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HI ENERGY

LO ENERGY [¢—— x—QCD

f

Higgs ?«— SM

Why (only)
3 families ?

|/

Quark c is the lightest
heavy quark

/

Quark c is the only HQ
up-type probe

;

March 18th, 2004

R Quantitative predictions via

1/m,, expansions are possible

In the charm sector, SM
contributions to CPV, mixing
and rare decays are small (GIM)

FSI corrections
are important

S

uijcyt

But how small?
CPV asimm 10-3 <
DODObar mixing 10-3—10-10
Rare decays 10-9 — 10-19

CPV, mixing and
rare decays in
Charm sector are a

probe for New Physics

Studying the c-quark provides:

v Engineering Database for b-physics
v' Sensitivity and discovery potential for New Physics

FSI corrections
are important
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Charm discovery

K.Niu, E. Mikumo, Y. Maeda Prog. Theor. Phys. 46 (1971) 1644

D+-> K* n¥

Fiate
[ FFT o] -2

1F X—-projection Z-projection
[

1.38 crn

3.76 crnm

10 gt m
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Charm quark detectors
over the years e

© g

BNL

KI
SPEAR
ADONE
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DODO MIXING
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Formalism of P°-P0 mixing

The time evolution of flavour eigenstates P°, P° <<
is given by the Schrddinger equation ‘x‘ <<l ‘y ‘
0 0
ig 1_3 — H, Hy ]_3 mixing can be described by the ratio 7
ot\P°) \H,, H, )\ P°

F(PO—>I_30—>f):x2+y2

ijEmjk—iij/z 7

L(P" — f) 2

Processes which allow P° <> P° mixing appear
in H,, and H,,.

If H,#0,H, #0 [ ) P’ P° arenot
mass eigenstates. Mass eigenstates are
(assuming CP conservation)

=132 )
and mixing amplitude is <
2
(PP ) oceﬂ{

X|>0 mixing is
caused by
genuine

P’ < P°
transitions(Af=2)

ly|>0 mixing

is caused by the
short-lived
component

A disarppearin_g

ALY 2t rapidly, leaving

l1+e™ " +2e ? cos(Amt) _  behind the long-

lived component,

made of P° and

Mass and width differences are parametrized

by Am AT
X S — y —
I 2T

X splits

March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 7



K, [°, B° - Where's The Difference ?

KK, i

D’ D’

K o KO

LONG DISTANCE

Also: OPE-based limits

My s c b 1.Bigi, N.G.Uraltsev Nucl.Phys.B592(2001)92
q SD/LD Xx=Am/T y=AI'/(2T")
K’(ds) | ¢ SD~LD 0.48 100%
D’(ct) | s SD<<LD ? <1%
B(db) | t SD>>LD 0.75 ?
B(sb) | t SD>>LD >22 ?
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Theoretical “"guidance”

070 p-_ - .y
D -D™ Mixing Predictions From compilation of H.N.Nelson
- 1

3 1 T 10" 2 hep-ex/9908021
° | o] 1 = :
o4 % C e Yol 4@ Triangles are SM x
10} | te 4. 110 7 Squares are SMy
Q i - | . e
E 4 4155 N AR 103 Circles are NSM x
% oy T A " 02 -3
= o T.‘?"“}'“AT”‘:”_) s x’y‘SMSIO
:§ 10'6 13 E'D-
> 10
. PR “D'DO MIXIiNg IS a
| 1 window on New
B 10 .
1Y . Physics”
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TECHNIQUES FOR STUDYING D°D? MIXING (I)

Sy

Measure y ., the y parameter Measure r

CP
CP
CP

for CP eigenstates 0" >D° > /) _ xz+ E

K+K—> - +\ K*K‘)
K,#)=-|K,¢) These Results J &

K‘7z+> = mixeg

HADRONIC SEMILEPTONIC
DECAYS DECAYS

f=|k=) sk, )

E791, CLEO, ALEPH E791
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TECHNIQUES FOR STUDYING D°D? MIXING (II)
(D' —->D"—>[f)_x y2 via HADRONIC o _ ‘K_7Z'+>

Measure r |»

TS - DECAYS
M [ a Strong phase &
:> D’ 5 K+ between CFD and DCSD

§ i mixes x and vy
D*;Iga:’%i rD° / y' =ycosd —xsind
D*\+/_) N ”d u x'=xco8d + ysind

3, _K+ I
Vcd S I

N)Aof d -
U u
D' > K'rn™

Double Cabibbo-Suppressed Decay

(D’ - f) 2
Tws = F(DO—)f) oce’ ”DCS"‘”?"‘J’ Ypest

March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 11



TECHNIQUES FOR STUDYING-D°D? MIXING

(I11
T(D° > D° — 7)) x2+1> . SEMILEPTONIC -
Measure r |r= (F(D°—>f) f) X 2yT via DECAYS f:‘K r'v, >

Cabibbo-Favoured

mixing Decay
D'=D’ K1V,
C S u

D* tags D° B
flavour Vcs\’\'\< é
v,

D" > D°

) D’ —f)
UMD > )

r
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TECHNIQUES FOR STUDYING D°D% MIXING
(Concl.)

e Direct measurement of y., requires good
lifetime resolution
e Measuring r,,, in hadronic decays requires
v’ to disuntangle ry . from r;
v and the knowledge of &
e Measuring r,, in semileptonic decays
provides the r parameter, but it is
experimentally more difficult

March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati
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FOCUS yCp Time evolutions

100000

. T I [ -
. : | KTC
» _\I{TC I/G . 5 - 10000

: ] 1000 -
z f K :
S _: 100 .
< : 0| backtsignal .
E N 1 background
§ 0 1000 2000 3000 4000
o

0 1000 2000 3000 4000

t' (te)

* Background subtracted and f(t’)
corrected time evolution of Knt and 0 1000 2000 3000 4000
KK events in the final fit.  Before background subtraction

T(Kn) =409.2 £1.3 fs Yep = 3.42 + 1.39 + 0.74%
T(KK) =395.7 £5.5 fs
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Measuring the DCS decay D**-> =t (K*n")

Phys.Rev.Lett. 86 (2001) 2955-2958

Fit the Am Distributions

32

 Background is fit to: f(my=a(m—m,)"” +b(m-m,)

* DCS signal is fit directly to the CF histogram signal region.

E1EDDD£— . Yield=35901+196 | % so0 | Yield=172.9+33.7
= 16000 - @ F
= 14000 £ Z 50y
12000 F oo b
T 10000 2 F
5, BOOOE W 7 UF
6000 100 F-
4000 £
z000f o= E
CLEO: Dm " TGi4 D5 D16 Di7
(0.332 Gev /o Gel/c”
+0.064 A Cabibbo Favored Arm Deubly Cabibbo Suppressed
£0.040)% fys= (0.404 + 0.085 + 0.025))%
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STATUS OF =15 | 791Dk
— D FOCUSD™—~K™{ v
D 0 D 0 CLEO IL.V D%—+K*7~

10 -——BABAR D%+K* 1

MIXING Focus DPeKr-
AS OF | |
SPRING
2004

L
|

Vcp
=S
n

N

..
P
¥

L]
.l,
Bl

"
o8
4.4‘
F)
“
A L]

4P
*.4.0
SPS

(P
& *Q.O

5 ) 0‘0

ot te
\“‘

o

%
"

_,_.
£

- .

BABAR 03
BELLEO3 -

i b 1 [ — (=] — bt L
BELLE 02 —H=t

791 99

A

FOCUS 00

I
LN

E
CLEO 00

-10

15 |95% C.L. Allowed
0 5 10 15 20

X %
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PHASE AMBIGUITY

Phase ambiguity

p?- B Mixing Limits
[] I I

| FOCUS

What if 0 = 40°, the estimated 10
maximum of the model of Falk, =

Nir & Petrov (99)? We see sE i
some overlap... &

CLEO and FOCUS would be =
more consistent if 0 > 90°...

Bergmann, Grossman et al(00). =

95% CL

0 5 10 15 20
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CPV ASYMMETRIES
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CP VIOLATING INTEGRATED ASYMMETRIES

For a two-amplitude decay
Aot = 9;M, € + g,M,e2

= CP conjugate ai — strong
Ao = JiM,; €0 + §,M,e® phase
CP asymmetry:

_ | Aot | 2'—|Atot|_2 2Im(9,9,*) Si)M1Mz

-, p— —— =
P | Al 24 TAe 2 |91|2M12+|gzl2M22+2Re(gzg&)cos(sl-sz)mmz
* ......... e

2 different weak amplitudes strong phase-shift

March 18th, 2004
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Search for CP violation via Dalitz plot analysis
of Singly-Cabibbo-suppressed Decays

- Use full decay info, not only BR = must determine
amplitude coefficients and phases

. Final state results from the interference of all
intermediate states

* Differences between amplitude and/or phases patterns in
a Dalitz analysis betw conjugate states (1.e., D™ vs D),
would be evidence of CP violation

(ref. I.Bigi,A.Sanda “CP Violation™)

March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 20



E831

March 18th, 2004

CP violation:Dalitz analysis

Dalitz plot = FULL OBSERVATION of the decay
Ll

COEFFICIENTS and PHASES for each amplitude

Measured phase: 0 = ? + (P
CP conservm_gj_ = CP violating
CP conjugate 5=8 ¢=-¢
8 0=5-0
Measure of direct CP violation: acp=0.006+0.011+0.005

asymmetrys in decay rates of D*—K*K nt+

Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati
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2250
2000
1750
1500
1250
1000
750
Dt —» K* K- n* o |
m2 Ko 250
5
"7
2.25
2
1.75
1.5
1.25
1
0.75
0.5
0.25
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| )

2.5

175

18

1.85

19 195

My

D* - Kt K- n*

0.8,

0.6

0.4
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D:I:

Decay Fraction and phases

2
LR —>KKr
. Preliminary
0.6 Yield D = 7106 +92
04 S/N DE = 8.62
0.2 15 P 25 T2 s
K'K
1800 l 350

200

0
L1}

50
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Kt K- pzrojection

3

00 0.5
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®K*(892) =20.7+1.0 % (O fixed)
$(1020) =27.8+0.7 %  (243.1 +5.2)°
K*(1410) =10.7+1.9 % (-47.4+4.9)°
K*(1430) =66.5+6.0 % (61.8 + 3.8)°
f(1370) = 7.0+1.1 % (60.0+5.3)°
a,(980) =27.0+4.8 % (145.6 +4.3)°
f,(1270) = 0.8+02 % (11.6+7.0)°
#»(1680) = 1.6+04 % (-743+7.5)°

28351
1 1.5 2
K= = * projection
23



1.4
135 |
1.3 |

125 |
12 | +
115 [ $
11 | +
1.05 |
1 |

0.95 |
0.9 0 T +

"4
Phi_1020

260
255
250 |
245 (%
240
235 |
230
225

0"t 4
FPhi_1020
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22
21

2
1.9
1.8
1.7
1.6
1.5
14

75
70
65
60
55
50
45

D*/D- split sample analysis

0 T +
KO _1430

"4

0i+

"4
FK0_1430

Preliminary!

E831

{eus

No evidence of CPV

Coefficients: D+, D+, D-
1.6 17 0.4 0.8 0.5
L5 0.95 |- 035 | 075 | 0.45
14 0.9 | g 04
13 + 0.85 | 0.3 ¢ + 0.7 1 0.35 |
12 08 | 0.25 | 0.65 | 0.3 ,+
11 0.75 | 02 | ¢ 0.6 | 0.25 |
0; 00;5/ - 0.15 | + 0.55 | 001-2 -
0.8 0.6 | 01 0.5 1 0.1 |
0.7 0.55 | 0.05 0.45 - 0.05 |
0'60i+—4 0'50i+—4 06i+—4 0'40i+—4 06i+—4
a0_980 K1_1410 2_1270 f0_1370 Phi_1680
Phases: D+, D*, D-
160 | 40 | 30 | 80 1 60 |
] 3 r 75 |
155 | 42.5 | 20 | + 65 F
3 45 F i 70 |
150 f , 70 |
i 475 F 10 F 65 F [
145 : ; 3
50 B ® . 60 | -75
140+ 525 | 0 3 0|9
135 | : : 55
S5 10 f 50 | 85 |
130 | -57.5 | s | o b
s | 60 | 20 | 20
0 + o+ - 4 (i T o+ - 4 (i T+ - 4 (; + o+ - 4 -95 0 ESE 4
Fa0_980 FK1_1410 Ff2_12770 Ff0_1370

FPhi_1680
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LIFETIMES
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LIFETIMES

Q) <T(EL) <t( A<t EN< t( DY< t( DY) <t( DY)

e Measuring charm meson lifetimes is important to study . fgﬁ
contribution of W-Annih e W-eXchange diagrams D" S
e Operator Product Expansion (OPE) Models ~aK

EXT. SPECTATOR

T
D%, 3
d
~5 7\

review: G.Bellini, I.Bigi, P.J.Dornan, Phys. Rept. 289, 1(1997)

+

INT. SPECTATOR

c u

SPECTATOR SPIN-SPIN INTERCTN PI, WA, WX D :_>/ww<<
5 d
e Ratio [t( DY%)/t( D,")] <1 is sensitive to W-Annih ANNIFILATION (WA
e In OPE models, W-Annih operator is the same appearing OC )
in B semilep decays. D™ % C
Y d

EXCHANGE (WX)
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Lifetime measurement technique

eVertex algorithm is driven by
charm candidates (cuton L > N o) eThe fit variable is the reduced

proper timet’ = (L - N 5)/Byc,
where N is the detachment cut
— minimize acceptance corrections

eProper time resolution: (o ~40fs) - —
— No resolution convolution systematics/error inflation =g | Binned likelihood
—Systematic test of the method validity for short lived decays method

The expected number of events in each t’ bin is:

> Acceptance/efficiency/absorption

f(t';) exp(— / ) b, f(t") correction by MC
=(N,-B >b,: background from the ith t’ bin of

> f(t) e t/" >.b. | sidebands distributions

We maximize likelihood function:
THi (@B )Z-bi -aB | Fit Parameters are t , B

H pile e
. nt | (Z.b,)!
1 ~ B-tie term.

Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 27

March 18th, 2004



Charm Meson Lifetimes

D’,D* Signal

30080

20040

100C0

Events /(5 MeVv /™)

Yield(D") = 139433 £ 520 aj

:\_LJIII|IIII|IIII

1.5
K" Mass

1.8

o
(Gev,/c™)

iy 10060

Yield(D% = 68274 + 360 b)

l:l 1 1 i II :I | H
1.7 1.8 1.5

K-t ntn Mass

2
(Gev /™)

Ay - Yield(D")= 109877 £ 385  ¢)

20000

= C

= B

o -

10000 -

3 C

= -

] P .

Lﬁ ':l_ =1 [ o S SR W

1.7 1.8 1.9 2

Komtnt Mass  (GeV /c®)
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D' > K x°
139433 +520 evts

D' S K rtnxt

68274 £360 evts

D" > K x'n"
109877 +385 evts

E831

Events,/{20C f=) Events,/ {200 fg)

Events,/ {200 fs)

D, D* Lifetime fits

10°
104
102

102

1 2 3 4
Reduced proper time (ps)

c)

o 1 2 3 4

Reduced proper time (ps)

11 I 1 11 1 1 1 1
o 2 4 & g 10
Reduced proper time (ps)
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Charm Baryon Lifetimes

.:.The hadronic partia| Wldth has Qualitatively (neglecting mass difference and CS decays):
contributions from mechanisms [(Act) = Tgpec + Doyt I
other than spectator quark decay —fp [(EF) =Tgpec + 17 +17
(W exchange, destr. and constr. PI ) [(ES) = Tgpec + T + I

[(QP0) = Iy + (10/3) I

Expected hierarchy:
[(E) < T(AF) < T(EL) < =I'(Q.°)

March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 29



% % Esg

0. samples

L. i UL L 20 L L ]I
YieId=38:I:$ - Yield=23+17 2] — 1 1 ] T T 1
) o [ T _ Total -
5 = - sample . i
£ = " |-
&2 X 2 1n = -
£ ] e
g E = | .
& E E
& o= [ n
. £ 1
ey 2340 200 S ; IJ] ”ﬂ I
M(= K-r* ) “ U
Year | Expt. Mass (MeV /e?) Mode(s) Events i i
1985 | WA62 | 2740.0+ 20 =—K-gtat 3 |
1092 | ARGUS | 2710.0+ 7.0+ 2.5 | o wtat 11 a — —
1093 | E687 2705.94+3.3+2.0 | Q& 10 2.5 244 230
1994 | E687 | 26999+ 15425 [ LTK- K=" 42 M 25 ALL [GeVic
2000 | CLEQ | 2694.6 + 2.6+ 1.9 | 4 modes 40
2001 | Relle 0607.3+ 1.5 Q-m 04 Yield=64+14
— Mass=2697.5 + 2.2 MeV/c?
-002— 20975 £ 2.6 MeV/c?
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L(QL )= L(E K "7t ) x L(QY )

00 lifetime measurement

e[ arge corrections because of
loose detachement cut

o3 fit parameters: T, B, , B,

March 18th, 2004

Corrected Events/4dfs

10% F

10 E
2 =

107 E

10" E

1

\kk t=79 £12fs
10t Sa=59+11

N

-1
1%ﬂﬂ

Q.50

t’ for signal (ps)

% % E8351

MC correction functlons

28 T T T T | T T T T 25 T T

k.
"l
——
| 1 | | 1 | 1
fit
"

ﬁ—_}!_l | T T T T
+

L/c>0

— T
r
r
."l.
.’/

ta

-

."r

i w L/c>2 i
O — Iaso thfsfofefetifeto ih: %o
(@t for ZK2n mode (ps)
17 T T T T T
B, =503
109 T=Konbg = 52 £ 4 fs
B, =21%2

Tomg = 35 £ 3 fs

E poroml v vrooel ol v 3o

“hﬂﬂ 050

t’ for background (ps)
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(it for Qn mode (ps)

1.00
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0.0 lifetime systematics and result %us

Systematics studies: 100 £ | SK2% mode

»No remarkable effects of o E o mode

production/absorption S E # Combined

> proper time resolution E ool i T

(bin size-fit range dependency) £ wE— NI A A G % T

>as for £0, study effects due S i i ] .

to resolution comparable to the lifetime =E | ., , . . « 7 & o w0 u = b u

»Background studies: signal /sidebands ¢*~—F——t—F—+t——F - =

region (location and widths) Pt i % A
SR tie

Comparison with other measurements

o — FOCUS preliminary
Preliminary FOCUS measurement:

Q. |=79 +12(stat )+ 9(sys) f T 7 PDG 2002:

Accuracy improved by a factor of 2
e S e T e T e T
fs
Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 32
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=
[—]
=

Lifetime (fs)
g

g

300

200

100
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Results for Charm Baryons Lifetimes

PDG2002
FOCUS

FOCUS preliminary

=t 1]

FOCUS significantly improved
the accurancy of all charm
baryons lifetimes.

From the FOCUS results:

T(E+ |
~~ =215+ 0.13
r( . ) (PDG2002: 2.21 + 0.15)

Theory predictions: 1.2-1.7

=1.5%+03

(o?)

Theory predictions: >~ 1
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SEMILEPTONIC AND
NONLEPTONIC DECAYS

_ SKIP SEMILEP
March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 34



New measurements of the D_*>¢utv form factor ratios 1.M.Link et
al. (FOCUS Coll.) hep-ex/0401001 accepted by Phys.Lett.B

A long-standing problem: the form factor ratios r,
and r, describing D*>K%u+v should be close to

D.t>¢utv since only differez-;_igi = Kt(ggg -
quark d replaced witha s ™ | U8 SN
. . A T MBI IHTHIMMITHTHTH SIS
e |attice gauge calculations: = e
. 3 X
max diff= 10% o TURDUUNTE WU
' . DE>el'v, 999 k
° ExperlgnKent. e £ :
—_ rV 2.22 ——\\
r, inconsistent (3.30) \
0:2—05; 'Eg;;:c%; - 'olsl ' ‘I| — 5\\ | 2I
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Form factor formalism for D_*>¢u*v

d’T

o< f(H,,H,,H,
dm,_dq’d cos0,d cos0,dy U Ho H,)

H,,.(q)=gl4,,(a")V (@))]

r, =V(0)/ 4,(0)

A =20 r, = A4,(0)/ 4,(0)
g0 r, = A4,(0)/ 4,(0)
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Searching for s-wave interference in ¢puv

F 5= FOCUS published
S — i
o _ observation for a very
O g g
S| / strong s-wave interfering
£ AN with p-wave in the Kn
5 \/ 5=9f system for D —» K*uv
G AT, TG NO evidence for s-wave
mterference in Ds —>(|)pv
costh wt2 mass SL 1ell2,152,EVIS >0 — — —
100"""""""" rdata’ ! ! ]
rccbar mc ]
S 0 > 10 \ -
. 5 b ol '
100 § o H‘ ++ l
£-200 @ ik |.| .
o S I . ;
5 -300 © 10k
GJ -
o 0] o (T Y T P _ ]
07 08 08 L0 Ll DY) SRR | I PR [ S O
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The my, distribution for D _*->K-K+p™v candidates

Data (solid) and cc
background MonteCarlo
(dashed).

Main background from -
D+>K-K+r+ where  *90F E
a pion is misidentified : :
as a muon

2
(5%
n
o

I

events/2 MeV/c
b
=
o
|

50 |-
oihpltjrl 1 I ||||

1.00 1.05 1.10
M(K*K™) (GeV/c®)
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RESULTS
r,=1.549 + 0.250 + 0.145

r,=0.713 + 0.202 + 0.266

1. Most precise measurement to date

2. very consistent with D*=> Koty

3. very consistent with expectation that the form
factors for the two processes should be very similar
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Form Factors D+->K%utv and D_t>¢utv
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DP analysis of D_.* and D* decay to n+n—n+

using the K-matrix formalism
J.M.Link et al. (FOCUS Coll.) hep-ex/0312040 accepted by Phys.Lett.B

see also : S.Malvezzi Workshop on B physics, Rome Italy January 15, 2004.

e Dalitz plots have been proved to be a powerful tool in
three-body decays, investigating
— Resonant substructure
— Interference patterns
— Final state interactions
— Relationships to light-meson spectroscopy

e Traditionally, isobar formalism used

— Decay amplitude is a sum of Breit-Wigner propagators

— Breit-Wigner amplitudes for a resonance which is broad and
overlaps with other resonances can be connected to the pole
positions only through models of analytic continuation
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K-matrix picture

eThe amplitude is written as asum |
AD)=ae'™ +F + ) a,e BW

eThe amplitude F takes care of S-wave component by integrating
over the scattering amplitudes of the five virtual states =, KK, nn,

”'Tﬂ', 4 / 7T
1=7z7r_ N 7Z-
D" P i : I\Iflflti—body
. —1 4=7777'
F=(I-iK-p)'P )

~—

describes coupling of
resonances to D

— known from scattering data
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To describe the scattering a global fit to all available
data was performed

“K-matrix analysis of the 00++-wave in the mass region below

1900 MeV”

V.V Anisovich and A.V.Sarantsev Eur.Phys.J.A16 (2003) 229

GAMS
GAMS
BNL .-

CERN-Munich
Crystal Barrel
Crystal Barrel
Crystal Barrel
Crystal Barrel

E852

K KK KKK XXX

np—>n'non,nmn, nn'n, |t]|<0.2 (GeV/c2)
np—n'nn, 0.30<|t]|<1.0 (GeV/c?)

p-— KKn

T — T

pp — 7n°n0, n0n'n , nonn At rest, from liquid H,
pp — 1000, 707t At rest, from gaseousf?,
pp — mrnd, K+Kn, KKn0, K+K - At rest, from liquid
np — nnn, wrm, KKont, KK At rest, from liquid D,

np—nnon, 0<|t]|<1.5 (GeV/c2)
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FOCUS D .* —» n *xn *n - analysis

Yield D.* = 1475 +£50

Esnn r S/N D + = 3.41 - e
"%"400 |
5 I* i -
Observe: R
N % 0204 06 08 1 12 1416 18 2
Lowm®  (GeV’/c?)
\ of,(1270)

Sldeband

eWc
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Slgnal *fo(1500) %
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First fits to charm Dalitz plots
In the A~matrix approach

9%
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60
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40

of il e
f: ﬁi |1WJ }Mmuﬂww\ .

60

Low mass projection

" Hh‘massz projection

% % Esg

decay channel

(S —wave)r*
£,31270)7*
p°’(1450)7*

fit fractions (%) phase (deg)
87.04£5.60+4.17+1.34 0( fixed)

9.74+4.49+£2.63+1.32
6.56+3.43+3.31£2.90 | 234.9+19.5+13.3+24.9

13
1E-02
.537
el
2

D/o

168.0+18.7+2.5+£21.7
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*No significant direct three-
body-decay component

*No significant p(770) n
contribution P 1

Marginal role of annihilation

in charm hadronic decays
But need more data!
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% % Esg

Dt— 1w Tt *n ~analysis
Yield Dt = 1527 +51
S/N D+ = 3.64

[*)
tn
[—]
L
[ E——

events/5 MeV
L)

bd
tn
[—]

200 +

100

T M

0 L o
L7 175 1§ 185 1% 195 2 205 31
T GeV/c % 0204 06 08 1 12 14 1.6 18 2

Low m® __ _(GeV?/c?)
Sideband | | Signal

T+ TT-
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D" = 7 7 7 K~-matrix fit results

soé 35 2 EEEZ e %ZT;HZ
" H ’ " | | } | e E e
o } \ ” | B
i
i It |

| i |

S os 1 s T .

f 0y

Low mass projection High mass projection - C,' Lwﬂt_ 7_-7 10
decay channel _fit fractions (%) phase (deg) m;

(S —wave)r* | 56.00+3.24+2.08+0.50 0( fixed)

£,(1270)z" | 11.74+1.90£0.23+0.18 | —47.5+18.7+11.7+5.3
p°(770)z* | 30.8243.14+2.29+0.17| —139.4+16.5+9.9+5.0

No new resonance required not present in the scattering.
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BES 2004 (Zhu, LaThuile 04)

2. o and x analyses
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Figura 3: Tho invariant maes spoctrum of x4
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CONCLUSIONS (K-MATRIX)

e  First DP analysis of D.*,D*— = *r *n - charm decays using K-matrix
formalism

March 18th, 2004

Use information from light-quark scattering experiments (five virtual
channels considered nrt, KK, nn, nn’, 47). CONCLUSIONS:

1. Non-resonant components are described by known two-body S-wave
dynamics

2. Negligible role of annihilation diagram in Ds — &t *xt *n ~
Possible applications in B> pn (not discussed here)

DP analysis of D.*,D*— & *r *1 - charm decays using traditional isobar
model is also in progress to compare to K-matrix model.
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HOT PUZZLES IN SPECTROSCOPY

» Charmonium Spectroscopy
CAVE:
1. Lots of recent charmonium results from E835
(Patrignani’s talk)
2. Focussing on experimental data, for a theory review
see Barabanov's talk
3. No time to cover charmonium hadroproduction
problem
4. Ref.: excellent very recent reviews by
V.Papadimitriou, C.Quigg LaThuile04
» L=1 Excited charm meson spectroscopy
> Exotica: doublecharm, c-5Q, etc etc
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cc SPECTROSCOPY

W (25)
029 .1 |
1.1£5) i h (1P
hadrons ‘ hadrons
} hadrons
Fr-'
n.n0
LA (15)
:,-’
hadrons hadrons y+ radiative
JFC _ o+ 1—— o+t 1++ 1+- 2++
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Long-standing puzzle I
pPT

e On general grounds one expects
_ BR(y'—>h) _ BR(y'—e'e)
O = BR(J/w—h) BR(J/y—e'e)
e This is what we get for ppn?, n+n—®, etc but not for VP states
such as

Qpn<0.23%, Qux,.<0.64%,Qyxoo=(1.7+-0.6)% (BES 2000)
More results shown at LaThuile 2004 (Zhu)
e Proposed explanations:

— Vector gluonium mixed with J/y but not ' (Freund , Nambu 75)

— Large intrinsic ¢ component in p (Brodsky Karliner 97)

— NRQCD, color octect (Chen, Braaten 98)

=(12.3+£0.7)%
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Long-standing puzzle II
1P1

e aka h, was claimed by R704 @ISR (1986)
e Found by EZ760 @Tevatron (1993)

Phys.Rev.Lett.69:2337-2340,1992

FIG. 2. Mumber of events per mnfegraled luminosity ws

nnnnnnnnnnnnnnnnnnnnnnnn

e Not confirmed by E835 (2002)

_ TO CHART
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Long-standing puzzle III:
ncand n(2S)

e Conflicting results in the 80’s (DASP, Serpukhov,
Mark II, Crystal B.)

e n(2S) searched for by DELPHI and E835
and not confirmed

e Spotted by BELLE (2002) in B decays rrw 89 (2002)
102001-1 @nd in the recoil spectrum of J/w cc

i TO CHART
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A somehow-newer puzzle
J/wv ccC

Double CcC production at BELLE

PRL 89 (2002)142001

ete—J/y cC  ete— (7)., CC
) EPS-ID 362

S %0 . 101.8 fb -
= =
g2 i ! |
= { = 5

" | | :

L 11}

0
2.2 26 3 34 3B
Recoil Mass(J/y) GeVic?

ole’'e > J/yn)=46+

LO calculations: 12.31 +1.09 {b

Vaia Papadimitriou (Fermilab)

22 26 3 34 Y.
Recoil Mass(y(2S)) GeV/c®

+7
6_q b

March 3, 2004
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A brand-new puzzile
X(3870)> /vy nt+mn—

e Discovered by BELLE in B decays

e Confirmed by CDF and DO at the
Tevatron in pp collisions

e A DD* bound state ?
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Observation of X(3872) State at BELLE

- T - 12000 — — -
a) data b) MC

300
=
& 2000 |
=]
5 200
=
=
T . 4000 |
i 1o

D = - " 1 B . U —
0.40 n&0 120 0.40 D&D 1.20

MimwI*T) - M) (GeW) M 1T - MIPT) (GeV

—— PRL 91({2003)262001

140 b -
152M Y (4S) — BB decays

B+ — K*J/ymin

L X—=Jhymtme

Ry = 6.3 = 1.4%

M = 3872.0 + 0.6 (stat) £ 0.5 (syst) Me\ 5
Width : 2.5+ 0.5 MeV

489 + 23 1(25) events 8
35.7 £ 6.8 X events 5

10.3 o statistical significance

Vaia Papadimitriou {Fermilab) 040
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March 18th, 2004

hep-ex/0312021
Observation of X(3872) State at CDF

3000 1=EOE 111400 X—J i
1300
2500- 4
| 1200 n ﬂﬂr.. 2
4 I =5
% | el r;( g M_>500 MeV/c
=2000{ [ s
= j|° AeRo 3530 £ 100 y(2S) events
[E ] l 00 t - w
g1500] | g e /30 £ 90 X events
o .
% T i .-:l': - " + 'l-l'll'I I‘#t“{iﬂﬁwih?*f
5 100017 | e, Jger ot
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M, s, = 3685.65 + 0.09 (stat) MeV/c?

M, = 3871.3 + 0.7 (stat) + 0.4 (syst) MeV/c?
W(2S) Width : 3.44 + 0.09 MeV/c2

X Width : 4.9 + 0.7 MeV /c?

Vaia Fapadimitriou (Fermilab) March 3, 2004
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Observation of X(3872) State at DO Moriond 2003

X—J

M, >520 MeV/c?
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Belle B — K*nta~ J)

-I I’LI.I}IIF 1 I 1 1 || I I-
300 —
> - i
D | J
:J - -
o
5 200 _— —_
< i J
n
= i J
9 i J
w100 = —
[ X :
'EJ I [ | ] ] [ | I |
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M T - MIPT) (GeV)

Phys. Rev. Lett. 91, 262001 (2003)
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Run Il --- CDF Preliminary ~220 pb”’
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L=1 Excited Charmed Mesons
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Charmed mesons spectroscopy chart (ante Spring 2003)
Se .S,
?
Mevfc z L =0 L =1

In the heavy-quark limit, the

heavy-quark spin Sq and the 2800
total angular momentum of the
light-quark jo=L+$ are
conserved

2600

PREDICTION #1: Each
level is composed of a
degenerate doublet of
states with the same j, and 2400
total angular momentum
J=j £ V2.

jq="2 states are predicted
to be broad (100-200MeV
width). PREDICTION #2:

2200

FLAVOUR SYMMETRY
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RY Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati
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D*"  ENIGMA

Observed by DELPHI (P.Abreu et al, PLB426, 231 (1998)) e not confirmed
either by CLEO nor by OPAL.
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EVIDENCE OF BROAD STATES

Observations

hep-ex/030702
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e Processes studied:
= yN-> D+ +
— DOSKn
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DOzt and D*n-

E&21
s
hep-ex/ 5‘)312060

mass distributions

2

M(D*+r~)-M(D+)+1.8693 (GeV/c?)

Shorthand: AM,
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Charm Reconstruction at CDF M.Shapiro, FPCP 2003 Paris

CDF Run Il Preliminary CDF Run Il Preliminary
oo00d Signal Window: 735000 D7s ~80pb" NU Signal Window: 572000 0''s ~60 pb”
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Greatly improved charm physics capabilities with impact
parameter trigger using silicon vertex detector. Nonetheless,
huge comb. bkgr at primary vertex. Hadroproduction not the best
place to look for L=1 excited D mesons
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PRE-
SPRING
2003

The overall picture
fairly well established,
with a few puzzles
remaining
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D.; OBSERVATIONS BY BABAR CLEO BELLE

d I_I:.:;';l .-ﬁ'i"i'u"i'fu

Fig. 16. — New I.:':_" P (231T) and J'.:'_:I  (2483) slades obzerved by HAHAR (o,6) [209] and CLEC

I.I iy Illl-I .I_I |I |-I.I.

*BABAR finds prominent narrow resonance Dsj(2317)->Ds* =0

*CLEO finds prominent narrow resonance Dsj(2463)—>Ds** r!

e BELLE finds evidence for Dsj(2463)—>Ds*y and determines JP=1+ for
Dsj(2463)

i TO CHART
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D¢, OBSERVATIONS BY BABAR CLEO BELLE

1. It seems natural to interpret Dsj(2317) and Dsj(2463) as

0+ and 1+ states, respectively;

2. They are narrow because below the DK threshold, and therefore isospin-
violating;

3. Much lower mass than the 1t (2535) and 2* (2572) “narrow” partners;

4, Where are the corresponding cu states (if flavour symmetry applies) ???
They should be lighter than Dsj(2317) and Dsj(2463).

MeV,C : L =0 L =1
s JP = 0 1 o* 1* 1* 2t
Bardeen Eichten Hill 00 4= 0 1 T - 32 z
hep-ph/0305049 : : ~
Combine HQS and chiral invariancesoo}- e I"li":: ...................
Form doublets (Ds,D*s) with . BN TN e o D
4 I I 4 e ) - S, D ;.‘_2
(DSO+,D51+) 2400 I ™~ Pk ﬁ ‘..._,u -
L I IN f!ol ...... .'...n
[ 3
[ I I / / .’.‘ 33""
T / = g.!'t
2200} I rd gttt a\"l
I A 7 g s cn >
s 4 ‘\\5‘.“2 “Se “
2000 - : //-L * Ca“ X ¥ p\aee wave
I / o+ D 3“5 P - wave
1800 - D T D oweve
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THE SELEX

DOUBLECHARM
BARYONS RIDDLE
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Double charm baryon search: =+ & =*+__

An extensive search was conducted in 2000 using:
~20 000 A".— pKn + ~1.2 millionD 0 (Kr, K2%, K37 )
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FOCUS data for SELEX decay modes

FOCUS efficiencies assume =}, (271

) lifetime of 0.2 ps (1.0 ps), a mass of
3.6 GeV/c?, and production characteristics of a 3.6 GeV/e? Z, particle in PYTHIA

% | SELEX signal area shaded SELEX signal I
Wl N “ area shaded N
43 3.8 34 4
M(._. soleed]) GeVic™ M(._. solecul) GeVic
Decay Mode =t ATK T ET S ATK Tt
Experiment FOCUS SELEX FOCUS SELEX
=.. Events <221 @ 90% 15.8 <221 @ 90% 8
Reconstructed A, 19, 444 + 262 1650 19,444 + 262 1650
Efficiency Relative to A, 5% 10% 13% 5%
um/fﬁ <0.23% @ 90% 9.6% <0.09% @ 90% 9.7%
ggﬁ% Relative = 3= Prod > 42 @ 90% > 111 @ 90%
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Charmonium Hybrids
well-suited for a hadron collider

Charm Supernuclei
need very ambitious vertex detector
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BREAKING NEWS

H1l EVIDENCE
FOR A CHARM 5Q
hep-ex/0403017

M=3099 + 3 (stat.) £ 5 (syst.) MeV

uuddc candidate

> 40 L e
@ L
= (a) H1
= - e e :
= 30 e D"p+D"p -
3 i wrong charge O ]
w D*MC
2
=
=
I}

M(D*p) | GeV |
> 40 L e
@ L
= (b) H1
=] N J
T 30t ¢ D"p+D"P .
3 i wrong charge O ]
w D*MC
2
=
=
I}

M(D*p) | GeV |

Figure 2: Distributions in M{[2*p) for (a) opposite-charge and (b) same-charge [*p eombina-
tions. The data are compared with a two-component background model in which “wrong charge
D W™ combinations are used to deseribe non-charm related background and the 0% MC™
simulation deseribes background involving real [* mesons.

9
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OUTLOOK AND CONCLUSIONS

o Lots of new charm quark physics results from B-factories, BES,
CLEO-c, FOCUS, CDF, DO, H1, ZEUS ...

eFuture charm experiments: COMPASS, BTEV, PANDA, SuperB-
factories, ...

eGolden physics items:
eNew Physics in CP Violation asymmetries (or rare decays, not

discussed here)
oSilver physics items:
o[ eptonic and semileptonic decays (decay constants,

formfactors, etc)
eSolving the puzzles in spectroscopy

e Due to its unique production mechanism, PANDA will have leading

role in

eCC spectroscopy;
eCharm quark in nuclear matter, charm hybrids;

e and perhaps CPV, but watch the competition by 2013 !
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-------QUESTION SLIDES-----
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Models...HQS/HQET

“The hydrogen atom of QCD”

In the heavy-quark limit (mgy>>Aqcp) the heavy quark
\ spin Sq, the total angular momentum of the light quark
/ Jq=L+S4 and the total angular momentum of the system
J = jq + Sq are conserved

As m, increases the system properties are increasingly dominated by light quark
dynamics.

If mg and m, >> Aqpc the system is described by a non-rel. Schrédinger equation
with a generic two-body potential V=V +V+V,

With
V. = central potential + linear confining term
Vs = spin-spin potential + color hyperfine interaction (1/mgym,)
Vg, = spin-orbit potential + color magnetic term (1/mq,1/my,1/mqm,)

If mg — « the meson spectrum consists of degenerated spin doublets with:

1
JP = (Slighti E)P

In heavy-light system states with J =1 can mix. Topical issue:
- Can HQS work with c-quark?

Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati
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Flashing on lattice QCD

Reminder:
- Calculation are performed in discrete space-time lattice: lattice spacing <<
1/Mquark;

e High computational requirements

- In the case of one heavy quark the dynamics can by written in powers of
l/Mquark;

- HQET help to reduce computational requirements (NRQDC);

- NRQCD works well for bottom meson;

Topical issues:

o Is the charm mass heavy enough for NRQDC?

o Again mass splittings between P-wave mesons?
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Synopsis of running and planned experiments

Ref: D.Pedrini LEPTRE, Roma 2001

Int. L Cross Cross #Hevts # evt Physics
(10**7  Sec. Sec. bb cc ric. start
sec) cc bb prod. date
BABAR ete- 3x 30 fb-1 1.2 nb 3.6x 3.6x 1999
Y(4s) | 10**33 10**7 10**6
asym. | cm-2s-1
BELLE ete- 3x 30 fb-1 1.2 nb 3.6x 3.6x 1999
Y(4s) | 10**33 10**7 10**6
asym. | cm-2s-1
COMPASS FT ~1x 1tb-1 | ~10 10**9 ~5x 2001
n-Cu | 10%*32 ub 10**6
cm-2 s-1
CESR/ ete- 2x 2tb-1 | ~10 2 X 2 X 2003
CLEO-C 3-5 10**32 nb 10**7 10**6
Gev cm-2 s-1
BTeV ppbar 2X 2 tb-1 > 100 ub | 10%*12 2 X 10**9 >2005
2TeV | 10**32 500 10*11
cm-2 s-1 ub
LHC-b pp 2 X 2 tb-1 > 500 pb > 10**12 >2005
14 10**32 500 10**12
TeV cm-2 s-1 ub
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conth,

1" dewave

. custly
1" dewave

Full partial wave analysis of
the following decays:

B - Djon‘
D]-0 — D**n~

D** — D%~

March 18th, 2004

PLCidn v widin vy TIVL TUPILD 1 CHIdL I 11y oied I AN VVUINDINIVEY ULl |uacat|

D 1 Cleo L. Rodriguez. HQF98

Data sample ~ 3.1 Million BB pairs
D; is complete: is possible to distinguish the three L =1
states by angular distribution of final state.

Fit function includes:
e Angular distribution term
e Narrow states fixed at PDG values)
e Strong phase shift
e 1* states mixing parameter
e Background parameterization

Fit results:
D, mass 24610 £ 0.010 £0.032 MeV/c2

D, width=290"'%" +26 +36 MeV/c2

Good D, narrow signal
also seen in Focus

35 "4
M(D ") (GeV)

3
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E831
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Successor to E687. Designed to study charm particles produced by ~200 GeV
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K7, K271, K31 combined

photons using a fixed target spectrometer with updated Vertexing,
Cerenkov, EM Calorimeters, and
USA, Italy, Brazil, Mexico, Korea.
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capabilities. Member groups from
DATA COLLECTED IN 1996-1997
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Successor to E687. Designed to study charm particles produced by ~200 GeV
photons using a fixed target spectrometer with upgraded Vertexing, Cerenkov,

E+M Calorimetry, and
Brazil, Mexico, Korea

capabilities. Includes groups from USA, Italy,

1 million charm particles reconstructed into D—Kr , K2r , K3=
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Baryon
multiplets

SU(4) Baryvon Multiplets
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W IIIVIMINT MIVW

New precise meaQEQINGTL;Ursm NES+ and D2*0, with

errors better than or equal to PDG03

o Evidence for broad states in D+n— and D%+ final states

. Puzzle of DS+—> (I)pt*\/ form factors discrepancy solved with new precise
measurement

. First DP analysis of D.+,D*— nt *r *n - charm decays using K-matrix
formalism

e Use information from light-quark scattering experiments (five virtual
channels considered nrt, KK, nn, nn’, 47). CONCLUSIONS:

1. Non-resonant components are described by known two-body S-wave
dynamics

2. Negligible role of annihilation diagram in Ds - &t *rt *n ~
e Possible applications in B->p=n (not discussed here)
e DP analysis of D.*,D*— = *r *1 - charm decays using traditional isobar

model is also in progress to compare to K-matrix model.
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Fitting D%z and D*x~ mass
d

« 3500 —

2500 3000

2500

2500

1. D-wave fixed
to PDG D2* mass and
width

20001

2000
2000

1500
1500

10001
1000

1500

500 5001

/.:::l‘-__ Y

Number of Events/10 MeV/c® |
Number of Events/10 MeV/c

1000 0 2.2 .- 2.4 2. 3 26 2.7 2.8 28 3 I E 24 25 26 2.7 28 29 3
— Fit — Fit
----  E687 Background function i 5587 Baslsground function
e Sowave D70 - S-wave Dy’
0 =7
Feed-down D,'0 Food i Do
# Feed-down D, 1

s 4.5 25
GeV/ct AM, GeVic

2. D-wave free fit 3500

] 3500

L)
2]
parameter 3" 5
E i : 3000
) 2500
B 2000 i
£ 1500 : 2500 20001
o i
Lﬁ 1000} I b
) us 1500 : 2000 i |
Bad fits, excess )
O f even tS be tW e en Dz* § 1000 N R Y TR TN Y T : 022 23 \' ..N“‘... 3
__ E;ST Ba;k‘ground function 1000 - . 2237 Background function
ety S bWave o
2

Feed-down D0

7 Feed-down D+
# Feed-down D,

# Feed-down D+

and the feeddowns

4 4I.5 5 . . 4.5 5
AM, GeV/c? AM, GeV/c?

March 18th, 2004 Stefano Bianco - Hot Topics in Charm Physics - PANDA Workshop at Frascati 92



3. Add S-wave
Fit cl=22% now

4. Recompute the
feeddown lineshape
using the D2* parameters
measured in Step 3.

Fit c|I=28% now
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Significance of S-wave excess

2 e
s a) £ i b)
o °
o 35F 5 |
ﬁ t -g 25F uoted Significonce
> 3F 3 |
2.5 N 2 :'— S
4 1.5
15 Quoted Significonce »
|
1 -
: S 0 2 4 6 8 10 12
*0 i .
DavSlgnificance  io D,*+ Significance  Y/5Y

The broad excess observed could be the broad state D,*,
or the feeddown from a broad D, state[[>{ s feedonn s
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RESULTS

*0 *+ *+_ *0 A\Y 0 n A\Y + n

D2 DZ D2 DZ D 1/2 D 1/2
Yield 5776+869+696 | 3474+670+656 9810 + 2657 | 18754+2189
Mass 2464.5+1.1+1.9 | 2467.6+1.5+0.76 | 3.1+1.9+0.9 | 2407+21+35 | 2403+14+35
PDGO3 2458.9+2.0 2459:+4 0+ 3.3
BELLEO3 2461.64+ 3.9 2308 36
Width | 38.7+5.3+2.9 34.14+6.5+4.2 240455459 | 283+24+34
PDGO3 2345 2548
BELLEO3 45.6 8.0 276466

Errors on D,* masses and widths smaller than or equal to PDGO03
Agreement with the recent BELLE result (hep-ex/0307021).
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SYSTEMATICS STUDIES 1

D, D,™* D,"*-D,™ "D " "DFyp”

Mass | Width | Mass Width | Mass Mass Width Mass Width
L/o< 30 0.160 | 1.231 | 0.134 | 0.960 | 0.294 0.926 |15.73 |[0.050 |2.871
Part/Antipart 1.67 |0 0.53 |0 0 0 0 0 31.4
PD < 70GeV/c 0.227 | 0.705 [ 0.392 |1.983 |0.165 2.482 |8.509 |10.38 |2.500
Different Fits\ "1 0.412 | 0.272 | 0.124 | 0.693 | 0.353 10.48 | 43.95 |1.439 |8.635
Fit Regions 0.376 | 0.536 | 0.174 [ 0.991 | 0.315 1.571 | 12.80 |1.209 |6.657
Feed-down tests 0.633 | 2.373 [ 0.262 | 3.289 | 0.443 32.71 | 31.91 |32.45 |6.137
Binning tests 0.442 | 0.576 | 0.113 | 0.770 | 0.550 6.584 | 6.652 |6.380 | 0.894
Mass Scale 0.100 | O 0.100 | O 0.100 0.100 (O 0.100 (O
Total syst. error 1.94 |28 |0.76 |4.2 0.91 35.1 |59.0 34.7 34.0
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° Bacél(ggro
1.

2.
3.
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SYSTEMATICS STUDIES II

e(A+Bx)

und shapes:
'(x-C)°

e(A+Bx+Cx2)

4,

=l

Stefano Bianco

- Hot Topics

e(A+Bx) /(1+e(D—x)/E)

in Charm Physics

(E687)

(L3)

- PANDA Workshop at Frascati
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THIS RESULT AND THEORY PREDICTIONS

Predicted mass differences with respect to the D meson compared to this result

Reference D,* D1 D1 D,*
Ja=32 |jg=32 |jg=12 |jg= 1,2
;P2 3A1 1P1 3A

This paper 599 + 2 538 £ 39

World Av. 5033 |[556 x4

Kalashnikova et al. (2002) 579 562 603 564

Di Pierro et al. (2001) 592 549 622 509

Ebert et al. (1998) 584 539 626 563

Isgur (1998) 594 549 719 699

Godfrey and Kokoski (1991) 620 590 580 520

Godfrey and Isqur (1985) 620 610 560 520

Eichten et al. (1980) 645 637 498 489

Barbieri et al. (1976) 428 380 339 259

De Rujula et al. (1976) 494 464 384 374
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Levels Splitting (I)

« L = 1 between c and light quark (u,d,s)

® jight = Siignt + L is approximately good Q number if m. >> Aqqp

e Idealized picture is a “doublet of doublet”

3q
0 > M. >> Agep
Mme—> 0 3/2
/
N 3/2
No spin
1/2
d /
N
1/2
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Levels Splitting (II)

Doublets of doublets...But what happen in real life?

Ebert Di Pierro
J = 2 ....'u o 2 ..'u, 0”.
"l e
—_ . vh - ~,—l‘—.'
J - 1 LA 4 1 ..:o::..
..Mq is not infinite: working with J=1 w1 _—
the real mass causes the P- I
_ 1=0 0 :
wave states to overlap. But:
- The L= 1 states pattern is ] 2Lewis Woloshyn (lattice) Kalashnikova (lattice)
not wunivocally described by - 2 T
mOdeIS. J et 1 .... K 1 "‘_’."’_.'.
e ,:}’::.. ...:.0 ."
- The choice of potential is 7 =1 et 1 W
crucial. j=0 U RO
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Measurement of masses and widths of excited

charm mesons, and evidence for broad states

J.M.Link et al. (FOCUS Coll.) hep-ex/0312060 accepted by
Phys.Lett.B

» Processes studied:
1. yN > DOzt + X, DO>K-n+,K-mt+m+m—
2. yN-> D*n+ X, Dt*>K-n+n+

e Feeddowns: () ()
1. D;*(jg=3/2)>D*%7%, D*0>DO(n0y)
2. D,¥+>D*0gt, D¥03>D0(nly) <1
3. D;*(j;=1/2)>D*0n*, D*0->D(n0,y)
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