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BaBar/PEP-II .

+PEP-II is an asymmetric e‘e” / 6580 CsI(TI? crystals, E

collider with a CM energy of Y(4S). resolution ~1-2 % at high E.
<*Peak luminosity = 1.17 *103% cm2s! » Covers 91% of solid angle.
<*Integrated luminosity = 500 fb-!

FPEF-II
Rings .

Fositrons

i,

Low Energy Ring
Eabar De!ui.'lor

BaBar DIRC
*Covers 80% of solid angle
‘Particle ID up to 4-5 GeV/c

R measurements at BaBar-ISR

Momentum (GeV/c)



Objective

Precise measurements of cross section for all si
processes, e‘e” >hadrons, from threshold to ~4-5

= Summing up exclusive cross sections ==>Improve the precision of R
= Study spectroscopy of J PC-I“ sTa‘res and ’rhelr decays

gmf icant

R(s) = o,(e e‘+—i hadro+ns_(y)) £
ox(ee > uu) —

0 Aty f I

e'e” — hadrons

quls

I
Was !

‘ T T T | T \_ T T T T I7
fl M. DaV|eret5I.,2003_

1 exclusive data

‘l’l\l\llll\

m Crystal Ball

A PLUTO

0.5 1

1.5 2

R(s): crucial input for hadronic contributions to

25

*Muon anomalous magnetic moment (a) -----dispersion integrals
K(s) known QED kernel

*‘Running of o.qep (for SM fits = Higgs Mass).
W.F. Wang R measurements at BaBar-ISR

2 [s'e]
had ,L0 _ O K (s)
a, = 3.7 I R (s) » ds

4 4.5

ml\l\l\lllllllllul




ISR at Y(4S) Energies

Yisr Born cross-section:
do(s') 2EM
=W (s, x).0,(s"), s'=s(1-x), x=—2=%
=W (5,1).00(5) =), x="1
Hadrons oMy @ 2-2x+x* X
Ws.x.6, x| osin2e™M 2
V4

Whole Vs’ spectrum from threshold to % _ ]
~4-5GeV with tagged photon; high 7 " 3
transverse momentum, high = 2392 fp-1 / §

acceptance

& ,.m" UE, umi=2 =
Obtained in one experiment, as 2 A fff}/
opposed to scan experiments: point- - "
to-point uncertainties greatly reduced /

High PEP-IT luminosity and BABAR .
detector performance allow to be
competitive with low energy e*e-

machines -

v} 2 = 5 a2 10

Ecu GeV
MC simulation (AfkQed) uses Born-level ISR + FSR + \s’
Interference, + Structure functions for soft photons; precision ~1%

W.F. Wang R measurements at BaBar-ISR 5



BaBar ISR: e*e~>hadrons

= Reactions for which results have been published :

" pp PRD 73, 012005 (2006)

" mrrmd PRD 70, 072004 (2004)

= 2127, KK mhm, PRD 71, 052001 (2005)

» K*K- - KK w070, 2K*2K- PRD 76, 012008 (2007)

» 33w, 202 n0n0, K*K2m 27 PRD 73, 052003 (2006)

= New results presented in this meeting :
= K*K % KgKnt, K*K™, BaBar Preliminary
= AA, AX0, X030
Submitted to PRD e-Print: arXiv:0709.1988 [hep-ex]

» | trrnOnd BaBar Preliminary

2n2n 0 2n 21

KK tnn?, KKntn™n
Submitted to PRD e-Print: arXiv:0708.2461 [hep-ex]

= Work in progress on :
= e, KK, nrn3nd

Inclusive R

W.F. Wang

R measurements at BaBar-ISR 6



BaBar ISR:

N—
N

= 35;
= 4
o 30 by
€ | D BaBar
Tt o relimina
o Y P ry
= I t
S 20} '
- P Y 5215007
¢ '
15:— $ +
C ++ %
10 - . +**“+ W ->TEOTC0J/L} .
»
: *m, >up)
5 + .,
’\_i/-.LIJ
| P Y R EEP B w0 :
05 1 15 2 25 3 35 4

4.5

EL‘ITI [ Ge .\; I

‘Important mode for a, and ogep

*Preliminary precision: 8% in peak = 5%
‘Good agreement with SND <1.4 GeV

‘Huge improvement >1.4 GeV
‘First measurement >2.5 GeV
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BaBar ISR: ntn—nVrY

- -substructure
10000 i
: Intermediate es.
8000 [ _ BaBar Om ate states
coon | preliminary WT
. . *D~ large and 1st seen
4000 - MC 2 entries/event P op 9
| p £4(980)
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BaBar ISR: mtnntnn?

q
1

~30,000 events => allow to
study details

- Lower mass : 20% bg.
- ~456GeV : 60-80% bg.

JeVie
5
\\\HH‘ 1}
=
~
<
<
—~~
N
\\M% Ll

Events/0,025 (

Wider energy region

~4O nb at 165 GCV, m(2 T TR (GeV/c?)
generally decrease except =1, Baar
for J/yp and y(25) = f oreliminary
systematic error~7% at S , }
peak. = |

E ""’#“wwﬂ’s"u. . - E

o - ‘“‘?"’#T - P

1 ) T B (Gew
W-F. Wang R measurements at BaBar-ISR Only statistical errors in plot, 9



BaBar ISR: ntnmtmn!
--substructure

Rich internal structure:
nutn = np’

OTTTT

pX = p*3n+p'3m

X = (1300) or a,(1260)

inconsistent with a,(1320)

W.F. Wang
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=
_—— )
e
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('S
= |
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©
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—1s5f -
(] L -
|l:: F -
l:: r b
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r “‘-F—— i. : E
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o(e’e—nr'T) (nb)

o(e'e —on ) (nb)

BaBar ISR: ntnntmnO

--sub-modes

Cross sections of sub-

mode:

ntn ~ np’
WTTTT

pX = p*3n+ p?3w : from
subtraction onn/mrtn

o(e’'e — p3m) (nb)
o
VS
a

_———
—_——

ﬁ

0.5

mjﬂim | WW

1.5 2

2.5 3
Ec.m, (GeV)

R measurements at BaBar-ISR

Gle e —2(m ) (nb)

Sttt (a)

f
i

M HH*H H onn
W %J%V%+ |

.,.m@ . f.d.‘*lﬁ#** HH*“”“*'*-

np° (m->3m)



BaBar ISR: ontn

§

| BaBar
| preliminary

1.6 18
M__ (GeV/c™)

% ' = 3
O (a) ‘=
S150 ' "2 -
S s |
e S
@ o 2
50 Wf% © i
N i
0 0. 1 L5 1
m(T'1) (GeV/c?) I
o) BaBar :
= preliminary -
5 0
T + of,(980)
K> H“ 15t measurement
o 0.5
#ﬁ#ﬁ# M,(1420)
H, o I, (1420)
. ##fﬁﬂ*ﬁ# My, (1650)
1.5 1.75 2 2.25 2.5
E.. (GeV) Lu@es0)

W.F. Wang

— 1.38 £0.02 £0.07 GeV/c?,
— 0.13 £0.05 £0.10 GeV,

= 1.667 £0.013 £ 0.006 GeV/cZ,
= 0.222 4+ 0.025 1+ 0.020 GeV.



; - . T _1,
Events/0.025 GeV/c

BaBar ISR: ntn i

100+— ]

3 A ¥R ';: £
m 2(n+:n:'}r|} (Ge&-’.-"czj

First measurement of cross
section

Peak 1.2 nb at 2.2 GeV

10% systematic error below
3 GeV

o(e ¢ =2(1 7)1) (nb)

(o]

-~4 300 events selected, J/y
seen,

-Lower mass <20% bg
-Higher mass 50-80% bg

T BaBar ]
H i preliminary

M
T b
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BaBar ISR: ntnrnta™
- -substructure

Nnp(1450)

dominant 2100

hc_mq/(](l m‘ka

I
s
¥ '_
Events/0.005 GeV/

S0 t + E o oor
ﬁw# WRATE 1 e el 1o 1 ,,,1
111"?2 ‘:T‘:_T’:_J?J (GE“E"CEJ N ” 111(:'1:_-1_1:_ ) (ée‘ﬁu’fc%j

%0.3 / g \ |
s } nEERT 5 H f,(1285)p°
A A

In.rer‘nal STr‘UCTUI"e: +‘§’ L+H d}#ﬂﬁ# 1%0.5 +I' H +

Nt = np(1450) (it v e ¥ ) Y

E__ (GeV) I 3 3

E 4
E__ (GeV)

n/(958)nm = 1'(958)p? } m=2.15+0.04+0.05 GeV
f,(1285)nm = f,(1285)p° [ 1=0.35:0.042005GeV 5501
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BaBar measurement summary

. . :
'8 * =0
= 4ty ® T T
= 30 + +++ Py ® 2n 2w *
2 4 } +s O wn'm2n’ (preliminary)
Q gt + _ 1ty
D ¢ " ++¢ b 2 2nm
i & 4 % ® 313w +2n2n2%n
A & & + * ® N
o
G 20 &% ++ § =
& Y.
% + *
+
- ¢¢ + * e
10 ¥ te e -
* B s
b + + -y ii@:++++ +
+ It +4 5 + 4 1+++ s 4+ +:11+¢*¢.+¢+m' °°o¢“+ *++...+_,+++ e o
. ii & 4+ tad Fs o PUOC LN 1
& - _# —+—;¢_-‘r 4y mq.'_-.-:c":ﬂ ‘‘‘‘‘ o ‘-.
o*_..l-.'.-+ s - e 4*"-;** e N 1 g : - -‘V‘m‘;w a=1e] o .-25_‘
0 pote ] - e g™ it e et T i Pealen s ¥ee.
i L5 2 2.5 3
E (GeV)

To calculate R in the energy range 1-2 GeV the processes
ntr, tin3n0, min4n?, KK, KK, KK i, KK mn?
must be measured.
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JIy and y(2S) decays @BaBar

- Jiy and y(2S) used to monitor mass £ ,f | SaBar oo
scale and resolution S 1sp ] preliminary T 70 TUTL
2 150¢ |
*  Dbyproduct but important: measure S 1250 i' 00
[oeX B(Jhy—>f) => B(Jy—>f) Skt Yl Y ->mimtJip(-
= 75 EY H—;—#W | > )
50 [ t Mﬂﬁ#{r 4 # HH
5 P it Y
25 R NI
Mode BaBar (10°?) PDG2006 (10°?) L R TR
T ——— 574%0.74 | <o M, [GeV/c]
Jhy = 2(mrn)nd 54.6+0.9+3.4 33.7+2.6 =T IBOIBP;- | '2'( '+' ) | A |
S : I preliminary )T :
Iy = ontn 9.7+0.6+0.6 7.2+1.0 = 1500 | B
= 4 |
Jhy = 20 2.35£0.390.20 2.26+0.28 = |
1000}— B |
v (2S) > 2(ntm ) 12.0£0.940.7 2.66+0.29 . [ 1
v (2S) = 2 )n 1.240.620.10 1 | ] i
(o] h ﬁ; l.‘}.”"‘."—r""."’?r"“."‘ -‘-r"-'r’“*r"".-“'.“;?“‘-r%-—-.—
3 3.25 75

Part of results, more seen in papers.

W.F. Wang
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Inclusive R: Analysis Technique

Select events with a high-energy photon in a region with good
energy resolution.

Primary background: QED events with a high-E photon ... «om mc
- Remove/subtract: e*ewy, yy; ttryand utuy ...

Compute the integral:

am; s do(e’e” — had&ons
ACZHad (m§ ! SMax) — ‘ j #

3z Hme | s(M; —S)o g (S)

Hadronic
Bkg

TTY

X

o

10
(]

300

250
Selection summary (MC)
200

150

100

50

QED

e
@)
o

10 20 30 40
s’ (GeV)
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Inclusive R: Energy Resolution effects

* Energy resolution ~2%, affects the spectrum, especially at low s":
* Fortunately, we measure an integral of R(s)/s, not R(s)/s itself:

10

108 o g Wy b b Ly

= R(S) 1 os' s oE,
had 2 -~
Aa (MZ)OCLmi s {S—MZJdS s s E,
+ Smearing = events move in s’; Problem only if weight function is non-uniform.
- OK for AaHad < R
a s) ( K(s
- Does not work for a, a o | %(%jds
4m?
§10'3 = _ 2;0.01
é - if True Spectru
s T <+— Tyue Spectrum (MC) £

Smeared spectrum— ¢ gos

N L R
92
3
D
jab)
=
®
o
[%2)
L)
@D
O
~+
=
c
3

AR, 4 T
15 20 25 30 35
s’ (GeV?)

s’ [GeV?] _ _ s’ [GeV?] s’ (GeV?)

[y
o
a1
o
a1
=
o

oL
o
o
al
=
(@)
=
gl
N
o
N
al
w
o
w
al

* The region <5 6eV dominates overall uncertainty ~ 3.2%

* Preliminary systematic uncertainty 4.4% -->3.6% , improve overall precision




Summary

* BaBar continues study of low energy e*e- cross section using ISR
‘Results published: pp, n*nn’, 2n+2n-, 2K*2K-, 3n*3n-, 221 n'n%, K*K-2n+2n-,
KtK-nttn—, KrK-nt070
‘Preliminary results: o nn0, 2021702121, KK, KK+, KK, AA, AXO

, 2920, KK mtnn0, KKntnn

Obtained data allow to determine parameters of excited p-, ®-, ¢-states.
Simultaneous fit of all channels?

« Work in progress: trn-, K*K-, KK(n,n), ttnnn0,inclusive-R...

BABAR providing high statistics measurements of exclusive hadronic
cross sections with ~5-10% syst. uncertainties

==> large improvement over the existing data in the lower mass range!

W.F. Wang R measurements at BaBar-ISR 19
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Relevance of precision of R

Contributions to a ﬂhadJ-O :

Davier-Eidelman-
Hdécker-Zhang 2006

72%

errors

4% k
6%

--------
______

R measurements at BaBar-ISR
$8:37(3.7-5(+Jly, v) BEEEFIG RIS

> 4n (+KK)

measurements

Contributions to Aghad

Burkhardt &
Pietrzyk 2001

magnitude p oﬁﬁ‘\cﬁ%
o

- legE"_
magnitude o

1.05-20 GeV
> 12 GeV
2.0-5GeV
5-7GeV

7-12 Ge
inuncertainty \j_

k€ Eji ,ba\‘:‘a%

Q, % e
s : &
2.0-5GeV 1.05-2.0 GeV



BaBar ISR: ntm Ot
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1000

M,_[GeV/c’]
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Jhy and y(2S) decays @BaBar

« J/y and y(2S) used to monitor mass scale and resolution

* byproduct but important:

measure ', x B(J/y—>f)

=> B(Jhy—>f)

Measured Measured J/1» or 4:(2S) Branching Fraction (1[}_3)
BaBar _ Quantity Value (&V) Calculated, this work PDG2006
prelumlnd?fy 3 TR — 303, +£5 418 54,6 £0.9 +£34 33.7 £26
v, Bijgwntn-  Busas 47.8 £3.1 £3.2 7T+06 £0.6 7.2 £1.0
T;'EL‘. Byjynrtn  Byean 0. 51+ 0.22+ 0.03 0.404+ 0.17+ 0.03 0.1934 0.023
rl/v. B/ p—a(ntn—in 5. 164 0.85+ 0.39 2. 354 0.39+ 0.20 2.26 £0.28
ri/e. B e k- nbaet 107.0 +43 +64 19.2 £0.8 +1.5 12,0 +£3.0
2% Bty Byt k- - Byan 0. 844 0.374 0.05 14 £06 £0.1 0.74 £0.08
WAL Byyoukti- Booan 33413 £02 1. 36+ 0.504 0.10 1.9 +£04
VAR MRS 0.2£15 £08 LT A0S o
rees, g $(28) 2w =)0 20.7 £22 £1.8 1220 £0.9 +£0.7 2,66 £0.29
P2 Byos)m s pomtne Bijimsn 18.6 £12 £1.1 23.6 £1.6 £1.6 20.2 +14
rves. g, (28)—wrtn— * Buoan 2,69+ 0.73£ 0.16 1,224 0.334 0.07 0.66 £0.17
rv@s g, (28)=Jfom - Br—ar - Byt 1.114+0.33+£ 0.07 33.4 £99 £20 30.9 +08
T¥es), Byas)—2(ntn-)n 1. 134 0.554 0.08 1.2 £0.6 +£0.1 no entry
D2 B ) kb o 44413 £03 1.8 £0.5 £0.1 1.24 £0.10
re?. b (28)=K+K—mtr—y L2407 401 L30T A0 oo o

W.F. Wang
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