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❏ 3 4 576 in precision physics

Uncertainties of hadronic contributions to effective 8 are a problem for

electroweak precision physics:

Precision physics limitations :9 :<; =>:@? A most precise input parameter sB
precision predictionsCEDGFIHKJ L :EM L :ON L :@? P :@Q A :RQSP :UTVTWT

9YXZ? A\[ :@; = :@? A best effective input parameter s

for VB physics (Z,W) etc.
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K
LN

theorem
at

w
ork

(K
inoshita,

Lee
&

N
auenberg

)

fully
inc

lusive
=

inc
luding

virtual
(V

)
plus

soft
(S

)
plus

all
hard

(H
)

photons
cross

section:e^
; E�
¨�u©

> ©

a
constant�; E>

like
3/4

forª

F
S

R
,3

for]

F
S

R
(in

S
Q

E
D

)

«

sm
all

positive
correction;typicall

y ¬

.2%

exclusive
quantities

in
volve

larg
e

log’s
on

photon
energy

cut
and

collinear
logs

!

B
loc

h
&

N
ordsiec

k:
V

+S
cannot

be
separated

(separately
IR

diverg
ent)

V
+S

log’s: ¨� ©
¯®°
; <±³²
�� > , ¨� ©

´ ®°
; µ <±�¶
�¸·¹
º>

com
plem

entar
y

hard
photon

part
(sum

m
ing

to
full

phase
space)

H
:

log’s
the

sam
e

as
V

+S
but

precisely
of

opposite
sign!

A
ll

log’s
cancel

in
sum

(inc
lusive)!

»

cutting
out

all
hard

photons
and

subtracting
V

+S
using

sQ
E

D«

.5%
m

odel

am
biguity

(sQ
E

D
vs.

fQ
E

D
)

»

ad
ding

m
issing

H
part

using
the

sam
e

m
odel

(as
used

for
subtracting

V
+S

)«

.1%

m
odel

am
biguity

(sQ
E

D
vs.

fQ
E

D
)

»

this
guesstim

ate
does

not
tell

us
the

true
m

odel
error!
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H
o

w
to

g
et

phase
of��; <> ?

O
m

n
ès–M

uskhelishvili
theorem

:

(see
also:

G
eshkenbein

...
89,Y

nduràin
...

01)

analyticity
+

unitarity
+

chiral
lim

it

relates:
space–like

data,]]
–scattering

phase
shifts

and
tim

e–like
data

¼

severe
theoretical

constraints!

W
ork

in
progress:

C
olang

elo,
G

asser,Leutw
yler

,F.J.

� ��; <>� �«
� ; E F
L
N; <>> ��; <>�½�

A
llo

w
s

us
to

g
et

substantiall
y

im
proved

lo
w

energy
contrib

ution!
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⑤

¾@¿
¾ÁÀ

–cross
sections

via

Â

–deca
y

spectral
functions

T
he

iso
vector

part
ofe;=Ã2Ä

Ã ¥
¼
ÅÆÇ È
É °
Ê>

m
ay

be
calculated

by
a

isospin
rotation

from

Ë

–deca
y

spectra
(to

the
extend

that
C

V
C

is
valid)

Ì Í

ÎÏÂ
Í

ÐÑÒ

ÑÒÒ

Ó Í

ÓÕÔ

Ö Í

Ö�×

ÐÑÒ

ÑÐÒ

Ó Í

Ó ×

Ë ¥
¼
Ø ¥
ÙÚ

Û

Ã_Ä
Ã
¼
Ø ^

Ø ¥

and Ø ^

are
hadronic

states
related

by
iso-spin

rotation.

T
heÃ Ä

Ã ¥

cross–section
is

then
given

by

ÜÞÝ
�ß

àâáàDãä å �
\
æç� ��

èßé å ã
ê

ëì
í

in
term

s
of

theË

spectral
function

î§ .
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»
A

d
ditional

“Ã Ä
Ã ¥

”
data:Ë

–data�

C
V

C
A

LE
P

H
,

O
PA

L,
C

LE
O

(A
D

H
96,

D
E

H
Z

02)
»

m
ainly

im
proves

the
kno

w
ledg

e
of

the] Ä
] ¥

channel
(b –resonance

contrib
ution)

»

w
hic

h
is

dom
inating

in�@?AB�

(72%
)

ï C
E ¬
ðñ
ò
I ï C
O ¬
óñ
ò C
«
Ë

–data
cannot

replaceÃ2Ä
Ã ¥

–data

A
D

H
95:

� ��
ô
Eñ
 ¡ £
EO ¥
§^

¼
EO  ó £
EOõ¥
§^

� H:
ô
O  OOO¡ð
¼

O  OOO¡ñ

A
ll

kind
of

isospin
breaking

effects
have

to
be

taken
into

account
!!!
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system
atic

deviations
larg

ely
can

be
understood!
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Ã Ä
Ã ¥

–data ö=
data

corrected
for

iso-spin
violations:

���
; <>�÷�

=
(���

; <>�÷�

–data)
/�� E�

øù
� ùú ¥ù��
�÷�

w
ith

<û C
;Mü
û F
ý�ÿþ

û> �

�

determ
ined

by
fit

to
the

data:� C
O  OO Eð ó

(Leutw
yler

00)

A
fter

correction
no

system
atic

deviations
betw

een
C

LE
O

/A
LE

P
H

and

D
M

1/O
LYA

/C
D

M
1/C

D
M

2
data

beyond
fluctuations

ofÃ Ä
Ã ¥

data,
w

hile
O

PA
L

data
sho

w

substantial
deviations.

w
ork

in
progress

G
.C
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asser,F.J.,H
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� ��� �; <>

GeV

N
A

7+C
M

D
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Ã ¥

–data
analytiz
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lim
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line

vs.Ë

–data
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✥
Iso-spin

breaking
inË

vs.Ã Ä
Ã ¥

:

F
S

R
correction

inË

–deca
y:

inc
lusive

approach?

�

�

�
���

���

�

�

�
���

���

�

�

�
� �

� �

� �

� � �

� �

�	�

� �

� �

� ���

�	�

� �

� �
�

���

� �

Q
E

D
corrections

are
obviously

notrelated
by

a
iso-spin

rotation
and

m
ustbe

subtracted
before

C
V

C
argum

ents

can
be

applied
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⑥
Iso-spin

breaking
corrections

inÂ

vs.¾@¿
¾ÁÀ

C
irigliano

ea
al.,hep-ph/0104267,hep-ph/0212386
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S
um

m
ary

of
results:

C
ontrib

utions
toefhgi

jkml n
o

from
various

sources
of

iso-spin
violation

(in
units

ofpq7r
ss)

for
different

values
oftui

v

(in
units

of
G

eV w)
.

tui
v
xyz

K
IN

E
M

F
F

{ fh|}o

1
-

95
-

75
-

11
61 ~

26 ~

3
-

119

2
-

97
-

75
-

10
61 ~

26 ~

3
-

120

3
-

97
-

75
-

10
61 ~

26 ~

3
-

120
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Isospin
breaking

effects:
(C

irigliano
et

al.)

S
urprisingl

y,after
corrections

at
larg

er
energies

10%
deviations

!

0.95

0.96

0.97

0.98

0.99 1

1.01

1.02

1.03

1.04

1.05

0
0.5

1
1.5

2
2.5

3
3.5

(G
tot

E
M

) –1

F
S

R
(e

+e
– →

 π
+π

–)
∼

 (m
π± –

 m
π0 )

com
bined

s    (G
eV

2)

Multiplicative correction
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��
vs.���

� r

(H
L02)

�� ��
���� ���
� ���� �

0
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0
.
6
5

0
.
7

0
.
7
5

0
.
9
5 1

1
.
0
5

1
.
1

1
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6
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0
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0
.
7
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A
L
E
P
H

C
L
E
O

C
M
D
2

O
L
Y
A

��� �� ��� �� �� ���
� � ��� �� �  ¡
¢�£¤

0
.
8

0
.
8
5

0
.
9

0
.
9
5

1

0
.
9
5 1

1
.
0
5

1
.
1

1
.
1
5

1
.
2

0
.
8

0
.
8
5

0
.
9

0
.
9
5

1

A
L
E
P
H

C
L
E
O

C
M
D
2

O
L
Y
A

��� �� �¥�� ��� ���
� �  ¡¢�£
� �� ¦§�£¤
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cannot
be
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�
C

om
parison

of�

–data:

0.4
0.6

0.8
1

1.2
1.4

1.6
0

0.5 1

1.5 2

2.5
A

L
E

PH
C

L
E

O
O

PA
L

�

–data
m

ay
be

not
so

easy;
D

E
LP

H
I,

L3
could

not
m

easure�

spectral–functions;

A
LE

P
H

vs.
O

PA
L

no
good

agreem
ent.
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T
he

m
easured

branc
hing

ratios
for�Ê

ËÌÎÍ rÍ�Ï

com
pared

to
the

prediction
from

the

���
� rÊ
Í �Í r

after
applying

the
isospin

breaking
correction

23
24

25
26

27

B
(τ

– →
 ν

τ π
–π

o)   (in %
) C

LE
O

O
P

A
L

A
LE

P
H

prelim
inary

A
verage

C
V

C

25.42
 ±

 0.42

25.44
 ±

 0.34

25.47
 ±

 0.13

25.46
 ±

 0.12
24.08

 ±
 0.31
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P
recise

m
easurem

ent
ofÐÑ ���

� rÊ
ÒfÓÔ
ÕÖ×
Ø

at
D

A Ù

N
E

A
im

:R
educe

hadronic
uncertainty

inÚ ÛÝÜ
Þßà áÎâ
Úäã
ß áæååå

crucial
for

future
of

precision
ph

ysics

In
progress

b
y

K
LO

E
atç

–factor
y

D
Aè

N
E

:

éÚ�êJë
êíì
îï
ðñò
óôõ
ß

atö õ
÷ø Þ

G
eV

❶

ùúÚ õß
ö õ
÷ø
û

G
eV

❷

üÚ õß û

G
eV

÷ø
ö õ
÷ø
Þ

G
eV

ý þ ý ÿ

hard

×
��
w�

Í �Í r�� Ï

×
��×

Ñ p��
	Ø

 	 ���  ���i
u�

P
hoton

ta
g

ging

hadrons
E

nergy
scanrequires

non
trivialupgrade

ofD
Aè

N
E

such
thatenergy

scan
is

possible

î
ùúÚ õß ,üÚ õß

directö õ
÷ø Þ

G
eV.
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C
ontrib

utions
to

�f��i�o
�
f��i�o
�
pq sÏ

from
exclusive

channels

T
heoretical

w
ork

w
ith

the
aim

to
calculate

radiative
corrections

at
the

level
of

precision
as

indicated

in
the

Tab
le

is
in

progress.

�
{ f �i�o
����
� �
pq r
ss

from

� ×
�� �

G
eV.

channel

�ð (��à

acc.

 á"!
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❏
R

adiative
return:

inc
lusive

m
ethod

P
hoton

ta
g

ging
m

easurem
ents:

K
LO

E
/F

rascati,
B

aB
ar/S

LA
C

,B
elle/K

eK

N
orm

ally
“obser

ved”
cross

section
(:

-in
variant

cuts,
one–loopÊ

no
initial-final

state

interference):

Ð l�;Ñ ×Ø �
ÐÏ
Ñ ×Ø
 p<
{=>=Ñ@?|AØ <
{B>Ñ@?|AØ�

<
C rwD C EFG

HIKJL
Ó× �ÐÏ
Ñ × �Ø � =>=Ñ ×� × �Ø

<
ÐÏ
Ñ ×Ø

C rwD C EFG
HI JL

Ó× �� B>Ñ ×� × �Ø �

unfolding
prob

lem
to

g
etÐÏ

Ñ ×Ø .
H

ere
ad

ditional
prob

lem
:� B>Ñ ×� × �Ø

m
odel-dependent

(only
soft

photon
part

kno
w

n)!

E
xperim

entall
y:

acceptance
cuts,

efficiencies
etc.

in
ad

dition
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R
adiative

return
m

easurem
ent:

look
atÍ �Í r

in
variant

m
ass× �distrib

utionM NONCQPR

plus

anything
(photon).× �fix

edÊ

m
issing

energy
fix

edÊ

“autom
atic”

unfolding.
P

ion
form

factor
ansatz:

Ó
Ð

Ó× �;S u r
jTU

�
VXWYÑ × �ØV w

Ó
Ð

Ó× �
kml =>U=>=Z ;S u r

jTU

<
VXWYÑ ×ØV w

Ó
Ð

Ó× �
kml =>UB>Z ;S u r

jTU

and
hence

w
e

m
ay

resolve
for

the
pion

form
factor

as

VXWYÑ × �ØV w�

p

M NONC[PR kml =>U=>=Z ;S u r
jTU

Ó
Ð

Ó× �;S u r
jTU

�
V WYÑ ×ØV w

Ó
Ð

Ó× �
kml =>UB>Z ;S u r

jTU
\

T
his

is
a

rem
arkab

le
equation

since
it

tells
us

that
the

inc
lusive

pion–pair
in

variant
m

ass
spectrum

allo
w

s

us
to

g
et

the
pion

form
factor

unfolded
from

photon
radiation

directly
as

for
fix

edõ

and
a

givenõ ]the
photon

energy
is

determ
ined.

T
he

point
cross

sections
are

assum
ed

to
be

given
b

y
theory

andñé^ ñõ ]is
the

observed
experim

ental
pion–pair

spectral
function.
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⑦
S

tatus
and

O
utlook
j

H
igh

precision
experim

ents
onkl �

Ñ m ��
Ø �

(B
N

L)
andn oprq

s� t

,etc.
(LE

P
/S

LD
)

im
posed

a
lot

of
pressure

to
theory

to
im

prove
(or

find
errors

in)
their

calculations

and,
in

particular
,to

reduce
hadronic

uncertainties
w

hic
h

m
ainly

reflect
the

experim
ental

errors
ofuÑ ×Ø � vw�x�

j

E
xperim

ental
groups

have
reconsider

older
data

to
reduce

errors
(C

M
D

-2);
new

data

from
B

E
S

(20%Ê

7%
)

(2
G

eV
to

5
G

eV
),andy

data
from

A
LE

P
H

,
O

PA
L,

C
LE

O
.T

he

latter
disa

gree
w

ithz|{z~}
data

in
som

e
regions

at
the

10%
level

and
essentially

lead

to
tw

o
“incom

patib
le”

prediction
fork��x�l

.

j

A
ll

kind
of

attem
pts

to
squeez

e
out

of
the

old
data

m
ore

precise
results;

theory
only

partially
can

help.
W

hat
is

the
appropriate

“pseudo
observab

le”?,
W

hat
is

m
issing

(e.g.,
hard

photon
effects)?,

W
hat

is
doub

le
counted?

E
tc.

j

K
ey

role
no

w
for

radiative
return

experim
ents

on
lo

w
energy

hadronic
cross

sections:

K
LO

E
,

B
A

B
A

R
,...;

radiative
corrections

very
crucial

to
g

et
a

precise
answ

er.
T

heory:

special
effort

by
K

arlsruhe
group

(K
ühn

et
al.)

to
advance

calculations.

jÑ m ��
Øl :

need
settle�

region
and

in
ad

dition
rang

e
1.4

G
eV

to
2

G
eV.

F.Jeg
erlehner

P
hoton

2003
–

A
pril

7-11,2003
–

40



H
adronic

effects
in_ `ba

cd e

andf_hgid

–
theoretical

uncertainties

j
N

eeds
for

linear
collider

(like
T

E
S

LA
):

requires��x�

at
1%

level
up

to
the��

� �� ��� �� ��� �� ��� }�.
A

t
present

w
ould

allo
w

to
g

et
better

H
ig

gs
boson

m
ass

lim
its.

j

F
uture

precision
ph

ysics
requires

dedicated
effort

on��x�

experim
entall

y
as

w
ell

as

theoreticall
y

(radiative
corrections,

final
state

radiation
from

hadrons
etc.)

k��x�l

M
axim

um
confusion

!
Likely

only
new

experim
ents

can
settle

the
prob

lem
s

�

P
hoton

ta
g

ging
experim

ents

at
K

LO
E

,
B

A
R

A
R

140
150

160
170

180
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200
210

a
µ  – 11
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 000    (10
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BNL-E821 02

E
J 95 (e

+e
–)

D
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– +
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C
D

)

H
M

N
T

 02 (e
+e

– incl.)

D
E

H
Z

 03 (e
+e
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D
E

H
Z

 03 (τ-based)

B
N

L-E
821 02
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 ±
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 ±
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 ±
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F
uture:

❏
K

LO
E

(D
A�

N
E

F
rascati):

expect
a

1%
m

easurem
ent

for�� z�{z�}��k��
���
� at

  � ¡¢
1

G
eV

£

photon
ta

g
ging

m
ethod

theory: ¢

2%

£¤ {¤ }

in
v.

m
ass

spectrum
theory: ¢

0.5%

✗
very

im
por

tant
new

m
easurem

ent
w

ith
different

system
atics

(cross
check

of

N
ovosibir

sk
m

easurem
ents)

✗
still

a
lot

of
theory

efforts
necessar

y
!

j

larg
e

angle
B

habha
?

j

R
C

to
photon

ta
g

ging
?

j

photon
radiation

from
hadrons

?

✗
eag

erly
aw

aiting
for

fist
release

of
K

LO
E

data

big
attention

for
new

input
form £¥

no
w

!

❏
C

M
D

-2,S
N

D
(V

E
P

P
-2M

N
ovosibir

sk):
C

M
D

-2
final

data
analysis

0.6%
system

atics
?

upgrade
up

to
2

G
eV

❏
B

E
S

(B
E

P
C

B
eijing):

upgrade
,higher

lum
inosity

,im
proved

detector
2

to
5

G
eV

region
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❏
S

LA
C

/B
A

B
A

R
:u� ��

m
easurem

ent
in

rang
e¦§ ¡ ¨

© ª ¡ ¦«¬ 

A
lso:

radiative
return¤¤

in
v.

m
ass

spectrum
at ®

factories
(B

A
B

A
R

/S
LA

C
,

B
E

LLE
/K

E
K

)
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Long term: need ¯±°³²µ´¶²¸· ¹ º¼»¾½À¿ÂÁµÃÅÄÇÆÉÈÊ 1% up to 3.6 GeV

both for »ÌËÎÍÐÏÑ and for Ò ÓÅËÎÍÐÏ :

Distrib ution of hadronic contrib utions to Ò Ó ËrÍÐÏ
“Adler function based” approach (EJKV99,FJ 00):

0

Ô
1.0 GeVÕ

3.
6

G
eV

Ö

12
.

G
eV×

p-QCD

-2.5.GeV to 0

- Ø to -2.5 GeV

Shaded area: 10 Ù error (scaled up)

❏ Ú –charm factor y

able to perf orm an energy scan between 2 and 3.6 GeV

would satisfy requirements of future precision

experiments

g-2, GigaZ,...
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