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Phenomenology of new baryons with charm and strangeness
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The CLEO Collaboration recently has announced the discovery of an excited charmed and strange baryon.
We estimate the expected width of this new member offhdamily. We discuss the phenomenology of the
excitedcsgandcssstates, and consider what additional charmed baryons might be observable in the future.
We point out that the final stateE.K could be an interesting new channel to examine.
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PACS numbss): 14.20.Lq, 12.39.Hg, 12.40.Yx, 13.30a

The CLEO Collaboration recently has announced theaxample, the decay ()" — A7 #° is allowed byJP, but

discovery of a new excited charmed ané:l strange bafgpn forbiddert by 37 while A y(2)*—3** 70 is allowed by
. o + . / C C

The new state decays in the chan&&l 7", which then JF/), but forbidden byJ®. Heavy quark S(2) and flavor

— — . .
goe3+to+ziw+w ;+The measured mass difference s SU(3) symmetries may be used to relate processes involving
M(S¢ 7 m ) —M(5.)=349.4-0.7-1.0 MeV. The new gitferent members of a heavy quark doublet, or involving
baryon has been identified tentatively as the strange anatates with the sama®, but different light quark content.
logue of theA [ (2625), a baryon with total spin-parity”  With these symmetries imposed, the states fill out represen-
= 2~ because of the decay channel in which it appears. Iations of SU2)xSU(3); in Table | we have three such rep-
this paper we discuss the phenomenology of the excitegesentations, labeled B, with J7=07%, 1%, and 1". Note
charmed and strange baryons, and estimate the expecttftht Fermi statistics restricts the lightest doubly strafige
width of such a state. We will also explore whether, andstates toJ$=1+.
where, it would be fruitful to look for additional excited The heavy quark and light flavor symmetries relate the
charmed baryons. strong decays of tha .; and= ;; states. Cho has developed
The heavy quark limit, in whictm.,m,—o, has proved a formalism, based on heavy hadron chiral perturbation
an excellent guide to charmed and bottom hadron spectrosheory, for making these relations explicit, and we refer the
copy and strong decay®-8]. In this limit, the spin and reader to his paper for detail$3]. (See also the analysis of
parity quantum numbers of the light degrees of freedom irPirjol and Yan[14].) The result is that there is a single in-
the hadron are conserved, and it is convenient to use them teraction in the Lagrangian which couples tHe=1" dou-
enumerate the spectrum of states. In addition, strong decayget to theJ”=1" doublet and ar in anS wave.(Decay via
of excited heavy baryons are transitions solely of the lightD-wave 7 emission is also allowed, but it requires an opera-
degrees qf fregdom, o) selectiqn rules for these decays ajg; of higher dimension which is suppressed|5y|/4rrfw.)
easily derived in terms of the light quantum numbers. Therpe 3P— 1~ goublet transforms as an antitriplet under
spin of the heavy quark is then added to derive rules forSU(3) "and is represented as&=1" field R and aJ®
physical states. For light degrees of freedom with spin —3- I’?arita-Schwinger fiel®R¥ . TheJ5:1+ dolublet trans-

>0, there exists a doublet of heavy hadrons of total spin ;
=J,+ 3. The two states in each doublet are nearly degenerf-i)rmS as a sextet under £8), and is represented asJd

1+ g Kl P_3+ g q ;
ate, their masses split only by a chromomagnetic interaction, 2 field S™ and aJ” =™ field S, . The octet of pions and

which scales a2 /m,. Heavy quark symmetry then re- aons appears nonlinearly in the usual axial combination
qco/ Me - ya y y A,=—a,ml(V2f )+ -, wheref_~93 MeV is ther de-
lates the decay properties of the two members of each dou-* H . . .
cay constant. The interaction term is

blet.
The lowest lying charmed baryons are listed in Table I,
along with their observed masses and postulated quantum hzéijk(v_A})(gklRﬁg{:R,ﬂHH_C” (1)

numbers. The separate sgp and orbital angular momen-

tum L, of the light degrees of freedom are not well defined,

and we include them simply for guidance from the quarkwherev* is the four velocity of the heavy baryons ahglis
model. In the last column is the dominant decay mode of thyn unknown coupling constant. This interaction is respon-
state with those quantum numbers, if kinematically aIIowed.Sible for the decayh.y(3)*— 3, whose width has been
The emission ofr's by excited baryons is constrained by measured. (Note tcﬁai the ’other possible  decay

both theJ” and theJ? of the initial and final state. For a i ) _ )
A (3)T—3*ar, is not kinematically allowed.Since the

*Email address: chila@pha.jhu.edu
TEmail address: falk@jhu.edu This particular transition also happens to violate isospin.
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TABLE |. The lowest lying charmed baryof8—12]. The spin and orbital angular momentum quantum
numberss, andL , are only defined in the quark model, and are included here for guidance. Isospin and
strangeness are denoted, respectively BpdS. The angular momentum of the emitted in a strong decay
is indicated. For simplicity, we give estimated errors on baryon masses themselves, rather than reporting the
(more accurately measurechass differences.

Name MasgMeV) JP J° “s,” ‘L, I S Dominant Decay
AZ 2284.9-06 it of 0 0 0 0 weak
30 2452107 i+ 17 1 0 1 0 AF 7 (P)
PN 2453509 i+ 1t 1 0 1 0 AL 7O(P)
i 2452.9-0.6 i+ 1t 1 0 1 0 Al 7t (P)
3*0 2517.5-1.6 3+ 1" 1 0 1 0 Al7(P)
SET ? 3+ 1+t 1 0 1 0 AL 7O(P)
SEHE 2519.4+1.6 3+ 1t 1 0 1 0 AfmT(P)
Aa(d)* 2593.6-1.0 - 1 0 1 0 0 3.m(S)
Ag(d)* 2626.4:09 3~ 1° 0 1 0 0 Al mm(S,P)
= 2470.3-18 3t 0F 0 0 3 -1 weak
=N 2465.6:1.4 3+ 0F 0 0 3 -1 weak
g.0* ~2580?) iv 1 1 0 3 -1 By
gx0 2643.8-1.8 3t 17 1 0 1 -1 =.m(P)
=l 2644.6:2.1 3 1t 1 0 : -1 E.m(P)
2o (b0t ? 371 0 1 3 -1 Em(S)
Ea(3)° ? - 1 0 1 3 -1 Erm(S)
EMON 2815.0+1.9 3- 1 0 1 1 -1 E*(S)
Q? 27044 3¢ 1 0 0o -2 weak
Qx0 ? 3+ 1t 1 0 0 -2 Qcy

strong decay of the\ .;(3)* occurs very close to threshold, arge errors in the measured width, the neglect of other decay
it is important to treat the phase space exactly in each char?—h""‘rz"‘e'S is not likely to be important in the determination

nel. or ny.
The partial decay width in a given channel due to the We may then use this result and SYflavor symmetry to
interaction(1) is given by predict the width of theZ(3)*. This state can decay in
h2 either of the channelE*°#" andZ* * #°. We compute the
[(R—Sm)=C—2y %Ei“ﬂa (2)  partial widths from Eq.(2); for E¢(3)"—~E{ ", the
4mtz Mg group theory factor i<=3, while for 2, (3) " —E*

1 .
whereC is a group theory factor which depends on the flavo C=3. Hence we find

of the hadrons. For the decay.(3)"—2, using the I(Ey(3)*t—E*%7+)=11.9 MeVx h?
masses in Table I, we find the partial widths ¢ ¢ '

T(Acy(3) " —307")=3.9738 Mevxh F(Ea(3) —E 79)=6.2Mevxhy. (4
c 2. )

The branching ratios t&} 7" andE} * #° are predicted to
TF(Ai(3) T =37 7%)=6.2"75 MeVxh3, be 65% and 35%, respectively. Assuming that these two

channels saturate the decay rate, the width is then

T(Au(3) " =2 77)=3.05{ MeVxh3, 3
Aer(2)" =2 " 77) 30 @ I'(Eq(3)")=54"3EMeV. (5

where the errors are estimated from the uncertainty in th
masses of the states. For each of these de€ay4,. Assum-
ing that the width of theA.(3)" is saturated by these
channels, and using the measured valli¢A(3)7")
=3.9"22 MeV [9], we extracth3=0.30"3%;. Given the

erhe uncertainty in this result is dominated by the experimen-
tal error inT"(A.;(3)*). Corrections due to S(3) breaking

3The analysis of Ref[14] includes additional effects such as the
finite width of theX and the possibility oD-wave decays, which
shift the central value dﬁ% by approximately 10%. Given that the

°These expressions differ from those of Hdf3], due to our exact uncertainty irh% is already at the level of 50%, we prefer to neglect
treatment of phase space. these small contributions.
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are unlikely to be larger than these already substantial unceiFhese expressions should be taken only as rough guesses

tainties. We see that thg () is expected to be quite nar- intended to provide guidance as to the mass range which
row, despite decaying vi&wave 7 emission. Especially Would make a new state narrow enough to be observable.
considering our neglect of . corrections, the predicted  Let us denote the “radial” excitations by¢* and=g* .
width (5) is reasonably consistent with the upper bound ob/f their mass is large enough, they will decay in the channels

!

tained by CLEOT (.,(2)*)<2.4 MeV at the 90% confi- ¢ —Zcm, and=¢* —Eqm, where ther is emitted in &P

dence level. In particular, this result supports the identificalVave: According to Eq(6b), these states will be broad, un-

tion of the new state as tHE () less they are fairly close to threshold feremission. If they
ci\2/-

; . __are lighter than this, then th&%* and E%* will decay ra-
a5t S o o b e B 61 ey i .. i cas iy vl
needed to complete the task. The isospin parner of thﬁarrow. Since there is no f|r_m_ theoretical pre_dlctlon for the
et ' > _ OF fhasses of thd>* andZE%* , it is worth searching for them
Zc1(z) " should not prove much more difficult to find, since i these channels, in the hope that they will be fairly light.
it has a decay into charged pion&.(3)°~E*"#~  However, theX 7 channel is already well studied in this
—E%" 7. However, the other member of the heavy dou-mass range, which may bode ill for future discoveries, and
blet, the Z,(%), decays o=, which itself decays radia- statesﬁ\/\irllch Sticay t& . will be hard_to f|r_1d. _Although the
tively and is hard to isolate. Similarly, tHe* decays radia- 9€C@Y=c" —=c 7 may also be possible, it will not compete

S ek = . .
tively to Q. and also may be difficult to find. Finally, there is With Z¢” —Ecm unless both partial widths are large, and
the>**, which, unlike its isospin partne&*° and>* * ™,

thus theZ}™ is broad.

decays to a neutral pion and has not yet been identified.  The “orbital” excitations are potentlalyi more
What other excited charmed baryons might one look fordnteresting’ Letus denote tr;e hef"VY Stf‘teSI’M S and

The lightest undiscovered states are likely to be of two types{}¢i, wherei=0,1,2 for J,=0",1",2". For J,#0 the

First, there are “radial” excitations of the ground state ~ physical states are a heavy doublet of spind®+3. Al-

andZ., which haveJ/P=o+ andJP=1". Second, there are though one might expect, based on the quark model, that the

“orbital” excitations of theE(C*), Eé(*), andﬂg*), which  masses of thesg, =L ,=1 states would not be smaller than

haves,=L,=1 (in the quark mode| and hencel?=0", those of the observed,=0 andL,=1 baryons, the un-

1~ or 2. If the sign of the spin-orbit interaction follows known strength of the spin-orbit interaction makes them dif-

one’s quark model intuition, then the lightest of these “or- ficult to estimate. .
bital” excitations will haved?=0" andJP=1". The 3., baryon can decay in the chann&lw, where

It is hard to estimate the widths of these excited state‘l,he 7 1S gmltted N anS. wave. F rom Eq(6a) we see that
with any precision, both because their strong decays proce less it is very light, this state is likely to be too broad to be
via nonperturbative interactions and because their masseg,servable. The., doublet has th_e same quantum numbers
and hence the available phase space, are not kAdutre as the observed ., states, and will de(?ay accordln(%)tq the
best that we can do is to note that the decays will be medi$@me pattern, namely td .z, resonating throug ™’ if
ated by operators analogous to Efj), with new coupling kinematically allowed. Finally, thet., doublet can decay
constants of order one replacihg. We can then expand the t0 Ac7 through emission of &-wave . The E; baryons
width for E,~m_, since to be visible a new state would Will be similar to theX;. The E¢, is probably broad, the
have to be fairly close to threshold for decay wia@mission. EZ; doublet is analogous to tH€.,, and theEZ, decays to
For S-wave decays, we can scale directly from E2), while ~ E. 7 in a D wave. Note that in each flavor sector, correc-
for P-wave decays we make the replacementtions proportional to Ih, can mix the twoJ”=3" baryons
E2|p,|—|p,/3 and for D-wave decaysE2|p,|—|p,/%/  with 3°=1" and 27, and the twoJ®=3" states withd?
(47f_)2. Neglecting constants of order one, we find that,=0~ and 1.

near threshold, From the width estimatésc), we see that thép_|° sup-
pression in theD-wave decay widths might make 1%,

Cm |12 and 2}, states fairly narrow. For example, in the charmed
Swave: I'~10 MeVx u) , (63) meson sector tha”=2" D,(2460) decays t® andD* via

100 MeV D-wave 7 emission, and although the mass differences are

590 MeV and 450 MeV, respectively, the width of the
a2 D,(2460) is only approximately 20 MeV. However, ii§
E,,—mﬂ) (6b) =1" heavy partner, thd,(2420), is broadened substan-
100 MeV] ' tially by effects of order Ih., perhaps by mixing with a
wide state with the sama®, but differentd? which decays
by emitting as in an S wave[3,4]. Similarly, theJP=3"

P wave: I'~10 MeVX

E —m 5/2
T T ) (6C)

D wave: I'~1 MeVX (m

SPredictions for the decay properties of some of these states also
may be found in Refd.14,16. These predictions, which are con-
“There are quark model predictions for their mag4&§, which it fined to the nonstrange charmed baryons, rely explicitly on the non-
would be nice to test experimentally. relativistic quark model.
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members of th& ., andE ., doublets could be broadened by Ex—mg |2
mixing with the JP=2" states of theX; and =,. Hence Swave: I'~100 MEW(m) : (7
the pureD-wave decays of thd”= 3~ baryons might be the
easiest to find. Finally, note that the partial width of #g, 3
. — . . . E,—m
into = 7 will be suppressed further by an isospin factor of P wave: I'~10 MeVx | — K) (7b)
#. These are decay channels worth exploring, in the mass 10 Mev/
rangesM (A .7)=2420 MeV andM (E.7)=2500 MeV.

The Q) ; states decay somewhat differently, because of the Ex—my |2
absence of light quarks. If they are too light, they can decay D wave: I'~10 MeVX 100 MeV (70)

only radiatively toQ{*) and will be very hard to find. If its
mass is greater than 2960 MeV, thk,, will decay to the . . _—
final stateE.K. The Q,; cannot decay t& K because of Th(;: Egeé?ac%’b\évgrlcgb(ljgcﬁzslg isi'(\;vsavet’hv'\g” illﬁgvbgrtzg of
parity; instead, it will go to Q.mm if M(Qy) vabie U It lies withi

A threshold. By contrast, th€ ., is likely to be reasonably
>2972 MeV: and_tcECK 'f. M(Q°1)>307.5 MeV. The best narrow even if it is as heavy as 3100 MeV. Assuming that
hope for seeing this state is(.;— Q.7 is the only strong

decay allowed. Thé),, will decay to =K if possible, with enough of them can be produced, this state should be a prime

the K in a D wave. As above, thd”=2" member of this candidate for discovery in the ;K channel.
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