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@ |nitial State Radiation main features

® BABARo(ete~ — ppy) and Coulomb correction
® BABARo(ete™ — AMy)

® Space and time G2/ G}, via dispersion relations

# “Baryonium” and dips in e"e~ — hadronic channels?

& G}, asymptotic behavior from a dispersive sum rule J
| ' & ‘)
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Phenomenological analysis by
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BalBare Initial State R:

ISR main features

ISR studies at the T(4S) mass can yield the same
observables as the low energy e™ e~ experiments

® Precise measurements on et e~ cross sections at
low CM energy

® Hadron spectroscopy for 1 < v/s < 5 GeV
® Form factors

® Discovery of new states [e.g. Y(4260)]

Born cross section

d?o(ete™— Y Xnag)
dxdo-,

T

All g at the same time = Better control on L
systematics (e.g. greatly reduced point to point) @ Lioc Asbiniwidih
& More backgrounds

CM boost = at threshold € # 0 + oy ~1MeV

= W(x,0,)o

ete™ Xhag

Detected ISR v = full Xjoq angular coverage
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Analyzed 232 fb~!
pp~y kinematic fit

4025 selected events
e~18 1%
~ 6% background mainly due to non ISR ete~ — ppn®

threshold to 4.5 GeV [PRD73 (2006) 012005]

1600 - F
r . 60+

T 1400 1 BaBar There are structures
Q. r + FENICE 50 at 2.2 and 3 GeV/?
= 12001 vDM2
f=X [
2 1000} + DM1 40
T 800f ADONE73 30;
| r o
© 600 200
E F % F
& 400 % C | 10

200 F +4.{70i+ 0 f 7+7+++++

0“2‘”2.2‘”2.4‘ 7‘”3””3.5‘”‘4””4.5

ﬁ q(GeV) q(GeV) J ea
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Baryon Form Factors anc

Baryon current operator (Dirac & Pauli)

i
e — ~HF, 2 v uF 2
(@) =~ 1(q)+2MBo qvF2(q%)

Electric and Magnetic Form Factors
Ge(q?) = F1(9°) + 7F2(q?) 9

T =

Gu() = F1(?) + Fa(d?) 4Mg

Elastic scattering

do  aPELcos? g T , 20\ o] 1
90" A entl {GE -7 (1 +2(1 —7)tan E)GM}
e

5 1—7
Annihilation
2 1
2’;’2 = a4520 [(1 + cos? 0)|Gul? + - sin? G\GE|2}
Coulomb correction for charged B: C ~ _r y = Ta
1—e 8

Q5¢,
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Preno: Coulomb correcti

Coulomb correction at threshold

This factor compensates for
phase space and gives a

constant value at threshold

Coss section at threshold

(“8—'0,T—?'1,S~14MF2,)

47203 3
lim s) = Z |GP(4M3)|? =~ 0.8 nb |GP(4M?)|?
threshold (s) 3. 4M§ 2 oA P)l [ p)|
E ‘ ‘ ‘ The Coulomb correction
correction T does not explain the
4 Tl°°° ‘qu# plateau for 7 > 1
Non-zero value for I ‘Fﬁb; Ok
=1 Loy
Data sh ° i 5
ata show e g11
L I T
unexplained plateau o 12 2 14 £ \w
T = @ _g 1
P 2\ — |GP N Cose 1 12 12
i& |GE(4M,,)| = |GM(4Mp)| ~| 2

Qﬁa
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: History of | Gf;| measure

1Gl(a®)

04 |

|
S

N
o
=

02

01 - ‘

&

°
o
A
vono:
A

'05 BABAR et e = pp with ISR

73,94 ADONE, FENICE

’77 ELPAR (pp at rest)

79, °83,°90 DM1, DM2

'94 PS170
(pp at rest, p stopped in liquid H)

A v O 93,799, 03 E760, E835 (pp at rest)

% % ’05 CLEO, BES

v

All these data have been obtained
assuming |G| = |GE| = |GP|

Upﬁ(qz)
a2 1—1/7
1emo?C VT (1 4 1/2r)

6P =

07’
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1.877-+-1.950 1.950--2.025 2.025--2.100 2.100--2.200 2.200--2.400 2.400--3.000

T
80 80
- ] ® -~ £ +
4+
60 - 60 S
T 6 1
4«
40 40 ©
20 20

T T
0 L 0 L L L 0 L 0 L L L 0 L L 0 L
-1 =035 0 0s 1T - =05 0 05 1 -1 =03 0 035 1 - =05 0 0s 1T - -05 0 05 1 -l =05 0 0S8 1

Events/0.2 vs. cos 6p

o

) -
do GZ(9?)
— = = A |Hg(cosbp,q*) | —E-L| + Hy(cos 6p, g* Hg and Hy from MC
dcos 6 £(cos 6p, q7) & () + Hu(cos 6p, q°) £ m )
= .
Histograms show First observation!
contributions from =
sin? 6, > 1 4 cos? 6 |G| > |Ghyl
At higher q, |G2| — |Gh|
083
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do wa?BC
dcos6  2q2

a2
|Gy 2 {(1+cos 6)+ 5 sin® 6|R|?
q? Hp

2.5 . .
* BABAR (ISR)
PRD73(2006)012005
2
*LEAR (pp — ete")
NPB411(1994)3
Q
I 15
=
kS ] H‘ x Scaling
& ||T i
05 \ FENICE+DM2
1 E835
ol e
4 5 6 7 8 9 10
q*(GeV?)

8
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[V. Druzhinin LP 2007]

Angular distributions
30—

2. 2.23-240GeV |

® BABAR g
Iy % 20 - B B
= 4 DM2 & :
< 200 q b
<
: + BaBar:
ltb iminary 8
S |
F : O 0.5 0 05 1
+, .
0t [ +7 1 b '%
25 35 i

@ Analyzed: 230fb—"
@ Signal: 204 +19

ﬁ @ Background: 15 £ 3
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Preno: Coulomb correc ?

Extended charge density The screened o’ is (R ~ Rp)

1 / ig- « .p ﬁ)pR(FH)d?:FIdSFH

p(F) = @), G

E | F =

. . Other threshold effects
Parton interaction
after confinement & QCD Coulomb-like correction c« — Craxg

should be negligible... & AA production through pp rescattering

300
Threshold correction
for AA channel
4

=0 } + BaBar: |

AR)[pb]

preliminary

|T
T ® 100 i
o #
Data show no & ++
plateau (see pp) ok e
1 11 12 13 14 15

o
‘4
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G| form factor and

[V. Druzhinin LP 2007]

Form Factor (|G2| = |G),]) Ratio |G}/ GY|
03|
, + BzA,I \BiaR:
— — preliminary.
Toof | BaBaR g
<= preliminary <l
Tt )
0.1 ++ ]
I ++ ]
22 24 26 28 3 22 >4 6 8
q(GeV) q(GeV)
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|G| and |Gll| comparison t

U-spin => G} = G}, /2

0.4 i i i T
® BABAR : |G}, | 1
03| ® FENICE: |G},[/2
02 1 Additional corrections are
I +i + : needed to account for the
i | ] SU(3) flavor symmetry breaking
o1 +t | ]
== BaBag:
_+__+_ iminary -
O | L L L | L L | L ]
1 1.2 14
S
T = a2 = a2

¢ “
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Analyticity constraints o

g2-complex plane

Time-like region
Space-like region Unphysical region Data region
eB — eB No data ete~ BB

T e

Spny = 4Mj Re[q¢?]

1= Gg
Crossing: tot. helicity = Ge(4M2) = Gu(4M32)

0= Gy

Perturbative QCD constrains the asymptotic behaviour Brodsky, Farrar, Lepage

pQCD: g2 — —oco Fi(q®) o< (—q?)~ ") = Gg .y o< (—q?) 2

Analyticity: g2 — +oo Ge,m(—o0) = Gg,m(+o0)

o “
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Space-like R measure

~~ exchange

Space-like data

~v exchange interferes
with the Born term

| W PRD 50 5491 (SLAC-Ros.) + '
02h 1

® PRL 88 092301 (Jlab-Pol.)
fit forrp PRL|88 09?301

I ) Asymmetry in
' angular distributions
0o A 2 3 4 5 6 7 8

—q?(GeV?)

0.0

@15

& :
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Space-like R measure

Space-like data

~~ exchange

| ¥ PRD 505491 ++

02 @ PRL 88092301
fit form PRL 88 092301
Rosenbluth +y emlsswn [PRC75 015207]

~+ exchange interferes
with the Born term

0.0
0 1 2 3 4 5 6 7

—q?(GeV?)

Asymmetry in
5 angular distributions

&

F@IR Workshop, Ferrara October 1

Egle, previuos talk
[arXiv:0710.0454]
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R(g?) in the complex plane

|R(q?)]
. experimental sheet
Ge, Gy and also R, if Gy has "
no zeros, are on the ¢2
plane with a cut [si = 4M2, oo
pALCH!
e )
o ® a0’ # Sth Sphy
Re(¢?)
hysical sheet

ﬁ @16,

F@IP Workshop, Ferrara October 15, 2007 Baryon form factors and phenomenological considerations



R(g?) in the complex plane

TIR(GZ)I

expe
Dispersion relation for the imaginary part (g° < si)

G(q?) = _lim i}[ G(2)dz _ 1 [ ImG(s)ds
C

R—oo 2mi Jc z2—q2  w/g, S—q?

srimental sheet

pALCH!
o d PP \
AP E Si, Sphy
Re(¢?)
atp R

hysical sheet

¢ “
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R(g?) in the complex plane

TIR(GZ)I

experimental sheet

Dispersion relation for R with subtraction at g°> = 0

|

Re(¢?)

atp R

hysical sheet

¢ “
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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
12 | R(qg?) space like |R(g?)| time like

| BABAR +DM2/FENICE+E835
[ LEAR

M DR Approach
1/Q

—log? Q% /@
Impr. log? Q%/Q?
IJL

q°(GeV?)

o e
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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
12 | R(q?) space like | |R(g?)| time like l

| BABAR +DM2/FENICE+E835

q°(GeV?)

G “
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Prano: Asymptotic GE(q%) /Gy

NPB(Proc.Supp.)162(2006)46
Asymptotic behaviour of G£(q?)/G}(G?)

Space Time

GE(G?)/Gy(a®)

Phase of GE(a?)/ G (a?)

i b oty 7 g
q%(GeV?) q(GeV)
pQCD prediction
@)
Gh(9?) | 1921~ o0 o8,
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Prano: Asymptotic GE(q%) /Gy

NPB(Proc.Supp.)162(2006)46
Asymptotic behaviour of G£(q?)/G}(G?)

Space Time

GE(G?)/Gy(a®)

Phase of GE(a?)/ G (a?)

v b s i o k7 b ettt
q%(GeV?) q(GeV)
pQCD prediction
@)
Gh(9?) | 1921~ o0 o8,
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Prano: |GZ(q?)| and |Gy (g2))f

BABAR o(ete— ppv) + DR
0 IG"Q)I q | o ‘|Q74(“-72)‘|"q4‘ .

|:|0'pp+DR : Jo,p+DR |
'GE:GMi [ 'GE:GMi

0 n n 1 n n P \\‘\7 07‘ n 1 n n P P

2 2.2 ‘ 24 2 2.2 ‘ 24 ‘
V@ (GeV) V@ (GeV)

Gﬁ very steep at threshold —- vector “Baryonium” ? J

s “
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Steep rising behaviours in
BES in J/¥ — ppy
Bﬂ/%lﬂ $ PP spectra in some Opposite C parity in the pp channel

PRL91 022001

800 B

B decays compared with | Gj|
PRD74 051101

T T T T

. BOHD(*)pﬁ(ﬂ') avg. _
v BT ppK* ]

= et e” —ppyisy

|

[Events/5 MeV/cz]/[Phase Space]
S
P

0\\\\\\\\\\\\\\\
0.00 0.10 0.20 0.30

Mys — 2Mp (GeV/c?)

“,.

o Tt v o

[Spectra]/[Phase Space]

Sub-threshold

resonance
Similar results found by Belle Preferred JP = 0%, C = +
PRL88 181803, PRL89 151802 M =~ 1860 MeV /c?
) r < 30 MeV

8
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Dips in multihadronic reac

et e~ annihilation processes Diffractive photoproduction
100 25 N
” P— E{!\rﬂcze Workshop ‘ ’ E687 {
z M 2% Frascali (1988) ] - PLB578 290 |:
7 © World average =
g S15}
2 ] 5 |
b i 1.0} '
o o | i
5 o |
505 it
1 t /A
O R ogb.til T L
(V) e e 02 T R T T
. v
ete™ annihilation processes with ISR at BABAR: [PRD73 052003]
2 8 | 1
£ ‘ |
5 ' 1
|
! |
5 kil |
® L
M“»‘ }
i
3 a4 as
(GeV) )
i& The parameters depend on the model used for 21
-4
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Dispersion relations and su

Geshkenbein, loffe, Shifman *74

& DR'’s connect space and time values of a form factor G(g?)
1 [ ImG(s)ds nodata °'e PP
G(q2)=*/ IS ﬂ—Z:% \
T Jsy S—Qq Sth Sphy Reg

The imaginary part is not experimentally accessible
There are no data in the unhysical region [s,, Syny ]

We need to know the asymptotic behavior

Drawbacks

J They applied the DR for the imaginary part to the function
In G(z

) Sphy 5
@(2) = f(z)”tﬁ with /0 f(z)dz <1

& The DR integral contains
the modulus |G(s)|

Zeros of G(z) are poles for ¢(z)

& The unhysical region
contribution is suppressed
@
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Attenuation of the unphysical

Strategy

InG(2) g2-complex plane
Z\/Sth — Z
d f(z2), is analytic with the cut (—oo, 0)

2141 /oty —VZ
Pi(1-2w), w=7%+ﬁ

@ Use the function ¢(z) = f(2)

L
d f(2)=fi(w)=
‘ ,;(Lmz

@ This function, with f; (0)=1, minimizes:

/1fL2(w)dw
0

and suppresses the contribution in the unphysical region o SN2

[\
0 010203040506070809 1

¢ <
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Attenuated DR and sum rule

New DR with variable suppressed region [0, sphy] [G(g?) has no zeros]

7§ $(z)dz =0 Im(?)
JC c

\U, 0 Sphy

_/0 Im[f()]In G(t) , _ [*HS)INIG(S)] sin Re(q?)
oo WS —t sn  SV/S— S
Space-like Time-like

Convergence relation to test asymptotic power behaviour of Gﬁd

/°° f(s)In|1G(s)| 4o

O Im[f(H]InG(t) , [ f(s)In|G(s)| -
LR = Ll

Space-like data + (—t)~"

n is the free parameter
< “

F@IP Workshop, Ferrara October 15, 2007 Baryon form factors and phenomenological considerations

h phy  SV'S — Sth

Time-like data + s="




Preno: Sum rule: result

(q ) —(2.274-0.36)

T T
1= E

i /° Im[f(1)] In G(1) . /°° AENmIG(S) f

10 -1; — oo t\/st—_ Sphy SV'S — Sth =

g | ]
(ORI E

\HHL T T

?(GeV2 ‘
g& P (GeV?) 25,
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Preno: Sum rule: result

,IP/,(q2) - (q ) (2.274-0.36)

19?|—

T T
1= E
i /°Im[f(t)1lnG(t) /wwdf
10 -1; —oo t\/st—_ Sphy SV'S — S =
5 ?
107 E
N
3 7

\HHL T T

ZGv2 4
ﬁ 9?(GeV?) €25,
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Conclusions

BaBag::

e Structured oc(ete~ — ppvy) (Best measurement ever done!)
e o(ete~ — AAy) = 0.2 nb at threshold
|GR| > |G| and |GR| > |GJ}| above threshold

PhieaTros
¢ Coulomb correction = o5 > 0 at threshold
® Space and time |GZ/G}| via DR

& asymptotic behaviour and space-like zero
® results on G? and Gl
® “Baryonium” and dips in et e~ hadronic channels ?

@ Space and time data on G,,p,, connected via analyticity
confirm the pQCD asymptotic behavior G, o (q?) 2

@
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BACK-UP SLIDES

& @
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~~ exchange from et e —

do do
— = (cos 6, My5) — a9

A(cos 0, Mp5) = ZSOI_

daQ

(—cos 6, Mpp)

do
(cos 0, Mpﬁ) + d—Q(— cos 0, Mpﬁ)

]
NS |
S

-0.1
<A>COS(9,MP5 = 0.01 £ 0.02

2 2.25 25 2.75

M,5(GeV/c?)
8 ) -
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Dispersion relations co time space regions

Ge(¢?), Gu(g?) and also R(g?), if Gy has
no zeros, are on the g? plane with

a [sth = 4M,2‘.,OO[

Dispersion relation for the imaginary part (¢° < sy,)

G(¢%) = lim i}{ G(Z)dzzzl/M ImG(s)zds
cz-q 7wl s—gq

R—o0 21l h

Subtraction at g = 0 because of a non-vanishing asymptotic limit of the ratio
°° ImR(s)ds

2 ; R = R(0 —

> ImR(s)ds

. q
2 ReR R(0) + — Pr
For g= > sy, R is complex eR(q%) = R(0) / s(s — ¢?)

§§§ 29,
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Polarization formulae in the

The ratio R(g?) is complex for g% > sy
GE(9%)
Ghy(9?)
The polarization depends on the phase p

Polarization components and single spin asymmetry

p, — _ SiN(20)|R[sin(p) _ | EsSEITEEREICEIIAN | _ dol—dot _ 7
g ppD~/T inp’p — ete~ doT+dot — 77

2ssin(20)|R| cos(p)
mpD~/T

2cos(6
Pz =Pe% = { Does not depend on the phase p

= |R(q?)|e"(@)

R(q%) = Hp

’Px=—Pe

1 -
D=1+cos’0+ —|R®sin?0 1= _—_  Pe = electron polarization
TR M

8
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Preno: Parameterization and ¢

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

2
) ) 2iGiTi(x)  x= % sin < G% < Spry
ImR(q%) = I(q°) =
2
Zj DI'TI'(X/) x' = :pzhy -1 C]2 > Sphy

Theoretical conditions on lmR(q"’)

Theoretical conditions on R(g?)

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

B R(4M2) is real = I(4M2) =
B R(4MZ) is real = I(4M2) =

P R(cc) isreal = I(c0) =0

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

® Space-like region (g2 < 0) data for R from TINAF and MIT-Bates
® Time-like region (g* > 4M,2V) data for |R| from FENICE+DM2, BABAR , E835 and LEAR

1,
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Preno: Phases from DR: |FP

PANDA Workshop, Orsay '07

BABAR o(e"e— pp) + DR

GP Gp T
Mq“ P = 16

IGR/GE, —

ol T = Y v ‘1\‘ |
|:|cr +DR [ |:|a +DR
«Ge=Gy| | «Ge=G
ol E Mﬁ wl £=Gu
[ If |GR| = |G}y
| ol IFP(q%)| = |Gy(q®)]
I IF§(q%)| =0
ST
T R 07“\“‘\“\‘
2 24 2 24

22 ‘ 22 ‘
V@?(GeV) V¢?(GeV)
& “
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Preno: Phases from DR: |Bg(
PANDA Workshop, Orsay '07

BABAR o(ete— pp) + DR

VTG — G2

.M*H** ¢

t

127Gy, + G2 |
\B"(q )Iq = BV ¥ Gl g IB"(q )\q = q*
" 3 3
[ T T [ T 1 T
i Fop+DR ||
8- JCEYCIValRE |57 (q”)| = G)y(a”)|(1—v/7)
| Cdop+DR - «Ge=Gp

2 22

V@ (GeV)

V@ (GeV)

24
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Time-like |Gy,| meas

Only two measurements by FENICE and DM2

No Coulomb * FENICE |G/ Gl
correction v bm2 L
A
A DN,I,Z e);tr. from G Data ~ 15
1G5, (¢?) - Qg/Qul

Naively | ~ |Qq/Qul

pQCD

Soliton
models

VMD

q%(GeV?)
Threshold behaviour BABAR does agree with FENICE
from angular distribution

U—spin
n(4M2) = GR(4M?) = 0? Large Gj large Gf

F@Iﬁ Workshop, Ferrara October 15, 2007 Baryon form factors and phenomenological considerations
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Preno: The dispersive

We start from the imaginary part of the ratio R(g?),
written in the most general and model-independent way as

1(g?) = Im[R(q?)] = series of orthogonal polynomials

Some theoretical constraints
can be applied directly
on this function /(g?)

The function R(q?) is fully
reconstructed in both time-like
and space-like regions

Dispersion
Relations

The other theoretical conditions and the

experimental constraints can be imposed on the
obtained analytic expression of R(g?)

]
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Preno: “Baryonium” multihadronic processes
P.J. Franzini and F.J. Gilman, 1985

A vector meson Vy (JP€ = 1), with vanishing
ete~ coupling, which decays through an interme-
diate broad vector meson V;

1 1 1
A T4a ' a '
s Mf( *as M2 s M%+
_ s— Mg
(s— M2)(s— M) — &2

For instance. ..
4 My = 1880MeV | T, = 20MeV.
35 M, = 1850MeV 300MeV
3
2

)

| | | 1 | |
Le 17 18 19 2 21 22

V's(GeV)

.5
2
)
i
.5
§

€36,
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Preno: Asymptotic val

Real asymptotic values for R

BABAR is in agreement with the

|Rsa5ar(00) =(1.0 £ 0.2)p scaling law |GE2(q2)| ~ |Gu(q?)|
|RLear(00)] =(2.2+0.6)up as g2 — oo

Asymptotic behaviour of F /F;

||
' 1o {3.2i0.6 LEAR

Space-like zero RO ]
<l ]

tPABAR =(—10 £ 1) GeV?

5" =(—8.0 4 0.8) GeV?

Phragmeén-Lindelof theorem

Va2 (Gev) | ga7
v

>
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ISR Cross section

e = reconstruction efficiency

dN/d+/s
e(1+ 5rad)(dL/d\/§)

ISRLuminosity

Lee=232fb~1

T Xnaa () = 8raq = radiative corrections

ad  a N 1+C o ] 2V
T _ Y22 log -~ — L
dvs  mx [< X ) i c " C} Mz 4s) -

104

@ from integration of the radiator function over 07
@ 20° < 6% < 160° acceptance for ISR photon

103

dL

= [nb=1/0.1GeV] |
. . Lo dv/s [ / ]
C = cos 67 min and 02 is the ISR angle in e* e~ CM
0 : 4 6
Vs(GeV)

8
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