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 Status on (g-2)m :

D
isagreem

ent betw
een

e
+e

- based and t based
evaluations

D
avier, Eidelm

an, H
öcker, Zhang: hep-ph/0208177v3

• T
he nature of the difference in the tw

o theoretical evaluations of a
m

had has to be understood in order to
claim

 a discrepancy betw
een (SM

-)theory and experim
ent

• M
ore and better inform

ation on the hadronic contribution to the SM
 calculation of a

m
 could help to

clarify this difference and (together w
ith a further reduction of the experim

ental error) give the
discrepancy betw

een theory and experim
ent a higher significance



s
(e

+e
-Æ

p
+p

-) w
ith ISR

:
Particle factories have the opportunity to m

easure the cross section s
(e

+ e
- Æ

 hadrons
 )

as a function of the hadronic c.m
.s energy M

 2hadrons  by using the radiative return
.

   T
his m

ethod (S. B
inner, J.H

. K
ühn, K

. M
elnikov, Phys. L

ett. B
 459, 1999) is a

com
plem

entary approach to the standard energy scan.

                        advantage
disadvantage

ds
(e

+ e
- Æ

 hadrons +
 g

 )

dM
2hadrons

D
ata com

es as by-product of  standard program

System
atic errors

 from
 Lum

inosity, ÷s, …
enter only once for each point of M

hadrons 2

 R
equires precise calculations of Initial State Rad.

Ë
 EVA

 + Phokhara M
C

 G
enerator

 R
equires good suppression (or understanding) 

of  Final State R
ad.



•  e
+e

- -  collider w
ith      =m

F ª1.020 G
eV

• tw
o separate rings to m

inim
ize beam

-beam
-effects

• accum
ulator for efficient injection into m

ain rings
• tw

o interaction points: 
  K

L
O

E
 and D

E
A

R
/FIN

U
D

A

D
E

A
R

,

(D
ouble A

nnular F
-Factory for N

ice E
xperim

ents)  

s

D
A

F
N

E
: A

 F
-F

actory

B
R

’s for selected f
decays15.5%
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+p

-p
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pb
-1

2000 run :  25 pb
-1   7.5 x 10

7 f

2001 run: 190 pb
-1   5.7 x 10

8 f

2002 run:  300 pb
-1 9.0 x 10

8  f
               D

A
F

N
E

 B
ackgr. reduced

D
A

F
N

E
: P

erform
ance

Peak L
um

inosity@
K

L
O

E
 IP: 

7.8⋅10
31cm

-2s
-1

m
ax int. L

um
inosity in one day:

4.5 pb
-1



K
L

O
E

:
(K

L
O

ng E
xperim

ent)

• M
agnet: 

  Superconducting coil (B
=0.5 T

)

• E
M

 C
alorim

eter:
  L

ead/Scintillating fibres
  4880 PM

• D
riftcham

ber:
  12582 Sense W

ires
  52140 w

ires in total

• B
eryllium

 B
eam

pipe: 
  R

=10 cm
, 0.5 m

m
 thick



K
L

O
E

:

Electrom
agnetic calorim

eter

D
riftcham

ber

s
p /p = 0.4%

 (for 90
0 tracks)

s
xy ª 150 m

m
, s

z ª 2 m
m

s
p /p = 0.4%

 (for 90
0 tracks)

s
xy ª 150 m

m
, s

z ª 2 m
m

s
E /E

 = 5.7%
 / ÷E

(G
eV

)
s

T
 = 54 ps / ÷E

(G
eV

) ⊕
 50 ps

(B
unch length contribution subtracted from

 constant term
)

s
E /E

 = 5.7%
 / ÷E

(G
eV

)
s

T
 = 54 ps / ÷E

(G
eV

) ⊕
 50 ps

(B
unch length contribution subtracted from

 constant term
)



Signal selection:

40
0< q < 140

0

q < 15
0

q > 165
0

p

p
p

p

P
ion tracks are m

easured at angles
 40

o< q
p <140

o 

Photons cannot be detected efficiently w
ith

E
m

C
,

untagged m
easurem

ent in w
hich w

e cut on
the direction of the m

issing m
om

entum

T
he choice of this kinem

atical region
w

as m
otivated by:

• sm
all relative contribution of F

SR
• reduced background contam

ination:

  
P

hotons are required to be w
ithin

 q
g  <

 15
o and  q

g > 165
o

 ü   e
+e

- Æ
 e

+e
- g 

 ü   e
+e

- Æ
 m

+m
- g 

 ü  e
+e

-  Æ
 f Æ

 p
+p

-p
0



F
SR

 suppression:

FSR
ISR+FSR

M
2

pp

(%
)

%

(nb/GeV2)

d
s

  (IS
R+FS

R)
dM

pp 2

100 x d
s(FSR)

dM
pp 2

C
ontribution of F

SR
 <1%

 for our selection cuts  (i.e. m
odel dependence negligible) 

0 0.2
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0.6
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Initial State R
adiation and F

inal State R
adiation contribution have been evaluated  w

ith 
M

C
 (B

inner, K
ühn, M

elnikov, Phys. L
ett. B

 459, 1999):

O
ur approach is to treat F

inal State R
adiation of the pions as a „background“ and suppress 

it in the m
easurem

ent using kinem
atical cuts.  



B
ackground subtraction:

T
o reduce B

habha contam
ination, a

p-e-separation is perform
ed using a

L
ikelihood function based on:

T
he event is selected if one of

the charged tracks is identified
to be a pion.

–
 T

O
F

 of charged clusters
–

 Shape and energy deposition of
the “charged” cluster

–
 T

O
F

 of charged clusters
–

 Shape and energy deposition of
the “charged” cluster

M
track

p
+ p

- g

e
+ e

- g

before cutting on 
likelihood function

after cutting on 
likelihood function

m
+ m

- g
p

+ p
-p

0

m
p



B
ackground subtraction:

T
he trackm

ass is the particle m
ass for the

tw
o 

tracks 
obtained 

by 
using 

the 
4-

m
om

entum
-conservation 

and
 

the
assum

ption 
that 

both 
particles 

have 
the

sam
e m

ass M
trk :

  

†
 

g 2q
=

M
f

-
p1 2

+
M

trk 2
-

p2 2
+

M
trk 2

Ê Ë Á 
ˆ ¯ ˜ 2

-
r p 1 +

r p 2
(

) 2
=

0

  T
he signal is further selected by

perform
ing a cut in the

kinetical variable  trackm
ass

in order to reduce p
+ p

- p
0

background

m
+ m

- g background 
(M

track ª105 M
eV

) is
rejected by a cut on M

track  =120 M
eV

Trackmass

M
2

pp

p
+ p

- p
0

p
+ p

- g

m
+ m

- g



M
pp 2(G

eV)

N
i /0.01G

eV
2

In a prelim
inary attem

pt to extract the
pion form

 factor, w
e analyzed

73 pb
-1 of 2001 data according to the

analysis item
s discussed

after selection:  1 100 000 events

statistical error/bin  < 1%
 

for M
pp

2>0.45 G
eV

2

after selection:  1 100 000 events

statistical error/bin  < 1%
 

for M
pp

2>0.45 G
eV

2

M
pp 2- Spectrum

:

†
 

ds
pp

g

dM
pp 2

  =
  N

obs-N
bkg

DM
p

p
2

   ¥
1

e
Select.  ¥

   
1 L

B
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Lum
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E
xtraction of pion form

 factor:

†
 

F
p (M

p
p 2
)

2
=

ds
p

p
g (M

p
p 2
)

ds
pp

g,F
p

=1 (M
p

p 2
)

W
e divide the  p

+p
-g  cross section by the cross section p

+p
-g  for “pointlike” pions 

w
hich is obtained from

 the M
C

 generator  by setting F
p  = 1 .

s
ppg, F

p=1 =(2.538±0.001) nb

s
ppg =(24.43±0.01) nb

M
C

M
C

 s
ppg, F

p=1  spectrum

s
ppg, F

p=
1  w

as com
puted w

ith 2*10
6 events of  M

onte  C
arlo w

ith F
p =1,  

w
ith the acceptance cuts of the analysis:  q

g <15
o (q

g >165
o), 40

o<q
p <140

o



T
he next step is to refine the

analysis w
ith the full statistics of

2001 (ca. 170 pb
-1).

• E
fficiency estim

ation 
• L

um
inosity

• D
etector resolution (unfolding)

• R
esidual background subtraction

C
urrent w

ork is focused on:

P
ion form

 factor:

C
orrecting for efficiencies,

norm
alising to lum

inosity and
dividing the spectrum

 ds
/dM

2pp  by the
radiation function H

(M
pp 2) , w

e get a
prelim

inary extraction of the pion
form

 factor.

|F
p | 2

M
pp 2(G

eV)
0.2

3010

20 40

0.4
0.6

0.8
1.0

N
o background subtraction has been

perform
ed on this first attem

pt 
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INARY



L
um

inosity:

†
 

Ldt=
N

Bhabhas (q)⋅(1
-

d
Background )

s
M

C(E
)

Ú

B
ackground

 (ppg, ...)

B
habha - C

andidates  

T
heoret. G

enerators
w

ith rad. corrections

•  55° <
 q

 + - <
 125 °

•  A
coll. <

 9 °
•  E

+ -  ≥  400 M
eV

  K
L

O
E

 uses  “L
arge A

ngle B
habhas” 

( s
eff  = 430 nb ) to m

easure the lum
inosity:

C
luster - P

olar A
ngle

40
60

80
100

120
140

0

cut
cut

T
rack - E

nergy

400
500

600

cut

• D
ata

- M
onte C

arlo

M
eV



L
um

inosity:

N
o lim

itation for lum
inosity precision < 1%

 found
final precision is currently under evaluation

Ë

W
e use 2 independent theoretical generators to calculate the

effective cross section for the actual selection cuts:

           
 1) Berends (D

rago, Venanzoni)
              

 2) BABAYAG
A (C

alam
e, M

ontagna) *
A

greem
ent = (0.1±0.1)%

 

D
ifference D

A
T

A
-M

C
:

A
cceptance

E
fficiencies (E

m
C

, D
C

)

R
unning C

onditions:
C

hanging ÷s , p
f  , beam

 position
C

alibration of E
m

C
 and D

rift
C

ham
ber

System
atics

* C
.M

.C
. C

alam
e et.al.

   N
ucl. Phys., B  584 (2000)



ds/dM2
pp(nb/0.01GeV2)

T
he background is com

pletely 
rejected by the trackm

ass cut:

B
ackground: e

+e
- Æ

e
+e

-p
+p

-

T
his process could create a background for our analysis if the electron

and the positron go along the beam
pipe and can not be detected.

e
+e

- Æ
p

+p
- g

e
+e

- Æ
p

+p
- e

+e
-

M
pp 2(G

eV)

From
 M

C
*, w

e expect a background 
contribution at low

 values of M
pp 2 

M
pp 2(G

eV)

Trackmass

* C
ourau et  al., in “W

orkshop on Physics and 
D

etectors for D
AF

N
E” (IN

FN
 1995)



C
onclusions:

• L
ast year w

e have perform
ed an „attem

pt“ on 73pb
-1 of data in order

to test a m
ethod of getting the pion form

 factor from
 a 

m
easurem

ent utilizing the radiative return

• A
lready w

ith this reduced data sam
ple, there are no lim

itations by
statistics

• N
ow

 w
e are refining this m

easurem
ent using the full statistics from

2001 (170 pb
-1) and evaluating system

atics of the m
easurem

ent
(background contam

inations, detector resolution etc).

W
e are in the final phase tow

ards a
publication of our results!



t decays:

e
+

e
-

g
*

u
u

d
d

t -
n

t

W
-

d
u

u
u

p -
p -

p 0
p +

t -Æ
 n

t p - p 0
t -Æ

 n
t p - p 0

e
+e

-Æ
 p + p -

e
+e

-Æ
 p + p -

t
p

p

=

p
p

Æ
£

pa
=

s
-

-
+

-
+

M
s

,
v

s
4

0

2
1

I

e
e

Isospin invariance assum
ed, one can relate the isovector cross sections s

(e
+e

-Æ
p

+p
-) to the 

t spectral function         :
0

v
p

p
-

Isospin sym
m

etry breaking effects have to be taken into account!



D
ispersion integral:

a
m

hadr can be expressed in term
s of

s
(e

+e
-Æ

 hadrons) by the use of a
dispersion integral:

"

(
)

(
)

(
)

(
)̃̃¯ ˆ

Á ÁË Ê
s

+
s

p
=

Ú
Ú

•

m

p

s
K

s
d
s

s
K

s
d
s

4 1
a

2C
u
t

2C
u
t2

E

p
Q

C
D

,
h

ad
r

E

m
4

ex
p

,
h

ad
r

3

h
ad

r

• E
cut  is the threshold energy above w

hich pQ
C

D
 is possible

• s is the c.o.m
.-energy squared of the hadronic system

• K
(s) is a steady function that goes w

ith 1/s,
   enhancing low

 energy contributions of s
hadr(s)



T
he region around the energy of the  r-m

eson adds w
ith ca. 72%

 to
the total value of a

m
hadr.[Jegerlehner; hep-ph/0104304]

L
ow

 energy contribution:courtesy F. Jegerlehner

T
he r-m

eson decays to 100%
 in p

+p
-, so in this energy region the

analysis efforts concentrate on the determ
ination of

s
(e

+e
-Æ

p
+p

-)



 Status on (g-2)m :

a
m exp(g

m -2)/2 = (11 659 203.0   ±   8.0) ¥ 10
-10

E821, hep-ex/0208001 

• T
he nature of the difference in the tw

o evaluations of a
m

had is currently not understood

• T
he reduction of the error on the hadronic contribution to the S

M
 calculation 

   of a
m

 could (together w
ith a further reduction of the experim

ental error) give this 
   discrepancy betw

een theory and experim
ent a higher significance

The current status of a
m  from

 experim
ent and (SM

-) theory:

D
EH

Z hep-ph/0208177 v3

based on t decays

 based on e+e- data

a
m exp - a

m theor,SM
 = 0.9 - 3.0 s difference

 

a
m Q

ED
          = (11 658 470.6    ±     0.3) ¥ 10

-10

a
m weak        = (             15.2   ±      0.1) ¥ 10

-10

               = (           707.6    ±    6.9) ¥ 10
-10

               = (           683.3    ±    7.8) ¥ 10
-10

(g
m -2)/2  = a

m Q
ED + a

m had + a
m weak

a
m theor,SM

a
m had

KPPdR hep-ph/0205102

N
ucl. Phys. B (Proc. Suppl.) 76, 245



a
m

had:        =(   709.0    ±    5.9) ¥ 10
-10

              =(   684.7    ±    7.0) ¥ 10
-10

      =(   -10.0    ±    0.6) ¥ 10
-10

      =(   + 8.6    ±     3.5) ¥ 10
-10

a
m had(lo)

a
m had(nlo)

a
m had(lbl)      =(   707.6    ±    6.9) ¥ 10

-10

      =(   683.3    ±    7.8) ¥ 10
-10

a
m had

Krause, hep-ph/9607259 

BPP, hep-ph/0112255 
H

K, hep-ph/0112102 

KN
, hep-ph/0111058 

a
m had =    a

m had(lo)   +    a
m had(nlo)   +    a

m had(lbl)
(see D

avier,Eidelm
ann,H

öcker,Zhang hep-ph/0208177)

t based
e+e- basede+e- based

t based



D
A

T
A

 com
pared w

ith the  M
C

M
2pp (G

e
V

2)

d
s

/d
M

2pp (nb
/0.01G

e
V

2)

 M
C

•  D
A

TA

ds
/M

pp 2:

O
nly statistical errors have been taken

into account!

(M
C

  output has been
interfaced w

ith the detector
sim

ulation program
)



P
ion form

 factor (prelim
.):

 D
ata points have been fitted w

ith the 
 G

ounaris-Sakurai-P
aram

etrization

    m
r , G

r  b, d , y
d  are free param

eters 
    of the  fit, w

hile m
w

 G
w

 m
r¢  G

r¢   are 
    fixed to C

M
D

-2 values

m
r  =775.1±0.5  M

eV
 

G
r  = 147.1±0.8 M

eV
 

b    =-0.08 ±0.002
|d|   = (2.893±0.6) •10

-3

 y
d  = (124.8 ±9.0) 0

M
pp 2(G

eV)

(Stat. E
rrors only)

(G.J. Gounaris and J.J. Sakurai, Phys.Rev. Lett. 21
(1968), 244)
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G
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G
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W
m s

(
B

W

)s
(

F

R
esidual 

background

|F
p | 2

KLOE
PRELIM

INARY

=KLO
E Fit

• =KLO
E data


