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DAODONE facility: a ¢ factory -
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Radiative return method

KL

In the particle factories hadronic cross sections measured as a function of the

hadronic c.m. energy.
= Radiative return to energies below the collider energy +/s

Hard y radiated
e* in the Initial State (ISR)

Incoming e*e”
with M2 =

| Hadrons |

virtual y with
e M <s

Emission of hard y in bremsstrahlung process reduces available energy
= hadronic system.
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Initial State Radiation

Relate the measured differential cross section do,,,../dM,,/ to hadronic cross
section g,

= radiator function H(s,M,, /)

+ o + A= 2
do(ete” —had+v)  o(eTe” — had, M,,) 5
= X H(s, Mfaq)
d M? s §
had
e’ -
— Vﬁé X
e e
measured cross section resulting cross section radiator function

Precise estimation of radiator function H(s,M, /) from PHOKHARA Monte Carlo
event generator.
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KLOE ISR measurements: normalizations

1) Absolute normalization

Normalize cross section from
independent luminosity measurement

using Bhabha events:

dOnmy N5 — NPKI 1 1

dM2, —  AM2, ey [Ldt
Total cross section:
dO gy 1

M) =s-
orr(Man) =S 402, His, M2,)

2) Normalization with muons

Normalize tty sample in each energy
bin with puy events:

4(1 + Qmi/sl)ﬁu . (d0'7r7r’y/dM72r7r)
Gz (dopuy/dMg,)

‘F27r(5/)‘2 =

The cross section:
ol

35/ ‘F27T(S/)’2

Orn(s) =

Removal of systematic effects and
radiative corrections
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KL

KLOE ISR measurements: Small Angle cuts

6 m

2 pion (muon) tracks at large angles 50° < 0, , < 130°

1) Photons at small polar angles
0, <15°0r 06

High statistics for ISR events

>165°

miss

Low Final State Radiation y contribution

Suppression of ¢ — wtn n® background photon

Photon momentum from kinematics:
Py = Pmiss = —(p+ +p-)
Threshold region not accessible
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KLOE ISR measurements: Large Angle cuts

6 m

2 pion (muon) tracks at large angles 50° < 0, , < 130°

2) Photons at large polar angles
50°< 6, <130°

Lower signal statistics
Higher FSR contribution

Photon detection possible (4-momentum
constraints)

Threshold region accessible

More ¢ — ' n® background

Irreducible background from
¢ — foy > 'y
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The KLOE analyses

- KLOEO8: 60 points between 0.35 and 0.95 GeV?,
based on 240.0 pb! data taken in 2002 (phys. Lett. B670 (2009) 285)
(small angle photon cuts, normalization to Bhabha and PHOKHARA radiator)

- KLOE10: 75 points between 0.1 and 0.85 GeV?,
based on 232.6 pb! data taken in 2006 with @ 1.00 GeV (Phys. Lett. B700 (2011) 102)
(large angle photon cuts, normalization to Bhabha and PHOKHARA radiator)

- KLOE12: 60 points between 0.35 and 0.95 GeV?,
based on 240.0 pb! data taken in 2002 (phys. Lett. B720 (2013) 336)
(small angle photon cuts, normalization to puu events)

KL
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Status of o(e"'e™ —» T'm")

Discprepancies in the dominant experimental a,™ contribution

Long standing tension between KLOE and BaBar (=~ 2.80)

KNT19 m*m~ combination

= TPEEP New CMD3 measurement of a, (Feb 2023)

SND (04) . . .
T ot combination | TENSiON With BaBar (= 2.30 ) and with KLOE (= 5.10 )
- BaBar (09)
. : c::” ﬁi?i a,/""" [No CMD3] = (684.5 + 4.0) x 1071

Lensesmamsy lIMited by tensions between KLOE and BaBar
— SND2k (20) and precision of a(e'e” — ')

—_— CMD-3 (23)

360 365 370 375 380 385 390
al " (0.6 =vs =0.88 GeV) x 1010
The status demands for clarification
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The uncertainties and the plan

Still = 1.7 fb! (~25 million iy events) from
2004-2005 data

KLOE23 => experimental and theoretical
efforts for a new mmwy analysis

- analysing the 1.7 fb! data

- improved analysis techniques

- blind analysis

KLOEOS8 KLOE12
Syst. errors (%) A™"a,, abs [4] A™a,, ratio
Background Filter (FILFO) negligible negligible
Background subtraction 0.3 0.6
Trackmass 0.2 0.2
Particle ID negligible negligible
Tracking 0.3 0.1
Trigger 0.1 0.1
Unfolding negligible negligible
Acceptance (0,) 0.2 negligible
Acceptance (0;) negligible negligible
Software Trigger (L3) 0.1 0.1
Luminosity 0.3 (0.1, @ 0.3¢2p) -
Vs dep. of H 0.2 -
Total exp systematics 0.6 0.7
Vacuum Polarization 0.1 -
FSR treatment 0.3 0.2
Rad. function H 0.5 -
Total theory systematics 0.6 0.2
Total systematic error 0.9 0.7

KLOE12: 0.3%g1q: @D 0.2%y;, D 0.7%5;
~ O'S%Z'Ot
KLOE23 4000 0.1%g10: D 0.2%;, D 0.3%,,
~ 0'4%f0f
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Trackmass and the background estimation

Trackmass (M,,;) 4-momentum conservation under the hypothesis of 2 charged
tracks with equal mass and a photon

2
(\/E - \/pi + My — \/pz + Mtrk) - (p+ - p—)z =0

- cut away background from t*n % and to separate wand p.

A refined new background
— Ty subtr.asttion procedurg:
- additional and combined
variables for discrimination
- confirming at ~1% level the
previous estimation

200
- TRAT| o

120F ey () ' ‘ _
_ il ,».W*’""'w Ry, 1My Great experimental effort to
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 80 90 100 110 120 130 140 150 160 170 180 d d .
M2 (GeV?) M, [MeV] unaerstanding
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PHOKHARA generator K.

Simulation of e'e™ — w'n y(y) and e"e™ — pw'uy(y), with photons emitted at
Initial State Radiation (ISR) and Final State Radiation (FSR).
Employed to extract the radiator function H(s,M,, /)

+ + + +,7
I—O e Visr 71'// 3 7T//

FSRNLO (Next-to-Leading-Order FSR)

ISRNLO

IFSLO
ISRNLO +

IFSNLO
IFSLO +

Theory efforts in implementing all the relevant contributions at < 1%
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Comparing H(s,M, /) with data K

Comparison between KLOE10 results (using H and normalization to Bhabha events)
and KLOE12 (normalization of m over u events): cross check of the radiator function

Vs (GeV.)

Compatible with 0.5% theoretical precision.



Further checks on PHOKHARA K.

PHOKHARA1O adds both NLO FSR contributions (FSRNLO) and contributions with
two virtual photons (TVP)

0.003

0.01

%LgE 2008 ’ ‘ ‘ ‘ ‘ ' ' ' %LQE 2010
—— ——
FSRNLO —=— 0.005 | ¥ FSRNLO —=—
0.002 + J' TVP+FSRNLO —— - : Y ¥ x ; T:/P+FSRNLO —
¢ ¢ . n " g
0 . t1 1 LI | v : e i
|-|¢ 0.001 - + : 1 * |-|1 . v 4
¢ 9 ¢
=l v 4 1 — _—0.005 |
33 ot i* +*:i**$*1+ § 3|3 ? e
2 * $ 4 2{ = —0.01 ‘
S| + S| 4
B 1F—0.001 | { i { U 0,015
—0.002 | } + - —0.02 I
_O 003 I Il Il Il Il Il I I _O 025 Il I 1 Il Il Il Il Il *
0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 ik
1/ Q2% [GeV] v Q? [GeV]

- For KLOEOS8 (SA) the new contribution accounts for ~0.2%
- For KLOE10 (LA) the effect is of ~0.5% in the range of 0.6 </ Q% < 0.92 GeV

Campanario et al., Phys. Rev. D 100, 2019 P. Beltrame - University of Liverpool
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Unfolding of the O°__distribution

- To retrieve Q7 e from Q2 meas: N

/

J
=) _P(clg) - N
j=1

- Two approaches for KLOEO8 and KLOE12 taken to find the smearing matrix
1. Directly from Monte Carlo simulation, under the unitarity condition

2. Calculated using the D’Agostini iterative procedure (bayesian approach)

G. DAgostini, Meth. in Phys. Res. A362, 1995

- New unfolding method using Tikhonov regularisation with Singular Value
Decomposition (SVD) implemented

Unfolding Approach

Z[(Q%)"™ ] /Z[(Q7 )]

—1

Matrix Multiplication —3 x107°
Iterative Bayes 7x107°
Singular Value Decomposition 2 x 104
Target KLOE23 Precision 4 x 1073

Effect on a,™ of unfolding the 07
is negligible for the KLOE23 accuracy goal



Blinding for KLOE23 analysis

Blinding procedure should not preclude consistency checks between data and
Monte Carlo

Blinding for KLOE23 is not trivial: new ad hoc solution must be found

Use blinded data sets: removing events with constant probability inside each O°__
bins does not influence procedures at fixed Q7 slice but alters final value of a,™

The effect on a,/™ is +6% with respect to true value in simulations
= blinding offset much larger than KLOE23 target precision

KL
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Summary and outlook

New analysis of 2004/2005 KLOE data set initiated (1.7 fb™1): KLOE23

Multiple aspects addressed with high and unbiased accuracy
- Starting from the estimated higher errors of KLOEO8 and KLOE10
- Seeking new causes of possible inaccuracy
- Accurate studies on blinding

KLOE analyses uses PHOKHARAS generator for radiative corrections

New efforts to add dominant NNLO contributions in PHOKHARA started
- Ideas to extend BABAYAGA generator to ISR processes

Wide experimental and theoretical works to perform a blind analysis to get results
at the ~0.4% total error on a,™

LEVERHULME
TRUST
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Backup

KL
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KLOE detector K.

EM Calorimeter

k. S O - 54ps/\/E [GeV] @ 100 ps

S.C.|COIL

Cryostat
Barrel EMC

. Time resolution

DRIFT|CHAMBER

AR

| Drift Chamber
‘ \‘i;. O, = 150 um, 0, =2 mm
£ o,/p =0.4%

' Momentum resolution

fi1m
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The threshold region

KL

Barrel EMC

l;’i ]toill :-;

r

Untagged photon

High statistics, small background

No FSR photons
Only higher masses accessible

Access to hadronic threshold

region
Background at high masses

P. Beltrame - University of Liverpool
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KLOE analyses
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Combination of the KLOE results K.

With the help of Alex Keshavarzi and Thomas Teubner, we managed to construct the sta-

tistical and systematic correlation matrices for the 60 + 75 4+ 60 = 195 data points of the
KLOEO8, KLOE10 and KLOE12 analyses:
Statistical correlation matrix: Systematic correlation matrix:

160

140

120

100

80

-
o
o
III|III|III|II

60

40

20

1 I 11
120

60 80 100

OO

180 20 40 60 80 100 120 140 160 180
bins i bins i

o 20 40 140 160

http://www.1lnf.infn.it/kloe/ppg/ppg_2018/ppg_2018.html
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Combination of KLOE reults

Using the correlation matrices, it was possible to perform a combination of the three KLOE
datasets (JHEP 1803 (2018) 173, arXiv:1711.03085):

1400 | | T T T T
| KLOE12 +——+—H =
1200 | KLOE10 +—e— 015 woere | 0
KLOEQ8 ——x— . KLOE10 —o—
I - KLOEos —=— - 1200
= 1000 - KLOE combination _ 0 KLOE combination
.E. i ,L co(e+e_—>n+n_) 4 1000 g
% sool 5 005 ~
o £ . 4 800 K
1 ' s O ?
o 600 # 4 15
o I . o2 -0.05 | =* o
o 2 1 400 o
© 400 B Mﬁ \b/ -01
L 1 200
L ol :
200 - EEEEQEEEMEM _015 | 1 1 1 1 1 0
0 2T . . . . . 0.4 0.5 0.6 0.7 0.8 0.9
04 05 06 07 08 09 Vs [GeV]
\s [GeV]
Plugging this in the dispersion integral for a;,", one obtains in the range of 0.10 < s < 0.95 GeV-?
+or _
am' ™ = (489.8 4+ 175t £4.84s) x 10710

v
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The BaBar-KLOE discrepancy K.

The tension between the two most precise measurements of the 2m-channel spoils the
resulting uncertainty on a;/-:

0.4 —
BESINS) a1 37" (06<\5<09GeV)=(36941£132)x107° | 0 —
- KLOE combination —#—— Global V(x?miy/d.0.f) = 1.30 ®
CMD-2 (06) }——e— 8
03 SND (04) 4 1200 o
| CMD-2 (03) +H——H—- — g
Fit of all °x data 1 1000 -g A
- 02 | BaBar (09) : -
ObU- Slete - x*x) T ;ii '5
— 4 800 B 0
oL _ >
° o1 : Td
o 0 , { 600 o
+ AT 00 ov &
ol g wo % &
i y . ) 9‘_’
- H ) - 8
1 200 =
-0.1 _ <
| ] ] ] ] 4 0

0.6 0.65 0.7 0.75 0.8 0.85 0.9
Vs [GeV]

A better understanding of this “BaBar-KLOE”-puzzle would contribute to a reduced uncer-

tainty in the a’/-“-evaluation!
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Q:, True

New Unfolding: RooUnfold

0.9

0.6 [~

0.5+

0.7 iy i

PRI R
0.9 1

. Measured

1. RooUnfoldBayes class:
new bayesian unfolding procedure

- Negligible difference with respect
to the KLOEOS approach

2. RooUnfoldSvd class:
Tikhonov unfolding method

- finding the n that minimizes
IR -n—m||* + t||Cnl|

C: curvature matrix

New Bayes / Old Bayes

SVD / Bayes

KL
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Slide from S. Miiller K&

Final State Radiation

Final state radiation

Cross section in dispersion integral should be inclusive with respect to FSR:

24 P

Definitions:

e LO FSR:
Emission of one photon in the final state, no ISR.

@ NLO FSR:
One photon from ISR and one photon from FSR.

In the analyses, it is not possible to distinguish whether photon comes from initial or final state.
FSR corrections are estimated with PHOKHARA MC generator (sQED x VMD).

P. Beltrame - University of Liverpool



27 Slide from S. Mdiller KE

Final State Radiation

Final State Radiation (2)

The presence of FSR shifts the observed value of s, (evaluated from the 2 pion tracks’ momenta) away
from the invariant mass squared of the virtual photon s, :

Sr S Sfy*

Leading order FSR is considered as background in the KLOE analyses. In this case, the event should
sit at M2_ = M2, = s, outside the energy range considered in the analyses.

Next-to-leading order FSR events in which there is both a photon from the initial state and a photon

from the final state need to be included (they correspond to the desired LO-FSR for the cross section
e"e” — w7 after the division by the radiator function).

P. Beltrame - University of Liverpool



Slide from S. Miiller KE

Final State Radiation

Final State Radiation (3)

Redistribute events to obtain “unshifted” distribution: NI.SW* = Z P(N?* [NZT) - N
j=1

LO FSR at
sy+ = 1GeV?
5 : . : —
P(N;”" [N:™) obtained using dedicated g
version of PHOKHARADS which allows
to label whether photons come from
ISR or FSR (Phokhara_omega).

1 —

08 — = 10

0.6 —

This procedure also removes events
from LO FSR from the spectrum by I
shifting them to M2, = s = 1 GeV?. 0t

02 -

Unshifting Prob. Matrix T

P. Beltrame - University of Liverpool
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Summary and outlook (1)

New analysis of 2004/2005 KLOE data set initiated (1.7 fb™1)
- Data taken on ¢-peak, SA analysis cuts
- Absolute normalization and normalization with the muons
- Blind analysis

Multiple aspects addressed with high and unbiased accuracy
- Starting from the estimated higher errors of KLOEO8 and KLOE10

- Seeking new causes of possible inaccuracy
- Extremely accurate study of analysis blinding

KLOE analyses uses PHOKHARAS generator for radiative corrections

- Radiator function (KLOEO8 and KLOE10)
- Treatment of final state radiation
- New terms in PHOKHARA1O work in progress (... should not change existing KLOE results)

New efforts to add dominant NNLO contributions in PHOKHARA started
- Ideas to extend BABAYAGA generator to ISR processes



