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Introduction

The basic idea of this analysis is to measure the (ISR) - radiative cross section
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Inserting o into a dispersion integral allows to evaluate the dipion contribution to
the muon anomaly, Aa *:
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Introduction Wil

At PHIPSIO08 in april, Federico presented the following value for Aa, "™

Aa,77(0.35-0.95GeV2) = (389.2 £ 0.6, * 3.0, * 2.0,,) - 1010

stat =

Since then, the following things have changed in the analysis:

* Experimental corrections to the luminosity cross section have been rechecked,
increase eff. VLAB cross section by 0.5%

* Background contribution from e*e” - e*e'z*zn~ events is subtracted from spectrum,
and 50% of it is taken as uncertainty (before full contribution has been taken as
uncertainty)

* Error for FSR (model + experimental treatment) of 0.3% added to theory error

* Error for PID and TCL reduced to negligible

*Uncertainty from unfolding procedure does not enter anymore in the dispersion integral

* Increased Monte Carlo statistics for acceptance evaluation

» Use of covariance matrix in propagation of statistical error

sta

Aa,7(0.35-0.95GeV?) = (387.6 = 0.5, = 2.5  + 2.3,,,.)-10-10

It is this number we want to be blessed (plus the analysis for
do,,,./dM? and g, from which it is derived)



Event Selection

a) 2 tracks with 50° < 6
b) small angle y (6 _. < 15° or> 165°)

track

v high statistics for ISR

v low relative FSR contribution
(102 ¥ suppressed ¢ — nrn-n® wrt the signal : Barrel ENCITIIILT:
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Event selection Wil

* Experimental challenge: Fight
background from
— ¢p— mta
—efe” —efe” ¥
—e'eT > ututy,
separated by means of kinematical
cuts in trackmass M,

(defined by 4-momentum conservation
under the hypothesis of 2 tracks with
equal mass and a y)

(‘/_ Npi+ My, =Pl + My, )2 —~(p+p)°=0

and Missing Mass M

miss
(defined by 4-momentum conservation

under the hypothesis of ete-—m*n-X

Mmiss = 'JEg( _pi
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To further clean the samples from
radiative Bhabha events, a particle ID
estimator for each charged track based

on Calorimeter Information and Time-of-
Flight is used.



error table in the
published work  p| Bg06(2005)12

improved machine conditions (luminosity and
background) in the new data set

Reconstruction filter 0.6% ‘I\

Background 0.3% improved offline-event filter reduces
M, cuts 02% systematic uncertainty to < 0.1%
Particle ID 0.1%

Tracking 03% improvements (no vertex

4 requirement) on the selection
Vertex 0.3%

Trigger 0.3% vn\

Acceptance 0.3%
Unfolding 0.2%

Luminosity (0.54,@ 0.3.,,)% 0.6%
new generator BABAYAGAGNLO,

error on Ogpabha from 0.50/0 to O.lo/o

30% inefficiency (veto of cosmic rays)
recovered by introducing 3¢ level trigger




Observed Spectrum for
nmy(y) events
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FILFO and L3: O

Both effects estimated via downscaled control samples after all analysis cuts:
FILEO: 1.01 . : :
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0.1% taken as uncertainty on the spectrum due to L3 trigger.



Background

Background is estimated by a fit of signal(mrty)+background(uwy,mmt,eey) MC distributions
(in 32 slices of M?_) to the data distribution in M, with free normalization parameters

Monte Carlo distributions are corrected to obtain better agreement with the data (BV corrections
are used as the standard corrections).

The fit is then performed using
* between 0.32 - 0.60 GeV?: binwidth of 1.0 MeV in My, 4 MC sources, eey norm. param.

fixed to 1.0
* between 0.60 - 0.70 GeV?: binwidth of 0.5 MeV in M, 4 MC sources, eey and stz norm..

param. fixed to 1.0
* between 0.32 - 0.60 GeV?: binwidth of 1.0 MeV in My, 3 MC sources, eey norm. param.

fixed to 1.0
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channels uuy, e and eey:
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Background

Cross check on normalization of eey Monte Carlo sample:

Fit data M,,, distributions selected with .xor. of PID with a Gaussian (strty signal) and

a polynomial tail (eey background), and obtain fractional eey contribution from the ratio
of the integrals.

D.72< M2, <0.74 GeV? |

I
100 150 200

The result can then be confronted with the fractional contribution from Monte Carlo
used in the fit: 0.008 «

Ne?y(?)/?ltot




Background

Combined background fraction as obtained from the background fit for the 3
channels uuy, e and eey:
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Background from e*e- »e*ew*n”

We estimate

e*en*m using the EKHARA generator

(Czyz et al.), and using reconstructed
tracks from ¢ ny —=(eenmr)y Monte Carlo oA
to estimate the track reconstruction o o =
fficiency for elect d pion tracks. ‘ ” “ “ 3
efficiency for electron and pion tracks \/{} o \/ S

2 > -
Now, events have to fulfill (at least) the o %
following cuts to end up in our spectrum: //\\ /\ 0
At least one good pair with
From
0<ppca<8cem; 0<izpe,l<7cem; ppy<8 cm ¢ 1y
—-(eenm)y
50° < B1ae < 130° 5 P o> 160 MeV 5 1 101> 90 MeV ) <
150 MeV < Ip,| + Ip,| < 1020 MeV T
(-220) MeV < AE,, . <120 MeV S
B;< 15° or B> 165° £
130 MeV < Trackmass M, < elliptical cut in M, vs M__-plane I
at least one of the tracks in the pair is a pion

the contribution of e*e” > = >\_ PN
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One obtaines track reconstruction efficiencies of ¢, .. =0.98 and ¢ ~(.94

a+,m—

Upscaling then the effective EKHARA cross section (60pb) with 241.4pb-" and
comparing to the spectrum of signal events gives as relative contribution from
e*e = e*erta events:
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We subftract the full contribution from our spectrum, and an error of
50% is taken as an uncertainty on our measurement.



Background

Additional background checks:

ete” - eteutu: Checked with NEXTCALIBUR generator,
contribution negligible

¢ —=(f+0)y = mmy: Checked with PHOKHARA 6.1 generator,
¢ —mp — m(my): contribution negligible

Checked with PHOKHARA 3 generator interfaced with

©C T ONsRTTY: GEANFI, cut by AM . >120 MeV, contribution negligible

miss

We have found no additional contributions to our spectrum other than
the ones discussed on the previous slides.



Effect of different ..,Tuning® of MonteCarlo

MonteCarlo momenta and 6-angles of tracks get tuned to match data distributions (M;,,). We
use a prescription developed by B. Valeriani (+C. Bini). Paolo Beltrame has developed a
different procedure, which can be used to estimate the uncertainty the ,Tuning“ gives to the
background fit.

rob(y>>y?..;,) from background fit:

=

"

0.6

Both procedures work well in complementary regions M _ 2.

Rel. background contr. to spectrum
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Background .

Uncertainty due to the errors on the normalization parameters obtained in the
fit procedure:

2
* error on parameter gets scaled by factorwf% if Prob(y*>y2,..,) is smaller than 5%.
n

* errors then get propagated on o, taking into account the correlation between the
normalization factors for uuy and st events:
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Background i |

Systematic error on background R
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evaluation: '
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Background

Adding the different contributions quadratically, one obtains the
rel. systematic uncertainty from background on the
measurement:
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M., etficiency > /|

The efficiency for My, is taken directly from Monte 200
Carlo as a function of (M?_ )¢, after applying the same '
momenta corrections which were used in the background fit.

Jury
Qo
o

-
S
o

Mk (MeV)
g
=]
o

It is a part of the Global Monte Carlo efficiency.

120 e (Y)

Given the very good agreement between data and Monte Carlo 100} T
distributions in M, as found in the background fit, we do not 03 0.4 05 06 0.7 08 0.9 10

. M2 (GeV?)
apply a correction of gy,-/€ .-

I

1.02¢
1,015 v : : : :
To estimate the uncertainty, 1.01 -(d" m/ ds, (12” Mev” 4 (d" m/ ds, (130 Mev”
been changed to 120 MeV. 1_ FLJanp_L s 099_902 6E: 4
A 0.1% effect is observed. 0995 b
N P I I P S B I
0'983.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Mm[GeV]

As a similar effect is expected from the variation of the M2_ -dependent cut, we take a
value of 0.2% as the uncertainty due to the estimation of the M-, -efficiency .



Unfolding

—h

a) By Matrix-Multiplication

s true [GeV?|

09 |

Create Probability-Matrix P;; from MonteCarlo

population matrix in (M2, M?,,..) "L

0.7 [~

N; true = zj P(N, true I N; rec) - N;, rec

06 [ L
b) Using Bayes Theorem
0.5 [

method based on Bayes' theorem o4 b

¢ no matrix inversion needed .
* i idi i A I N N B BN S
can be applied to multidimensional problems 0.3 S b b L ;
¢ jterative algorithm; can start with a unlform s rec [GeV]
o “true”, normalized
distribution p(E .|c.i}) (c.) Y detrbution Needs P(C), P(EjICi) from
_ I~k i) &
Bayes formula: P(CGIE;)=—, P(ECIP(C) MonteCarlo. P(C.) needs not
I . .
o be too precise, gets iterated (I
+ “if we ?bserve a single e:vent “(eﬁ.’ect E)", the probalf)l'llty that it has be'en due use P(C)=N/Nt t)‘ P(E'C) iS
to the i-th cause "(C),” is proportional to the probability of the cause times . 1 1 Y J_ 1
probability of the cause to produce the effect” obtained from the Matrix
D' Agostini

above.
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Unfolding

Applying both methods to the data spectrum yields very similar results.
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Unfolding &

Confronting the Matrix- with the Bayesian unfolding gives significant difference only
around p-w region:

1.05 ¢ : : : : : :
1,08 Forms oo Matex Unfolding.........

1.03 _g_ b BAYRS. Unfolding........
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Unfolding |

We use the Bayesian unfolding in the analysis, and use the absolute difference
with the Matrix method as systematic uncertainty on the spectrum between
0.58 -0.62 GeV?

M?_(GeV?) | 058 [ 0.59 | 0.6 | 0.61 | 0.62
Sunf (%) 04 | 03 |21 40 | 04

However, since the unfolding conserves the total number of events, and just

migrates events between adjacent bins, it does not give a systematic effect on
the dispersion integral for A™7a !

x 10
10000

8000 —
The covariance matrix from the 8000 "
unfolding has to be considered 4000 4"

in the determination of the I
statistical error of A*a, |




n/e separation is done using a PID estimator™ using calorimeter information and TOF.

At least one track has to be identified as a pion, i.e. at least one track needs to have

an associated cluster with L=log (L./L,) > 0. This .or. selection gives very high efficiency
on the sry signal (100%) for the PID, while rejecting a large fraction of the Bhabha events.

*PID procedure used for e/x discrimination, B. Valeriani KLOE Memo 295, developed for the
2001 nwy analysis, re-modelled with 2002 data)



/e ID and TCA

Efficiency to find the pion cluster (1)

normalization sample

- usual tracks, acceptance and m,,, selection
- each track extrapolated to the ECAL with NEWEXTRATOM
- small angle requirement, 8, <15°

a tagging track with 2 ECAL trigger sectors fired (i.e. the other track needs not to have
a cluster)and log L,/L, >0

look for a cluster with log L, /L, > O (BEF efficient) within a sphere of 90 cm radius as a
function of track momentum and polar angle



Efficiency to find the pion cluster (2)

600 E 0.00 0.00 0.00
T 550 ¢ 000 e L ones | the choice of 90 cm (driven by trigger
= igg 3 studies) does not introduce overlap
5 400k _— | between the pions: the distance
350 | NS “1 between the extrapolated points to
4 300 | the ECAL is larger than 3 m for the
5 20 region of interest
'~ 200
1050405 06 07 08 095
M_2(GeV?)
efficiency is evaluated for single track and then mapped into M_ 2 using MC
i 2 bin: : : :
for a given M2 bin: n = # of different (6_,p,,0_,p_) configurations
T v = frequency for the k-th configuration
ercp M2 = N Z Vi € N = sum of all configurations for that bin
k=1
er=1—1|1—- €icj-t$—fy<97r+vp7r+) l— ‘(':ic-li-t?r—fy(ew—va—) — 5;1r(1+t$—7(M£w)
ek =1— 1=l (Ot prt )| |1 — emiGe (Bnmspam) | — eMC_(MZ,)




Ca’ata /MC —

Efficiency to find the pion cluster (3)
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data/MC correction at
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the systematic error
is given varying the
association radius,

the effect on
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is negligible
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Efficiency to find the pion cluster (4)
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Trigger improvements Wil

the main source (hardware

1 e veto of cosmic rays) of
095 . €13 trigger inefficiency in the 2005
09 | . (new data) published result has been
ot ., removed
085 . e
08| (o e
0.75 - e 30% Also new: Make sure that
07F L e event is triggered by
04 05 06 07 08 09 the (pion) tracks
M,* (GeV?) (to exclude “"Rest-of-the-

event”-frigger)



Trigger corrections: Wil

self-trigger pions

» each track extrapolated to the EMC a la
T. Spadaro

+ classify all clusters such that they
belong to spheres:

0.0% ;—'t
. 0.018F o
either or gﬁgli = 1= Nyair / Newc pi
N :_ &
0.012F * s
0.01 ""‘"W,
d = distance btw cluster centroid g—ggg 2 Wﬂ%‘ .
and the extrap'd point of the track 00045 L T
04 05 06 07 08 0.9
. 2 2
- each category may have associated O, 1, M,.* (GeV?)

2 frigger sectors less efficient than in the past, but much

- events selected if at least 2 sectors reduced systematics (was 0.3% — 0.1%)
associated fo pions



Trigger systematics: choice of R (MC)
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well known slope: 30 cm/ns
photons originated by pions

AT = ZLclu - tmax

thax — Time of most energetic

m

cluster within 60 cm from
extrapolated point

we started with sphere

radius = 60 cm, better increase to
90 cm to include more clusters
that belong to pions



AR, (cm)

AR (cm)

Trigger systematics: choice of R (data)

‘:gg well known slope, 30 cm/ns
250 photons originated by pions
225
200
175
150
125 e -
-5 clu ext
AT = ZLclu - tmax
300 t .. — Time of most energetic
275 cluster within 60 cm from
250 extrapolated point
225
200
175
150 )
125 data hint to a smaller
100 = N — n0 X cross section
75

than in MC




MC confirmation: identity of the clusters
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Trigger efficiencies: single pion method

* multiplicities are evaluated: e.g. Py, ,(6,,p,) = probability for the
nt or - of firing 0,1,2 trigger sectors
-single conditioned probabilities are built in an unbiased way,
e.g. Po12(0,.p,) is estimated as the probability provided that the
7~ have fired 2 trigger sectors and viceversa

for a given M,* bin: n = # of different (6,,p,,0_,p_) configurations

1 > v = frequency for the k-th configuration
Errig Mpr?) = N Z Vi, €k N = sum of all configurations for that bin
T k=1

er=1—-P(04,py)Po(0_,p-) — Po(0,p4+)P1(0_,p-) — Po(04,p4 ) Fo(0—,p-)



Trigger single pion method: systematics

fractional difference
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M_° (GeV’) analysis cuts
0.006 [ 7/ndi 6601 / 59

negligible uncertainty



Systematics with the DC trigger

N. of events with EMC trigger = epnic Ntor = NeMmc cOnVent’
N. of events with DC trigger = epcNtoT = NpC "igger ;T(;HS asin the
N. of events with both triggers = egnicepc CrNroT = NpoTH M9A492; 134 200
0.99
0985 o ;
: T RMHRR TG ST MR IR LA
0.8 | # Mﬁn witihy
-
0.975 | e -
[ * Cr Eavc g (MO) .' torla o S P
0.07 F o o, MO Monte Carlo studies prove that Cp < 1
09650:3' - 0'4 - '0:5' - 016 - 017 - 018 - ng - q1 for 7~ events of this analysis.
M.~ (GeVY)
1.007 2 X/ ndf 60.28 / 59
1.006 E Pl 1001+  0.9043E-04
i.ggi : EMC conditioned to the DC trigger
1.003 E is a good estimator for the efficiency
1.002
1.001 hatd { *
1E
0.999 F R +
0998 0.4 0.5 0.6 0.7 0.8 _0.9
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Tracking: No vertex required

no loss in resolution
from momenta at the
PCA, rather than at the

vertex

. momenta at the PCA
. momenta at the VTX

10 %L

10

-0.1

1 l 1 1

-10.0.; - 0 l l0.05
M, 2(rec)-M,.%(gen) (GeV?)
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Enmies 1mes2
Vean 0.33=sE01

1212
uD IS0
OVFL 10
ALLCHAN] 0 1735E+05
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Tracking corrections: ntn-n’ data selection

- at least a "good tagging track” (first hit with
Pru < 50 cm, point of closest approach (PCA) of
backward track extrapolation must have ppc, <
8 cm and |zp,| < 7 cm)

* the track must have associated
(newextratom) cluster with log L./L, > 1 (it
also provides with t, correction)

- 2 and only 2 clusters ("good photons") prompt
(according to ECL_NEURAD) and neutral (not
associated to the tagging track, nor tfo TCLO
links) with E > 50 MeV and distant each other >
60 cm

* photons are x?-constrained as

measurements

(2 x) E, = photon cluster energy
(2 x) r, =y cluster space coordinates
(2 x) t, =y cluster time

constraints

2 — 12
myy mnO

mzmiss(z Ei?'Z plD = mzm.

2x)t,-|r[/c=0

to cure the photon
to cure the coordinate ~ energies resolution
along the fiber — polar
angle of the exp track




Tracking corrections: ntn-y data & MC selection

- at least a "good tagging track” (first hit with pgy < 50 em, point of closest
approach (PCA) of backward track extrapolation must have ppc, < 8 cm and
[Zpcal <7 cm)

* the track must have associated (newextratom) cluster with log L /L, > 1
(it also provides with tO correction)

* 1 and only 1 cluster ("good photon") prompt (according to ECL._NEURAD) and
neutral (not associated to the tagging track, nor o TCLO links) with E >
50 MeV

* the tagging track must have momentum ptag > 460 MeV (to throw mtmn°
events away), the expected track must have mass (built from 4 momentum
conservation) M,,s > 120 MeV and MLP < 0.3, to suppress uu-y
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Tracking correction and systematics

for a given M,* bin: n = # of different (6,,p,,0_,p_) configurations

T v = frequency for the k-th configuration
g (M2 = N Z Vi, €k N = sum of all configurations for that bin
k=1
Ek = eg{l-(;—a,(ew+ap1r+ )eﬁﬁgr—a,(gw—apw—) - 5%?,—7(313«)
MC MC r2
€k = c37f(07l"+)0371"(01r_ )€7r+7r—f~,(07r+vp7r+ )87‘-+7r—n,'(07r—:p7r_) - s;dra-i-t:- 70 (AI )

MC MC 2
ek = Cppg(On+)Cppg (Or- )Ew+7r_"/(07r+3p7r+ )€7r+7r—"/(07r—=p7r—) - grﬁ‘t; ¥ (AI )



Tracking correction and systematics
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,2Unshifting“: M?_—(M°_)-

Photon emissions from the pions changes the

Mﬂ]‘tr‘
measured value of M?2__from the invariant '
mass squared of the virtual photon produced
in the e* e~ collision, (M°_ )? Y _
2 0 \2 -
M Juv . (M J'lZJ'IS)

Use special version of PHOKHARA which
allows to determine whether photon comes
from initial or final state - build matrix

which relates M?__to (M°_)2.
ISR only:
(M®,,)2 = M2,
FSR photon present:

MO 2= M2
(M) " (FSR)

ete- »z+z-yrsr events (“lo FSR”)are
“unshifted” to (M°_)?= 1.04 GeV?




We use a matrix multiplication (similar to the one used in the estimation of the unfoldlng
uncertainty) to “unshift” the spectrum and pass from M2__to (M°_ ).

Effect as evaluated from Monte Carlo:

04 —

.03 E_E ..........................................................................................................................................
- § l*!*a&m”‘

02 __g ............... ...... % g“.-. ...................
o ' *x

01 :_Em ..................................... **.’., ...................
- i 5 g M

1 b B S e . - ,.l*-"‘at ..............

R g BT

99 B S SN S e S Mz..[caew]
:I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Relative increase of events with 1 y,; and 1y, over pure ISR events at low
values of M?__increases the effect in this region.



x 10 7
Acceptance 00 |
1600 [
1400 [
1200 [
¢ 1000 ;
h | i d 1 800
the angular cut is moved up to ;
degree above and below the used value 600 -
400 |
200 F
L
5 ) €N (o
X2 /dof = 149.9/132, CL= 13.5%, orec — @I (°)
COVARIANCE MATRIX CALCULATED SUCCESSFULLY
FCN= 149.9138 FROM MIGRAD STATUS=CONVERGED 336 CALLS 613 TOT
EDM= 0.49E-05 STRATEGY= 2 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 offset -0.32534E-03 0.30526E-03 0.18310E-05 -0.26652E-02
2 Norm 1Gaus 85294. 2506.3 0.64938 0.40673E-05
3 sigma 1Gau 0.36611 0.33319E-02 0.24729E-05 1.3485
4 Norm 2Gaus 70534. 2116.3 0.43197 0.80796E-05
5 sigma 2Gau 0.61746 0.81921E-02 0.26279E-05 1.2417
6 Norm 3Gaus 19659. 499.12 0.16584 0.43134E-04
7 sigma 3Gau 1.4297 0.20933E-01 0.72103E-05 0.98993



in a way similar to the acceptance
studied for the luminosity (KLOE Note
202) we quantified the impact of
enlarging/reducing the fiducial volume

L Ndata O Geanfi

AL  ANgwa AoGeans

just 1 observable, but now we have a
spectrum

oNI\'IC(gﬁﬁ < gcut) . o'\"dat,a(gﬁ‘.\' < gcut )
-NI\-iC(gmr < 150) -'Vdat.a(gmr < 150)

evaluated in M__ 2 slices

S.C. COIL

Cryostat

Barrel EMC .




Acceptance on y direction Wil

the spectrum variation is linear as a function of the
cut, so the excursion at + 1 degree is taken as
systematic error

M?_range (GeV?)|Systematic error (%)
0.35 < M2_< 0.39 0.6
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0.49 < M2_< 0.51 0.2

0.51 < MZ%_ < 0.64 0.1

0.64 < M2_< 0.95 -
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Luminosity: Wil

KLOE measures L with Bhabha scattering F. Ambrosino et al. (KRLOE Coll.)

Eur.Phys.J.C47:589-596,2006

55°<0<125°
acollinearity < 9° / Ldt = Nobs — Nokg generator used for O,
p = 400 MeV Oeff BABAYAGA (Pavia group):

C. M.C. Calame et al., NPB758 (2006) 22
-

Y

new version (BABAYAGA@NLO) gives
et 0.7% decrease in cross section,
and better accuracy: 0.1%

Systematics on Luminosity

Theory 0.1 %

e-

e Experiment 0.3 %
Y TOTAL 0.1 % th @ 0.3% exp = 0.3%




Entries
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nho more Cosmic Veto, twofold
implication:

more efficient, but

with more n*n- background

2001 2002
relative theoretical error on o.g| 0.5% 0.1%
background correction —-0.6%| —0.7%
cosmic veto efficiency +0.4% [negligible
relative error on L: 0¢p & dexp 0.6% 0.3%




Radiator function ’

- ISR-Process calculated at NLO-level 0.
PHOKHARA generator (Czyz, Kiihn etal) op £8Py y 0
: s 151

0.5 |-

Theoretical Precision: 0.5% SR =SSNS N A A A S S

do - :

1Y (8, M) 'R SR SN SR RSN A SURR S

......

.....
P LA :

DO.SI 1 1 l0-4l 1 L I0.5l L L Io.sl 1 1 I0.7l 1 1 lo.sl 1 1 IO.QI 1 1
S is the collider energy. o

We obtain the radiator function technically by setting |F_|>=1 in the
PHOKHARA Monte Carlo generator, and generate ISR events
inclusive in 6 and 0__:

MC

3M32m v damry (Myzm)

2
H(s,M ) =8x mxzfa’; dezm

) 2




experimental uncertainty due to the spread in \ s during the data taking in 2002,
as the radiator function is evaluated at the nominal value of V s =1.019456 GeV
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e 2 |
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1%1 5; 161 9:3 101 94 101 95 101 96 101 97 I1(.J19.8 1019.9 00_3' - b_4 0.5 0.6 0.7 0.8 0.9 1
Vs [MeV] 0.01

We take half the rel. difference between the o.008f

do™™(F_;




polarization (VP) to obtain a bare cross section o°__:

1.08
1.07
1.06
1.05
1.04
1.03
1.02
1.01

0.99

a(0))’
0l (8) = 0" ()| —=| =0,,(s)/5(s)

a(s)
e SR S ST S SRR N
T A ;....!.] ............. S T A
é__ ........ +.|..I. .......................................................................
S N SRR SO A ALY T
S — i e o o o
0.3 04 0.5 0.6 0.7 0.8 0.9 1
s [GeV?]

Points obtained from
F. Jegerlehner’s
webpage

(the only points
which are publicly
available!)

Correction is applied only to the cross section o (not on o, and |F_|?).

Error on VP points introduces an relative error on the value of A#*a of 0.1%.



Final State Radiation (FSR)

The presence of FSR affects the following items in our analysis:

* The M, distributions used in the background fit and the M,, efficiency.

Are both performed within the small angle cuts for which FSR is reduced.
Corrections on Monte Carlo momenta should compensate missing FSR terms
or wrong model of FSR in PHOKHARA generator.

» The unshifting procedure

Relies on PHOKHARA Monte Carlo generator and its treatment of FSR.
(and also how well it allows to distinguish whether photon comes from ISR or FSR)
* The efficiency for 0__

Also here we depend on the PHOKHARA generator and the model of photon radiation
from pointlike pions.
* The division for the radiator function H(s):

Relies on the assumption of factorization between ISR and FSR processes.
This has been tested in our previous publication, a validity within 0.2% was found.

We take the combined error of 0.3% for the uncertainty on the rel. FSR
contribution and the model dependence as found in our previous analysis.



Final State Radiation (FSR)

o, needs to be inclusive with respect to final state radiation when used in the
dispersive integral. Therefore the analysis has been designed to provide a final

spectrum which is inclusive in FSR@(M°,_)? 712
w(y)
H

Concerning the IF_I?, we undress the spectrum from FSR by dividing for (14+nggR),
which is calculated assuming radiation from pointlike pions (sQED)

1.0095

-  Net effect ofiFSR is ca. 0.8%
E D SRR R SR S S SO
1.009 g
[t oo, : : a : :
L e, : : : : :
1.0085 :_v ............. ,. ‘ ..................... , ..................... ..................... , ..................... .....................

1.008 E_ .................. ........... u.“., .................... * ....................

1.0075 E_ .................. ..................... * .................... * ....................

! '00{).3 0.4 0.5 0.6 0.7 0.8 0.9 1




Small angle results from 2002 data: [,

/dM?
as function of M?2__

inclusive for VP and FSR  |F_|? inclusive for VP, FSR subtracted

as function of (M°_)?

mcy e
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0 TIe?
as function of (M°_)?

1400F =

2
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1000F +
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0.3 04 05 06 07 08 09 1.0

stat. error only

undressed from VP, inclusive for FSR

| Oy | O.baﬂ | |Fﬂ_|2

Reconstruction Filter
Background subtraction
Trackmass

Particle ID

negligible
M2, dependent (Tab. 2)
0.2 % flat in M2,
negligible

FSR resummation

Radiation function (H(M2.))
Vs dep. of H

Vacuum Polarization

Tracking 0.3 % flat in M2,
Trigger 0.1 % flat in M2_
Unfolding M?Z?.  dependent (Tab. 3)
Acceptance M2 dependent (Tab 4)
L3 0.1 % flat in M2,
Luminosity 0.3 % flat in M E‘_r

- 0.3 %

- 0.5 %

- M?Z_ dependent, (Tab. 6)
- ] 01% | -




Small angle result from 2002 data: [ =

Systematic errors on a, ™

Reconstruction Filter negligible
Background 0.3%
Trackmass/Miss. Mass 0.2%
m/e-ID and TCA negligible
Tracking 0.3%
Trigger 0.1%
Acceptance (0_) 0.1%
Acceptance (6) negligible
Unfolding negligible
Software Trigger 0.1%
V's dep. Of H 0.2%
Luminosity(0.1,® 0.3, )% 0.3%

experimental fractional error on a, = 0.6 %

FSR resummation 0.3%
Radiator H 0.5%
Vacuum polarization 0.1%

theoretical fractional error on a, = 0.6 %



0.95GeV?
a’ =1/4x"  [dso(e’e = n'w) K(s)

0.35GeV?

We use bin-per-bin-summation to evaluate the integral, K(s) gets evaluated at the
middle of the bin. Statistical bin errors get summed in quadrature. Systematic errors
are summed linearly.

2005 published result (Phys. Lett. B606 (2005) 12):
a,™(0.35-0.95GeV?) = (388.7 = 0.8+ £3.5,,;+3.5,,,) - 101

Applying update for trigger eff. and change in Bhabha-cross section used for
luminosity evaluation:

a,"(0.35-0.95GeV?) = (384.4 = 0.8,,,,:3.5_,;+3.0,,,,) - 1010

2008:

a,*(0.35-0.95GeV?) = (387.6 + 0.5,,,+2.5_  2.3,,,,) - 1010

01% 0.6% 0.6%

sys




0.95GeV?
a’ =1/4x"  [dso(e’e = n'w) K(s)

0.35GeV?

Following Matt’s suggestion and using the Background obtained form the fit with

PB corrections up to 0.5 GeV?, we get the following change on
a,"(0.35-0.95GeV?):

2008: 9
a,*(0.35-0.95GeV?) = (387.2 + 0.5,,,:+2.5

01% 0.6% 0.6%

sys £2:3¢heo) = 10710

e

sta




a,"” Summary: s

Summary of the small angle results:

KLOE 2005 published result:

388.7+0.84,, +4.9. ' A '

KLOE 2005 updated:

1 ‘ J
384.4+0.8, +4.6¢ ¢y ! '

KLOE 2008:

387.6+0.5.,,1+34¢ ey

e

o v b b b by g b by b
355 360 365 370 375 380 385 390 395 400
a 7(0.35-0.95 GeV?) (10™°)

All results are in good agreement



Comparing 2005 with 2008 result: [.

o(mmy, '08)/do(mmy, '05)—

0.05
+++ i ++ ++++++ +++ +++
0 F

—0.05 -

2

M7 (GeV?)

04 05 06 07 08 09

the 2 analyses are compared before the H division,

i.e. the major common correction

data points include errors due to event counts of the 2 analyses
the band is the systematic error of the ratio

good agreement below 0.7 GeV?, systematic difference of 3-4% above
we do hot average the 2 measurements




40 | |F7r|2 ﬁ’ v KLOE Novosibirsk results get averaged with
- N A A _ S
N § CMD-2 to compare with binned KLOE result
30 F ooy
v ¥ 2 2 2
- , ! 0.1} F e, s —1E ) /1 E Ik
+
x v
20 vvv v‘ B ¢+ * % 1
. o
10F ",
#Y ""‘ -
ey A CMD-2
- 9 9 vk
M (GeV") T —0.1F + * SND (GeV )

0.3 04 05 06 0.7 0.8 09 1 03 04 05 06 07 08 09 1

band: KLOE error
only statistical errors are shown data points: CMD2/SND experiments



0.630-0.958 GeV :

Phys. Lett. B648 (2007) 28

a ™7 Summary:.

i/
Comparison with a,r from CMD2 and SND in the rang

CMD2-
2007

SND-
2007

KLOE-
2008

aﬂm(o.630-0.958GeV) =(361.5+1.7_,, iz'gsys) . 10-10

a,*(0.630-0.958GeV) = (361.0 = 2.0, +4.7, ) - 101

sys

a,(0.630-0.958GeV) = (357.0 = 0.4, 3.0, ) - 10-10

sys

KLOE result in agreement with CMD2 and SND




a 77 Summary: Wil

CMD2 2007:

361.5+1.7g1a1#2-9gysr

SND 2006:

361.042.0574 114 Toysr

KLOE 2008:

357.040.457,73.0gys

—aA—

330 335 340 345 350 355 360 365 370
a 7(0.630-0.958 GeV) (10°)

KLOE result in agreement with CMD2 and SND




Conclusions Wil

We have evaluated the contribution to Aa,* in the range betwee

0.35 - 0.95 GeV? using cross section data obtained via ISR events
with photon emission at small angles.

* The result from new data agrees with the updated result from the published
KLOE analysis

* KLOE results also agree with recent results on Aa,™" from the CMD2 and
SND experiments at VEPP-2M in Novosibirsk

* better agreement in spectrum between different experiments than in the past

The analysis is completed, and we consider the obtained results as final.

The analysis documentation and a paper draft have been written, and have
been circulated in the KLOE collaboration with the request for comments.

We'd like to proceed and submit the finalized draft to arXiv/Phys. Lett. B
as soon as possible!

(possibly before the KLOE talk at TAUOS on wednesday)



Spares...



0<ppca<8cem;0<lzpo\l<7 cm s ppy<8 cm

PCA+FH efficiency for electron and pion tracks obtained from reconstructed ¢p— ny —=(eenx)y
events satisfying | 500 <8y, <130°; pyyaqc> 160 MeV 5 Ip, 1, 1> 90 MeV
The efficiencies are then used as (additional) weights in the EKHARA generator.
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| IR}

L3 trigger for events just after the selection of
two good tracks and PCA and FH cuts:

1.004
1.002

1
0.998 |
0.996 |
0.994 |
0.992 |

%3 04 05 06 07 08 09 _ 1

M? (GeV?)

Lower efficiency above 0.8 GeV?, due to
pollution of sample with non-signal events (Cosmics?)



Likelihood variables: time of flight

1500 [

500 _ t—L,/c (ns)
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Likelihood variables: energy deposits

pions electrons
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Tracking Data/MC

corrections
* MC TT+1T-y * MC TT+TT-y
* data Tr+17-110 - data TT+1T- ¥
0.99 | s #1.’,.%“ — ¢ Yoo 0.99 — . ‘ o $ eee®?® — ¢se
++ t 4‘3- A ¢¢'¢+1 ool I*’* L vest) et +' F et
o8 3 o %400 N oos [ | ¢ a X 23 A
ﬂi o :i,'ﬂ ;i“ Fukiia +H IR IEARN zﬂ' te
0.97 —9 ¢ _ _ _ ' 0.97 — — — ‘
Prniss (MCV) Priss (MCV)
0.99 _ "E— ¢¢= — " 0.99 — — ® — o0 — .
++ +t+ +++¢*=¢+; ++=. of *eg0e ) ¢+; ¢'=| : ...++: L
0.98 + i+‘+ i+’+ E #I,. te e i*I.“'ﬂ’,. 0.98 3 ¢ +$ | 3 * | ’ of + bl - + | |
0.97;—++ _. — :—l 0.97;— ? T — + - | - T+.T+
large statistics, background free, but small statistics (hard cuts to minimize

no access to p > 400 MeV contamination), higher momentum



An update: trigger correction for 2001 data

if P(0,1,2)=probability for the n*, i~ or the rest of firing 0,1,2 trigger sectors,

found a concept bug: probability not conditioned on the presence of the cluster,

ex.. P(1 sector N 1 cluster) instead of P(1 sector | 1 cluster)

2001 CALO trigger: black=publ., blue=updated

>0
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Tracking correction: statistics impact

0.992 |
0.99 |
0.988 |
0.986 |
0.984 |
0.982 |
0.98 |
0.978 |

statistical errors on the correction factors are propagated in M, bins

overall 0.1% effect



My, and M

| DY i %

miss

Effect of EVCL-cuts in My, and” M, from MC:

400

300
Elllpth al 250
trackmass cut

z00

150

a0

I é Ty
3 puy
= T

hitrk v, b

"defined by 4-momentum conservation
under the hypothesis of ete —n*n~x

400

Z00

100

—100

—Z00

=300

Y

iy
JUTTTT

hdhdms

QQ

2.1 0.2 0.3 0.4 0.5 0.6 .7 2.8 2.8 1

EMISS va. My

The elliptical cut in M1, (needed to cut away wwr events) is partially rejecting also
nlo-FSR events, and it is sensitive to effects from FSR.
» Cross check eff. with downscaled sample of unstreamed data (UFO events)?
- Possible to release cut in the analysis using 2006 data at V s=1 GeV/??



01 [(Mel

One needs to make sure that MC reproduces data distributions in a satisfactory way
by matching individual datataking conditions run-by-run

(int. Luminosity,V s, machine background,...)

by tuning (smearing, shifting,...) MonteCarlo distributions in
order to accommodate “hidden” effects (miscalibrations,...)

Before curing MC:

0.05 i 2001

0.01

- MonteCarlo

140 145 150 155 160
Trkmass (MeV)

After curing MC:

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

1

:_ 2001 - MonteCarlo
:_ * data
0 - e o Loeoyowow by e by sy by e ey by e by ey
20 125 130 135 140 145 150 155 160
Trkmass(MeV)

Effect of different “tuning”-methods on background eval., MC eff., etc. contributes to

systematic error.



Discrimination p/x using neural networks

Multi Layer Perceptrons is a type of Neural Network widely used, interfaced
with PAW/HBOOK, also used in kaon analyses

Input quantities are processed through successive layers; at the input layer
< neurons = variables of the problem, in between layers = hidden layers,
where variables are free to "interact” — output response

AT =T — Ltrk\/ptzrk T mi

clu

Cp trk

lr, —F |

clu ext

Eclu
2 2
\/ptrk + mu

Single Layer Multi Layer

X1 X1

O

f
Xy O/'S (@I iil ?i) |

T
input layer S(t) = (1 + e—U)—l hidden layer

n



Training and performance of the MLP

AT(ns)=T,, -

0.04

0.03

0.02

0.01

0 1
-1

2 2
Ltrk \/ptrk + m,u

300<p<350

on

0.02

350<p<400
g

0.12

01 [
0.08
0.06
0.04 f

0.02 |

Entries 100000

- Mean = 0.6930
r J'E:J'UY * RMS nm 0.1811

MLP function developed with the
specific aim of single track m/u
discrimination for our analysis,
trained on both data and MC samples



Acceptance on track direction

2
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Acceptance on track direction
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Acceptance on track direction
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Acceptance on track direction
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Error propagation for mapping

estimator for the efficiency
n v ]
(&) = E €,
k=1 N

estimator for the variance

o2 = ”’[E“N <£>] + 3" =L (0e))

n-—1

[1] H. Cramer, Mathematical Methods of Statistics, Princeton University Press, 1951
[2] ML.G. Kendall & A. Stuart, The Advanced Theory of Statistics, Griffin, 1973



Check with M_trk > 125 MeV:

..5.0pa.130. MeV.

U ppg 125 MeV

04 05 06 07 08 09

Check with M_trk > 120 MeV:
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