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Soliton models are quark models

g [i§ — M exp(ivs F‘J‘)\A/Fm-)} q | Soliton Models:

IS Invariant, because one can
absorb chiral rotation into the

redefined pseudoscalar meson
fields pA \
Note that p=f(g, ) ® quarks

do interact

Energy

Chiral symmetry is spontaneously o _—9o _—o
broken: <pA>=0 chiral symmetry breaking
SKYRMION: chirally inv. manyquark int.

Integrating quarks one is left

with dynamical GB field soliton configuration

L | . no quantum numbers except B
Soliton in this model is stabilized _ _
by specific term in Lagrangian rotation generates flavor and spin
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Soliton models are quark models

constituent quark
but some are not  consttueTt AeEr
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pions fermions

Integrate out quarks l

Skyrme Model
2
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. c ryTt . ; 2
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only massless pion fields, kinetic term + interaction terms

Soliton in the Skyrme model is stabilized by the Sk. term



Variational approach to the soliton

A A ol i
T 4_
r ol 7 PLE) 0 l
UO — 0 1 -\P(U) =np

hedgehog




Collective quantiztion proceeds in both cases
Identically ® symmetric top
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only the coefficients are
given by different expressions

There iIs no Kinetic term
for 8-th angular velocity
® conjugated momentum

IS constant and produces

7 constraint: -
1 g = Ng/2V/3
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Wave functions and allowed states
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O(1) corrections

to M, do not allow Mass formula

for absolu;ce mass predictions
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Early predictions:
soliton models: positive parity
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MP (1987):
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1/N. corrections
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Thus the first state violating the three quark rule is a (IE,%), which--

4)

using numerical values in the Hamiltonian--yields an excitation energy

~ 600 Mev above the (8,%}. Since the theory is a low energy

effective theory we believe that this gives an aposteriori excitation energy
limit on the validity. Otherwise stated this means that when baryons are
probed with momentum transfers of the order of 600 MeV one starts to feel

their compositness.

Footnotes and References
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_F SU(3) = F

+(2FZR3) 1 [(p2+ 3p+ ¢ — pg — 2B?)/3Csu 3y

+J(J + 1)(Crot — Csuay)] - (24)

with the wave section having the form of an (SU(3))¢
X (SU(2))spin monopolar harmonic [21]:

P(A) = D“’q”rr,@ Vid, Ja, B(P1, -y §7, 08 = bg). (25)

The quantum numbers are: (SU(3))y irrep labels
|pgo] :isospin 7, I3: hypercharge Y: spin J, J3: baryon
number B = By.

The additional moment of inertia is

Csu@)=in f e35[1 — cos O(s)] ds~12.93. (26)
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c QM breaking hamiltonian
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Width
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operator V has the same structure as axial current

. A B 2 ©
IF = ~4_ S D:'a-f — 2— 'fi CD”_-,-JT,--. - —T_Dru‘i‘i‘-rf
¥ ( 0 Il ) : J_TQ{ b ! \,/*_{ Il

Diakonov, Petrov, Polyakov, Z.Phys A359 (97) 305
Weigel, Eur.Phys.J. A2 (98) 391, hep-ph/0006619
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In practice we calculate only matrix elements of
< and plug them into the QM formula dor the width



Width in the soliton model

SU(3)

p(10) _ Glo x CU(B,, By, 0) x p relations

A 8w M, M, R S Ty

_ 2 _
F(lﬂJ_ . = 10 v« 1) B B, ) X 1°

Bi1—Bay SWﬂflﬂ[Q ( 1, 224 ('r’) p;p

L
Decuplet decay: G10 = Go + 5(.71
. 1

Antidecuplet decay: G = Go — Gy — EG’Q



Width in the soliton model

(“12
F(m) 710
BBy 87 M, M,
—_ 2
F(lo}_ - 30
B Bap 8TM, M,

Decuplet decay:

Antidecuplet decay:

In NROM limit:

(10) .. "3

X C (Bl'.'BZ: Kr") X p;p
(9

Gio = Go + 5(.71

1
Gig=Co— G1 = 5Cs

SU(3)
relations



Width in the soliton model

(“12
F(m) 710
BBy 87 M, M,
—_ 2
F(lo}_ - 30
B Bap 8TM, M,

Decuplet decay:

Antidecuplet decay:

In NROM limit:

«(10) AN sz a0
X C (Bl'.'BZ: Kr") X p;p

1

Gio = Go + 5(}’1
1

Gﬁ: C':[] - (__1:1 — EGE_)

SU(3)
relations



NRQM Limit
Diakonov, Petrov, Polyakov, Z.Phys A359 (97) 305

MP, A.Blotz K.Goeke, Phys.Lett.B354:415-422,1995

energy is calculated
with respect to the vacuum:
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NRQM Limit

Diakonov, Petrov, Polyakov, Z.Phys A359 (97) 305
MP, A.Blotz K.Goeke, Phys.Lett.B354:415-422,1995

energy is calculated

with respect to the vacuum:

i)

b
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oo - ¥
mass| gap mass| gap
0 0
......v. o'o'o"o
o O O O O O
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o o o o o o

In the NRQM limit only valence level contributes
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; 3
0= .4
- "M

Decuplet decay:

Antidecuplet decay:

Gio = Go + EGH
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In small soliton limit: Gﬁ Z )
(10) G%D ~(10) - 3
FBl—}Bgtp Sfrﬂ“[]_ﬂ-fg x C (Bl'.' B27 k.‘j) X pap
— 12 _— i
Thipyy = s X CT(By, By p) x p < 15 MeV

S lrl M. 2



Width
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; 3
0= .4
- "M

Decuplet decay:

Antidecuplet decay:

Gio = Go + EGH

Cig = Go— C1 — 56

% [GDDM — G dipeDapd, — CaDosgJi| x ps

|

i

In small soliton limit: GT Z )
In reality: 1
(10) G%D ~(10) - 3
Uhi—ag 8w M; M, X, B, ) X Yo
— 12 _ i
Thipyy = s X CT(By, By p) x p < 15 MeV

S lrl M. 2
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Diakonov, Petrov, Polyakov, Z.Phys A359 (97) 305

A 3
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ON, ~ [O(NC) O(1)
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In small soliton limit: e —)

|

Decuplet decay: Gio = Go + 5(:1

Antidecuplet decay:
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Gig=Go— G — 56
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ON, ~ {O(NC)
+ O(1)

In small soliton limit:

Decuplet decay:

Antidecuplet decay:

Width

Diakonov, Petrov, Polyakov, Z.Phys A359 (97) 305

x |GoDai — G1dipe Dot e — GaDashi| x

T T

o(1) om}

Is this cancellation
consistent with
Che — ) large N. counting?

MP Phys.LettB583:96-102,2004



Three sources of N, factors:

e QCD: corrections to the effective lagrangian
e parametric M, I, ~ N,
e qguantum and combinatorial Y* = N_./3
SU(3) C-G's for arbitrary N_



Wave functions and allowed states

(R

§=(lq)

N -1
q=—"5

10=(3,4-1)

[H]

3 R )
BS — w(RﬁB)(R*ﬁS’) = (_)QS \/dlln(R)D_(BJ)

G. Karl, J. Patera, S. Perantonis,
Phys. Lett 172B (1986) 49,

J. Bijnens, H. Sonoda, M. Wise,
Can. J. Phys. 64 (1986) 1,

Z. Dulinski, M. Praszalowicz,
Acta Phys.Pol. B18 (1988) 1157.

10=(04+2)
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1 1
Gio = Go + 5(3’1 Gio = Go + §G1
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Width

Gio = Go + 1(’21’1 Gig= Gy + %Gl MP Phys.Lett.B583:96-102,2004
5 ¢
1 1 i j‘ ] ¥ i,\rcr _{_ 1 9 1 q
(—Tﬁ = C—Tﬂ — (_—TJ_ — E(_-T_‘; Gﬁ — (IU = 4 (:r]_ _ 5(12

In small soliton limit cancellation takes
place separately in each order in N,
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Mass splittings for large N,
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W|dth Ta ~ O(N) x p°

I'e ~ O(1) x p°

where p for 1 — 2 decay reads

= \/ﬂff — (M5 +m)? \/ﬂ,ff — (My — m)?

P

2M,
1 SR
3 / f e F ™~ O
A—aN p O(NC ) A (NE )

O — KN p~O(1) I'eg ~O(1)

Pr = 225, pr = 268



Width A ~ O(_f\"}.) X pg

e ~ O(1) x p°

where p for 1 — 2 decay reads

= \/Mrl2 — (M + 'T??-)g\/flff — (M5 —m)?

P

A
1 1
— / ;'r T A~ F ~J O .
chiral limit: A N p O(M ) A (Ncg.)

O — KN p~O(1) I'eg ~ O(1)



Width

Ca ~ O(N,) x p°
F'e ~ O(1) x p°

where p for 1 — 2 decay reads

chiral limit;

In Nature:

P

= VMZ — (My +m)2/ M2 — (My — m)?

20M,
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A—=aN p~ O N ) [a ~ Of Mg)

O — KN p~O(1) I'e ~ O(1)
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e ~ O(1) x p°

where p for 1 — 2 decay reads

= \/Mrl2 — (M + 'T??-)g\/flff — (M5 —m)?

P

A
1 1
chiral limit: A N p O(M') A (NE)

O — KN p~O(1) I'eg ~ O(1)

In Nature:



Width in the soliton model
- mixing effects

Once G Is small, even moderate admixtures of other
representations with nonsuppressed transitions modify the width
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For Q only the admixture in the final state matters
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Width in the soliton model
- mixing effects

Once G Is small, even moderate admixtures of other
representations with nonsuppressed transitions modify the width
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Width in the soliton model
- mixing effects
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Width in the soliton model
- mixing effects
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m, corrections to the operator
Example: magnetic moments

AR D{ﬁfj + wad,, dD () J -+ f QSJS
, w NG '
A0 = \/% dusDipy D8y +ws ( DSIDE + DYDY ) + we (DRDY - DRDY)



Hg

m, corrections to the operator
Example: magnetic moments
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Magnetic transitions
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Magnetic transitions
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Magnetic transitions
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Magnetic transitions
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Magnetic transitions
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Matching with the bound
state approach

Callan, Klebanov Nucl.Phys.B262:365,1985

Nadeau, Nowak, Rho, VentoPhys.Rev.Lett.57:2127-2130,1986
Callan, Klebanov , Hornbostel, Phys.Lett.B202:269,1988

Itzhaki, Klebanov, Quyang, Rastelli, Nucl.Phys.B684:264-280,2004

A
K" 1s bound
@ K K'isnot bound and has
| no smooth limit to rigid rotator

Gz



Summary

Soliton models are descendants of QCD, in comparison to
guark models different approximations are made

Soliton models are used to dedscribe many different properties,
not only spectra

Phenomenologically both small mass and small width of 10°
are in soliton models natural

If Q exists there must be other states both exotic and cryptoexotic
Mixing of 10" with other irreps. isimportant because primary
transitions 10° ® 8isvery smal

Large N, limit and chiral limit are very subtle, especially

for the width

Bound state approach (?)



