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We shall see that the number 3 plays an especially
significant role in quark theory. For example, a pro-
ton consists of three quarks, and it was the number
three that led Gell-Mann to introduce the expression
“quark.” There is a passage in_James Joyce’s Finne-
gans Wake that reads:

Three quarks for Muster Mark!

Sure he hasn’t got much of a bark

And sure any he has it’s all beside the mark.

But O, Wreneagle Almighty, wouldn’t un be a sky of a

-lark

To see that old buzzard whooping about for uns shirt in the
dark

And he hunting round for uns speckled trousers around by
Palmerstown Park?

Joyce’s novel is full of plays on words that are diffi-
cult to understand. Many of them have never been
deciphered. The novel describes the life of Mr. Finn,
who sometimes appears as Mr. Mark. The “three

quarks” denote the three children of Mr. Finn, by
whom he himself is represented from time to time.

Thus the association with particle physics becomes
clear. The proton is associated with Mr. Finn; under
certain circumstances the proton acts as if it consisted_

of three quarks.*

*In German, the word *“quark™ describes a special kind of soft
cheese, but it is also used for “nonsense.”” Note that the title of
this book is “Quarks,” and not “Quark.” ’ .
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35. Clebsch-Gordan coefficients 1
35. CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS,
— d
Note: A square-root sign is to be understood over every coefficient, e.g., for —8/15 read —\/8/15. Notation:| o, 5,
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Figure 35.1: The sign convention is that of Wigner (Group Theory, Academic Press. New York, 1959), also used by Condon and Shortley ( The
Theory of Atomic Speetra, Cambridge Univ. Press, New York, 1953), Rose ( Elementary Theory of Angular Momentum, Wiley, New York, 1957),
and Cohen ( Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Qaks, Calif., 1974). The coefficients
here have been caleulated using computer programs written independently by Cohen and at LENL.
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The Baryon Decuplet
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KQD K'”

K*= Ew' K*= ?ﬂo
Figure 1.11 Established meson nonets. Obviously, we are running out of letters. It is
customary to distinguish different particles represented by the same letter by indicating
the mass parenthetically (in MeV/c?), thus K*(892), K*(1430), K*(1650), and so on. In
this figure the supermultiplets are labeled in spectroscopic notation (see Chap. 5). At
present, there are no complete baryon supermultiplets beyond the octet and decuplet,
although there are many partially filled diagrams.
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2 13. Quark model

Table 13.2: Suggested g quark-model assignments for most of the known mesons. Some assignments, especially for the 0 multiplet
and for some of the higher multiplets, are controversial. Mesons in bold face are included in the Meson Summary Table. Of the light mesons
in the Summary Table, the fo(1500), f1(1510), f2(1950), f2(2300), f2(2340), and one of the two peaks in the n(1440) entry are not in this
table. Within the ¢g model, it is especially hard to find a place for the first two of these f mesons and for one of the 7(1440) peaks. See the
“Note on Non-g§ Mesons” at the end of the Meson Listings.

ud, i, dd v, dd, s3 e bb su, 3d ci, cd 3 bu,bd | bs be
N3¥SH, | gPC I=1 I=0 I=0 I=0 I=1/2 | I=1)2 I=0 |I=1/2|I=0[(T=0
118, 0+ ™ nn e K D D, B B, | B.
138 1~ p w, ¢ J/¥(18)| r(18) | K*(892) |D*(2010) D: B* B
1'p 17— | b1(1235) | h1(1170), hy(1380) | Ac(1P) Kip' | D1(2420) | D,;1(25386)
1R, 0++ | ao(1450)* | £fo(1370)*, fo(1710)* | xc0(1P) | x30(1P) | K§(1430)
1%p 1% | a1(1260) | f1(1285), f1(1420) | xa(1P) |xin(1P)| Kia'
1P, 21+ | a2(1320) | f2(1270), f5(1525) | x2(1P) | x32(1P) | K3(1430) | D3(2460)
11Dy 2=+ | x2(1670) | n2(1645), n2(1870) K2(1770)
13D, 17— | p(1700) | w(1650) %(3770) K*(1880)%
13D, K2(1820)
13Dy 37 | p3(1690) | w3(1670), ¢3(1850) K3(1780)
195, 4%+ | aq(2040) | f4(2050), f4(2220) K3(2045)
215, 00—+ | =(1300) n(1295), n(1440) n:(25) K (1460)
238, 17— | p(1450) | w(1420), ¢(1680) ¥(28) | r(28) | K*(1410)%
23p, ot++ [2(1810), f2(2010) xp2(2P) | K3(1980)
315, 0=+ | =(1800) 7(1760) K (1830)

* See our scalar minireview in the Particle Listings. The candidates for the ] = 1 states are

a0(980) and ag(1450), while for I = 0 they are: fo(400-1200), fo(980), fo(1370), and fp(1710).
The light scalars are problematic, since there may be two poles for one ¢7 state and
a(980), fo(980) may be KK bound states.

T The K4 and K, g are nearly equal (45°) mixes of the K(1270) and K(1400).
iThe K*(1410) could be replaced by the K*(1680) as the 2 35, state.
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8 13. Quark model

Table 13.4: Quark-model assignments for many of the known baryons in terms of a
flavor-spin SU(6) basis. Only the dominant representation is listed. Assignments for some
states, especially for the A(1810), A(2350), =(1820), and =(2030), are merely educated
guesses. For assignments of the charmed baryons, see the “Note on Charmed Baryons™ in
the Particle Listings.

J?  (D,Lf) 8 Octet members Singlets

1/2+ (56,08) 1/2 N(939) A(1116) ¥(1193) =(1318)

1/2+ (56,03) 1/2 N(1440) A(1600) Z(1660) =(?)

1/2= (70,17) 1/2 N(1535) A(1670) £(1620) =(?)  A(1405)
3/2~ (70,17) 1/2 N(1520) A(1690) X(1670) =(1820) A(1520)
1/2~ (70,17) 3/2 N(1650) A(1800) £(1750) =(?)

3/2= (70,17) 3/2 N(1700) A(?)  =(7)  =(?)

5/2~ (70,17) 3/2 N(1675) A(1830) £(1775) =(?)

1/2+ (70,03) 1/2 N(1710) A(1810) £(1880) =(?)  A(?)
3/2t (56,25) 1/2 N(1720) A(1890) 2(?)  =(?)

5/2F (56,27) 1/2 N(1680) A(1820) £(1915) =(2030)

7/2= (70,33) 1/2 N(2190) A(?)  Z(?) =(7)  A(2100)
9/2— (70,37) 3/2 N(2250) A(?)  Z(?) Z=(7)

9/2+ (56,47) 1/2 N(2220) A(2350) X(?) =(7)

Decuplet members

3/2+ (56,05) 3/2 A(1232) ¥(1385) =(1530) £2(1672)
1/2= (70,17) 1/2 A(1620) £(?) =(7)  2(7)
3/2— (70,17) 1/2 A(1700) () =2(7) 2(7)
5/27 (56,25) 3/2 A(1905) 2(7) =(7) A7)
7/2 (56,2F) 3/2 A(1950) £(2030) =(?)  2(7)
11/2% (56,4F) 3/2 A(2420) Z(?) =(?) ()




Oondtnzohbon obe fesoven M@yg)

Meoe. @:.sa-u«fd»c[\wpuls;} , Mnatreltdm‘mgs 9
SFJ«\S el oles A«w&im Ber W?«M@MU
%Lﬁ & wefae Quacterahben, die k&uﬂ('?e.- -’
b Klossifipivuny dhe Mookt bessdel et
iShesondert wean oliese Quantendahbon i stackse
M&Jm'ré«.? edhalhen blade. . I olicor. Guate. >
tahba. ?J\Sru..:

o Forket P die pueir (mlkp‘erﬂ«?? Qs
U:Spmg }C‘:ré Fir et T'-Hesom [ud > Wﬂ/t:
Platy = Plud) = = [ud) (P it beitatsopreder)
odlse 3«-,2, g.%a«z«

Plogy = ()77 [q§D (Lot bdolicph)

o C-fanjot , berechnet dee /nmja%—/@ﬁ-zf-
achigen. Quandatol B (el Lacey, Shasgnes, bosymatold],
:Fa-LM-a.--) . Mo (ﬁ-%d)tgno(( konne. 0&%«:&4‘:
Cipmsothe B - Ruittsopraor tim ke gt

Clag> + (1) [47D
elso firs V0-Z[@-a> : E[n> e elaD,dh C4A




Gl el by Keoea (oo fopmin)
T, Hesonen aus ??-&dﬁw&\ wait q+9' Josst sich
e Woﬁ%%&rwa e C laritet o(zﬂm& Coolass
aud. oliess. Hesoen. ein enlsprecladte Juadezdl Bepe
wresh. wolae kamm, die
. G - ﬁ:—nzé; t ' fie Sich aus oo Komék'»a)ltk-\ otier
Ofenfpn; ( T wnd eir Rolobin wuac 19° {Sos,a&:&)
AL S
e Rotetim i lsospinrasme bededet fotellich. wer
Aom. Austausch vom UaJ-MLA%:
fuudhimen. | 2.8. (105 EE), "5 (5 2) i <L)
ol s S o, SR LV T 2
oo Q-Prrital des w* ist: C--1 (::L‘#.i‘,n‘)- -
Mgﬂ&mw ;:v' o @Pm\{ii aner Mesoes
Clgp> = )T 1D (et
O 6«7:»\1& vy s Cuaks bao. 4»#74::-4( a/-/atwﬁuaf,
biie bk & qile €- Raiiied ﬂ;.ﬂm—l}:fcﬂk a"ﬂ?é"
W . éwaa tine fantet P exishiet, olie sih s ol

Celouatat. Pl o> 2ot [p> fi o abrpen Booen herlih i



27 besteht aus drer 5- Quacks
wnd MGCSOM{“S,&M;( 3 ““éJs s

= WQ”M» des 2

JZ_" lsT.sT s?\
st s/mmefnsd\l /:rwa:(:wzj (st eime
aundi symmefrische UM bei Austeusch von
dewchische, Termione..

—> ok -Ausscllf prinzip verlefel, wean sich
die Quantetnldon he Quocks ju ktiar Eipee.<
Sclf\aﬂ- umlerscheide..

—> fostulat o u%féfaa[u?" von Cuordes
Mo orolnet jeden, dorolre; Quacks eue water:
schwed licha nma..—e?g Zq'(““}?- pu, dhe &S
olves vtrscéa.eo{w\ Vaka U dee al,a—
afechall des Bogyons /‘(e.cows} wasiclfba ist |

— -af(ofaaﬁuﬁ

MA‘KQ&J'L ?:“-r'f‘ﬂvbg.‘ﬂ( r;fﬂmzmt:—m
ctc.




