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   Remarks  on  IV. Dependence  of  Decays  of  Exotic  Baryons

          Karolina  PIEgciuK*)  and  Michal  PRAszALowlcz**)

      M. Smoluchowshi institute of  Physics, Jagellonian Uhiversity,

                 Reymonta  4, 30-049  Kruko'w, Poland

  We  calculate  the NE  dependence  of  the decay widths  of  exotic  eikosiheptaplet  within  the
framework  of  Chral Quark Soliton Model, VLle also  discuss generalizations of  regular  baryon
representat･ions  for arbitrary  IVh.

gl. Introduction

    One  of  the  most  puzzling results  of  the  chiral  quark-soliton model  (xQSM) for
exotic  baryons consists  in a  very  small  hadronic decay width,i)  governed by  the

decay  constant  Gro. While the small  mass  of  exotic  states  is rather  generic for all
chiral  modelsi)-3)  the smallness  of  the  decay width  appears  as a  subtle  cancellation

of  three different terms  that contribute  to Gio. Decay width  in solitonic  models4)  is
calculated  in terrns of  a  matrix  element  M  of  the  collective  axial  current  operator

corresponding  to the emission  of  a  pseudoscalar  meson  pi) see  Ref. 5) for criticism
of  this approach:

          O&8) -311.;,  (G, D$g,) - G, d,,. DSg,) S. -  S5' DS8,) 9,) × pu (i i)

For notation  see  Ref, 1). Constants Go,i,2 are  constructed  from the so-called  morrtents

of inertia that are  calculable  in xQSM.  The  decay width  is given as

                 lrB.B,..=  ". MPMV ,M2=  g. MP3illi, J2[T, (1.2)

The  
[Cbar"

 over  the  amplitude  squared  dellotes averaging  over  initial and  summing

over  final spin  (and, if explicitly  indicated, over  isospin).

   R)r B(10) -  B'(8) +g  for spin  
"up"

 and  p-p =  (O,0,pg) we  harve

        M-<s,/,,BtlOS)liib,l,,B>--3vGisio(g  S, IIStl)xp. (13)

and

                                        1

                         
Gio=ao-Gi-2G2･  (1-4)

In order  to have an  estimate  of  the width  (1･2) the  authors  of  Ref. 1) calculated  Gid
in the nenrelativistic  limit6) of  xQSM  and  got GIo i  O. It has been shown  that this
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cancelation  between terms  that  scale  differently with  NL (Go -J  IV2I12, Gi,2 ev  AJ212)

is in fact consistent  with  large AJh counting,7)  since

                                IVb+1                                           1

                                   4 G'-EC2,  (ls5)                      GTo =  Ge 
-

where  the  NE  dependence comes  from  the  SU(3) CIebsch-Gordan coeMcients  calcu-

lated fbr large IVb, In the  nonrelativistic  limit (NRL):

          Go -  -(AJe  +  2) G, Gi =  -4G,  Gf2 =  -2G,  Gr -J  IV2f2. (1･6)

   In this paper  we  ask  whether  the similar  cancellation  takes  place  for the  decays

of  27  of  spin  1/2 and  3/2, We  also  discuss the possible  modifications  of  the  IVb depen-

dence of  the  decay  width  due  to the  different choice  of  the  large IV}, generalizations

of  regular  SU(3) multiplets.

                    g2. Baryons  in large  Ne  limit

   Soliton is usually  quantized  as  quantum  mechanical  symmetric  top  with  two

moments  of  inertia Il,2:

    MLR) =  M.,+i  s(s+  1) + 21I, (c, (R) -s(s+1)  -  (iS;) +6SR) (2･1)

Here  S denotes baryon spin,  C2 (R) the  Casimir operator  for the  SU(3) representatio#

R  =  (p,q):

                    Q(7e) -g  (p2+q2 +pq+3'  (p+q)) (2･2)

and  quantities  6kR) denote matrix  elements  of the SU(3) breaking hamiltonian:

                   Ar ==  
!Xla+

 crDg8,)  +sy+  ili]Dg8.) .14.  
,

 (2-3)

Model  parameters  that can  be found in Ref. 8)

  a=-IXi  (a+s), 6 ==  -ms  ;ii, 7=  2ms  ({i}t 
-
 
i51it)

 , a=  Ii3z m.M+SmdE7rN

scale  with  Arh in the fo11owing way:

          ii,2 =3Ii,2/IV}  where  ii,2 rw  O(AIg), q5,7NO(rn,IV60).  (2･4)

Here XTN  is pion-nucleon sigma  term  and  mg  denote current  quark  masses.  Numer-

icallya>  rst,ID'e･
    So far we  have specified  eoplicit  IV6 dependence (2･4) that  fo11ows from the fact

that  model  parameters  are  given in terms of  the quark  IDop. Another type  of  the

IV6 dependence comes  from the constraint9)  that selects  SU(3)fl.... representations

R  :=  (p,q) containing  states  with  hypercharge  YA =  AIL13. [I]herefbre fbr arbitrary
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   Fig. 1, Standard generalization of  SU(3)  flavor baryon representations  fbr arbitrary  IVe.

                 M'de"V ES"'"pm M''eEEE
Fig. 2. Adding  3 diquarks to regular  SU(3) baryon representations  8, 10 and  ld corresponds  to the

   representation  set  of  Fig. 1.

AiL ordinary  baryon  representations  have to be extended  and  one  has to  specify  which

states  correspond  to the physical ones.  Usual choiceiO)

   
"8"

 -  (1,(IVle-1)12), 
"10"

 -  (3,(IVI, 
-3)/2),

 
"iiO"

 -  (O,(IVI,+3)/2), (2･5)
depicted in Fig. 1 corresponds  

-
 in the quark  language to the case  when  each

time when  AJL is increased by 2, a  spin-isospin  singlet  (but charged)  3 diquark is
added,  as  depicted in Fig. 2.

   Extension  (2･5) leads to (1･5), It implies that  mass  differences between centers
of  multiplets  scale  differently with  IVI,:

                     3                                            IVE +3
             Aio-s =                        r-  O(1/Aib)i AIT,-8 =                                                  -J  O(1). (2･6)
                     2Il                                             4I2･

The  fact that ATo-s f O in large AJI, limit, triggered  recently  discussion on  the

validity  of  the semiclassical  quantization for exotic  states.ii)  Since in the  chiral

limit the  momentum  pp  of  the  outgoing  meson  scales  according  to  (2･6), overall  ArL
dependence  of  the decay width  is strongly  affected  by it･s third  power  (1･2):
                                  1

                       
ilB.B,+v

 
N

 N2  o(J2[T')o(pg). (2･7)

   Phenomenologically, however, scaling  (2･6) is not  sustained.  Indeed, meson  mo-

menta  in A  and  e  decays are  almost  identical (assuming MSiO) £ t 1540 MeV):

                     p.  ft 225  MeV,  pK  tt  268 MeV,  (2･8)

   Unfortunately, going off  SU(3)fl..., limit does not  help. Explicitly

 6(s) =  ce.+ 
(N63-

 
3)6+

 
(IV}
 k2)+a; 

-;ty

 + (6 + 3(IVk(+lvE2)+a3i(:, 
(2+Ala7;

 
9)ry)y

    +  EI:'i 
++
 3(Sl/IA+la +6);l (:Z

PL-J(i+i))

 =3a+2s-ay+  , (2･g)

6(io) 
-

 
{Xia

 + :k i ?i:k l gi a  +  M,
-

 
36
 +  ,(.la5f#) iS). g) 7
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    +(rs+3(M(A
-ieilaii:'(\g+)

 
3)ty)y=3a+2s-ay+ , (2io)

6(r') -  Xa + (ivLk(3iV)}(M3t g) 
a  + 

iVb3-
 
36
 -  2(ivb31k)7i)+ g) 7

    +(6+2(Ale61+Vle3ev)i±
7+g))Y=-5a+46-aY+

 , (211)

where  ... denote terms O(1/IV}), Y  and  I denote physical  hypercharge  and  isospin.

   Interestingly in all  cases  in the large AJ}, lirnit, m.  splittings  are  proportional  to
the  hypercharge  difiierences only.  In this limit .Y -A  splitting  in the  octet  is zero  and

this degeneracy is lifted in the next  order  at O(1/Nl,), This explains  the smallness  of

X  
-
 A  mass  difference. Additionally 6k8) ft:t 6SiO) up  to higher order  terms  O(1/Al}2),

however 6gy) -  6kh) ! a  +  2S  >  o, This implies that

      M8')  
-
 Mk9) -  51tl 

-
 2io 

ci +s  
-
 ilJor .  tls +a+  2rs +  o(i/ivb),

      MAiO) N  Mkg)  =  titil -  ft.- g/ or .o(1/Nb).  (2･12)
The  first equation  shows  that  the  e) -  N  # O in the large IVb limit even  if Tn,

corrections  are  included. We  will  come  back to this problem  in the Iast section.

E3･ Decayconstantsof  twentysevenplet  forlarge  Nc

   In this section  we  shall  consider  decays of  eikosiheptaplet  (27-plet)

                          
"27"

 =  (2, (NL +  1)/2)

that can  harve either  spin  1/2 or  3/2, the latter being lighter. Mass  differences

     A273!2-s =  titli +  
A14E

 
i
 "J  o(i), A27v,-s ==  

IY2ii
 
7
 ew  o(i),

     A27,!,-io =  
Ala4E

 
i
 ""  o(i), A27,!,-io =  -Eitli +  

iV4}
 il 

7
 ew  o(i),

     A27,f,-rt =  itii 
-
 Ss ""  O(i/iV6), A27,f,.r, ==  it rsJ  O(i/M)

Matrix  elements  for the decays of  eikosiheptaplet  (with S3 =:  1/2) read:

v4(B27,,,  -  Bg +  v) =  3 ( ;
A(B273/2 -  Blo +  g) =  

-3
 (

A(B27,,, -  Bft,t +g)  =  3 ( ;

"8"B,

8 
"10"

9  B'

tcfo71Bt

cc2B7"

 )"27i,B

tc27"B)

× G27,

)

(3･1)read

(3･2)

 × Fh7,

× E27, (3･3)
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and

Decay LargeN.NTRL
Scaling

inNRL

273!2-81f2

273f2->10312

273!2-Ttl12

G27=Go-NaiiGi=-3G

F27=G!o-iN!itztLiGi-;G2=o

E27=Go+Gi=r(Nc+6)G

N.if2

0A'.312

For  S  =  112 and  S3 =  1/2 we  have:

A(B27,,, -  Bg +p)  =  -3  ( i 
`bt

 l'

v4(B27]!.  .  Blo + v) =  
-3
 ( 2 

"1}1"

J4(B27,/,  -> Bftr+p)-3(  g 
"it[i)9"

"2BT"

 )
 

"2B7"

 )
"2B7"

 )

(IVb +  1)(M  +  5)

9(IV} + 3)(AJh +  7)(IVb +  9)x
 H27,

8(Nl, -  1)

9(fVb +  3)(IV} +  9)

  IVb +4

× G'27,

9(IV} +  3)(iV} +  9)
× HS,, (3･4)

Decay LargeN.NRL
Scaling

inNRL

271!2-8112

27112-->10312

271!2-i]Olf2

U27=Go-2t!ti ±zi+"Gi+gG2=o

GS7=Go-LN=if=t+5ai=3G

HS7=Go+uat,lgGi+,.i.,G2=-(Nc'.3.lf{c")G

eN.if2

N.312

   In order  to calculate  the  AI6 behavior of  the width  we  have to know  the AJb

dependence of  the flavor Clebsch-Gordan coeficients  that depend  on  the states  in-

volved.  For the decays into 8 and  10 the only  possible channels  are  e27 -  N(A)+K,

and  the  pertillent Clebsches do not  depend on  M.  R[}r the decays into 10 we  have

e27 -  eTTt +T  that  scales  like OCI) and  e27 -  NITt +K  that scales  like O(1/vf]scrl).

The  resulting  scaling  of  I}e,,.B,+p calculated  from Eq. (2･7) reads  as  fo11ows:

decayof Ncscaling decayof N.scaling

e273f2 exact NRL e27i12 exact NRL

->-tVs+K O(1)O(1/N.2)-Ns+K O(1) o

-Aio+K O(1) 0 -Aio+K O(1)O(i!N.2)

-IV'rt+KO(lfN,3..)O(ifN.3)-AIr7t+KO(1/NE3)O(11N.3)

-em+rO(lfNe2)O(1!N.2)-ert+TO(1/N.2)0(i/N.2)

Interestingly, we  see  that whenever  the  exact  scaling  is O(1) the nonrelativistic

cancellation  (exact or partial) lowers the power  of  IVb, whereas  in the  case  when  the

width  has  good  behavior  fbr large AJ}, there  is no  NRL  cancellation.
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54. Alternativechoices  forlarge N.multiplets

   So far we  have only  considered  the 
"standard"

 generalization (2･5) of  baryonic
SU(3)fl..., representations  fbr large AJb. This choice  is based on  the  requirement  that

generalized baryonic states  have physical spin,  isospin and  strangeness,  however their
hypercharge and  charge  are  not  physical.iO) Moreover  the  generalization of  the  octet

is not  selfadjoint  and  antidecuplet  is not  complex  coajugate  of  decuplet. Some  years
ago  it has been proposed  to consider  alternative  schemes.i2)

   If we  require  the generalize
set of  representations:

d octet  to be selfadjoint  we  are  led to the  fo11owing

    
"8M

 =  (M/3,M/3), "10"

 =((Ala+6)/3,(Ala  -3)/3),  
"rt"

 =  
"10"'

 (4-1)

 that are  depicted in Figs. 3 and  4. This means  that we  enlarge  IVb in steps  of 3 adding

 each  time  a  uds  triquark. Generalized states  have  physical isospin, hypercharge  (and
 charge),  but  unphysical  strangeness  and  spin  that is of  the  order  of  IV},. With  this

 choice  both  Aio-s, Ai(/i)-s l e in large IVI, limit:

               Aio-s=(Art/6-1)/Ji,  Aio-s=(Ail,/6-1)/Il], (4･2)

 With this power  counting  we  can  calculate  large AJ} approximation  of  the meson

, momenta  in the decays of  A  and  e:

A-N PT  
=(MA  

-
 MN)2  -m?

e-N PK  
=(Me  

-
 MN)2  

-m2K

=  256 MeV,

=  339 MeV (4･3)

that  are  much  closer  to the  physical values  (2-8) than  (2･6).
   Finally let us  mention  a  third possibility in which  we  require  generalized decuplet
to be a completely  symmetric  SU(3)fi..., representation  fbr arbitrary  NL. This leads
to (see Figs. 5 and  6):

          
"8"

 
-(Ai6

 
-2,

 1) 
"10"

 ==:  (IVh,O) 
`CIO"

 -(IVb  
-3,

 3), (4･4)

Fig. 3.

                                .,/ge,mt'Illeell/.

       tel,ec1es/ma///si//L,patlkiig-s

/eq
･,ee//,:ww,.maStw' aj,i/ls-

di'i/:ige/･--･rmgme'ee,ieel:,k.
                     

'v,/, lwtll'

Generalization of  SU(3)  fiavor representations  in which  octet  is selfadjoint.

Iii]'''P"-e[ 
]EI]'"'an-".I:Ei-"'- a'e[:i]

Fig, 4, Adding  triquarks  te regular  SU(3)  baryon  representations  8,

   representation  set of  Fig. 3.
10 and  10 corresponds  to  the
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Fig. 5, Gencraliiatien of  SU(3)  flavor representatioiis  in which  decuplet is fully symmetric  (O,q)

                             m
e-tm

 EEENM                gee'M
Fig. 6. Adding sextet  diquarks to  regular  SU(3) baryon representations  8, le and  10 corresponds

   t･o the representation  set  of  Fig. 5,

Interestingly this choice  has a smooth  limit to the ene  flavor case.  In the quark

language  it amounts  to adding  a  symmetric  diquark to the original  SU(3)fla.., rep-

resentation  when  increasing IVh in steps  of  2. As  seen  from Fig. 5 physical  states  are

situated  at  the bottom of  infinite representations  (4-4) and  therefore have unphysical

strangeness,  charge  (hypercharge) and  also  spin.

   The mass  splittings  fbr this choice  read

                     Aio-s=N6/21i,  ATo-s=3/2Il]. (4･5)

Here  the  generalized  decuplet remains  split  from the "8"
 , while  AITt-s -  O fbr large

AIL. The  phase  space  factor for (D decay is therefbre  suppressed  with  respect  to  the

one  ef  A.

                             g5. Summary

   In this short  note  we  harve shown  that very  small  width  of  exotic  baryons

if they exist  cannot  be explained  by the standard  iVb counting  alone.  Certain

degree of  nonrelativisticity  is needed  to ensure  cancellations  between different terms

in the decay constants.  This phenomenon  observed  firstly for antidecuplet,  is also

operative  for the decays of  eikosiheptaplet.  We  have shown  that in xQSM  in the

nonrelativistic  limit all decays are  suppressed  fbr large IVL. Exact cancellations  occur

for e27,i, -  Aio +  K  and  e27,!, ->  AJ8 +  K, leading N6 terms cancel  for e27,f, -

IV8 +  K  and  e27,f, -  Aio +  K. For 27 -  10 there are  no  cancellatiens,  but the

phase  space  is AJe-3 suppressed.

   We  have also  briefly discussed nonstandard  generalizations of  regular  baryon

representations  for arbitrary  AJh. For AI6 >  3 bayons  are  no  longer composed  firom

3 quarks and  therefore they form  large SU(3)fi.... representations  that  reduce  to

octet,  decuplet and  antidecuplet  fbr N6  =  3. The  standard  way  to generalize reg-

ular  baryon representations  is to add  antisymmetric  antitriplet  diqaurk when  IVle is

increased in intervals of  2. This choice  fu1fils many  reasonable  requiremcnts;  most

importantly for SU(2)fl.... these representations  form regular  isospin multiplets,

However,  representations  (2-5) do not  obey  conjuga.tion  relations  characteristic  fbr

regular  representations.  Therefbre we  have  proposed  generalization (4･1) that  sat-
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isfies coajugation  relations,  Most  important  drawback  of  (4･1) is that  spin  S rv  NL

that contradicts  semiclassical  quantization. Nevertheless as  a  result  rneson  momenta

einitted  in 10 and  10 decays scale  in the same  way  with  AJb (4-3), consistently  with

"experimental"
 values  (2･8), whereas  for (2･5) the  scaling  is different (2･6),
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