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¢/ Outline

s e*e” — exclusive hadronic final states at low+/s using
initial state radiation

e

«ete” > K"K ntn v, KTK n7%, 4K~

« ete” — 7T+7T_7TO7TO’}/
» e*e” — exclusive hadronic final states atv/'s = 10.58GeV
- ete” = p°p’, gp’

s Observation of a long-range baryon number correlation
iNete — cc

e
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¥ Motivation for Studies at low /s

LAIIAT Y,

» Hadronic contributions to a,, and aqep are calculated from
nadronic cross sections

- Knowledge of a.** and Aq?, , can be improved with better

precision on cross sections at low +/s

had .. . .
« a, " very sensitive to contributions from+v/s < 2 GeV

s 1 —2GeVregion dominated by 47 state

~ Improved measurement of 777~ w7~ from BABAR  PRD 71, 052001 (2005)

~ New focus on w+ta— 70xY
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¥ISR Events

Hadronic Event s« BABAR: ete™ /s = 10.58 GeV
» Radiative return to low /s

LRIIANI,

s ISR photon ~ is detected

~ |solated photon Ecn > 3 GeV
« Advantages over direct ete

= High transverse momentum of
remaining hadronic event

~ High acceptance
+~ Wide accessible energy range

+ No point-to-point systematic
uncertainties

EMC
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§'Exclusive IS

s Require set of partic
recoiling against hig

R Analysis Methods

es with specific ID
n energy photon

s Kinematic fit for eac

n final state hypothesis

~ Reject ISR/non-ISR backgrounds based on x~

-~ Select final state based on X of fits with different hypothesis
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» Backgrounds estimated from combination of MC, x“control
regions,PID control samples

s Measure cross sections and substructures in decays
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¥'ISR channels at BABAR

o Jhp in pt T~y PRD-RC69, 011103 (2004)

s T~ PRD70,072004 (2004)
s Tt Ty, KYK nn v, KT K~ KK~ PRD71 052001 (2005)

PP PRD 73, 012005 (2006)

3(nta )y, KT K~ 2(ntn )y, 272 7~ )y PrD 73,052003 2006)

@p7Y PRD-RC 74, 091103 (2006)

Jipnt o=y, JAWp KTK ™, Jhpyyy arxivhep-ex/0608004vl

= Many more in progress

This talk:

+ 77— 4+ — + 77— _0_0 + 17— 1w+ To appear in PRD,
* K"K 7n'w /va K mm ’Y,K K K"K Y arXiv:0704.0630
+_ —.0_0

s T T T Y BABAR preliminary

e
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Hete 5 KK ntn 4, KT K 7%, 4K~

s |dentified intermediate states AXI0704.0630.
~KtKntr : K*°Knx ¢(1020)r 7~ ¢(1020)f(980)
~KTK 7%9 . K** K79 ¢(1020)7°7° ¢(1020)f(980)

_ — + 7 — _____ Cross section

*KTK K"K~ : ¢(1020)K"K measured

» B(Y(4260)— ¢m)large in some models

= Y discovered in ISR J/ymm

s Study branching fractions in Charmonium region
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PRD-RC 74, 091103 (2006)

Intermediate States
s Clear ete™ — ¢fo in both
KtK ntn~ and KT K 7%xY

s Structure in cross section

consistent with new state
m = 2.175+ 0.010 £ 0.015 G&V/c?

T = 0.058=+ 0.016 + 0.020G eV/c?
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Evenrsi0.04 GeV/c”

¥ Y (4260) — ¢rn?

» Glue ball model predicts large branching fraction phys.Let.8625:212,2005

s No Y(4260) signal found in any decay mode

« Upper Limit for ¢ "7~ decay

« By _gntn- oo < 0.4eV

Compare to

BABAR

Qbﬂ'oﬂ'o
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Evenrsi0.04 GeV/c”

0

« By s jppntn- T = (5.5 £1.0£0.8) eV
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Events/0.025 GeV/c>

PRL 95, 142001 (2005)
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B\

‘Charmonium Region

s Branching fractions for 12 decay modes of J/v,1(25)

J/ 1 or 1(2S) Branching Fraction (1073)
Calculated, this work PDG2006
Bl oKt K—ntre 6.7200.24+0.40 62 £0.7

new

By K+ K- K+ K- 0.764-0.0740.06 0.78 +0.14

B /s K0R30 2.7 £0.2 £0.2 6.7 +2.6

new

B/t 0.9840.1140.07 0.94 +0.15

new

B 1w afo 0.5440.21%0.05 0.32 +0.09 (s=1.9)
By(25) s K+ K—ntm- 1.2 40.2 40.08 0.72 +0.05
By (28) s g m 0.27+0.11+0.02 0.113+0.029
By (25)—¢f0 0.26-0.12+0.03 0.09040.033

A
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BABAR preliminary

Essj T T — 0.0
» Very important channel for a,, o SR A
y p py CQED 1: 30:- {I ,}h lefl.BAR
. . 5o e [ preliminary
s Preliminary precision: T s f *++
+g [ }
=~ 8% in peak - hope to achieve 5% Sab oy
. S A
= Cross section S S
i } 4
=~ Structures: p(1450), p(1700), J/p,(2S) " + =
I i .ﬁ‘
=~ Peak at 2.050GeV under study o ».\
s Intermediate states in7 7 707’ B
L5 —— L5~ -
~ wr® a1(1260)m YO SN
51.15: EI.H
= Previously unknown = _ = F
contributions from % | e EpYe
5™ and £0(980 0  Eorst BorsiEidaansi s
pTp~and fo(980)p" g E L
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E I ¢ II__. & 8 : '.I.:‘;‘Z:I?'l I_i:l-_l:._:; IL I I“(I) T
y Aggyfeﬁle’KanZn 03825 05 o075 :} 125 15 0-%.25 nls 075 1 125 15
Eur.Phys.J. C18 (2001) 497 m(nn) [GeV/cT] m(z'n') [GeV/e’
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§'Cross Section and a,,

*» Below 1.4 GeV

=~ Good agreement with SND
= Improved accuracy

=« Above 1.4 GeV

=~ Huge improvement in precision with small
point-to-point uncertainties

+~ Allows to fix scale below 1.4 GeV

=« 1% measurement above 2.4 GeV

s Implication for a,

= Final BABAR result will improve the error
of the 777~ 7% contribution

= Discrepancy between experiment and theory

will remain

Andreas Petzold, EPS HEP2007
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e 0,0
. [34’3 regioninee” > wtw wow

BABAR

200 J/¢ — 7T Q 7TO7T0 preliminary
175
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M, [GeV/c]

Events / 0.01 GeV/c¢’

s First measurement of the branching fraction
- BJ/¢_>47T = (5.74+0.74) x 10~°

=« (29) signal due to p+ misidentified as 7+

v
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gExcluswe Final States at 10. 58GeV

« pTp~ seenin rtr 707" Tg  BABAR.
D preliminary
~ Provides new, stringent test of QCD S
. 4o R
¢gn seenin K™K~y 35 100} i
~ Relates to puzzle of the large double e o6l

charmonium rates 0O 04 08 12 16 20
A p (Beam-(n+nOn—n0)) (GeV/c?)

« p’p° observedin ntr wta

: _ _ This talk
o' observedin K"K 7wt r __ PRD-RC 74, 111103 (2006)
N
5‘3 10| BABAR -
D [ -
1200 — PRL 97, 112002 (2006) ——— s 8
N BABAR | | BiuBar] L oF -
2 600 — S
© 800 N | & 4 _
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Q { 400 _ Q 2 i
E - m 0 | 1
g 400 T 1 200 a _ 100 10.4 10.8 11.2
- Rt 1 1 T 1 mkkyy GeV/c2
0 1 ] Lu 0 ! )

9.5 10.5 115 95 10.5 11.5
My i (GEV/C?) Mt (GEV/CY)
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Fefe” = p"p°, ¢p°

AN,

PRL 97, 112002 (2006)

« Clear signal of p°0°, ¢pinntr ntn KT K ntn™

¢p°
/signal box
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s 0200 pp° are C' = +1states

+ Forbidden in single-virtual-photon
annihilation (SVPA)

= Can two-virtual-photon annihilation (TVPA)

be confirmed?
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§'Anqular Distribution Study

« p°, ¢ production angle ¢ 2000 ] <00

~ TVPA prediction of ! s OOSQ Z*
consistent with data =~ *°

-~ SVPA: flat, sin? 0*, 1 + cos? 6*, ...

1600 1 300

—
N
o
]

-1 200

Events/0.2

1 100

s Decay helicity angles

= TVPA predlcts transverse 1 + cos T L g2t o
polarization, sin 2 Oy distribution, 1 — cos?0*
consistent with data

. . . 1 120
s Fiducial cross sections

“ ogs(eTe™ — pPp%) =207+ 0.7£2.7H
~ ogs(ete” = ¢p?) =5.7+£ 0.5+ 0.8

Events/0.2

BABAR
L | L
_ -1 0 1 -1
photon exchange arXiv:hep-ph/0606155v1 cosé, Polarization coséy,

=~ Agree with vector-dominance two-

« 1st observation of non-SVPA processes in et e™

e
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r@”e e~ — cc at BABAR

» BABAR/PEP-IIl is a charm factory

= New charm states

— Y(4260) X(3872) Y(3940) See talk by G. Cibinetto

Charmed baryons

~ Precision measurement of A.mass PRD 72, 052006 (2005)
=~ A, spectrum inconsistent with models PRD 75, 012003 (2007)
=~ New Z'.baryons Seetalk by T. Schroeder

~ Study events with A.A. pairs BaBar preliminary | This taik

e
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LRIIANI,

& —
o C — BaBAR prelimi
% € € —> CC — AC AC X ABAR preliminary

Local baryon number conservation observed in pp, AA

CLEO reports excess of events with A A_ pairs PRrD 63, 112003 2001
~ AT A7 are leading particles — new model required?

Analysis strategy
~ Reconstruct A in pK 7, pK?
~ Reject 7'(4S) decays by py > 2.3 GeV/c

= BABAR

preliminary

(GeV/c?)
T

- Observe 649+31 AfA; events —_# |
~ Expect ~ 150 events Eg'g

—12.5

-~ Ratio of 4.2 consistent with CLEO

—1.5

2.2 —0.5

1 1 1 1 1 I (- I [l 1 1 [l I 1 | I —
2.20 225 2.30 2.35
pK'n' or pKg Mass (GeV/c)

S
18
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C C

%ye e~ —scc— ANTATX

L

OB BB BB,
BUU ® ?_‘lérﬁrl:?s : pre |m|nary:

s X system contains few baryons

eoF 4 K T ]

=~ No large amounts of undetected nn ool + +‘ L + H :

« Only 13 £ 8 4-baryon events m8D5_+ 140 ﬂ + # ;
~ Expect ~ 150 E,ﬂmi + ot ++ ++++

. . . . [ - 1 [ ]

« Data inconsistent with pair n'.+*. et Tad of ++ oy
production of known states or 0z 4 68 10 1 2 3 4
ultiplicity Missing Mass (GeV/c?)

new/exotic states

s |nclusive distributions consistent with jet-like events

= Long-range baryon-antibaryon correlation
= 2.2 units of rapidity difference on average
= 2.6 = 0.2 additional charged mesons per event

e
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§’'Summary -

Andreas Petzold, EPS HEP2007

BABAR makes many essential contributions to understanding
of hadronic final states

ISR methods give access to wide energy range

Cross sections and decay structures of
ete” > K"K ntn K"K 7’7, KT K K"K, 7 n n'xn"
have been measured with high precision

First observation of C' = +1 states p°p°, po° consistent with
two-virtual-photon annihilation

Results for A7 A X compatible with long-range correlation

GBI 7
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PEP 1l & BABAR

1

e,

PEPII xe+ 31G eV Instrumented Flux Return

Rings

;"6—9 G eV Silicon Vertex Tracker
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Low Energy Ring
BABAR Detector
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Fete

K_I_Kﬂ'ﬂ'”y

IATAAIIY,

s Reconstruction efficiency ~25%

s |nclusive cross section

<~ Consistent with direct measurement

but better precision

Substructure
« KK (1020w 7~ ¢(1020)fo(980)
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Qa7 _ _
fetem > KTK n'n)y

ALAIIAT Y.

) (nb)

s Reconstruction efficiency ~5-9% T oleter - KYE 1)

« Dominant uncertainties i M”HH | |
= Background model 5-10% 5 } H
“ X% Koo Distribution 6% H} M +

- Total systematic uncertainty i *H+”+*wf'+++hw_w:‘_h_m
« 10% (Mg gromo < 3 GEV/c?) B NC

~ 14%(m g kom0 > 3 GeV/c?)
s Substructure

~ K**Kn%dominant, no sign of K*TK*~

~ $(1020)r 7"
No cross section due to high backgrounds

- ¢(1020)f(980) H || MNH} ptd

ol £;) (nb)
o
Lo

o o

e
——
I e,

I
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Fetee S KTK KTK

LAIIAT Y,

s Reconstruction efficiency ~20% f, o(cte 5 KTK- KT )
» Dominant uncertainty TE L | |
= Backgrounds 5-10% E‘é“
» Total systematic uncertainty -
* 9% (mur < 3GeV/c?)
“ 13%(mak > 3GeV/ &) 0.1 {me'{
s Substructure +|* W{ i "
~ ¢(1020)K T K~ D,:# | 3 i +++**+i*++:+++“ﬁ+_*i¢mi‘&mﬁ5
E. ., (GeV)

IR ID,

Andreas Petzold, EPS HEP2007
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el . . —
@ye e —>cc—>ANATATX

s 649 £ 31 signal events

=~ X4.2more than MC prediction (PYTHIA,
HERWIG, UCLA)

s 13 4 8 true 4-baryon events

~ Expect 155
= 4-Baryon process strongly suppressed

640H][ °

BGUE +
_ ++* p/p

160

| L L
BaBar Preliminaryiso

® Tracks

lKi

160

140

| -
=

20}

\

™,

|

*}

+++ iy

|

{

0
-1 0

1

2 3 4

= Heavier c-baryons
« XHH/0 excited AF

s Conclusions:

-~ Not consistent with uncorrelated
production of leading baryons

= Baryon number conserved by leading
baryon antibaryon pair

I
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