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The Adventure of Exploring Proton's Substructure
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(science that deals with the structure of
matter and the interactions between the
fundamental constituents of the
observable universe.)
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Murray Gell-Mann:
SR8 (1964)

Volume 8, number 3 PHYSICS LETTERS

1 February 1964

A SCHEMATIC MODEL OF BARYONS AND MESONS *

M. GELL- MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

If we assume that the strong interactions of bary- ber n¢ - nf would be zero for all known baryons and
ons and mesons are correctly described in terms of mesons. The most interesting example of such a
the broken "eightfold way" 1-3 , we are tempted to model is one in which the triplet has spin z and
lanls far aama findamental explanation of the situa- 2z = -1, so that the four particles d-_
omised approach is the purely dy- exlublt a parallel wit
ap'' model for all the strongly in- A simpler and mo!
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VoLUME 12, NUMBER 8 PHYSICAL REVIEW LETTERS 24 FEBRUARY 1964

OBSERVATION OF A HYPERON WITH STRANGENESS MINUS THREE*

V. E. Barnes, P. L. Connolly, D. J. Crennell, B. B. Culwick. W Delape
W. B. Fowler, P. E, Hagerty,f E. L. Hart, N. Horwitz,T P. V. C -
J. K. Kopp, K. W. Lai, J. Leitner,t J. L. Lloyd, G. W. London,}

R. B. Palmer, A. G. Prodell, D. Radoji¢ié, D. C. Rahm, C. R. Ri
J. R. Sanford, R. P. Shutt, J. R. Smith, D. L. Stonehill, R. C. S

M. 5. Webster, W. J. Willis, and S. 8. Yama
Brookhaven National Laboratory, Upton, New Yor
(Received 11 February 1964}

It has been pointed out! that among the multitude length of ~10° feet.
of resonances which have been discovered recent- partially analyzed t
ly, the Ny,,*(1238), ¥,*(1385), and =, ,,*(1532) teristic decay mode
can be arranged as a decuplet with one member The event in ques
still missing. Figure 1 illustrates the position the pertinent meas
of the nine known resonant states and the postu- Table I. Our intery
lated tenth particle plotted as a function of mass - _
and the third component of isotopic spin. As KT 4+p~Q~+K*+K°
can be seen from Fig. 1, this particle (which OLES
we call @7, following Gell-Mann') is predicted A9 4 70
to be a negatively charged isotopic singlet with
strangeness minus three.® The spin and parity P+ Y
should be the same as those of the Ny,,*, namely, |——-e++e'
3/2%. The 10-dimensional representation of the
group SU, can be identified with just such a dec- et+e”
uplet. Consequently, the existence of the &~ T4 p. 1)

has been cited as a crucial test of the theory of L
unitary symmetry of strong interactions.®* The From the momentum and gap ].erlgtl;l- measure-
mass is predicted® by the Gell-Mann—Okubo mass  Ments, track 2 is identified as a K™. (A bub-
formula to be about 1680 MeV/c2. We wish to ble density of 1.9 times minimum was expected
for this track while the measured value was 1.7
+0.2.) Tracks 5 and 6 are in good agreement
with the decay of a A°, but the A® cannot come

fram tha nrimars intarantinn Tha A9 mace ae

FIG. 2. Photograph and line diagram of event showing decay of 2.

report the observation of an event which we be-
lieve to be an example of the production and decay
of such a particle.
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B The Nobel Prize in Physics 1969

"for his contributions and discoveries concerning the classification
of elementary particles and their interactions”

Murray Gell-Mann E —

usA

California Institute of
Technology (Caltech)
Pazadena, C4&, USA

b. 1929
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@ The Nobel Prize in Physics 1976
. Burton Richter, Samuel C.C. Ting

Share this: K1 EAES 2

The Nobel Prize in Physics
1976

Burton Richter Samuel Chao Chung

Prize share: 1/2 Ting

Prize share: 1/2

The Nobel Prize in Physics 1976 was awarded jointly to Burton
Richter and Samuel Chao Chung Ting "for their pioneering work in
the discovery of a heavy elementary particle of a new kind"
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Leptons spin =1/2 Quarks spin=1/2
Electric Elavor A&Zr::‘ | Electric
charge GeVic2 | charge

v lntest - 0o0q3x100 | o BMw)w | 0002 | 23
€ eleciron 0.000511 =1 ) dovn 0005 13
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% The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

The Nobel Prize 1n
Physics 2013

L

Photo: Pnicolet via Photo: G-M Greuel via

Wikimedia Commons Wikimedia Commons
Francois Englert Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Francois Englert and
Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic
particles, and which recently was confirmed through the discovery of the
predicted fundamental particle, by the ATLAS and CMS experiments at

CERN's Large Hadron Collider"
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binding energy binding energy
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BEFHEER 980 MeV - B u, dERHNEEARE5-10 MeV?
“mass without mass* (Wilczek)







7832 5 ER 7]

* % % _TE Eﬁ (Quark Conflnement)

® ;ﬁﬁi& ; (Asymptotic Freedom):
(33-2n )ln[ ﬁz}

E—> o, a—0.

94’?1\555%\’%%4?&
°

\ o &8
% N
U wu i DY _
D -
vy YD
//ﬂ\ N

l"If = number of quarks active in
pair production {up to 63

A = experimentally determined
parameter, = 0.2 GeV
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Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
These are a few of the many types of baryons.

Symbol| Name | Quark | Electric | Mass |Spin
content| charge | GeV/c?
p proton uud 1 0938 | 1/2
p |antiproton| uud -1 0.938 | 1/2
n neutron | udd 0 0.940 | 1/2
A lambda | uds 0 L.116 | 172
Q~ | omega SSS -1 1.672 | 3/2
Mesons qQ
Mesons are bosonic hadrons
These are a few of the many types of mesons.
Symbol| Name | Quark | Electric [ Mass [Spin
content| charge | GeV/c?2
m+ pion ud +1 0.140 | 0
K~ kaon su -1 0.494 0
p* tho ud +1 0.776 | 1
B’ | B-zero db 0 5279 | 0
M eta-c cC 0 2980 | O
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F.E. Close, “An Introduction to Quarks and Partons”
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* Naive Assumption: d(x) = u(x)

e NMC (Gottfried Sum . A NASI
Rlule): 172 oo
/O [d(z) - a(2)] da £ 0 L

e NA5I (Drell-Yan, 1994): P
d>uatz=0.18 :515

075 £ NA5I Drell-Yan
05 confirmed
oas d(x) > u(x)
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* Naive Assumption: d(x) = u(x)
e NMC (Gottfried Sum O m E866
Rule): E A /_A MRS
| 175 F =
| late) = a(@) ds #0 A Ccrmos
 NASI (Drell-Yan, 1994): . ¢

d/u

d>uatz=0.18 SR
e E866/NuSea (Drell-Yan, 075 |

1998): 05 |

d(x)/u(x) for 0.015 < x < 0.35 o025
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Tung-Mow Yan E&E /%

Professor of Physics

314 Newman Laboratory
Cornell University
lthaca NY 14853

(607) 255-7125
/
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B3, 1960, National Taiwan University. Ph.D., 1968, Harvard University.
Research Associate, Stanford Linear Accelerator Center, 19638-70. Assistant
Professor, Physics, Cornell University, 1970-76. Associate Professor,
Physics, Cornell University, 1976-81. Professar, Physics, Cornell Liniversity,
1981-present. Visiting appointments at: Stanford Linear Accelerator Center,
1973-74. Theory Division, CERM, 1977-78. Physics Department, National

'l ty18@cornell.edu

Taiwan University, 1986)Institue of Physics, Academia Sinica, Taipel, Taiwan,

1991-92 IMational Center of Thearetical Sciences, Hsinchu, Taiwan, 1997,

Alfred Sloan Fellow, 1974-78. Fellow American Physics Society.
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X-ray Source

X-ray Detectors
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hadron(P, )
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Ji, PRL91,062001(2003)
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Wigner Distribution
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Matter and antimatter were created in the Big
Bang. Why do we now see only matter except
for the tiny amounts of antimatter that we make
in the lab and observe in cosmic rays?
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Search for new particles

and new physics
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Astroparticle Physics
Search for antimatter, dark
matter and new form of matter
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Research
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AMS on the ISS truss. May 19, 2011
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TRD TOF

Particles and nuclei are defined by their
charge (£) and energy (E ~ P)

;;;;;;;;

‘ Z, P are measured independently by the
Tracker, RICH, TOF and ECAL
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Collider Physics

Search for new particles
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Academia Sinica drlves e- smence in Asia-Pacific

peAicademia Sinica Grid
Computing Centre (ASGC) in
Taipei is currently the only LCG
Tier-1 Centre in the Asia-Pacific
area, with 400 KSI2K computing

»pacity, 50 TB disk space and

to the LCG Since 2004,
Academia Sinica has provided
the services of a regional
operation centre (ROC), site
monitoring, virtual-organization
(VO) support, middleware
deployment, certificate
authority (CA) and global Grid-
user support (GGUS — mainly
first-line support and FAQs).
The centre supports not only
Tier-2 sites locally, but also Grid
operations in South Korea,
Singapore and other Asia-
Pacific countries that are not
supported by other Tier-1 sites.
To support service and data
challenges, a maximum

6

Grid tutorial at the Academia Sinica Gnd Computing Centre.

1.6 Gbit/s transmission rate was
achieved in the 2 Gbit network
bandwidth between CERN and
ASGC in June 2005. During the

CMS service challenge, ASGC

received 20TB of ¢ o
at an average rate
from 14 July to 14

ASGC Tier-1 Centre provided

12% of the LCG-2 computing
jobs, second only to the 14% of
CERN in the ATLAS data

rnll,\..-,. fe AN A mmdanala

‘CERN COMPUTER
:NEWSLETTER

Volume XL, issue 4  September-October 2005
collaboration and sharing or

information by taking advantage
of e-science applications in the
Asia-Pacific area. ASGC is also
working with different partners
to help form and support
application-driven e-science
communities in the Asia-Pacific
region, to improve the next-
generation research
mfrastructure and build up the

nnliratinne
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