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CHIRAL DOUBLING OF HEAVY�LIGHT HADRONS:BABAR 2317 MeV/c2 AND CLEO 2460 MeV/c2DISCOVERIESMaiej A. NowakM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, PolandandGesellshaft für Shwerionenforshung, Plankstrasse 1D-64291 Darmstadt, GermanyMannque RhoServie de Physique Théorique, C.E. Salay91191 Gif-sur-Yvette, FraneandShool of Physis, Korea Institute for Advaned StudySeoul 130-722, Koreaand Ismail ZahedDepartment of Physis and AstronomyState University of New York at Stony Brook, New York 11794, USA(Reeived July 14, 2004)We point out that the very reent disoveries of BaBar (2317) and CLEOII (2460) are onsistent with the general pattern of spontaneous breakingof hiral symmetry in hadrons built of heavy and light quarks, as originallysuggested by us in 1992 (Phys. Rev. D48, 4370 (1993)), and independentlyby Bardeen and Hill in 1993 (Phys. Rev. D49, 409 (1994)). The splittingbetween the hiral doublers follows from a mixing between the light on-stituent quark mass and the veloity of the heavy quark, and vanishes for azero onstituent quark mass. The stritures of spontaneous hiral symme-try breaking onstrain the axial harges in the hiral multiplet, and yielda mass splitting between the hiral doublers of about 345 MeV when thepion oupling to the doublers is half its oupling to a free quark. The hi-ral orretions are small. This phenomenon is generi and extends to allheavy�light hadrons. We predit the mass splitting for the hiral doublersof the exited mesons (D1, D2). We suggest that the heavy�light doublingan be used to address issues of hiral symmetry restoration in dense and/orhot hadroni matter. In partiular, the relative splitting between D and
D∗ mesons and their hiral partners dereases in matter, with onsequeneson harmonium evolution at RHIC.PACS numbers: 12.38.Aw, 12.39.Hg, 12.40.Yx(2377)



2378 M.A. Nowak, M. Rho, I. Zahed1. IntrodutionOn April 12th 2003, the BaBar ollaboration announed a narrow peakof mass 2.317GeV/c2 that deays into D+
s π0 [3℄. On May 12th 2003, theCLEO II ollaboration on�rmed the BaBar result, and also observed aseond narrow peak of mass 2.46 GeV/c2 in the �nal D∗+

s π0 state [4℄. Bothdisoveries triggered a �urry of theoretial ativity [5, 6℄, espeially in lightof the �rst reports and the press release announing that the disovery is indisagreement with theoretial preditions.In this note, we reall that atually the presene of these light states waspredited by theoretial arguments already in 1992 and 1993, and is in fatrequired from the point of view of symmetries of the QCD interations. Thetwo partiles observed by BaBar and CLEO II are the �rst hiral partnersof hadrons theoretially antiipated built out of light and heavy quarks. Assuh, they represent rather a pattern of spontaneous breakdown of hiralsymmetry than isolated events.Strong interations involve three light �avors (u, d, s) and three heavy�avors (c, b, t) with respet to the QCD infrared sale. The light setor(l) is haraterized by the spontaneous breaking of hiral symmetry, whilethe heavy setor (h) exhibits heavy-quark (Isgur�Wise) symmetry [7℄. Inour original work [1℄ we addressed the question of the form of the heavy�light e�etive ation in the limit where light �avors are massless, while theheavy �avors are in�nitely massive. Our hief observation was that a on-sistent implementation of the spontaneous breaking of hiral symmetry re-quires in addition to the known (0−, 1−) heavy�light D-mesons, new andunknown heavy�light hiral partners (0+, 1+) referred to as D̃-mesons. Inthe heavy-quark limit, the DD̃-splitting is small and of the order of the �on-stituent quark mass�. Surprisingly, the approximate pattern of spontaneous-symmetry breaking observed in light�light systems arries even to heavy�light systems, in ontrast to established lore based on Coulomb bound states.This paper goes beyond realling the hiral results in [1℄ in four signi�antways: (i) it details the physial mehanism behind the splitting between theheavy�light hiral partners; (ii) it establishes three novel and generalizedhiral Ward identities away from the hiral limit valid for both two andthree �avors with massive pseudosalar mesons. The hiral orretions to thesplitting are shown to be of order m2
π/4mh, and therefore small irrespetiveof an e�etive Lagrangian analysis. (iii) it derives a new onstraint betweenthe axial harges of the heavy�light hiral partners; (iv) it sets the masssplitting between the hiral partners of the exited states.



Chiral Doubling of Heavy�Light Hadrons . . . 23792. One-loop resultsTo one-loop approximation, the order m0
h ontribution to the heavy�lighte�etive ation follows from the diagrams shown in Figs. 1 and 2 in a on-stituent quark model1 with light quarks of onstituent mass Σ and heavy

H,G H,G

l

hFig. 1. One-loop ontribution to 2-point HH , GG funtions. Here l stands for lightquark and h for heavy quark.
l

h

V,A
H,G H,GFig. 2. One-loop ontribution to 3-point HHV , HHA, GGV , GGA funtions.

l and h are as in Fig. 1, V and A stand, respetively, for the external vetor andaxial-vetor soures.and non-relativisti �elds of residual mass set to zero (modulo reparametriza-tion invariane) and a momentum ut-o� Λ. The result for the (0−, 1−) inthe presene of vetor and axial vetor urrents V,A is [1℄
LH = − i

2
Tr(H̄vµ∂µH − vµ∂µH̄H)

+TrVµH̄Hvµ − gHTrAµγµγ5H̄H

−mH(Σ )TrH̄ H , (1)where mH ≈ −Σ is an indued (ut-o� dependent) hiral mass re�etingthe dynamial generation of mass ensuing from spontaneously broken hiralsymmetry, gH an indued (ut-o�) dependent axial oupling and H the
1 We have spei�ally in mind the e�etive hiral quark model of Manohar andGeorgi [8℄.



2380 M.A. Nowak, M. Rho, I. Zaheddimension 3/2 pseudosalar-vetor multiplet [9℄,
H =

1 + /v
2

(γµD∗
µ + iγ5D) (2)with a transverse vetor �eld, i.e. v ·D∗ = 0. The Trae in (1) is over �avorand spin. The result is in agreement with known results [10�12℄ with theexeption of the hiral mass ontribution missing in these works. The originand physial impliations of the latter is important as we now disuss.The novel aspet of our original derivation was that onsisteny withthe general priniples of spontaneously broken hiral symmetry requires theintrodution of hiral partners in the form of a (0+, 1+) multiplet of pseu-dosalars and transverse vetors [1℄

G =
1 + /v

2
(γµγ5D̃

∗
µ + D̃) . (3)To leading order in the heavy-quark mass, the one-loop e�etive ation forthe (0+, 1+) dupliates (1) with a key di�erene in the sign of the onstituentmass ontribution. Spei�ally [1℄

LG = − i

2
Tr(Ḡvµ∂µG − vµ∂µḠG)

+TrVµḠGvµ − gGTrAµγµγ5ḠG

−mG(Σ )TrḠ G (4)with the indued (uto� dependent) hiral mass mG ≈ +Σ (note the sign�ip in omparison to mH). Both hiral mass ontributions are invariantunder rigid hiral SU(2)L × SU(2)R and loal SU(2)V symmetry [1℄. Thisonstrution is generi and generalizes for any number of light �avors. In thefurther part of the paper, we argue, why the hiral shifts are almost identialeven in the ase of the strange quark mass of order 150 MeV. In Setion 3 wealso point, that sub-leading hiral e�ets to Goldberger�Treiman relations,whih are ruial for model-independent estimation of the hiral shifts, arestrongly suppressed already for the masses of harm quarks.The sign �ip follows from the γ5 di�erene in the de�nition of the �elds Hand G, in other words the parity assignment. Indeed, the mass ontributionarising from Fig. 1 has the generi struture (onstant H)
Tr

(

P2

Q/ + Σ

Q2 − Σ 2
HP3

/v
(v · Q)

H̄

) (5)and similarly for H → G. The trae is over 4-momentum Q, spin and �avorwith P2 = diag(1, 1, 0) and P3 = diag(0, 0, 1). The range in Q is 0 < Q < Λ



Chiral Doubling of Heavy�Light Hadrons . . . 2381where Λ is an ultraviolet ut-o�. We note that in (5) only the ontribution
Tr

(

P2

Σ

Q2 − Σ 2
HP3

/v
v · QH̄

) (6)is sensitive to the parity ontent of the heavy�light �eld sine H/v = −H and
G/v = +G. The result is a split between the heavy�light mesons of oppositehirality. This unusual ontribution of the hiral quark mass stems fromthe fat that it tags to the veloity H/vH̄ of the heavy �eld and is thereforesensitive to parity. It is not a�eted by a shift ∆ in the heavy quark mass,whih amounts to the substitution/v

v · Q → /v v · Q + ∆

(v · Q)2 − ∆2
(7)whih is seen to shift H and G in the same diretion. The reparametriza-tion invariane (invariane under veloity shifts of the heavy quark to orderone) introdues mass shifts that are parity insensitive to leading order in

1/mh [13℄.The HG-mass di�erene is ditated by the spontaneous breaking of hi-ral symmetry, modulo the U(1) anomaly through instantons whih will bedisussed elsewhere. If we reall that the H,G �elds arry mass dimension
3/2 through a resaling of the omplex dimension 1 �elds by √

mh, it followsfrom the normalizations of the kineti and mass term in (1) and in (4) that
mH = mh + mH ,

mG = mh + mG (8)in the hiral and heavy-quark limit. In retrospet, this result an be arrivedat simply as follows: (i) the light quark ontributes a mass shift of order ofan indued ut-o� dependent onstituent mass Σ ; (ii) it is repulsive in thesalars (no iγ5) and attrative in the pseudosalars (with iγ5). In this limit,the spontaneous breakdown of hiral symmetry enfores the mass relation [1℄
m(D̃∗) − m(D∗) = m(D̃) − m(D) = mG −mH (9)sine the dispersion relation is linear after the heavy mass redution. Theinteration term is given by

LHG = +

√

gG

gH

Tr(γ5ḠHγµAµ) −
√

gH

gG

Tr(γ5H̄GγµAµ) (10)with no vetor mixing beause of parity. We note that (10) follows from theexpansion of a Dira operator with external vetor (V ) and axial-vetor (A)



2382 M.A. Nowak, M. Rho, I. Zahedsoures and is in general omplex sine the Dira operator is not self-adjoint(this point is at the origin of �avor anomalies).These results are expeted to hold qualitatively in the presene of non-zero urrent quark masses, modulo the re-summation of standard hiral logs(hiral perturbation theory) and the U(1) anomaly (instantons). The inter-ation term aounts for the strong deay of heavy mesons via emission ofGoldstone bosons D̃ → D π.In [1℄ we used a onstituent quark model to one-loop to estimate thepertinent parameters in (1), (4) and (10) whih were found to be sensitiveto the ut-o� proedure used in regulating the one-loop of Figs. 1 and 2. Fora general ovariant uto�, the mass splitting for a large uto� limit is
mG −mH = 2Σ

(

1 − 1

4π2
ln

Λ

Σ

) (11)with equal and �nite axial harges gH ≈ gG ≈ 1/3, suh that (10) reduesto
LHG = Tr(γ5(ḠH − H̄G)γµAµ) . (12)The pertinent loop integrals an be found in [1℄. All integrals were evalu-ated with Minkowski metri and a ovariant 4-dimensional uto� to preservereparametrization invariane. For a �nite uto� the results were quotedin [1℄, with small e�ets on the splitting and somehow larger e�ets on oneof the axial oupling. The logarithmi sensitivity of the mass splitting isweak but expeted in �eld theory. The approah advoated in [1℄ is theWilsonian approah with a �nite and physial uto� Λ to separate betweenthe hard modes of order mh and the soft modes. Clearly, the present resultsare also sensitive to a residual mass shift ∆ in the heavy quark mass. Thesee�ets are harder to trak down in the Wilsonian approah we have followeddue to the reparametrization invariane of the formulation. These are easierto trak e.g. in dimensional regularization sheme, however both shemesdi�er due to the presene of strong power divergenes in the loop integra-tions. In general, these ambiguities all for a �rst priniple alulation usinglattie QCD simulations or the instanton vauum model [14, 16, 19℄.The e�ets of a light urrent quark mass ml an be estimated e.g. inthe aforementioned instanton vauum model [16℄. A simple parametrizationwith good omparison to lattie data [17℄ was quoted in [18℄

Σ (ml) ≈ ml + Σ

(

√

1 +
(ml

d

)2

− ml

d

) (13)with Σ ≈ 345MeV/c2, d ≈
√

0.08/2Nc8πρ/R2 ≈ 198MeV/c2 for a stan-dard instanton size ρ ≈ 1/3 fm and interinstanton distane R ≈ 1 fm. For a



Chiral Doubling of Heavy�Light Hadrons . . . 2383strange quark mass ms ≈ 150MeV/c2, the seond term is redued to Σ/2,making the ombination (13) weakly dependent on ml and of order Σ all theway up to the strange quark mass. Thus, both mass splittings are about thesame for (u, d, s) heavy�light mesons. The width of the non-strange heavylight partners is however not restrited by kinematis as in the ase of Ds,hene these partiles may be muh broader and harder to detet.3. Goldberger�Treiman relationsHowever, in our ase hiral symmetry o�ers further important onstraintson the spontaneous generation of mass and the ensuing pion-H-G inter-ations. This allows for model independent relations between the ut-o�dependent parameters disussed above. Indeed, in the pure pion model dis-ussed originally in [1℄ (no vetor dominane) the axial-vetor urrent Aµ in(1), (4), (12) is purely pioni and reads
Aµ =

i

2

(

ξ∂µξ† − ξ†∂µξ
) (14)with ξ = eiπ/2fπ . Inserting (14) into (1), (4), (12) yields the pseudovetor

π�HG interations
LπH =

gH

2fπ
Tr
(

γµγ5H̄H ∂µπ
)

,

LπG =
gG

2fπ
Tr
(

γµγ5ḠG∂µπ
)

,

LπHG =
gHG

2fπ
Tr
(

γµγ5(ḠH − H̄G) ∂µπ
)

, (15)where for generality we introdued the axial transition oupling gHG whihis 1 in (12). Integrating by parts in (15) and using the transversality of theheavy-vetor �elds result in a single Goldberger�Treiman relation from thelast of the tree ouplings in (15) 2
1

2
(mG − mH) ≈ 1

2
(mG −mH) =

fπ gπHG

gHG

, (16)with gπHG the pion pseudosalar oupling to the hiral doublet in the heavyand hiral limit. This relation was originally observed in [2℄ up to a missingfator of 1/2. It involves the splitting between the even�odd partners whihis less sensitive to ∆. This relations is slightly modi�ed if vetor dominane
2 The transversality of the vetors in H and G yields zero pseudosalar ouplings fromthe �rst two relations in (15). This point will be lari�ed below.



2384 M.A. Nowak, M. Rho, I. Zahedis enfored in the heavy�light setor [1℄, i.e. the rhs of (16) is divided by
(mρ/ma1

)2 sine part of the pion �eld is eaten up by the a1 through aHiggs-like mehanism. The orretions due to a �nite pion mass mπ anda large but �nite heavy quark mass mh will be disussed below on generalgrounds.For omparison, we reall that the onstituent quark mass obeys theGoldberger�Treiman relation [8℄
Σ =

fπ gπqq

gA

(17)with gA ≈ 0.75 and gπqq ≈ gπNN/3 ≈ 3.3. If we were to use gπHG ≈ gπqq/2and gHG ≈ gA it follows from the last relation in (16) that the splitting inthe hiral multiplet would be one onstituent quark mass
mG − mH ≈ mG −mH ≈ Σ (18)whih speaks for a large uto� in (11). That the pion oupling to the hiralmultiplet is 1/2 its oupling to the free light quark is fored upon us by theBaBar and CLEO II results. This may be understood as a sign of nontrivialsreening mehanism in ation in the presene of the heavy quark, that isthe pion is �busy� half the time with the massive quark.The deviations from the heavy and hiral limits to (16) an be assessedusing the general framework for spontaneous breaking of hiral symmetrydeveloped in [20℄. Within this approah, the one-pion redued axial transi-tion D̃ → Dπ reads

〈D(p2)|j a
Aµ(0)|D̃(p1)〉 =

(

(p1 − p2)µ
mD + mD̃

G1(t) +
(p1 + p2)µ
mD + mD̃

G2(t)

)

D† τ
a

2
D̃ ,(19)where j a

Aµ is the one-pion redued axial vetor urrent satisfying [20℄
∂µj a

Aµ(x) = fπ

(

2 + m2
π

)

πa(x) . (20)The �rst form fator in (19) is one-pion redued, and the D, D̃ on the RHSare unit isospinors. For p1 = p2 (at rest) the axial harge follows from µ = 0as
G2(0)D† τ

a

2
D̃whih identi�es G2(0) with the properly normalized axial harge in thetransition matrix element. Inserting (20) into (19) gives

〈D(p2)|πa(0)|D̃(p1)〉 =
1

fπ

1/(mD + mD̃)

m2
π − t

×
(

tG1(t) + (m2

D̃
− m2

D)G2(t)
)

D† τ
a

2
D̃ . (21)



Chiral Doubling of Heavy�Light Hadrons . . . 2385By de�nition, the π�DD̃ oupling is
〈D(p2)|πa(0)|D̃(p1)〉 = gπDD̃(t)

1

m2
π − t

D†τa D̃ (22)whih orresponds to
gπDD̃ πa

(

D̃†τa D + h.c.
)

.A omparison of (22) with (21) gives at the pion pole t ≈ m2
π

fπ gπDD̃(m2
π) = +

1

2
(mD̃ − mD)G2(m

2
π) +

1

2

m2
π

(mD + mD̃)
G1(m

2
π) (23)whih is the general form of the Goldberger�Treiman relation for the transi-tion amplitude D̃ → Dπ. In the (double) heavy and hiral limit it redues to(16) with the identi�ations gπDD̃ = gπHG and G2(0) = gHG. The seondhiral orretion in (23) is the analog of the π N sigma term. In our asethis amounts to a hiral orretion of order m2

π/4mh ≪ mπ to (16) whih isnegligible.Similar arguments an be employed to analyze the Goldberger�Treimanrelations orresponding to the πHH and the πGG ouplings in (15). Forinstane, the one-pion redued axial transition D∗ → Dπ yields
〈D(p2)|j a

Aµ(0)|D∗(p1, ǫ)〉 = (ǫµ(mD + mD∗)H 1(t)

+(p1 − p2)µ ǫ · (p1 − p2)H 2(t)

+(p1 + p2)µǫ · (p1 − p2)H 3(t))

×(mD + mD∗)−1 D† τ
a

2
D∗ , (24)where ǫ is the ovariantly transverse vetor polarization of the D∗. Again,

H 2 is one-pion redued, and the D and D∗ on the RHS are unit isospinors.Using the π�DD∗ oupling given by
gπDD∗

(mD + mD∗)
πa
(

(∂µ D†) τa D∗µ + h.c.
) (25)whih is

〈D(p2)|πa(0)|D∗(p1, ǫ)〉 =
gπDD∗

(mD + mD∗)

ǫ · (p1 − p2)

m2
π − t

D†τa D∗ (26)and a rerun of the preeding arguments yield
2fπ gπDD∗(m2

π) = (mD + mD∗)H 1(m
2
π)

+m2
π H 2(m

2
π) + (m2

D∗ − m2
D)H 3(m

2
π) . (27)



2386 M.A. Nowak, M. Rho, I. ZahedIn the heavy and hiral limit, we have
fπ gπHH = mH gH ,

fπ gπGG = mG gG (28)with H 1(0) = gH . The last relation follows from an idential reasoning.The �rst relation in (28) was noted by Nussinov and Wetzel [21℄ and yieldssemileptoni deay widths that are onsistent with data. Equation (27)gives its general hiral orretions. Note that the mass of the heavy quark
mh appears expliitly in (28) whih is the hief reason for why these relationswere not a priori aessible from (15) through an integration by part as (15)involves solely the soft sales3. Combining (28) with (16) leads to a relationbetween the various axial ouplings

gπGG

gG

− gπHH

gH

= 2
gπHG

gHG

. (29)The π�GG and π�HH ouplings are �xed by semi-leptoni deays, therebyonstrain the axial harges in (28), (29). Clearly, the results (19)�(29) areproperties of QCD and should be reprodued by any attempt to explainthe strong deay D̃ → Dπ, i.e. the BaBar and CLEO results. The originalapproahes [1, 2℄ ful�ll these onstraints by onstrution.For ompleteness, we note that the systematis of subleading (1/mh)orretions for the ouplings between the partiles from H multiplet, forthe ouplings between the partiles from G multiplet and the axial urrentmediated G�H transitions ould be addressed following and adapting theapproah outlined in [22℄.4. BaBar and CLEO resultsAs a whole, the experimental results of BaBar and CLEO are overallonsistent with the hiral doubling proposal:(i) The even�odd parity mass shifts are the same in the spin 0 and 1hannels and of the order of the onstituent quark mass of ∼ 345 MeV,
m(D̃+

s (2316.8)) − m(D+
s ) = 348.3 MeV/c2 ,

m(D̃+
s (2316.8)) − m(D+

s ) = 350.4 ± 1.2 ± 1.0 MeV/c2 ,

m(D̃∗+
s (2463)) − m(D∗+

s ) = 351.6 ± 1.7 ± 1.0 MeV/c2 ,where we used our original �tilde� notation, for the two new partiles. The�rst quote is from BaBar, while the last two quotes are from CLEO II.
3 If we were to assume an arbitrary momentum for the mass shell ondition, (28) ouldbe arrived at from (15) through a simple integration by part.



Chiral Doubling of Heavy�Light Hadrons . . . 2387(ii) The deay widths of the strange even parity states are very smallowing to the lightness of Σ , shutting o� the natural kaon deay mode
D̃ → DK, and operating hie�y through the isospin violating mode D̃ →
D(η → π0). This is overall onsistent with our interation term (10).(iii) No photoni (vetor) hannels were found for transitions betweenthe pairs Ds(2317), Ds(1969) or Ds(2460), D∗

s(2112).In [13℄, we further pointed out that hiral partners are also expeted forthe exited (1+, 2+) = (D1,D2) mesons in the form of a (1−, 2−) hiral pair.Our predition for the masses are:
m(D̃s1) = 2721 ± 10 MeV ,

m(D̃s2) = 2758 ± 10 MeV , (30)where we used as an input the observed BaBar and CLEO splitting for thehiral multiplet (0+, 1+) and the mass formulae obtained in [13℄. GeneralizedGoldberger�Treiman relations for the exited states an also be derived usingthe general arguments presented above.We expet a similar splitting for the non-strange heavy�light mesons, inpartiular a splitting of about 368 MeV between the Du,d and their hiralpartners D̃u,d. The hiral doubling should be even more pronouned forbottom mesons, sine the 1/mh orretions are three times smaller. For
ms = 150 MeV, we expet the hiral partners of Bs and B∗

s to be 323 MeVheavier, while the hiral partners of B and B∗ to be 345 MeV heavier. Wenote that any observation of hiral doubling for B mesons would be a strongvalidation for our proposal. Indeed, in the reently proposed alternativesenarios [5℄ (multiquark states, hadroni moleules, modi�ations of quarkpotential, unitarization) a repeating pattern from harm to bottom alls foradditional assumptions.Bardeen and Hill [2℄ suggested a �solvable toy �eld-theoretial model�and arrived at totally analogous results for hiral partners of D and D∗mesons, by using a similar one-loop alulation. Their Nambu�Jona-Lasiniomodel after Fierz transformation and to one-loop approximation redues toour e�etive ation onstrution, hene the onsisteny between our resultsand theirs. As far as we know [1℄ and [2℄ were the only early preditions of thephenomenon of hiral doubling for harmed and bottomed hadrons involvinglight quarks. This idea was later developed further in other papers [23℄.Soon after the BaBar announement, several theoretial papers appeared[5, 6℄ suggesting a variety of explanations for the newly observed state. Inpartiular, Bardeen, Eihten and Hill [6℄ adapted the e�etive hiral a-tion [1, 2℄ to three light �avors, exploiting a onstituent-quark version ofGoldberger�Treiman relation and �xing the unknown parameter of the ef-fetive Lagrangian to the experimentally observed splitting. The results



2388 M.A. Nowak, M. Rho, I. Zahedof their alulations whih are in remarkable agreement with experimentsprovide a good on�rmation to our and their early suggestions for a hiraldoubling in the heavy�light setor of QCD [1, 2℄.Many issues regarding heavy�light systems in the QCD instanton vauumwere disussed in [14, 15℄ inluding onstituent heavy-baryons suh as qqQand qQQ and exotis suh as Q̄q̄qq, Q̄qqqq. In partiular, it was suggestedthat the heavy�light H-dibaryon (Qqq Qqq) with Q = c, b is bound owingto the smallness of the three-body fore in the presene of the heavy quark(about 10% the value of the two-body fore). It may even have a boundhiral partner. Finally, it is worth pointing out that the suessful treatmentof heavy�light baryons as solitons [24, 25℄ ould be readily extended to thehiral doubling now revealed in the heavy�light systems.5. SummaryIn this note, we have pointed out that the newly disovered harmedmesons by BaBar and CLEO are hiral partners of harmed and bottomedhadrons that inlude at least one light quark, a pattern suggested a deadeago [1, 2℄. The result is a hiral splitting between the even and odd paritypartners of about a onstituent quark mass as reported reently by BaBarand CLEO. More hiral partners are expeted. It may be a bit of surprisethat the pion oupling to the heavy�light hiral multiplet omes out to be1/2 its oupling to a free quark. The experimental results are telling us thatit should be so. Although we do not have a rigorous argument to justify it,we onjeture that the �sreening� results sine the pion is �busy� half of thetime with the heavy quark in the hiral multiplet. A onsistent treatmentof the parity doubling in the heavy�light systems � whih an answer thisas well as other questions � an be ahieved in the QCD instanton vauumwhih is parameter-free, sine the vauum dynamis is totally �xed in thelight�light systems. We have shown that the hiral orretions are small.QCD implies hiral Ward identities in the heavy�light systems in theform of generalized Goldberger�Treiman relations. The even�odd splittingis onstrained by one of them. Any explanation of the strong deay D̃ → Dπshould abide by these onstraints, in partiular (23). The hiral doublingapproah used in [1, 2℄ ful�lls these identities by onstrution in the heavyand hiral limit. For a plausible axial harge of unity for the DD̃-transitionamplitude, the observed small splitting of about 345 MeV by BaBar andCLEO is uniquely explained by a small π�DD̃ oupling of about half its valueto a onstituent light quark. This onlusion is generi to QCD and shouldtherefore be reahed by all the reently proposed alternative senarios [5℄ ifthey were to be viable. Chiral doubling is then an immediate onsequeneof rigid hiral symmetry from quantum numbers.



Chiral Doubling of Heavy�Light Hadrons . . . 2389Partiularly relevant to the on-going e�ort to gain a deeper understand-ing of strong interations is the question: To what extent an the newlydisovered hiral partners shed light on the hanges of the QCD vauumaused by external parameters suh as temperature and/or baryon density?This is an important issue in light of the urrent and future experiments atRHIC and LHC as well as at SIS 300 [26℄. It is also an interesting possibilityfor lattie simulations. Sine the hiral partners are split by the dynami-ally generated hiral quark mass, it is likely that through a hiral phasetransition D and D∗ should move towards their hiral partners D̃ and D̃∗to redue to a degenerate hiral multiplet. This should prove partiularlyimportant for harmonium absorption/regeneration in thermal models withmedium e�ets. Also, this an serve as a �litmus gauge� for the size of thehiral ondensate in varying temperature and/or density as manifested inthe properties of hadrons in hot/dense medium [27℄. In the ase of the Dspartners the restoration will not be omplete due to the substantial urrentmass of the strange quark. The restoration of hiral symmetry in light�lightsystems has spurred many ativities in the past (for a reent phenomenolog-ial disussion see [28℄) and we expet this to extend now to the heavy�lightsystems.We are pleased that the BaBar and CLEO II results are generating somuh exitement in both the experimental and theoretial high energy/nu-lear physis ommunity, and it is gratifying that our old ideas have ome fullirle, with so many new theoretial venues and experimental possibilities.6. Note addedAfter submitting the paper to the database, we beame aware of the newexperimental results:1. Belle ollaboration [29℄, announed two new cū states D∗
0 (2308±17±

15±20) MeV and D∗0
1 (2427±26±20±15) MeV, with the spin-parityassignment (0+, 1+). They are likely to be the hiral partners of thenonstrange D and D∗ (0−, 1−) multiplet. As expeted they are muhbroader ompared to the Ds states. The intriguing pattern observed,i.e., that these two new states are almost as heavy as the orrespondingstrange multiplet disovered by BaBar and CLEO, is again in qualita-tive agreement with our hiral doubling arguments above.2. Belle ollaboration [30℄ has on�rmed observations of BaBar and CLEOstates, and provided substantial evidene for the spin-parity assign-ment 0+, 1+.



2390 M.A. Nowak, M. Rho, I. Zahed3. SELEX has announed a new very narrow state Ds(2632) [31℄. It istempting to speulate, that this state may be a hiral partner of the
Ds1(2536). If indeed this is the ase, the data tell that the hiral shiftfor exited mesoni states is only of order 100 MeV, i.e. even smallerthan the O(m0

c) estimate of order Σ/2 ∼ 175 MeV given in this paper.An immediate onsequene of suh shift for exited mesoni hiraldoublers is the presene of the hiral doubler for Ds2. Sine 1/mc splitbetween the known Ds1 and Ds2 states is equal to 37 MeV, we expeta new state at 2632+37 = 2669 MeV, with spin-parity assignment 2−,with similar deay patterns to SELEX state, i.e. preferably deayinginto D∗
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