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Fearcﬁing for New Phw

Two complementary directions

LHC & experiments at TeV scale

=> Very high energy physics

=> Very precise measurements

several experiments: Flavour and SuperFlavour Factories,
Neutrino experiments, Dark Matter dedicated experiments...
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1. Introduction on (g-2),
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Wmagneﬁc momem

Magneti t for point-like particle fi=g- -3 g=2
aghetic moment for point-like particle u=g e Dirac (1928)
=2
If g=2 higher order effect... or New Physics Scfwmg; (()(1/;548)
: g-2
= Magnetic moment anomaly (g, = N
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Eepton magnetic momegﬂ

Magneti t for point-like particle ji= g+~ § i
aghetic moment for point-like particle u=g e Dirac (1928)
=2
If g=2 higher order effect... or New Physics Scfwinge-: (()(1/348)

= Magnetic moment anomaly (g, = gT—2

Today: Any difference between a"° and a** hints of
- precise prediction: ath¢ —> 4
- precise measurement: g°*p
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Eepton magnetic momegﬂ

| o . . eh g=2

Magnetic moment for point-like particle u=g- 2 me Dirac (1928)
=2

If g=2 higher order effect... or New Physics Scfwinge-: (()(1/348)

= Magnetic moment anomaly (g, = gT—2

Today: A : N :

ny difference between ae° and a* hints o
- precise prediction: athe° > y diff f
- precise measurement: q°

Why the muon?

a, much more sensitive fo New Physics than a,
(mM/mG)2 ~4.3 x104

Magnetic moment anomaly of the muon
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cise experimental measurements (0.54 ppm):
BNL/E821-Experiment => world average 2006

a, P = (11 659 208.0 = 6.3) x1010
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r Fheoretical predictigd

Standard Model theoretical prediction:

theo — HSM
aM a u

SM — , QED EW had
- a, a, +a "V ta,
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r Fheoretical predictigd

Standard Model theoretical prediction:

theo — HSM
aM a u

SM — , QED EW had
- a, a, +a "V ta,

a, QP = (11 658 471.810 = 0.016) x10-'°
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r Theoretical predictiﬂ

Standard Model theoretical prediction:

theo — ,SM
aM a u

SM — , QED EW had
- a, a, +a "V ta,

a, 2P = (11 658 471.810 = 0.016) x10°1°
a,FV = (154 £0.2) x1010
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r Theoretical predictiﬂ

Standard Model theoretical prediction:

theo — ,SM
aM a u

SM — , QED EW had
- a, a, +a "V ta,

a, 2P = (11 658 471.810 = 0.016) x10°1°
a,FV = (154 £0.2) x1010

a," = (700 = 7) x1010
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H heoretical prediczw

Standard Model theoretical prediction:

theo — ,SM
aM d u

SM — , QED EW had
- a, a, +a "V ta,

a, 2P = (11 658 471.810 = 0.016) x10°1°
a,FV = (154 £0.2) x1010

= 2"d largest contribution
=>» dominating error
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H heoretical predic‘l‘iﬁ

Standard Model theoretical prediction:

theo — ,SM
aM a u

SM — , QED EW had
- a, a, +a "V ta,

a, 2P = (11 658 471.810 = 0.016) x10°1°
a,FV = (154 £0.2) x1010

= 2"d largest contribution
=>» dominating error

.. 80 far Standard Model prediction
But if atheo- gexp = 0 => New Physics

theo — ,SM NP
au a u+a u
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Haaronic contribution ng

auhad — auhad,LO + auhad,HO(Vp) + auhad,HO(lbl)
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Haaronic contribution to a,: Leading O

a," = q MO 4 g AHOND) 4 g hadHOMBD | g hadLO | Hadronic vacuum polarization
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MGaronic contribution to a,: Leading O

a," = q MO 4 g AHOND) 4 g hadHOMBD | g hadLO | Hadronic vacuum polarization

-a,~ 0(1)
- resohancies

@ At low energy: }
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maaronic contribution to a,: Leading O

auhad — auhad,LO + auhad,HO(Vp) + auhad,HO(lbl) auhad,LO

-a,~ 0(1)
- resonancies

@ At low energy: }

Hadronic vacuum polarization

Optical Theorem

q(q)

> 49q)
va\@wv\, I::> N\/\@—)— q(q) hadrons
8.99
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MGaronic contribution to a,: Leading OEM

a," = q MO 4 g AHOND) 4 g hadHOMBD | g hadLO | Hadronic vacuum polarization

-a,~ 0(1)
- resohancies

@ At low energy: }

Optical Theorem

Y Y e ~49(q)
J\N\@«V\/\, —> :__ q(q) hadrons
2.9q q(q)
EZ, o
e = — ( [dsa™=2(s)K(s)+ [dso™P(s)K(s)
4m?2 EZ,
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Master formula for E<E_,
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MGaronic contribution to a,: Leading O;dd

had — 1
u 4.7173

2
E Cut

fzdsohad(s)K(s)

4m

T

(a ‘m, )2Ef 1 ROK'(5)
37

2

4m? S

T
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R(s) =

G(e*e' — hadrons)

G(e+e" — ;fu’)




’Haaronic contribution to a,: Leading Ordd

Master formula for E<E_, aEad _ 1 : EftdSGhad(s)K(S) _ (a ' mu) Ejgtds R(S)IS,(S)
4 4m? 37 4m? S
G(e*e' — hadrons)
R(s) =

. _ U(e+e" — u+u’)
— Needs of experimental input for g"a(s)
— Great relevance of precise measurement at low energy
ohad(g) oc 1/8

2
K(s) o 1/s /s
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adronic contribution to a,: Leading M

£, o m \2F ,
Master formula for E < E.. aEad _ 1 : fdso,had(S)K(S) _ Wy ds R(S)If (s)
4 3w ) o s
G(e*e' — hadrons)
R(s) = — —
. _ G(e e —u u)
— Needs of experimental input for chad(s)
— Great relevance of precise measurement at low energy
ohad(g) oc 1/8
1/s2
K(s) o< 1/s
Contribution High precision measurements

to q hadLO
18

——————— >5 GeV

— q@
—>— q(q) hadrons
2-5 GeV

> 9@

<2 GeV
ete- — hadrons

Paolo Beltrame, 11/21/08 University of Tiibingen



MGaronic contribution to a,: Leading O

Relevance of E < m,
=> Channel ete- — p(w) — -
contributes to a L0 of ca. 73%

Precious channel: 2xn

&

p(w) \ *

ete- —
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Relevance of E < m,
=> Channel ete- — p(w) — -
contributes to a L0 of ca. 73%

Precious channel: 2xn

+ corrections

ete- —
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MGaronic contribution to a,: Leading O

P

Y

’%%W'
p_ \\ J'CO
-

Hadronic t decays



MGaronic contribution to a,: Leading O;dd

Relevance of E < m,
=> Channel ete- — p(w) — -
contributes to a L0 of ca. 73%

Precious channel: 2xn

VT
- //

T,
@ p- \\ i

+ corrections

Y

-
ete” — I Hadronic t decays
T’ >
"Equivalence” between o__(s) and F_(s) G(e*e‘ — _7'L’+_7'[_) — [3’3‘Fﬂ(s)‘
S
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Fnaaronic contribution to a,: Leading Ordd

Evaluations of g hadlO
Using different experimental inputs

Calculation | aadLOx1010 | Vs o (GeV)
DEHZ, 2003 6963 +72 5
DEHZ, 2007 6909 =44 5
HMNT, 2007 6894 +4.6 11

J, 2008 6923 +60 12

Higher accuracy of e*e- data
= uncertainty of a "*4L0 theoretical prediction: 0.63%
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rnaaronic contribution to a,: Higher Ordenm

auhad — aMhad,LO + aMhad,HO(vp) + aMhad,HO(lbl)

|

auhad,HO(vp)

Higher order
hadronic vacuum polarization

azadzfdsR(S)?(S)
N

G(s) smooth function of s
=> low energy range dominates

/ 5 / ; + other graphs
899

899 &-99

Several calculations in agreement

H (2003): @ had-HOOP) =
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(-9.8 £0.1) x10°1°



auhad — aMhad,LO + aMhad,HO(vp) + aMhad,HO(lbl)

auhad,HO(lbl)

rnaaronic contribution to a,: Higher Orders m

Higher order
Light by Light

- Value obtained only via theoretical
calculation
- Different approaches

Y
8.99
v Y
Y
L
W w w
Calculation auhad,LbL %10-10
KN (2002) 80 +40
MV (2004) 136+25
JN (2008) 11.0+40
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mem‘ VS. ThegM

- BNL measurements => world average:
a,*? = (11 659 208.0 = 6.3) x10-1

Contribution a, x10-10

Experiments 11 659 208.0 £ 6.3
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rExper‘imem‘ VS. TheoM

- BNL measurements => world average:
a,*?= (11 659 208.0 = 6.3) x10-10

- theoretical prediction:
theo SM — 4 QED
au = au au +a

Paolo Beltrame, 11/21/08

U

M

Contribution

a, x10-10

Experiments

11 659 208.0 = 6.3

QED 11 658 471.810+0.016
ElectroWeak 154+02
Hadronic 6894 +4.6

Theory (SM)

116591778 = 6.1

University of Tiibingen




rExper‘imem‘ VS. TheoM

- BNL measurements => world average:
a,*?= (11 659 208.0 = 6.3) x10-10
- theoretical prediction:

th SM — QED EW had
a, e0=>aM =a, ta, +aua
AR AN AR RN R AR RS AR AR A . . 10
EJ.1995 (e'e--based) . " | Contribution a, x10
210+ 16
DEHZ,2003 (e'e-based), | I Exper'imem‘s 11 659 208.0 = 6.3
180.9£ 8.0
DENZ 2003 [r-hased —— QED 11 658 471.810 £0.016
180.9+ 8.0 .
e ElectroWeak 154+02
e e ' Hadronic 689.4 £4.6
BN E821 04 Theory (SM) 11 659 177.8 6.1
| |EDE.D i|5.E | | | it L EXP - Th@O(SM) 30.2 £ 8.8 (3.4 0)

140 150 160 170 180 190 200 210 220 230

11 659 000 x 1010
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’ Experimem‘ VS. TheoM

- BNL measurements => world average:
a,*? = (11 659 208.0 = 6.3) x10-1

- theoretical prediction:

th SM — QED EW had
a, 0= a, a, ta " +a, a
REERNRARRNRARENRRRNRERRNRIUUREE < (LR REULRERE ) ) 1
EJ,1995 (e'e-based) 1 Contribution a, x10r
210+ 16 P
DEHZ,2003 (e'e-based), | : Exper'imem‘s 11 659 208.0 = 6.3
180.9 £ 8.0 :
DEHZ.2003 (r-based il QED 11658 471.810+0.016
1809+ 8.0 !
e ElectroWeak 154+02
e Hadronic 689.4+4.6
BNL.EB21 04 Theor‘y (SM) 116591778 £6.1
|....|%u:&.n.i|5..a...|....|....|....|...i|....|....|.. EXp-ThZO(SM) 302+ 8.8 (3.4 0)
140 150 160 170 180 190 200 210 220 230

11 659 000 x 1010
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Using e*e-data based for a had.LO
=> Experiments and Theory 3.4 ¢ discrepancy
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ct measurements
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T measurements

EJ,1995 (e'e-based)
20+ 16

DEHZ, 2003 (e'e-based) o
1809+ 8.0
DEHZ,2003 (r-based) N !
180.9+ 8.0 i
DEHZ,2006 {e'e-based) -
180.3£ 5.6 i
g HMNT, 2008 (e'ebased) :
ntal inputs to the theory g —
v J, 2008 (e'e -based) :
181372 !
BNL-EB21 04 -
208.0+ 5.8 i

Ll

RN I I I M A B A A | T |
140 150 160 170 180 190 200 210 220 230
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- ete- & T-data

Paolo Beltrame, 11/21/08

ntal inputs to the theory
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ct measurements

EJ,1995 (e'e-based)

20+ 16

DEHZ, 2003 (e'e -based)
1809+ 8.0
DEHZ,2003 (r-based)
180.9+ 8.0
DEHZ,2006 {e'e-based)
180.3£ 5.6
HMNT,2008 (¢'e-based)
180.4 £ 5.1
J,2008 (e'e-based)
181372
BNL-E821 04 A
208.015.6 i

Ll

RN I I I M A B A A |
140 150 160 170 180 190 200 210
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T |
230




Exper‘imemal input to “’m

E
1 cut )
a,” = s f zdSGm(S)K (5)  o_(s) or IF(s)I> from e*e cross section
4m;
o
[ 2 03
1400 < § I
[ = % SND B CMD-2
1200 | ¢ KLOE 5 02f SND
: !f ; CMD :
1000 : . .
1000 1 b 0.1 *
i N t i + } 3 ?
800 [ . L) i I\ * ¢4 * +
L +} .' i % | | |¢
[ . 4 0 1
600 .} . [ )y + ¢
i ) [
i # . N e 1
400 [ y ., 0.1
: ~ . !
‘0# o* i
200 "y [
BRI \\ -0.2 N
00102 03 04 05 06 07 08 05 1
M,.? (GeV?) 0303 704 05 06 07 08 09 1

M, 2 (GeV?)
KLOE result (140 pb! of 2001)

Phys. Lett. B606 (2005) 12
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Experimen?al input to gu‘“

E
1 cut )
a,” = s f zdSOm(S)K (5)  o_(s) or IF(s)I> from e*e cross section
4m;
o

[ 3 03
1400 - = 2 [

[ © % SND B CMD-2
1200 | ¢ KLOE 5 02[ SND

: ff ; CMD :
1000 b s * 1

i N t i + } 3 ?
800 [ . L) i I\ * ¢4 * +

L # .' I * | | [ ¢

L ™ ‘ 0 .— ‘ E
600 ~ .} . [ )| *T ®

i ¢ [

i # . N ¢ 1 +
400 - Iy ., -0.1 -

i ..-{f ., I
200 [ i % i

L ++0¢¢‘* \ 0.2 +

001702 03 04 05 06 07 08 05 1 _
M, ? (GeV?) 0303704 05 06 07 08 09 1

M, 2 (GeV?)
KLOE result (140 pb! of 2001)

Phys. Lett. B606 (2005) 12 Evaluation of 4™ in agreement
within 0.5 o
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s (GeVd)
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Experimem‘al input to a"“ﬂ

G =y f dso,, (9K(s)  o_(s)or IF (s)> from T hadronic decay t~ — n-nlv,
4m?

T

0,3_|||||||||||||||||||||||||||||||||||||||||||||||||||||

- - T Average ]
02~ - _ Dlelimina%,' e CMD-2 7

i

correcting for
_Ola_.l.. [P P R P . A P P |

01 02 03 04 05 06 07 08 09 1 11 12
s (GeVd)

Evaluating a ™ from t data
reduces a P-a = discrepancy to ca. 1 o

(F.fleel— |F FIel) /|F ]

Am(p*®) and AT(p*")
I

To get IF (s)> from t data requires many corrections and
not all of them are completely under control
= To evaluate a ™ preferentially only inputs from e*e- data
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T measurements

EJ,1995 (e'e-based)
20+ 16

DEHZ 2003 (e'e-based) o |
1809+ 8.0
DEHZ,2003 (t-based) A
1809+ 8.0
DEHZ, 2006 (&'e-based) -
180.3+ 5.6
HMNT,2008 (e'e-based) ., 5

ntal inputs to the theory

J,2008 (e'e-based)

—_——
1813+ 72 .
BML-E821 04 .:
2080158 i
+ TR N T T N T 1 1 T T O AU BB A BN
= 140 150 160 170 180 190 200 210 220 230
- ete- vs. t-data

- ete-data
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T measurements

EJ,1995 (e'e-based)
20+ 16

DEHZ 2003 (e'e-based) o |
1809+ 8.0 !
DEHZ,2003 {1-based) .
180.9+ 8.0 '
DEHZ, 2006 (&'e-based) -
180.3£ 56
HMNT,2008 (e'e-based) ., 5

ntal inputs to the theory

J,2008 (e'e-based)

—_——
1813+ 72 .
BML-E821 04 .:
2080158 i
+ TR N T T N T 1 1 T T O AU BB A BN
= 140 150 160 170 180 190 200 210 220 230
- ete- vs. t-data

disagreement in the spectra and in a "
.. several things still to be understood
in T data

- ete-data
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- e*&vsida‘ra

ntal inputs to the theory

disagreementg the spectra and in a "
.. Several things s?iﬂ‘rmhg understood

in T data

- ete-data

Paolo Beltrame, 11/21/08

~
~

University of Tiibingen

ct measurements

EJ,1995 (e'e-based)

20+ 16

DEHZ, 2003 (e"e-based) —
1609+ 8.0

1809+ 8.0

DEHZ 2006 (e's-based) g |
1803156

HMNT,2008 (e'e-based) "
1804+ 5.1

J,2008 (e'e-based)
181372
BNL-E821 04
2080158

—_——
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DEHZ,2003 (r-based) .
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——

Lol i1y

T NI N S B AV
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T |
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ct measurements

L L e
i
|

EJ,1995 (e'e-based)

20+ 16

DEHZ 2003 (e'e-based) o |
180.9 1 8.0 ,
DEHZ,2003 (r-based) A i
180.9+ 8.0 '
DEHZ,2006 {e'e-based) -
180.3£ 5.6

HMNT,2008 (e'e-based) . 5
1804+ 5.1

J,2008 (e’e-based)
181.3+72
BNL-EB21 04 A
208.015.6 i

ntal inputs to the theory

—_——

Lol i1y

- e"&vs T-d(l"'(] O T T TR R F U T T
disagreementg the spectra and in a " 0

. . I CMD-2
.. Several things s?uff‘rcnh@ understood saf  SND

in T data ~ y, 0.1 —

- e*e-data
disagreement among the spectra
... Let's look at that in deep

M, 2 (GeV?)

o P P DT PN P P R,
0.3 0.4 0.5 0.6 0.7 0.8 0.9

1

Paolo Beltrame, 11/21/08 University of Tiibingen



ect measurements

E.J.1995 (e'ebased) .
210+ 16
DEHZ 2003 (e'e-based) o |
1809+ 8.0
DEHZ,2003 {1-based) A i
180.9+ 8.0 '
DEHZ,2006 {e'e-based) -
180.3£ 56
. HMNT,2008 (e'e-based) ., 5
ental inputs to the theory
+ J,2008 (e'e’-based)
181.3+72
BNL-EB21 04 A
208.015.6 i

TR T R R PR
140 150 160 170 180 190 200 210 220 230D

- e*&vs‘{da‘ra

disagreementwg the spectraand in g ™~
.. several things st Tonge un\der‘s‘rood °2f Lo {
in T dGTG \ 0.1 f I ..v&l “ l |'HM

Lorem ipsum dolor sit amet, consectetur adipisicing elit,
(]scd do ciusmod tempor incididunt ut labore et dolore

- ete-data

magna aliqua. Ut enpg®™ . . gm, quis nostrud
e NSt ut Oy

-0.1¢xercitation ullameo

disagreement among the spectra
... Let's look at that in deep
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2. Hadron production at different energies
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* experiments at Novosibirsk (VEPP-2M: SN
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nts of o"2dLO(s) (or IF,(s)? or R(s))
are needed

1. Collisions of ete- bunches
= Collider

2. Hadron production at different energies
= Changing the Vs of the bunches *
= Event with initial state radiated photon (ISR

* experiments at Novosibirsk (VEPP-2M: SN
** Flavor factories (PEP-II: BaBar, KEK-B: B
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2. Radiative Return method
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ISR ete exper‘imenﬂ

1. Particle factories (DA®NE, PEP-1I or KEK-B): fixed center of mass energy
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ISR ete exper‘imenﬂ

1. Particle factories (DA®NE, PEP-II or KEK-B): fixed center of mass energy
2. Initial State Radiation (ISR) events (s. Binner, 1 H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279)

ISR events
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1. Particle factories (DA®NE, PEP-II or KEK-B): fixed center of mass energy
2. Initial State Radiation (ISR) events (s. Binner, 1 H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279)
3. Radiative return back to a lower resonance

DA®NE: Vs = m, = 1.02 GeV = p(w)-resonance

ISR events
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ISR ete experi menxﬂ

1. Particle factories (DA®NE, PEP-II or KEK-B): fixed center of mass energy
2. Initial State Radiation (ISR) events (s. Binner, 1 H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279)
3. Radiative return back to a lower resonance

DA®NE: Vs = m, = 1.02 GeV = p(w)-resonance

ISR events 1. nny spectrum as a function of
pion-pair invariant mass, M2

/ T
2 AGn
M = =0,_(s)x H(s)

JTT AM 2

JUIT

ete — p(oo)+\(ISR — T+
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ISR ete exper‘imenﬂ

1. Particle factories (DA®NE, PEP-II or KEK-B): fixed center of mass energy
2. Initial State Radiation (ISR) events (s. Binner, 1 H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279)
3. Radiative return back to a lower resonance

DA®NE: Vs = m, = 1.02 GeV = p(w)-resonance

ISR events 1. nny spectrum as a function of
pion-pair invariant mass, M2

/ T
2 AGn
M = =0,_(s)x H(s)

\n+ 2. Precise knowledge of radiative events
ete” = P(W)+Y g = T +Y s Radiator function H(s)

EVA + PHOKHARA MC generator
H. Czyz, A. Grzelifiska, J.H. Kiihn, G. Rodrigo, Eur. Phys. J. C 27 (2003)
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1. Particle factories (DA®NE, PEP-II or KEK-B): fixed center of mass energy
2. Initial State Radiation (ISR) events (s. Binner, 1 H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279)
3. Radiative return back to a lower resonance

DA®NE: Vs = m, = 1.02 GeV = p(w)-resonance

ISR events 1. nny spectrum as a function of
pion-pair invariant mass, M2

/ T
2 AGn
M = =0,_(s)x H(s)

\n+ 2. Precise knowledge of radiative events
ete” = P(W)+Y g = T +Y s Radiator function H(s)

EVA + PHOKHARA MC generator
H. Czyz, A. Grzelifiska, J.H. Kiihn, G. Rodrigo, Eur. Phys. J. C 27 (2003)
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ISR ete exper‘imenﬂ

1. Particle factories (DA®NE, PEP-II or KEK-B): fixed center of mass energy
2. Initial State Radiation (ISR) events (s. Binner, 1 H. Kiihn, K. Melnikov, Phys Lett. B459 (1999) 279)
3. Radiative return back to a lower resonance

DA®NE: Vs = m, = 1.02 GeV = p(w)-resonance

ISR events 1. nny spectrum as a function of
pion-pair invariant mass, M2

/ T
2 Aan
M = =0,_(s)x H(s)

\7{“ 2. Precise knowledge of radiative events
ete” = P(W)+Y g = T +Y s Radiator function H(s)

EVA + PHOKHARA MC generator
H. Czyz, A. Grzelifiska, J.H. Kiihn, G. Rodrigo, Eur. Phys. J. C 27 (2003)

Events with (FSR-NLO)

Final State Radiation Next to Leading Order
3. From o, (s) 10 0,(s)

Y
ISR v & () U (s)
Trsr i H(s)
+
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3. Radiative Return measurements
at KLOE
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DA®DONE
ete-collider at Vs = m,=1.0194 GeV
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Apr May Jun Jul Aug Sep Oct Nov Dec

Main focus on kaon physics

> CPT test
>V ., kaon form factors

us’

> Rare kaon decays

Non kaon physics

> radiative ¢ decays

> hadronic cross section
> 1 physics



Frascati ®-Factory complex

iy

W
|

LINAC

550 MeV e+
800 MeV e-

TEST
BEAM

ACCUMULATOR
510 MeV

FINUDA

DA®NE-L

N7 23] NZ

'KLOE ot DA®NE|

Track momentum resolution
O‘p/p ~0.4% (0 >45°)

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

y

4L
12582 sense wires
52140 wires in total

Electro Magnetic

Energy resolution
op/E = 5.7%/NE(GeV)

Time resolution
o7 =57 ps/VE(GeV) @ 100 ps

Calorimeter

&,

Pb/Scint fibers
4880 PM
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lesis M

AN — ANPke 1 1 1

F,(s) =

X X X
As Esetect (57) " 00 (555, f Ldt H(s,,s,.

JT
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AN — ANPre 1 1 1
F.of =

X X X
Asn SSelect (Sn) ’ 6rad (SJt ’Sy* det H(Sn ’Sy*)

——

S.C. COIL
ttttttt

Barrel EMC

[ AN(strey(y))/As,, }

Acceptance cuts
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> AN — ANPke 1 1 1

T X X X
Asn ESelect (Sn) ) 5rad (Sn ’Sy* det H(Sn ’Sy*)

[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies
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> AN — ANPke 1 1 1

() = X X X
As, Eserect (S7) " Opag (8155, f Ldt H(s,.s,.)

[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies

[ Normalization to Luminosity]
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AN ke 1 1 1

X X X
ESelect (SJT) } 5rad (Sn ’Sy* det H(Sn ’Sy*)
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[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies

150

[ Normalization to Luminosify]

100

[ do(mumy(y))/ds,, ]

50

notation
2 _
Mnn - Sn

University of Tiibingen
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AN — AN Pke 1 1

I
X X X -
As, Eserect (S7) " Opag (8155, f Ldt « H(s, ,sy*l|
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[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies

[ Normalization to Luminosify]

[ do(mumy(y))/ds,, ]

[Division by Radiator Function H(s)]
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I
X X X -
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[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies

[ Normalization to Luminosify]

[ do(mumy(y))/ds,, ]

[Division by Radiator Function H(s)]
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> AN — AN 1 1 1
. = X =X X
Asn ESelect (Sn) | 5rad (Sn ’Sy* det H(Sn ?Sy*)

[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies

[ Normalization to Luminosity]

[ do(mumy(y))/ds,, ]

[Division by Radiator Function H(s)]

[ FSR correction ]

notation
2 _
Mnn - Sn
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2 AN®* — AN 1 1 1
= X X X
As, Eserect (S7) " Opag (8155, f Ldt H(s,.s,.)

i\&(s)
|

[ AN(strey(y))/As,, }

Acceptance cuts

Analysis cuts
Background subtraction
Efficiencies

[ Normalization to Luminosify]

[dG(WTW(Y))/dSn] "'I

40 F ! .

30 F © . ]

[Division by Radiator Function H(s)]

20 F N ]

[ FSR correction ]

) 0 | 0.2 I()44I | .().6I | l().8‘ |
IF_| s, (GeV?)

notation
2 _
Mnn - Sn
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west KLOE published result
2002 data

w/o tagging the radiated photon

(radiated y at small polar angle)

m
YOKE
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ﬂUUB published

result: IF, i‘wz

arXiv:0809.3950v1, submitted and accepted by PLB

50 —— 0.2 [ - - -
45 lFTtl [ (anl CMD|SND-|FT[| KLOE) /IFnl KLOE
3 i 0.15 |
g " v KLOE 2008 i
40 p J + SND 2006 o1 b
35 [ v, 4 CMD2 2007 .
L v ¥
30 :_ 'X tQ* 0.05
25 [ ' 0f
C 4
20 v
: " -0.05 [
15 | 1
i v v, 0.1 F
10F ",
L v¥v vv"u i
5k kg, -0.15 .
:. P TR S R T P PR U ST S SR SR T S S _0.2:....I....l....l....l....l....l-
03 04 05 06 07 08 _09 1 03 04 05 06 07 08 _ 09
M? (GeV?) M? (GeV?)
nn nn
0.95GeV?
a’ =1/4x°  [dso(e’e —an) K(s)
0.35GeV?
T _ 2\ — -10
a,7(0.35-0.95 GeV?) = (387.6 0.5, 2.5 ., *2.5 ineo) X10
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ﬂUUE published result: IF.‘M2

arXiv:0809.3950v1, submitted and accepted by PLB

5o:|F|2 0.2 [ _ — e
C n [ (l nl CMD|SND-| T[l KLOE) I nl KLOE
4 e 0.15 | * SND
: o v KLOE 2008 r 4+ CMD
40 S * SND 2006 o1 | = KLOE
35 [ v, 4 CMD22007 Tt }
C v 3 |
s X 0.05 [ i B!
30 F . @ : ) *
: v ‘9 [ Hﬁéﬁ'%t : | +
25 . v o
205— ! " E | {
: - A 0.05 | |
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03 04 05 06 07 08 09 _ 1 “03 04 05 06 07 08 _ 0.9
M? (GeV?) M? (GeV?)
nn nn
O p-w interference
0.95GeV?
a’ =1/4x°  [dso(e’e —an) K(s)
0.35GeV?
T _ 2\ — -10
a,7(0.35-0.95 GeV?) = (387.6 +0.5,,2.5 o *2.5, eo) X10
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ﬂUUg published

result: IF”‘WZ

arXiv:0809.3950v1, submitted and accepted by PLB

50 —— 0.2 - - -
N |Fn| r (anl CMD]SND-an| KLOE) /IFnl KLOE
45 F i 0.15 | * SND
s ¥ v KLOE 2008 i
40 p . + SND 2006 oq b
35 [ v, 4 CMD22007 '
30 [ X 0.05 [
25 — ,' ’, oFf
: v A -0.05 [
15 |
: \a 01 F
10 | .
5k """vx,., -0.15 |-
03 04 05 06 07 08 _ 09 1 023 04 05 06 07 08 08
M? (GeV?) M? (GeV?)
O p-w interference
O threshold = 4m_2 (= 0.08GeV?)
not reachable
0.95GeV?
a’ =1/4x°  [dso(e’e —an) K(s)
0.35GeV?
T _ 2\ — -10
a,7(0.35-0.95 GeV?2) = (387.6 +0.5, 2.5 . . +2.5 ) x10
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published

result: IEHMZ

arXiv:0809.3950v1, submitted and accepted by PLB

50 —— 0.2 [ - - -
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. i 0.15 [ « SND
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5 s vvtvt."‘ 0 N 1 5 ]
Lo by v by v by v b by oy by gy _02:....l....l....l..nnl...nln...lnnnn
03 04 05 06 07 08 1 “03 04 05 06 07 08 1

O p-w interference
O threshold = 4m_2 (= 0.08GeV?)
not reachable

O increasing of the systematic error due to
“unfolding” (from detector resolution) procedure

0.95GeV?
fds ole’e = a"m") K(s)
0.35GeV?

a,7%(0.35-0.95 GeV?) = (387.6 £0.5 2.5

a;f” =1/47°

2.5 ) x10-10

-+
syst, exp— sys,theo
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08 published result: a"““J

Coll. Year | a,*(0.630 < Vs (GeV) < 0.958)

SND | 2006 | (3610 £2.0,, +4.7,) x10°10

Phys. Lett. B648 (2007) 28

CMD2 | 2007 | (361.5£1.7,,+2.9, ) x10°10

KLOE | 2008 (357.0 £0.4,,+3.0,,) x10°1° arXiv:0809.3950v1

IIII|\\\I|IIIIIIII
CMD2 2007:

361.5+1.757,12-95 57

—A—

KLOE result
SND 2006:
based on 2002 data

361.0:2.057,114.7gyst

KLOE 2008:

—A—
357.0+0.4¢7,7%3.0gys7

IIII|\\\I|IIII|IIII|IIII|IIII|\\\IlIIII
330 335 340 345 350 355 360 365 370

a ©(0.630-0.958 GeV) (10™"°)
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08 published result: a"““J

Coll. Year | a,*(0.630 < Vs (GeV) < 0.958)
SND | 2006 | (361.0 2.0, *4.7,,) x10°10
Phys. Lett. B648 (2007) 28
CMD2 | 2007 | (3615 =1.7,29,) x1071
KLOE | 2008 (357.0 £0.4,,+3.0,,) x10°1° arXiv:0809.3950v1
IIII|\\\I|IIIIIIIIIIII|IIII|\\\I|IIII
CMD2 2007:
—a—
361.5:1.767,72. 9y
KLOE result
SND 2006:
based on 2002 data A
361.0:2.057,744.7gysr
KLOE 2008: KLOE result in agreement
—A—

357.0+0.4¢7,7%3.0gys7

with CMD2 and SND

330 335 340 345 350 355 360 365 370
a ~(0.630-0.958 GeV) (107'°)
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Ongoing KLOE analyses
2002 and 2006 data
tagging the radiated photon

(radiated y at large polar angle)
S T |
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nalyses data samples

eak”:
2002 (ca. 240 pb!): Vs =m, = 1.0194 GeV

> "Off Peak":
2006 (ca. 225 pb!): Vs =1 GeV
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nalyses data samples

2002 (ca. 240 pb!): Vs =m, = 1.0194 GeV

> "Off Peak":
2006 (ca. 225 pb!): Vs =1 GeV

-> reduced background from ¢ decays

¢ — mrmnd
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analyses data samples

Peak":
2002 (ca. 240 pb!): Vs =m, = 1.0194 GeV

> "Off Peak":
2006 (ca. 225 pb!): Vs =1 GeV

-> reduced background from ¢ decays

> T

On Peak
1 ol Off Peak

200 i— n+n_‘y
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analyses data samples

n Peak™:
2002 (ca. 240 pb!): Vs =m, = 1.0194 GeV

> "Off Peak":
2006 (ca. 225 pb!): Vs =1 GeV

-> reduced background from ¢ decays

> T
¢ — f,(980)y — mrr-y

On Peak
1 ol Off Peak

200 i— n+n_‘y
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analyses data samples

n Peak™:
2002 (ca. 240 pb!): Vs =m, = 1.0194 GeV

> "Off Peak":
2006 (ca. 225 pb!): Vs =1 GeV

-> reduced background from ¢ decays

> T
6 = f(WBQ ¥ =TTy

On Peak
1 ol Off Peak

200 i— n+n_‘y

Paolo Beltrame, 11/21/08 University of Tiibingen



Background sources

Blgnal selectiﬁ
efe’ = efey,utuy

¢ — mtnn’ (strongly reduced in 2006 DATA)
& — f,(980) y — m*m~ vy (strongly reduced in 2006 DATA)

- Likelihood function for e-n separation: calorimeter and
time of flight information used for each track

- Kinematic cuts:
- Trackmass: 4-momenta conservation under
the hypothesis of ete- — x*xy

(Vs = B2, + M2, B+ M | = .. +5.)*=q} =0 L |
=

o ‘ L my(y)
upy(y)
JUTTIT

- Omega angle: angle between the missing momentum
and the momentum of the tagged photon

150

Q= acos(f)y : f)miss)

100

- (2002) Kinematic fit: under the hypothesis of

e*e” — 3m, selecting x> %2, ' ' ' 5, (GeV?)
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ﬂacﬁgr‘ound subtracxw

0.20 < M, % < 0.24 GeV? Data, SMC,
3 L X/ndof =053 — oY), wuy(y), —
10 - nrr, eey(y)
==
10 2 — R
- —— " —
2006 DATA sample EH:,—:_F —+
10 By e e B —+
-> looser analysis cuts 0 100 120 140
M,, (MeV)
-> background estimated and 080 <M._2 <084 GeV?
subtracted with sophisticate B Xi/nd<of=“’i.17 o :;;a’fm%) _
fit procedure | nn, eey(y)
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ﬂllon Form Factor extraction (2006 daw

AN — AN Pke 1 1 1
X X X
As_ Eserect (57) " Oryg (5,55,.) f Ldt H(s,,s,.)

F,(s) =
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rplon Form Factor extraction (2006 daw

AN°* — AN"*® 1 1 1
X X X
As Esee (52) " 0a (5,5,,)  [Ldt  H(s,s,,)

JT

F,(s) =

Main challenge: systematic errors to be reduced down to per-mil level
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fplon Form Factor extraction (2006 dgzw

AN — AN Pke 1 1 1
X X X
As Equon (8.) 0., (s, S, f Ldt H(s, oS,

JT

\Fn(S)\z A

Main challenge: systematic errors to be reduced down to per-mil level

=> Analysis cuts and background subtraction

- in "safe” regions <0.35GeV2 | 0.35-0.5GeV? | 0.5-0.7GeV2 | 0.7-0.85 GeV?

- best possible DATA-MC agreement

1% 0.3% 0.1% 0.2%
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Pion Form Factor extraction (2006 data)

ANObS _ Akag

1

1 1

F,(s) =

JT

X - X X
As Egetoct () 0,4 (S, Sy f Ldt H(s, S,

Main challenge: systematic errors to be reduced down to per-mil level

=> Analysis cuts and background subtraction

- in "safe" regions
- best possible DATA-MC agreement

=> Efficiencies
- from MonteCarlo
- correct by means of ey /ey ratio

Paolo Beltrame, 11/21/08

<0.35GeV? | 0.35-05GeV? | 0.5-0.7GeV? | 0.7-0.85 GeV?
1% 0.3% 0.1% 0.2%

<0.35GeV? | 0.35-05GeV? | 0.5-0.7GeV? | 0.7-0.85 GeV?
0.5% 0.4% 0.1%
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Pion Form Factor extraction (2006 data)

obs bk
‘Fn(s)‘2=AN —AN g)( 1 _ 1 % — 1
As €select (Sn) | 6rad (SJT ’SV* det H(S” ’SY* |
V|

JT

Main challenge: systematic errors to be reduced down to per-mil level

=> Analysis cuts and background subtraction

- in "safe” regions <035GeV? | 035-05GeV2 | 0.5-0.7GeV? | 0.7-0.85 GeV?
- best possible DATA-MC agreement

1% 0.3% 0.1% 0.2%
=> Efficiencies
_ from MonteCarlo <0.35GeV? | 035-05GeV2 | 0.5-0.7GeV? | 0.7-0.85 GeV?
- correct by means of ey /ey ratio 0.5% 0.4% 0.1%
=> Radiative corrections
- experimental and theoretical errors Unshifting from s, fo s, 0.1%
sk /- Radiator function 0.5%
o FSR and NLO radiation 0.3%

n
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or New Physics

via
recision measurements

First...
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r New Physics
via
recision measurements

First...

PoP analysis flow

Fine calibration p—
erved wury(7) spectrum
of mamenta

and Vs

MC fine funing and
smearing
check with trackmass

FILFO, Likelihood and TCA

[Correction by efficiency taken from DATA

] and o mass

Phokhara5 MC generator

Kuhn-Santamaria

(;ounadr‘i;Saku rai Correg;o:k::gr:lobal efficiency
.models

Bayesian and matrix

approaches

Purity-Efficiency
compromise

Check for all possible
discrepancies at per-mil level

Unshifting (D'Agostini)

s, —s,,, Phokhara5Q stand alone at Vs =

(ES)/N]

Phokhara50: MC

error by means of
Division by Radiator function
Vs spread Hatvs = (Ss)N

Systematics on

Vs spread

University of Tiibingen

Theoretical and
experimental errors




r New Physics
via
recision measurements

Being
Belng Nothing

Quality Doterminate *-pggeoming
Being *{ Quantity-- Being

Measurg:- — Being-for-self

Essence-:

- LOGIC Essence —E Appearance---

Actuality--

Subjective Naotion---
Notion Objective Notion--

Life---
Idea ——-ECognilion---

Absolute Idea
Mechanics:--
- NATURE {Physics "

Organics--

IDEA

Anthropology--
Subjective Spirit {Phenomenology- -
Psychology---
Law---
- SPIRIT Objective Spirit *EMoraIity"- Family---
Eilhics Soclety--
Art-- State-

Absolute Splri(——EReﬂgion---
Philosophy
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or New Physics
via
recision measurements

precision,
accuracy,

. @ Q patience,

bit of "pathology"

.. and then giving some contrit
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Earge Angle ZOOd

Scalar background from f,(980) large also at low masses due to non-Breit-Wigner shape of
mass distribution in ¢ radiative decays

=> Precise phenomenological model still missing

n Y
P o
v f< Dedicated KLOE analysis on f,(980)—n’x", £,(980)—m*mx-
0 T
. !

Systematic errors due to f, and pxy contribution:
-> absolute difference between two different models

1400

. 2002 Data L = 240 pb!
o »
! | KLOE2002LA

12005~

+
800_, i ;....ov...:”

'by syst. ‘on “
600 ify contr: ) B N B et R
i 5 \
! "
GO0 g \
Lo
1 4+

200 4
EmHO

...“mm'
if i

M2 [GeV?]

0‘-‘j- I | | 1 i 1 1 L
01 02 03 04 05 06 07 08 09 1
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Earge Angle ZOOd

Scalar background from f,(980) large also at low masses due to non-Breit-Wigner shape of
mass distribution in ¢ radiative decays

=> Precise phenomenological model still missing

n Y
P o
v f< Dedicated KLOE analysis on f,(980)—n’x", £,(980)—m*mx-
0 T
. !

Systematic errors due to f, and pxy contribution:
-> absolute difference between two different models

1400

1400—- - — — ; : o (Ilb)
g | 2P0Zpatal. =40 pbr 1200 |- Cross section e'e — T'n”
1200 &t A LSRN SRS N—
.} KLoE2002LA
000 ——— | LAt eopet. Specfr‘um extended 1000 |
38 O A down to 0.5 GeV?2 )
iE LA dominated o' H .. 800 e// .
B L X T W - ’77//7
/ Wy ' [ Q/j,
200} g’miqm,mumi | : Mmz [GeVZ] 100 L
051 0270304 05 0.6 07 08 09 1 I
Pr‘eliminar‘y 200 |
)1 - 2\ = -10 : . . . . . o
au (050 0.85GeV ) (252’5 i0'6stat is'lstyst) x10 005 055 06 065 07 075 05 085

M, [GeV]
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rtar'ge Angle ZOW

Exploiting 2006 data: almost free from non-reducible background sources

-> Spectrum can be extended down to the threshold

> Threshold effects carefully studied

> NLO and NNLO radiative events need precise evaluation
-> Statistics becomes an issue

0.2 T I T T T I T T T I
. Prelimi _ CE P 2 2
S0 ' ' reliminary ] L (™ cvpissoipor = Pl kior) /Fal kiok
L IF I et s KLOE SMA 2002 - - .
40 J v SND 2006 7 0.1 . _
¢ - .
i + 1 ¢ KLOELA2006 ]
30 : Y, _
. ’, 0
- v 3 -
20 N . .
i ) . ]
¢
.‘ - ‘
10 -— ‘,.‘ ‘o.... - -0.1 -_ e KLOE 200()—-
S [ | Preliminary 2y
=] v SND
] | | . i
0.4 0.6 0.8 51 | T P T SR R
s, (GeV7) -0.2
0.4 0.6 0.8 51
s, (GeV)

Large Angle analyses 2002 and 2006 very close to be finalized
> Result based on 2006 of f peak data: ultimate KLOE measurement on a,™
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4. Conclusion
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mr or New Phx;iﬁ"

M. Passera, W. J. Marciano, A. Sirlin

To get agreement between q,°* and a,">M(w/o New Physics)

* Wrong value of a "L => it should be moved of ca. 8-10 o

* Errors in o(s) => increasing it also Aa, (M) increases
->decreasing or My, "® restricting the allowed region into
114 GeV < My, < 154 GeV
+ Using t-data => increases also A, (M)
> setting My, "® < 133 GeV
* Bridging the discrepancy in a,=> o(s) increased by 4% from threshold to infinity
> Mg < 70 GeV
if locally increased

> Myjpqs < 130 GeV
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mr or New thsiﬁ’

M. Passera, W. J. Marciano, A. Sirlin

To get agreement between a,°* and a,™°M (w/o New Physics)

* Wrong value of a "L => it should be moved of ca. 8-10 o

* Errors in o(s) => increasing it also Aa, (M) increases
->decreasing or My, "® restricting the allowed region into
114 GeV < My, < 154 GeV
+ Using t-data => increases also A, (M)
> setting My, "® < 133 GeV
* Bridging the discrepancy in a,=> o(s) increased by 4% from threshold to infinity
> Mg < 70 GeV
if locally increased

> Myjpqs < 130 GeV

All scenarios rather unlikely
=> Strong suggestion that New Physics is playing role in (g-2),
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New Physics in (g-zm

Several scenarios from New Physics

One of the most accredited is contribution to a, a theo = azSMM + qSUSY

u u

sneutrino-chargino
+

smuon-heutralino

Mgyusy in the range [100 - 500] GeV?, tanf} above ca. 5, u>0
= coverage of the (g-2), discrepancy

100 GeVZ)tan 8 Mgysy = (65.5 GeV? )y/tan B

For high tanp = |a;""| z123><10'“(
tanff ~2-40

SUSY

Fit with SUSY particle expectation
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Mre of (g‘Zu

- More ISR analyses (from KLOE, BaBar, Belle) still at preliminary phase close to be finalize

- Better R(s) below 4.3 GeV from CLEO-c

- Experiments at VEP-2000 up to Vs =2 GeV

- Similar machine at LNF (DA®NE II) under discussion

- t-c factory in commissioning in Beijing

- By 2012 total error limited by LBL term

- New (g-2), experiment at FLAB. Expected accuracy of 0.1 ppm (stat) and 0.1 ppm (syst)

-> Corresponds to accuracy on a "0 0.2%
-> hardly ever achievable using absolute measurement of o(e*e-— hadrons)
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From a student of Tibi

T hesis, Antithesis, Synthesis...
everything goes through this path.

(9-2), too: it cannot escape from this (Law.

The Spivit will find the veason to manifest itself
into a (NNew Synthesis
.. ehm, entschuldigen, ov into (New FIhysics?!
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Fom‘ribuﬁons to a"had,LJO

aﬁad,LO: 10-10 éa}&ad LO o
27 504.6 £ 3.1+ 1.0 73.0
W 38.0+1.04+£0.3 5.5
0, 35.7+ 0.8 0.2 5.2
0.6 —1.8 542+1.9+04 7.8
1.8 —-5.0 41.1 £0.6 £0.0 6.0
J /1, 7.4+0.4+0.0 1.1
> 5.0 9.94+0.240.0 1.4
Total 690.9 £ 3.9exp = 19,00 £ 0.7qcD 100.0
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|Experime11tal Status of q; '

a. = 1159652180.73(28) x 10712 0.24ppt

D. Hanneke et al., PRL 100, 120801 (2008)

QED test or a determination

a, = 116592080(63) x 10~'"  0.54ppb

G.W. Bennett et al. (E821), PRD 73, 072003 (2006)
Sensitive test of the Standard Model

a, = —0.018(17) or —0.052 < a, < 0.013 95%CL

J. Abdallah et al. (DELPHI), EPJ C 35, 159 (2004)
Theory: 117721(5) x 10~%, SE, M. Passera, MPL A 22, 159 (2007)
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Energy "M

6 : : | I T T T I |

B o fB’abar*/ Belle (ISR) .

n
|
L i
. e QCD
I

4 KLOE (IISR)

||I|||I|I|I||I|.l|ih||-|||||II|

—_— :: |
 vepp-2000, 5. iéL H 3 g
2o qu| 1 w %]m S
1 - VEFL!'P 2M r“ ‘ | “ O BES m Crystal Ball
- ,: III : . == exclusive data e 4 PLUTO
D ’:l I | _J"r |LL‘-I r |.‘ﬂ-|__l_'|"—|' L1 | | | 1 | | l | | | 1 | | | | | | | | L | l | 1 | 1 I | | 1 l
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Vs (GeV)
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The Conserved Vector Current — SU(2)

CvC:I=1&V v 1=01&V
e+
W - hadrons

e

w:i=1& VA
T

hadrons

fundamental ingredient relating

Hadronic physics factorizes in Spectral Functions: long distance (resonances) to
short distance description (QCD)

Isospin symmetry (CVC)

connects /=1 e*e~ cross U= st e L 4o’ _ - 0.
section to vectorr spectral o [e © X ]_ s U[T TV, ]
functions:
- -0
) . BR[z' —>7r7rvr] 1 dN_, m?
u[z' > T v,] ox 2

BR[7" > e7y,| N, ds (1-s/m?) (1+s/m?)
branching Fractions mass spectrum kinematic factor (PS)
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Hﬁ!n(s)l2 from t. News from Belm

ula L L L L

|||I" [ » Belle
O *  Belle ] I ALEPH
10 Lk O ALEPH . ’

ir CLEO
— G&SFit

WP rres ¥ Prossoy * Prorooy!

IF J?

L
11} é_ 3 ILE [~ -1
i0 3 - el —— —— — . [ 0.3 P T T I I
o 0.5 1 1.5 2 2.5 3 0.2 0.4 EU'E 0.8 1 1_;3
(M_0)? (Gevie™* (M=) (GeVic)
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CMD2

Cryogenic
Magnetic Detector 2

ILU 3 MeV
LINAC

rv‘m =1

e el el

e )
> =N\

B-3M 200 MeV
Synchrobetatron

BEP 900 MeV
e' e booster

Spherical
Neutral Detector

Electron-positron convertor

- VEP-2M collider: 0.36-1.4 GeV, dL/dt = 10%° 1/cm?s at 1 GeV
- Detectors CMD2 and SND: integrated luminosity of L = 60 pb! (1993-2000)
- All the most relevant hadronic modes measured:

ete” — ntm, 3m, 4, KK, ...

+ .-
c'c > (6)) = I - P % cwpzFFiie |
2 M = . :
> i ] ® CMD2r*mr'm 65 :
©10°E s ‘if& i : e TR ) / ;
7 3 ©  CMD2 7 19 :
M & > & 0M027|((‘7|r(7'[15 IFJ‘;(S)I / [ & cMD2-96 data

L ‘*‘ig"

102 %

% CMD2 K'K 21 i| & cmD2-97 data
CMD2 K°K" 66 \. i| ¢ cMD2-9495 data
CMD2 1y 84 i ' | & cmD2-98 data
CMD2 n°y—3y 51 10 4 R 4 4 snD
CMD2 w6 ; £ i w cMp2on¢  (prefiminar
g

* CMD2n%‘e 19 i
v SND |F"|2 45 - i
S SND n*m'n*n 48 o

¢ oy SND w7 125
Le 3 O SND w35 ‘W
i

10

SND K'K" 62 L
SND K°K" 66 —
A SNDwy5 !
SND %y 44 1=

SND 7% 45

0.4 0.6
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MGlysis with y at small polar M

Pion tracks at LARGE ANGLE - No kinematic closure of the events
50° < 6_ < 130° - High statistic for ISR photons
- Negligible contribution of FSR
w/o tagging the photon - Reduced background
Photon at SMALL ANGLE - 4m_2threshold not reachable
0,..<15°,0 . >165°
T Em@m f
S.C. COIL CWOSQ
Barrel EMC L1
-
Y | DRIFY CHAMBER
+ — 7 m _
c c

A
\ 4
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Paolo FrcnzinLU

6 m
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"Analysis with y at large polar angle|

Pion tracks at LARGE ANGLE
50° < 6., < 130°

S.C. COIL
Cryostat|

[ ] _ Barrel EMC|

D[ : Poolo‘ FrcnzinLU

6 m
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"Analysis with y at large polar angle|

Pion tracks at LARGE ANGLE
50° < 6., < 130°

w/ photon tagging

Photon at LARGE ANGLE
50° <6, < 130°

S.C. COIL
Cryostat|

[ ] : Barrel EMC'

50°<6<130°
| DRIFY CHAMBER

End Cap EMC
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malysw with y at large polar M

Pion tracks at LARGE ANGLE - Kinematic closure of the events
50° < 6_ < 130° - Increased contribution of FSR
- Higher background from ¢ decays (2002)
w/ photon tagging - Presence of ¢ —f,(980)y — m'n~ v (2002)
Photon at LARGE ANGLE - 4m_>threshold reachable

50° <0, < 130°

L m
YOKE
S.C. COIL
Cryostat|

Barrel EMC il
-

A
y
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Frecise background sub'rrac;iﬂ

Residual background estimation and subtraction

Excellent DATA-MC agreement thanks to

Tracking calibration fine tuning => uncertainty on track momentum at per-mil level

Accurate smearing of MC momentum =>reproduce DATA resolution

0.80 < M,,2 < 0.84 GeV?
x*/ndof =1.17

Data, ZMC,
020 <M_? <024 GeV? qurry(y), awy(y),
%2/ndof = 0.53 — A eey(y)
R
) L——
10 © — _|
—— ﬁ,L
:4:1?—'_ ]
10 ‘_—|_+_|—_1_ ! : 1 1=
80 100 120 140
M, (MeV)

10°

ol
10 =

Data, ZMC,

quey(Y), Wy (y),
e, eey(y)

Fitting MonteCarlo distributions of signal(wry)+background(uuy,mmm eey)
to the DATA distributions in M,

=> getting very precise agreement between DATA and MC:
needed to have precise precise background subtraction
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E ]_.)_I_m T T T T T T 1 T T 1 T T 1 | T 1T 1 | T T ! T T T T T ! T ——
= — fm | 4 BaBar-Preliminary -
L I | I I 1 1
- | i i WL i BabBar:
5 1200 - 4 s |
_,6. | / ik &
] B
N 1000 i
9 B "
e F 3
Y
O 300 X mw*‘
\ .
600 i __
400 —]
200

05 0.55 0.6 0.65 0.7 0.75 0.8 0.85 05 0.95 1

Mass [GeV]

a,7(0.630 < Vs (GeV) < 0.958) = (369.3 +0.8+2.2) x1010

P - autheo =(27.5+84) x10'1'= (14.0 = 8.4) x10-10
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i compamsod

KLOE 2005 published result:

——aA—
388.720.8¢, 5,249 yc;

KLOE 2005 updated:

384.4:0.8,, 4.6, F——A—
KLOE 2008:
387.2:0.5¢;,73.35ysr F—aA—

IJIlIlIII]Illtll]l]lllII]IJIlIlIIIIILIlIIJIJ

355 360 365 370 375 380 385 390 395 400

a =(0.35-0.95 GeV?) (107

~1.3%syst

~0.9%gysr

SMA 2005 updated a,7(0.35-0.95 GeV?) = (384.9 +0.8

sta

£6.6

styst) x10-10

SMA 2008 a, (0.35-0.95 GeV?) = (387.6 +0.5

(x2.3

sta

styst

) x10-10
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A, =
— [ D2758X0 00035 ;
=== 0.02748L0.0001 2 T
== incl. low Q° data .

300
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