
13 Kon. 

ofi b8AMHeHHbl A 
MHCTMTYT 
RAB pHbl X 

MCCI8ADB8HMM 

AYfiH8 

PeA8.KTOp 3.B.HBalliKeBHq. MaKeT P.ll.~OMHHOH. 

Ha60p E. M. I'paxenamcoã , 
Flonnacano B neQ8.Th 12 • O1 .88 • 

<1l0pMàT êOx90j16. Oq,ceTHlUI neq8Tb. Yq.-H3,n.nHCToB 0,83. 
THp~ 490. 3aK~ 40088. 

113AaTen~cKHA OTneJI 06'heAHHeHHoro HHCTHTYT8. R11epHhIX Hccne,iJ,os8.mdt 
. lly6H8. MOCKOBCKOA o6naCTH. 

1,' • 

K-11 E2-87-897 

Yu.L.Kalinovsky: W.Kallies, B.N.Kuranov 2, 

N.A.Sarikov 2 

BREAKOOWN 

OF CHIRAL SU(4) x SU(4)-SYMMETRY 

ANO MASSES OF CHARMEO BARYONS 

BI 1 Submitted to "Physics Letters 

~Gomel Polytechnical Institute, USSR.I NPT, AS Uz.SSR 

.....L! 1987
 



1. At present, known is a large number of experimental va
lues of masses and branching ratios for ~harmed.baryons /1/. 

But the up-to-date QCD cannot give a satisfactory d~scription 

of these data. The potential (nonrelativistic) quark models, 
bag models and others contain a large number of parameters • 
and are cbaracterized by complicated calculations. 

In this paper, we use, within the framework of phenomeno
10gical chiral Lagrangians /2/ a simple scheme to calculate 

+ 3+
the mass spec trum of the ~ - and "2 -baryons. 

To break the symmetry, we consider a symmetry-breaking 
mass term which 'preserves SU(2) x SU(2) symmetry. The remaining 
SU(2) x SU(2)-~ymrnetry will be broken, to0 9 by rotating the 
baryori fie}ds arround the 7th and 10th axis in SU(4)-space •. 
In the fo l.Lowi ng s we are looking only for ~S = ~C == O contri
butions. 

2. f -baryons masses . To get baryon mass formulae, let 

us choose the following SU(4) x SU(4) symmetry-breaking mass 
term in the Lagrangi~n 

L M = L M (O, O) + ~ L M «(] 7 .e 10 ) , (1) 

where 

LM(O,O)=BMOB. Mo=mo·l; 

ã[ mn]1 ~ 1 as2 
j +~L M«J7 ' 810 ) = 2~ mn] 

ac 2 

(2) 

- [ In] 
B m B •+ m[jn] kc 2 

dc,2 
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ma~l1nhlX m:r :H~llDBam.1iid 1 



Here ~mnt (u+)T (u+)j U ~ B(ki j] are the "physical" baryon fields, 
U= exp( -L\ 7 ( 7 ) , exp(-iÀ 10 alO) corresponds to the rotations 
around- the 7th and l Oth axís in SU(4)-space, s = sin 8 7 ~ c 
= cos°7 , s ' = sín elO and .c' = cos e 10 • 

Formula (2) ís a direct generalization of the mass term of 
.the works / 31 with the help of an additional rotation around 
the 10th ax í.s , which on the quark Leve L means a u- and c -quark 
mixing .. 

Eq.(2) describing the breakdown of the chi~al symmetry 
yields the following mass formulae: 

ffi. p = mO-fI - f 7 - i a ' fi L+ + = mo -f 1 -. f 6 - f 7 '
 
c
 

mN = mo -e2 - f 7 - f a ' m2 ° = m o-f 1 - fã - f 7 ' 
c 

m - f - f - fm = m - f -f - f mOo o 3 5 e (3) .. 2+ o 1 a 8 c
 
m-++. = m - f 4 - f 6 - fs ,
m1:. -: = mO- f2 - f5 - f 8 ' Ot= cc 

mSO-= mO -fs -fa -f 8 m·,;:;+ m O - f 4-f ã - f 7 ' 
-cc 

mO - f4, - f 5 - f 6 • ID_ _ = mo - f 3 - f 5 - f 8 ' mO+= cc 
Here and in the fo!lowing the symbols of the particles repre
sent their masses. To find the masses of the rest of the 
baryons (A,20), (A+~2+), (;8+,2+) and O~O, EO" ) it is necessa
ry to diagonalize lheccorrepponding confribu~ions. The coef
f í c í edt s ~l ' f 2 ••• f 8 ~re equal to b sin 2 810 " a sín 28 7' a C08

2 87 ' 
••• , d eos , r e spec t í.veLy , 810 

Th~ mass formulae (3) give the well-known mass relations 
of Coleman - Glashow/4/and Gell-Mann - Okubo/51 for the un
charmed baryons and analogous relatinns in the charmed sec
tor: 

- - ... ., +- P + I, +::::=. ° = l~ + 2 + = , 
+ - ++N+2 +uo=I. +2°+2 

c c 

P + LO + E ++ = N + I ++ + E + , (4) 
c cc c cc 

!,+ (lO -++ -o I,';+ n+ 
+ c + :=. cc = t:::!. + c + U cc ' 

,;:;+2- + 0° + = -t:::: - +I,°+O+ 
c -cc c cc 

2 

;,. 

and 

p +I,- +2°= .!(A +!O ),
2 

~+ Oo - ++ 3 (- + ';:;,+)
~ + c + =cc ::: "2" ::::=. o + - c ' 

(5) 
~ ° - ++ 3 (A+ ~ + ) P + k c + t:::!. cc = 2" c + k c ' 

~- no 0;::+ _ 3 ('=0 ';:;'0) 
.c.. + U + -cc - '2- - c + ,... .c 

For the numerical analysis the masses of P, N, !,+, I,-, E
and A: are used 111. The values o f- the angles 87 and (\0 are 
obtained by 

1.° 7(10) = arctan ! f (5) (6) 
, f 

4
(8) • 

+ 
The results for the masses of the ir -baryons, the parame

ters mo' a, b , k, d and the angles are listed in Table 1 •. 

3. ~+ -baryons masses. To get the mas s formulae for the
 
3+ .
2: -baryons we can use the more simple term 

da '2 \ P 
:: [a,8yl _ .:: {a,88 I ( bs2 

(7)
bc 2 ) D [a,8p I ' L = moD D{a{3y J + DM 

de" 2 8 

where mo, b and d differ from the corresponding parameters 

of 
. 

the 1f
1+ 

-baryon case, but the angles 87 and are the810 

same. The mass relations, obtained by (7), reproduce the 
equal-spacing rules, including charmed baryons now, 

* * * * . * * *+ * Li++ -!.+ =I,+ -Eo =Eo-O-=L++ -E+ =S -O~c c c 
(8) 

* * * * * * - - ++ - 0+ - ~++ - I++ = !.++ - a++ = E++ ... n+ + 
-- J:!. cc cc - c c ,-cc cc ccc , 

the decuplet splitting, predicted by Thirring / 6 / , extended 
to the charm case 

° A+ >I< ° * + * - * ~ * ~ * ..... o * + ';:; + * ++_ ~ ~ - -o o + * - *A ~ 
L.1 - L.1 - ~ - ~ =:=. - t::. = ~c - ...c = '7 c - t::. c = - cc- ~ cc ( 9) 

3 
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3+ Tab Le 2 . 1+ Tab l.e 1 
The masses of ~ -baryons; a = 1214~ b =479~The ~asses of 2 -baryons are Zisted. The used 
d = 4002 (aZZ a~e given in MeV). lThe angZes 87vaZues of the parameters (in MeV) are: a=135. 7~ 
and are the same as in the ;-baryon caseb = -1266. 9~ d = 1528. 7~ k = 275. O and m = B10 

= 2702.1; for the ariq l.e e iae have: sín 8 
7 

=0.2080 
and sine t o = 0.0594 

notation 
mass (t-"eV) 

experiment theorv 

p 938.3 938.3 

N 939.6 939.6 

t:. .1115.6 1106.8 

r+ 1189.4 1189.4 

LO 1192.5 1193.4 

L 1197.3 11973 
~o -
'--' 1314.9 . 1314.8 
~---..-. 1321.3 13213 

A+e 2281.2' 2281.9 

~~+ 
/8/

2450 2449.6 

L~ - 2L.53.6· 

L~ - 2L.57.5 

~+- 2L.60 2501.0 
~e 

~. 

-e - 2507.8 

~I. - 2652.1 -c 
_'o 
"="'c - 2654.9 

Q'c 27L.0 2832.7 

.-++ 

~cc - 3707. 5 
......... + 
---cc - 371/..0 

.n;c - 3965.2 

I\l]
,li
'I 

li 

j 

I· 

I. 

notation 
mass (MeV) 

experiment theory 

/:1++ 1231 '1228 

t:.+ 1230 1230 

t:. 
0 1232 1232 

/:1 1236 1235 

i+ 1383 1376 
'0L 1384 1378 

• 
~- 1387 1381 
•....... 0 -- 1532 1524 
•....... 
c, 1535 1526 

Q 1672 1672 
•
L~+ 2510/8 / 2555 ·...Lc - 2557 

L• • c - 2558 
Â+--..Jc - 2702 

Â. 
-"-'c - 2703 

•QO 
C 

- 2849 
Âu-
~cc 

- 3878 

~+ 
--cc - 3879 
• +ncc - 4025 

n+ t ecc - 5202 

,5ti 



and some others 6. Thirring W. - Acta Phys. Austriaca Suppl., 1965, 8, p.205. 

Ll+ 

*EO 
*I,+ 

C 

*I, 

= 1-(2~ ++ + ~  ),
3 

1 ++ -)= -(2~ +0 ,
3
i (~++ + 20- ), 

1 ++ - ++3 (~ + ~ + n cce) 

*_ + 
t=. c 

* - ++
='ce 

0+ 
co 

1 ++ - ++ 
= "3 (Ll + O + O cc c 

= .!.(Ll++ 20 ++ ) 
3 + ecc' 

== ..1.(0 2.0++)3 + ccc v ' 

), 

(10) 

7. 
8. 

Kalinovsky YQ.L. et al. JINR E2-87-300, Dubna, 1981. 
Batusov Yu.A. et aI. JINR, PI-87-511, PI-87-308, Dubna, 
1981. 

The numerical results 
the parame t er values. The 

are given in Table 2 together with 
input masses are L\+, li ° and 0- 111 

4. Conclusion. The comparatively good agreernent with the 
1+ 3+

available experimental data for 2"  and "2-baryons, reproduc

tion of a series of well-known massrelations and the possi
bility of principle to enhance the ~K  decay mode of DO-me
sons relative to the mode "+17

/ 71 may be interpreted as a first 
signal that this breaking scheme can have a reasonable physi
cal meaning. 

The authors thank ·V.N.Pervushin for critical remarks. 
Moreover, we would like to thank S.A.BunYatov and O.M.Kuznet-' 
sov for their interest in this work. 
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KanHHoacKHH ID.n. H AP· 
HapyweHHaH KHpanbHaH SU(4)xSU(4)-cHMMeTpHH 
H MaCChl oqapOBaHHhlX 6apHOHOB 

EZ-87-897 

t+ a+ 
_n.JUI OllHCaHHH ClleKTpa MaCC 2- H 2 -6apHOHOB HCllOJib3y-

eTCH o6o6~eHHe cxeMbi OaKca. CxeMa OaKca pacwwpeHa Ha CJiy
qaH SU(4)xSU(4)-CHMMeTpHH npw noMo~H AOllOJIHHTeJibHOro noao-• 
poTa soKpyr 10-H ocw B SU(4)-npocTpaHcTae. IIonyqeHbi Macco-

Bbie cPOPMYJThl H MaCCbl AJIH f - H ~+ - ABaA~aTHllJieTOB 6apwo

HOB. IIonyqeHHbJe pegyJibTaTbi YAOBJieTBOPHTeJibHO onHCbiBaroT 
wMe~ecH 3KcnepwMeHTanbHbJe AaHHbie. 

Pa6oTa BblllOJIHeHa B fla6opaTOPHH TeopeTwqecKOH cPH3HKH 
OIDU1. 

IIpenpHHT 06'be.llHHeHHoro HHCTHTyTa .FI.IlepHhiX HCCJie,llosaami. ,ZJ;y6aa 1987 

Kalinovsky Yu.L. et al. 
Breakdown of Chiral SU(4)xSU(4)-Symmetry 
and Masses of Charmed Baryons 

E2-87-897 

For the description of the mass spectrum of ~ and -l+ 
baryons generalized scheme of Oakes is used. The Oakes 
scheme is extended to the SU(4)xSU(4) symmetry violation 
case with the help of an additional rotation around the 
lOth axis in SU(4)-space. Mass formulae and mass values 

- 1+ a+ 
are obtained for the 2: - and 2: -baryons. The latter are 

in good agreement with the available experimental mass 
data. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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