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In this lectures we review the main idea of the chiral doubles scenario,
originating from simultaneous constraints of chiral symmery and of heavy
quark spin symmetry on e ective theories of heavy light hadrons. We
discuss chiral doublers for mesons and (brie y) chiral doulters for baryons
in light of recent experimental data.

PACS numbers: 12.39.Dc, 12.39.Hg, 14.20.Lq, 14.40.Lb

1. Introduction

These notes are organized as follows: rst, we outline recémxperimen-
tal data, which triggered the renewed interest in physics ofheavy hadrons
(Section 2). Then, after brie y mentioning the plethora of t heoretical pro-
posals to describe these states, we choose the particulare(in our opinion,
most appealing) the chiral doublers interpretation for th e new states. We
show, how one can guess the unique leading order e ective dgrangian
incorporating both symmetries of the heavy and light quarks(Section 3).
Then we present general arguments, why the phenomenon of chi dou-
bling seems to be the generic pattern of the QCD. Finally we pspose the
classi cation of the observed to-date heavy light mesons m the chiral dou-
bling scheme. In the last part (Section 4) we brie y discuss he heavy light
baryons. Despite the chiral scenario for baryons seems to lggiite appealing,
the present lack of solid experimental data for heavy light baryons makes
the veri cation di cult. In the context of the chiral doubli ng, we speculate
also on recent exotic baryonic signal from H1 experiment, ierpreted as a
signal for charmed pentaquark.
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2. New experimental results on open charm new sensations

Recently, experimental physics of hadrons with open charm 4s pro-
vided several spectacular discoveries which surprised abst everyone. Let
us brie y remind these experiments:

In April 2003 BaBar Collaboration [1] has announced new, narra
mesonD 7, (2317)", decaying intoD} and ©. In May 2003 this obser-
vation was con rmed by CLEO Collaboration [2], which also ndiced
another narrow state, D (2460)" , decaying into D and ©. Both
states were con rmed by Belle Collaboration [3], and nally, the CLEO
observation was also con rmed by BaBar [4].

In July 2003 Belle Collaboration measured the narrow excitedstates
D1; D, with foreseen quantum numbers(1*;2"), and provided the
rst evidence for two new, broad statesD{ (2308 17 15 28)and
Dcll (2427 26 20 17)[5]. Both of them are approximately 400 MeV
above the usualDo; D? states and seem to have opposite to them par-
ity. Similar observation of the D§ was observed by FOCUS Collabora-
tion [6] and also CLEO has noticed second stat@i [2]. Above states
were seen in decays mode with pioi,e. DZ°! D* ,Dg*! DO *
andDJ°! D?

Selex Collaboration announced very recently a new, surprisgly nar-
row state D J; (2632) [7], which mainly appeared inDJ; | D¢ decays.

H1 experiment at DESY has announced [8] a signhature for chared
pentaquark 8 (cudud) at mass3099MeV, i.e. approximately 400MeV
higher than the expected estimates known in the literature § 12].

Till today last two states were neither con rmed nor falsi e d by other ex-
periments.

3. Mesons

We visualize the schematic spectroscopy of new mesons on Fily The
above states and in particular the decay patterns of all thes particles chal-
lenged standard estimations based on quark potential modgl(QM) and trig-
gered a renewal of interest on charmed hadrons spectroscopynong several
theorists. Why these states are so surprising? If we considan in nitely
heavy quark, its spin decouples from the angular momentum othe light
object j;. For the lowest partial wave of light quark | = 0, j, equals to the
spin of the light quark. By adding light and heavy components,we get a
pair of statesO ;1 . Next partial wave corresponds tol = 1, therefore we
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have two possibilitiesj; = 3=2 and j; = 1=2. Adding the spin of the heavy
quark to j; we get two pairs1*;2" and 0" ; 1", respectively. The observa-
tions of BaBar, CLEO and Belle point that new D states(2317) and (2460)
match the spin-parity pattern of the last pair. The rst puzz le of these
states was therefore not their presence, but the value of themasses. QM
predictions were placing these states ca 150 MeV higher thaobserved,i.e.
above corresponding mass thresholds fdbK and D K. Such states were
therefore expected to be broad. The new states were howeveurprisingly
narrow with width below 10 MeV. Second puzzle was the patterrof splitting
between the particles of opposite parity: the mass split bateen0* and 0
turned out to be almost identical to the mass split betweenl® and 1 . The
third challenge was to understand the decays hadronic (basically one pion
emissions) and electromagnetic.
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Fig.1. Spectroscopy ofDS,D; (left side) and DZ;,Ds;,DZ; mesons (right side).
The lines show observed decays for new particles.

These three challenges triggered an interest on charmed hiauhs spec-
troscopy among several theorists [13, 14]. In the above mdonhed works,
new states were interpreted either as tetraquarks, or as mecular con gu-
rations alike D atoms or DK molecules, or as resonant states forced by
unitarization and chiral symmetry. There were also works tiying to interpret
these states in the framework of modi ed QM or verifying their properties
via lattice simulation. Last but not least, a decade old idea [15, 16] of chiral
doubling was brought to attention [17].
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3.1. Chiral ( ) doublers scenario

With respect to  ocp, the fundamental scale of Quantum Chromody-
namics, strong interactions involve three light avors (q= u;d;s) and three
heavy avors (Q = c;b;1), (see Fig. 2). It is instructive to consider the
limits:
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Fig. 2. Schematic QCD mass scales.

Both limits (massless quarks and in nitely heavy mass) unrael essential
symmetries of the interactions. The light sector (masslesBght quark limit)
is characterized by the spontaneous breaking the chiral symetry (SB S).
Vacuum state is respecting only vector part of the symmetry,j.e. SUy (Ng)
SUA(Ng) ! SUv(Ng), whereas axial symmetry is broken, as a result we have
massless Goldstone's excitations for each broken generato

The heavy sector (in nite heavy quark mass limit) exhibits heavy quark
symmetry (Isgur Wise symmetry) [18]. In this limit, dynami cs of the heavy
quark becomes independent of its spin and mass. As a result stich a
limit the masses of the pseudoscalaf0 ) and vector (1 ) mesonic states,
including heavy quark become degenerate.

heavy light mesons are the simplest objects subjected to th simulta-
neous restrictions of both above-mentioned symmetries. Q@wtraints from
both symmetries enforce the form of the e ective interaction of such mesons.
An explicit answer from theoretical point of view was found n 1992 and
1993 [15,16] and the major consequence of derivation propmkwas that the
interaction requires an introduction of chiral partners. Below we present the
argument, how one can guess/derive such an interaction usinthe approxi-
mate bosonization scheme for QCD.

3.2. Schematic constructions for heavy light mesongQ

For the simplicity of the algebra we restrict our discussionto two light
avors q=(u;d) and a heavy avor (Q = c¢). The generalization to (Q = b)
and (q = s) is straightforward. If the mass of the heavy quark is in nitely
large, then the heavy quark momentum is large and conserveBl = mqv .
In this limit, we have a velocity superselection rule [19],i.e. we have a
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di erent heavy quark (antiquark) eld Q, (x) for each velocityv. To display
this we follow Georgi [19] and de ne heavy quark eld as
+ . .

Q= Fple meviqrpo+ L dmevig, (); )
where (1 ¥)=2 are projection operators originating from standard (p
mg)=2mq. As a result, the free QCD action in terms of light and heavy
quark elds reads

x Z
S= dx qi@ mga+ Quivv @Qy : &)

\"

Notice that our action (2) is avor U(2) . U(2)g symmetric (for m = 0) and

invariant under independent spin rotations of the quark andthe antiquark.

After applying approximate bosonization schemes [20] to th heavy light

system we can generate an e ective action as a gradient expaion in the
slowly varying elds that intermingles heavy light dynami cs [15], alike sim-
ilar schemes lead to the e ective mesonic Lagrangians (siggnmodels) for
light avors. We denote the heavy meson elds as

0 :1;”( B +isF) g+ (he); 3)
where
Iﬁf ql?a Qu;
P & Q (4)

are the bare pseudoscalar and bare vector heavy mesons wiilght chirality
and v is the velocity of the heavy quark ¢? = 1). Note that changing

(+! )correspondsto R! L).
The action Eg. (2) can be written in the form
x Z
S = L@+ 15y @+ 1(L 2+ R ) 1M &+ MY ()

\%
+HB, + A ()

with quark eld =(q; Qy) and bare light vector elds

C o a; R & & (6)

valued in U(2). and U(2)gr, respectively.
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In above expression we used also the projectors onto the lighnd heavy
sectors in the form1, = diag(1;1;0); 13 = diag(0;0; 1) and the short-hand
notation 5 %(1 5). The P'sin Eq. (4) are o diagonal in avor space,
sothatH = HaT2with a=1;2and T =( 4 i 5)=2 T2=( s |1 7)=2
Note that are standard Gell-Mann matrices. The e ect of spontaneous
breakdown of the chiral symmetry is introduced via matrix M , chosen as

M= R (7)
with
/= r=exp o ; (8)

wheref = 93 MeV is the pion decay constant and~ are standard Pauli
matrices. Inthe vacuum is diagonal and constant along the light directions
(u;d). If we de ne the constituent (dressed) quark eld by the relation to
the bare quark eld

(Lo, Qu);s
( ROR;Qv); ()]

we can rewrite the bosonized action given by Eq. (5) in terns of eld
Then the actionZ reads

X
S = d*x [ L@+ iy @+ 1p( ri@Y 2 + (i@ 5)

\
+L(LLY 2+ RRY ) 1o E+ o)
+tH+H+G+G]: (10)

L

R

An immediate feature of the above action is the mandatory apparance of
another heavy meson eld denoted byG, which explicit form reads

H= Y b +isD)

:1;’(’ (P.. t+P. D+isPe t+P 1)
6=2Y oD

- 1;’(’ s(P.. & P. H+(P. %t P 5y @11

whereD and D? in eld H represent the pseudoscalaf0 ) and the vector

(1 ) mesons elds, respectively, which annihilate thes = % meson multi-

plet. Field G refers to new(D; D?) multiplet with the constrain v D? =0,
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i.e. to the chiral doubler with spin-parity assignment (0* ; 1* ). Dressed elds
L=R follows from

L
R

LY@

rRR L+iRr@ %: (12)

Under heavy quark spin symmetry SU(2} (denoted by S)

H ! SH:
G! SG (13)

and chiral SU(2).  SU(2)g (denoted by U) transforms

H ! HUY;
G! GUY: (14)

It is also convenient to introduce

H - OHy 0;
G= &0 (15)

and transformations for them

H ! UH;
G! UG; (16)
H ! HSY;
G! GSY: (17)

After substituting new dressed elds from Eq. (12) to Eq. (10) we arrive at
the e ective action
Z

X
S = d'— (it L ) 5+ La(iftr ) &+ Liikv @
\

+H+H+G+G (18)

where covariant derivatives are

iR: (19)
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This is the starting point for the derivative expansion, with quark propagator
of the form

S = 1y(if ) 5 + Lo(if R ) & + 1l3ilv @ ! (20)
and generic heavy light part of the Lagrangian density
L= S'+H+H+G+G : (21)

We integrate now the partition function over the fermions, and then we
rewrite the resulting determinant using the well-known trick

e(lndet A) — e(Tr In A) : (22)

Expansion of the logarithm to the second order gives the e elive action,
e.g.for H elds we arrive at induced at one loop level action

Sy = %NCTF 1, qH 13 QH
1

where
= (i@ )% Q=(ivv @ * (24)

are dressed light and heavy avor propagators, respectivgl and the func-
tional trace includes tracing over space, avor and spin indces. The ellipsis
in Eq. (23) stands for higher insertions of vectors and axial. Note the
light light and heavy light quark dynamics follows from th e dressed action
(18) through a derivative expansion. The resulting e ective action for the
H sector reconstructs (modulo chiral mass term) the originalconstruction
by [21]. Our expansion of (18) will be understood in the sensaf mgo= !1
(mg!'1 ). A similar action appears for the heavy chiral partnersG's.

After regularizing and renormalizing the resulting one lo@ integrals one
arrives at the nal form of the e ective action

LH = iETr(Hv @H v @HH)
+Tr VHHY gy TTA  sHH + myTrHH; (25)

LS = + iETr(Gv @G v @GG)
TV GGy gsTrA GG+ mgTr GG: (26)

Note that the massesmy and mg are of orderm%.
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Chiral partners communicate with each other via light axial currents
LHC = geyTr( sGH A )+ (h.c); (27)

where gey is the coupling constant governing the(0*;1*) ! (0 ;1 )\
transitions and we do not have vector mixing because of the piy.
The axial A and vectorV read, respectively

[
A =s00@ @) (28)
vV = %(y@ + @ Y): (29)
The main consequences of above derivation are as follows:

Chiral symmetry and heavy quark symmetry (IW symmetry) require
the introduction of chiral partners. Chiral partners (G) are parity
duplications for the standard multiplet (H).

The mass splitting between the usual multipletH and chiral partner
G imply the mass relation to order mgN¢

me my =m(D°) m(D°)=m(D) mD)=0( ); (30)

where denotes one loop heavy meson self-energy [15 17]. Look at
the diagram shown in Fig. 3.

Fig. 3. One-loop contribution to 2-point HH , GG functions. Herel stands for light
quark and h for heavy quark.

Technically, the di erence for chiral masses originates fom the 5 dif-
ference in the de nition of the elds H and G. In other words, it is
sensitive to the parity content of the heavy light eld sinc eH¥ = H
and G = + G. The result is the mass gap between the heavy light
mesons of opposite chirality. This unusual contribution ofthe chiral
guark mass stems from the fact that it tags to the velocity H¥H of
the heavy eld and is therefore sensitive to parity.
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If we have restored the spontaneous breakdown of the chiraysime-
try, the mass gap disappears. Therefore (in the chiral limi}, such a
mass gap is an order parameter for the spontaneous breakdovarf the
chiral symmetry, and actually this mass gap could be even uskeas a
de nition of rather elusive concept of dressing the currentmass of the
quark. Surprisingly, heavy light system seems to be quite dequate
for probing the chiral properties of the vacuum (since only oe quark
gets dressed, contrary to two quarks being dressed for lighhesons).

Such a generic phenomenon cannot be model dependent, oneréfere
expects low-energy theorems for chiral doublers. Indeedhis is the
case. Since the leading term in the axial current comes fromne-
pion, A2 1=f @ 2, integrating by parts the expectation value of
the mixed-term in the Lagrangian gives the Goldberger Treman-type
relation between the doublers,i.e.

Mg My  Guef (31)

This means that a small scaleof order of 100 MeV (originating from
pion decay constant,i.e. the quantity related directly to the properties
of the QCD vacuum) appears naturally even for very heavy mests
(e.g. for B mesons).

3.3. D-cubes

In this subsection we visualize the consequences of the dhlirdoublers
scenario for mesons in the form of the cartoon, see Fig. 4.

Fig. 4. Cube representingschematic (e.g. the units in the upper and lower plaque-
ttes are di erent) classi cation of chiral doublers. Label s correspond to the case of
cs mesons. Selex signdD¢(2632) is interpreted as an excited doubler, see text.
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The three-dimensional cube is aligned along three diretons :
chiral symmetry breaking denoted by SB B (horizontal)
Isgur Wise symmetry breaking 1=m. (skew)
total light angular momentum  j; (vertical).

We expect similar form of cartoon forcu, cd, bs, bu, bd mesons.

First, we focus oncs mesons Dg cube:

Lower left rung represents known pseudoscalar)( ) D¢(1969) and vec-
tor (1 ) D2(2112), with j; = 1=2 light angular momentum. The splitting
between them (143 MeV) is anl=m. e ect and is expected to vanish in in-
nitely heavy charm quark limit, i.e. both particles would have form theH
multiplet. The upper left rung corresponds to j; = 3=2 representation, i.e.
1* and 2" excited multiplet. Here Ds;(2536) and DZ;(2573) are the can-
didates, separated by (smaller for excited states, here onl37 MeV) 1=m.
origin mass splitting. This left plaquette of the Ds-cube represents well
known states, before BaBar discoveries (we can call them prBaBarian ).

The novel aspect of the chiral doublers is the appearance ohe right
plaguette First, we expect two chiral partners for D5 and D2, representing
right lower rung. Here newly discoveredD;(2317) and Dg;(2460) are the
candidates for the (0*; 1" ) scalar-axial G multiplet. The averaged splitting
for (0* ;0 ) and the averaged splitting for(1*;1 ) are 3432 0:8 MeV and
3468 1.1 MeV, respectively, i.e. almost identical, as predicted a decade
ago [15,16]. The splitting within the G multiplet, i.e. between the masses of
the new BaBar state and CLEO state, is identical to the splitting between
the (1 ;0 ) pair.

Let us move to upper light angular momentum (, direction in Fig. 2).
We would also expect the chiral partners for the excited| = 3=2 multiplet,
i.e. new chiral pair (1 ;2 ) [22]. Alternatively, this pair could be also viewed
as thej, = 3=2 excitation of the BaBar-CLEO (0" ; 1*) multiplet. The states
within this new multiplet would be separated by similar 1=m. split, like the
split between D, and Dgy, i.e. by 37 MeV. However, the question is how
large is the chiral split for the excited states? Is it also egal to 350 MeV
alike the chiral split for the j; = 1=2 plaquette or is di erent? One can try to
get some insight using the construction for e ective chiralaction for excited
mesons [22]. Note that chiral shift for excited states is apmximately half
of the value of the shift for j; = 1=2 multiplet ( 170 MeV).

The fact that excited states are less sensitive to the e ectof the QCD
vacuum is not totally unexpected, seee.g. [23]. Of course, the precise
value of the chiral shift for the excited doubler can be proviled only by an
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experiment. It is tempting to speculate that the very recent signal reported
by Selex [7] is a(1 ) doubler of D, if the state is con rmed and its spin-

parity is indeed (1 ). Then the chiral shift for excited strange charmed
mesons would be of the order o000 MeV only. If indeed this is the case,
a natural expectation in the chiral doubler scenario is the pesence of the
chiral doubler for Dg, state as well, i.e. one would expect new,2 state

within few MeV around 2669 MeV, possibly in DZ channel, to follow the

pattern of the decay of other doublers.

Now, we consider non-strange charmed mesonB {(cube):
Left plaquette is formed by known non-strange charmed mesai.e. for j- =
1=2 we have pseudoscalab (1865) and vector D ?(2010), excited multiplet
(j~ =3=2) is formed by (1") D1(2420) and (2*) D,(2460). Here two states
from Belle, D8(2308) and D8(2427) are natural candidates for lower right
rung of the D-cube, i.e. for the chiral doublers of D (1865) and D ?(2010).
There are however broad, since neither kinematic nor isospirestrictions
apply here, contrary to their strange cousins. The precisealue of the chiral
shift is still an open problem, due to the experimental erros and systematic
di erence between the FOCUS [6] and Belle [5] signals. We waodllike to
mention, that the fact that chiral mass shift seems to be equbof even larger
for the non-strange mesons than for the strange ones, is nat contradiction
with certain models of spontaneous breakdown of the chiralygnmetry [17].

Let us mention for completeness about bottom mesonsB( and B):

In this case chiral doubling should be more pronounced, siecthe 1=mq
corrections are three times smallerj.e. the skew-symmetric (red) edges of
the cubes are three times shorter, foj- = 1=2 and j- = 3=2 states, corre-
spondingly. For mg = 150 MeV, we expect the chiral partners of B and
B? to be 323 MeV heavier, while the chiral partners of B and B? to be
345 MeV heavier [17]. We note that any observation of chiral doulting for
B mesons would be a strong validation for chiral doublers propsal. For
several recently proposed alternative scenarios for new aes (multiquark
states, hadronic molecules, modi cations of quark potentl, unitarization)
a repeating pattern from charm to bottom seems to be hard to agieve with-
out additional assumptions.

4. Baryons

In this lecture we discuss brie y the possibility of an extersion of the chi-
ral doublers scenario for all heavy light baryons, including the exotic states
like pentaquarks. To avoid any new parameters, we simply vig baryons as
solitons of the e ective mesonic Lagrangian including bothchiral copies of
heavy light mesons, a point addressed already in [15] and cently reana-
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lyzed in [24]. We are working in largeN limit, which justi es the soliton
(Skyrmion) picture, and large heavy quark mass limit, wherewe exploit the
Isgur Wise symmetry. This approach could be viewed as a stamng point for
including 1=my, corrections from the nite mass of the heavy quark, explicit
breaking of chiral symmetry, etc., alike the presented previously scheme does
it for the mesons.

We follow here the scheme mentioned in the textbook [25], a vant
of the original work by [26]. Charmed hyperons emerge as bodnstates
of D and D in the presence of the SU(2) Skyrme background. First the
pseudoscalar-vector heavy meson pair is being bound in theabkground of
the static soliton, generating the O(N?2) binding. Vibrational modes are
the fast degrees of the freedom. The adiabatical rotationof the bound
system by quantization of collective coordinates of the SW) Skyrmions
alike proposed by Witten [27] corresponds then to slow deges of free-
dom. Itis well known, that in this case the rotation is not the free one. Fast
degrees of freedom in Born Oppenheimer approximation genate the e ec-
tive gauge potential, of a Berry phase [28] type. In the cas®f degenerate
pseudoscalar and vector mesons (IW limit) the phases comingom D meson
and D meson are equal, but opposite. Their cancellation corresmals to
the realization of the Isgur Wise symmetry at the baryonic level, therefore
degeneration of spin 1/2 and 3/2 multiplets. The details of this approach
were outlined in [24]. The dierence in respect to other simliar works in
the literature [9, 12,26, 29] was to consider the full heavylight e ective La-
grangian with both chiral copies [15,16] and to include the rucial e ects of
the chiral shift. We can imagine four di erent scenarios:

Soliton of the light sector with baryon number 1 binds theH -multiplet
the resulting bound states exhibits the quantum numbers of the
charmed baryons with standard1=2" parity.

Soliton of the light sector with baryon number 1 binds the G-multiplet
the resulting bound states exhibits the quantum numbers of the
charmed baryons with oppositel=2 parity.

Soliton of the light sector with baryon number 1 binds the anti- avored
H -multiplet the resulting bound states exhibits the quantu m num-
bers of the charmed baryon with minimal content of ve quarks with
standard 1=2* parity, i.e. charmed pentaquark.

Soliton of the light sector with baryon number 1 binds the anti- avored
G-multiplet the resulting bound states exhibits the quantu m num-
bers of the charmed baryon with minimal content of ve quarks with
opposite 1=2 parity, i.e. the chiral partner of the pentaquark.
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Let us consider now the full mesonic e ective Lagrangian dened in the
previous section. First we observe, that due to the propertes of the heavy
spin symmetry, one can trade A into v A in the mixed term involving
H, G and the axial current. This implies, that in the rest frame static
Skyrmion background decouples thés and H Lagrangians. This decoupling
allows immediately to write down the generic mass formula fo opposite
parity partner of the isoscalar baryon and for opposite patiy partner of the
isoscalar pentaquark (denoted by tilde)

nr
M's

Msoi+ My 3=29sF%0) +3=(811);
Msol + My 1=29cF 40) + 3=(8l1) (32)

in analogy to identical formulae for the known sector forH, with D mesons
and gy axial couplings, respectively. The ordering of mass termssias fol-
lows: rst term corresponds to classical mass of the solitor{of order N¢),
second term measures the (model-dependent via the shape dfet soliton
prole F(r)) binding with respect to the mass of the meson (independent
on the number of colors) and the last term measures thd=N; split due to
the moment of inertia 11 of the soliton. It is of primary importance that
both Hamiltonians for H and G sectors have the same functional form of
lowest eigenvalue: Ms for H and M5 for G. Hence both parity partners
emerge asH and G bound states in the SU(2) solitonic background. The
mass di erence comes in the rst approximation solely from the di erence of
the coupling constantsgs g4 and meson mass di erencen, mp where
My = (BMy- + M)=4is the averaged over heavy-spin mass of th@d™;0")
mesons. Constantgg is the axial coupling constant in the opposite parity
channel, responsible for pionic decays of th&* axial states into 0* scalars.
Using recent Belle data [3]j.e. 0" candidateD (2308 17 15 28)and1’
candidate Di (2427 26 20 17), we getM = 2397 MeV, unfortunately
with still large errors.

One can easily combine the formulae for four, above mentiode generic
scenarios. Fist, we notice, that the mass splitting betweerthe usual baryons
of opposite parity leads to

B= wm+3=2FY0)g4 9; (33)

where v = My Mp is the mass shift between the opposite parity heavy
light mesons and g =1 ge=g4 measures the di erence between the axial
couplings for both copies. Similar reasoning leads to the foula for the
parity splitting between the opposite parity pentaquarks:

p= wm+1=2FY0)gn g: (34)
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Combining both formulae we get

B+2 wm .
p= 3 ; (35)
Let us turn now towards the data. Comparing the mass shift betveen
the lowest . states of opposite parities, ((1=2"; 2285)and (1=2 ; 2593)
we arrive at g =310 MeV. Similarly, (1=2"; 2470)and .(1=2 ; 2790)
give g = 320 MeV. Comparing the shift of the opposite parity heavy
charmed mesons from very recent Belle [5] data we arrive aty = 425 MeV
unfortunately with still large errors. These two numbers alow us to estimate
p =350 MeV 60 MeV, i.e. we get the mass of the chiral doubler of the
pentaquark as high as3052 60 MeV. We note that the argument proposed
here is based on the leading approximation in largé&l. and large my, limit,
and is intended to demonstrate the order of magnitude for paty splitting
for heavy pentaquarks. Let us contrast these predictions twthers in the
literature (see the Table).

TABLE

Predicted masses of charmed pentaquark 2 (ududc)

Model Mass [MeV] Ref.
constituent quark model (FS) | 2902 [30]
diquark model 2710 [10]
diquark triquark model 2985 50 [11]
chiral soliton model 2704 [9,12]
chiral doublers scenario 2700; 3052 60| [24]
lattice calculation 2977 [31]

One is therefore tempted to interpret the recent H1 state [8fas a parity
partner ~¢ of the yet undiscovered isosinglet pentaquark . of opposite par-
ity and Ms  2700MeV. Similar reasoning applies to other isospin channels,
strange charmed pentaquarks and to extensions for b quarkfespite BaBar
and CLEO data yield with the impressive accuracy the chiral nesonic shift
to be equal to 350 MeV, no charmed strange baryon data for botlparities
do exist by now, so one cannot make similar estimation for sange charmed
pentaquarks.
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5. Conclusions

In these lectures, we presented the basic concepts of the chii doublers
scenario. Our analysis, since designed as an introductorgdtures, was to
large extend qualitative and was based on the idealized le@thy approxima-
tion in the mass of the heavy quark mass. In the real world, havy masses
are nite, the e ects of explicit breakdown of the light quar k are present,
chiral corrections should be organized in a systematic wayoupling to ex-
ternal (electroweak) currents should be present ... . All ths requires an
extensive, systematic analysis, with many unknown till today parameters
for the couplings in the subleading terms in the interaction On the other
side, such systematic analysis o ers the possibility of hoast, quantitative
confrontation of the theoretical predictions with the expeimental data. We
would like to mention, that since the backbone of the chiral @ublers scheme
consists of the pattern of several symmetries of the QCD, thdorm of the
possible interactions is quite constrained i.e. the scheme is easy to falsify
or verify, provided su cient amount of experimental data wi Il be available.
It is encouraging, that very recent realistic study of electomagnetic decays
of chiral properties based on subleading terms [32] is in geral consistent
with chiral doublers scenario and seems to favor this intergetation of new
narrow charmed mesons in comparison to hadronic moleculescenario. We
do hope that these lectures will encourage further seriouswestigations of
the possibility of chiral doublers scenario both for heavylight mesons and
for heavy light baryons.

We are grateful to Klaus Goeke for an invitation to lecture at Dortmund
Bochum Collegium for Ph.D. students. The presented results @ based
on original papers done in collaboration with Mannque Rho, $mail Zahed,
Micha? Prasza®owicz and Mariusz Sadzikowski.
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