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DA®PNE and KLOE

L

peak ~
v e"e” collide at Mg: Vs ~1.019 GeV isof L
160 H/pb/month 2004
v’ angle btw the beams @ IP ~2 x 125 mrad | 1as
2002
v’ residual momentum in LAB ~ 13 MeV :zg 2107021 320

2001-05: ~ 2.5 fbl at M,

2006: ~ 250 pb! at Vs=1 GeV + Vs scan

Calorimeter, EmC:
Pb/Scint. Fiber, 4880 PMTs
98% of solid angle

o/ E = 0.057/VE (GeV)
o, =57 ps/vE (GeV) ® 50 ps
o,=1.3cm

both detectors
w/ trigger decision

L 3 5 79 11 13 15 17 19 2

T
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COIL

AR 2
Sieh

5—37 39 41 43 45 47 49 51 53 55 57 59

1.3 x 1032 cm2s’!

month since Jan '01

Drift Chamber, DC:

4 m@x 3.3 mlength
90% He, 10% i-C,H,,
12582 stereo sense wires

0,/ p = 0.4% for 6 > 45°
o,,=0.150mm, o,=2mm
om_.) ~1MeV
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The cross section o, ... from ISR events

e+e-
, vV
at a fixed Vs, studying Initial State Radiation gt <\
events, o, .., .. .(S) is extracted e 18 Tt
> "CL
2 dae+e" —gtaTy 2 2
ISR only: M _ Ve =0, . . M:_)-HM:_,0_.)

=» EVA + PHOKHARA MC Generator
(S. Binner, J.H. Kihn, K. Melnikov, PLB459,1999)
(H.Czyz, A.Grzelinska, J.H Kiihn, G.Rodrigo, EPJC27,2003)

main advantage: main requirement:

ho point-to-point errors on precise knowledge of ISR

beam energy and luminosity radiative corrections

1st KLOE publication (based on 140 pb-t) do,,, N> _N®& 1
A. Aloisio et al., PLB606(2005)12 — KLOEOQ5 M. T AME, e, L
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. PUBLISHED:
Selection of mmy events at small angle PLB670(2009)285

a) 2 tracks with500<@, <1300 kinematics: P, = Ppis = —(P, + P_)
b) small angle y (6_ < 15°)

v high statistics for ISR (~ 6-2) S k| I
v low relative FSR contribution S .
. Barrel EMC ) Tl
102 v suppressed ¢ = n*nn® wrt the signal gﬁEﬂ
1200 ?—%l
- n.of events 2
0001 001GeV2 o =
(1 1O JES O I U T S {
600 _ ...... .° .'.. \\\J,_juj
400 N R .. ...""W"'... -----
: .0 - : : N \L \L \L v
‘ AN . ) 6 m "
r S Mo2(Gevy | statistics: 242pb”
Lt . . ]| 3.4Milion Events 5



Selection of mmy events: suppress background

suppress n/e separation performed with
ere” — e'eTy particle ID based on the
calorimeter

remnant
ete” = uwuy & ¢— rtra’
cut and estimated as a function of M__2

signal region

Ty ()

gy ()

e
b
—
-——
]

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

[ami]

el

m,,,, defined under the
hypothesis of 2 equal
mass particles and 1y

in the final state

2 > Federico Nguyen
M- (GeV7) 17-07-2009

10t



Background estimates

Main backgrounds obtained from MC shapes fitted to data distribution in M,

0.60 < Mm2 <0.62 GeV? y2%/ndf =158/180 Data 0.84 < Mm2 <0.86 GeV? 2/ndf = 179/258
10* > MC
.-f"_"“x%_
1o° S \\W T;jgc e " /\./
102 ‘JH ’ \W/ 10 2
10 *} i "Hlimﬂ 10
i n
| 'ﬂ« R e i
Ll M ik | ||| I
110 130 140 160 180 100 120 140 160 180 200 220

Mg (Mev) Bkg errors are due to :

* Uncertainty on e+e- — e+e-nt*n~ contribution
EKHARA: PLB634(2006)493 |

Bkg (uuy, mmw and eey) fraction
0.08

0.07 [ 3 +++ o
0.06 —% k. - e\ N
0.05 £ o e ;
0.04 £ e e .
= + - ‘
0.03 E g e
0.02 £ e e ) . o ;
0.01 E Mo P M,;* (GeV?) . * Error on normalization parameters

0%03 04 05 06 07 08 09 1 oObtained from the fit



Data/MC corrections for the & track

corrections obtained from Y (large statistics, momentum limited) and oy
data samples (after kin. %?) compatible

AL AL

within 0.3% — syst. error

C,. = 0.993+0.001

C,. .. =0.995+0.002
* Iy

101
2 E | S = L <+ + 1 I + . I /
et K R \ 0.99 = 1= / —+=
09s F ~— 0098
— 3 /ndt 1218 4 10| [ /gt 5480 15
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w TOLE B 101
I 1F 1
B E | e 4 . e i k= ) —— ——
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& . — 0.08
I 3 i X'/ndf 9778 / 10 [ _ 2/ 5577 3
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w B = E 101
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& o0ss E 008
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g S 4
SL 099 F T S ] S g 7 oo —r — — ————
st oes E 3k
<k 3 — - 0.08
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Luminosity

KLOE measures L with Bhabha scattering

F. Ambrosino et al. (KLOE Coll.)
Eur.Phys.J.C47:589-596,2006

55° <0< 125° \T \T
acollinearity < 9° / Ldt = - obs — — "bkg
p = 400 MeV Ocff generator used for O,
BABAYAGA (Pavia group)
= C. M.C. Calame et al., NPB758 (2006) 22
;
new version (BABAYAGA@NLO) gives
much better accuracy: 0.1%
Systematics on Luminosity
e Theory 0.1 %
= Experiment 0.3 %
Y
TOTAL 0.1 % th @ 0.3% exp = 0.3%
l )OE @ Federico Nguyen 9
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25 . :
205 E...i

Radiative corrections || O (um) [nb] with F,=1

17.5 _ ............... e _ ....... B

- ISR-Process calculated at NLO-level 125 prope
PHOKHARA generator (Czyz, Kiihn et.al)

Precision: 0.5% do

M — 5= 0 ($)x H(s)

i) Bare Cross Section

divide by Vacuum Polarisation i1 |

0.01 _ ........ ............. ................. ............ iz ........ RO ..... SR

i) FSR - Corrections

0.009 |
cross section 0, must be inclusive for FSR [

0.008 |

H|? : R e
(Y ) 0.007 - .................... ................... s em— o
14 4 ¥ H [ ; - M2 _(GeV?)
[[ 0.006 b—Ado e | EPPEENS EPETSTErI PRI SPETEPET SR R

e Y

&5% | ¥ ,
FSR corrections taken into account @/ X

in the efficiency evaluation and /
. 2 2 7 ” ~.
mM > M - o . Y - 10
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Systematic uncertainties

Systematic errors on a ™

Reconstruction Filter negligible _

Background 0.3% 140():— =

M., cuts 0.2% onnf = S

n/e ID and TCA negligible —— L~ N KLOEO0S:

Tracking 0.3% 1000F ,& : PLB670(2009)285

Hardware Trigger 0.1% : El: . »

Acceptance (6, _) 0.1% 800 s N -

Acceptance (6,) negligible ! Vo °

Unfolding negligible bae - Y 4

Software Trigger 0.1% ol

Vs dependence of H 0.2% E o

Luminosity(0. 1, ® 0.3,,)% 0.3% 200 F ; o

: M= (GeV7) e,
experimental fractional error on a, = 0.6 % (0 A S S S T P T
‘ 0.3 04 05 0.6 0.7 0.8 09 1.0

FSR_resummatlon 0.3% O, undressed from VP, inclusive
Radiator 1 0->% fonrnFSR as function of (M, )2
Vacuum polarization 0.1% v

3)0/] f [[4Mle}

theoretical fractional error on a, = 0.6 %

Federico Nguyen
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IlllllllllllllllllIIIIIIIIIIIIIIIIIII

CMD2 2007: o Recent comparisons on a ™

361.5+1.75;p122.9¢ 57

SND 2006:

. i , 0.95GeV?
361.0:2.0¢;5r28.Teyer | | f dso(e’e” = ma'm) K(s)
0.35GeV?
KLOE 2008: : .
—a—i average value in 10719 units:
356.7+0.4¢7,73.0cys;
llllllllllllllllIllllllllllllllllllllll = 2 —
330 335 340 345 350 355 360 365 370 359.2 + 2.1 with x“/dof = 1.24/2
/\ a x(0.630-0.958 GeV) (107 confidence level of 54%
1
even at the larges’r 08 + SND
difference, minor 0.6 . CMD
impact on a, ™ \ 0.4
0.2
0 * * at#n-*
e —— -0.2 -
i . ; -04 i
e'e” experiments | 0.6 i yo= f o(s)K(s)ds
; ar'e Consl.srenr ; _0-8 1 L L L I L 1 1 1 I L L I | L l L L 1 1 I 1 L L L I L 1 1 1 I L L L L
"""""""""""""""""" 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
f Federico Nguyen M2 (GeVZ)
<, 17-07-2009 o




Present situation on a,

DEHZ03 (z based)
199.7£7.0

DEHZ03 (e*e” based)
18548.2 ——A—

DEHZ06 (e*e” based)
179.5+5.9

HMNTO6 (e*e” based)
178.116.1 i

;jaEc)ggﬁ_z(e+e- based) fossescei: Wiecioied KLOE S""r'engfhens

JEGO8 (inc KLOEOS) } the discrepancy ~ 3.4 o

17946.5 . .
between the SM prediction

and the BNL measurements

rrmrmm—

BNL-E821 02 (u*)

20318

BNL-E821 04 (1)
21418.5

BNL-E821 04 ave.
20846

140 150 160 170 180 190 200 210 220 230
a -11 659 000 (107'°)
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NEW: selection of ISR y at large angle

v  independent complementary analysis

v’ threshold region (2m_)? accessible detection of 2 tracks and
at least 1 y (E > 50 MeV)

v v,sr Photon detected
(4-momentum constraints)

v background from ¢ decays, ¢ = w*w-n°
& ¢ — f(980)y — nwy suppressed using
data taken at \'s = 1 GeV, off the ¢ peak

— 7T 1 T ]
* 71
saton L of events . i
0.01 GeV? . @
“.
’ ...'b O.
15000 | .. —~—
10000 :. statistics: 233 pb
v 650 000 Events
5000 + :. . ;
I o’... Mmliz (GeVZ) | < B m >
0 ,....,g—f‘/ | e s ou § ¢ s 5 § o Federico Nguyen 14
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Control of backgrounds: A,

gt e’ T
A(FSR), A(Sy), A(px ”
=1 ATSRLAGH AP L B
are C-even
e~ e . T )
N N(6_+>90°)—N(6_1+<90°)
n il M| ArB= N(@_>90°)+N(8_4<90°)
o) sl ¥ ¢ T ¢ 3 T - ! & %
T et & N~ H TR esE i)
T fo P * - Y v %
FSR £, x | pn ¥ sk ?559
&
y - W
Apg more sensitive than do/dM o1 - Preliminary %;s‘
oF ;"*55
MC based on il) W
PHOKHARA: Phys.Lett.B611(2005)116 01 F ﬁﬁ%ﬁ 4
FASTERD: arXiv:0901.4440 [hep-ph] 1rsloLT v MC
02 | ¢r [ > off peak data
7 iy Me (GeV
& 01 02 03 04 05 06 07 08 09

JOJH K

1



Conclusions

v we presented a new measurement of o, and of the w*n-
contribution to a,™ in the range [0.35, 0.95] GeV? with 0.9%
accuracy [PLB670 (2009) 285]

v this result is in good agreement with the CMD-2 and SND recent
results, and it strengthens the difference between BNL
measurement and SM prediction

v" an independent analysis with y detected at large angle is very
close to be finalized (selection cuts established and main
corrections evaluated), preliminary data-MC comparison shows
excellent agreement

v we plan to determine the wt*n- contribution to a,™, from ratio of
mey To puy events, that allows an independent check of the radiator
function and cancellation of some systematic effects

Federico Nguyen 16
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Comparisons on F_

- _ JTOL pe ‘F ‘2 = 2 >
T 3s T 0.1 (IFxlc'IFle)/IFan +
0.05 A 4
T R —— ptes * i
i |Pﬁ| ‘ v KLOE 0
h L * SND 0 s CMD-2 2 2
i v : - CMD'2 0.1 | | | 1 ] Mm ((fev )
30 ,' y, 0.3 04 05 06 07 08 09 1
— ) “.
.)() a 7’ '-, 2 2 2
“ : 7 0.1 (IF_Is - F_I') /IF I l i
- r.,! 0.05 L ,?h,a!r i + | I !
10F e ) 0F ! I
- i O 2 vv'“‘"vfrn. G ¥ l I |
M__  (GeV?) s il § + SND M2_(GeV?)
1 1 1 1 1 1 1 | 1 | 1 |
0.3 0.4 05 06 0.7 0.8 0.9 1 b3 04 03 06 D7 D& pA A

good agreement below and on the p peak among different e*e- experiments

Federico Nguyen 17
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Trigger corrections

L I e
0.95 ; ".‘0 €13 trigger
i =, (KLOEOS data)
0.9 .
0.85 |-
I € cosmic veto ’0.%.
05 (KLOEO5 data) -, o
Sooe .. inefficiency
0.75 " e 30%
0.7_‘“"“"‘"*'Hllluulu.,%l‘?’,’l
0.4 0.5 0.6 0.7 0.8 0.9
M,.” (GeV?)
1
0.995 | -
0.99 | paastesonttotaostes
0.985 ‘...”888;;3;;.33»
0.98 | } b ittt
0.975 | " g
0.97 — i°$$$+ * STrigger (meTh 1)
0220 ﬂ 8'rr'igger' (meTh 2)
0.96 |-
0.955"I|

03 04 05 06 07 08 09 1

i @ M, (GeV?)
< o/ 488

average value = 0.9987+0.0002

the main source (hardware
veto of cosmic rays) of
inefficiency in the 2005
result has been removed

trigger efficiency:
fractional error given by
relative difference of 2
independent methods
from data — 0.1%

Federico Nguyen
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Geometrical acceptance for the y

. . o \Il\ (97~r<9cut) _ \Td 7‘t.l(g"r’r < ocut)
we study the impact of varying the 15 Nitc(Prr<15°) N (Brn<I5°)
cut on 0__in slices of M? sl TG
i i = I\I\ Pl 0.1246%  0.9903E-02
9009 E ; P2 -08317E-02  0.6613E-03
the data/MC spectrum variation is 0.006 f ; —
linear as a function of the cut, so the S —— - ] .
excursion at = 1 degree 1s taken as 0.005 : i iRl GPEw
_ 5 : P2 -06858E-02 0513203
emati CIror A -0.005 \'\'
YOKE T ’ -0.01 i i\‘\|
PRI [N TN T ST T NN ST S TR T [N ST S T PR ST T T T T ST ST T ST TR S | 1
S.C. COIL 0.01 X /ndf 2654 / 6
c“’“‘-aJ 0.005 }\'\ PI 09196E-01 £  0.6587E-02
) Barrel EMC! [ [] 5 :\ P2 06167E-02F  0.4382E-03
""" ol T -0.005 -
-0.01 I l\'\l
PRSI T N T PR S R P R T N S R TR R R | 1
xX'/ndf 3889 / 6
0.005 I\'\ Pl 07832E-01%  0.5552E-02
7 m . i\’\‘\ P2 -0.5246E-024  0.3690E-03
-0.005 . \
0.1 e ey by vy v ey by 1 1
Rseer X¥/ndf 3275 [ 6
I\:\. Pl 05853E-01 &  0.4769E-02
ULy AR W 03941E-024  0.3169E-03
-0.0039
; i s S
00095 Lot o000 | T T T BT I
135 14 14.5 15 15.5 16 16.5
; o
| Federico Nguyen t cut( ) 19
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K LOng Experiment:

resolutions

5™ o
o 450 — - N =
% 6 —-
400+ O ¢ — mwy, T— Y é i + o — ptp-
o Y 0 g 5¢ cemee
8 I R AR R4 =0
\
w0\ > PNV Vg % i
K ik A g’ —etey A - -
250+ i § 23F -
1 \\:_ A L
I e | g |
200+ ¢ ”‘Wf"‘\‘,’g’\ 1 1 \ 82F
QT 7 “‘*{*?&g batt 248 ¢ jiq o 5 C - |
150! ? - 3% Gl S 1L +—.—++++H
)
100 EO:...|...|..,|...|...:.,.|...|...|...
0 20 40 60 80 100 120 140 160 180
) polar angle (degrees)
5 © 0 150 3m 2% S0 % @0 3% sm V 5 e
— X/ ndf o1.6 2
eV v~ 1 Me A | Nerm  0.2101E+05
o C (1 Mean 0.7009E-02
o 05 v - S 8000 } ¢ Sigme 0.8075
a = E = , 5, ’ Const 254.5
a0 045 - 0/ - r
035 = = e ; Ks =X L
03 F E v E(GeV) 1000 - :
~ E I
B 025 S - J A
T 02 & - 2000 — ¢ L
0.15 _';— EM‘; 2 = C 4“' '\‘
E i o n -
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1500

1000

Electron/pion identification

/e separation is performed using a
particle ID function based on time
and quantity and shape of the

energy released in the calorimeter

-; - -05. - 0 — 05. ' 1 ‘ I 15
time of flight: for low p values B # 3, ~ 1
C €Y
t—L,/c (n3)
IR RSl VAT (LA TR T [ V) Wal] Ty |

1 L |

E (last plane) (MeV)

o8 EBEBBEEESEE

(last plane) (MeV)

o8 EBEBBEEE S E

K

n*n"y pions deposit ~ 40

MeV in each plane

(R P2 j:-..F:'J.,I' i i'l Ty |:l. NI |

T X0 30 400 450 S0
E (first plane) (MeV)

electrons deposit mostly in the
first plane and negligible amount
in the rest

g

'l.'[:'l"l'l I I
300 350 400 150 S00
E (first plane) (MeV)

100 150 200 250
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