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Hadronic physics at BABAR

Superconducting
Solenoid

1 Traditionally, main focus of
BABAR measurements is the
electroweak sector:

— “Standard Model” CP violation
in B mesons;

D ==

PID (DIRC)

— angles and sides of the
Unitarity Triangle
Vertex Tracker (SVT)
p Detector (IFR) Central Tracker (DCH)

1 But the huge amount of data recorded (/£ dt = 477 fb~") allows a wealth of
measurements related to hadronic physics:

— quark masses, form factors in hadronic, semileptonic and radiative B and D
decays;

— spectroscopy of charm mesons, quarkonium, light mesons, charmed baryons;
— search for exotics;
— cross sections, form factors, vacuum polarization from e*e- — hadrons
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Outline

1 Selection of a few recent results with broad range of involved hadronic
models/parameters and very different experimental techniques:

— hadronic B decays (to charmless or charmonium states);
— hadron production in e*e~ annihilation;

— D meson mixing;

— charmed baryon properties

1 Many more details (and more results) in the 13 parallel talks and in the
“new states” plenary talk
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Amplitude analysis of B* — ¢ K™

1 In Standard Model occurs through

b — s penguin

1 Three amplitudes contribute,
corresponding to helicity A = -1, 0, +1 of
the vector mesons:

2

x| DAY 0, D)Y, (- 6,,0)

A=-10,+1

dcos 6, dcos O, do

1 Weak interaction V-A structure, helicity conservation in strong interactions,
s-quark spin flip suppression in penguin decays

= |Ao| >> |A| >> |A] (A, =(A 2 A)/V2)

1 Models have been proposed which violate this:

— within the SM: annihilation mechanism (Phys. Lett. B 601, 151), QCD rescattering
(Phys. Rev. D 70, 054015);

~ — New Physics: scalar interaction, SuSy particles in loop
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Amplitude analysis of B* — ¢ K™

1 Both K*(892)* — K #t and K*(892)* — K* a° are reconstructed

(1 12 polarization-related quantities measured, including 6 CP-violating
parameters: S-P interference
-BB*—=¢pK*)=(11.2+1.0£0.9) x 105 no S-P interference

—f_ = |Ag2/ Z|A,J2 = 0.49 £ 0.05 £ 0.03 = |A 2= |A,2+ |A |2 Zef - y,
—f =|A,|2/Z|A,|2 =0.21 + 0.05 + 0.03 I 3 S
20r
- ¢ - w=arg(A/Ay) - 7= (-0.67 £ 0.20 + 0.07) rad £ N
0 2 4 4]

- ¢, —mw=arg(A /Ay - n=(-0.45+0.20 + 0.03) rad @) (rad)

............

-2AInL
\,
£

— no evidence of CP violation

1 Discrete ambiguity in the determination of ¢, ¢, | |
—¢ =y ma=A =-A = AP <<|A] & NN
—p= g =A =A=|AF>> A

[ The ambiguity is solved by studying interference of S and P waves in the

Kr system: only ¢, = ¢, acceptable = [Aj| = |A,| >> |A |
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B — 1. K* n, y K

([ B decays to singlet states of charmonium much less known than decays to
triplet (J/y, ¥(2S), x.4)
1 NRQCD predicts B decays to P states of charmonium to occur at similar
rates (Phys. Rev. D 51, 125):
—indeed B(B — x4 K) ~ B(B — x,, K) ~ 104
—but B — x,, K, B— h_ Kas yet unobserved: current limit < 10-°
1 Search for BY — n, K*°, B — h_ K*9, B* — h_ K%, B — 1 K*
with n, — KK, K*K-2° and h, — n, y: R
- B(B® — 1, K*)=(6.1+0.8%1.1) x 10
(factor 2 improvement over WA);
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_ 350 fo-! \
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preliminary

=
S

9
(=]
T T

— no signal for h,:
B(B* = h, K*)B(h, = n,y) <52 x 10~ (90% C.L.) k
B(B® — h, K*¥)-Bh, = n,y)<2.4x104(90% C.L.) 10

Events/(10 MeV/c?)
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|
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1 More on charmless hadronic B decays in Heavy Meson Spectroscopy
session:

— G. Mohanty (12/10)
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Hadron production in e*e™ annihilations

J o(e*e — hadrons) ~ 3 nb (o(e*te- — b b) ~ 1 nb) = huge amount of data
with £ ~ 500 fb~?

1 Only some quantum numbers and helicity values e_\
are allowed in final state V"

. Non-perturbative quantities:
— e*e~ — hh = form factor;

suoJpey

e+
— e*e~ — y P = transition form factor

. Broad e*e~ energy range available via radiative
YisR return (Initial State Radiation, or ISR):
e \(JJ.V" — invariant mass spectrum up to 4-5 GeV in the
same experiment = same conditions, same analysis
tools, same systematic errors;

<,
suoJpey

— high acceptance and high transverse momentum
of hadrons
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Correlated baryon-antibaryon production

J Baryon production in e*e interactions: . //'EX
— primary correlation: a diquark-antidiquark pair is produced - _ 5 et
in the interaction = the baryons resulting from hadronization Vo =13

. s 4,
share two flavors and have large rapidity gap |Ay]| B/

— local correlation: a baryon-antibaryon pair is produced 5/4 B

“locally” in the hadronization cascade from the initial quark c //'yx

or antiquark = small |Ay| o ot
<«—"C

. Experimentally, |Ay| peaks at low values X‘T/

=> no evidence for primary production

— Several generators, with very different production models, are tuned to data for
observed baryons and accompanying mesons distributions

3 However, CLEO reported a 3.5-fold excess of events with both A" and A
at vs = 10.6 GeV/c? with respect to expectations from local correlation

— Given the energy and masses, the two charmed baryons must be leading
hadrons from e*te- — ¢ ¢ process
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d A, reconstructed in A, — p K- 7, p Kg
- Y(4S) decays rejected by p* > 2.3 GeV/c

Correlated baryon-antibaryon production

0 N(A* AJ) = 649 + 31

— if production uncorrelated = 155 events expected
— = 4.2-fold excess, consistent with CLEO

B40F T 1
e

160

120F

80

Events

40

] Tracksi

" Kt 1
A plp

0

Multiplicity
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‘BaBAR {80

R

$ 220 fo- +“

10 1 2 3 4
Missing Mass (GeV/c?)
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132

(GeV/cz)

pK'n or pss Mass

.
2.30
pK'x" or pKg Mass

2.20 2.25

. (GeV/cz)
1 Additional tracks:

— low multiplicity: <N, ...~ = 2.6 + 0.2;

— mostly pions;

—no evidence for ete- = A" A
(1 Missing mass distribution:

— low-peaking = suppressed nn production

J Four-baryon events: N, .. =13+ 8
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Measurements with Initial State Radiation

1 Why extending measurements of hadronic cross sections at low vs?

— hadronic contributions to «, = g, - 2 and aqgp are calculated from hadronic
cross section (in particular, a "2 sensitive to Vs < 2 GeV contribution);

— form factors (e.g. proton form factors from e*e- — pp);

— light meson spectroscopy;
— charmonium and bottomonium spectroscopy.

z

’’’’’’
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2 . Technique:

— detection of ISR photon
can either be required or
not;

— specific identified final set
of particles;

— kinematic fits
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ete- — 7t A0

= BaBaR : ;| (1 Precision measurement important for a,, aqep
5 "’ BABAR — currently 8% at peak;
1 — improved accuracy over existing measurements
: ) J } J Events selected requiring y,gg

}}L { J Several structures seen:

s

- w n°, a,(1260) &, p*p-, ,(980) P°

0}

1800 2000
E.. [MeV]

preliminary

Events /001 GeV/¢
7

: o 100l
(1 Charmonium region: | A2S) = Sy

— first measurement of s0f

B(Jly — mtanPal) = 25 |

(574 + 074) x 107 02:8I - Zli T 3|.2I — 31.4‘ II 3|.6I — 3I48I — 4

M, [GeV/c’]
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A form factor

 ete- — A A y,q, events selected requiring y,s5
J Production cross session as function of m(AA):

Gy, (m) + zi G (m)j

~
2; +1 ‘ = (m)‘Z effective

T
. Both A reconstructed in A — p &, with at least

one proton identified
1 Different angular distributions for E and M
contributions

— statistics too low to conclude on |G¢|/|G|
1 Also analyzed e*e~ — 30 30 yop, e — A 20y
(20— Av)

— limited statistic

<_
form factor
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1 More on e*e~ hadron production in Light Meson Spectroscopy session:
— D. Muller: quasi-two-body ete- — X Y at 10.6 GeV (12/10);
— W. Wang: inclusive and exclusive e*e- — hadrons in ISR (12/10);
— S. Serednyakov: exclusive e*e~ — baryons or charmed mesons in ISR (12/10);
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Contributions to D-mixing

- Like in the case of the B meson system, initially produced D°, D° flavour
eigenstates evolve in time as two D,, D, mass eigenstates:

—|D;,>=p|D%) £ q |D°);

-AM=m,-m,; AT=T,-T,, I'=({,+I,)/2;, x=AM/T;
1 But unlike for B, the heaviest quark in the box loop is b (instead of t) and
vertices are strongly CKM-suppressed.

— short distance contribution (electroweak sector): GIM cancellation, destructive
interference between LO and NLO = xgp ~ 1076, yop ~ 1078;

— long distance contribution (QCD): real states contribute to x and y, virtual states
to x only; x more model-dependent, y more sensitive to quark-hadron duality
= X,p~ Y. p~ 103-102

short distance contribution long distance contribution
c d s, b u K n K =
Dl | ; D( D() D(}
. W w — -
T U.T.‘l_ (_‘ K n n K
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D-mixing results

J At BABAR, the D sample is produced in e*te- — ¢ ¢ events (o~ 1.3 nb)
— D* — DY 7*, D> — D° 7~ decays are used to tag the D° flavour

J : fit “wrong sign” (D° — K* n~) decay time distribution:
WS decay time distribution — X' = X COS Oy, + y sin O,
1600 .+ Dbaa 3 "= ycos o, —xsinod
1a00E- @) [ Mixing fit = y=Y Kn Kn
o 12005 N Randomz, 3 —x2=(-0.22+£0.30 £ 0.21) x 10-3;
o - Misrecon. D’ = - —
S 1000 Bl Combinatorial y'=(9.7+44+3.1)x107
2 goofr  f A\ No-mixing fit 3 = 3.9 o away from no mixing
:>j 600;_ _; 30 L — T T T T T T T ]
4001 = F T : 350 fbo-! 1
200F- E 00 o el E
: I R 3
o 90 . = ]
§ E E o, 0—_ —lo ]
) o —— - 20 N
; - ] - no mixing 30 .
[+ 50— . -10 40 _E
- - - 50 4
L P I T S TR TR AN SN SO SO SO IS S T R R N1
-2 1 20730 0.5 0.0 0.5 1.0

x2/1103
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D-mixing results

1 Lifetime ratio in D° — h*h~ (h = K, 7): Tin 350 fb-! il
— D-mixing affects the decay time to CP eigenstates: +
the distributions can be fitted with effective lifetimes; TFK I
— difference from D% — K-n* lifetime is evidence for TKK —
D mixing T o ; . ;
— fit distributions for all modes simultaneously Tan | . |
= 3.0 o away from no mixing

0.04j

0.02

11 L \\\‘\\\
r20.06 -0.04 -0.02 0 0.02 0.04 0.06

0.06T

BABAR

350 fb1 preliminary
best fit

7

- no mixing

1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 |

xIl

400 405 410
t[fs]

1 Analysis of D — K-7*7Y Dalitz plot:

— amplitudes extracted from time-independent
Dalitz plot analysis of “right sign” sample;

— “wrong sign” decay time distribution varies
across Dalitz plot: fit with proper amplitudes and
phases

=> N0 mixing excluded at 99% C.L.
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(1 More on D mixing in Heavy Meson Spectroscopy session:
— R. Andreassen (9/10)
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Measurement of the Z(1530)° spin

1 From Kp — Z£(1530)°~#%* data = JP(Z(1530)°) = 3/2* or J® = 5/2-
1 E(1530)° seen as resonant Z-z* structure in A_* —

K% (GeV/c?)®

my=

a Angular distribution'

m2= ) (GeV/c)?

1.55 1.56
mE ) (GeV/cY)

dCOSH _NE< >P(COSH )’max_2J—1

1 In any mass interval, the number of event has
contributions from relevant I: by weighting each
event with P(cos 6;), only P, contribution survives

— JP(2(1530)°) =

E. Robutti
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 Entries/d MeV/c?
=
s

Entries/d MeV/c?
J E s
>

5000

~1*K* decays

. BABAR (@) -

preliminary
unweighted

e NI et e,

ﬁl &% iies _ *'-'.--v'--nﬂo-\,__q
(b) E

w; = V10 P,(cos 6)

‘0 * ‘~‘ "t
.ty .\.ﬁ”.... oo ..,0. ‘,w.,o..,mw‘.
-

;...;....} ................... }A»«

(c)
W, = 7W2 P,(cos 6J)

.
*
L ad
%’w’r?o.w*: '-o".;‘ :w'wq.o Tt "'qq"o‘vo " ool

u ] s
1.55 1.6 1.65 1.7 1.75
m(z =*) Gev/c?
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And more...

1 Heavy meson spectroscopy: quarkonium, charmed mesons and baryons:
— A. G. Mokhtar: charmonium spectroscopy (Quarkonia States, 8/10);
— V. Poireau: charm spectroscopy (Heavy Meson Spectroscopy, 9/10);
— K. Mishra: charm Dalitz plot analyses (Heavy Meson Spectroscopy, 9/10)
1 Semileptonic, leptonic and radiative penguins B decays:
— M. Mazur: semileptonic decays (Heavy Meson Spectroscopy, 9/10);
— E. Salvati: leptonic decays (Heavy Meson Spectroscopy, 12/10);
— M. Lu: radiative penguins decays (Heavy Meson Spectroscopy, 12/10);

— K. Tackman: determination of non-perturbative parameters (Heavy Meson
Spectroscopy, 12/10)

1 Angles of the Unitarity Triangle from hadronic B decays:
— S. Emery: UT angles (Heavy Meson Spectroscopy, 12/10)
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The BABAR data sample

Maximum instantaneous luminosity: Total integrated luminosity:
L...=12x10%cm2s™ JLdt =477 b~ (45 b~ off-peak)
As of 2007/10/08 00:00
:; I | I 'Z 000 e —
g . b | .; B
: S R Basar
= ’ g e r . o
~ :.- : g | PEP Il Delivered Luminosity: 496.65/fb
10+ . . .‘f“ 3 400|— BaBar Recorded LUMINOsity: 477.45/fl -—---rrossosssssse |
. . ‘ °.4 b i Off Peak Luminosity: 45.32/fb |
Y g L ]
0.' ’ . : : g - —— Delivered Luminosity 7]
:, '% i = 300— Recorded Luminosity b —
; . - —— Off Peak i
$ .‘! ‘.' .o : :
3 ° © - -
5F s ' oz — 200|—
£ T !
PEP-ll Design€ * ¢ i
4 y 100/
. ,‘» s . ' [
.eo : . . |
0 | JEDVTY Junng I ALLTIIL PITD LU 0|'|
2000 2001 2002 2003 2004 2005 2006 2007 S

PEP-Il Peak Luminosity each week

E. Robutti Hadron 07 - Frascati, October 10, 2007 22




Reconstruction of B decays

1 A B-B meson pair is produced in the decay

ﬂ of the Y(4S) formed in e*e~ annihilation
hadrons
> 1 Final products of the B decays are

B
reconstructed and identified in the detector
e . A B candidate is reconstructed through a
given decay chain R __
55100 — mES —
1 After continuum background reduction, B-decay ~ «
events are selected by means of a pair of nearly &l
uncorrelated variables, such as: ; B
Mes =(s/2+Py-Pa)’ | E, -P3 W
AE = (E,E, -p, P, —5/2)/s o A
-100 £ - _ﬂ

S R K. S S T T IR ETTTR TP TTTL PRI NITS.
5.2 5.22 524 526 528 0 102030405060 70 8090
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ete” = KK n*tn, K'Kn°n°, KK-K*K-

i alete —2KT2t) B lo(eTem — 2K*270)  F
P4 swsBABAR S BABAR 2"
T +jL 5 DML ° !P“HH } Eo.:
. \ |
5 H M 0.1
g
4
0 !: :‘ M:"‘."" - ol— .HM‘ | .H++#+H+'+"o‘¢ a0 gt W 0
115 5 JE;.m.-(LG-LeﬁV)ﬁ 1 2 SEC m.t C}e\f)
1 Several intermediate states observed:
- KK KK 7, ¢ wta, ¢ £,(980);
— K*K=7%7%: K**K 79, ¢ n%7°, ¢ £,(980);

— K*K-K*K=: ¢ K*K-
(1 Search for Y(4260) — ¢ &7 (large rate if
glueball): no evidence
[ Structure in K K & & consistent with new state at
2.175 GeV/c?

3
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hHhWi bt
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D’+ * +++ + +++:+0““ﬁmu“0 & abitens,
Fem.(G&V)
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:00.6 o K"K nrn~
% BKTK 790
0.4 [ ’

0.2
4 A ¢ TR
?.8 2 22 24 26 28 3
Eqqy (GeV)
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