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B M, 4 Migta

® CS mesons
m D_,(2536): precise measurements
m D_*(2317) and D_,(2460): the first surprises
m D_,*(2860): one more surprise
m X(2690) and D_,(2700): last surprises?

e Charmed baryons
m Observation of Q_° and discovery of Q_"
m Discovery of A (2940)
m Observation of 5,(2980)* and =_(3077)*
m Discovery of 5,(3055)* and =_(3123)*

e Not mentioned in this talk
m D, D* mesons

e Charmonium spectroscopy in BaBar is covered by Arafat
Mokhtar

m Talk given on Monday at 14h00, in the session “Quarkonia states”
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? BABAR: B AND c-FACTORIES

The BaBar Detector

1.5 T solenoid

(superconducting) iy ) Calorimeter

6580 CslI(Tl) crystals

Cherenkov
Detector

144 quartz barg
11,000 PMTs

et (3.1 GeV)

Silicon Vertex
Tracker

E"’(EP’G’E\’/)” "\ ! 5 double-sided
gt — X layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers

Peak luminosity: 12.1 X 10®3 cm™2 s™!
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Integrated Luminosity [fb™]

As of 2007/09/17 00:00
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cS MESONS

WHAT IS NEW FOR D_, STATES?
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§ CURRENT SITUATION

— predicted (Godfrey-Isgur model) e D.* D, (2536)", Dy,(2573)": well
*+ observed known, "but JP only ‘inferred (not
S measured!)

o o o o e D_*(2317)*, Apr. 2003: unexpected
D, ,*(2860) observation of a narrow resonance
— o A A in BaBar
| Dy, e D_,(2460)*, May 2003: CLEO,
- v . BaBar observed a new narrow
s DK resonance

, DKk e D, *(2860)", Jul. 2006: new state
Dy*(2317) discovered by BaBar

X(2690)*, Jul. 2006: broad
enhancement seen in BaBar

: e D_,(2700)* Jul. 2006: new state

| | ' ' ' discovered by Belle (= X(2690)?)
o 1 o 1t 2 3
_J o Let’s go step by step!

S wave P wave D wave
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§ D.,(2536): NEW RESULTS

e High precision measurement <

of D, DK, in continuum 2.

o Mass s
m M=2534.85+0.02+0.40 Mveo

e First measurement of the width ”

BABAR i BA

preliminary

232 fb™

ob1s o002

m [[=1.03+0.05+0.12 MeV

ssmans - i . b3
0025 0[]‘3 00';5 {}01 l]|].1ﬁ Oq}ﬁ 002 0.025 0.03 0.035 0.04 004‘3

Am(D_) [GeV/e 4l Am(D ) [GeV/e 3|

p* > 2.7 GeV/c Am(Dg4) = m(Dg,) — m(D") — m(K°,)

e First observation of D, in B decays
m B> DOD, (8 modes), D, > D*K
m N=182 %19 events, 12c

e Mass
m M=2534.78 £ 0.31 £ 0.40 MeV

e JP quantum number
m Statistics too low to conclude yet
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 preliminary :5
2 /30 :

UL I IR I IR BN LRI RN L
120_ 347fb1 ) (2‘3'5())
00 All D K modes E

BABAR

N S e S BTN ARSI RPN ARSI A
2.5 252 254 256 258 2.6 2.62 2.64
D" K Invariant Mass (GeV/c?)

BaBar: hep-ex/0607084
BaBar: hep-ex/0708.1565



§/D.,*(2317) AND D,,(2460) UPDATE

e Discovered 4 years ago in e*e" — cC events ; subsequently
observed in B decays

e D*(2317)and D,(2460) very well established and known
experimentally
m Masses and tight upper limits on widths
m JP: 0* for D *(2317) and 1* for D,,(2460)
m decay modes and branching fractions

e Interpretation of these new states still unclear!
m One possibility: identify these 2 states as the 0* and 1* ¢S states
* However strong difficulties within the potential model
m Other possibilities
» 4 quark states? DK molecule? Dr atom? Chiral symmetry?

e Are there some more suprises? Yes!

Belle: Phys. Rev. Lett. 91 (2003) 262001
BaBar: Phys. Rev. D74 (2006) 032007

7 | V. Poireau Hadron 07 October 2007 Belle: Belle-Conf-0461 (2006)
BaBar: Phys. Rev. D74 (2006) 031103




? D.,*(2860): ANOTHER NEW STATE

e Looking in the cC continuum: e*te - DY%kn* Kr=9)K*X and
e*e” - D*(Krn)KOX

X

O

events/20 MeV/c?
wn

o

3 3 3
107 poertkr X107 pokentao)k* % 107 DKt n)KO,
'D,,(2536) s 15 D,,(2536) ¥ D.(2573) ) 7 L

*+ -t - 3.0 * n . _++
- 0L i T, 0.5 |,

D,,(2573) L i D,,(2573 — * -
- sJi0 B #5792.0 " 0.(25%) || 4z [, |H+H

- & 2.7 2.9 2.7 2.9 ! 2.7 2.9
i (@) (b) (c)

= o

T i e e R N

24 26 28 3 24 26 2.8 3 24 26 28 3

m(D°® K*) GeV/c?

m(D° K*) GeV/c?
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m(D* K%) GeV/c?

e () New state at 2860 MeV/c?! (it with a Breit-Wigner)
o O Bump at 2690 MeV/c2? (better fit with a Gaussian than a Breit-Wigner)

BaBar: Phys. Rev. Lett. 97 (2006) 222001

240 fb™’

p > 3.5 GeV/c?



§ D.(2860) AND... X(2690)?

e Combining the 3 modes Sum of 3 modes
m M=(2856.6 £1.5+5.0) MeV/c? 1500  x@eso)
m =477 x10) MeV
m JP=0%1, 2% ... 1000
» Final state is DK, i.e. two pseudoscalars

e Interpretation of D ,*(2860)?

240 fb™

bkg
subtracted
D.,*(2860)

_ - o500
m Radial excitation of D_,*(2317)7 hep-phiosos110
m CS with JP =3-? hep-ph/0607245
m cS with JP = 0*? hep-ph/0608139 O
2.8 3
e Another structure at 2690 MeV/c2? m(DK) GeV/c?

m M= (2688 + 4 + 3) MeV/c?
m [ =(112+7 + 36) MeV

e Need confirmation by other experiments or in other
channels...
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BaBar: Phys. Rev. Lett. 97 (2006) 222001



§ EVEN MORE STATES: D, ,(2700)

e New resonance decaying to D°K* discovered by Belle in B* — D°(D°K*)
= D_,(2700)

e Same resonance as seen by BaBar in continuum, X(2690)?
m Mass and width consistent, same decay mode

e Study of B » D*D®K decays in BaBar
m Looking at 8 DK + 8 D*K invariant masses

Events/10 MeVic?
@ ™ > ]
o =] [=] o

B
(=]

(]
o

Summing all 8 DK modes

- 347 fb!

-
.2 2.4 26 2.8 3 3.2

il W
3.4

" BABAR

| H‘ preliminary

__— Phase space

| __— Background
(generic MC)

M(DK) (GeV/c?)

Summing all 8 D*K modes

BABAR —

preliminary 7

Events/10 MeVic*

I s
85 2.4 26 28 3 32 34
M(D'K) (GeV/e?)

e Enhancement observed around 2700 MeV/c? in DK and D*K
e Full Dalitz plot analysis ongoing

10

V. Poireau Hadron 07 October 2007

BaBar: preliminary



CHARMED BARYONS

11
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CURRENT STATE

e All 9 ground states with J°=1/2* observed

e 5 out of 6 ground states with J°=3/2* observed
m only Q0 was missing

JP=1/2*

12
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STUDY OF Q0 =

e Q0 css charm baryon ground state

e (Observed in 4 modes

e First observation of B > QX

© 1600
>
" 1400

L
'3 1200
=
S 1000
[
800

+

R LA I IR R I
B decays |

continuum

600

400
200

+

—

e

_200 T T T Y T Y

|
1 1.5 2 25

=
=
i

3 35 4 45

p* (GeVic)

m B(B > QX)xB(Q.2> O n*)
=(5.2+£0.9%0.5)x10°
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BaBar: Phys. Rev. Lett. 99 (2007) 062001



DISCOVERY OF Q_*

e 0 0>00y inete-> Q. OX Emg— o - e E
m css baryon, JP = 3/2* glw;— —
e Combining 4 decay modes 2 »- .
of Q0 gives - E
m 105+ 21 + 6 events 40
m 5.2c significance :
e Difference of mass o bl T
A = m(QC*O) _ m(QCO) Mg, - Mo+ M GeV/e?
m Measured: 70.8 £ 1.0 £ 1.1 MeV/c? e 20— (xt, 0 — AK-
m Predicted range: 50 — 94 MeV/c? « 20— O ntr0 0 — AK-
e Branching fraction ratio: ¢ 20 — X rtrTat, 27 — AK-
olete” - QPX. x (Q")>0.5) ¢ " — Z-K-ntrt, 5= — Ar~

=1.01%£0.23%0.11

oe’e” = QX ., x, (Q))>0.5)
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BaBar: Phys. Rev. Lett. 97 (2006) 232001



§ DISCOVERY OF A (2940)

e New baryon: A (2940) > D%

m First observation of charmed baryons : A (2880) ?:Zzi R
decaying to D meson and light baryon < » \ A
m Simplest explanation: udc baryon 200
e Measurements of Mand I are S ol
consistent 287"
M, MeV /c? T, MeV e et
BaBar A.(2940)7 29398 £13+10 17.5+52%5.9 500 | wong s ' combinatons
Belle A.(2940)" 2938.0 +1.3¥20  13+8+27 7 ovsigebands o
2.8 2.85 2.9 2.95 3 3.05 31 3.15
CLEO A.(2880)"7 28824+ 1+ 2 1+2+2 M(D%) oo/

)
BaBar A.(2880)T 2881.94+0.1+05 58+1.5+1.1
Belle A.(2880)" 2881.2+02+04 58+0.7+1.1

Confirmed later by Belle in A_*n*n

e No signals in D*p for both baryons
m Isospin=0
m Both states are isoscalars (A, not X))
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BaBar: Phys. Rev. Lett. 98 (2007) 012001



? OBSERVATION OF = (2980)* AND = (3077)*

=:(2980)*, E,(3077)*and Z,(3077)° first observed by Belle
m Excited charm-strange baryons

R 0 T L

Confirmed by BaBarin z [ ' ;
Ko, wi ni ot Bt
A, ith s g T
At Sp K-t @ oE SRkt E
) ; g > ?

== 4 1IU=-3 L N PR
3.06 3.08 3.10 3.12 3.14
MI(pK K *]-M(pK Tt+)+2.286 (GeV/c?)

M N M | A N N L L
Y92 294 296 2098 3.00 302 3.04

BaBar confirmed also EC(SO77)O

Comparison of M and [ measurements
M, MeV/c? I, MeV

16 | V. Poireau BaBar

Belle Z.(2980)T 2978.542.14+2.0 4354754 7.0 | Different BaBarincorporates
phase space effects near
BaBar Z.(2980)" 2967.1+£1.9+1.0 2364284 1.3 | thresholdand decay to 3" K-
Belle 2.(3080)t 3076.7+09+05 62+12+08 )
BaBar Ec(?)OSO)+ 3076.4 £0.7£0.3 624+1.6x£0.5
> Good agreement
Belle EC(BO8O)O 30828 £1.8£15 524+31%x1.8
EC(SOSO)O 3079.3 £1.1+£0.2 594+£23+£15 _

BaBar: hep-ex/0607042



? DISCOVERY OF E(3055)* AND E(3123)* o

Il\.)
(=3
ol

T e B
C (@ BABAR 384 fb-"
C preliminary

e Updated analysis with more statistics

AT (GeVich
g
[

M
-2
%)

-
[

+

5 (2520

~
+

(3]

S0

5 (2455)"* ,

M(AZK ™) I:G'EVJI"QEI}
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BaBar: Preliminary



? DISCOVERY OF E_(3055)* AND 543123)\6«

e Updated analysis with more statistics

e New state (looking in the

2.(2455)*" band):
=.(3055) T
Mass ( MeV/c?2 ) 3054.2+1.2+0.5
Width ( MeV ) 17+6+11
Yield 218+ 53+ 79
Significance 6.40

265 L L Sy B S B

384 fb™’

@ BABAR

rrrrrrrrrrrr

2,60

MIAITT) (Ge Ve
(]

250

2 45 ; 1'4M

> (2455)K—A\ KT |-
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=.(3055)* 1 = (3077)
NEW,

C
wf E,(2980)*
70
60

ts / (10.004 Gch

50
S 40

Ev

30
20

10

MIAK ™) (GeVieh)

BaBar: Preliminary



? DISCOVERY OF E_(3055)* AND Ec(3123)*@

e Updated analysis with more statistics

e New state (looking in the

2.(2455)*" band):
=.(3055) T
Mass ( MeV/c?2 ) 3054.2+1.2+0.5
Width ( MeV ) 17+6+11
Yield 218+ 53+ 79
Significance 6.40

265" '
C (a) BABAR

preliminary

2,60

MIAITT) (GeV/ieh
(]

—
384 fb™’

250

- Rtk
2 45— At

(2455)"K- A KT

e Evidence for (looking in the
2.(2520)** band):

C
E.(2980)*

Events / ( 0.004 Gch’
P w =] | =]
=T =~ = -

w
=

]
(=]

10%— %

=.(3123)TF
Mass ( MeV/c? )
width ( MeV )
Yield

Cinnifirancoe
Ulylllll\aull\a\f

3122.94+1.3+0.3
44 +34+1.7
10134 +£9

=.(3055)* ] = (3077)
NEW

26(2520)++K-_)/\C+K_-n-+ ——————

CNeY:

JeJU

19 | V. Poireau
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> | ©
B120F

§ 100

= g0

Events /( 0

20 ¥

C_:.._...l..._‘_}. [

= (3077)* h

ﬁﬂ H%ﬂé[ }Hi

b ﬁ(lm | |

EVIDENCE

R

=2 (3123)*

295 3.00 3_05
BaBar: Preliminary

30 35
MAK ™) (GeV/e)



" CONCLUSIONS

e Tens of new charmed states have been discovered since 1999,
beginning of BaBar!

® CS summary:

m D, (2317), D,,(2460): well determined experimentally, not understood
theoretically

m D_,(2860), D_,(2700): still unclear experimentally and theoretically

e Charmed baryons
m Many states studied by BaBar: Q_°%, E.(2980)* and E_(3077)*
m Many new states discovered: Q_.°, A (2940), E.(3055)* and £(3123)*

Experimental status:
e Lots of on-going analyses with the current dataset
m More decay modes investigated to understand these resonances
e BaBar is taking data till Sept. 2008
e Lots of new data to analyse!
m We can bet that more surprises will arise!
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ADDITIONAL SLIDES
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§ D.,*(2317) IN INCLUSIVE DATA

D.*n0 final states

e Study of e*e” — cC events

m Resonance in D"n° ) — D *(2316;(;‘_1/(2 v
e Complex kinematics with o U ook
. . . ~ —
competing contributions and g ‘
mutual cross-feed = 1000 |- 200 |
N 800 - 0
e Properties _f| emoreiy
m M=(2319.6 + 0.2 + 1.4) MeV/c? : Contribution
m ' <3.8MeV at95% CL 400 oM P
200 |
e No decay to D.j*n* or D j*n N e RN
. . . . . 2.1 2.2 2.3 2.4 2.5 2.6
m No indication of isospin ot 0 /t Mass (Gev/ch)
partners
m 4 quark model disfavored No D,(2460)* — D" n°
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BaBar: Phys. Rev. D74 (2006) 032007



§ D.,(2460) IN INCLUSIVE DATA

e D_(2460) observed in 3 decay final states

D.*v final states ,
P — D.* n* - final states

S ', 232 fp- Ds+ 70 Y final states R
T 800k p S
gt it > 200 F .
= — '_ﬁt*:»\ 1. Dai{2460) : D.,(2460) 3 Sk D,,(2536)
:: (5180 HH““-, ﬂ.l 400 s1 ) ':J . 2460 [
¢ 400 a3 Z |“| ~ b f Dg( ) |
o ;j;m‘w"m:‘d-“fm “‘L\:"-fo& 300 - I| III % - i : | I |
T 200 F S oo, . 5900500000 | | . i > - I
8 : lw%‘f%*mmwmﬁcmw; - Contribution it ]Elontrlljbu(tzlgr117) s T ) |
L PO B IR Lot T AN (U I T T A Thd L v T T e v I W e 0 [ | rom - B & ? | +
xbt ~ DJ(2317)" — D; n° | 200 |- from Dy*(2112) + / 0 8 F= | ‘ 1| X /H(
& D.,(2460)" —> DI n®y B ngf 4 Lt by MR
300 f 0. (2317} —3 D? - _ - . t RIS A
: P R P bt ; E#Ff%fﬁﬂ 4
20 ‘ ?ﬂj +IE W7 3 2Ty
N ° 00g®9%ee® °°°o°n°° 00,%°%, CLr™ 2l 9 \/ % :4'.¢¢
100 bkg SUbtraCted . Y [ wofof’? °|°°|n 'l |° ' ol |° [ ﬂ|w|%| | Iobla ﬁf;o¢w %.a ‘s\?‘lﬁ j?' ¢
2.1 2.2 2.3 2.4 25 2.6 2.7 e
0 D; = ¥ Invoriont Moss (GeV/c?) 245 25 255 26

D; w* 7 Invariont Moss (GeV/c%)

No D,*(2317)* - D"y
: No search for D* n*- 10
¢ Propertles isospin partners as yet
m M=(2460.1 £ 0.2 £ 0.8) MeV/c?
m [ <3.5MeV at 95% CL

No D ;*(2317)* > D" n*
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BaBar: Phys. Rev. D74 (2006) 032007



§f EVEN MORE STATES: D,,(2700)

D>

<o

Study of B* — DODOK*

m Looking at the Dalitz plot and the
DOK* projection

New resonance decaying to DOK*
s B*— DD, D, —» DK*
m M=(2715+ 11 *11_,,) MeV/c?
m = (115+ 20 *36,,) MeV
m JP =1 favored

Same resonance as seen by BaBar
in continuum, X(2690)?

m Mass and width consistent, same
decay mode

Interpretation?
m CS state 23S,?
+ expected mass at 2720 MeV/c?

m Chiral symmetry: 1* - 1-doublet
paired with D,,(2536)7?

Phys.Polon. B 35, 2377 (2004)
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) (GeVZicH),

50
]
=]

_ mAD°

/ 50 MeV/c?
5 2

Signal yield

o

[<.]

Dalitz plot DOK* projection
""""" ) e [ D_,(Z700)
7 =60 {‘
- hr
5 —
240 :
B 4 c
L I T ++++
T I P -
_s 1 o 'I'
D.,(2700) o £
' 10 1 3954 2¢ 28 3. 32 34
M?(D°K*) (GeV?/c?) / M(D°K") (GeVic?)
Background
DOK* projection
D,,(2700) )\ - sl
subtracted ‘
414 fo % J=1
40 J=0 /™ 7
+ ] 20|
> J=2
. , : | | 04 05 0 05 . 1
2.4 2.6 28 3 3.2 3.4 COM

M(D°K*) (GeV/c?)

Belle: hep-ex/0707.3491



g STUDY OF =(1530)° AND E(1690)°

1530)° from A "> (B %) K*

e

‘:‘( “'0 - L T T L L I":
. S gook BABA 13
e Use of Legendre polynomial moments @ *° f prtiminars 230 fo! -
. . oy 500 *  (A)Mass-sideband-subtracted
to determine the spin D oo
. . £ & - =2015300° - =t
m Spin 3/2 clearly established 5 oo O i
m Using previous results: P-wave 3/2* 200 = ) ! E
e Showed the presence of an S-wave = n\;Qb‘zm o et NENDN, '\%
amplitude, with some indication of ao‘o° S R W B - v R R
=(1690) S-wave contribution \,@\ m(E =) Gevic”
60
‘\‘0 Sy LGD:|"'|"'|"'|"'|"'|"'|"'|"'|":
=(1690)° from A_*> (A KO) K*Q,o‘ i;; “0f BABAR (A Mass-sideband- 3
. 120 B _ =
e Legendre polynomial moments . = E(1690)° — A Kg
m -

m Spin 1/2 preferred
e Fitting now the whole Dalitz Plot
m to get more precise (M,I’) measurements
m to show the existence of A_,*> A a%(980)*
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80F
4DF

20k

L62 164 166

172 174 176 178
miA KJ) (GeVic?)

168 17

BaBar: Thesis SLAC-R-868



	CHARM SPECTROSCOPY    AT         .                                        
	CHARM SPECTROSCOPY AT       . 
	BABAR: B AND c-FACTORIES
	Diapositive numéro 4
	CURRENT SITUATION	
	Ds1(2536): NEW RESULTS
	Ds0*(2317) AND Ds1(2460) UPDATE
	DsJ*(2860): ANOTHER NEW STATE 
	DsJ*(2860) AND… X(2690)?
	EVEN MORE STATES: DsJ(2700)
	Diapositive numéro 11
	CURRENT STATE
	STUDY OF c0
	DISCOVERY OF c*0
	DISCOVERY OF c(2940)
	OBSERVATION OF c(2980)+ AND c(3077)+
	DISCOVERY OF  c(3055)+ AND c(3123)+
	DISCOVERY OF  c(3055)+ AND c(3123)+
	DISCOVERY OF  c(3055)+ AND c(3123)+
	CONCLUSIONS
	Diapositive numéro 21
	Ds0*(2317) IN INCLUSIVE DATA 
	Ds1(2460) IN INCLUSIVE DATA
	EVEN MORE STATES: DsJ(2700)
	STUDY OF (1530)0 AND (1690)0

