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Summary

Both experiments have extended charm physics programs :
I will present only some of the more recent results (highlighted in red
for BaBar and green for Belle, common 1n blue).

*Charm mixing : hadronic D" mixing, ....

*New states spectroscopy : D (2317), D,(2460) , D,(2632) ,...
*Production and decay BR measurements : 29, — Q-K*, =-1tF, ....
ecc recoil spectrum

*Measurement of charm hadron masses and widths : A_, ....

*Semileptonic DY mixing, ....

*Rare and forbidden decays : DY — [*[, ...

eDalitz plot analyses : D’ — K%ttt , KO K*K-, .....
and much more
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Belle @ KEK

BaBar @ PEP-II

‘ BEL 1 F Detector

1. Silicon Vertex Detector

2. Central Drift Chamber

3. Aerogel Cherenkov Counter
4, Time of Flight Counter

5. Csl Calorimeter

6. KLM Detector

7. Superconducting Solenoid
8. Superconducting Final
Focussing System

Both detectors optimized for B physics BUT all-purpose

« Asymmetric e*e” collisions at Y(4s) (+ off-peak for continuum)

* Very clean environment
 Excellent vertexing (SVT), tracking (DCH) and PID (DIRC) essentials for
all charm analyses as well as excellent 7°,y detection

Remind: G(bl_)) ~ 1.05 nb on resonance and o(cc) ~ 1.3 nb (continuum)

B-factories are also charm-factories !
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~90 % data @ Vs = 10.58 GeV - Y(4s).
~10 % data @ s = 10.54 GeV (off resonance)

[Ldt =244 b (Run 1- 4 total)
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Hadronic D° mixing

DY from D** — DYt

slow

DY— K*m- decay ; analysis a la Cleo R, = DCS/CF decay rates

J:J'E

+4/2 (Tt)2 x =Am/T"; y = AT/(2T')
t 4 | |

4 o T [Rp + VRBY (T0) +

1

x

e strong phase difference dx; —
we measure x and y rotated by ok,

n mixing
-

X’ =X c0osO + y sind
y’ =y cosd — X sind

Cabitbo i ime dependence disentangles
suppresse . s o
‘e o t-e \f interference term
t2. et  mixing
£ =(Ipy/Ppo) X My, interference term f(t) — sensitivity to mixing
o(t) ~ 200 fs e categorize backgrounds by f(t)

e fix in the timing fit — recover interference

Fabio Ferrarotto, INFN Roma WIN 05, Delphi, Greece



mixing fit, =’ free:

mixing fit, =’ fixed:

project™ of full
(M, Q) region:

» lgf."r?lbing — ?1.9{-‘16[}

e ' =0 fizxed —
2 /npins = 73.2/60

e toy MC at ' = 0:
P(£? < ;r{;i?t} = 8%

e CPV fits also done
(D9, D "separately)

Hadronic D mixing
timing fit results (/10—3)
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If no mixing, no CPV measure R =(0.381 +0.017 008 ' ) %
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Hadronic D° mixing

e Most restrictive single result; cf. BaBar PRL 91, 171801 (2003)
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e both favour values v ~ 1%
(but strong phase dk,, between DCS and CF decays, is unknown)

e Update with full statistics is underway . ..
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Search for DS (2632)

Selex reported the observation of a new narrow charm-strange
meson : the D*,(2632) — D' n, DYK*
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Search for DS (2632)

BaBar sees no evidence for production of D (2632)
in D* 1, DYK* and D™KY, in 126 fb! of data

N(D,*) = 196000
N(M) =3900 correlated m

D*n
Fit after 2D bckg subtr.
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Dﬂ*(2317) and D ;(2460)

Two new cs states observed :
D *(2317) and D;(2460)

— predicted (Godfrey-Isgur model)

++ observed Lot of excitement by theorists
3
A o *Well established
28 I L *Observed both in continuum and B decays
- [ — D «J¥ consistent with P-wave
L 26 Dsl 52
SO =
9 —— DK
(" - o
° 24 D, o To be understood:
: D. - eMasses lower than predicted in potential models
22 p* *Very small widths (I' < 10 MeV exp.)
. = *Isospin-violating decays
o e N T T D, (2317)" = b,
o 1~ o* 1t 2* 3 D,(2460)" — D’(2112)"n’,
JP
) S-wave " P-wave "
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_ Production in continuum

D_,*(2317) *»D_*n°
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_ Production in continuum
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_ Production in continuum
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Production in
Belle D,, states
B decays

B - DD

sd
I I I I I I I l | I 1 I | | I I I_
0T D_,* (2317)*™
L -D +TCO i
20
bt
> e
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ﬁ 0 W e e :
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20 t :
.

cos(0,.,)

D_,*(2317)*»D_*n®  D_,(2460)*-D_*y

Data agree with J*=0* (D_,(2317)) and 1* (D_,(2460))
Br (B°-DD_,* (2317)*)=(10.3+2.2+3.1) x10~*
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Belle _ First observation of B%D_,"K*

D_; (2317) »D_n° (D_~¢m, K*K, K.K)
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Measurement of

Decay chain :
Q ()= A K (T)—=p m K (1)

B(E® = Q- K+)

=) BR

BaBar preliminary
2000"'I"'"'I"'I"'I"'I"'I"'

1500

25 MeV/c>

1000

500

-

200

150

B(=0

— = 0.294 + 0.018 &= 0.016
e 7 = L_)

Consistent with spectator QM
prediction = 0.32

Z.Phys.C55, 659

Previous CLEO result:
PRL 79,3599 (1997)

B(Z? - Q- K7)
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Measurement of =’ BR

=0 are produced both in B decays and in continuum production.

C

Study the production using

p” in the CMS frame.

B decays
© 50000F
§4oooof— ‘ A B(B — Z/X)xB(Z = Z " a")
%300005— E = (2,11 =0.19+0.253) x 10~ *
Q C 3
gzooooj—} :%: = . _
E L = Continuum (cc)
5 10000 -
o S T ] | o7 — E2X) x B(S] — 57a)
> E e < Off-peak — (388 £ 39+ 41) b,
G 40000 | o=l
%30000 —a— b ‘/_f
9.20000 —— = o | |

& 10000 —— 3 p(£Y) < 1.2 GeVimplies production with

‘E N i — o/ 1 ahigh mass particle (mass > 2.0 GeV/c?)
w 5,\_‘\,1&*, 7 T T~_ .~ 1 probablyinb — ccs decays. (see also

0 1 5

= b (Gevioy

indirect observation)

_——
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[N << recoil spectrum

well established method (e.g. double cc
production)

J/y

Calculate recoil mass (mass of X):

2
\/(E _EJ/R//) pJ/l//

Reconstruct

rbﬁ 75 - new I
§1DD i
2 N=148 * 33 (4.5 o)
& 75 o M=3940 * 11 MeV
E 35 36 37 38 3944 41 42
50 Reconstruction of
additional D or D*
25 D beside J/y -
0 | — new resonance decays
2 2.5 3 3.5 4 %5 to DD*;
Recoil Mass(J/y) GeV/c - not seen in J/y®
confirmation of n_(2s) after 1lst probably not Y (3940)

observation by Belle
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Measurement of A _mass

M
BaBar has great potential to improve on existing charm
hadron mass measurements.

Charm hadron mass measurements on PDG 2004 known with a
precision ~ 0.5 - 1.5 MeV/c?.

Done mostly 15-20 years ago with samples of O(10% — 10°) events.

BaBar has a VERY large sample of reconstructed charm hadrons.

Very good detector performances and resolutions ; good control
over systematics .
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Measurement of A _mass

Ae — XR'KT.2% - Ay

o 50 3
> : ! . . AROR+ — 0 -
@ | M )=264220 ! - ! s AN — pmT, > T
5 %0 ;ufft}’:g_., mevrer ] BaBar prelim. \e = AKTKT,A—pn™ K" = a7n
% woF lo=toosmevict fI
5 Small Q value to
T 20 | « . . .
8 'Sy dLT ik minimize systematics
Ul - II ll "h.f"f ' i‘-...‘,f?“|;‘||\I 5 S -
BT Uk S i (limiting factor for this
T 3
g 2 Mt . T measurement)
% :3 e - O ,-_‘_," -'. = = . ..'-. - o .._. ~—
I , , _ , , PDG 2004 value
=Z 225 2.26 2.27 2.28 2.29 2.3 2.31 2.32 2.33
YOROK* Invariant Mass@y
“o 450 :
2 400E[ M{A j=4627:84
E 232 GE"LL:FELJ .Iule'l.l'ifcl BaBar
§ Soo[ D Much larger control samples :
2 150 A, — pK7t ~1.5x 10%evts
100

A, — pK, _24x 10° evts
(higher Q)

Normalized Residual
WNaOaNW

225 296 227  2.28 .29 2.3 337 232 2.33
AR°K* Invariant Mass (GeV/c?)
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Measurement of A _mass

re — soron- M(Ac)=2286.30320.181 (stat.) £ 0.126 (syst.) MeV/c?
r — arex m(Ag)=2286.50120.042 (stat.) £ 0.144 (syst.) MeV/c?

Control sample
A—PKT  m(A)=2286.39320.018 (stat.)|
A —pKs m(A,)=2286.361+0.034 (stat. )

&+ 0.428 (syst,) MeV/c?

Combined measurement :

m(A,) = 2286.46 + 0.14 MeV/c?

About 4 times more precise than PDG (2284.9 + 0.6 MeV/c?)
and 2.5 ¢ higher

Most precise measurement of open charm hadron mass to date !
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Conclusion

Charm physics 1s very much alive :

* New spectroscopy

e High precision mass (and width) measurements
e Search for rare processes (and new physics ?)

Some expected, other unexpected/puzzling
observations/discoveries
Lots of questions addressed with more stat. collected

More results will be shown in summer conferences.
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