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Spin Parity of D; Mesons
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@ A charmed-strange meson (D) composes
of ac and asquarks.

@ J isagood quantum number. j , the light
guark angular momentum would conserve
If ¢ quark wereinfinitely massive. The

finite massresults in that ¢ spin couples
with | , causes mass splitting of doublet.

@ The lightest D; mesons are the Swave
States: 2S*1L,=1S, (JP=0") & 3S, (1°),
withj =1/2.

@ The P-wave Ds mesons can be considered
as | =1/2 doublet and j =3/2 doublet:
3P,(0*) & 3P,(2%) arej =1/2 & j =3/2
respectively. 1P, (1%) & 3P,(1*) are
mixturesof | =1/2 & | =3/2.
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Brief History of Dy Discoveries
Prior to 2003

Width Discovery
(MeV)
~ ot D} (2573) 155 1994 - CLEO (D’K")
T D*(2536) <2.3 1988 - ARGUS (D"'K")
D*K
T — DK
L 17 DI*(2112) <19 1984 - ARGUS (DY)
| o D (1969)1.3x10"'° 1983 - CLEO (¢")
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1 % All 4 discovered states

are very narrow.

v" Dg through weak decay.

v D ® Dg & Dp°.

v’ D4(2536) isamember
of j =3/2 doublet (may
include small admixture
of | =1/2). It decaysto
] =1/2in D-wave.

v’ D(2573) decaysasoin
D-wave.

| % How about the other two

missing states?
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Theoretical Prediction

DiPierro & Eichten
PRD64 (2001) 11404

@ Potential models predict the mass
and width of charm mesons (e.g.
DiPierro & Eichten), which
worked quite well with D and D
mesons that were aready known.

® Thej =1/2 doublet 0* & 1* were
predicted to be massive enough
to decay into DK and D*K
respectively viaSwave. So the
widths were expected to be broad.

| © Although there were predictions of

lower mass, not much attention
was paid.

| @ Virtualy “everyone” believed that

D®)K were the modes to look at,
and they were difficult to be seen
due to the width.
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BaBar observed a Dp°
resonance at 2.317 GeV, with
P(D4p% > 3.5 GeV. Itswidth
IS consistent with the detector
resolution. The spin parity is
possibly F=0".

(hep-ex/0304021)

Could it be the missing 0" DS?



Events/5MeV/c®

Events/5MeV/c”

80 T
m Data 1 | <DM>=349.4+ 1.0 MeV
40 Bl s =80+ 1.3MeV
RETLT T P(D°) > 3.5 GeV
D I | I. +I | | | | | | | | | | | | | | I II | -uul | I I *
210 220 2.30 240 280 2ED

M(D_x") (GeV/ic®)
BD T T T T | T T T T | T T T T T

CLEO quickly confirmed the
narrow resonance at 2317 MeV.
They noticed adightly broader
width than detector resolution
(6 MeV).

010 0.20 0.30 0.40 0.50 D.60 -
M{D_x°)-M(D ) (GeV/c?) (hep-ex/0305100)
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Events / 5 MeV/c?

CLEQ Discovered D¢(2460)

Drsgnd | | <DM>=349.8+13MeV
1 s =6.1+10MeV
- P(DSp°) > 3.5 GeV

M CLEO observed a significant

B EAEES: peak in DJ*p° spectrum at
Ds* sdeband | -2 46 GeV. Could it be pure
reflection of Dg(2317)7?

Thereis a small peak in the
normalized D* sidebands; it
accounts for only 20% of the
signal.

0{1.1 I0.2| 0.3 |014| - I0.|5l - IO.G
M(D_yr") - M(D,7) (GeV/c?)
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Cross-feed of Two D_; Mesons

CLEO data MC: MC:
D(2460)® Dg*p° D(2317)® Dgp°

Reconstruct | s=6.1+1.0 MeV | s$=6.6+0.5 MeV Pick up arandom g

as D *p° N=55+10 Eff. €,=5.7% $=14.9+0.6 MeV
e=0.09" g, (s=6.1)
Reconstruct | s=8.0+£0.3 MeV Neglect the g $=6.0£0.3 MeV
as D4p° N=190£19 $=14.9+0.4 MeV Eff. e, =9.7%

e=0.84" &, (s=8.0)

D(2317) signal = 155 + 23 (+ ~18% feed-down)
R.consstent with double Gaussiansfit.

D,(2460) signal =41+12  (+ ~25% feed-up)
~consistent with fit to sideband subtracted spectrum.
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Belle Confirmed Both States /S

Events/SMeV
= =zl a
< >
— —y—

O i EERLEE el ' == R T 4
01 01 0.2 025 0.3 035 04 045 05 055 0.£ 00.1 0.15 0.2 025 03 035 04 045 05 0.55 0.¢

M(Dgp®)- M(Ds) (GeV)  M(Dgs*p°)- M(Dg*) (GeV)

Feed-up from D4(2317) ~ 30%
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BaBar Confirmed D(2460)

@ After careful study of the cross-feed, BaBar confirmed the
existence of D(2460).

® Feedup rate at BaBar as afraction of the 2460 signal sizeis
~50% compared with CLEO (~25%) & Belle (~30%).

100

.l i [ / Fit to sideband
- 100 - B
bgc?(zbrgzcrlld . _ s subtracted data.

w wl Cross feed makes it
; difficult to measure

u g, MW e

0.25 3.25

DM=M(D.*p)- M(D.*) (GeV)
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Mass and Width of The New States

- - 348.4+0.4+3.0 L - - 344 6+1.4+3.0
i " BaBar ' ' " BaBar {Preliminary)
350.0+1.2+1.0 351.281.7H1.0 E
——*—— ¢cLEO CLEO -
s 348.7H0.540.9 T I31‘-14‘-1.14_-1.3-I_-1.1
EBelle{Continuum) EBelle{Continuum)
& , 361.3+2.1+2.0 - , 346.81+1.6+2.0
Eelle(B) Belle{B)
He— 349.0+0.8 Average —e— 346.94+1.2 Average
I s v 3 3 0 3 v & 3 1 3 1 & "I N TR N TR T M T NN MR MR TR M |
345 350 355 345 350 355
Mns-:zam a Mnsﬂaaﬂ} (MeV) Mns(mu;u - MD5{21 12) (MeV)

DM 57 DM, 460= 2.1+ 1.4 MeV
Width G< 7 MeV (both states) at 90% C.L. by CLEO
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Possible Explanations

Severa possible explanations appeared
after the discovery, some are guite exotic.

@ Barnes, Close & Lipkin: DK molecule. (hep-ph/0305025)
® Szczepaniak: Dp atom. (PLB 567 (2003),23)

@ Severd authors. four quark particle. (Cheng & Hou, PLB 566(2003)193;
Terasaki, PRD68(2003) 011501;  Nussinov, hep-ph/0306187)

® Van Beveran & Rupp:  use aunitarized meson model to explain the
low mass as a kind of threshold effect. (hep-ph/0305035)

@ Cahn & Jackson: use non-relativistic vector and scalar exchange force.
(hep-ph/0305012)
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Search For D™ )*p*

CDF Run [l Prefiminary
300 + py(nP 350 MeVic -a0 g

Mumbar of Emtres. [ 10 el

Events / 5 MeV/c?
o

.. 100
Upper limits from CLEO:
75
SX®DP) 519 (90%cCL) .
s (D4(2317) ® D;p°)
0 - 25
S(X®DsP) 012 (gomcCL) :
s (Ds(2460)® D p7) %1 oz o3 04 o5 o6
Atomic or molecular M(DSTE) - M(Ds) (GeWcz)

explanations are not ruled out.
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Another Possible Explanation

@ D¢(2317) and D4(2460) fit in well the quark model as ordinary 0*
and 1* D_; mesons except for maybe the masses.

® Bardeen, Eichten & Hill (hep-ph/0305049) couple chiral perturbation
theory with a quark model representing HQET. They infer that the
D(2317) is the O* state, and predict the existence of the 1* partner.
The mass splitting between the partners is identical to that between

O and1: M(1*)- M(0*) =M(1) - M(O).

@ D¢(2317) and Dg(2460) are below DK and D*K thresholds. The
strong channel to Dp® and D* pP are isospin suppressed. Thusthe
widths are very narrow.

® The measurement (M(1*) - M(1) » M(0*) - M(0') » 350 MeV )
backs up the prediction.

@ Interesting lattice QCD results.  M(0%) - M(0-) = 370(20) MeV,
M(1*) - M(1) =388 (27) MeV. (Lepage LP2003)
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Search For Other Modes

Decay Channel Possible | CLEO Ratio BelleRatio BEH
Fof Dy | (90%C.L.) (90% C.L.) prediction
D, p° o0 0%, I 01 01 01
O | Dsp'p a0 1, <0.019 0
@ D.g o 1 1- <0.052 <0.05(C) 0
= | DS p° 1 0 1 <0.11 0 <
DS* g 1 1 0, 1 <0.059 0.08
DS* p° 1 0 1%, 1,0 °1 °1 °1
D g 1 1 1*, 1, 0 <0.16 . 0.22
o | Dsp° o0 o, I Not seen - 0
N |Dptp |00 0 |1%,1,0 | <008 i 0.20
3 |D.g 0 1 1*, 1, O <049 | 0.65+0.15+0.15(C) 024 |
0.38+0.11+0.04 (B)
0.44+0.09+0.04(A)
D(2317)g| (0 1~ |1%, 1 <0.58 0.13
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=4 Belle Found The D, in B Decays

SHLE 2.
B(Ds(2460) ® DsO) _ ) 30, 114 0.04 : ,
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Factorization Mystery

B mode D, mode | B(10%)
D D,(2317) DP° | 852°+26
D D4(2460) DJp° |17.8%5+53
D D4(2460) Dy 6.7'75+2.0
D D ~1%

@ Factorization implies the branching fractions be similar to B® DD.. The
measurements are a factor of ~10 lower than expectations. (Predictions
assume that fy_ » f.)

@ Four-quark state or molecule would have B consistent with measurement.
(Chen & Li hep-ph/0307075; Datta & O'donnd hep-ph/0307106; Cheng & Hou hep-ph/0305038 )

® The nature of these two states are not totally settled yet. Although the normal
D, meson explanation is favored. More experimental measurements and
theoretical ideas are needed to reveal thair true identities.
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Summary

BaBar discovered a narrow Dp® resonance at ~2.32 GeV.
CLEO discovered anarrow D*p° resonance at ~2.46 GeV.
Both resonances are confirmed.

YV V VYV VY

Belle observed both resonances in B decays. They aso observed the
radiative decay (D.g) of second resonance.

Upper limits have been established in other modes.

The two states are favored to be j=1/2 doublet 0" and 1+ D, states.
Other explanations are not ruled out.

YV VYV

Two new states were discovered.

We are not completely sure if they are pure charmed-strange
Mesons.

They remain Charming and Strange.
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BaBar Discovered Dg(2317)

® BaBar observed a D p° resonance at - + +
2317 GeV, with P(Dgp?) >35Gev. 3 ¢
Its width is consistent with detector 250 £ ++++++‘++
resolution. The spin parity possibly b W M +
is P=0*. (hep-ex/0304021). e e WY
o R e WA Co e

2.1 2.2 & I2.|3I " I2|.4I ol I25
M(Dsp°) [GeV]
® They alsonoticed a peak at 2.46 Refl ections?

GeV. “ This mass corresponds to the - 4
overlap region of theDS'® Dggand 200 |
D(2317)® Dgp° signal bands that, 150 |
because of the small width of both 100 B
mesons, produces anarrow peak in 50 £
the Dgp% mass distribution that o B 1
2 %5 2.4 2.6

survivesaDg selection.” M{(Dorpd) [GeV] .
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Production Rate of D; Mesons

Yield | Efficiency Production
(P>3.5) (%) Ratio
D (2460)® D, p°® (D.g) p°| 41+ 11 |6.33+0.21 | (3.25+0.89) 102
D,(2317)® Dp° 155+ 23 | 9.76+0.19 | (7.93 £1.18)" 10-2
D, (2112)® D g 2591 + 69| 22.0+0.6 |(5.89 £0.26)" 10-1
D,(1969) 9263+£123 | 46.3+0.9 1

@ Thefina D, candidates are required to be P>3.5 GeV.

@ D, isreconstructed in D/*® f p*, f ® K*K- mode. The efficiency is
the value in the table times BR of the decay chain listed.
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