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Update of heavy baryon mass predictions
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Predictions of unknown heavy baryon masses based on an expansioninliN., and SU3) breaking are
updated to take into account a recent measurement df theass. Values are given for the two remaining
unknown charm baryon massg&g. and Q¥ and the seven unknown bottom baryon masSes X, B,
Qp, 3%, BEf, andQ} . [S0556-282197)50201-3

PACS numbeps): 12.39.Hg, 11.15.Pg, 14.20.Lq, 14.20.Mr

] The spectrum of baryons containing a single charm or %[(EB_EQ)_Z(EB_E(’?)J,-(QB_QQ)]:() 3)
ottom quark recently has been analyzed in an expansion in

1/mg, IMN;, and SU3) flavor breaking 1]. The analysis of with an estimated theoretical error of 0.23 MeV Qr=c
Ref. [1] yields a hierarchy of mass relations among heavyand 0.07 MeV forQ=b, and

quark baryons, as well as additional relations between heav

baryon mass splittings and mass splittings of the octet and[ (2o +2%%) —2(Eq+2EH) +(Qg+2Q5)]

decuplet baryons. From this analysis, it is possible to predict

the unknown charm and bottom baryon masses to varying =1[3(2N—3—3A+2E5)+1(4A—53* —2E* +30)]

accuracies, where the errors on the predicted values reflect (4)
both experimental errors of measured baryon masses and the _ _
expected theoretical accuracies of the mass relations. with an estimated theoretical accuracy of 1.5 MeV for

Recently, a very precise measurement ofiffemass has Q=c¢,b. The linear combination of octet and decuplet
been reported by CLECB]. The most precise flavor-27 mass masses on the right-hand side of £4). equals—4.43 MeV
relations [2,1] of the charm baryons determing. and  With negligible error. Using Eqd3) and(4), it is possible to
(SX+Q%), but notS* and Q* separately. Given thg*  predict the two unknown charm baryon mas&&sand O}
mass, it is possible to pin down tiE* mass. With the entire I terms of the other measured charm baryon masses:
charm baryon spectrum determined rather precisely, predic-
tion of the bottom baryon spectrum from the charm baryon
spectrum is improved. The mass predictions of R&f.are
updated in this note. Mass predictions for individual bottom
baryon masses are given.

The presently measured charm baryon masses are

El=3(3.+Q0)+(4.43-1.5 MeV,
Q¥ =(2E*-3%)+(—8.86:3.0) MeV, (5)
which yields

A,=2285.0-0.6 MeV [4], =c=2580.82.1 MeV,

*

With the predicted= . and Q¥ masseg6) and the mea-
sured charm baryon masses, it is possible to evaluate any
charm baryon mass combination. The chromomagnetic mass
splittings are evaluated to be

3.=2452.9-0.6 MeV [4-6], (1)

09=2699.9-2.9 MeV [7],

3% =2518.6-2.2 MeV [3], (3% —3,)=65.7+2.3 MeV,
E%=2644.0:1.6 MeV [8]. (B —E.)=63.2:2.6 MeV, 7
An observation of theg .~2560 MeV with an error bar of (Q* —0,)=60.6-5.7 MeV.

order 15 MeV has been reported by the WA89 Collaboration
[11]. The QF has never been observed. At present, only theéThe spin-averaged sextet masses are

bottom baryon mass
3(2c+23%)=2496.7-1.5 MeV,

A,=5623+5+4 MeV [9] 2
3(EL+2E¥)=2622.9-1.3 MeV, (8)
is accurately measured. Reported measuremen&,’ﬁf by
DELPHI [10] are not used. 5(Q+20%)=2740.3-3.4 MeV,
There are two very accurate mass relations among the
charm baryon masses given in REf]: while the sextet mass differences are
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(EL+2E%)—4(3,+23%)=126.2:2.0 MeV, where the errors are the estimated theoretical accuracies of
the two relations. The charm mass combination on the right-

1O +20F) - H(EL+2E¥)=117.4-3.6 MeV. (9) Ezzgriie of Eq(15) equals 37.%1.3 MeV, so Eq.(15)

Wl

Ther/ hyperfine splittings in each strangeness sector are (= S$(Ap—Ep) + &H[3(Sp+23%)— (2L +25¢

et

F(Z+23%)—A.=211.7+1.6 MeV, —2(Qp+205)7}
Y(2!+25%)-5,=155.2:1.8 MeV, (10 =37.5-1.6 MeV. (16)
. - . There are two additional mass relations which are less accu-
so the difference of these splittings is large, rate:
[3(2ct+237)—Ad—[3(E¢(+2ES) —E] (Ap—Ep)=(Ac—E)*4.8 MeV, 17)
=56.5+2.4 MeV. (1) and

The bottom baryon masses can be predicted in terms of 5(Ap+2Ep) + 15[ 3(2p+235) +2(Ep+ 25}
the charm baryon masses and the measirgdass.

The chromomagnetic hyperfine splittings of the heavy +(Qp+205)]
quark baryons are proportional toni4, so the bottom =—3(AcH+2E )+ H[3(2+235)+2(E+2E%
baryon chromomagnetic splittings can be obtained from the
charm baryon splittings by rescaling by a factor of +(Q+20%)]+£5.1 MeV.

~m./my. Including renormalization group running, the 18
scale factor is Z,/Z;)(m./m,)~0.24+0.05. Using this (18)
scale factor, the chromomagnetic mass splittings of the botgijnce (A ,—=,)=-182.7-1.3 MeV experimentally, the

tom baryons are predicted to be first equation becomes
(2§ —3,)=15.8-3.3 MeV, (Ap—Ep)=—182.7£5.0 MeV. (19
Ep-mp-tsasazvev, (1 [T baon mass campnaton in the second cauaton
(Qf —Q,)=14.5+3.3 MeV, —L(Ap+2Ep) + H[3(Sp+235)+2(Ep+2E)

where the errors on the splittings are dominated by the un- +(Qp+207)]

certainty of the scale factor. Note that H) is essentially —172.6+5.3 MeV. (20)

an exact relation for the chromomagnetic splittings. In addi-

tion, by scaling from the charm system, one concludes thatombined with the measured, mass,A,=5623.0-6.4
the mass combination MeV, Eq. (19) implies

s[BRE—2p)—(Ef—Ep—-205-Qp)] (13 Ep=5805.7+8.1 MeV. (21
is quite small, and can be at most a few MeV. Thg spin-averaged mass of the bottom antitriplet is evaluated
The spin-averaged sextet masses of the bottom baryoﬁg €
and the=E,, are determined by four mass relations. There are 1(Ay+2E,)=5744.8-5.8 MeV. (22)
two very accurate relations: namely, Hd),
Eliminating theA,, and E,, masses from the remaining rela-
S+ 235 —2(E[+2E)+(Qp+207)] tions yields three mass relations involving the three spin-

averaged sextet masses of the bottom baryons:
=—4.43£1.5 MeV, (14

H(Sp+238) —2(EL+2E8) +(Qp+208)]
——4.43+1.5 MeV,

and

5 _ = 1 *\__ (= =%
{=3(Ap—Ep) +3[3(2p+225)— (Ep+2E}) 2%[3(2b+22§)-(Eé+25§)—2(9b+293)]

~2A0p 2051} —-76.7£3.5 MeV, 23
={—§(Ac—EJ+%H[3(Z+237)—(E¢+2E¢ [3(2p+235) +2(Ef+2E5) +(Qp+2057)]
—2(Q,+205)]H 1.0 MeV, ~5917.4:7.9 MeV.

(15 The extracted spin-averaged mass combinations are
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5(3p+23F)=5834.7-8.7 MeV, Ep=5805.78.1 MeV,

L(2}+25,)=5961.0:8.2 MeV, (24) 2,=5824.229.0 MeV,

¥ =5840.0-8.8 MeV,
1(Qp+20%)=6078.4-10.9 MeV.

E,=5950.9-8.5 MeV, (26)
The precision of the above extraction &f, and the spin-
averaged sextet masses presently is limited by the theoretical Ef =5966.1-8.3 MeV,
accuracies of the two least accurate mass relations and by the
experimental error of thé\, mass measurement. Improved 0,=6068.7-11.1 MeV,
accuracy of the\, value or accurate measurement of other .
bottom baryon masses will lead to more precise predictions. b =6083.2-11.0 MeV.

Note that there are correlations amongst t.he s.pm—a\./eragg&igain, the values of the individual bottom baryon masses are

Rorrelated so that many linear combinations are known much

splrn:[a\lle;ﬁgﬁdﬂr]n assir(ioT/blrnatménrsnare kn(t)f\:v nmmulc\:/h mcl):rer afore accurately than the individual masses themselves. The
curately than e spin-averagec Masses Memseves. +o eu'certainty in the spin-averaged sextet masses is signifi-

ample, any linear combination of the two most accurate MAaSL v larger than the uncertainty in the chromomaanetic
relatiolns Eqs(14) .amd.(15). Is predicted very accurately. One sexte); splg[tings, for example. Imp):oved accuracy ofﬂ?,e
such linear combination is measurement and accurate measurement of other bottom
. . Ly nn baryon masses in the future will lead to more precise deter-
[3(Zp+235) —Ap]—[3(Ep+2E]) — Ep] minations of the remaining unknown masses.

=56.5+2.8 MeV. (25 This work was supported in part by the U.S. Department

of Energy under Grant No. DOE-FG03-90ER40546. E.J.

Finally, values for the individual bottom baryon massesalso was supported in part by the NYI program through

masses can be obtained by combining the extracted chrom&Grant No. PHY-9457911 from the National Science Founda-

magnetic and spin-averaged masses: tion and by the Alfred P. Sloan Foundation.
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