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The BaBar Experiment

e e+e- collisions at Ecu=10.6 GeV,
designed for CP violation in B decays

e Different beam energies
— E.- =9.0 GeV

— Ee+ — 31 GeV
— c.m.-lab boost, By=0.55

o Asymmetric detector

-0.9 ~ cosO™ ~ 0.85 /e_’
wrt e- beam

o with excellent performance e High luminosity

— good tracking, mass — ~520 fb! accumulated
resolution 1.7 billion ete-—qq events
—_ gOOd Y, 0 recon. <12 million e+e-—>yusap0
< 1 million ete-—e+e-mxY
— full e,u,nt,K,p |ID
HLILIP — 232-480 b used




Initial State Radiation in ete- Annihilations
=

'Y*

i~ TIsF
e et€~ — Yyisr€*e™ — YisrY  — YisrX

e X is any allowed (hadronic) system, e.g.,
— a resonance with JPt=1--

— two particles with compatible guantum numbers
— 3, 4, ... particles
— 2 or more jets

e the cross section: do(s,s’,0,)/ds'dcos 6,=W(s,s’, 6,)o(s’)
e the radiator function W is known to ~1%

e measure o(ere-—X) vs. m=m,=Mmx=Ecu=Vs'



e ISR gives simultaneous
access to a continuous, wide
s’ range In a single
experiment
— very small point-to-point

systematic errors

o if the yisg is detected then

the system X is also well
contained in the detector

— minimal acceptance issues

— measure the full angular
distribution and other event
structure variables

e the hadronic system e also
X Is boosted — mass resolution worse
— can measure all the than collider Ecm spread
way down to threshold ~ — need very high luminosity
with good efficiency at the nominal Ecy




The K+tK-ttt— and K+*K-t0t® Final States

o 232 fb-1. PRD-RC 74, 091103, (06

. i’erg‘;ﬁﬁf_cgoﬁér 4y, 454 o', submitted to PRD (06)
dentified K+ and K-:

identified wt+, t- or 2 70

— perform Kinematic fits
to various hypotheses

— select if Y2k <30 for 10}
the signal hypothesis, :
other %2 are poor

10°E - KKt
: Signal | Control :
region  region
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e measure backgrounds from .k
the data and subtract B

— previous/quick msmts. of &= :
ere-—qq— n'KKnz, ere-— ke
: Y1srATT
— others from 2 control regions

e measure efficiencies from the data
— events with missing particles




pdated Cross sectlonsl 5%, 1% overall systematlc
K+K-mttt- ' -
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— improved world best K+K-mttt-, only K+K-m0m0 msmt.
— several hints of structure in the 2-3 GeV range
— clear signals for JAp, ¢(2S) « branching ratios

e Observe considerable substructure

— measure cross sections for ete-—K*0(890)Km,
K5(1430)%Kn, K+K-p9(770), ...

— see K*0(890)K*9(890), K*0(890)K3(1430)°, K1(1270)K, ...




e in particular, the ¢ cross sections:

~ 0.8 —~ 04

o(dpm'm) (nb
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— show 2-peak structure near threshold
— [ower-mass peak expected from ¢(1680)

e the second peak is a new resonance, the Y(2175)
— first reported by BaBar at 5.6c PRD-RC 76, 012008 (07)

— confirmed by BES . 100, 102003 (08)
— confirmed by Belle RD 80, 031101 (09)
— observed in this study at 9.3c

— K+K-ttt- and K+K-t%t® modes consistent




e \What is this new state?
— JPC=1--

BaBar )

- K"K ™
e simultaneous fit to several - - IK+K_noﬁo
mass distributions gives: '
my: 2180+ 8= 8 MeV/c2 _
I'v: 77+ 15 15 MeV - ‘ ¢(16q§f0)(980) -
oy: 93+ 21+ 10pb L :
Pv: —2.11+0.24+0.12 rad
wrt ¢(1680)

e decay modes: A T T
— ¢fo(980) dominant 224 28 2 eV
— hint of non-¢ KKifo
— no evidence for ¢mw or KKnir outside ¢fo region

=> unlikely to be a ¢"’

e mass is just below AA threshold = is it an sSss state?

— is it analogous to the Y(4260), which is just below
AcAc threshold and decays to Jhpmsm?

— ...0r some other charmonium-like state?

o(¢ ch:) (nb)

— Fit Result _




The st~ Final State

e extremely detailed analysis, 232 07", PRL103, 231801 (09)
aim for <1% precision:

— require a hard vy, ID’d n+ and = (or utu- or K+K-)
— measure effects of additional ISR and FSR

e measure ete~—yisrutu, YisRKtK- simultaneously
— particle ID efficiency, error from the data

e measure other backgrounds from the data

— ere-—=qq 0+, MOutu-, mOK+K-: comb vyisk, other y
— other ISR: previous or dedicated measurements

e measure trigger and tracking efficiencies in the data
— including correlations, dead regions, elc.

e check: WWLIQJ 1.1

X-section C\)' ]
consistent AR
with QED J™
within 1.7%




e Use that to normalize the t+m~ cross section

— mgasurement unfolded for mass resolutlon
roull (UM - B
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— 0.3-3 GeV in one experiment \'s’ [GeV]
— 0.5% systematic error near p peak

— see p-w Interference

— much structure above 1.2 GeV <= excited p states

— =
S O
S _




- 0

"-01 -

~N
“‘_

|__|_ 0.

0.05

o
8
7
6
2:

20
5' BABAR Fit KLOE 08 CMD2 06
- * SND * KLOE-10 =|CMD2-04

1:“ | \ i HI

gl ,
l!

W g ;m

p-m region

— e BABAR e CMD2
-« TOF A KLOEOS8
= v NA7 » KLOE10
- 4 OLYA ¢ SND

- = CMD © DMA1

Cross section [nb]

[
<
I P

-
UofTT

— similar comments at low

o compare X- sec/FF W|th prewous results

— SysSt. errors:
BaBar 0.5%
CMD-2 0.8%
SND 1.5%
KLOE 0.8%
— scatter ~reasonable

— measurements are hard!
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— dominant (only) measurement above 1.4 (2.2) GeV



e BaBar has also measured numerous other modes
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| | Ecm (GeV)
— references in backup slides

— typical systematic uncertainty ~1% / particle
— need K+K-, KsK, KsKumm, KsK+t-m0, trm-370, mr—4n0
— 1-2 GeV region is critical for g,-2, a(Mz) calculations




The Anomalous Muon Magnetic Moment
e the theoretical calculation of g,—-2 requires the integral

ahad —4n3f ,K(S)onhad(S)ds,

with K(s) ~ 1/s N TORED

1 OPAL
e the ete-—m+mt- process — + Bello
dominates this integral
— our measurement is an ce BABAR
important contribution ee CMD-2

e next largest uncertainty is from oot
the 1-2 GeV region werto

— many important contributions| .,
from BaBar here 500 520 540 560

a2+L0 (107"°)
e overall effect of BaBar measurements
— reduce error on global fits by ~20%

— move value slightly closer to the SM value

e currently, the theory and experimental values differ by
(28.7+8.0)x10-19, or 3.60 M. Davier, et al., EPJC 71, 1515 (11)




Timelike Transition Form Factors

e P

- Y
C
o ete- = v* = vP, where P Is any pseudoscalar meson

e characterized by a transition form factor (TFF) F(Q?2)
— Q2 is the mass of the y*

— timelike <= Q2>0

e F can be related to the distribution amplitudes ®(x,Q?2)
of quarks in P carrying momentum fraction x
— Q2 dependence calculable from ® <= model tests

— asymptotic value of Q2F(Q?2) can be related to the
meson decay constant <= test of QCD




e+e- — N ’
| o I 3'235I ft}m PRD 74, 012002 (06)
e analysis very similar to ISR:
— require: a hard y; 2-4 charged tracks; 2 more vy
— reconstruct n = -l V= yy;
N’ = oten, N araal, vy
— select x2,, <30, obtain clean signals
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e extract the cross sections
— o(ete-—1y) =4.5£1.2+0.3 fb
— o(ete-—n'y) = 5.4+0.8+0.3 fb




Spacelike Transition Form Factors

o ete- = etey*y" = e+te P, P a pseudoscalar meson

e characterized by a TFF F(Oﬁ, qé)
— ? is the mass of the y*

e consider the “single tag” case, where
— (- is large, the e+ or e is detected

— g5 is small, the e- or e+ is emitted along the beam
and the second photon is quasi-real

— then g5 = 0, and F(q7, g3) — F(-q7) = F(Q?)




ete” — ere mOn/M’' e 442 469, 469 1o
: C _ PRD 80, 052002 (09)
e analysis similar to ISR: submitted to PRD

— require: a hard, ID’d e=; PRD 81, 052010 (10)
0-4 =; 0-1 K<; 0-2 more vy

— reconstruct m0—yy; N2 a+w-nY;

N 2t N; Ne— KsKr

— kinematic requirements yield | _

clean signals | :
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Results for the ne

e measure untagged events also
— corresponds to F(0)
— also gives nice measurements of ne mass, width

e normalize the n¢ TFF to the value at QZ—
— slightly below the AR

leading order QCD
prediction

— described well by a
monopole function,

F(Q2)=F(0) / (1+Q2/A), _
with 041
A = 8.5+0.6+0.7 GeV?3/c4

— vector dominance
predicts

A =mly, = 9.6 GeVe/ct %

IF(Q%)/F(0)l

>
o)

0.2




Results for n and n'
e the TFFlslslqgledlbyQ?;l
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Q’ (GeV?)
— consistent with CLEO results
— time- and spacelike points consistent
— all consistent with ~logarithmic rise with Q2 ...
— toward an asymptotic value (----)...

— Or a continued rise (—)....
e theoretical asymptotic values depend on n-n’ mixing...




Results for n:O -

e the scaled TFFs:
— consistent with
CELLO and CLEO
— consistent with a
rise over the full
measured range

— exceed the predicted
asymptotic value of

V2f.=0.185 GeV
for Q2> 10 GeV-?
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e theoretically predicted 0(;' — ST T e— '4;0

DAs did not describe the Q2 dependence Q* (GeV?)

— ASY = asymptotic e.g. Brodsky, Lepage, PLB 87, 359 (79)

CZ = Chernyak-Zhitnitsky NPB 201, 492 (82)
BMS = Bakulev-Mikhailov-Stefanis PLB 508, 279 (01)

=> need for higher order corrections?
= ...0r new models for the distribution amplitudes?




e since then, a flurry of
theoretical activity:

— a few examples:

QF «(0)

Fit results: N=1.3+0.2,
m=0.65+0.05GeV

M.V.Polyakov, JETPL 90, 228 (09)
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035 054020 (11)

000k

e now need better, higher-Q? measurements



e the n and ' have nonstrange and strange components:
— |n) = (juT) + |dd)) / V2, |s) =|sS)
— 1) = cos¢|n) + sm<|>\s) n') = sing|n) + cos¢|s)

o expect fr=fy, fe=1. 34fn, asymptotic TFF of 5\/_ 2fn/3, 2fS/3

— use =
$p=41°
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Q* (GeV?) Q’ (GeV?)
— [, inconsistent with F, for Q2 > 10 GeV?
— BSM describes Fn well; CZ, ASY describe Q2 dep.
— Fs lies below the QCD prediction

— ...though Fs depends strongly on ¢, ...




Summary

e BaBar has made huge contributions to hadron physics
via initial state radiation

— e+e- annihilations at low energy

— meson and baryon form factors

— discovery of new states and spectroscopy of others
— improved understanding of R, g,-2, a(Mz)

BaBar has made new/improved measurements of
meson transition form factors

— 1, n' at 10.6 GeV via ete- = yn, yn’

— 1%, n, ', ne via two photon collisions

much more could be done!

— more measurements expected from BaBar, Belle
— limited by people, statistics

— even better at a super B factory
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The KtK-ttt- and K+K-t0t® Final States
. 232 fo-!, PRD-RC 74, 091103, (06)
* event selection: update with 454 fb!, submitted to PRD

— require: a hard y; ID’d K+ and K-; ID'd rt+, &~ or 2 n0
— perform kinematic fits to various hypotheses
— select y%qm <30 or 50, use other y? values
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» measure backgrounds from the data and subtract
— ete-—qq 2 ’KKnnr(nx®): form x® from yiss + other vy
— gte~— , Visr4w, VissKKnt0/m/3m0: prev. msmts.
— others: from 2 control regions




The st~ Final State

e extremely detailed analysis, 23207, PRL103, 231801 (09)
aim for sub-% precision; event selection:

— require: a hardy; ID'd nt and = (or utu- or K+K-)
— kmematlc ij;$, mcludmg with addltlonal ISR or FSR vy
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e measure backgrodhd@dﬁ“om the data and su"B‘t 3&?’6“
— ete~ =g+, mouru-, mOK+K-: comb vyisk, other vy
— ete-—yisgutu, YissK*K-: measured simultaneously,
taking all cross feed into account




yy*—n? TFF: comparison with theory

Brodsky, Lepage PLB 87, 359 (1979)
Efremov,Radyushkin, PLB 94, 245 (1980)

> oy D \5 ld\‘ 2 ” ! ~2
O F©) - L2 [0, (x.01)+0@,) + 0Ny, /0

Expansion of the DA in series of Gegenbauer polynomials:

P(x.0") =@ | 1+ > a,, (O*)C?(2x—1)|  Pusy= 6x(1-x) is the asymptotic

n

ol form of the pion DA

Tow of the most commonly used DA shapes:

CZ DA: V.L.Chernyak and A.R.Zhitnitsky,
Nucl.Phys. B201, 492 (1982).

BMS DA: A.P.Bakulev, S.V.Mikhailov and
N.G.Stefanis, Phys.Lett. B508, 279 (2001).




BaBar cross sections with ISR
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