutrinos
per day!

« 100,000 billion pass through your
body each second from the sun

— Your body will stop 1 neutrino

which passes through it in a
lifetimel!




Nurmber of events —m=

ALPHA DECAY

americiumn —m= neptunium  + alpha particle
224 544 472 220,810,505 728429 MeV/ic?

Amy, — Npg+*He| /|

5484

Alpha particle energy (Mel) —= bl

Two Body Decay Kinematics:

® 2 body o decay, energy E of
decay products always the
same

Py my
ru—Q

Py, 1y

Figure 38.1: Definitions of variables for two-body decays.

38.4.2.

Two-body decays:

In the rest frame of & particle of mass M, decaying into 2 particles labeled 1 and 2,

M2 _m2 4+ m}

E1= 2M

(38.15)

Ip1| = ol



®1913 - 1930 : 3 decay ->continuous spectrum of E ?!

BETA DECAY
rhodium —m palladium + beta particle _
08,652.876 08.649.196 0.511 Mel/c2

Rh,, —> Pd, +e"

Number of events —=

3169
Beta particle energy (Mel] —® Ml

? “E or P not conserved
In Sub-Atom World ”
(Niels Bohr)



//upload.wikimedia.org/wikipedia/commons/d/da/Coat_of_Arms_of_Niels_Bohr.svg
//upload.wikimedia.org/wikipedia/commons/d/da/Coat_of_Arms_of_Niels_Bohr.svg
//upload.wikimedia.org/wikipedia/commons/6/6d/Niels_Bohr.jpg
//upload.wikimedia.org/wikipedia/commons/6/6d/Niels_Bohr.jpg
//upload.wikimedia.org/wikipedia/commons/d/d5/Niels_Bohr_Albert_Einstein_by_Ehrenfest.jpg
//upload.wikimedia.org/wikipedia/commons/d/d5/Niels_Bohr_Albert_Einstein_by_Ehrenfest.jpg

®1913 - 1930 : B decay —>continuous spectrum of E ?!

BETA DECAY
thodium —= palladium  +  beta particle | Hypothesis of Neutrino:
P8,652.876 98,549.195 0,511 Me\/feZ

» Massless, mv =0

Rh,, — Pd, +e"

» No or very weak interaction
- undetectable

Number of events —=

1
3189
Beta particle energy (MeV] —® M

Wolfgang E Pauli (1930)




®1913 - 1930 : B decay —>continuous spectrum of E ?!

BETA DECAY
odun = palbdun - pepnce o ¢ 1 have done something very
bad today by proposing a
Ry —> Pdys +€” particle that cannot be
detected,; it is something no
theorist should ever do.”

Number of events —=

1
3189
Beta particle energy (MeV] —® M

Wolfgang E Pauli (1930)




N P
dud(-1/3)  ~—~—u duJ(+z/3)

«»Ve

-- Solar fusion E~O(keV) p.k. M,,~80GeV

A-(ed,) " (ed,)

g
E°-M_

-- Fusion interaction rate highly suppressed of M,
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Solar Neutrino puzzle

+p+p+p—>‘He+te +e' +v +v +
pTpTpTp e TV, TY

--1964, South Dakota “Homestake”

Ve‘|‘37C1 —> e+ Ar

-- 1985-2000, Kamiokanda, Japan
v,te —v,+e

1000k #F, 5000082k, 1300040NPMT

Experiment <E, > P, —>v)
SNO ~8MeV 0.348+0.029
SAGE ~0.8MeV 0.54+0.06
Gallex+GNO ~0.8MeV 0.56x£0.07
Homestake ~8MeV 0.34+£0.03




Neutrino Oscillation
-- Neutrino Mixing Hypothesis

Va - cos? sin @ Vi - MAMERo,B =e,ut
— _ e
Vﬂ —S1n 9 COS 9 V2 EEZIK{E@\I,] =1,2,3..
« free particle travelling in vacuum

» oscillation between different eigenstate - l//(t) — l//(O) - €

—jHt

N N

H=E=Am-c?

. . L
P(a — a)=1-sin” 26sin’[1.27Am; (E)]

Vl ‘ ----- 'f'__g %""" Vz




Neutrino Oscillation

Proton bes rafronn
LA NS E accalarator

Wiahe 1 tanget

+ H
poT g
7z-+ —) ﬂ+v Coppar beamstop Hmri‘m/\l_/e ? Elack Hol ama i‘ﬂﬁ%hﬁiﬁﬂﬁ?gﬂ
y

A thousand-sped detector

v,p—>e'n j

‘Water plug (rrore zhi=Hing)




NuMI Off-axis v_ Appearance " NOVAFar Detector (AshRiver, MN)
e ’“‘ P e

‘ MINOS Far Detector{Soudan, MN)

 Two detector, long-baseline
neutrino oscillation experiment;

e (ff-axis neutrinos from NuMI
beam;

« L/E ~ 400 km/GeV; atomspheric
Am?
* Physics goals:
— Precision measurements of Am?, |[SESSEE=
0,; from v, disappearance; © Milwaukee

— Search forv tov, transitions with
both neutrinos and antineutrinos; s T TR
* Measure/limit 8,5, Fermilab
* Determine mass hierarchy; \ ? §
* Constrain CP violation phase; | Chicago)




RIS & D HE 1 SRS

The Daya Bay Experim - et N
13 z. 2 Ve+fp'_>€ +n

* 6 reactor cores, 17.4 GW,,, total powe 22 Ot 265 mwe y
. >’ £ = Welghed baseline: ~500 m -.
* Relative measurement YY
— 2 near sites, 1 far site
* Multiple detector modules

o P
- ® Ling Aoll
reactors

Y
* Good cosmic shielding o, o
— 250 m.w.e @ Daya Bay near L ~ 8MeV delayed by 30us;
860 m.w.e @ far site . Some 2.2MeV H capture
i %.e

E ., =E— -129MeV

RN, TR0 > WA m(v)EENF + CPESR?

115 0
o 56 :[E
}11:_ 33 Bl AR j(u]g
5 w20 N sin?26,,= 0.092 vol—tlg 4t b d e - - -
2 Los SN + 0.016(stat) B sl ﬁ- 1& ‘
E 005 01 015 Z ’ A ILL
. ; an’28,; i O i 005 (Syst) Z:é 061 § g;:vgz:;nah River
» EH1 EH2 X Rovno
095 — 0.4 =
; vi 2 Vv;@ 6 e
r EH3 (0.2 O PaloVerde
0'9: 'FEPE NN RN FERE RPN ETS RS PN P B Chooz ® KamLAND
0 02 04 06 08 1 12 14 16 18 2 0.0 | 1 | 1
Weighted Baseline [km] 1 2 3 4 5
10 10 10 10 10

Distance to Reactor (m)



