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Introduction

S

e B-Factories showed an exciting capability for
improving our experimental knowledge about Hadronic
Physics (hadron production, mass spectra, hadron
decays,...);

e Several fields involved:

- Quark models and quarkonia;

- QCD in the non-perturbative regime;

e Impact on a wider range of fields:

- measurement of SM parameters;

- Tests of SM;

I iirrmmrrr————




Introduction

S

e B-Factories showed an exciting capability for
improving our experimental knowledge about Hadronic
Physics (hadron production, mass spectra, hadron

decays,...);
bottomonium above the

. Several fields involved: }J" open beauty threshold

< Quark models and quarkonla,

- QCD 1in ‘the non- perturbatlve regime;

e Impact on a wider range of fields:

- measurement of SM parameterS°
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The BaBar Experiment
T
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Collected Luminosity

S

As of 2008/04/11 00:00
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S

e'e” & TR with ISR

(presented at TAUOS8)
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a,=(g,-2)/2: SM & Experiment

e
e Best experimental measurement from E821 experiment

at BNL:

a;™® = 11659 208.0(5.4)(3.3) x 1071

e Some SM predictions show a disagreement (up to
3.50) with the experimental measurement;

e The disagreement depends on the method used to
extract the SM predictions (details in the next

slides).
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SM predictions

NS

S oy B o HLO HHO HHO
ay” =ap"" +a;” +a;"? +a;"°(vp) +a; " °(Ibl)
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SM predictions
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SM predictions

__ZZ

a,” = ag"” a; " + ;"% (vp) + a;; (b))

higher
orders
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SM predictions

__Z

ﬂiM — IIJEED _|_ ﬂﬁ'w ﬂﬂHﬂ(vP) _|_ ﬂﬁHG(lbl)

Hadrons

QED Kernel (known function)

o
nro _ L7 (0)
a = A ds K (s) o\" (s)

7 3

| 4?’[‘ m%

\/ e‘e” > hadrons
73% from Cross section
ete > '

e It dominates the final error on the SM prediction;
e Require exp. measurement of e'e” = hadrons:
- Direct measurement at e'e” colliders;

- T hadronic decays.
L r—————
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The e'e” Perspective

N

Direct measurement of cross section at different

energies;
2 methods:

- Energy scan;

- ISR production (automatic energy scan due to
energy carried out by the ISR photon);

Experiments:

- SND (Novosibirsk):

KLOE (Frascati):

CMD (Novosibirsk):

Scan;
Scan;

ISR;
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The T Perspective

e

* The cross section of e'e- » W™ M~ can be related to
the hadronic mass spectrum in T° = V1T 1%

e Measurements available from:

- ALEPH, OPAL (CERN);

- CLEO (Cornell);

Y
=]
T

= Data
— G&S Fit

(Pi770) + Pi1asoy + Pyaony)

- BELLE (KEK);

Number of entries /0.05(GeV/c?)
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SM vs. Experiment
e

as*P = 11659208.0(5.4)(3.3) x 10~

f
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ete” = 'MW with ISR

S

do
mmy '
vy =Wi(x,,s,0)0__(s')
et i dx, dcos 6 y o
(') :
ISR production
*
7 automatic energy scan
- +




Analysis Strategy

e

e Measurement of the ratio of e'e” = TN (V)V;x and e’e = WU (V)Vier
yields:

- Allows to remove common systematic uncertainties related to
the ISR photon.

efficiencies,

AN 77y (~) ANy pvy () — U-?rw(*r)(\/?) h’i(\/?) = 4 :z(r:r- for u FSR,
dv/'s’ dv/s’ opi (Vs!) '

DATA SAMPLES 3s’

4o

e Y(4S) data: ~513000 pion events, ~446000 muon events (231 fb™!);

* MC samples for e'e” = TN (V)Viszr €€ 2 WU (Y)Vsrr €€ = gq.

ISR/FSR simulation (AfkQED) includes LO ISR + LO FSR (PHOTOS)
+ interference + approx. additional ISR/FSR + corrections
using Phokara
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Selection (I)

S

ISR photon

- E > 3 GeV;
- 0.35 <0 < 2.4 rad.

MU pair
e 2 tracks:
- opposite charge;
- Pux > 1 GeV;
- 0.40 < O,, < 2.45 rad.

- PID based on IFR and

EMC variables (&€ ~ 90%,
muon-to-pion mis/ID ~
10%);

T pair
e 2 tracks:
- opposite charge;
- Pux > 1 GeVj
- 0.40 < O,, < 2.45 rad;

- NOT SATISFYING either

muon or kaon PID (&€ -~
80 to 90%);

L Irirr————
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Selection (II)

NSNS

e Further selection based on 2 no

add. rad. + add.ISR
kinematic fitS: I — e

- 2C "ISR” fit (assume a second
undetected ISR photon);

2
(X" +1),4q Fsr
=

- 3C “FSR” fit (if more than 1
reconstructed photon, assume
that one of the non-ISR photons

In
~
wn

is FSR or large-angle ISR). 5
2.5
¥*'s used to define a 0 Fovk
background region (BG) 0 2.5 5 7.5 10
2
InG+1), 44151

from ntt data

.
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Background (I)

S

°* UL background contamination:
- Negligible.
* Tt background contamination:
- e'e” = ppY (due to proton-to-pion mis-ID)
- e'e” = qq
- ete” > T T Yoo
- ete” > TN TN Viar;

- Estimated in the MC and corrected by data/MC
comparisons;

L Iirrrrrrrm——
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Background (II)

SN

s, {]_2 | — | I — T L I B B
i I
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Yield extraction

S

* Once data are selected and background is

subtracted, mnt and YU yields are extracted taking
into account PID cross-feed:

0 0 (0
Nigpr = N,LE,LL)E,LL,LL—H‘JWTI + N‘:‘Eﬂ)g‘ﬂ'ﬂ—}‘rﬂﬂf + NK}{EKK—H'HHI + NEE/J’WWI
_ 0 0] (0
Nipw = N.LE.LL) E pp—" ! Na(m)gww%’w’ + N K%{EK K—='pp!
Observed events in Probability of a puu pair Proba.bility.c.)f a Tut pair
the PID category pu to be identified as pu to be identified as pu
N— _
-~

measured from data

L ——
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PID measurements
N @@

* PID efficiencies measured using xXY,,; data, where
X 1s a track;

e Example of procedure (for muons):

- Look for xx pairs where one of the x 1is
identified as a muon;

- requlire xXx mass > 2.5 GeV (assuming both x to
be muons) to reduce Mt and KK contamination;

- Evaluate the PID efficiency and mis-ID for the
second track.

e Take into account correlations due to overlapping
tracks.

L mrm_rresmmm——
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T'T” mass spectrum

S

*tt yields used to build T T T T T T

' « before unfolding |
the mass spectrum; p region unfolded

e Unfolding (transfer matrix

= 40000
method) to correct for =
resolution effects. g
g
Systematics (in 107°) i 20000
Vs range (GeV) o e
r Freiiminar
souTces 04-0606-09[0.9-12 [ 1.2-1.4 [ 14-30 oo |
trigger/ filter 15 | 08 | 05 | 05 | 05 0 s oz
tracking 2.1 1.1 1.7 3.1 3.1 m__(GeV)
m-ID 9.2 2.4 4.2 10.1 10.1
background 5.2 0.4 1.0 7.0 12.0
acceptance 1.0 1.0 1.0 1.0 1.0
kinematic fit (x?) | 18 07 | 18 | 28 2.8
correlated pp ID loss | 3.0 1.3 2.0 3.0 10.0
sum 77 7.9 3.3 9.0 13.4 19.1
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Cross Section

__Z
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Comparisons (e'e")

S
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Comparisons (T)

e

0.2 — —
B BABAR |
0.1 :_ ........ ‘E(ALEPH) ....... .................... e T

o im0 I||||1}||||i||0| b ilum»;mm ;mu!umugmuymwﬂ""llﬂilﬁnmﬁa ﬁmuﬁumtmlltlmlilm

|
PRELIMIN

BA}?ARI

nmnmiu ;;M%MM IM ’

0.1

0.2 —

BABAR | BAB4GR
i : P RELIMINAR Y
_— ------- T(CL-E-O-) ---------- i + ---------- =

!VWI}IP ||H‘|\E{||HI\*]H\H!IIIIII!}IIIIIHNIEHIIHIIHHII =|Hg|=u:umnﬂ|=nl 1 Hllrllllﬂll IMHﬁ |H|”||mewm

It B AR IS _
_0.2:..i ..i‘llill‘i...: _0.2:|||||||i||||.|||...
05 06 07 08 09 1 s o6 07 08 09 1
Vs(GeV/c?) Vs(GeVi/c?)
0'2§'BABAR'§"'! BaBaxr
01 :_ _______ ‘E(BELLE) _______ ___________________ PRELIHINARY_
n 2( BaBar)—|F, : (OTHER EXP.) 0 WWI»IMWNHMNWIHH "H‘"ﬂ"!lﬂlllllllillﬂll}llllilﬁ HIIHIIIﬁIHIIIIIIHiIIHIHII I HIIIIiIIHIIIN ||H| |}||HMM WIWH]
2 ¢ | | | .
. (BCZBCZI’) 0.1 :_ ___________________________________________________________ NSRS SRS -
0 L I |

0.5 0.6 0.7 0.8 0.9 |

v s(GeV/c )

L Iiirrrr————

26



Summary

e

e Measurement of e'e” =9 WM cross section with ~0.6%
precision in the p region;

e Comparison with other e'e” experiment shows some
significant disagreement;

* Better agreement with T data;

e Measurement of cross section above 0.5 GeV allows

to extract the corresponding contribution to a,.

1 oC

_ 0
a, " = R/‘; ds K (s) 0@ (s)

mz

O N0SGY = (460 5+0.9+3.1)x 107"

u

a,(exp)—a,(SM) = (14.8+8.4)x10™"

PRELIMINARY!
I rrrr————

27



S

R, Scan above Y (4S)

(arXiv:0809.4120 [hep-ex])

I
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A new charm spectroscopy

S

e New charmonium-like resonances, recently discovered,
do not fit in the “standard” cc charmonium schema;

s’ s P R R P D, p, p, D
I B B B B B B BN
X Masses far from S o L
predicted states; 2 b Z(4430)
! < o o [ ] =
=
: LLx R y(4415)
X Widths too small; s - |i|w —
W _— ® I—'X’Y —
o VvV e '—.—|:|—' |
X Unusual decay rates. % D gt = T
- _n‘ w’ Open charmiwcl;.:I W(ST?O)__
(] T
250 — . IC'I xcﬂ ® exp
S 3000 g 1 Theory
Tetraquarks [gq][gqq]? v b, VY (pot. Models)
Hybrids qgqgg? o L
e = ge = = o - ~JC

Molecules [qq][qq]? oo e e

I ir——
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A new bottom spectroscopy?

.

e New charmonium-like resonances could have bottom
companions;

e Mass of new bottom resonances could be guessed just
applying a shift to the new charmonium resonances:

m(bottomonium) = m(charmonium) + m(Y (1S)) — m(J/V)

Works fine for standard
bottomonium!

Y(4260) — Y,(10620)77?
Y(4350) — Y,(10710)277
Y(4660) — Y,(11020)77?

L mrm_rresmmm——
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Energy Scan
e

e New bottomonium resonances can be searched for with
an energy scan above the Y (4S) resonance;

e Inclusive approach:

- Search for unexpected structures in the
inclusive hadronic cross section:

o, (8
)= bb(y)

HH

e Exclusive approach:

- Look for signals in specific decay channels
(like Y(nS)ntn ) inspired by the new charmonia
decay channels (like J/Wnn)

s




Energy Scan

S

e Inclusive approach:

- Search for unexpected structures in the
inclusive hadronic cross section:

| er

Ubb( )(

0u(5)

Rb(S)

s




Previous Measurements
N @@

CESR
T #1 T T T T T T _ 1 3 O pb—l
6.0 | n Y(4S) CLEO A 32
g .
55 | 4
! ® . =
5.0 ?ﬁ M‘* !**‘ﬂ*:wq X 2.6
s
osh _‘:'.p ] 2.4
' S SR T S S S T |
t 0.5 107 109 1.1

CENTER OF MASS ENERGY (GeV)

CUSB: Phys.Rev.Lett.54:377,1985

CLEOQO: Phys.Rev.Lett.54:381,1985

L mrm_rresmmm——
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BaBar Scan

e

e BaBar performed a 10 days long energy scan starting
on March 28, 2008:

- Steps of 5 MeV from 10.54 to 11.20 GeV;

- about 25 pb™! per step (3.3 fb™' total);

- 8 additional steps in the Y (6S) region (10.96 to
11.10 GeV) corresponding to 600 pb™.

1

30 times more luminosity
and
4 times finer steps
w.r.t. CESR scan

s




Measurement Strategy

.

e For each point and for a “reference” point (10.54
GeV) we select:

- bb-enriched sample, according to a multi-hadron
selection (see later);

- UL sample (see later);
e At the “reference” point:

- Estimate of backgrounds, scaled to other
energies according to the expected s dependence;

e Across the scan:

- R, extracted from a combination of the bb and uu
yields, subtracting the non-bb background.

L mrm_rresmmm——
35




Multi-Hadrons Selection

e

e bb-enriched sample:

> 3 tracks;
reconstructed enerqgy > 4.5 GeV;

vertex of tracks within 5mm of beam crossing 1in
the transverse plane, 6cm along the beam;

Cut on the ratio of 0 and 2™ Fox-Wolfram
moments: R, < 0.2 (spherical event);

I rrrr————
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Background & ISR

e

cc’e” > ee yr y* > e e X, (two-photon events):

- cross-section estimated at the reference point
and scaled according to log(s);

- efficiency supposed flat across the scan;
*ee = gq:

- cross-section estimated at the reference and
scaled according to Vs;

- efficiency, estimated from MC simulations for
different energies, follows a slow linear trend
in vs.

ce’e” 2 Y (nS) Y

- NOT A BACKGROUND, BUT A SIGNAL COMPONENT!!!
S irrmrm——
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Muon Pairs Selection
W @@

°* UL events given by 2 tracks with:
- m > 7.5 GeV;
hu

- 0 < 0.7485 in the center-of-mass frame;

- collinearity better than 10°.

H/M [GeV]

m,, distribution also
fitted to have a
precise measurement
: of the CM energy
; (tuned with Y (3S)

R scan of the Y(3S) with CM energies scan data).
measured from m,,,

u 1 1 I 1 1 1 I 1 1 L I 1 1 1 I L 1 1 I 1 1
10.3 10.32 10.34 10.36 10.38 ]

Wz [GeV]




Results

e

e Region explored with unprecedented detail;

e Interpretation made difficult by thresholds.

O

R~

2
1.8
1.6
1.4
1.2
|
0.8
0.6
0.4
0.2

0

-l ;’_l I- L] L] : l ] I ] E ] L] ‘El_ I li L] ] L] I ] ] L] ] I L] L] ] ] I ] ] L] |
-BB . BB, ™

- | Bi B, : B1B,*

E it L

—it

iy

=iy

S YSS) y(es)

:_ ii : : E i 1 rﬂ'l" ‘ '_.i‘”“ .
C '" “"l#“ﬁ M‘i:*}dﬂ "*‘P*ﬁ-.ﬁ * " * it utey Iqu L]
e E .'ﬁ

:‘.I. E'I 1 I‘. 1 1 .E [ [ I [ I 1 :I I I. 1 [ 1 I [ [ 1 [ I 1 1 [ [ I [ [ 1 1

10.8 10.9 11 11.1 11.2

\s [GeV]
|
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Coupled Channel Models

e Interpretation requires explicit treatment of
coupling between quarkonia & continuum (Coupled
Channel Model, Eichten et al., 1978);

e Effective Hamiltonian from a quark-level potential:

H

-
= H +H, +U
eff \D B

quarkonium
binding

L Irrrmr—————
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Coupled Channel Models

_Z

Interpretation requires explicit treatment of
coupling between quarkonia & continuum (Coupled
Channel Model, Eichten et al., 1978);

Effective Hamiltonian from a quark-level potential:

o
H,=H, + + U
of U

quarkonium
binding B meson binding

I ir——
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Coupled Channel Models

_Z

e Interpretation requires explicit treatment of
coupling between quarkonia & continuum (Coupled
Channel Model, Eichten et al., 1978);

e Effective Hamiltonian from a quark-level potential:

g = Moty + 0

quarkonium
binding B meson binding

coupling
- resonance - continuum

v




Interpretation

e

o 2

s
1.8

1.6

1.4
N. Tornqvist, R

Phys.Rev.Lett.53:878,1984 .

T T T T T T T T l
(a) . 08
AR 1 06

1 IEI_I I I El 1 EI_I li LI | I LI B | I I LI | o I LI
B¥ | BB, | B/B*

TTT]
o
=1

+_._

==

—1.0
Y (4S) | 04
02

L1 %IEIIIIEII;II%IIIIIIIIIIIIIIIII
0" —"Toe 107 108 109 1L  Il1  I12

I]IllllIIIllllllllllllllllllllllllll

'I'IIII

| N. Toérngvist (1984) predicted
el M T structures between Y (4S) and Y (5S)
' ' | | and an asymmetric Y(5S) shape
with NO NEW RESONANCES!

L ——
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Y(5S) and Y (6S)

_Z

e Thresholds and interferences make also difficult the
extraction of the Y (5S) and Y (6S) parameters;

e Realistic fit should explicitly include Couple Channel
effects.

eWe tried a simpler fit, with Y (5S), Y (6S) (Breit-
Wigner PDFs) and continuum (flat), interfering.

o 0.6
0.5F
: Y (10860) Y(11020)
0.4 mass (GeV)  [10.876 £ 0.002[10.996 =+ 0.002
- width (MeV) 43+4 37+ 3
0.3 - ¢ (rad) 2.11+0.12 | 0.12+ 0.07
- PDG mass (GeV) |10.865 = 0.008 [11.019 =+ 0.008
0oF PDG width (MeV)| |110+13 79 + 16




Comparison with PDG

e

6.0 |

.
PDG: CLEO + CUSB g

55

l
ol

) U U T T SR SR S U |

10.5 0.7 10.9 .1
CENTER OF MASS ENERGY (GeV)

03,,,.,,,,.,,,,.,,,,.,,,,.,,,,.,,,,F L titrtrttm—m—
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Comparison with Belle (I)

.

BELLE Statement:
DISAGREEMENT of

§ °F :
Y(5S) mass and width E 55‘*Y&$mt r
between exclusive o AE LY@Spe 1o arxiv:0810.3829
(Belle) and inclusive 5 3fF + """ *i """"""""""""""
. R 2F -1 N e — -
(PDG) analysis % Bl | _i ______________ * _____
= oF : i
S T T T ltl
1075 108 1085 109  10.95 11 11.05
p 0.6p— T CM Energy (GeV)
05; { | | é But... ™
: ] Y (5S) width
041 | | r BaBar (Incl.):
o3k ! thi HW** A & (43 = 4) MeV
: n IW* + ]
0.2F | | - Belle(Excl.):
oLt BABAR 3 (54.7%%° +2.5) MeV
F S ' _
I
0 10.6 10.7 10.8 10.9 11 11.1 llr”
46
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Comparison with Belle (II)

S

BaBar Belle

(Inclusive) (Exclusive)

Y(5S)

Mass (GeV) 10.8896 £ 0.0018 = 0.0015

Width (MeV) 54.77°  $2.5

L r————
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Comparison with Belle (III)
e

e Is there a bias in the CM energy measurement in
BaBar or Belle?

- Try fitting Belle data with BaBar parameters + a
CM energy shift.

| T T T T |
shift = (11.2 + 1.8) MeV

Y (nS)nn cross section (pb)
4]

II|IIII|IIII|IIII|IIII|IIII|IIII|I1—

3

A
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Conclusions
7%

e B-Factories allow to significantly boost the
experimental knowledge on Hadronic Physics;

e T presented two recent results from BaBar:

- e'e” & w'n with ISR;

[Li> New contribution to the
SM prediction of the
anomalous magnetic moment
of the muon

- R, scan above the Y (4S);

[Li> New estimate of the Y (5S) and Y (6S) shapes
&
improved knowledge of the open beauty
threshold region

NEXT STEP: EXCLUSIVE ANALYSIS

L Iirrrrrrrm——
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SN

Backup

e
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Scan Systematics
W

e Uncorrelated Systematics: NO point-by-point
correlation;

e Correlated Systematics: FULL point-by-point
correlation.

Vij = [Hgtat (Si) + Hinﬂ(si)] 5ij+gﬂorr(5i)gﬂﬂrr(5j)

Correlated Systematics

Contribution Relative error (%)
pp MC statistics 0.2

ppe radiative corrections 1.4

€p 1.3

€ER 1.3

€cont < 2.0

€EISR < 0.7

Ty Eyy <0.2

e
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