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- Muon Anomaly & Hadronic Cross Section

High Precision Test of the Standard M odel
= Fine structure constant at Z°-mass o ,.,(M,)

= Anomal ous magnetic moment of the muon

Muon anomaly a,= (g,-2)/2 = al 2+ ...
/ u*

theo — auQED a1JEW + auNeW Phys

B-field

2" Iargest contribution, pQCD not applicable
Error on hadronic contribution dominatestotal error on autheo

auhaolr can be expressed in terms of (e'e - hadrons) by theuseof a
dispersion integral:

hadr hadr, ex hadr, pOQCD Tt
4{ dUK(S)jLE{M dsor (S)K(S) gives >70% contribution
to auhad

E.. IS thethreshold energy above which pQCD is applicable

- sisthe c.m.-energy squared of the hadronic system
- K(s) isamonotonous function that goes with 1/s, Alternative: spectral function
enhancing low energy contributions of g™ (s) from decay T — v_hadrons
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-‘ I‘ Radiative Return

Particle factories, as DA®NE (or PEP-II, KEK-B), designed for a
fixed center-of-mass energy: Vs=m,= 1.02 GeV in the case of DA®NE
Energy-scan not possible

New and completely complementary ansatz:

Consider eventswith Initial State Radiation (I SR)
S. Binner, J.H. Kihn, K. Menikov, Phys.L ett. B459 (1999) 279

“Radiative Return” to p(w)-resonance;
e'e - p(w)ty - TTTT+y

M easur e cr oss section as a function

of the 2r+-invariant masss =M __

-+

For ISR events

Radiator-Function H(s) M Z d O-T”Ty =0 (S)X H (S)

[l EVA + PHOKHARA MC generator

S. Binner, J.H. Kuhn, K. Melnikov, Phys. L ett. B 459, 1999
H.Czy ,A.Grzdi ska, J.H.Kihn, G. Rodrigo, Eur. Phys. J. C 27, 2003

P. Beltrame (KLOE coll.), EuroFlavour '07, Orsay 14-16.11.07 4



P. Beltrame (KLOE coll.), EuroFlavour '07, Orsay 14-16.11.07 5



Pion tracks at large angle

50° < 6_< 130° i) nm

Barrel EMC .

a) Photon at small angle
0 <15° 165°<8_
- No photon tagging

p :ﬁmiss:_<ﬁl+]_52)

Y
- High statistics for | SR photons

- Negligible contribution of FSR
- Reduced background

b) Photon at large angle
50° < 9y< 130°
- Photon tagging possible

- Increased contribution of FSR
- Contribution from ¢ - ,(980)y - mT*mr-y

P. Beltrame (KLOE coll.), EuroFlavour '07, Orsay 14-16.11.07 6



-‘ I‘ Overview Pion Form Factor at KLOE

Syst. 0.6<M_<0.95 GeV? Syst. M__<0.6 GeV?
Analysis JLdt - ﬂ S ﬂ
= L
Vsz Untagged | 445 iy 1.3% (kinematically forbidden)
2001 data (published)
Vs Untagged 240 pbt 119% (kinematically forbidden)
2002 data |
ed limited by model
Y 1ag9 240 pb* 0.9 % dependence of irreducible
2002 data [ f,(980) contribution background ¢ — £,(980) y
Off-Peak 2006 230 pb? < 1% suppressed

Vs=1.00 GeV

f,(980) contribution
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- Event selection

Background: R e
o TTCTE, e'e - -y and ey Em_ o

reduced by means of -

- likelihood function (e-Teseparation) 2;1 a0l

- kinematic cuts: missing mass and trackmass

(4-momenta conservation under the hypothesis 160

of two tracks with the same mass) B
140F Sina

+p,)=4,=0

x Y

2
(\/;_\/Z))ch+Mt2rk_ ﬁ)zcz—i_Mtzrk) —(p

120

i = ; RSy R e i S e i
1 0%.3 0.4 0.5 0.6 0.7 0.8 09 1

Efficiency: S
M._2 (GeV?)

Whenever possible use DATA, rely on

MC only for acceptance and M, L uminosity normalization:
Measure DA®NE luminosity with
Bhabha events at large polar
angles > 55° as normalization process
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-I Published result with 2001 DATA

Phys. Lett. B606 (2005) 12 2001 - 2002

o (ete = ) [nb] |

_ ; : _ _ ; - Larger DATA set: more refined evaluation of

. 2001 Data | efficiencies
o f | - DATA less affected by machine background

_ L - Additional online software trigger level:
800 - o et recOVEr cosmic veto inefficiency (30% in 2001)

600 _. L .| - Improved offline-event filter: systematic

uncertainty to < 0.1% (0.6% in published analysis)

400 [ Trigger efficiency estimate in 2001 data corrected.

Tl 0.4%

PICTERL CHTREY FPTYS FRTTL PREON. FRwws by
03 04 05 06 07 08 09 - New event generator BABAYAGA@NL O (theoretical
error of Bhabha effective cross section from 0.5% to

M__2 (GeV?)

a,™(0.35-0.95 GeV?) = 0.1%) Bhabha cross section value lowered by 0.7%,

(388.7 20.8,,#4.9, ) - 100 (I?lﬁn;orm Factor decreases by 0.7%
.M. Caameet a., Nucl. Phys. B758 (2006) 227
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Radiative corrections

- Radiator-Function H(s) (ISR):

| SR-Process calculated at NL O-level
PHOKHARA generator (Czy , Kihn et.al)
Precision; 0.5%

- Radiative Corrections:

1) Bare Cross Section

divide by Vacuum Polarization

from F. Jegerlehner:
http://www-com.physik.hu-berlin.de/~fjeger/

1) FSR correction
Cross section o__must be inclusive for FSR

V y

- FSR corrections have to be taken into
account up to NLO
- SQED mode

25

-y i i 5
225 T ' " :
20 fob- < W ST (O SO D
17.5 E_ME' 'J_I FJ‘II=]‘ .....................................................
e
S == ) } i :
125 2% s

14 21 1 8 [ | - i L1 1 i I - 1 1 1 8 8 Il 28 1 i I 18 1 i L1 43 I 4 1 8 1
01 02 03 04 05 06 07 08 09 1
M? _(GeV?)

Net effect of FSR-LO ~0.8%

FSR-LO contr. (sQED)

0.006 0.3 0.4 05 0.6 0.7 0.8 0.9 1
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. Small Angle Result from 2002 DATA ¢__and a™

1400

- o e  KLOE 2001

' ,/', AN
- { i : : s
C : 8 : W i s ( AN :
I~ : . . : : : N N
L : e 5 : . N 2'7/ AN

[ i : z N @ <
. ] - - - Y
¥ ) . H a H
400 .—......;..........‘..u...;,....‘.‘......u...(...........‘.......(....4.............‘)4.‘..............4.;,..\.\ 4 Ngrerresaninnie
s L2 ; % o H N N
I i $* : - 1. i AN N
- H ’ H = : : . . N AN
' : i £ £ i N L L’
o i i : : : ° i
’ 4 s * = W S .
- 4 : : - 2 g N

[ 3
i .."'E'o..
i g ®

1 0.95GeV”’
= f dso(ee— 1)K (S)
u 3
41T )35Gev?

2001 updated for trigger efficiency and change in
Bhabha-cross section

a,™(0.35-0.95GeV?) = (384.4 £0.8,,,£4.9 ;) - 10
2002 preliminary
aum(O.SS-O.QSGeVZ) = (386.310.6,, 3.9, ,) - 107

Systematic error contributions

Offline filter

negligible

Background

0.3%

Trackmass/Miss. mass

0.2% (prelim)

e—1D

0.3%

\ ertex

0.5%

Tracking

0.4%

Trigger

0.2%

A cceptance (0,)

negligible

M_ - M VD(FSR contr)

0.3% (prelim)

Software Trigger

0.1%

Luminosity

0.3%

Acceptance (0, )

0.1%

Radiator H

0.5%

\/ acuum Polarization

negligible

SYSTEMATIC ERROR

1.1%
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_ Pro & Contra

v’ independent analysis and cross check - Pion tracks: 50°< 8, <130°
v'the threshold region is accessible - Photons: at least one with 50°< 6, <130°
v’ the | SR photon is detected and E, > 50 MeV. Photon tagging
(4-momentum constraints)
v’ lower signal statistics 8000 [
v large @ —» TCTTTC background o _ '0,%\
contamination (strong analysis cuts needed) o000 _ (/@/ .
v" large FSR contributions . : %’9;,
v irreducible background from : N .
radiative @decay: @ —» f,y - THTT Y o ] . Ve,
8000 [ . ’
0 T[y @ Y - 6000 —
S e { ww [ 2Mthreshold 2002 data
PSR T . i fo & 2006 _ reachable.. ;jiS;)é(l)(()) ;\)f_tls
Estimated from MC using 00~( o1 02 03 )04 05 o5 I\ﬂ;in[ E[S;;;zl'}jg

phenomenological models
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Event selection & backgrounds

Exploiting the kinematic closure of the event:

- Cut on angle Q between | SR-photon and = 2002 Data [ = 240 pb 1

missing momentum AT 1200 %I/ e
L N ‘y AN : :

= i RN N 3
- : z ~ s = $ I - -4
: . s N 5 £ it kot
: H : N . : H Sidl.Toayol.
1 000 i S bnanasniiss CYPLL iYL TTRERT) IS SR £ i = o T z Pl "~ SO RERATE
: : : N [ H e R e § H
= H e s = k Fi =

800+ S S S T O - -
- Kinematic fit in et P-bkg. hypothesis ;ErroanAdommated 0 U R

:by syst. uncertainty: on

ug ng 4-m0mer]tum and "-[O—ma$ aS Constral nts 600 -_"TOCUHEF/" ..... ' .. ..... A \ ........... ......

ool tfl o L LN L L
FSR contribution added back to cross section Aoy @ \ | i
(estimated from PHOKHARA generator) 200+

Reducible background from trrrm® and prpy RN
well simulated by MC 01 02 03 04 05 06 0.7 08 09 1
M, [GeV?]

Dominating uncertainty from model dependence of irreducible background
¢ - fyy - 1ry. Using different models for f,-decay and using input from

dedicated KLOE ¢ - f,y analyses (with f,— rr'7r and f, - 7°77).
[0 Difference between the M C models as systematics
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- Small and L arge Angle comparison

1400 [

i | KLOE2002LA 0.15; (914=051)/0s,

1200 [

iy

-
H -

- _“H}Hf}

|
|

: : :
1

083 0.4 0.5 0.6 0.7 0.8 0.9

: 3 : : : .
B f et ] 3 : o 3
[ gth

- i
— o S ._...._‘....ﬁ.—.-..._é..............

AP I I T IS ST I I P
0 0.1 0.2 03 04 0. 06 0.7 08 09 1
M?__(GeV?)

Qy@ small Angle a,™(0.50-0.85GeV?) = (255.4 0.4, 2.5, ) - 107
(& LargeAnglea™(0.50-0.85GeV?) = (2525 £06,,%5.1,,) - 10

60% of systematical error due to f,-uncertainty
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_ary: KLOE Small Angle analyses

KLOE 2001 published result:
388.7+0.857,114.9gysT = A :

KLOE 2001 updated:
384.4+0.857514.9gyqr = &

KLOE 2002 prelim.:
386.310.657, 3.9y —aA

355 360 365 370 375 380 385 390 395 400
a (0.35-0.95 GeV?) (107"°)

Jegerlehner (hep-ph/0703125): Aa =a’*—a;*=(28.7+9.1)-10""

Using new KL OE result would increase difference from 3.20 to 3.40
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_lSummary: e‘e experiments

ay"”from KLOE, CMD?2 and SND in the range 0.630-0.958 GeV

Phys. Lett. B648 (2007) 28

4
4
4

||I|[||l||||||||||I||1|||I|~\rp/9§\\\
CMD2 1998: //kq L

A— A4S
361.5+1.7,112.9 o1 -~ '9 J/
SND:

A
361.0+2.0,,,+4.7

STAT— SYST

KLOE 2002 prelim.:

355.510.5

A i
stat3-65yst

Illl[IIJI|JIlI|I|l||lIIJ|IIIJ|IJII|IlII

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

No comparison between spectra since sophisticated unfolding procedure for
detector resolution yet to be done. (Negligible effect on a ™)
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- Conclusion

Using cross section data obtained via the radiative return, o(Trmmy),
a,™determinations have been perfor med

Two complementary analyses.

1. Small photon polar angle
- the published result from 2001 data (140 pb*) has been updated with new Babayaga
version (-0.7%) and trigger effect (-0.4%)
- the updated 2001 result agrees with the preliminary result from 2002 data (240 pb?)

2. Large photon polar angle
- resultsin the range 0.5-0.85 GeV 2 (less sensitive to resonances background) agree with
above ones

KLOE resultsare lower but consistent within one sigma
with those from CMD-2 and SND
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Outlook

- Refine the Small Angle analysis by unfolding for detector resolution and release the
e‘e - TT'TT Cross Section soon

- Improve evaluation of contribution from resonances in the Large Angle analysis
- Normalize tr'rty events to Uy events (many systematic effects cancel)

- Obtain Pion Form Factor from data taken in 2006 at Vs = 1000 MeV

(Off Peak, outside the @ resonance)
— suppression of background from @-decays
— cover threshold region below 600 MeV
— determination of f,(980)-parameters

ONPEAK

Number of Events / MeV

75 |

50;

25; nl-n—"
O:..‘.\H‘.|.‘H\H..\.H‘\.‘..\.H i
120 130 140 150

Trackmass [MeV]

=)
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_ Trigger 2001 update

Trigger efficiency correction had to be updated due to a double counting of efficiencies; affects
mainly low M__region

1400 g : i P L i ; i i i i
3 KLOE 2001 TRG updated 600 [ KLQE2001TRGupdamd¢
m,lé; KLOE 200‘;1 publi;shed : :

: : _ . KLOE 2001 published
I - T fenih S N SN SOOI i ; i i i i i i
1200 L g Pt E % é % 550 Tmmwmﬁmmmmwfwmwmwf .................. ? ................. ? .................. ?meii .........

1000 - V)OS SN WS WS S—— i ,,,,,,,,,,,,, -

) SR YR SO SRS W, OO S L I T St e e o

. ¥ P g i 3 &
L § 400 _._ ................... . .................. ................... ................... .........
600 -_.. ........ A ..................... ............... ... .................... .. .................... : 1:

SN O A A A L e NN I -
00, oo 3% .................... g .......... g ............ g: .............. gmwwmwé ............. - i é é té é é é é
[ o 300 _ ............. 11 ................... ................... ................... ................... .........

200 [ gl b

L ‘ —— ‘ — . = ‘ = : = i E— :l 11 i TR B i TR | i L1 i Lo i 3 i ' E L
03 04 05 06 07 08 09 1 20035031036 038 04 042 044
M® _ (GeV?) W (GeV?)

| mpact of update on trigger correction on 2001 cross section:

Changes (decr eases) published valueon a,™ by 0.4%
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A glance at the present status

1. Experimental inputs into the theoretical computation: e*e™— and T— data (e.g. T - TUTOV)

Comparison among e*e” and T— data
0.3 T F :
i T ol ~@® KLOE published

‘-l‘ i gITDD-z PLB 578 (2004) 285 EIJ 0.2 —- e H ...................................... —& CMD-2 published

o 02 I <LOE _JETP 101, 6 (2005) 1053 é T 34 ‘ —® SND reanalysis NEW

S E %': o 1 A “ T A ’ ................................ I CMD_2 prel.
B 0L T + L ViRE(: [ ALEPH t-data
~ [ 4 + +{r + L :
b - [ ! 1 # + ®| p

0 = lé PaRp : i 0 ol (Y

Ty
interpolation of 60 2N A ’H } H

02T KLOE data points from r ol ’ ’
[ 0.35 to 0.95 GeV/2 oo Flot from I Logashenko using T N 1
_03‘.......................,.........,,, - private, non-published data from '
03 04 05 06 07 08 09 1 C HOND . . 10|0 . .
2 2
M, ? (GeV?) \5, MeV

- All the recent e*e” experiments see large deviations with T— data above p peak
- All recent e*e” experiments agree now within 0.50 in the Tot-contribution to a

- Recent preliminary T—analysis from BELLE in agreement with e*e™ (hep-ex/0512071)
2. Direct measurement of a,

Experimental and theoretical value of a differ of ~3.20
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. f (980)

Mass spectrum fit

Forward-Backward asymmetry:

500 Consequence of different C-Parity
600 of 1T for ISR- and
400 either FSR- or f,-amplitude
200
0
> Clear f, signal at ~ 980 MeV
M (MeV) > Big threshold effect can be described by £,(980) only
- Studied at KLOE in the decays : o 035
= [ <
980 —>T|.0T[O, 980) - TU'TT <03 - g
Jo(980) J(980) f o] FMC FSR+ISR+f0(98Ogﬁ -
- % :
- Scalar background “r = 025 |
from f,(980) large also at i / Data . \
low masses due to . i + ; N 080
non-Breit-Wigner shape of ﬂ + * $+ I - J1(980)
mass distribution in o *;; : region
gradiative decays I PR i1 L Dama
ﬁ‘*‘ " # - Simulation FSR+ISR
s T MC FSR+ISR B Simulation FSR+ISR+f,
i VS . (ST D:....|.(Q.Rﬂg....|....|..—
M, [MeV] M. [MeV]
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_te Carlo modelsfor scalar meson contribution

Scalar meson contribution

1.2

_ PHOKHARA: kaon loop model - f,(980) couplings
115 | fixed by FB-asymmetry

FEVA: Achasov's model - couplings from the
neutral channel e*e- - 1Y

[KLOE Caoall., Eur. Phys.J C49:473-488, 2006]
Huge differences between the two preditions

M_? (GeV?)
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_ FSR (Final State Radiation)

Not only ISR radiative corrections have to be determined at high precision (NLO)

FSR - corrections are model dependent: use scalar QED, i.e. pointlike pions

NLO-FSR

LO-FSR

Forward-Backward-Asymmetry

is a consequence of ISR-FSR-interference

-0.1

-0.2

Czyz, Grezelinska, Kihn
PLB611 (2005) 116

++ + # Data 2002 on-peak
++ t Tagged photons
MC PHOKARA

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M, 2 (GeV?)

P. Beltrame (KLOE coll.), EuroFlavour

-0.2 R 4

-0.3

and is a test of model of scalar QED for FSR

Preliminary ;ﬁi‘ +++

F I
+++ 1#?*“’

ﬁ Data 2006 off-peak
Tagged photons

l \ MC PHOKHARA

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M_2 (GeV?)
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ate Radiation) contribution

% Small angle cuts: % Large angle cuts:
08 F 50 F
- MC: FSR /(ISR + FSR) : ok MC: FSR /(ISR + FSR) 7
0.6 | R :
3 & 30 [ |JfH
04 F ol - # P
- 20 [ H o
0.2 E_ 1-*""?# E + ++++++++++H++++ «-“-"‘:“L
: — 10 [ R sl
0 ?++H++W‘." - MT[T[Z [Gevz] 5 E| ST T T I A T:TTT‘: ! |M|Tm;2| I|:|C|}|e|\|]|2|]|
03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
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_ DA®NE

-ete” - @ Vs~m, = 1019.4 MeV
- beams cross at an angle of 12.5 mrad
- LAB momentum p, ~ 13 MeV/c

-L o = 1.5 x 10* cms™!
BR’s for selected @
decays
K*K 49.1%
K.K, 34.1%
PTT+TUTTTE 15.5%
Day performance: 7-8 pb’! 1200
Best month [£ dt ~ 200 pb™! 2or L[pb]
1000 | 2005
Total KLOE [£ dt ~ 2400 pb™! 800 |
(2001,02,04,05) 600 |
a0}
0T -
’ Jan Feb Mar Apr May Jun Jul Aug‘l SepIOcthovl Dec
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_ KLOE

Frascat/i é;—i%ct%ry com plex __- 7 Drift chamber

/ /E { ) = LvaC

Track momentum resolution
Op/p = 0.4% (8 > 45

/o 2 agl] 550 MeV ex
- 20 Tl 800 MeV e

Vertex resolution
0,,= 150 pm, 0,=2 mm

12582 sense wires
52140 wires 1n total

Electromagnetic
s/ calorimeter

Energy resolution
0./E = 5.7%/VE(GeV)

Time resolution
Aol 0, = 57 ps/VE(GeV)
Pb/Scint fibers 1100 ps
4880 PM

Magnetic
g, | M

Field of 0.52 T
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