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Hadronic Cross Section & Muon-Anomaly

Motivation:
High Precision Test of the Standard Model

-> Anomalous magnetic moment of the muon

Muon-Anomaly a,=(g,-2)/2=0/2m+ ....
theo QEQl_ @ a;veak+ alljew physics

> Fine structure constdpt at Z°-mass o, (M)

Hadronic Vacuum Polarization

2nd largest contribution, pQCD not applicable
Error of hadronic contribution dominates total error of aM!

Dispersion-Relation

q had — L

H 473 4m2

Channel o__ = o(e* e-— m*w);
: > ) o : had!
ds K () Ohug (s ) gives 7? Yo contribution t(t a,
Alternative: Spectral function from
decay (Tt — v_ Hadrons) taking into

* K(s) = analytic kernel-function, . | . .
« above typically 2...5 GeV, use pQCDW&CCOHHt 1SOSpIn breaklng corrections
J—— Y

, , S. Eidelman
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Radiative Return

Modern particle factories, as DA®NE or PEP-II, KEK-B are designed
for a fixed center-of-mass energy: Vs = m, = 1.02 GeV in the case of DA®NE,
Y(4s) in case of B-factories: Energy-scan not possible!

New and completely complementary ansatz:

Consider events with Initial State Radiation (ISR)
S. Binner, J.H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279

e"' YiSrR ‘Radiative Return’ to p(w)-resonance:

1T+ et e —p(w)+y— Ta+Yy
Measure cross section as a function
of the 2n-invariant mass s, .=M__?

ISR
/ do(ete=— mrmvy)

/ e dM_2

NLO-MC-Generator PHOKHARA do
J. Kiihn, H. Czyz, G. Rodrigo M’ ﬁ =o_(s)xH(s)
Radiator Function H(s) . dronic Cross Section




Radiative Return at Particle Factories

Experiment — |
KLOE:
Energy region
<1 GeV,
dominated by 27-
channel
(p-resonance)

10

10
10

10

N

Experiment
BaBar:
Energy region
1..3GeV,
dominated by
higher multi-
plicities (esp. 4),
up to recently data
with 20 ... 50%

I L
/\
g\
PR
§_ N Y(4s)
- DA®NE N
= Vs=1.02 GeV T
B PEP-I1
- Vs=10.6 GeV
I EEEE IR
1 10
Vs [GeV]

systematic errors!

Using the method of the Radiative Return one can

study the entire energy region below ca. 4 GeV!
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Measurement
of the Pion Form Factor
at KLOE

Goal: O(1%) precision
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KLOE - Selection 1w t™y,¢p

Pion tracks at large angles 1 T . T
50°< 06, <130° YOKE

S.C. COIL
a) Photons at small angles (SA)
0,<15° and 6,>165°
-> No photon tagging

lsy = _I_jmiss - _(1_5+ +p_)
* High statistics for ISR photons

* Negligible contribution of FSR
» Reduced background

Cryostat

Barrel EMC

b) Photons at large angles (LA)
50°< 6, <130°
-> Photon tagging possible

* Measurement of threshold region L JJ L
* Increased contribution of FSR - "
« Contribution ¢ — £,(980)y — w *mw ~y 6 m
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Overview pion form factor at KLOE

Precis. 0.6<M__<0.95 GeV Precision M__<0.6 GeV

Analysis JLdt ﬂ
Yisg untagg ed 140 pb'l 1.3 % ( kinematically
2001 data ( published ) forbidden )

Yisg Untagged 240 pb'! 0 ( kinematically
2002 data L1% forbidden )

limited by model

0.9 % @ 1,(980) contrib. dependence of irreducible
background ¢ — £,(980) vy

Yisg tagged 240 pb'!
2002 data

Off-Peak 2006 | 230 pb-
Vs=1.00 GeV

no limitation by

0
<<1% £,(980) contribution

Total KLOE data sample 2000-2005: 2.5 fb!
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Reminder: published 2001 Result (SA)

o(ete” — m'n ) (nb)

1400 KLOE
: res 2001 Data
1200 . 140pb-!
1000 .« .
800 | . .
600 | - .°.
00 o .,
: .".. ....
i "’*\

03 04 05 06 07 08 09
2 2
M, > (GeV?)

Acceptance 0.3%
Trigger 0.3%
Tracking 0.3%
Vertex 0.3%
Reconstruction filter 0.6%
Particle ID 0.1%
Trackmass cut 0.2%
Background 0.3%
Unfolding effects 0.2%
Total experimental Error 0.9%
Luminosity ( LA Bhabhas ) 0.6%
Vacuum polarization 0.2%
FSR corrections 0.3%
Radiator function 0.5%
Total theoretical Error 0.9%

Statistical error negligible
(1.5 Million events)

TOTAL ERROR 1.3%

Phys. Lett. B606 (2005) 12
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Reminder: Comparison with e"e™ - and T - Data

Relative difference btw. Relative difference btw. e*e~ Data
KLOE (2001) and CMD-2, SND and t-spectral function from ALEPH
: r [l —@— KLOE published
B b | _e
w02 |
S ol —8- SND hep-ex/0605013
Ty ‘: -&- - — CMD-2 prel.
‘\E.: 0.1 ) ‘. } ................................. ALEPH T-data
- o |71 ! : |
[ . : : . 0 i ’ ! o
oq | .......................... ‘ 04— __________________________________________________ il ] ___________ I ‘ i |1
interpolation of:60 L i ! |
0.15 [ ........ ; KLOE data pomtSfrom ~ Plot fi‘om L. Logashenko using W [ 1
2 : 0.35t0 0,95 GeV? -0-2 —jigi-published data from T S T I
0.2 b | CMD;2 and SND! ] ] i
03 04 05 06 07 08 09 1 s e
s [GeV?] Vs [GeV]

—> Data sets of KLOE (2001) and SND/CMD-2 different at large and small s
= In dispersion integral all 3 experiments are in agreement within 1o

—> Huge deviation btw. e*e~ data sets and tau spectral functions (ALEPH,
OPAL, CLEQO), better agreement with prelimiary BELLE tau decay data?

Achim Denig KLOE-Results on Hadronic Cross Section




I m
YOKE
S.C. COIL
Cryostat|

Barrel EMC

L]
T

DRIFT CHAMBER

50°%<6<130°

Small Angle Analysis
2002 Data
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Extract o(mww) from the w'ny Yield

N

dN(rttry) / dM, 2

after acceptance cuts 'V\O'V\C:E

Analysis:
Efficiency, Background
as function of M__

Normalize to Luminosity

Differential cross section
do(mmy)/dM_2

x102

Statistics: 242pb-! of 2002 data

$ 3.4 Million Events
= SA Analysis
1000 _‘..;o:-.- ....................................................................... E. ................. E. ............... é ...................
a0o R N w—
e,
A
400 __ ......................... S .: ................................................. .""mm"". .............
200 -_ ......................... . ... T _ ................. ................ ...................
- P—w Interference
0 0.3 0.4' I 0.5 - .0.5' - .0!.7' - IO!.B. - IO!.Q. - 1

Divide by radiator function

Event
Analysis

Radiative corrections

Cross section
o(e"e™— mrm")

M_2(GeV?)

wCE
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Experimental challenges

Background:

Experimental challenge: fight
background from ¢ — m+ w70

utu-y and ete~vy, reduced by

means of kinematic cuts (trackmass),
and likelihood function (e-m-separation)

Q%’_\/pl'l'Mtzrk \/p2+Mz2rk) p1+p2) qy2=0

Whenever possible use data, rely on

MC only for acceptance and Mtrk — .
Wy

Normalization: m, . ete’y

Measure DA®NE luminosity with

Bhabha events at large polar 03 04 05 06 07 08 09 L

angles >50° as normalization mp2 M_2 (GeV?)

process
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. H. Czyz
Theoretical challenges ~
\/ N
- Not only ISR radiative corrections have to be determined at high precision (NLO)
- FSR - corrections are model dependent, typically model of scalar QED is used

H
H

2

o
0.011
Final cross section o, must be inclusive in g:y Net effect _Of LO FSR is ca 0. 8%
FSR = for radiative return consider also = 001 L Small angle analySIS
events with simultaneous presence of ‘g’ E | : | - -
1 ISR- and 1 FSR-photon (NLO-FSR) ©
34) 0.009
LO-FSR NLO-FSR o A R S R R
- 0.007 —
“‘\6 [ | | | : M (GeV))
<0 0006 bt Lo Lo o bl dny
& 03 04 05 06 07 08 09 1
g‘b
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2002 Data: Improvements wrt. 2001 Result

 Larger data set allows more refined evaluation of systematic errors
associated with selection efficiencies; evaluate all contributions again

» 2002 data less effected by pile-up events from machine background

e additional online software trigger level introduced to recover cosmic veto
inefficiency in 2002, which gave an inefficiency of up to 30% in 2001

* Improved offline-event filter reduces its systematic uncertainty to <0.1%,
was the largest contribution (0.6%!) to the error in published result

e Trigger issue in 2001 data resolved (see above)

e New event generator BABAYAGA @NLO - theoretical error of Bhabha
effective cross section goes from 0.5% to 0.1% - Bhabha cross section
value i1s lowered by 0.7%:; therefore also pion formfactor decreases by 0.7%
C. M. Calame et al., Nucl. Phys. B758 (2006) 227

G. Montagna
Achim Denig KLOE-Re3ults on

15



Trigger 2001 Update

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

1400

1200

1000

400 |

200

0

0.3

6 (nb)

TAT S

' KLOE 2001 published
IR | s o by by s b

el
23
..........

04 05 06

07 0.8

0.9 1
M? . (GeV?)

2003032 034 036

0

500 |

250 |

038 04

N R
042 0.44
M?  (GeV?)

Impact of update on trigger correction on 2001 cross section:

Changes (decreases) published value on ¢, by 0.4%

Achim Denig
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Small Angle (SA) Result from 2002 Data

- 2 e, 1 KLOE 2002 SA
1200 il I},ummmumm:unumnumm(«num'muun[nmumnmmqnnmn»<>|nnn¢<mmmmumgmmumnmm
oo : | : : l(l- [E ;

b : : : : 2001 SA
: : : : :

i ;

=
-
&
-
-
=
)

H
L H H H H H H
800 ' ' . . . . .
L i i H H H H H
i i H H H H H
600 H H ' M M H H H
o H H H H H
L H " H H H H
H h H H a H H
-ulnlhunnnnuui.r'ﬁnluuinrnnru({nrnnruuHnn[ruuHnnnuuuln‘nunHnnnl¢<HnnnunHrn\uunHrnnnuﬂ
L i i H H H H
o : H H :

oo : : : : :
Lo : : : :

i
"'a. :
H L} H
E tu..‘."
H L]1]

03 04 os oe 07 0808
M (GeV?)

Important: sophisticated unfolding procedure to
correct detector resolution effects
not yet applied to 2002 data; not
needed for integral

Systematic errors on a,™

Offline Filter

negligible

Background

0.3%

Trackmass/Miss. Mass

0.2% (prelim)

nt/e-1D

0.3%

Vertex

0.5%

Tracking

0.4%

Trigger

0.2%

Acceptance (0,)

negligible

M_> =M., (FSR corr.)

0.3% (prelim)

Software Trigger

0.1 %

Luminosity

0.3%

Acceptance (B,

0.1%

Radiator H

0.5%

Vacuum polarization

negligible

7 TOTAL ERROR 1.1%

@ié
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Impact of new KLOE Data (SA) on a,"*"

0.95GeV?
a7 =1ax' [dsote'e =) K
0.35GeV*?
\III|I\II|IIII|IIII‘IIII|\III|HII|II\I|I||\
KLOE 2001 published result:
388.740.87, 4. 957 F——A—
KLOE 2001 updated:
384'4i0'85TATi4'95YST A
KLOE 2002 prelim.:
386.3+0.64;,1%3.957 F——A—
\III|I\II|IIII|IIII‘IIII|\III|\\II|II\I|III\

Comparison with a,™ from CMD-2 and
SND in the range 0.630-0.958 GeV

355 360 365 370 375 380 385 390 395 400 330 335 340 345 350 355 360 365 370

a,(0.35-0.95 GeV?) (10™)

New KLOE data consistent
with published 2001 SA result

CMD2 1998:
—aA—
361.5+1.7.7, 2.9 cr
SND:
A
361.0£2.0o,, +4.7¢yer
KLOE 2002 prelim.:
—A—

355.50.54;,13.65yg;

a (0.630-0.958 GeV) (10™)
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Impact of new KLOE Data (SA) on a,"*"

0.95GeV?
ar =1/4nx°  [dso(e’e = a"n) K(s)

0.35GeV?

\III|\IIIIIII
KLOE 2001 published result:
388.740.857,714.95ysr F——A—— )
Using 2002 KLOE:

A(SM - Exp) =3.20 D 3.40<
KLOE 2001 updated:
384.40.857,144.9 6 ——A— for (g-Z)M

KLOE 2002 prelim.:
386.3+0.6

LOE 20

355.540.5

STAT—-¥sYST

STAT™

355 360 365 370 375
a,7(0.35-0.95 GeV?) (10™°) a,7(0.630-0.958 GeV) (10)
New KLOE data consistent
with published 2001 SA result

Lo b b by ool Ve by Ll [ IR B
380 385 390 395 400 330 335 340 345 350 355 360 365 370

Achim Denig KLOE-Results on Hadronic Cross Section
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I m
YOKE
S.C. COIL
Cryostat|

Barrel EMC

L]
T

DRIFT CHAMBER

50°%<6<130°

Large Angle Analysis
2002 Data
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Analysis 2002 Data: Large Photon Angles (LA)

- 500<0, <130°
PRO & CONTRA = 500<6,<130°
] 16000 - 9
v" important cross-check 8
v'the threshold region is accessible 14000 = =
ca. 20% contribution to auhad" 12000 [ E -,
v' photon tagging is possible 10000 E §
(4-momentum constraints) 2 “.
v lower signal statistics 8000 | < o
v large ¢ — wttm—n® background s000 . &
v’ large FSR (charge asymmetry! :
v irrgducible(bkg.g frmz o dechy)s 1000 Threshold
»000 [ @ccessible
Exploit kinematic closure of the event: a0 06 07 0 oo )
— Cut on angle btw. ISR-photon and  r* M, ? [GeV?]

missing momentum
— Kinematic fit in the bkg.
hypothesis m*m-m?

TOTAL ERROR 0.9%
@ error subtraction of
irreducibel background
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Large Background from ¢ — f,(980) vy

Precision limited by irreducible bkg.

from radiative ¢-decay to £,(980)y

800

" Phys. Lett. B634 (2006) 14

600

400

200

250 M (MeV)
* Studied at KLOE in the decays
£,(980)—=n'n?, £,(980)—=>m*m-

* Surprising result: scalar background
from £,(980) large also at low masses
due to non-Breit-Wigner shape of
mass distribution in ¢ rad. decays

e Unfortunately large model dependence
in description of scalar amplitude, take

s 2002 Datal L = 240 pb 1
< ++*’++ : :
1200 o .ag\.].? ..... | A R TS W S—
L H H * h “ H H
[ Yfge\“?‘ i KLog 2002 LA
) S T
. 4 '
800 _ ........... +¢ ................. ——
! Error Qn LA domlnated + ‘.
- by sys‘t uncertalnty on \
600 _""Efo'"cont:r; ............ .................... l' .. ........................ Jr—
SRR B R
A ¥
400 _ .............. ......... N [ e e e
- 5 ‘* +++. : :
B +
200 _ *{H“}hﬂm E SO SUOUONS SRVSUIONE SO SR ISR SN
| ;*Hi
| A DU SUURN FUUTE DUUTE FUUUE DT SUTRE S
0.1 02 03 04 05 06 07 08 09 1

M, 2 [GeV?]

difference btw. 2 Monte-Carlos as conservative estimate of model dependence
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Comparison 2002 Data: SA vs. LA Analyses

Range of comparison

0.15¢ q i
F \§ . ; I

1F- 0‘3 z
; (e\‘& I
A - 1
1

5 : Lo
"™ ° KLOE 2002 SA
. KLOE 2002 LA

0.05} 28
oF
0.05F 1}

0'6.3 0.4 0.5 0.6 0.7 08 0.9 S gk

T TP P TTTPTTTPTTTITIS TS e

(OLA—Osp)/Ogn

| bt g

-

aidiersssnniansediassannnraniasdiasnrannaanie Crrrereseedinean

Besiiainrer e disa it raannadinantniartaansadintatnnaisasinadintatnnatiaine

_-.—.{——,.—..—...—

.............................................................................

=

o 5

o i
IIII T

-i

Comparison Of SA and LA 200 :_ ++§+“h’““’_; ........... ..............

| phe : : {Range of comparlson

analysis (2002 data) in the 0 L ; ' : e e 5
mass range 0.50-0.85 GeV? 0.1 0. 2 0. 3 0 4 05 06 0.7 08 O. 9 1
M?__ (GeV?)

2002 SA e 255.4+04+25

2002 LA —e— 252.5+ 0.6 £5.1 (60% of systematical error due to f,uncertainty)

| | | i —>
245 250 255 260 265 " 10'
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Forward-Backward-Asymmetry and f,(980)

Define the
forward-backward-asymmetry

AFB(MJ'UT)

_ N(B" >90) =N (8" <90°)
N@" >90%) + N(O" <90”)

(M)

Asymmetry is a consequence of different C-Parity of w*m~ for ISR- and FSR-amplitude

Interesting for 2 aspects:

2 i
1) Ay is sensitive on presence of a EE 03 F .: \
scalar amplitude from £ (980) s i + -
> 0.2 ..

2) Comparison data - MC for Ay, g I + s
allows to test model of scalar QED o 01 .'
(pointlike pions) for the + #*gi#’ +i+ g
description of FSR O L4 ¢ o P 0% of

: * 3oo08"
0.1 + 2.0
New strategy: ‘ ;+ o 7 KLOE-Data
Fit couplings for £,(980) (and s b H ¢+t MC [ISR + FSR]
probably f,(600)?) using FB- - ¢ MC[ISRAFSRH,(980)]

Asymmetrie Agg; constrain
model dependence in LA analysis

0.4

0.6 0.8 1.0

M. [GeV]
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Conclusions
&
Outlook

Achim Denig

KLOE-Results on Hadronic Cross Section

25



=

Conclusions w

* KLOE has extracted a,™ in the range between 0.35 - 0.95 GeV?
using cross section data obtained via radiative return with photon
emission at small angles (untagged analysis).

= The preliminary result from 2002 data agrees with the updated
result from the published KLOE analysis based on 2001 data

e Data from an independent KLOE measurement (Large angle
analysis) of the 2m-cross section has been used to obtain @™

in the range between 0.5 - 0.85 GeV?
= All three KLOE results are in good agreement

* KLOE results also agree with recent results on a,™ from the
CMD-2 and SND experiments at VEPP-2M 1n Novosibirsk

= Differences in mass shape dependence to be understood?!
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&
Outlook N w

Refine the small angle analysis by unfolding for detector
resolution and release the mst cross section table soon.

Continue evaluation of scalar contributions in the large angle
analysis to decrease model dependence from £,(980) contribution

Measure the pion form factor via R-ratio, 1.e. bin-by-bin ratios of
pions over muons (normalization to radiative muon pairs)

Obtain pion form factor from data taken at Vs = 1000 MeV
(outside the phi resonance)

- suppression of background from ¢-decays

- cover threshold region <600 MeV

- determination of £,(980)-parameters
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