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Space-like and time-like regio
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Nucleon form factors and cross s

Nucleon current operator (Dirac & Pauli)

N i »
r(q) = v*F1(q%) + My —— " q,Fa(q°)
\ Ge(@®) = F1(q?) + TF2(q?) o af
NN a@=F@+R@ M

Elastic scattering
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Analyticity of the nucleon form factors
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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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Crucial at threshold: Coulo

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

J Distorted wave approx.: C = |W¢ou(0)[2

wa/Bp
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J Relativistic extension — — — —1 gL
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ete— — pp at BABAR
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B-factory PEPII@SLAC

BABAR Detector

Instrumented
Flux Return

1.5T Solenoid

PEP-II

Rings ™~ Drift Chamber

High Energy Ring

©® Asymmetric B-factory at T(4S)
‘ ApT/pT ~ 05% ...... at 1 Gev Cherenkov Detector
©® (AE/E)ca ~3%..... at1 GeV (DIRC)

Electromagnetic
Calorimeter

Silicon Vertex
Detector
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[.S.R. main features

e+
95 <0
2 2
P w! >4Mp

w = pp invariant mass = \/s(1 — x), x = 2E*/\/s

Woaf2—2x+x% X2
AEI)= T ( singx ?) -
0l

for 05 > 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 efficiency # 0 + oy ~ 1 MeV

® Detected ISR v = full pp angular coverage

Drawbacks

L  invariant mass bin Aw

More background
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Events selection

® Results, quoted in the following, concern 232 fb—!
(out of ~ 500 fb—)

® L.S.R. simulation:

® 20° < 0% < 160° (H. Czyz et al., Eur. Phys. J. C35 (2004) 527)
® Soft photons (M. Caffo et al., N. C. 110A (1997) 515)

® Event selection:

® Tracks within DCH and DIRC acceptance
® Very tight proton selector ~ 30% good events loss
9 ppy kinematical fit

E, resolution not reproduced = 3C fit

efficiency ~ 18 =1 %

4

® 4025 selected events

)&
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pp events background

ete — ppn? J ‘

229 + 32 estimated 4# ’ 1

IR

Events/(50 MeV/c?)

2 3 5

2
Mpﬁ (GeV/c?)

Background Summary

ntn—~ Kt*K—~ ppn® ppry  ud
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Mass resolution
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Incredibly good at threshold (~ 1 MeV/c?), as ete~ c.m.
ApT/pT ~ 0.5% at 1 GeV o
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o(eTe”— pp) = B [|GM| ? |GE|
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) = 0.83 £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)| = 0.99 + 0.04(stat) £ 0.03(syst)
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BABAR
PRD73, 012005

e"e — pN(1440) + pN(1

2 3pa3/2p43/2
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o-Coulomb _ ‘GPN(1440) ‘2 = ‘GPN(M“O) ‘2 % 0.49 nb
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|GPN(1440)| = 1,04 4+ 0.09
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The ratio R = p,p
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; i o)
JLab: Space-like GZ/Gy,
Space-like data G2 =FP+ ‘i,.—p

G =FP + FP
1.5F ©PRD 505491, PRL 84 1398 L 1+

2 .
F; and 4"755 cancellation
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g
QS
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= Space-like
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%51” Scaling dogma
Q
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¢ o, GE(q )
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Gu(9?)

2
F; and #Fz enhancement
P

0 2

4
—g?(GeV2/c?) > 1

6 8 G2(q%)
G (4?)
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2.025--2.100 2.100--2.200 2.200--2.400 2.400--3.000
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do

0

— = A |Hg(cos 6p, ¢?
dcos 6p E( P4

Events/0.2 vs. cos 6p

+ Hy(cos 6p, g?)

Histograms show
contributions from

sin? 6p > 1 + cos? 6p

At higher q,
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Hge and Hy, from MC

First observation!
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Time-like |GZ/Gy,| measure

2 4m2
do T ﬁC|an”|2 > P sin2o ]
P

= 14cos“ 6
dcos 6 2q? a+ )+q2,u

* BABAR (ISR) 7 exchange

6 f PRD73, 012005

: = |ear (pp — eTe™) jv
5L NPB411,3
4 4
3
2

|R(q?)]

# Scaling ~yexchangeinterferes
with the Born term

Asymmetry in
angular distributions
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’Y’Y eXC h a n g e frO m E. Tomasi-Gustafsson, E. A. Kuraev,

S. Bakmaey, S. Pacetti

e e— ppy BABAR data .

do do
A(cos 0, ) E(COS 0,q%) — E(—COS 0,4°)
cos0,q)= ~———————2%

do 5 do 5
— 0 =Z(—cos@
dﬂ(cos ,q)+d9( cos 6, q°)

L

0.1

S |
(A)coso,q2 = 0.01 £ 0.02
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2 R. Baldini, C. Bini, P. Gauzzi,
R( q ) M. Mirazita, M. Negrini, S. Pacetti
NPB(Proc.Supp.)162(2006)46

Reconstructed time-like R (BABAR only)
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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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§ The neutral baryons puzzle ?
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e+e_ —— AK PRD76, 092006

® BABAR

DM2

o(ete” — AA)[pb]

o(ete~ — AN) not zero at threshold?

® No Coulomb enhancement

® Gp < 1/+/B? Coulomb enhancement at quark level?
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¥0%0 and AX0 channels

PRD76, 092006

Cross sections of ete— — X230, AX0 via ISR (BABAR)
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arXiv:0812.3283

Baryon octet and U-spin

n p
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(Y, 5) — (Yu, Us)
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Baryon octet and U-spin arkiv:0812.3283

p
o

(Y, 5) — (Yu, Us)

_eni P 50 ah gy 2 A0 _
U-spin relation: G +\/§G =0

Mo,/ cos5 — May/Tax + \/_M,\zo /o 5 = (—0.06 + 6.0) x 107*
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Conclusions

e Proton-antiproton

® Gp(4M3) = 1: No strong interaction at threshold

® More data needed to disentangle G2, G},

e Neural baryons

® Puzzling non vanishing cross section at threshold?
¢ Much more data are needed

Perspectives

¢ BABAR x2, BESIII, VEPP2000
¢ SuperKEKB, SuperB?
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BACK-UP SLIDES
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/\g form factor PRD73, 012005
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|GMe(4MZ )| = 1.1 & 0.3(stat) £ 0.4(syst)
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