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9 ete—— pp (BABAR)
9 Step behavior at threshold

9 Coulomb dominance
GP(4M3) = 1 as pointlike fermion pairs

9 DR'’s applied to space and time-like G2/ G},
9 Asymptotic behavior
& Bs and Bp extracted

2 ete~— NFA,
9 GM(4M3 ) ~ 1 still as pointlike fermion pairs

2 ete— AN, £9F°, AT puzzle
9 step behavior at threshold again
& Coulomb dominance at quark level?
@ U-spin relations

& Conclusions and perspectives ©2
4
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[.S.R. main features
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for 65 > 20° I.S.R. Angular Acceptance ~ 15%

ISR ~ detected — ~+ interactions killed
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[.S.R. versus c.m.

® All g at the same time = Better control on systematics
® c.m. boost = at threshold e # 0 + o ~ 1 MeV

® Detected ISR v = full pp angular coverage

Drawbacks

L  invariant mass bin Aw

More background
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Mass resolution
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Incredibly good at threshold (~ 1 MeV), as ete~ c.m. |
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Space-like and time-like regio

eN — eN ete” — NN

N4
o
7*(q)

et q2>0 R

Q7¢,
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Nucleon form factors and cros

Nucleon current operator (Dirac & Pauli)

r(q) = v*Fi(q%) + mo”“qﬁz(q )

y

Electric and Magnetic Form Factors
\ Ge(¢?) = F1(9%) + TF2(¢°) . o
Yz
N Gu(P) = (@) + Fa(P)  4M

N
v

Elastic scattering

2/ 2 6
do  a“Egcos 5

0 1
—=—2""2|G 1+2(1 tan? GZ}
dQ ~ 4E3sin* ¢ [ E+T( Al 2) M T s

4

Annihilation

do  o?/1-1/r 1
=———"cC|( 2 0)|Gul? + — sin? 0| Ge|?

o) Y [( + 008" )|Gul” + — sin” |G|

BS = (2\/;GM + GE)/3 Bp = (\/7_'GM — GE)/3
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Analyticity of the nucleon form factors

2

g<-complex plane

Time-like region
Space-like region Unphysical region Data region
eN — eN No data ete NN

= 4M2 _
Sth = Sphy = 4M3 Re[q?]

1= G
Crossing: tot. helicity = Ge(4M2) = Gu(4M3)
0= Gy

Perturbative QCD constrains the asymptotic behaviour

> —2.1735
PQCD: g* — —oo Fi(¢?) — (—¢%)~(*" {'n (’%Znﬂ

Analyticity: g2 — +oo |Ge,m(—o0)| = |Ge,m(+o0)|
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Coulomb Factor

& pp Coulomb interaction as FSI
(Sommerfeld, Sakharov, Schwinger, Fadin and Khoze)

J Distorted wave approx.: C = |Wcou(0)|?

_ wa/Bp
gy E—

(B —0,C — ==

c=1

@ Negligible spin dependence

(@) 2
§ ‘
A . 1 1 S
J Relativistic extension — — — —1 8L
Bp Bp o \
(Y. Srivastava et al.) IS
9 15
] 3
& No Coulomb factor for boson pairs &
(P-wave) 12
1 e
2 225 25 275 3

W5 (GeV)
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ete— — pp at BABAR

v

“11c
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e+e_ — pﬁ PRD73, 012005

_ __ Ara?3C 202
o(ete”— pp) = T.‘;B [IGMI2 4F q.‘,plGElz} J

BABAR cross section from threshold to 4.5 GeV/c [PRD73 (2006) 012005]
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Proton form factor at g2

o(ete” — pp)(4M2) = 0.80 £0.05nb ¥} BARJ

m2a® 3

o(ete” — pp)(4M?) = o

ETP |GP(4M3)|* = 0.85 |GP(4M?)|* nb

|GP(4M§)| =1
as pointlike fermion pairs!

|GP(4M3)| = 0.97 £ 0.04(stat) £ 0.03(syst)
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p
Dispersive analysis of the ratio R =

— lp—E GP

~) ~7

unphysical
region
space-like ” time-like —
\ ;/\/%> TRe(q?)
’\-—
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- P IGR A
Space-like G¢/G), measure
Space-like data G2 =FP+ ‘i,.—p

2" 2
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G -
= Space-like
‘:‘S m] q2 ]
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Time-like angular distribut

1.877-+-1.950

cos 0, distributions
from threshold up to 3 GeV

L lEyents/_g 2

Histograms show contribution
from: (dashed)
(dash-dotted)

Events/0.2

Transition
from: (Ge dominant)
to: (Gy dominant)

, Events/0.2
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Time-like |GZ/Gy,| measure

2 am?
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~~ exchange from e*e PLBGS, 197

A(cos 0, Mp5) =

do do
——(cos 6, Mpﬁ) T

a9 (—cos 6, Mpp)

do

0.1

(A)coso

-0.1

do
(cos 6, Mpp) + d—Q(— cos 6, Mp)

daQ

_ 1

o 1 l
| 7{7 ‘

(A)cos 0,Myp = 0.01 +£0.02
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R(g?) in the complex plane

|R(q?)]

. i tal sheet
Ge, Gu and also R, if Gy has B
no zeros, are on the ¢2
plane with a cut [sm = 4M2, oo

pALCH!
Wﬁ"
s ® “aoaaa Sth Sphy
Re(¢?)
hysical sheet

lzo19ﬁ
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R(g?) in the complex plane

TIR(qz)I

experimental sheet

Dispersion relation for the imaginary part (g° < si,)
1 ?{ G(2)dz _ 1 [ ImG(s)ds

G(q?) = _lim

R—o0 27l

cz—q*> wJs, S—¢q?

et \
Lo o d% s Sphy

atp ° R

Re(¢?)

hysical sheet
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R(g?) in the complex plane

TIR(qz)I

experimental sheet

Dispersion relation for R with subtraction at g% =

Re(¢?)

hysical sheet
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Parameterization and constraint

The imaginary part of R is parameterized by two series of orthogonal polynomials T;(x)

2q2—sph —Sth 2
> GTi(x)  x= ﬁ Sth < g° < Sphy

SiDT(K) X = @ sy

Theoretical conditions on ImR(q?)
® R(4M2) is real = I(4M2) =0
B R(4M3) is real => I(4M2) =0
P R(cc) isreal = I(c0) =0

Theoretical conditions on R(g?)

O Continuity at g% = 4M2
O R(4M2) is real and ReR(4M2) = pip

Experimental conditions on R(g?) and |R(q?)|

® Space-like region (g2 < 0) data for R from TINAF and MIT-Bates
® Time-like region (g2 > 4Mz) data for |R| from FENICE+DM2, BABAR , E835 and LEAR
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NPB(Proc.Supp.)162(2006)46

Using a Dispersion Relation (DR) formalism,
we fit data in the time- and space-like regions
and extrapolate into the whole g2-complex plane

Reconstructed R in space and time regions

R(q?) space like | |R(q?)| time like |

| BABAR +DM2/FENICE+E835
LEAR

10

M DR Approach
1/Q

1 ——log? Q% /Q?

Impr. Iog2 02/'02

IJL

g2 (GeV3/c?)
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R( q2 ) NPB(Proc.Supp.)162(2006)46

Reconstructed time-like R (BABAR only)
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Asymptotic GE(q?)/Gy(g°

Asymptotic behaviour of GE(¢?)/Gl(¢?)

Space Time

GE(9?)/Gpy(a)

Phase of GE(¢?)/Ghy(G?)

af BABAR +DM2/FENICE+E835
s b LEAR

3 F ‘
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Phases from DR: |Bg(g?)| an

BABAR o(e"e— pp) + DR
|B3(a?)| = 12v/7 Gy + G|

1B(a)| = [T Gy — Gl

0.06

0.04

0.02

V@ (GeV/c) ' VG (GeV/c).
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B5(6°)| - g* and |Bp(q%)| - G

BABAR o(e"e— pp) + DR

2/7G + G Nlc A
BY()lg = 2T Gl g g gyt = VT = el g

: l:lapﬁ+DR: 18221 = 165 1
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Other charged baryon FF’s
at threshold

v
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ete — NN + NN*

(¥

ete~— ppn®y (BABAR)
“Unfolding N* width”

(¥

& Systematic error: (N* — N=) + A—’Jv(unfold)

2 12
d G,Coulomb 16MPMN*

X2 =0.9540.05nb

X —0r N7
(Mp+MN* )4

E T T T

S 1 *BABAR |
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Q0.75 F ]

Events/0.1 GeV
1)
o

50 -

- 1T

025 ++ + ]

1 15 2 2‘.5 3 35 24 26 2.8 3
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& Much smaller A(1236) excitation cross sections 27
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A¢ form factor

Belle o(ete— AfA,)

Q 08 [ — 15
L 4 o L

|G"
2
I
Q

>
I
Q

>

o(ete
o
S

45 4.75 5 525 4.5 4.75 5 525
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|GMe(4MZ )| = 1.1 & 0.3(stat) £ 0.4(syst)
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s -
\ 2 y

? §
i The neutral baryons puzzle ?

v
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e+e_ —— A/\ PRD76, 092006

300
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Coulomb correction ark level?

For each pair qq
thereis a
Coulomb amplitude

The phase accounts for

the quark displacement
inside the baryon

& The interference terms have several suppression factors
J Asymmetry between repulsive and attractive Coulomb interactions
—7a|QqQy /B
—_ 0
— exp(+7ex|QqQqr |/B) w2, —am

Qq and Qg same sign: C( Wpﬁ) = 1

QCD-Coulomb-like effects contribute to the FF? )

31,
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Coulomb correction ark level?

Only Coulomb enhancement factors:

7\'2 a3
2
2m2

o(ete™ — pp)(4M?) = (2@2 + Q%) =0.85nb

& At hadron level: o(e*e™ — pp)(4M3) = 0.85 nb

Cross section data
o(ete™— pp)(4M3) = (0.80 £ 0.05) nb
/\/\ case

(02+Q§+02) =0.4nb

o(ete™— AR)(4M3) =

2

& At hadron level: a(e+e — AN)(4M2) = 0

Cross section data

o(ete™— AR)(4M2) = (0.20 £ 0.05) nb
€32,
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050 and AX0 channels PRD7, 082006

Cross sections of ete— — X230, AXOvia ISR (BABAR)

a 17— ~ 80 L B
8 40 18 |
S >
s 15 ol ,
1 1 11
' ° 4
B 20} 1%
5 5
4 20 - -
10 + 7 L ]
0 R N 0 ; . ++ \] I ‘T  ——— — 1 ;
3 4 5 3 4 5
WzOF(GeV) WAF(GeV)
o(ete——x050),, = 30 + 13 pb o(ete"—NAX0)y, = 47 +22pb
tz~'33f

Jetferson Lab: April 17, 2009

Unexpected behavior in et e~— BB and G2/ G



Baryon octet and U-spin

n 4\ p == Ly, I
® |+ © ® + O
(Y, k) — (Yu, Us)
- >0 T+ =0 §0 n
< o=
1 /\‘ 1k '; ;\‘ 9_>U3
== =0 >+t P
@ @ @ - ()

A= (V3N +x9)/2
$0 = (V320 — p) /2

34
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Baryon octet and U-spin
o o o9

(Y,5) — (Yu, Us)

-®
“©
Ri
_'.‘é II‘ID
i

A= (V3N +x9)/2
$0 = (V320 — p) /2

U-spin direct relations

Two U-spin indirect relations

d G5 =G*
Jd GEO =@Gg"
2 G- =¢GF
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Data and U-spin predictio

® Myo,/oro55 — May/Gpx + Z5Mpzo\/Fhso = (—0.06 £6.0) x 10~*

1 1
® o(ete— nn) = 2 BT — UZ@MX)ZW =0.5402nb
n

(FENICE@ADONE)

o(et e~ — nn)(nb)

I
18 2 22 24

W.7(GeV)
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Conclusions and Perspet

e Charged baryon pairs at @® = 4M%

e Neutral baryon pairs at @? = 4M§ puzzling cross sections
(remnant of quark Coulomb interactions?)

e Time-like G/ G}, predicts space-like G2/ Gh — —1

& Waiting for:

& Theoretical interpretations

& New data from BABAR , Belle,
BESIII and new flavor factories

@36,
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