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Radioactive sample emits
beam of alpha particles

Lead block shield

Zinc sulfide
screen

Some alpha particles
Most alpha particles are deflected

hit here Ernest Rutherford (1871-1937)
19084F i DURIL 22 (K5 1)

Atom of Metal foil
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A FRIRIN m7me: 1.67x102 g=938 Mev
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18864, Eugen Goldstein % I PER G4k

Red glow Discharge tube @eeYs
Air at very ®® ®@
- low pressure ‘_'
Perforated Anode
cathode
Top vaccum pump
& High voltage .
generator Eugen Goldstein (1850-1930)

19194, FEEHRFF RS (14N +a- 17 0+p) FESREFZ HRF, i

SR TZEMBRTFIN—&7, 2 ERTFHES

NOVEMBER 11, 1920 NATURE 357

Physics at the British Association.

13 ” Y
Proton E/AH:IIEW; observed amount from that of the hydrogen atom.

The results thus show that the elements may be con-
sxdered as being composed of these hydrogen nuclei,
EHjH&%EP or “protons ”’ as Sir Ernest Rutherford would have
us call them, and we thus return to Prout’s concep-
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C. The collisions of a particles with hydrogen nuclei

J. Chadwick Ph.D. & E.S. Bieler M.Sc
Pages: 923-940
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rﬁ’l‘?(ﬂ"ﬂif'ﬁ. T mmEn | | orogen lsotope of Mass 2

Harold C. Urey, F. G. Brickwedde, and G. M. Murphy
Phys. Rev. 39, 164 — Published 1 January 1932

19314EJ;E, Urey, Brickwedde, Murphy IBidz% & &=, MR FHIE L LI T T (deuterium
SHREH 2R E

Harold Urey and the
discovery of deuterium

Chemistry, nuclear physics, spectroscopy and
thermodynamics came together to predict and detect heavy hydrogen

before the neutron was knowi Although George M. Murphy and I

coauthored with Urey the papers'™
Ferdinand G. Brickwedde reporting the discovery, it was Urey
who proposed, planned and directed
the investigation. Appropriately, the
Nobel Prize for finding a heavy isotope
of hydrogen went to Urey.

Harold Urey (1893-1981)
19344FiE DURMLE R

Ferdinand Brickwedde (1893-1981) ~ George Murphy (1903-1968)
6



To vacuum
pump

AT, 29 B BI-FE B k1T (19354 NUR 3, A THgt) 0 7 SE86, WAXINE v 5%

FFRE: 939.6 MeV

To amplifier,

Paraffin wax

a 19324F (EFAZE I+ AR), TEE
EANFT RESRTFERS

Be+ a » *C+n

James Chadwick (1891-1974)
19354F 14 DURYIIER
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NATURE

[FEBRUARY 27, 1932

Letters to the Editor

[The Editor does mot hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, nor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NATURE. No notice is taken
of anonymous communications.]

Possible Existence of a Neutron

This again receives a simple explanation on the
neutron hypothesis.

If it be supposed that the radiation consists of
quanta, then the capture of the a-particle by the
Be? nucleus will form a C!3 nucleus. The mass
defect of C3 is known with sufficient accuracy to
show that the energy of the quantum emitted in this
process cannot be greater than about 14 x 108 volts.
It is difficult to make such a quantum responsible
for the effects observed.

It is to be expected that many of the effects of a




RF#% = JRF + BF /

e 19324, BEERBEAXINPFE, Iwanenko FIIEREIZIELYE FZH TR ??DEF'?WEJZ
o IEEIEVIRE: RF+ET (RFRIBRTMLETF)

1932£ﬁ4ﬁ The Neutron Hypothesis

Dr. J. CHADWICK’S explanation! of the mysterious
beryllium radiation is very attractive to theoretical
physicists. Is it not possible to admit that neutrons
play also an important réle in the building of nuclei,
the nuclei electrons being all packed in a-particles or
neutrons ? The lack of a theory of nuclei makes, of
course, this assumption rather uncertain, but perhaps
it sounds not so improbable if we remember that the
nuclei electrons profoundly change their properties
when entering into the nuclei, and lose, so to say,
their individuality, for example, their spin and mag-
netic moment.

The chief point of interest is how far the neutrons

can be considered as elementary particles (something
like protons or electrons). It is easy to calculate the
number of «-particles, protons, and neutrons for a
given nucleus, and form in this way an idea about
the momentum of nucleus (assuming for the neutron a
moment ). It is curious that beryllium nuclei do
not possess free protons but only «-particles and
neutrons. D. IwANENKO.

Physico-Technical Institute,

Leningrad, April 21.

NATURE, 129, 312, Feb. 27, 1032.

SCEI

Dmitri Ivanenko
(1904-1994)

D. lvanenko, P.A.M. Dirac and W. Heisenberg (Berlin, 1958)



BEF# = RF + BT
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Werner Heisenberg (1901-1976)
1932 FIFNURYIER (BEF 1)

E?%HEP?%E%A’W?(? (nucleon: Mgller, 1941) / 5
19324F6H L
Uber den Bau der Atomkerne. I

IR IR F 454

Zeitschrift fir Physik 77, 1-11 (1932) ‘ Cite this article

W. Heisenberg

D F
RATSE)

Uber den Bau der Atomkerne. II

W. Heisenberg

Zeitschrift fiir Physik 78, 156-164 (1932) ‘ Cite this article

Uber den Bau der Atomkerne. I11

W. Heisenberg

Zeitschrift fiir Physik 80, 587-596 (1933) | Cite this article
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CHH4 (. H. Bartlett) £ (1936 )
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J(r)=ae® or J(r)= ae "’




INSTITUT INTERNATIONAL DE PHYSIQUE SOLVAY
SEPTIEME CONSEIL DE PHYSIQUE -- BRUXELLES. 22-29 OCTOBRE 1933

Photo @enjamin Couprie 28, avenue Louise. Bruxelies
H. A. KRAMERS N. F. MOTT  G. GAMOW P. BLACKETT M. COSYNS Aug. PICCARD
E. STAHEL  P. A. M. DIRAC J. ERRERA C. D. ELLIS E. 0. LAWRENCE
E. HENRIOT F.JOLIOT W.HEISENBERG E.T.S.WALTON P.DEBYE B.CABRERA W.BOTHE Ed. BAUER ). E. VERSCHAFFELT J.D. COCKROFT L. ROSENFELD
F. PERRIN E. FERMI M. 8. ROSENBLUM W. PAULI E. HERZEN R. PEIERLS
E. SCHRODINGER Mwe |, JOLIOT N. BOHR A. JOFFE  Mwe CURIE 0. W. RICHARDSON  Lord RUTHERFORD M. de BROGLIE Ml L. MEITNER J. CHADWICK
P. LANGEVIN Th. DE DONDER L. de BROGLIE

Absents : A. EINSTEIN et Ch.-Eug. GUYE



i— 8 h g ‘ Uber die Wechselwirkung von zwei Elektronen.
=4 .L - ) Von H. Bethe und E. Fermi in Rom.

(Eingegangen am 9. Juni 1932.)

o« 19324, DUFRNZRK RN T Z BRI HEE(ERBE AR ES LT ;

M
2 BN A5 BT R T R R A AR B _ o—
. RHMHETRTFAAEREH PR v, v
o 1933, 19344, BK: f TR Z K TFIEIL, ,
AL BT, T HRIE, BT R v3 no=2F

T BT, FIARHEA =4 R

Enrico \Fermi (1901-1954) ‘ Hans Bethe (1906-2005)
19381 DURYIIEE (B FIE A2 R ) 196715 DURYIER (B2 EKRIEIR)
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19344118, ;7)I|FER (Hideki Yukawa) BY4Z BT FAZHRIE 1D
« INBYLETHFRH®
« REGFAE—MHNEBRNEN T (1939FHIGHRA

meson), [REXKAHE FHAEE ,
b1 }J%'% /

-Ar D1 — P2

AN T(r)= —g*° I

,) > Y
‘47/ 7113588 (1907-1981)
1949515 DURYIER

On the Imteraction of Elementary Particles. 1.
By Hideki Yukawa.

(Read Nov. 17, 1934)

12



TIrFHI&Z I

« 19364F, Carl Anderson F1 Seth Neddermeyer fEEF & F & I
uf, RAZRBFHIMBERE, HiRUARTNF

* 19455, M. Conversi F & I E SHEEIER LA T F 55
10 8 12 MER

* 19474, C. F. Powell AR EZM T /v F, KiIETFEHEL  Cecil Powell (1903-1969)
1950514 DU/R4IE R

694 NATURE May 24, 1947 vol. is9

Grain-counts indicate that the masses of the
primary particles in Figs. 1 and 2 are 350 + 80 . _
and 330 o 50 mq, respectively ; and of the secondary f)rll..?j—: E"J?—E% mg.+ = 274 me

13
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 D. Bose F1 B. Choudhuri F1940-1942£E Al £k B EI T e FRITESR
302 NATURE MARCH 14, 1942, Vor. 149

A Photographic Method of Estimating the values %f r}ﬁes?fror; N found Wit?gh pl:teStB &lr{ld C
are probably due to the presence of proton tracks in

Mass of the Mesotron these plates, due to collision of primary neutrons

‘WE have described! a method of estimating the with hydrogenous matter. This is further evidence

Mean grain spacing ,
10-¢ cm. 6-5 5-4 4-3 3. |DMeanvalue
Plate A was kept under air, and B under 20 cm. of
Value of Plate 4 | 221 | 160 | 236 | (1723) | 217 + 30 | water at Sandakphu, and plate C at Phari Jong,
mesotron : Tibet, in the Post Office building under a roof thick-
flnrfistss ’f)}r;m B 316 | 355 336 == 19+5 | ness of 24 ft. of mud and wood. The consistently high
¢ 318 | 342 | (1743) | 313 £ 15-6 e B fE

Debendra Mohan Bibha Chowdhuri A R : R |
Bose (1885-1975) (1913-1991) 14
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« 19444 L. Leprince-Ringuet (1901-2000), M. UHeritier T EBK9TF
« 19474, G. Rochester (1908-2001), C. Butler (1922-1999) & IR KN F, FiIAH HK

N
« 19514F, R. Armenteros Z5F0 R. Thompson F & IMA°FBF (hyperon, Leprince-Ringuet 1953)

2 D
s S

e 19524F, R. Armenteros & I =
izt
e 19524F, C.York A MBI BT

We conclude from all the evidence that Photo-

No. 4077 December 20, 1947 NATURE graph 1 represents the decay of a neutral particle,
the mass of which is unlikely to be less than 770m or

EVIDENCE FOR THE EX'STENCE gu)a;-mu viladl .J.,:I\I\JII?I, into the two observed Gh&l‘ged
OF NEW UNSTABLE ELEMENTARY | Photo-| particles. _Similarly, Photograph 2 represents the
PARTICLES - disintegration of a charged particle of mass greater

than 980m and less than that of a proton into an

By Dr. G. D. ROCHESTER 2 observed penetrating particle and a neutral particle.

ane It may be noted that no meutral particle of mass

Dr. C. C. BUTLER . 1,000m has yet been observed; a charged particle

Physical Laboratories, University, Manchester case 18 of mass 990m -+ 12 per cent has, however, been

observed by Leprince-Ringuet and L’héritier2.

15
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19524F, %[ Brookhaven [E 3 56 = B NIR 25

Cosmotron FFI81E1T

Date of Beam cM
first Particles  energy energy

Accelerator operation accelerated (GeV) (GeV)
Cosmotron, Brookhaven 1952 Protons 3 2.8
Bevatron, Berkeley 1954 Protons 6.2 35
Dubna 1957 Protons 10 4.5
CERN PS 1959 Protons 28 7
AGS, Brookhaven 1961 Protons 33 8
CEA, Cambridge, MA 1962 Electrons 6 35
ZGS Argonne 1963 Protons 13 5
NIMROD, Rutherford Lab. 1963 Protons 7 3.7
DESY, Hamburg 1964 Electrons 7 3.8
NINA, Daresbury 1966 Electrons 5 3.2
SLAC, Stanford 1966 Electrons 22 7
Yerevan, USSR 1967 Electrons 6 3.5
Cornell 1967 Electrons 12 5
Serpukhov 1967 Protons 76 12
Fermilab, Chicago 1972 Protons 500 32
CERN SPS 1976 Protons 450 30
KEK, Tsukuba, Japan 1977 Protons 12 5
Tevatron, Fermilab 1985 Protons 1000 43
UNK, Serpukhov Late 1980s Protons 3000 76

ANDREW PICKERING

Constructing
UAARKS

Sociological
History of
Particle
Physics

Constructing Quarks
is a history of the post-war conceptual development
of elementary-particle physics. It aims to interpret
the formulation and elaboration of scientific
knowledge in terms of what scientists actually
do — the day-to-day practice of the scientific
community. At the heart of the account is an image
of the scientist as an active manipulator
of his culture, who deploys his own special expertise
in a research practice addressed to, and drawing
upon, that of his colleagues.

The book invites a reappraisal of the status

of scientific knowledge. It suggests that scientists
are not passive observers and reporters of nature,
but active constructors of the world of natural
phenomena through a social symbiosis of
experimental and theoretical practice.

16
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Massges AND LIFETIMES OF ELEMENTARY PARTICLES

TABLE 1

| Mass Mass
Parti- Spi (Errors represent difference Mean life Decay rate
cle PIN | standard deviation) M (sec) (number per second)
(Mev) . (Mev) !
ﬁlﬁ% tons v 1 ] 0 E |1 stable 0.0
= tonsand | », » | 3 ! 0 '] | stable 0.0
EI% itileptons | e7, e* | 2 | 0.510976* | | stable 0.0
uo, ot |I P l 105.70 +0.06* Il | (2.224£0.02) X10-%* 0.45X108
ons A Lo | 139.63 i0.0G'} || ce | (2.56£0.03) X107 0.39 X108
© | o] 135.04 £0.16* ' | (0.0<7<0.4) X107 (0) | >2.5X10
B ﬁ% Ki i 0 | 494.0 %0.20 (a) || | (1.2241 .013) X 1078 (b) 0.815 X108
L | 1%s | K (0.95% .08) X107 (P) 1.05 X100
Ko | 0 | 493 +5(Th) i .. K (3<7<100) X10°8 (L)(P) (>0.01<0.3) X108
gi% 'onsf ? 3 |! 938.2131+0.01* || | stable 0.0
n 4 939.506+0.01* . | (1.04+0.13) X10+3 * 0.96 X103
A | 1115.2 +0.13 (B) | (2.774£0.15) X101 (d) 0.36X1010
"E% >t 3? | 1189.3 +0.35(B) 1 7.140.4 | (0.7840.074) X 10710 (e) 1.28 X 1010
= ¥ | 1196.4 +0.5(8) | 7'6_:’[“ { (1.5840.17) X10-1° (f) 0.64 X101
20 32 | 1188.8_4*2 (g) [ | 70 (<0.1) X10-10 (A) >10X 1010
theoretically ~10-19 theoretically ~~101?
On ? 1321 +3.5* | (4.6<7r<200) X107t (Tr) (>0.005,<0.2) X1010
=0 J ? ? |' ?
PDG fuF M RZ5IAR 1957k, M. Gell-Mann, A. Rosenfeld

18
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« 19494, #IRTH Fermi 38 m N FHIERZFHK

19564, IR &— (Shoichi Sakata) {2 B iR FHAZA: 38 F4REH
RF, BT A RERRITLER; 19594, fLH B ARYIEF R
E R EAR B Ry U(3) X AR

e 19614F, Gell-Mann F1 Ne’eman &3 plld 72 H/\1E%
(Eightfold way) 43258 F, SU(3) X #R 4%

e
[ ~ -3 ¥
L. -

IR E— (1911-1970)

o XU X o3 B AR T
ME AN TS
(Howard, Jouvet, Nishijima,
Salam, Dowker, Weinberg, ...)

N
Murray Gell-Mann (1929-2019) Yuval Ne'eman (1925-2006)
1969 Fif DURYIER
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Glashow, Sakurai, Nuovo Cim. 25 (1962) 337;
Nuovo Cim. 26 (1962) 622
On the Tenfold Way (*).

SU(3) XHRRME

O XTT+ESRKRENIS
S8 =1PID8PI0P10P 27

The 27-fold Way and Other Ways:

8. L. GrLasaow (**) and J. J. SAKURAT (***)
Institute for Theoretical Physics, University of Copenhagen - Copenhagen

Symmetries of Mesons-Baryon Resonances (*).

S. L. GLASHOW

Institute for Theoretical Physics and Department of Physics,
Stanford University - Stanford, Cal.

J. J. SAKURAI

1RH4l (1933-1982)

Enrico Fermi Institute for Nuclear Studies and Department of Physics,
Chicago, I1I.

University of Chicago
Department of Physics, California Institute of Technology - Pasadena, Cal.
Sheldon Glashow (1932-)

(27; Y =—2,T=1),

(10; Y =—2,T = 0)"

e 19795 15 DURYIIER
Fitting the mass of (10;1, 3) to 1240 MeV, the mass of the N}, we find for
the masses of the other members of the 10 fold way:

SCIG A& I :
— 1 '
Mo, = 1390 MeV £(1385)
m_, 3 = 1520 MeV , 2(1530)
Q(1670)

M_y, = 1640 MeV .

20
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* 1964%F, Gell-Mann 1 Zweig 37 IR HE 7 122! (Gell-Mann: quark; Zweig: ace)

LY 1 K173
. BRENE L BT
Volume 8, number 3 PHYSICS LETTERS 1 February 1964
2 1 1
(ugr d_gl S_g)

A SCHEMATIC MODEL OF BARYONS AND MESONS *

3|]7-E J:‘-%?E, —Féﬁ, %Eéﬁ M. GELL- MANN

California Institute of Technology, Pasadena, California

[} {I\¥-: qq’ qqqq, ves Received 4 January 1964

A simpler and more elegant scheme can be
° . — constructed if we allow non-integral values for the
E¥ qqq' qqqq q' charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number l%.
We then refer to the members u3, d-3, and s-73 of
— =] ':l_| L9 ’ ’
 Gell-Mann: Z:ﬁ%1ﬁ‘§?€259;12|§*1% the triplet as "quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(aqq), (@qgqaaqd), etc., while mesons are made out
of (qd), (qqqq), etc. It is assuming that the lowest

interactions, much as A goes into N. Ordinary

m:'a.tter near the earth's surface would be.conta- baryon configuration (qqq) gives just the represen-
minated by stable quarks as a result of high energy tations 1, 8, and 10 that have been observed, while
cosmic ray events throughout the earth's history, the lowest meson configuration (qq) similarly gives
but the contamination is estimated to be so small just 1 and 8.

that it would never have been detected. A search
for stable quarks of charge -} or +% and/or stable
di-quarks of charge -% or +§ or +% at the highest
energy accelerators would help to reassure us of
the non-existence of real quarks.

22
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« Zweig: LA E wiRH

«  Zweig N (OzI L)) ﬁﬁ; 13
¢{ /</
\/ .

UsKtk-]) = <| [('1;_ 3+ %i) 9] (o.)|> = C;eorge Zweig (1937-)
, — -

£ (23 D)(em)D- R

" ), S

L G*I B om )= Zweig BIIZI963ERITER: T H %t
eREEE, BAFZ(HR)IE.

B SR T‘iﬁ\zl?%E@JT 26 /I\m,
He 7 N2 FHA, BEMIERX 26 1
SER 19 MR AFER

1 = .1 '
) + O = Zweig, Baryon 1980

F O (L T em-
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EAER = I He
O S5 =AY Ay 3
S s — AN AEMBERNFER
> BAUMEI S BT T .
(HHEREFEEAAE)

++ - g == ML X S 2‘ N
> A ’ Q Z:/ﬁliﬁ* QAJ:M?E’E-V'_ Selfy bR RICIRAEM ST, MR ¢ AME B RTET RIS AR TR A 24, 3/RE: (Gell-

Mann ) B — SRR, (B GEARSR S MY, 7 — ST SR R FEERAN , A B

—_a— 2= AL S S22 N :

> %B/TJ:HE‘,/—:'.\LZ_(EI ﬁ qqq = =E7'<9:FJ E’Jgﬁ? (B, b B 53 IS A S H— M, B | A — MBF RT3 7, S8 T skl
BB ER, R TR S BT AR T I, SRS T AN W — o3,

O & (color) EFHAVEL Color first appeared in Bardeen, Fritsch, Gell-Mann (1972)
> 1964, O. Greenberg: 522 3 MAV{REZK T (parafermions), BMIEIRGEIT -
> 1965, RIERBA—ER (Yoichiro Nambu) FIESE 3 (Moo
Young Han) & W E SU(3) /5 % (flavor@color [T
FR79 charm]), S5 m BB |
o GIHEHE, RSB RIEE PRI B (1921-2015)  #ELR

zoosfﬁmﬁ'\\d’*\%ﬂﬁ (1934-2016)
o MEAMRE qq7 % BNEE (IR R
E,]IE J\EE,]%IL:\

> 1966, XIHEFH: £ 3 ES =, g FHER DGR

(— ARV E AR F1=E, [EF8E, 1966 (3): 232-235)
= > Z;Z: V(7).

i sk

X7 BH
(1934-2023)
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[ I I
\ ELECTRON SCATTERING
FROM HYDROGEN

\ 188 MEV (LAB)

10729

e e \\
’ 1030 X
N ANOMALOUS MOMENT
D CURVE—
P P /

N

Robert Hofstadter (1915-1990)

CROSS SECTION IN CM2/STERAD

. MOTT CURVE- \\’\\‘
1961 FiE DU/RYTEAZ o }\\\
well by the following choices of size. At 188 Mev, the FXPERIMENTAL CURVE AR >
data are fitted accurately by an rms radius of (7.04=2.4) Y
X107 cm. At 236 Mev, the data are well fitted by an >
rms radius of (7.842.4)X 107 cm. At 100 Mev the 16732 )
data are relatively insensitive to the radius but the 30 50 70 9 M0 30 150
experimental results are fitted by both choices given LABORATORY ANGLE OF SCATTERING (IN DEGREES)

above. The 100-Mev data serve therefore as a valuable ‘
check of the apparatus. A compromise value fitting all Electron Scattering from the Proton
the experimental results is (7.442.4) X 10~ cm. If the Robert Hofstadter and Robert W. McAllister

proton were a spherical ball of charge, this rms radius Phys. Rev. 98, 217 — Published 1 April 1955

would indicate a true radius of 9.5X107 cm, or in

round numbers 1.0X 103 cm. It is to be noted that JEFF1£~0.84 fm

if our interpretation is correct the Coulomb law of

force has not been violated at distances as small as

7X 1074 cm. 1 fermi (fm) = 1071°m

Hofstadter (1956) 26
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Jerome Friedman, Henry Kendall, Richard Taylor
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1 g—— - Y T . 3
B ; = e . S\ g s
| SEREIZER Bjorken RO SIHTHINE, KT
| REREN: RTABELR A
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07k N §
: ~_ ] 1967-1968, ). Bjorken 2 HFRE
~
10 0 e . % .
£ (Geviey James Bjorken (1934-)
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19685F, e IR BB 7 T (parton) iR AL 52T 2 H FL IR T Ha A RY
=, MZ AR F (MRRE AT RN T)

« SRERDIE: T RIERST FZIE]

+ SBRTRER: B FHEE(ER A 2R

%“/ Richard Feynman (1918-1988)
19654F 14 DURYIIEE (QED)

SLAC-MIT BY#— > 3L 06 3R AR: MEm: 45 SUB) HEMETH
-« WA TEENLY2, WARNRER | 555 £5%7qq
o BESINFAINIRL S : BXF (gluon, B3R HEINE Gell-Mann 1962 £ £ F/\IE A f37E )

group. We chose the algebraic structure by analogy
with the case of leptons and we saw that the simplest
field theory model embodying the structure is just the
Fermi-Yang model, in which p and » fields are treated
just like the » and e fields for the leptons, except that
they are given a mass and a strong ‘“‘gluon” coupling.
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« 19544, ¥R T#1 R. Mills t2H#% FHEEIEA R su(2) EF DU/RATEIE IR

="

>0

Robert Mills
(1927-1999)

- BRT (1922-)
2 - 19571 DURYIIER (FIRAEIR)
o BIERM: BEZFMAFRENLIERIL, BB E
- HMEBER: geENE, FAEES; —XELIEMIURASEIAL RS
* G.‘tHooft 1972F H i, (BAREL R
« 19734, D. Gross F0 F. Wilczek LA X D. Politzer (S. Coleman BYZF4) Jhas & I

« FIfERE Bjorken #REE: 3RIERIEIL AT RE R AER DURMSE AL

G.t Ho\cﬁt (1946- ) Frank Wilczek (1955- ), David Gross (1941-), David Politzer (1949-)
19994514 DURRK (EE1L) 19994F 15 DI/REK
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Harald Fritzsch
(1943-2022)

Heinrich Leutwyler
(1938-)

: L . y
‘CQCD = 1, (Z’)’“(Du)z‘j — m5z‘j) ¢j - ZGWGg

RF: BBES
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o THEEMME N, = 3 HNWIEE: o o
NN = =)
v RIENE S .| o BEsi(ia09)
> 1O famme:
B o(ete™ - qq — hadrons) o . & pluto

olete™ - u*u")

Nx<4+1+1)_2NC 1'| G o o ¥
¢*\9 "9 "9/ "3 2 3 4 5

BES, PRL 88 (2002) 101802 Ecm (GeV)

O HZRBLBLEMNZ —DIERE" 7 N FRE
r(e® = yy) o< N2(Q2 - 03)°
1B.Qu = G-+ 1/2,Qu = G~ /2 SHN(QF - 03) = 1
T I~ yy) SN, o5

S. Rudaz, PRD 41 (1990) 2619; A. Abbas, PLB 238 (1990) 344; O. Bar, U.-J. Wiese, NPB 609 (2001) 225
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« +—RHAZFd: 19745 11H, T 270 B. Richter (SPEARZH)
ZI ]/, E¥EE, SPEARLA & Iy’

« 19704, S. Glashow, J. lliopoulos, L. Maiani (GIM) #L#l: 7%
AEENER: 5 (charm) &5

o BMPIRIRHREE: 1976F G DURK
« Z{BZ (charmonium): 2 P'!;B‘i;fm;*e;_”‘ :Z::?*f:”had‘fﬁnﬂ
- BIRE: BT/ /Y P L e \ Py |
© WEEF o Tl
- BRF J 3 Bt
. @ Al b
« 1976%F, SPEARLA L TID N F, BEHBRTIA; f ! J L=
T SRAERESHT RS A I A
* 19774, Fermilab K Y = E5F#E5: ik (bottom) PRL33(1674)1404 ; )
b tel p
b PRL33(1974)1406 5 |t 4]
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Standard Model of Elementary Particles

three generations of matter interactions [ force carriers
(fermions) (bosons)

=2.2 MeV/c? =1.28 GeV/c? =173.1 GeV/c?

| =124.97 GeVic?
charge | % s %

0

B spin | ¥ ;J/ 1 k& 9 Yo :t/ g 0 H
};HE _ up J charm J top J  higgs
i e =4.7 MeV/c? =96 MeV/c? =4.18 GeV/c? <
% : - - -
|:0 [[® |"® )
_ down strange J bottom
=0.511 MeV/c? =105.66 MeV/c? =1.7768 GeV/c? =91.19 GeVI(V:2 m
-1 e =il =il ( 0 . Z
- @ | ® [@ || @ |3
electron l muon tau J Z boson 8 %
2 M 3
Z <1.0 eV/c? <0.17 MeV/c? <18.2 MeV/c? =80.39 GeV/c? LlJ O
O o 0 0 1 O g
% eIeC::on mu?;n tau < O
- neutrino ’ neutrino J neytrmoJ W boson GRS
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Amsler, DeGrand, Krusche, review on
Quark Model by the Particle Data Group
(PDG)
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. SRT, SEI6 F SRR A VLNE S S S AT =
B (color confinement): IR EREIE KA 03|

Al

Kenneth Wilson (1936-2007)
19824F 14 DURE (EE{LEE
MRIEFHER)

E[ZDE7n

]
# 02}

T decays (N3LO)
Lattice QCD (NNLO)
DIS jets (NLO)

Z pole fit (N3LO)
pp —> jets (NLO)

q ®© O 0OP g «

Heavy Quarkonia (NLO) 1
e'e” jets & shapes (res. NNLO)

Sept. 2013

1000

0.1}
= QCD og(M,) = 0.1185 + 0.0006
T Accs 1 10 100
. QCD Q [GeV]
gluon quark
PHYSICAL REVIEW D VOLUME 10, NUMBER 8 15 OCTOBER 1974

Confinement of quarks*

Kenneth G. Wilson

Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14850

(Received 12 June 1974)

A mechanism for total confinement of quarks, similar to that of Schwinger, is defined which requires
the existence of Abelian or non-Abelian gauge fields. It is shown how to quantize a gauge field theory
on a discrete lattice in Euclidean space-time, preserving exact gauge invariance and treating the gauge
fields as angular variables (which makes a gauge-fixing term unnecessary). The lattice gauge theory has
a computable strong-coupling limit; in this limit the binding mechanism applies and there are no free
quarks. There is unfortunately no Lorentz (or Euclidean) invariance in the strong-coupling limit. The
strong-coupling expansion involves sums over all quark paths and sums over all surfaces (on the lattice)
joining quark paths. This structure is reminiscent of relativistic string models of hadrons.

KHFEEE AH-Millsh) : [ ) D a7 SR

22 ]
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Atoms
Dark
4.6% Energy
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Dark 71.4%
/ Matt
M, diamond == E M C'atom Zz%er
6 protons
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0 electron 3 1/ y y
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N—_—— p t
938 MeV H

higgs
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S. Diirr et al. (BMW), Science 322 (2008) 1224
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Mesons in a Relativized Quark Model with Chromodynamics Citations per year

S. Godfrey (Toronto U.), Nathan Isgur (Toronto U.)
1985

120

100 ®
43 pages
Published in: Phys.Rev.D 32 (1985) 189-231
DOI: 10.1103/PhysRevD.32.189 60
View in: OSTI Information Bridge Server
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Many new hadron resonances observed in experiments

e |nactive: BaBar, Belle, CDF, CLEO-c, DO, ...
e Running: Belle-ll, BESIIl, COMPASS, LHCb, ...
e Under construction/discussion: PANDA, EIC, EicC,

Common strategy: search for peaks, fit with Breit-Wigner

£
(s — M2)2 + sT2(s)

X

Lots of mysteries right now ... M
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Z.(3900)*: structure around 3.9 GeV seenin .J /¢)=* by BESIII and Belle in
Y(-1260) — J/ vt BESIII, PRL110(2013)252001; Belle, PRL110(2013)252002
and in DD* by BESIII in Y (4260) — 7% (DD*)F BESIII, PRD92(2015)092006
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o 7.(4020)* observed in h.w* and (D*D*)* distributions
BESIII, PRL111(2013)242001; PRL112(2014)132001

o Z.(3900)T and Z,.(4020)F very close to DD* and D*D* thresholds
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Einstein:
If A is success in life, | should say the formulais A =X +Y 4+ Z. X is work, ¥V
is play, and Z is keeping your mouth shut.
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