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Abstract The heavy baryon spectraw ere studied n the fram ev otk of quatk model The three-body Schrod nger equation
w as solved numerically by emp bying the Gaussian Expanson M ethod The results show ed that the heavy baryons can be
descrbed well n the constituent quark m odels The presentwork & linited to the heavy baryon with one heavy fhvor
quark
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In the past years continuous progress has been made n the field of heavy baryons The heavy baryons
chamed and bottaned baryons consist of a heavy quak ( ¢ and b) and wo light quarks ( double cham ed bary
onsw ith wo cham quarks and one light quaik are also discovered). M ost of the ground state heavy baryons have
been found expermen tally“l and several new excited chamed baryon states have been obsewed recently by
BaBar Belle and CLEO collaboratbnd”’. The heavy baryons provide an excellentw ay of testing our understand-
ng of quantum chranodynam ics (QCD), the flavor independence of confnement force the effect of one-ghon
exchange and so on It allows us to study how the mteraction between quarks evolves fran light to heavy system,
and it is a good laboratory for testing the pred ictbns of d ifferen t theoretical approaches There aremany approa
ches ormodels used to study the heavy baryons QCD sum rulesm ehod w ithin the frane of heavy quaik effective
theory (HQET) B4 caleulated the m asses of pwave excited heavy baryons to the 1/ oder The so called

re lativstic three-quaik models’! were used to study the properties of heavy baryons Lattice QCD was also ap-
plied to study the spectroscopy of heavy batyons[ ' However to our know ledge only the constituent quark mod-

H smu ltlaneously so far and a

el is pursuing to descrbe hadron propertieslw] and hadron-hadwon nteractions
lot of successes have been achieved The heavy baryons should be descrbed better than the lght baryons n con-
stituen t quaik models IZJ, because the appearance of heavy quaik reduces the relatwistic effect greatly The pres-
entwork is to study the heavy baryons n the franew ork of constituent quark model by using the G aussian Expan-

sbnMethod (GEM )", which differs fran oherwork to soke the three-body Schrodinger equatbn

1 Constituent Quark M odel

Themodel used has been successfully app lied to descrbe hadron pwoperties and baryon-baryon nteractbns
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The detail of themodel can be found in Ref [7 10]

. Here only heH amilionian and the constructbn of w ave-
finctions are given TheH am ilion ian is

H = Z[m +g] ~Te + Z (Vi" () + Vit (ry)),

2 (1)
Vi"(ri) = (X N)(- an - A), (2)
= o[- B [ s 22l]

where all the symbols have their usualmeaning To solve the three-body Schibdinger equation the delia functbn
. . . 4191
n the one-ghon exchange potentalmust be regu larized
2
S(ry)= (Bm) 76T (4)
To take into account of he scale-dependence of stiong coup ling constant an effective coupling constant is written
by[9]

Q50

=TT uh (5
{5

where B is the reduced mass of the interactng quark-pair The constructon of wavefunctions are given below
There are wo different cases for the stud ied heavy baryons
quark for €,

(g) and (gqQ), where g denotes u ord quark s
bebng to the fomer case (gf) ), and Ay, 2, ZZ)

and Q means b or ¢ quak SoE, and E,
and Q, belong to the htter case (qu)

(1) W ave functons of £y and E “0 In this case we consider three sets of rearrangan ent Jacobn coord+

nates ( see Fig 1) and refer then as a-type, b-type and c-type

1 1

R,

r,

a—-type

b-type

c—type

Fig.1 Rearrangement Jacobian coordinates for 5, and =,

The hree quaiks are all different make the defnng

rn=x,-x, Ri=x.— (xi+x;)/2 1 jk=1 2 3 (cyclicing), (6)
we can construct three-body basis functons for the colorsinglet total spin and its zcanponent /, M and total
isospin and its zcanponent?, T. concretely as the Dllow ng

(ﬂ)

Bpirr, o= LLL X (2)x (30 o (1d s/ bi(m) b (R ) JD o [[Me(2)M(3) [Tk (1) Jrr, ©(c),

(b)

Pprrr,e=LL0X (1)xe (3] .0x (20 s/ bi(r) o (Re)Jd o [[Me(1)Ne(3) [Tk (2) Jrr, P(c)  (8)
(c)

i, 6= LLL X ()X (2)) X (3] s [bu(ms) 0 (Rs ) [ [[Ta( )T (2) [Tk (3) [, @) (9)
W here the quantum number set &= {s § [ L, [ t} are midle quantum numbers [/ means Clebsh-Gordan
coupling TN (1),

(7)

XL, (i) are the isospin and the spn function of the &-th quak and ¢, and ¢, are he wo ret

ativemotbnwavefunctons The baryon wave function should be the superposition of these basis functions
lpMrr = Zaéq)mrr g+ Zbi (D(ml;%r g+ ; (Dj(ljl)TT g. (10)
(2) W ave functions of Ay, 3, 3, and Qp:

In this case there is a different quak which is denoted by
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nunber‘ I’, the white circle n the Fig 2
1 1

R,

r .

A-type

B-type

Fig.2 Rearrangement Jacobian coordinates for A,, ¥,, ¥, and 2,

The three basis functions are he sane as before Because there are wo identical quarks the total wave

fainction should be antisymmetrized under the exchange of the wo dential quarks Defining

(A) (a) (B) (b) (c)
(DJMTTZ £= (Dmm 5 q)mrrz g= Dy T, &+ (‘DJMTTZ & (11)

he baryon wavefunctbn can be writlen as
W, = gAiq)/fi%; g+ ZB (gB) D17, €. (12)
Them ass of baryon, the wo relative wavefunctons and the coefficientsAg and Br ( or the coefficients ag, b and
ce in the first case) are o be detem ined by sobing the Schibd nger equation
(H-FE )Wy, =0 (13)
w ih the Rayleigh-Litz variational prnciple

2 M ethod of Calculation

To solve he above Schibdinger equation is very difficult H ere we employ the Gaussian expansion method
(GEM), which developed byH yama et al™, 1o solve the equation In GEM, the rehtve motion wavefine-

ton is expanded by a series of Gaussians w ith range parameters chosen to lie n a geametrical progresson

n max

bi(r) = Dfibi(r)Yu (7). (14)
n=1
(r)=Nure™, U =1m" n=nd', (n=1-n.) (15)
the nom alization constant is

N |: 21+2(21-7,,)Z+2L‘|-2L o
S INETS PV II (1o

W n=1 ..y nm. are variational parameters detem ned by he E 13), 100 Nmey, 7, @ (OF Fuw= ria ™

p y !

are chosen to stabilized the results
The caleulaton of matrk elen ents of color spn and flavor part are smple and straight which am itted

here The folbwing is devoted to the evaluatbn ofmatrix elements of spatal part For an aib itrary shape of V
(r.), ismatrix elen ents can be written as follows
Coy (r) Wy (R Wr ) L, () Wy, (R w0, (17)
where the ket and bra-vectors are fran different sets of Jacobian coord nators a-type and b-type So we have to
make coord nate ransfomatons (r,, R,), (n, R,) - (r, R.)
r.=.r+ BR, R.=Y.r+ &R, nr=arn+BR, Ry=Y.r+iR, (18)

and using the fomula
! 1
- 4m 20+ 1)! 1= L) A
(lY a - [ ac ! ¢ B{LCRC 2
1Y (1) }; (2t 1)1 (2(1= M) + l)J (Qure) ~( )[YX(’.C)YZ—)»(R(‘)] In
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the ketvector

C 3 oL S Ur2-AR2
|: ¢n" b (’h ) “I'{’i“'”L" (Ra l-l M =Nnal"Ns\"de Iy ”Ra ul: Yl(tm“ (ra ) YLH/“W“ (R(l ):l m € o ‘o
can be recasted nto finction of r, and R,

bip Lq
Ta R(" I: YZ(Lm " (ru ) YL(LM” (Ru)-'l m =

c

ly Ly
- - — +L ~( M +
(Zl‘l + 1) (l“ + 1) ZZ [Cgl)‘C§L\ ]za(wlﬂ )\Buc)\Yu(:Lu " 61(:Ar bk o A)R(:}\ * X
A=0 A= 0 “
L=\ L- A 1

)3 DY A Ly L= ML= A0O0ILOYANAOOIL OXY,(r)Y, (R »
L L, o ¢
L L.

So the fomer expressbn can be summarized in the fom ( denoting A+ A asK)

L+L

a” "a

L, (r )W, (R D =NagNvp, 2225 L JVLLK ] T RE x
aa ara I,L K=

K=0

: Yi (1) Y., (R.J o Ui MR 2

2
where the expression

G LoJWLK I o= (24 1) ( Lo+ DLCICE] T, "B v, " 6" x
lu - )\' L(l - A lL

A A Ly {L,— ANL,— A 0O0IL 0><{AXAO0OIL O
L L. J

W e have s ilar expression for the bra-vectors n b-type
The transfomation coefficients <[, L, J 1L L. K J ).~ . and <L L, J1I. L.K J?,~ . can be calailated and
stored pror to the canputatbn Introduce the modified Bessel function I, (z)= (- i) [j,(iz), then

-V r2-AR2 -VUr,2-
aa aae bb

MR 2 _ e—ﬂrr%ff;R{ZRgZLU[ ,2l+ 111(2€ILRL)[ Yl(n)Yz(R(,Il N (19)
=0
Canbining all these equations and perform the ntegration overr. and R,, then them atrix elements can be

worked out The calcu lation of the overlap and them atrix eleaments of k netie-energy operators & sinpler than the

above only the coo nate transformaton (7, R,) - (r, R,) isneeded

3 Result and D iscussion

The param eters n Ham ilionian are detem ined by fittng the experm en talmasses of lght and heavy baryons
and are listed inTable 1 The calculated masses ofheavy baryons for ground states and excited states are given in

Table 2 and Table 3 respectvely, canpared w ith other theoretical predictions and the expermental values The
experinental data are taken fran PDG'".

Table1 The paraneters of the constituent quark m odel

Quark masses m,=m, = 313M eV m = 501M eV
m,.=1729M &V my,= 5073M &V

Confinenent a,= 2. I5SM & fin~2
OGE a,=4 965 Ag=0 113 fn~!

B =36 976M eV B=0 206

Fran Tabk 2 one can see that our calculatbns are in good agreementw ih experments sinilar to the est+
maton of ref [ 14]. The good agreementalsom eans hat the cobr confnement 5 ndeed flavor independent be-
cause the san e confining nteractbn is used for light baryons and heavy baryons Caming to the excited states
( negative-parity stales), our theoretical results alvays are bwer than the experinental valies although a reason-

able agreement is obtained W e should keep n m nd hat there is a poblen is still prelm nary Perhaps same
nevitable deficiency w ih themodel to calcu late it or other reasons
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Table2 M asses spectra of the ground sates of heavy baryons (in M éV).

Baryon Quark content TJ") Ourwork [ Ebert] Exp
A, ude —; 2285 2297 2284 9(6)
z, w e —; 2471 2439 2451 3(7)
" 3*
=0 we - 2512 2518 2515 9(2 4)
E; usc —; —; 2531 2578 2574 1(3. 3)
o 1| 3°
2 usc = 2 2630 2 654 2647 4(2 0)
Q, ssc —; 2698 2698 2697 5(2 6)
>
Q" sse 3 2743 2768 —
2
1 A
A, udb — 5610 5622 5624(9)
2 >
=, uub —; 5816 5 805 5807 8+2 0 X1 7(CDF)
>
=, uub —2 5830 5834 5829F1 8 X1 8(CDF)
i 17
g, ush - = 5858 5937 —
. 1[ 3"
= ush 7 7 5943 5963 -
] +
2 ssh = 6034 6065 -
" 37
Q, ssh - 6051 6088 —

Themasses of he ground state and excited state heavy baryons consisting of wo light (u d, s) quarks and
one heavy (¢ b) quark are calculated n thiswork For finite experment data of excited statg herewe only out

Ine same results W ew ill do same further work in this fied n the future

Tablk 3 M asses spectra of the excited sates ofheavy baryons ( nM €V).

B aryon Quark content T(J") Ourwork Exp.
A, ude —é 2505 2595 4
X
A, ude % 2505 2628 1
~
5
A, ude 2 2783 —
2
| X
Z, uuc 1 - 2 695 2766
i
s uuc == 2695 —
2
o'
z, uuc 1 S 2715 —
2
P
. use AL 2730 2789 2
. - =
£, use A3 2730 2816 5
2| 2
) S Al 5" —
. usc > 5 2 830
Q, ssc %7 2927 —
Q, ssc % 2927 —
Q, ss¢ % 2946 —
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