o(eTe~—hadrons+~)
Juliet Lee-Franzini

Laboratori Nazionali di Frascati

Cape Cod, June 2003



. Why measure o(hadrons
: O‘had(S/) at fixed s
. Advantages

. Disadvantages
. First results from KLOE
. What next for KLOE
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he question: "is there a discrepancy between stan-
dard model estimates and measurements” is important
enough to warrant any possible check.

"Radiative return”™ due to initial state radiation, allows

the measurement of hadro-production for 2m, < s’ < s,
at fixed collider s.

Recall that to calculate of a, we need the vacuum
polarization corrections due to quark loops:

J>| KL
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IM(s)/7 = so(eTe™ — hadr)/(1673a2)
had,lo 1 >
day = 273 Ju o Ot nagr(s)K(s)ds.

K(s) =~ 1/s, i.e. enhance low s. Some authors substitute:
4483.124 s Rnadr

2483 104 5 Chadr(8) = =0 o Ton

1/(sx4483.124) (47 a?/3s) is the lowest order QED cross section
for eTe~ annihilation into massless muons.
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“Radiative return” due to initial state radiation, gives us the pos-
sibility of measuring hadro-production for 2m, < s’ < s, at fixed
collider s.

To lowest order the ISR ONLY amplitude is (W2 = s):

DS AVAV AR
_I_

686 ) g’ hadr’ from which
- ANVCE o
do(hadrons + ~) o (s') s2+s52 1 s —s'
= —0 S —
dszd COS 04 e s'(s — s') sin? @ 25/

Binner, Kuhn and Melnikov

J>| KL

this
1

S
tex

Cape Cod, June 2003 Juliet Lee-Franzini - c(eTe”—hadrons+~) 6



Example: hadr=nTtrn", s = s = M2, _.
™ vT

do(mmy)

— _I__ —
~o(e'e —nm'nwm , sgx)Xolele — vy, s
dsrd oS0, ( ) X o( VY5 S)

Advantages

1. Do not need to operate the collider at different energies

2. The overall energy scale, at least in a detector like KLOE is
established at W=my and applies to all values of M (hadr)

3. The luminosity is measured at fixed energy, for the entire
data set, avoiding painful corrections
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Disadvantages 1.

T AVAVARRY _x 0%
686 ) g’ hadr7 ~ € € . /\/\@ladr
— WCE o A0S -

S S

S,y:S/ SW:S#S

FS radiation is O(1) background to o of interest!
Cannot distinguish two processes, need precise estimates.

Must also NV and N\

remove - @V properly
correct for /\,O'\,()E retain -

g
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Disadvantages II.

One must perform an absolute measurement of a Cross
section which is only a tiny fraction of the total cross

section

At KLOE, o(Bhabha)~100 ub
o(hadrons)~3 ub
o(nTa~~)~0.01 ub
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M < eQJgAMg(p’ —p)Y Ay Fr(s) Onm = U 33 |F7T(S)|2
~e
Y, mE=zet(G4l)  Oon _2retldcosts
e J\)//\/\/ t  u dcosé s in90
<N\ hard vy
_ 4 do(mmy) o (5:) 52 + s2 1 S — Sg
€ € JU ds,rd cosf _EGW o s(s—s)®_ 2s
y s s 7
> mn
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Radiative corrections

ISR. This is a well understood process and we have the appropriate, tested
tools for dealing with it.

PHOKHARA = y ¥ 2 Y 5
full NLO - calculation | — [¥¥¥¥ _E‘:ljw““’ o prages
to sty initial state ra- ‘ + + e
diation — g — g ——ngE
H. Kiihn, H. Czyz, G. Rodrigo Full 1 loop 2"¢ Photon
Comparison KKMC w"u"y We have performed together
1050 with S. Jadach a comparison
1-042— between Phokhara and KKMC
1.032— KKMC/Phokhara for radiative muon pair production

= Agreement on few permil
level in entire energy range

= Effect of higher order corr.
(3 photon, ...) only visible
> ca. 0.9GeV? and small

+1%

-1%

0-972— Phokhara / Analyt. Calc.

0.96F

Radiative corrections on
the level of few per-mil

0.95:I II|IIIIIIIIIIIllIIlIIIIIlIIlIIIIIIIII|IIII|IIII
0 01 02 03 04 05 06 07 08 09 1 ) — :
21G V] 26" Meeting LNF Scientific Committee
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Vacuum Polarization

This is the same for everybody and presumably very well understood, today.
The question is to apply it, correctly, to data and whatever normalizing process
is used to get £ (usually Bhabha scattering).

FSR 1. Hard photon

S 7T
‘\’\’ T herefore

|
pz#m% \.7'[ also
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Ways out?

Take only small angle ~, ISR dominates, FSR not important.

do/dM,,, 1.02 GeV
100 5
nb/GeV i
80 F ]
ISR+FSR
60 |
40 F
20 | ISR+FSR =~ ISR only
9V<15° >165°; 300<¢9ﬂ<150O
| |
0.1 0.2 0.3 04 05 0.6 07 08 09
2
— All angles
1077 F
10" ISR+FSR =~ ISR only
6,<15°,>165°; 40°<6,<140°
1 1 1 1 1 1 1 1 1

0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9
M2, (GeV?
But small sp,4 IS lOst
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Simultaneously measure 3 ‘form factors”, Fr, Fi1, F». Inclusive o preferred.
(F.J.)

TT
S

A truly inclusive measurement, as recommended, is never possible. Back-
ground channels invalidate the measurement. There are possible compromises,
but with poorer statiscs.

Otherwise try xPT calculations. In any case 3-body processes are suppressed,
~1/3272. Likewise pmy small. It is quite reasonable to begin with point like
pions and correct the result (G.1.)

J>| KL
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FSR 2. Soft photons

This refers to the presence of soft radiation in the final state, together with
radiation of a hard photon by the initial electron-positron which allows one to
measure o(s’ < s). One needs proper modelling to ensure that whatever FSR

has been removed by the event selection criteria, is reintroduced for a proper
measurement to get to the muon anomaly.

Not Quite Final Results from KLOE

I am reporting now on a precision measurement of the rTn~ cross section
around the p region, performed with KLOE, with 2 million 7+ 7~ events

I wish to remind you why our first effort is concentrated in this energy region
by showing the impact of related measurements on ay.

Let us remember that out of a contribution to a, of ~685x10710, ~441x10~10
is due to the n 7~ channel, whose best measurement comes from CMD-2 at
Novosibirsk with 110,000 events and a combination of 7 data, in the rt 70
channels, from LEP and CESR, which appear to disagree.
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KLOE contributions

1. ay. Comparison of measurement and calculations.

HMNT, '02 (ee incl)
166.9+7.4 '

DEHZ '03 (ee) : o
169.3+7.9

DEHZ '03 (z) e
193.6£6.9

ES21'02 BNL

2038 —=

l l l l I

160 170 180 190 200 210
a,—11,659,000 (107'%)
T he situation is somewhat embarrassing: we can't say if there is
agreement with experiment... there is possibly a problem with

r-etTe™ data.

J>| KL
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2. eTe  data are clearly lower than 7 extracted info, around the
p region

. ¢ CMD-2
= average
S 0.2 prelim o CMD
= * -_ 3 o OLYA
& i M = DMI
SR ol .q
S B ) " o
E 0.0 i L I __"_:l_ﬂrmifﬂ all II.I|I| T
| I T T Q ol l:i:;f:n:. AL+
= ’ | w L Jﬁ i )
< h } (0 LR
= o2 ERtiitkE J
N
l | l N | I

0.25 0.5 0.75

Aay (T —eTe™) = (24.3 4 7.9exp + 3.8rad & 2.87_gpin) x 10710

2.6 o discrepancy

1.0 s (GeV )
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The disagreement is in fact stronger, when comparing BR:
~6% or ~4.60. 6% is a rather large I-spin violation!

"CLEO
25.42+0.42

- OPAL
© 25.44+0.34

ALEPH prelim.
25.47%0.13

CVC Loy Average
23.98+0.30 25.46x0.12

I \ l l I

23 24 25 26 27
BR(t =v,t ) (%)
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KLOE can

e'e” - data with CMD-2 results

2) Cross check the central value of | "™ = ( 684.7 £ 6.0__+ 3.6.,) x 107"

= At which precision can we be significant ‘competitive?!

TR
% . , : , y be
“c,w"i‘r"'ﬁ;‘;\\ CMD-2 01 : systematic error — (1.6% to be y
s . L y ! compare
(o a2 =(368.1 %26 %22 _)x 10 P
KLOE statistics : ‘_,-———-"/
2001: tactor 20 more data
= will be dominated bv svstematics!
KLOE systematics: - 6.3, x 107 @ 1% precision
> _hadr 2K 2 e Rest 2 _ o 20
s L — = . L LA -
Oa, = Oa, .J[ Oa,” )" +(0a, ") .0, 2% precision
- —— k22 3% precision
KLOE £ 5.1 x 10 KLOLE
systematics???
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| - . e
eTe —n T~ simplified
To lowest order, but only ISR, Binner, Kuhn and Melnikov give:

do(rmy) a3 52 4 s2 1 S — 871-:|

_ Y 2 .3 3
dspdcosf  3s2 [Fr(sm)|” Br sx(s — sx) sin? 0 2S5

where s = M2_and B = \/1 — 4m2 /s is the pion velocity in the
T system.

Integrating over cos@, from x1 = cosf, to o = cosb, (01 > 6>)
we get:

do(mmy) o3
— ‘FW(SW)‘Q 5737) X
ds 3ss
1 s24s2 1 1 — _
B + o7 (log + 2 - 1og xl) S (z2 — 1)
2 s(s— sr) 1— x5 1+ x4 2s
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For 6 <0y <180 -0, x = cos?

do(mmy) s 5 3 s2 4 372T 14+ s—s1
= F O — 2
ds 35S [ Fr(sm)|™ Br s(s — sr) J l1—=x 25 v
e 52 -+ 372T 14+ s—sg
= log — x| o(mm, sr)
st |s(s — sr) 1 —=x S

= H x o(nm, sx)
Definition of H, the radiator function.
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12

10

o ()

do(stry)/dsy

nb/GeV?
TLITY

0,=5-15; 165-175°

50-130°

0.2 0.4

Cape Cod, June 2003

0.6 0.8
S, GeV2
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8.0

6.0

4.0

2.0

a.u.

1/H, T
Ay
K(s)
(ym) -
0.2 0.4 0.6 0.8 , 1.0
sz GeV

0y, 1.45°77m7
alu, 07‘(‘7‘(‘”}/
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From PHOKARA

eTe > y; 30°<0,<150°

do/dM...  W=1.02 GeV !
all 6 = JJ-L
0T ' 0.03 all 6,
60 |
0.02
10 F
20 | 30°<0,<150° 001 30°<0,<150°

] ] ] ] ] ] ]
0.2 03 04 0.5 0.6 20.7 0.8 0.29 . . 06 08 1.0 1.2 14
GeV 2
Mz (GeV?) Mz, (GeV?)

_l>| KL

this
is

tex

Cape Cod, June 2003 Juliet Lee-Franzini - c(etTe"—hadrons+~) 24



S
tex

this
1

Magnet
SC Coil, B=0.6 T

EM Calor.
Pb—scint fiber
4880 pm

Drift Ch.
12582 sense wires
52140 tot wires

Al-Be beam pipe
r—=10 cm, 0.5 mm thick

J>| KL

i N
lYOKE
S.C. COIL

Cryostat

Barrel EMC :

DRIFT CHAMBER

\ 4

Cape Cod, June 2003 Juliet Lee-Franzini - a(e+e——>hadrons—|—7)

25



Driftchamber

G./E = 5.7% / VE(GeV)
o= 54 ps / VE(GeV) @ 50 ps

(Bunch length contribution subtracted from constant term)

o,/p = 0.4% (for 90° tracks)
~ 150 um, 0,= 2 mm

Electromagnetic calorimeter

g
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The photon momentum and
angle are obtained from

ﬁ’y — _(ﬁﬂ-+ _I_ﬁﬂ'_)'
Photons with
0 < 15° (> 165°) from the

Interaction region do not
reach the calorimeter.

Pions are accepted for
40° < 0, < 140°.

J>| KL

|

Yoe |
lYOKE

]

24

S.C. COIL

Cryostat

]

Barrel EMC )

DRIFT CHAMBER

40%0<140°

40%0<140°

End Cap EME
A
=

5
)

L]

5
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PHOKHARA for KLOE angular regions

0.8
o 2
80 do(mmy)/d M, 0.7 k FSR o H#
70F  (nb/GeV?) ‘ FSR+ISR* ° ++
ok 0.6 | hy
{
so b 0.5 F JrJr+’r
40 k 04 -H-+
}
f
30 ISR+FSR 03T M
20 02 [t &
100X FSR H by '
10 ) ) 0.1k ++ + ! 2 2
B B . [ 2 Mﬂfﬂ |(Gev >‘ . H ++++-|-\..."'.. —*ﬁ“l‘ M.T[.T[ (Gev )
03 04 05 06 07 08 09 1 03 04 05 06 07 o0s oo 1

FSR contribution is negligible for
0 < 15° (> 165°)
40° < 071‘"'77_ < 140°
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do(ntrn—~) B NODbs _ bkg y 1 y 1
(211\47%7T AM%W €se| X €acc L

Signal
e+e_—>7r+7r_’y o~5-25 nb

Some background processes

etTe —¢p—KeK;, Kg—nTn—, K; does not decay, c~0.4ub
ete™ >Q— P w0, o~0.5ub

Radiative Bhabha ~a fraction of ub — (large eTe™ angles)
eTe —uTu~: for & <600 MeV o(upy) is larger than o(ntn 7).

_l>| KL
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1.4
1.2
1.0
0.8
0.6
0.4

0.2

oglete —=nTr") and o(ete —utu™)

o, ub
Amendolia
et al. 1987
JUIT
i
L2
s, GeV

0.1 02 03 04 05 06 07 08 09 1.0
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Event candidate, probably #t7 70

this
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7r+7r—7 events are selected requiring two opposite charged parti-
cles in the drift chamber, rather loosely coming from the interac-
tion point. Most background events, such as ¢—Kg—nTn +K;
not decaying and gb—>7r+7r_7ro, are removed early in reconstruction
by kinematics and cuts on my, 2computed from

(qu—\/pi m2 —\/p? m%) — (Fy +9-)*=0,
[.e. assuming that a pair of same mass particles are produced
according to eTe —axTa .

We do not want to apply restrictive kinematical requirements, or
Insist on multiple photon detection, to avoid imposing restrictive
cuts on soft radiation, to be later corrected.

The observed mass, m.,, spectrum for the accepted two track
events is shown below

J>| KL
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Particle identification me Spectrum for candidates

is obtained with an g(my)
estimator that uses 3000
time of flight,
compared to
momentum, and the
energy deposit pattern
iIn the EM calorimeter.
Its effectiveness is
apparent. At least one
of the two particle
must be a pion, ~95%

of the signal is 50 100 150 200 250
retained. my; (MeV)

_l>| KL

cnts betore

PID

2000

1000
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Distribution in the {M?2, m;} plane

Fiducial region in the
{M_4_—, mg} plane.

! I I I I !
0.3 04 05 06 07 08 09 1.0

2 2
M__ (GeV”)
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aTx 7Y and pTu~~ background subtraction

1o3§— + ) yy*m_‘..,
Backgrounds are T H }J’“
. ol 4+t H
estimated from data ft ﬁ* T[ T[@* f
and subtracted. PR 03 0a o5
afermtrkcu
Monte Carlo DATA after My o
simulations are in T BKG TOT
excellent agreement
g +50/O 0.05 }++' _____________ -
004 £ ¢4
0.03 | ++¢¢ |
0.02 | ’0‘.. .“,....“.%o'
o _ ! “““w«*"”"'.'..m.. ol
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Radiative Bhabha, eTe ~, background

0.1

0.09 :_ ...................... T ......................... S
0.08 [ ......................... ......................... ......................... .
0.07
0.06 |

%%

0.05 _————

004 ........................ (I I R R R I
0.03 L ........................ S 00 0SSOI P U ——
002 i ........................ OO OSSO SO S S ............

001 s ........................ A __.___ ......................... S
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This process could represent a background «}

for our analysis if electron and positron go  “f J'lk
1 | i
along the beam pipe. wk LH,I__
in F
3 -

m

o N A ¢
o | 'L
i 4 i
A L ) - h'1 L
T gt 1 JH il
—_ | —_ —_ — —_
E L3 E E i E

From MC (old MC generator from F. Anulli),
we expect a background contribution at

low G2 values. \

Background is removed by mg cut.
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Efficiencies

1.05

095 4%
0.9

Trigger
Includes CR veto 08 |

0.75

Reconstr. Filter oos |
filfo !

0-55 Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

Event Classification . o
Track eff, vertex eff ¢ b TOTALEF,

o

08 f
07 F
PID 06 F

like i

03

ma o
mtrk 0 ot

0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
@iiiijﬁm_iiiig

GeV?
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Measuring the luminosity

Acceptance:

Comparison DATA — MC to understand systematic effect

Normalize to same number of events — Monte Carlo (BABAYAGA)
* Data Points (1.1pb™!)
1000 | RS = 40000 g v E v
[ [ 35000 i
12000 ; SILLE } |
30000 r
30000 L
10000 — [ L
25000 —
L 25000 L I
8000 1 ey [
20000 w [
6000 ; r 15000 L
15000 r B
4000 w [ 10000 B
10000 L
200 i u 5000 |- l Cut 5000 7 l
°4o50T“e‘o““y‘o"“éo‘“‘éo““léd“‘ﬁd“‘ﬁd‘130140 Oup a0 M0 a0 40 B0 B0 0 %0 50 60 R T T N B S S A
Polar Angle [°] Momentum [MeV] Acoll. [°]

Only Polar Angle makes an non-negligible effect, the other
distributions are “safe” what concerns systematics
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SUMMARY LUMI

SYSTEMATIC ERROR
Theory 0.5%
Acceptance 0.3%  correct by 0.28%
Knowledge Vs 0.1%
Background 0.1%  correct by 0.53%
Tracking 0.1%
Clustering 0.1% correct by 0.23%
Trigger <0.1 % correct by 0.51%
Total 0.5% th., 0.4% exp. 20.6%

J>| KL
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Luminosity comparisons

BHABHA
1. BABAYAGA (Pavia, Carloni et al.)
2. BHAGEN (Modified Berends)

c(VLAB, 1)=428.840.3 nb

' 0
o(VLAB, 1)=428.5+0.3 np M 0-1£0.1 %

Large angle vyvy. 45° < 0~y < 135°, 0=120 nb
IL(BHABHA)-L(~vv)|=0.2 %

g
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Analysis Flow

Obs. Spectrum dN/dM 2
140.7pb! of 2001 data

Background Subtraction

Event - Filter

Trackmass

Unfolding Procedure

TCLO

Vertex

Tracking

Trigger & Tr.-Veto

Divide by Luminosity

Diff. Cross Section do/dM,_*

g

o(nTa )

-

TiMmm
GINHMY
SO000
4004
J0000
20MHM0

10000

Differential “raw”’Spectrum

/ 2 Me
: dNIdej :Ma:

ven  2.076.037 Events

0.4% St;

1.0% Statistical Error
@ 0.01GeV? Bin Width

el sl b o b ol ol

0.1 0.2 0.3 (L] 0.5 0.6 0.7 0.8 0.9 1

92 M__2 [GeV?]

Acceptance: 0_<15° (0, >165°), 40°<0_<140°, E.>10 MeV
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<l " KLOE, £=140.7/ pb
KLOE S ol d 0, <15 or >165
dipion mass <© 2,095,095 » .. 40 <6, <140
resolution S 50, ovents "
s been Lk N - : £,~10 MeV
unfolded = . "

< . .
from the ~ 30~ * PRELIMINARY
spectrum - . e eeesenate

l§ 20 B o.
after all 7 .
corrections 10 2 2

\P%/ ,.o... Mnn (GGV )

03 04 05 06 07 08 0.9

_l>| KL
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PION FORM FACTOR

e g Fion Form lFactor
il KLOE
* [ (1]
From ol o
_ 1l do(7mm : o
O'(7T+7T  S;) = (77y) s | - N}
H dSﬂ' E . . ?\1;‘3_‘. \
and . . RN
2 . ) o0 !
_ T > B o 2
o(x T sn) = ——B3|fxl 3 I I A
367‘(‘ 20 : 5 o ]
we get the pion form factor.  «p | .,
H(sz) is obtained from ;__:-" 1
PHOKHARA with Fr=1. Sl
- unfolded "

M__2 [GeV?]
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The KLOE
e+e_—>7r+7r
Cross section
extracted from
the measured
rtr—~ cross
section above,
compared with

CMD-2 results.
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40

35

30

25

20

15

10

B S
- e o e KLOE
I ¢ e o CMD-2
° %
L * ®
o ©
0. .8.
- .;;O PRELIMINA4RY
I ggfo *2ee
.0...‘ © @%%“ﬁ
L L .
M yzm (GeV 2) "t

0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Relative Difterence KLOE — CMD-2
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We are checking this region M_ 2 |GeV?
- ISR+FSR? Background?
- gt+te- = ete-gtm- -
- H - Function?
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* our calculation, we

Qg X /O‘(SW)K(SW)CIS use values w/o FSR and
VP correc. (like us)

KLOE PRELIMINARY
Aa,=424.7 0.30< M2_<0.95 GeV?
Aa,=381.4 0.37< M2_<0.93 GeV?
Aa,=240.1 0.50< M2_<0.93 GeV?
CMD-2 (Aa;,=368.1)

Aa,=376.7* 0.37< M2_<0.93 GeV?
Aa,=241.4* 0.50< M2. <0.93 GeV?

1/2 % agreement with CMD-2 above 0.5 GeV?
VP and FSR corrections need checking!
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Radiative Corr. H (M__.°) (Phokhara)
?

Systematic errors are still under evaluation!

/ Contributions from: \

Luminosity Acceptance Cuts Efficiencies
» = By distribution
al m&sg\?\ :ﬂ | :| Effects are expected to
0.5% T\llq&y\w 04%Exper. ! = — MC [l be around on few tenths
o0’ il | e Data ]l of % for each items
b | | - -
s o1 Trigger 0.2%
- 5 00<15° 1ﬁg°¢1ffg Tracking %
| | Eve-KMer  <0.5%

0° 5 10° | 170° 175° 180° ?gﬁkkmm 02%
Good agreement Data - MC
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What's next for KLOE

Measure large photon angle region

1. Access The Low Mass Region

Contribution 1938
to a, (x10')

1000
ook (), nb
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o(ee—>mmy, small 0)

. L (nb/GeV?)
® KIL.OE -

T — e (EVA) o
4 =  o(ee=amy) o o
3 F - -z'z, o
. Aa(u)= °

1000x10
1 >

S (GeV ).
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There have been no recent measurement of a(e+e_—>7r+7r_) at
small mass. It is worth noting however that the region from

threshold to Myr < 600 MeV (sr <0.36 GeV?2, contributes ~80 x
1010 to the muon anomaly.

By choosing small values for 6, we removed some problems with
FSR but lost the pions recoiling against the photon, inside the
unaccessible forward and backward cones.

By going to the large angle photon region, KLOE will recover
this portion of the cross section.
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2. At large angle we can also study the scalar meson contribution
to o(hadrons) proposed by Narison.

2200

Photon tag 2000
I.e. photon is detected
45° < 0, < 145° o

1600

Fit improves if a o
contribtion is added 1400

£4(980) \

"1 340 pb”!
P M, (MeV)

1000
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3. Measure pion angular distribution.

25 |
ISR+FSR 1.02 GeV
ISR only

t‘i 20
D
3
= 15
N
B
B 10F
S
ge ISR+FSR = ISR only

5 6,<15°,>165°; 30°<6,<150°

r 1 1 1 1 1 1 1 -I
—1.0 0.0 COSG(J‘E+) 1.0

With more information it will also be possible to clarify the validity
of present modelling of FSR or learn how to deal with it better.
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