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Talk Outline

v Introduction: Transition Form Factors

v Physics motivations

v KLOE results (¢ — ne’e)

v KLOE results (¢ — w'e’e)
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Form Factors

QED - the electromagnetic interaction between particles is given by the exchange of a
virtual photon (y) transferring the squared 4-momentum ¢?
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Form Factors

- X

the electromagnetic interaction between particles is given by the exchange of a

virtual photon (y) transferring the squared 4-momentum ¢?

QED -

e _» €
Y

T - U

do

972 dO’
F()] [@

2 ]
dq pointlike

3 _ +
| e T
} Y
e+ T
,JtO, Tl, ,nl

MesonNet Meeting — Frascati,

September 29" — October 1%, 2014



)
INFN %
(G

Vector Meson Dominance

v The virtual photon interacts with the hadron through a n intermediate vector meson state with
=1 (i.e. p,w, )

v The mechanism is more pronounced in the annihilation process, where ¢? approaches the
resonance mass — enhancement of the FF — the V meson decays as a real particle
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V= g
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TC- n- e 107

CMD-2  [Phys. Lett. B 605, 26 (2005)]
SND [Phys. Lett. B 504, 275 (2001)]
CELLO [Z. Phys. C 49, 401 (1991)]
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Vector Meson Dominance

v The virtual photon interacts with the hadron through a n intermediate vector meson state with
=1 (i.e. p,w, )

v The mechanism is more pronounced in the annihilation process, where ¢? approaches the
resonance mass — enhancement of the FF — the V meson decays as a real particle
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CMD-2  [Phys. Lett. B 605, 26 (2005)] q; [GeV']
SND [Phys. Lett. B 504, 275 (2001)]

NA62  [Phys. Lett. B 677, 260 (2009)]
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Space-like FF: physics motivation (1/3)

v FF is a field of hadronic physics with high precision THEORY and EXPERIMENTS

v The SM prediction of this “deviation”, the anomalous magnetic moment a defined as , IS
calculated with high accuracy and measured with extreme precision!

BUT ...
IIIIIIII'\IIIIIIIIIIII'II!IIII{IIII:IIIIII'ITIEIIII
HMNT (086) e '
TP _ 116592 089 (54 )ar (33 10~ 1 N (9 Al
= 2 (54)stat ( )SYSt X Davier et al, 7(10) e
aSﬂ/f — 116 591 801(49) 5 10—11 Davier et al, e*e™ (10) l—l—l
H JS (11) -
__ .exp _SM __ HLMNT (11) k_-—«
AG:H a'.lu‘ a.u‘ 287(80) --- experiment ------- ------- --------------- ------
BNL I .
BNL (new fromshiftina) = | —a—
“ IIIIIlII\I|||II‘IIIIIIII;;(I)I\;ééll;é(l}lllz(l)él\lz:‘:(l)ll
a, £10'°—11659000

Hagiwara et al. 2012
v New g-2 experiment towards 0.14 ppm (JPARC 0.1 ppm) - Theory improvement !?!
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Space-like FF: physics motivation (2/3)
v The SM calculation can be divided into different contributions:

ai™ = 116591 801(49) x 10~ "

a

SM __ aQED + afW +aHAD

0 p p
[T [T

v The “Light-by-Light” contribution to the hadronic term is the one which is known with the
higher relative uncertainty

a?"" =116 584 718.09(0.15) x 10~ @

W — 153(1)(1) x 107" “ N

al? =6923(42)(3) x 107" aHOVP — _98 4(0.7) a,"" = 99(16)

ay"? =17(26) x 107" altl = 105(26) altLm = 72(12)
Sep 30, 2014
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Space-like FF: physics motivation (3/3)

v The calculation of the LbL term (of g-2) relies on phenomenological
theories, who constrain F(PS*, y*, v*) and F(PS*, v*, v) with experimental

information - i.e. on-shell t° FFs!

*
>
~ 035 [ _ L4 — 0.35
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= [ : .- -
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5 4+ CELLO
0.05 0.05 } ® Belle
! — fit(A)
F = fit(B)
0 0 : - :
10° 0 10 20 30 40
Q2 (GeV2)

9% N\ H

CELLO - DESY
[Beherend et al., Z. Phys C49 (1991) 401]

CLEO - CESR
[Gronberg et al., Phys. Rev. D57 (1998) 33]

BaBar - SLAC
[Aubert et al., Phys. Rev. D80 (2009) 052002]

Belle - KEK
[Uehara et al., Phys. Rev. D86 (2012) 092007]

v Yy processes give access to the single off-shell FF - important to provide new measurements
(no data at low g?) to reduce the model dependence of the LbL ( KLOE-2 [EPJC C72 (2012) 1917])

v The I'(z° - yy) decay width is an important ingredient for the FF normalization (|F(0,0)|?)
- best measurement up to date is from PrimEXx coll. : 2.8%. Strong test of Chiral theory (~ 1%)
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Space-like FF: physics motivation (3/3)

v The calculation of the LbL term (of g-2) relies on phenomenological
theories, who constrain F(PS*, y*, v*) and F(PS*, v*, v) with experimental

information - i.e. on-shell t° TFFs!
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v Yy processes give access to the single off-shell FF - important to provide new measurements
(no data at low g?) to reduce the model dependence of the LbL ( KLOE-2 [EPJC C72 (2012) 1917])

v The I'(z° - yy) decay width is an important ingredient for the FF normalization (|F(0,0)|?)
- best measurement up to date is from PrimEXx coll. : 2.8%. Strong test of Chiral theory (~ 1%)
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Time-like (T)FF: physics motivation I

v Test the modelings of the TFF: the naive VMD
approach is satisfactory in the description of

n = y p'p” but dramatically fails in @ > 7° p'p-

\Y

“ea P
Data Theory
NAG60O [In-In] [Phys. Lett. B 677 260-266 (2009)] Terschlusen and Leupold [Phys. Lett. B 691 191 (2009)]
NAG6O [p-A] [Nucl. Phys. A 855 189-196 (2011)] Ivashyn S. [Prob. Atom. Sci. Tech. 2012N1 179 (2012)]
Lepton-G  [Phys. Lett. B 102 296-298 (1981)] Schneider, Kubis, Nieking [Phys. Rev. D86 054013 (2012)]
N—,: v NAG6O (p-A) :A-2=1.946 +0.096 + 0.001 [GeV/c2]? N_s 1 v NA6O(p-A) :A2=2.248+0.030 % 0.002 [GeV/c?] ™ |
W 10 | o NA6O(in-In) :A2=1951+0.17 £0.04 [GeV/c?] 2 L ] © NA6O(In-In) :A2=2.24+0.06%0.02 [GeV/c?]? |
| * Lepton-G :A2=1.9+0.4 [GeV/c2]? - | * Lepton-G iA2=2.4+0.2 [GeV/c]? [
— VMD :A2=18 [GeV/c?]? — VMD :A2=1.68 [GeV/c2]?
| ) 1 |
4 102 B ¥
S The | i 0 -
1 M>YTUHR M 1 o->7'pp
10 -
13
FIIEIIII\III!\Iilliilli\llll IIII[III[lIIIIII[]llll]l[l]llll]lll
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m(up’) [GeVic?] m(u'w’) [GeVic?]
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TFF from conversion decays: V — P y*

SND @ VEPP-2M
[Phys. Lett. B 504 275-281 (2001)]

b, =(3.8%18) GeV?

F(qz,O) =1+ CIZII\2 bVMD ~ 1.0 Gev-Z

. . _ 2 _ 2 2
v F,. .slopeis needed: qu—A = dF(q°)/dq Iq2=o

v NO DATA available for F¢ 0 TFF (an enhancement due to p resonance is expected)
v TFFs also useful for (g-2)u - experimental constraints to the hadronic LbL contribution

v Improve the measurement of the B.R. (¢ - n’e’e is a OZI suppressed process)

BR decay SND CMD-2 PDG av. Tot err.
® > ne‘e (104 (1.19+0.19+0.12) (1.14+0.10+0.06) (1.15+0.10) ~8.7 %
0 > n’e'e (10°) (1.01+0.28+0.29) (1.22+0.34+0.21) (1.12+0.28) ~25%

[J. Beringer et al. Phys. Rev. D 86 (2012)]
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The KLOE/KLOE-2 experiments (n° TFF)

Measurement of the ®° FF in two different kinematical regions of ¢?

va>0-F  (q)

v Based on the existent
data sample (L, = 1.7 fb™

from 2004/2005 data
taking)

— va<0 -F_ (a9,

v To be measured with the
forthcoming KLOE-2
data taking campaign

e

Sep 30, 2014 MesonNet Meeting — Frascati, September 29" — October 1%, 2014 13



" ZAccumulator

LINAC

The DADNE e*e collider @LNF

Double Anular ® Factory for Nice Experiments
gﬂ ¥ .;4%\511 Main features:
v/ A - e'e” collider @ Vs = 1.02 GeV
NN 55“}\ ‘j,i - 97m separate rings for e’e’
. H W*% - Up to 120+120 bunches
"i o - - Max collision freq. - 356 MHz
-T . =2.7ns
t Best performances:
L9
— 32 2 o1
E L= 14x10%cm*s
e -L_=8pb™/day
il
EJ . Data Sample:
el -L_=2.5 fb™ (until march 2006)

- L =300 pb*(collected off the ® peak)

# - KLOE-2 upgrade completed (expected 5 fb™
in next 3 years [Eur. Phys.J. C 68 (2010), 619])
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The KLOE detector

Drift chamber
- Gas mixture ( 90% He + 10% C H_)
- 3p/p, < 0.4% (6 > 45°)
-0, ~ 150 ym 6 ~2 mm
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The KLOE detector EmC Calorimeter

- Lead/scintillating fibers
- 98% coverage of 4x

R T - S - 8EIE = 5.7% | VE(GeV)
NNy - 8t = 57 ps | VE(GeV) + 100 ps
: 5

e N2

i

-"l !
ST Pole Plocoo

FT S s

¥ ‘.'-1 ::
v :I
A e, ] = o iz
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The KLOE detector

NN\ YN
5.0 C0IL /

(oo
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The ¢ & ne‘e analysis
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The analysis of ¢ & 1 e*e (n @ ©°x’n’)

g 100 10 Entries 1191468
£ 90 v The analysis is performed on 1.7 fb™
= .
= 5 o collected at Vs = M, = 1.02 GeV
60
- o v Pre-selection:
30 631 - 2 tracks of opposite charge from IP
fg - 6 photon-clusters candidates from IP
0400 500 600 700 800 900

M, ccn(€€) (MeV) v Selection:

- (400 < M67< 700) MeV

- (536.5<M _____<554.5) MeV)

- Cut to reject y conversion on BP and DC walls
- TOF cut for e'e” selection

10*

10°

107
10 v ~3 x 10* evts selected, ~15% global efficiency
(10% low mee to 35% at high mee)
< 3% residual bkg contamination

0 50 100 150 200 250 300 350 400 450 500
M, (MeV)
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TFF ¢ » 1 e'e (n » n°1°n°)

A
v Good MC-Data agreement after bkg subtraction (~29600 evts) “E . : F(g*) i i/AQ
=107 £ -4
v FMY* slope is extracted by: - .
- direct fit to the invariant-mass spectrum of the e*e” pair to 10* = TN !
the Landsberg formula [L.G. Landsberg Phys. Rep. 128 301 (1985)] Wﬂ.
5 3/2 | 2 —
irw’_}ﬂenf) _EIFM(qZ)IZ 1_4m2){1+2m2Jx [1+ qz ] B 4m;q2 10 E x IdOf — 1-17
dg’ Tg—-ny) 37 ¢ q’ q my—m, | (mg—m,)’ - (prob =13%)
1 v b b b byl | | |
folded with analysis efficiency and smearing effects 0 50 100 150 200 250 300 350 400 450
] Mee (MeV)
- fit to the extracted |F‘|Hw*(mee)|2
N_: - [
i i m 250 x? 1 ndf 99.39 /90 !
Previous experiments KLOE = - | Prob 0.2338 1,
L | Norm 1.009 + 0.007
b, =A (117 £ 0.10 *07 ) 20 | 0.8964 +0.0353 * WA
im o | SND (3.8%1.8) [213 evts 17 0. ' : A
[GeV?] ( ) 13 evts] o4 15 F T !‘ ith
BR ; T g
+ I? ¢ {
(¢ > ne'e) gwn%_z 83 : gfs)) (1.075 * 0.039) : +
(10 T 05FVMD KLOE-2
— -4 _ -2 0 I [ N Lol [ [
VMD B.R.=1.1x10 b, =1GeV 0 0050101502025030350404505

M, [GeV]
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TFF ¢ » 1 e'e (n » n°1°n°)

w
W
2
v Good MC-Data agreement after bkg subtraction (~29600 evts) = | F(¢%) = 1
SES 1— g2/A2,
v F,. . slopeis extracted by: ; .
- direct fit to the invariant-mass spectrum of the e*e” pair to 10* = TN K
the Landsberg formula [L.G. Landsberg Phys. Rep. 128 301 (1985)] “W
iw_’—mzﬂlFm(qz)lz 1—4m2><(1+2m2Jx " q 2_ dmyq® ;s 3
di° T@—ny 37 ¢ q q’ my—m; ) (my-m,)’ =

350 400 450
Mee (MeV)

folded with analysis efficiency and smearing effects

- fit to the extracted |[F.__(m )J?
pny Ve

: : %@ 55 s [ [@nd 99.39/90 ".
Previous experiments KLOE = - zrob 008 szggg 1l
b =A +0.07 20 |a 0.8964 + 0.0353 * /
m " on ND (3.8+1.8) [21 1.17 £ 0.10 - L
ey SND (3.8+1.8) [213ewvts] | ( oar) sk y Q il
BR . L Ly
b SND (1.19+0.22 e ‘ {
0>ME)  emD.2 ((1 e 2)) (1.075  0.039) : +
(10 e *>FVMD KLOE-2
- -4 _ . O_...|....|...l|....|....|..l.|l...|....|.. L
VMD B.R.=1.1x10 b,, =1 GeV* 0 0.050.10.150.2 0.25 0.3 0.35 0.4 0.45 0.5

M, [GeV]
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The ¢ - ©° e'e” analysis
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®» < ©’ e'e : the actual situation

NO DATA available for F o 107 TFF - needed to test the theoretical models (®» decay)

100 S‘a“d-g’,!:*g% f ' Theoretical uncertainty in the ¢pm°y* form factor
L I I l dlisp.. tlwice Isul:rtrl I to!tal lh"aﬁry Lﬂncertlainty}
0) 9 Tco !"l’+l"l’_ % VMD or HCE?TlSE:;oigct:?aisnL:etﬁ;

unconstrained RChT

| I 1
% 100 | 2 ; 4 100}

“ 1ol n

‘FOJJT
—a—

10 | 10 |

1

:
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
Vof [GeV] Vo? [GeV]

0 0.2 04 06

S. vashyn (“KIPT", Kharkiv) V-P-GAMMA FORM FACTORS 17.06.2013 13/30
M+~ [GEV]
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The analysis of ¢ = ©° e*e’

ac e " by
300 ' 220 :
H -1 M signal X 200 ! B signal
v Analysis performed on 1.7 fb™ from 250 G . Bratna - - : oK - Brabne
=== BKG - Radiatives

2004/2005 collected at Vs = 1.02 GeV » e R i@
o 140
150 12
100

v Main bkgs: e*e” - e*e’yyand ¢ - nt’y
(Y conversion or 7° to Dalitz)

100

50

v Selection (main): 0w

-E < 460 MeV

-470<E_ +E_ <750 MeV

- 300 < EYl + EY2 < 670 MeV

- eopen (ee) < 145° and 27° < eopen (yy) <57°
-90< M27< 190 MeV

-80<M <180 MeV

- Cut to reject y conv. on BP and DC walls

v ~ 14000 events selected (total bkg cont. ~30%
with a global efficiency of ~ 14%)

[CMD-2 ~70 events for B.R. measurement!]

60 80 100 120 140 160 180
e*e” opening angle [deg]

E., vs E_

E. [MeV]

40 60 80 100 120 140 160 180
1.1, opening angle

E. vs E.-

. Bhabha

300 400 500 600 700 800 0
E, MeV]

E,‘ vs E‘IZ

Bhabha
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® < ©° e'e : Data-MC agreement

YY invariant mass

1000 —

800—

600—

400 —

200f—

== DATA

—— MC signal

— MC radiative BKG
MC Bhabha BKG

= MC sum

TR I L T | |

120

140 160 180 200
ey [MeV]

ete” missing mass

1400

1200

1000

800

600

400

200

—— DATA

—— MC signal

—— MC radiative BKG
—— MC Bhabha BKG

= MC sum

80

180 200
mmssMeV]

| cosO* |

500

400

100—
u r_u___l—l_l—-—'——‘d'ﬂ_'_‘—\l_.__,_a——_l—f———'
=i
O_JIII‘III\JIII\III\JIII\Illlllll\II\IIII S
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
e*e” mass spectrum
b =—4=— DATA
—— MC signal
10° —— MC allrad BKG
MC bhabha BKG
— MC sum
2f |
10 = H“'a_ t
E - [
r L’-“-F-J -4 [ TO
nd [P LTl
10 -
= l T
— l“--_“_‘_
r R
L - u —_\_‘-‘-Llj
1 T
B L'L
1071\\..\\...I....I.\\ul\\nuuluuu\\uu\\I
0 100 200 300 400 500 600 700

me's = \q? [MeV]

e*e” opening-angle

10*

)
3
3

Y
3
S

o
=3
3

IS
=)
3

@
S
S

N
S
S

3
3

o

1200

1000

800

600

400

200|

—— DATA

—— MC signal

—— MC radiative BKG
MC Bhabha BKG

—— MC sum

L Ll 1 1 1 | 1
20 40 60 80 100 120 14(

open 160
6z (deg]

e*e” mass spectrum (low V; region)

[ARALNRAR TR AR NRAR RN RARANRRRANRRNE YRR RRRRN

=4 DATA

—— MC signal

— MC allrad BKG
MC bhabha BKG

= MC sum

3% 4 45 50
mEe [MeV]

v

Yy opening-angle

—+ DATA

—— MC signal

— MC allrad BKG
MC bhabha BKG

—— MC sum

‘30 II‘35 - 40I ' 45 50 55

60
[deg]
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o < w° e'e : preliminary

mss for bin 1

mEies for bin 2

mg for bin 3

ete” mass spectrum

3 + E —+— DATA
——— MC signal
10° —— MC allrad BKG
MC bhabha BKG
—— MC sum
102? t +
e for bin 4 E - T
10 T
- e
= T
= L
- "'H
-1_ IJl;LIII‘IIIIIIIIIIIIHIIlIIIIlIIILII
— N 107, 100 200 300 400 500 600 700
mee =\q? [MeV]
Bkg subtracted and € corrected spectrum
10°=¢
A ¥ |
i DATA
o MCFF=1
E o o —
] : S
+ +3 . 10°3
3 v ~ 9200 events after bkg subtraction E
e ]
4 “-
el :
v B.R. and TFF measurement almost complete Py
(systematic uncertainties are under
estimation) (I) I I1(I)OI - 260 - I3(I)OI - I4(I)OI - IS(;OI - IG(I)OI "? =I7r?;§):e.l[l\ll|el\%(])0
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(...more from Patrik in next talk)

Thank you for your
attention
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