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Reminder: test of the SM with a,

Theoretical calculation of the muon anomaly a, =(gu-2)/2 are currently ¥3.5c
away from its direct measument.

Calculations and their error depend on hadron vacuum polarization (HLO) and
light by light scattering (LBL).
HLO VP

i

= ~

had % .

a o = (692 4:5.6)10-1° au""-h'- =(11.6+3.9)10-'0
[Jegerlehner, Phys.Rept. 477 (2009) 1]

Y

At low g2, HLO evaluation relies on the hadronic cross section measurements

value (error)?
75% of the value and 40% of the error of a”ha“"'LO

comes from the region of g2 < 1 GeV? 1.4
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Reminder/2: the ISR technique

Neglecting final state radiation (FSR):

do(e” e — hadrons + ]f) D'([‘+ e = IIHIIFUHS, szmdr)
=

dM?2 H (S? szmn’r )

hadr

| ‘€ | | L e
l ] J y T
measured cross section resulting cross section radiator function

Theoretical input: precise calculation of the radiation function H(s, M?, _, )

=2 PHOKHARA MC Generator

Binner, Kihn, Melnikov; Phys. Lett. B 459, 1999
H. Czyz, A. Grzelinska, J.H. Kihn, G. Rodrigo, Eur. Phys. J. C 27, 2003
(exact next-fo-leading order QED calcufalion of the radiator function)

KLOE first used the ISR technique to precisely measure
o (ete - mw) using 140 pb collected in 2001
observing a 3c discrepancy between a °™ and a, ©® : PLB606 (2005)12
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r, Total KLOE int. Luminosity:
" bt L dt ~ 2500 pb1 (2001 - 05)
at the ¢ peak 2005

+240 pb! @Vs=1000 MeV
_ (year 2006)

2002
2001

DAFNE is an e*e™ collider
in Frascati INFN lab
operated at \/s=M¢"'1020 MeV

With the ISR technique the KLOE
detector can measure ¢ from
threshold up to 1 GeV

KLOE has published 4 such measurements:

KLOEQ0S5 measurement
(PLB606(2005)12 ) was based on
140pb" of 2001 data!

KLOEO08 measurement
(PLB670(2009)285) was based on
240pb’" from 2002 data!

KLOE10 measurement (PLB700
(2011)102) based on 233 pb-' of 2006 data
(at 1 GeV, different event selection)

Jan Feb Mar Apr DMay Jun Jul Aug Sep Oct Nov Dec

KLOE12 measurement (PLB720(2013)
336) using mwy/ppy ratio in 240 pb?!
2002 data

cross section 4



The KLOE detector

Large volume Drift Chamber
(13K cells, He gas mixt.) :

4m-J, 3.75m-length, all-stereo
c,/p = 0.4 % (tracks with 6> 45 )
oMt =150 um (xy), 2 mm (2)
c,/¢eX ~Imm o, ~1MeV

Pb-SciFi Calorimeter
( barrel + endcap, 15 X, depth,
98% solid angle coverage) :

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

Interaction region:
Instrument quadrupoles, * PID capabilities mostly from TOF

Al-Be spherical beam pipe



Selection with ISR photon at Small Angle (SA): KLOEOS

a) 2 tracks with 50° < 8, < 130°
b) small angle (not detected) y
(8_ <15° or> 165°)

ﬁ'\r - iimjss - _(ﬁ+ + ﬁ—)

v high statistics for ISR
v low relative FSR contribution
v suppressed ¢ — atna’ wrt the signal

Measurement based on 240 pb!
collected in 2002 at the ¢ peak:

3.1x10° evts between 0.35 and 0.95 GeV?
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Selection with ISR photon at Large Angle (LA): KLOE10

2 pion tracks at large angles
50° < Ot <130°
Photons at large angles(i.e. detected !)
50° < By < 130°
“independent complementary analysis
- threshold region (2m_)* accessible

However:

v" lower signal statistics

v' larger contribution from FSR events :

v larger ¢ — n*nn? background
contamination

v" irreducible background from

¢ decays (p — f, v — wr7)
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Event selection

Main backgrounds come from:

* o> md

*p->evey

*odptuy [
We define the “trackmass” variable assuming there r
are only 1 photon + 2 charged particles of same b
mass M,,, and requiring 4-momentum conservation: - _

3 5 5 7 \° 2 03 04 05 06 07 08 0.9 'i.n
(-\E—JF& + M, —JPz + Mm) —(B+py)" =0 M2 (GeV?)

T Y,

* Different final states are nicely separated

in the M,,, M__ plane

* Calorimeter time of flight is also used to improve T
radiative bhabha rejection

6f 5% |
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Luminosity

KLOE measures L with Bhabha scattering F. Ambrosino et al. (KL.OE Coll.)
Eur.Phys.J.C47:589-596,2006

55° <@ <125°
acollinearity < 9° [ L£dt = - generator used for o5
(T H .

p = 400 MeV eff BABAYAGA (Pavia group):
C. M.C. Calame et al., NPB758 (2006) 22

ohs — ﬁ'rhk q

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

Systematics on Luminosity
e Theory 0.1 %
= Experiment 03 %
¥ TOTAL 0.1 G th@®03% exp=0.3%
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KLOEOS : Small Angle technique, Vs=1020 MeV

Systematic errors on a

Reconstruction Filter negligible
Background 03%
Trackmass/Miss. Mass 02%
p/e-ID and TCA negligible
Tracking 03%
Trigger 0.1%
Acceptance (6,) 02%
Acceptance (6,) negligible
Unfolding negligible
Software Tngger 0.1%
vs dep. OfH 02%
Luminosity(0.1, @ 03,,,)% 03%

experimental fractional erroron a, = 0.6 %

FSR treatment 03%
Radiator H 05%
Vacuum polarization 01%

theoretical fractional error on a, = 0.6 %

a,7(0.35-0.95GeV?2) = (387.2 = 0.5,,+2.4,,, +2.34,,,) - 1017

-f ;Eﬂu—lm (K (s)ds

A. Passeri

O,., undressed from VP, inclusive for FSR
as function of (M0__ )2
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50

KLOE10 : Large Angle technique, \s=1000 MeV

a5 |
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20}
15}
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KLOE10: Phys. Lett. B 700 (2011) 102 Table of systematic errors on a,™(0.1-0.85 GeV?):

Reconstruction Filter negligible
R Background 0.5%
= po f +rp 0.4%
Iy Omega 0.2%
I Trackmass 0.5%

[ p/e-ID and TCA negligible
{ Tracking 0.3%
| \ Trigger 0.2%
7/ \ Acceptance 0.5%

/ \ Unfolding negligible
[ \ Software Trigger 0.1%
/ X Luminosity(0.1, ® 0.3,,)% 0.3%

Ay experimental fractional erroron a, = 1.0 %

FSR treatment 0.8%
e ) Radiator H 0.5%
r"""’" ol (Nl?m) [GEV ] Vacuum polarization 0.1%

01 02 {)3 04 (}.5 06 (}7 08 0.9

= [0 K (5)ds

A. Passeri

theoretical fractional erroron a, = 0.9 %

a,7(0.1-0.85 GeV?) = (478.5 = 2.0,=5.04 +4.5¢,00) - 10-1°

KLOE Hadronic cross section 0.4% 1.0% 0.9% 11




Pion Form Factor : L3 V*W( at
0
F(s)| = — az—ﬁjgmm(s)(l +0,,)(1-1n,) -

J

F,

JT

KLOEOS8 vs KLOE10
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Fractional difference:

-

o (IF 1 -IF A )FF

!I'[ KO8 X hl'lII m K10

tits

+

(stat. + syst|err)

band KLOE‘ID error (Mn} 1Ge v*]

04 {La 'I].ﬁ l]'? l]E {1.9

Excellent agreement with KLOEOS,
expecially above 0.5 GeV?

Combination of KLOEQO8 and KLOE10:
a,"(0.1-0.95 GeV?) = (488.6+6.0) - 10-10

» .. IMLOE covers ~70% of tnpa;Eapdmmcmme@tiﬁactinnal total errorof 1.2% |,



KLOE10 vs CMD-2 / SND
CMD and SND results compared to KLOE10: Fractional difference

50
45F = §
: §
0= ¥ | e KLOE10
i f s CMD
3k5F t 1+ sND
: '
3 — ‘J
95 E J ¢
[ { %
0L } \
\ J "
15 :'_ ‘t 1.
10F ' 5,
: ' “'-.,*
¢ ' 0.2 2
: (M)~ [GeV7]

CMD-2: Phys. Lett. B 648 (2007) 28.
CMD-2: JETP Lett. 84 (2006) 413.
SND : J. Exp. Theor. Phys. 103 (2006) 380.

FiFE T P P FETEE FET T RT T P T P
0.1 02 03 04 05 06 07 03 09

2 2 2
02+ “le CMD_SND © lF:rl mu} ﬂFn:I K10
i " \
“ |
! * SND
“ -*, | & cr‘«‘m-l
o M2 [GeV?]
_|||||||||||||||||||||||||||W||||||||

01 02 03 04 05 06 07 08 09

band: KLOE10 error

Below the p peak good agreement with
CMD-2/SND.

Above the p peak KLOE10 slightly lower
(as KLOEOS8)
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KLOE10 vs BaBar

BaBar results compared to KLOE10: Fractional difference
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BaBar09: Phys. Rev. Lett. 103 (2009) 231801.

A. Passeri
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BaBar derives the pion form factor
from the wry/py ratio

02L " (o, :;nBar -0, :LUE]' / GMHLOE
u -
02

03 04 05 06 07 08 09
band: KLOE10 error

Agreement within errors below 0.6
GeV: BaBar higher by 2-3% above

KLOE Hadronic cross section 14



New measurement based on the ratio wry/ppy

The pion form factor can be obtained from the ratio of the nny to PLB720(2013) 336
upy yields, without any absolute normalization to Bhabha events:

o A +2m /8B, dog..ds

ad

|f}(SW|

Most radiative corrections drop out !
 Radiator Function
* Integrated Luminosity

meas. * Vacuum polarization
(gBorn j ,Born ) quantities

T S Y

23 ./

T

S

kinematic factor

MC nry and ppy M., distributions (Red)
MC sum (Blue), Data (black)

~

Same data sample as the KLOEO8 measurement

L) with SA (undetected photon) selection

|y

10 '+

7t/ p efficiently separated using Mg, :
* M{z(< 115 MeV -> 0.87 x10° puy events

No man's land

>/

~= | *M>130MeV > 3.4 x10° iy events
! : ‘M'-'v\,“._\ Data
| ! T, By | © o oo
o :.? ! mopeiuy | p region is critical (o,,>> ©,,)
RN UL IO SEESE AP I U S P |

80 20 100 110 120 130 140 150 160 170 180

I\[Trk[.\[e\'] KLOE Hadronic cross section 15




nrry / uuy analysis

* selection efficiencies (TRG, TRK, PID) evaluated on data

* 1% control of puy selection, even in the p region

* 1/ separation checked with 3 independent methods (Mg, Kin fit, oyrre)
* excellent data/MC agreement on M, and several other distributions

A 1k - NlonteCarlo -'“}5 I data ¢9n+n_no
S " J ' " control sample
W T owe oy AT R
- . Data | L. T
B _=- =:= s - / 10°
= =M 102
- L [ I
___=-= T | / 1 10
i noos - DATA/MC =1.000£0.007
L1 1 | I N | | L1 1 1 | z/r l‘\" I B PRI N }‘

I'h IF .I .I. ; I. .l .I-'- ; e — L )
20 100 110 12 " EoTeom e s W 1E 16 g0 {00 120 140 160 180 200
MTrk [MeV]
*p->mtnt’ used as control sample to precisely estimate ntrty efficiency and

contamination in the puy sample
* backgrounds estimated from MC shapes fitted to M, data distribution
* All efficiencies above 96%, with data/MC corrections ~ 1%
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LY spectrum

obs

do'm] _ ANG, - ANg,, 1
aM* AM?, TLdr
d{TMA

paey(y)
—_— = (0998 +£0.001__.+0.011

MC stat SYS
da.twm

The systematic error has been
averaged on M-*
Hu

Good agreement with

(nbh/GeV?)

2
iy

daryui /AM

200
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U'n

1.1
1.075
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1.025
1
0.975
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0.925

PHOKHARA MC (NLO Calculation) °*°

Consistency check of Radiator function, Luminosity, etc. ..

_ = npy Data ..."'*
- « iy MC (PHOKHARA) e
3 T
; —h-'_—"__':'___#_,...—'""-
0.4 05 06 07 0.8 0.9
green band: systematic error
04 05 06 07 08 09
2 2
M Ml(GeV )
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counts/0.01 GeV?

[
n
o ]
=

Results

Cross section is directly obtained from the bin-by-bin ratio of the measured distribution
(independently from radiator functions, VP and luminosity!) :

: - T 1400
200k Nowy = 1200} o
- - - = :_ s
150kE < Ny, - — " 1000 & .
: oo . T 800 - et
100k F P e 4 o g0k .
- _—:- T ] 2 F T
SOKE [ % 0E. T
U_'—'D'q” 05 06 07 08 083 Euz'_' L — . q__'ﬁ“ﬁﬁ'_hh
| | | e | 04 05 06 07 08 09
s (GeV") s (GeV?)
&
T 0
Aa,” = Tﬂm[},](ﬁ) K(s)ds Amau x 1010
0.35< M2 < 0.95 Gey? this measurement:  385.1+ 1.1, * 2.7  ¢:heo
o KLOEOS: 387.21 0.5, % 3.3 gtheo
0.35< M2__< 0.85 Gev? this measurement: 377411, +2.7  q:heo
KLOE10: 376.6 £ 0.9, * 3.3 g theo
A. Passeri

KLOE Hadronic cross section
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Systematic errors

* New measurement has different systematic error sources with respect

to past ones

* Very little dependence on acceptance and on theory corrections !

KLOE12 KLOEO8 KLOE10
Confribution to systematics % A™a, ratio, SA—-.-_ A™a, abs, 5A-y A™a, abs, LA~y
Background sobiraction 0.6 03 05
fytpx neglizible neghgible 04

£2 cut

02

02

02

05

0.1

03

03

0.1

0.1

02

negligible

02

05

0.1

0.1

01

03

03

0.6

1.0

03

08

035

05

0.1

01

0.6

09

A. Passeri
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S0

45

 excellent agreement with previous KLOE results

Pion FF: comparison of results

E 45
£ Eaman el W
ol +=|.—__..=__ #1'- * KLOEID
T . . . :
:_ 355 BETS L LY [ ‘# + I:ﬂ:l EIE}I__]E
g $
[ = ¥
: ;4
] & :
E # ‘t
i ] %
'it al
:_ l-'E ‘-‘
B |
F e Y
[ #'I'. \
- o

W 5 L {"'FL—J IGE‘F ]

01 0.2 ﬂ.3 ﬂ-1 ﬂE l]l5 'l'l’a|I ﬂﬂi ﬂﬂ

* reasonable agreement with SND CMD-2
« fair agreement with BaBar

A. Passeri

KLOE Hadroni

KLOE12 vs :

KLOE10
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i il
n_
=05 - +
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Muon anomaly grand comparison

New result confirms
3.5 o discrepancy with
direct measurement

Our extrapolation
based on DHMYZ10

A. Passeri

T T T 1 T T T ]
DEHZO03 (Tt based)
195.6:46.8

DEHZ03 (e*e” l:-asedlll A—

180.948.0

HMNTOB
180.445.1

JEGOS
179+0.5

DHMYZ10
180.244.9

DHMYZ10 (T based)
185.415.4

J511 (e'e and 1)
179.746.0

HLMNTHA
1892.8:4.9

—r—

—a—

—A—

.

—Y—

—aA—i

inc.
inc.
inc.
—a&—
inc.

inc.

KO3
KO8

K08, K10

K08, K10
K08, K10

praliminary estimate™ —aA—

BNL-E821 02 (1*)
203+8

BNL-E821 04 (1)
2148 5

ENL-E&821 04 ave.
20816

inc

K12, k10

140 160 180

KLOE Hadronic cross section
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Dark photon searches

After recent astrophysical observations (PAMELA, ATIC, Hess, FERMI, AMS...)
many theoretical models postulate the existence of a secluded gauge sector:

S DARK FORCE |

The dark sector should be mediated by a low mass gauge boson, the U boson
(withmy <2 m,,,.,), and should be kinetically coupled to the SM photon.

The kinetic mixing parameter g expected to be <103

At DAFNE the processes ¢ »nU and e*e'->Uy can be studied.

e e—Uy—=I'I'y, I=e,n

—l 5=0.0105,MU=1().3 GeVl I I I
+ F " E £=0.006, M =0,5 Ge
© o b Uboson canshow " [|— s7omommosay
& [ — a=0.003,MU=0,7GeV
up as apeakinthe ¢
g
g § Ly spectrum
A % 10
Yy U v 8
c c, l’l_
22
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do/dVs (nb/GeV)

Upper limits from ppy spectrum

nf
60 £
50 | " Data F : ..
=40 E B MC (PHOKHARA) r High precision in the puy spectrum and excellent
i 3 / agreement with PHOKARA montecarlo in the region
10 M--““" 0.6< Vs<1.0 GeV allow to extract an upper limit in
O =185 07 075 o8 o8 o3 ogs termsof number of evts per bin.
12 I Frdf 1678 1170
115 | AC 1.001 2034E-02
1.1 } “
1.05 ||
1 | | il ‘ It b NM | LT T ‘§1[|{p||__ _
Il il | T | I ' " ' HWH E i U.L. on signal events @ 90% CL |
0.05 [{! { E - J
pg Wil 4 J‘ [ l‘ rl [ | HIHI_— [
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. 00— I|
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e, 0 o P W Ilrln 'dlj
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- | \ Il.r| |1|' y |lurI|UIILI||
- IM.r,w'.rwxn«ﬂmpm;w'-n-w'u"uff“**.f’ ~“u"“: il *“JI‘J“L . | |
U6 0es 07 075 08 085 09 095 1
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U boson exclusion plot

Analysis of ¢—> nee allowed KLOE to
set limits in the region 50<MU<400 9’
MeV (PLB 720,111) ol

PLB720,111

In the region 60<MU<200 our limit
rules out the hypotesis that a dark
photon could originate the a,
discrepancy

PRL107

1£54191804 1 W RL106,

251802

The ppy spectrum allows KLOE to
explore higher M, masses. Work is
in progress to improve and extend N

this method. 0 100 200 300 400 500 600 700 800 900 1000

M, (MeV)
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Conclusions

* KLOE has performed a new measurement of c,_, below 1 GeV
ftom the nty/upy spectra ratio

«’Systematic uncertainties of this measurement are smaller and
m different sources with respect to the past

S

4%

.

ﬂ‘l‘l}e result conflfms the previous measurements and t

y fe’ dlscrepan.cy i], a:n,_.._,_gfw've_‘-?:_‘._*.._!’ -...“_ .
STt s B Ty

i ~-The,,ltgipetz can e-u als oio;pgt mt’e s;mg limits on
+ §ki the éxis ceo ‘e&&c‘é | @S@i 115 B §
i LRIisi RIS TIT F
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Radiative Corrections
Radiator-Function H(s,sy) (ISR): ot é:??f'::';::':::':::':::'::5’:::'::":":::"%::':':'::“:":::5":'::':::":"i:";‘-‘i‘:‘:'::‘
- ISR-Process calculated at NLO-level A b : | ' L

PHOEKHARA generator
(H.Czyz, A Grzelinska, J H Kiihn, G.Rodrigo, EPJC27,2003)

Precision: 0.5% | . do,,,
ds,

Radiative Corrections:
i) Bare Cross Section
divide by Vacuum Polarisation d(s)=(a(s)/a(0))? St T S
o-H SIS I B ST T N SO T S T SR S S T NS VT S I ST T | S S
=» from F. Jegerlehner 03 04 05 06 0T 08 ﬂ.?‘ . ﬂi
ii) FSR p— FSR:cnntr_ s{jED:}:
Cross section s, must be incl. for FSR 1009 —E i
for use in the dispersion integral of a T

=0, (s;)x H(s,s))

LLT Y
.......
-i-H...'.,."_h_"‘.'

2 S E
r 4 4 ﬂ T4 05 06 07 88 'ul.*.;'l;a;;!r

FSR corrections have to be taken into account
in the efficiency eval. (Acceptance, My, ) and in
the mapping S, — S.,
(H.Czyz, A Grzelinska, J H Kithn, G.Rodrigo, EPJC33,2004)
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Cross check of twy/py separation

aThe n/u separation has been crosschecked with two
different (and independent) methods:

SA kinematic fit (KF), in the hypothesis of 2 body+1y (ISR)
events.

2A cut on the quality of the fitted tracks, parametrized by ¢

MTRK

evts.
avte

{;I ! :1':': — |2IU| = I3ul = I4ﬂ 1 :J| P I | N I B R A I I L1 Eu JZIH;:' 12“ 140 16“
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Owrri [MeV] Omtre |MeV] MTRK [MeV]
MC MTRK distributions
O,re Data/MC comp. O,k CUt (red) on

] with ¢ ., cut (red).
MC ppy+nny (blue) and MC puy and nry distr.
data (black).
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Results of o

and KF cross checks

MTRK

n/u separation obtained with these methods well in agreement
with the standard one.
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Black dots are the difference of p*py
yields obtained with std and ¢

methods; Red line is the total

systematic error of the difference.
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