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Cross Section Measurements Worldwide
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SLAC/Stanford
PEP-II
\s=10.58 GeV

Exp. BaBar

Energy-scan e+e-

Radiative Return e+e-

Experiments CMD-2/SND

Energy-Scan < 1.4 GeV
dominant wtr—channel @ 0.6% !
Novosibirsk

5
R

LNF/Frascati
DA®NE
Vs=1.02 GeV
Exp. KLOE

R-Scan2-5GeV
inclusive measurement
Beijing %

a
R

KEK/Japan
KEK-B

\s=10.58 GeV

Exp. BELLE
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Radiative Return - How?

Modern particle factories, such as DAD®NE or PEP-II/KEK-B are designed
for a fixed center-of-mass energy: Vs = my =1.02 GeV in the case of DADNE,
Y(4s) in case of B-factories: Energy-scan not possible!

New and completely complementary ansatz:

Consider events with Initial State Radiation (ISR)
S. Binner, J.H. Kuihn, K. Melnikov, Phys.Lett. B459 (1999) 279

4

€

YISR

‘Radiative Return’ to p(w)-resonance:
ete > pw)+y—> ata+y

dahaerry_ do(e* e~ — hadr+y;)
d]\4had1r2 th 2

adr

for (2m_)? < M, 4> < S
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Extract the Non-Radiative Cross Section

Non-radiative
Cross section

do
Mz oz = Can(S) X H(s)

Resonance

07 09
M_2 [GeV?]

Correct for ISR-process
Radiator function H(s) Radiative
MC- Generator PHOKHARA cross section
H.Czyz, H.Kiihn, G.Rodrigo
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Pros & Contras

Energy Scan seems the natural way to measure hadronic cross
sections, experience at DAD®NE/PEP-II has shown that the Radiative

Return has to be considered as a complementary approach

Advantages: Issues:
 Data comes as a by-product of the » Requires a precise theoretical calculation
standard program of the machine, of the radiator function

no dedicated runs necessa : :
Yy * Requires good suppression (or under=

* Overall energy scale V s=m, 18 standing) of Final State Radiation (FSR);
well known and applies to all values _ appropriate selection cuts very effective

of M, - test model of scalar QED in data (charge asymmetry)

» Systematic errors from luminosity, ¢ Needs high integrated luminosity; for
\/S, rad. corrections... enter only once 2-Pion-channel at DA®NE no problem, but more

and do not have to be studied for critical for channels with higher multiplicities
with much lower cross sections, which are under

each point of s study at PEP-IT
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Radiative Return at Particle Factories

Experiment — |
KLOE:
Energy region
<1GeV,
dominated by 27-
channel
(p-resonance)

o [mbarn]

pQCD

12S)

3 | i
- DA®NE e
E \s=1.02 GeV T
B PEP-II
Vs=10.6 GeV
N o

1 10

Vs [GeV]

S

Experiment
BaBar:
Energy region
l1..3GeV,
dominated by
higher multi-
plicities (esp. 47),
up to recently data
with 20 ... 50%

systematic errors!

Using the method of the Radiative Return one can study the entire
energy region below ca. 4...5 GeV > this is the relevant region for (g-2),!
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Connection to the Muon Anomaly

* Hadronic contribution a]uhadr is limiting the standard model prediction for (g-2),!

a "I estimated by means of a
dispersion relation (intrinsically ~1/s2):

value (error)2

a 17
a™ == | Ghua() K(s) ds

4m;, T
Experimental input
into dispersion integral
c(e‘e” ->n'n") needed with

S 1% precision (70% contr.)! K. Hagiwara, A.D. Martin, D. Nomura and
T. Teubner, Phys. Rev. D69 (2004) 093003

* Threshold region 6. < 600 MeV now equally important as p-peak region
in the error for a ﬂhadf even so absolute contribution much smaller
—> needs to be measured with better accuracy (this talk!)

* Also region between 1.4 — 2.0 GeV contributes significantly to error
—> radiative return at PEP-II with BaBar
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a4

KLOE Measurement
of the Pion Formfacor

(1) Untagged analysis with 2001 data rhys. Lett. 8606 (2005) 12
(i) Untagged analysis with 2002 data

(il) Tagged analysis with 2002 data

Achim Denig The Radiative Return @ KLOE



KLOE @ DA®NE

10

Electron-Positron-Collider with
Vs = m,;=1.0194 GeV
Detectors KLLOE and FINUDA/DEAR

SETEEEY. o T s N
y/ 3 BN 51 !
(] [ L
* i

T VINEY

Main focus on KAON physics
 CPT test: semileptonic K, - K; charge asymm.
* V., kaon form factors from semileptonic
Kg ,K* decays, K; and K* lifetimes
* Rare Kg,; decays
(K¢ 37, i nd, K, > i, K > yy...)

Non Kaon Physics

* radiative ¢ decays (scalars, pseudoscalars)
* hadronic cross section

* 1 physics and rare n| decays

Outlook
¥

1400

. KLOE Data Taking
| [Ldt=2.5fb!

tot

H
=
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—_

<
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600 |-

400
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1 1 1 L
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Selection T~V ep

Drift chamber

\ The KLOE Detector

N

S.C.|COIL

—

CHAMEER

T

0,5 =150 mm ,0,=2 mm
0,/ p = 0.4% (for 90° Tracks)
Excellent momentum resolution

Full stereo geometry, 4m diameter,
52.140 wires 90% Helium, 10% iC,H,,
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Selection T~V ep

Electromagnetic Calorimeter

7 ? g s
el o

The KLOE Detector

\

Y

S.C.|COIL

] E P il
e i . ™\

0,= 54 ps /NE(GeV) ® 50ps

T

Excellent time resolution

0./ E = 5.7% /NE(GeV) %ﬁ

Pb / scintillating fibres (4880 PMT)
Endcap - Barrel - Modules
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Selection T~V ep

Pion tracks at large angles
500<6, < 130°

a) Photons at small angles
0,<15° and 6,> 165°
—> No photon tagging

Py = DPmiss = ~(P+ +P-)
* High statistics for ISR photons

* Negligible contribution of F'SR
* Reduced background

b) Photons at large angles
500< 6,<130°
-> Photon tagging possible

* Measurement of threshold region
* Increased contribution of F'SR

* Contribution ¢ — f,(980) y = 7 *7z ~y
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The KLOE Detector
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Barel EMC
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50°<0_ < 130° Z %
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Small Angle Analysis

* Experimental challenge: fight
background from ¢ — 7+ 7~ 70
utu~y and ete”y, reduced by
means of kinematic cuts (trackmass),
and likelihood function (e-m-separation)

» Normalization to integrated luminosity,

which 1s obtained from large-angle-
Bhabha events (clean exp. selection)

» Background from LO-FSR negligible
(reduced by acceptance cuts: small ©,),
NLO-FSR not reduced and not a
background, efficiency has to be known

(M¢ _\/ b

P M —

trk +]Wrzrk)z —(p +Pz) qz

0.5

0.6 0.7 0.8 0.9 1.

mp2 M, 2 (GeV?)
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Result Small Angles

Phys. Lett. B606 (2005) 12

o(ete = mtm~) (nb)

1400 KLOE
I % 2001 Data
1200 [ . 140pb-!
1000 - -. .
800 | . b
600 - .'.
w0 & 0
Sl
200 |- ‘-.\

03 04 05 06 07 08 09
2 2
M, .* (GeV?)

Acceptance 0.3%
Trigger 0.3%
Tracking 0.3%
Vertex 0.3%
Offline reconstruction filter 0.6%
Particle ID 0.1%
Trackmass cut 0.2%
Background 0.3%
Unfolding effects 0.2%
Total experim. systematics 0.9%
Luminosity ( LA Bhabhas ) 0.6%
Vacuum polarization 0.2%
FSR corrections 0.3%
Radiator function 0.5%
Total theoretical Error 0.9%

Statistical error negligible (1.5 Million events)

TOTAL ERROR KLOE 1.3%
(CMD-2: 0.9%, SND 1.3%)
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Comparison with recent e"e™ - and 7 - Data

Relative difference of CMD-2 and Relative difference of e+e- data (published
SND“06 wrt KLOE interpolated data and preliminary) wrt t-data from ALEPH

0.3

— L ™ - a
- E‘ = —@— KLOE published
I < A CMD-2 PLB 578 2004 285 0.2 £ L R S . .
= g2[% e SND hep-ex/060(501:'T) 4ok —®~ CMD-2 published
S o I —@- SND reanalysis NEW
bd 2 ‘ ‘ w” ' ) -@--'— CMD-2 prel.
\ 0.1 —DE | } } c\\Ik: 01 a4 b T R T ALEPH T_data
b i 2 | 1 l ‘ i s LY ‘ T I
e I {f | : | it |14t
-0.1 — { H ﬁ i " 3
_ _ P L. - — I i
interpolation of 60 B
02 r KLOE data points from - | M 4
2 ~ Plot from I. Logashenko using
. | | 0'3|5 0 OI'95 GIeV | 02 privite, won-published data from | 1 |
03 653 04 05 06 07 08 09 1 -, CMD;2 and SND! | . : i : 1
500 1000
2 2 \s, MeV
M,,* (GeV?)

—> All recent et+e- experiments see large deviations with t-data above p peak
= Some disagreement btw. KLOE and SND (and CMD-2?) seen at low and high masses
= All recent et+e- experiments agree now within 0.5c in the 2n-contribution to a "

Achim Denig The Radiative Return @ KLOE

16



(1)
Untagged analysis with 2002 data
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Small Angle Analysis with 2002 Data

A new analysis is carried out at small photon angles using 2002 data (240pb-1)

with improved machine background conditions and calibration conditions

Goals: - reduction of the total systematic error <1% (was 1.3% for exp.+theory)
- measure the R-Ratio=c,_ /o,

Acceptance 0.3% Error was limited by cosmic veto filter,
Trigger 63% » which caused up to 30% inefficiency
Tracking * s. tagged analysis 0.3% CURED by introducing L3-Filter,
Vertex * s. tagged analysis 0.3% no cosmic veto inefficiency anymore
;)afﬂ:?;rIeDconstmct1on e 3‘1’0/‘; M. Main syst. experimental error due

: machine background dependence
Trackmass cut 0.2% of an offline-event filter
Background * 0.3% CURED by changing reconstruction
Unfolding effects 0.2% filter, error reduces to <0.1%

Exp. System. with 2001 data: 0.9%

* Reduction of error, larger data set allows more precise determination
-> see later large angle analysis!
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Normalization to Muon - Pairs

Normalization to muon pairs allows
to determine directly R-Ratio=c_J/c

do® /ds'

Ty

Hp

c_(s")= G, (s)

obs '
do®™ /ds

19
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" nTY, Py
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» These contributions to the

p» theoretical error drop in case

the R-ratio is measured

T ° S 4 / T A D1 1.1 \ N 0

J_JULLLIILUDIL)’ \ 1o\ DJ1I1IAaulias } V.U /0
“aentir-polarization 0-2%
FSR corrections 0.3%
Padigterfoneton 0-5%
Theory Error 2001 data: 0.9%

» BUT: requires to select ppy events
with similar precision as mtmy !
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Test of the Radiator-Function

* Compare ppy—yield in data
with Monte-Carlo simulation
(PHOKHARA generator),
which is using identical radiative
ISR-corrections as for the
F_ analysis (radiator function)

Important cross check

of radiator function;
preliminary comparison
gives agreement with an
accuracy <2%;

Previous comparison with
KKMC event generator
gave <0.5% agreement

20
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(ii1)
Tagged analysis with 2002 data
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Analysis 2002 Data: Large Photon Angles

50°<0_<130°
PRO & CONTRA 50°<0,<130°
10000 . ¥
v" important cross-check T i .
v'the threshold region is accessible s000 f MC ﬁ Yoo TCDZ Cy
ca. 20% contribution to a "I 6000 ¢ +++* s
v’ photon tagging is possible +*F'+ 'E _
(4-momentum constraints) 4000 | 4 ) N
v’ lower signal statistics ' P
v large ¢ —> mrnn® background 2000 ¥ :' S Y
v LO-FSR not negligible anymore 0 . e
v’ irreducible bkg. from ¢ decays 0 02 04 06 08 1
Mnnz (GeVZ)
Threshold region non-trivial - Y, .
due to irreducible FSR-effects, p Ty o 5 . ¢ Ty
which have to be cut from MC | —=-. (,5 ’ & K & _’\\S_\J
using phenomenological models FSR AN £ f pP .
(interference effects unknown) 0 T pT T
— imporant! — small!
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Background ¢ — w7~ ?

Dedicated selection cuts :

» Exploit tagging, 1.e. kinematic closure of the event
- Angle Q btw. ISR-photon and missing momentum oo | wa[ t1® MC

23

]]]]]]]]]

T e

a Siflas
0 10 20 30 40 50 60 70 Q[O]

» Kinematic fit in t+n—n® hypothesis using 4-momentum
and m’-mass as contstraints = cut on 32 ___reduces background while having high
efficiency (>98%) for signal events; allows also to test MC reliability for bkg. events

n IE 2104 |
1o - Data
mwtt® MC
50
#
]

1G0 150 200

-

Reducible background
nrnn’ (and also ptpuy)
very well simulated
by Monte-Carlo!
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Spectrum 77y (@ Large Photon Angles

* Background nm, puy subtracted
according to MC-simulation

* (N)LO-FSR from PHOKHARA

« Efficiencies taken from
(red=MC, blue=data):

- Acceptance
- Trackmass-Cut
- Q-Cut
- szm'cut
- FILFO (offline rec. filter)
- Cosmic Veto

- Trigger Missing for 5.
- Tracking S Ing/
th; e
- Vertex is tap Ut

 Correction for £,(980) bkg. !

Nr. of events / 0.01 GeV?

18000

14000 :
12000 :
10000 :
soon :
E000 :
4000 :

2000

PRELIMINARY!

- 2002 Data L = 240 pb"!

16000

Ly 1 e e et I T S P D PR

mhmd ;
background -
removed

-
-
-
-
-
]
-
-
-
L)
-

Ol

0.1 0.2 0.3 .4 0.5 0.6 0.7 0.8 0.9 1

M_2 [GeV?]
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Trigger Efficiency

 Trigger-requirement: > 2 energy releases (2 trigger sectors) above threshold in EmC

* Strategy: tagged 't~y - analysis
has 3 particles in final state

Trigger-Sector-Efficiencies

1 — 0
. F =.._—.__._ ———————8—
—> use 2 out of 3 particles to 0975 F —#= T —e— o ~* °
trigger the event and obtain % E mt me
trigger sector efficiency pE T Bate
Of thlI‘d particle D_BEDD 250 300 S0 403 *1-5E||;Eﬂ+j (MGE;JD
—> measure efficiencies as a =
)
function of p and ® 0s7s E e 38— o o
0.85 E—
* Results: ' :$:_‘_ ToNe
0.925 F ata
- good agreement btw. data and N e
Slmulatlon 200 250 <0 o 408 451[7[—} EMES;JD
- efficiencies very high, above -
95% for most bins 'F e —e——o o ¢ o
085
° ° ° —
Trigger inefficiency < 103 0o o Y e
o o .85 —
- in agreement with MC Nl ST T ST T T TR A
o . 0 T EO 108 150 200 250 300 350 440 450 500
prediction (was 0.3%!) E(7) (MeV)
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Tracking Efficiency

* Strategy: use n*n 1’ - control sample,
which 1s selected via kinematic fit

—> Use 15t measured track, 2 y‘s and
missing moment as input for fit

—> additional PID-cuts and others to
suppress machine background

—> look for presence of 2™ track

with pp-,<8cm, |z[,,<12cm, pg; 1 <50cm

Tracking efficiency (97...99)%
0.4% disagreement with MC
Systematic error: ~0.2% prel.
(was 0.3%!)
 Comments:
- inefficiency contains m-decay
and nuclear interaction effects
- difference data - MC due to limited
description of track splitting in MC

26

0.98
0.96
0.94
0.92

0.9 b

0.99 F
0.98
0.97 F

0.96 -

Single - Track - Efficiency

- S ——
2 Rey N
DATA Yy,
MC o
200 | 2350 300 350 | 400 | 450 | 500
p [MeV]

200

350 400 4350 500

p [MeV]
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Vertex Efficiency

27

 Strategy: use n'ny — events;
measure M__-dependence directly

- in the offline event selection
the requirement of a charged
vertex has been removed since 2002

-> repeat entire analysis (except x2___
cut ) without vertex requirement

—> look for presence of a vertex at I.P.

Vertex efficiency ~99.2%

0.3% disagreement with MC;

Systematic error ~0.2% prel.
(was 0.3%!)

« Comments:
- still limited by statistics at low M__2

- difference data - MC due to limited
description of track splitting im MC

101 ¢ Efficiency Data
1 -,
0.99 ; + ++ ettt
Vertex — -
. 0.98
Efficiency -
0.97 -
0.05 0.96 —“
0.04 ;_ o c; Ioizl | ‘o: | 0‘6 | Ioﬁsl | |1
0.03 & M_ 2 [GeV?]
0.02 £ REL’%
' = W,
- ARP
0.01 4
O B || o +
—0.01 [ t
—0.02
—0.03 £ t DATA/l(\)/IC
_004 = A=0.3%
=O‘O5 = | | | | | | | 11 | | | | | | | | |
0 0.2 04 0.6 0.8 1
Mnnz [GCVZ]
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O —>1,(980) y > w7~y

Phys. Lett. B634 (2006) 148

Scalar meson f;(980) produced in radiative g-decays
—> Very interesting physics in itself with a dedicated publication: !

* In radiative ¢-decays there 1s a high
sensitivity to distinguish btw. different
models for the nature of the scalars:
not easily interpreted as conventional qq
probably qqqq (Jaffe *77)

KK (Weinstein-Isgur *90)

* Can broad £(600) “c* be seen in spectrum?

» Large Angle Analysis with very similar
cuts as described before > extension to
high mass region: f,(980) signal seen

* Fit : ISR + FSR + scalar £,(980)
+ interference (scalar+ FSR)
+ background (pr—>nmy)

fit with 3 models for scalar amplitude

Events/1.2 MeV

© 6.7x105 Events
= in 350pb!

ad

/ M_. [GeV]

3500 [

3000
2750

2250

2500
2000

1750 |

- 4o, ha Tt
4 LR T
1500 ?ﬁ :KM *‘g 'mhﬂ‘ **ﬂ

1250 B .

f,(980) reglon

200 20 240 260 80 1000

M_ . [GeV]

Achim Denig

The Radiative Return @ KLOE

28



Background ¢ —f,(980) y—=> w "y

Results from the £,(980) fit studies have been used to compute the relative
background of scalar events in the large-angle-analysis, destructive interference
with FSR is clearly preferred in the fit.

Monte-Carlo used: hep-ph/0605244
G. Pancheri , O. Shekhovtsova , G. Venanzoni

At maximum 15% effect in
threshold region due to £,(980)
scalar amplitude

systematic effect under

study by varying fit parameters

of 3 models:

- Kaon-Loop-Model (Achasov)

- No-Structure-Model (Isidori-Maiani)
- Scattering-Ampl.-Model (Pennington)

—> main limitation at threshold due to model dependence in f,(980) amplitude

Effect of scalar f,(980) amplitude on mass spectrum

2

=
w»
T

J

ISR+FSR

=
=S
I

=
B
I

ISR+FSR+£,(980)

1.2

1

5

. ®
constructive 5

. >
interference S
8

M -
W[ H J[Hﬂ

|
i i T

g 1
Myt " Aty

0.6

lll,, Mgttt
[T

N

| ‘I'#I-

destructive
interference

0

0.1

0.2

0.3

P AT S T R S T
0.8 0.9 1

M2 (GeV?)

0.4 0.5 0.6 0.7
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Charge Asymmetry

30

Forward - Backward - Asymmetry

N(G" >90°) —N (0" <90°)
N(@@ >90°)+ N(G <90°)
Asymmetry is a consequence of different C-Parity of ntn~ for ISR- and FSR-amplitude

Forward-backward-asymmetry 4,,(M )= W,,)

- Simulation FSR+ISR+ S
“F lar(KL A ﬂ‘% ata
0.2 E e ar( ) \ék% A Simulation FSR+ISR
[] Simulation FSR+ISR+
- scalar(KL)
f0(980)
0 region
s b Simulation FSR+ISR
M (MeV) M (MeV)

—> Clear signal ~ 980MeV but also huge threshold effect, no f,(600) needed

—> On p-peak (where scalar amplitude is small) very good agreement btw. data
and simulation - precision test of the model of scalar QED for FSR
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Conclusions
and
Outlook
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Conclusions

* Feasibility of the Radiative Return for high-precision
measurements proven at KLOE

 Published analysis without photon tagging (1.3% precision)
will be updated with 2002 data; Normalization to muon pairs

 Analysis with photon tagging (large polar angle of ISR-photon)
allows to access threshold region; expect result for summer 2006;
p-peak region with improved precision wrt. published result!

Improve further measurement of Pion Formfactor < 1GeV;
together with BaBar program this leads to a substantial im-
provement of the theoretical knowledge of the muon anomaly

 Main limitations due to ¢ —>n"n 7’ and ¢ —£,(980)y
> dedicated DA®NE-run off-resonance (Vs=1.00 GeV) will
allow ultimate precision for pion formfactor (@ DA®NE
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DADONE - Run Off - Resonance

Intgerated Luminosity / pb-!

225pb-L
Off-Peak-
Performance:

> Spb-!/day

* background-free yy - program

Physics Case:

* background-free Radiative Return
200pb-! allow to be statistically com-
petitive with VEPP-2M at threshold

* a ¢-scan allows to study the model-
dependence in desciption of £,(980)

Xi\/las
s RunAr |
t t
Dec. 16 March 16

« Run at Vs = 1.00 GeV between Dec. 2005
and March 2006

—> Good machine performance off-peak:
~225pb-! written on tape!

* In addition energy scan around ¢ peak
with 4 scan points, 10 pb-! per point each

Number of Events / MeV

N
o
[#]

-
~
4]

75 |

50 |

OFFPEAK

130

140

1 T
150 160 170 180 (o] 200

Trackmass [MeV]
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