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The BaBar Experiment

BABAR Detector

Instrumented
Flux Return

1.5T Solenoid

® Detector optimized for B physics
Drift Chamber

» Excellent tracking

= Excellent particle identification
= Excellent y, % detection

® Data:

~90% @ +[s=10.58 GeV Y(4S)

e~ (9.0 GeV)

Electromagnetic

~10% @ \/;:1054 GeV q(i Cherenkov Detector / Silicon Vert Calorinatat
(DlRC) Hicon veriex
* 244 tb-! recorded so far Detector
256M BB pairs
3I7M cc events ) BaBar is also a charm factory

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin 2
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Ongoing Charm Physics at BaBar

& BaBar has extensive charm physics program:
* Charm mixing and direct CP violation.

e.g.: Hadronic D° mixing, Semileptonic D mixing, D*—>K*K-r*, ......

« Rare and forbidden decays. e.g. : D'—/"/, ......

= Spectroscopy. e.g. : D(2317), D ,(2632) ,......

« Dalitz plot analyses. e.g. : D’->K° n"n-, DK’ KK, ......
* Production and decay branching fraction measurements.

e.g. : Cabibbo suppressed A, decays, = —>Q K", =Z >E7n", ......

= Measurement of charm hadron mass values. e.g. : A_mass, ......
* And more ......
& Present a few of the most recent measurements (highlighted in red)

& Use of charge conjugate states is implicit throughout, unless stated otherwise.

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin 3



Semileptonic Charm Mixing

¢ Neutral D mixing is expected to be small (~10-%) in SM
¢ New physics effects may enhance the mixing rate
¢ Search for mixing using semileptonic charm decays
No contamination from Doubly-Cabibbo-Suppressed decay

Right-sign unmixed decays Wrong-sign mixed decays
ES 0 ES
D — ]|:) Tc+tag D T ]|:)O Tc+tag
—Ke'v —D0 — K'e'v
D*—D"m, D*—D'm,,
N K*ev L DY — K-e'v

Rz =T(D° — D - Kte ) /T(D° = K etv)
Using Am=m(D%z")-m(D?) and D? proper time to separate signal and background

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin



Semileptonic Charm Mixing (87fb-!)

Am=m(D°t")-m(D°)

&
Sioon| Unmixed: 49620 + 324 (stat)

Am projection _m pesignal
[ Peaking D*

Events /( 0.001 )
g

250 [] Random D*
i ‘} B Random D°
300 [ Zero Life
25D { 6.14 0.145 0.15 0.155 0.186
L deltaMass {GeVic2)
200 '
150 ’ Fix the signal and bg PDF using
high statistics RS events
100
50
0 S ey s N(mix): 114 * 61
0.14 0.16 0.18 0.2 0.22 0.24
dm (GeV/c2)
R_ =0.0023+0.0012(stat)+0.0004(syst) (~5% probability of getting a

N(mix) value larger than 114

R <0.0042 (90%C.L.) for R, . =0)
mix Phys. Rev. D70 (2004) 091102
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e Small or zero branching fraction in SM
¢ New Physics may enhance these

e.g.: R-parity violating SUSY
s Search for D%—e'e, uu-, ety

= Blind analysis

= Normalized to D°—>n*n

» D**—DO%* tag to reduce background

= UL set by Feldman-Cousins method

B(D® s ete”)<12x107°% 90%C.L ¢ ¢t
B(D° = utp™) <1.3x107°% 90%C.L

Search for D°—I'I

Signal box

~

La¥
L]

+, FLL

ANy

MeV/c

1
3.2

Events

B(D® — e*p¥) <81x1077 90%CL £ fery

Z

A factor of 2-10 improvement over 0

previous measurements

=4

1.7

1216 fb~*

Sideband

4

BABAR
L

L

1.75 1.8 1.85

Phys.Rev.Lett. 93 (2004) 191801

Chunhui Chen, University of Maryland
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Search for D ;(2632)

SELEX reported the observation of a new heavy state decaying to

D:J(2632) N D;Ln : D;FJ(2632) —y DYK T  Phys.Rev.Lett.93:242001 (2004)

0 et
a)l D)y Mass  26359+20 g - WDk

y)

;: :: Mass 2560.0+4.3 26315410
k) 20 ()
2 2 SELEX = (L SELEX
— 13 &
G E L
E i - 4
5
2 -
0
0
g b]D" K-
El -
4
2
0 550 B0 B0 00 750 200 830 UFDU 550 600 650 700 TS0 BOO 850 900
AM = MIK KT ) -MIKKn) MeVie AM=MiKkT K j-ME®) MeVie”

D, DU K

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin 7



22500
«, 20000
%;1?5nn
= 15000
" 12500
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2500
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events

Search for D ;(2632)->D.* 1

= BABAR

preliminary

N(D,*)=196000
126fb-!

HTTT IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

1.825 185 1.875

2

m{K*K™n") GeV/ ¢

100 -

SELEX
N(Ds")

b
=544+29 El
1

60 -

MEFJI

195

ol L) b

D.*

"
-
2.

M(KK::) Gew&

Chunhui Chen, University of Maryland

900
2800

o o -l
o O O
o o 49

400
300
200
100

events/5 MeV/c?

events /4 (MeV

= Bu4BA4R
- preliminary N(1)=3900
= 126fb™"
- I
3 n associated with
i D,* production
EI 111 | 11 1 | 111 | L1 1 1 I 111 1
83 04 05 06 07 0.8
m{y ¥} Gev/c?
SELEX
ot N(n)=5087+863

sl b beaaa by b e b b s
450 475 500 525 550 575 600 625 630 675 700

m, 54 8+29

Inclusive n without
requirement of D_*
association

My MeV/ic?

DIS 2005, Madison, Wisconsin




Search for D ;(2632)—-Ds* 1

Correlated D,'m spectrum
(i.e. after 2D background subtraction)

SELEX

25 a) by m Mass 26359+29

S0

2.632 BiB.ir

l preliminory
N“ 50 b mixed event

2.9 2.6 2.7 2.8 2.8 5 0

k2
0

events [ 10 Me"{.-'-::]

e}

events,/ 10 MeV/c?
. .

S0 600 650 700 750 800 #30
. 2 AM = MK'KT' 1) - MKKT)  MeVic
m{D*, ) GeV/c

BaBar sees no evidence for D};(2632) — Dfnin 125 fb~' data

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin hep-exIO408087



Search for D ;(2632)—>DO*

SELEX
D;(2573) 2.632 GeV/c?
\ / _ g wD'K
1400 — i =
B :/ = Mass 2569.0+4.3 2631.5+1.9
1200} \ # " BABAR 2 4|
- + i preliminary <
g 1000 - 4 : E
i ' B4 r
S w0l oy
= so00[ ' b Il &0
Lttt * by ity dl
g B . +++*+* 0 PArEY | 1 T T O A Y | I
L 400 - 8 by DK
D'K- B E bof
\29Q_\A : 4
3.45 25 2.55 2.6 2.65 2.7 2.75 I:IFD] 550 600 650 700 TS0 ROO RS0 900
m(D0K+) GEVICz AM=MIEKT K i-MET MleVic”

BaBar sees no evidence for D}(2632) — DK™ in 125 fb~" data

hep-ex/0408087
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Search forD_;(2632)—-D**K,

D;(2536) (p* > 4.0 GeV/e) 2.632 GeV/c?
N\ i

TN

preliminary

BaBar sees no evidence for
DF,(2632) — D*t K, in 125 fb™ " data

o) 12(};— H

o

C { 4
205— ,,,## Mﬁﬁgﬁﬁwﬁ \Hﬂ +++MWW

0.45 0.5 0.55 0.6 0.65 0.7 0.75

m(D 'K.)-m(D ) GeV/c?

hep-ex/0408087
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Study

of =

NS-Q - BaBar Preliminary ~ # @ 1
- . . -
g 1500 B0 E T ¢ E
o - * e 116fb! _
N B -
N 1000} LI B
g s .
Bandea e MNREF R . §
«n - L)
'E 5(:0— .MN .#.
S u . k
" B _
hlu D: : L : I | : .
E 2003— BaBar Preliminary ++ (b) -
- =0 W+ .
8 150 =LK ¢ 3
o = ;
L —
8_ 10'0:— b . E
o0 -
£ S0 ¢ E
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Chunhui Chen, University of Maryland
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=% Production and Decays

BaBar result: hep-ex/0504014

BEY) - Q K™)

=0.294 =+ 0.018 £ 0.016
B(Z0 —» Z—nt)

Consistent with spectator quark model
prediction: 0.32
Z. Phys. C 55, 659 (1992)

Previous result: CLEO
Phy. Rev. Lett. 79, 3599 (1997)

B(E) - Q" K™)
B(Z

= 0.50 £ 0.21 = 0.05

0 5 E- 7t

C
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Study of =°, Production and Decay

=0 produced in both e* e—bb (B mesons) and e*e—>cc .
Study the production using p*(E°,) in e*e” c.m. frame

B T T T ]
A BABAR : -
2 soooof- + 116fb-! oreliminary Production from B decays
840000;_ . E B(B — =9 B(EO o 5t
= 20000 + -+ Efficiency corrected E ( ,» 59X)x B(E) - 7o)
o F b - = (2.11£0.194+0.25) x 107%
8 20000 RIS L €
(T 10000 +—l—'—]—~1~++ E

=3 =

(&)]

OO
]
N
x
1 4 L

p* (GeV/c)
50000F —*— On-resonance Continuum Production

§ - —o— Off-resonance
© 40000F, =
o =

ABAR : L _ I
= 30000 ary olete™ — Z2X) xB(E? - =~ x7)
@ ary o . :

(388 £ 39 £ 41) fh,

£ 10000 _i
o] pmg_‘j " 5 hep-exI0504014
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Measurement of Charm Hadron Mass

@ Charm hadron masses are known to a precision ~ 0.5-1.5 Mev, e.g.:
m(D% =1864.6+ 0.5 MeV/c?
m(D*) =1869.4 + 0.5 MeV/c?
m(D,) =1869.4 + 0.5 MeV/c? PDG 2004
m(A,) =2284.9 + 0.6 MeV/c?
m(E.") =2466.3 £ 1.4 MeV/c?
m( E)=2471.8 £ 1.4 MeV/c?
Most measurements done 15-20 yrs ago with O(102-10%) events
BaBar has large sample of fully-reconstructed charm hadrons
Well understood detector performance

:

Accurate measurements of charm hadron mass

& & &

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin 1 4



Events per 0.5 MeV/c? Normalized Residual

Normalized Residual

q00E-| N(A )= 4627+84
350 G(A ) 3.3 MeV/CZ BABAR
300 Q=177.8MeV/c? preliminary
250
200
150
100
50
3
2
1
oF
-1
2
-3 .
2.8 226  2.27 2.8 ] 2.32 233
In rlant mass (GeVIc )
s0[=
ETN(A,)=264220
0[] 6(A_)=2.0 MeV/c? / BA BA R
u —100 9MeV/c?
a0l preliminary
zuf—
105—
3=
2=
1E- - s . - e
_l: T — = RS = =
2
32
255 286 257 298 229 23 231 232 233

Invariant mass (GeV/c’)

Chunhui Chen, University of Maryland

Precision Measurement of A_ Mass

Decay mode:

A, —» AKKTA—prn K> natn™

Ae — XOKYKT 30 5 Ay
Small Q value (minimize sys error)

Dominant systematic error sources:
 Detector Material Model

* Magnetic field

* Detector alignment

Cross check the systematics with larger
control sample:

K.—on'n:  ~2.5x10° signal events
A—pm: ~3.2x10° signal events

A —pK': ~1.5x10°signal events
Af—pK,: ~2.4x10°signal events

DIS 2005, Madison, Wisconsin
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Measurement of A_ Mass

® The preliminary results:
A —>AKYSK*  m(Ac)=2286.501+0.042 (stat.) + 0.144 (syst.) MeV/c?
AC—>20K05K+ m(Ac)=2286.303+0.181 (stat.) + 0.126 (syst.) MeV/c?
& Control sample
A—pKT  m(A.)=2286.393+0.018 (stat.)
A —pK m(A,)=2286.361+0.034 (stat.)
® Combined result:

4 0.447 (syst.) MeV/c?
) MeV/c2

™S

due to large Q value

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

® The result is four times more precise than the PDG value
(2284.9+0.6 MeV/c2) and about 2.5 higher

@ A_study can be used as a basis for improving other charm
hadron mass measurements

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin 1 6



% 'ﬁ' J
=

Conclusion

BaBar has a rich charm physics program

@ Have presented a few results of the most
recent analyses

Semileptonic D° mixing
Search DY—I*F

Search for D.;(2632)
B0 QK BV »ETt
A.mass measurement

& Much more to come

Chunhui Chen, University of Maryland DIS 2005, Madison, Wisconsin
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