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¢ Baryon FF: definitions and properties
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threshold

¢ Energy Scan and ISR techniques

¢ The nn case at BESIII
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Nucleon Form Factors definition

Space-like region (g < 0)

¢ Electromagnetic current (g = p' — p)
J“= (N(p)IJ* (0)IN(p)) = eﬂ(p’)[wm @+ F2<q2>}u(p)

¢ Dirac and Pauli form factors F; and F; are real
tim» v(q)  © Inthe Breit frame

p=(E,—d/2) —P=elF+ -2 F
{ po(Egr | oroelnden]
g=1(0,G) Jo = et(p')yu(p) [F1 + F2]
¢ 2Mu(p’)v*u(p) = a(p’)l(p + p)* + icH¥ q.]u(p)
¢ U(—P)u(p) = E/M ¢ ul(—Ppu(p) =1 J
Sachs form factors Normalizations
q2
GeE=F " 4M2 Fi(0)=Qs  Gu(0) = us
Gu=Fi+F F2(0) =rp  Ge(0) = Qs
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pQCD asymptotic behavior

Space-like region

~
¢ pQCD: as g° — —oo, F1(g?) and F2(q?)

i g must follow counting rules

/q g © Quarks exchange gluons to distribute
W momentum

Dirac form factor F; Pauli form factor F;,
® Non-spin flip ® Spin flip
® Two gluon propagators ® Two gluon propagators
*R@) o~ (-4 * R(q)  ~ (-9)7

—— —_

Sachs form factors Ge and Gu
® Gew(q®)  ~ (—q°)2
q? oo

— —

® Ratio: % , constant
M q<— —oco
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Nucleon form factors

Time-like region (g% > 0)

B ¢ Crossing symmetry:

(B(p')14*|B(p)) — (B(p')B(p)|J*|0)
¢ Form factors are complex functions of g

G

D

Optical theorem
Im(B(R)B(P)I(0)10)~3 XB(R)B(p)(0) ) (nl(0)0) = {{nF 270

n
|n) are on-shell intermediate states: 2, 37, 4, ...

Time-like asymptotic behavior

¢ lim Gewm(¢®)= lim Gewm(q?)
q2—>—oo q2—>+<x>

Phragmen Lindel6f theorem:

If a function f(z) — aas z — oo along
a straight line, and f(z) — basz — oo

along another straight line, and f(z) is regu-
lar and bounded in the angle between, then ¢ GE It ~ (qz)_z m
a = band f(z) — auniformly in this angle. ’ G2 — +oco

space— like time— like

e85,
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Cross sections and analyticity

Im[q?
(7] Time-like region

Space-like region Unphysical region Data region
No data e+ e BB

— 2
Sth = 4M7 Sony = 4M2, Re[q?]

1= |Ge|

Time-like: had. helicity = {0 N IGM|J Ge(4M3) = GM(4M’25)J

Elastic scattering
do _ o®Ejcos? § {G
dQ  4E3sin® ¢

2
0 1 - 49
(1 +2(1—7) tan? E)Gﬁ,,} - T aMZ

Annihilation Coulomb correction

&
L2 ¢ |do aB B

1 2 2 T
@Z 39 dQ = ag? (1+cos? 6)|Gu |+ sm 0|GE| }
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The Coulomb Factor

B

. % pp Coulomb interaction as FSI J

[Sommerfeld, Sakharov, Schwinger, Fadin, Khoze]

7*

AVAVAVA

B
2
Distorted wave approximation o
o
C= |"|’Coul(0)|2 ..8 L1
Qo
IS
S 15
®» S-wave: C= 3
)
1.25
®» D-wave: C= k 1
. I D .

No Coulomb factor for boson pairs (P-wave) 2 22 24

/42 (GeV/c)
e7

>
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Sommerfeld Enhancement

Coulomb Factor C for S-wave only:

® Partial wave FF:

Ge — 26mVQ* /AN + Ge . _ Gu\/q*/AM — Gg
s = """ p=— "
3 3

; 2 2,5 AMP
® Cross section: o(g°) = 2na”B

(g?)?

¢ Enhancement factor: & = wa /3

[c1Gs(a®) 2 + 2/Gp(e?) 2]

¢ Step at threshold: o(aM?) = s g |Gs(4M?)|2 = 0.85 |Gs(4M?)|2 nb
22 /ﬁ/ J

¢ Resummation factor: R =1/[1 — exp(—7a/B)]

¢ Few MeV above threshold: C~1 = o(q?) x B|Gs(g?)|?

@8,
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The ete— — 777 case

i5)
cE | e KEDR
b: 1 B O BES
Lo With Coulomb corr.
|  —— Without Coulomb corr.
0.75 e With only enhancement factor
i 0.
(] L
05 T AT
0.25
0
3.55 3.56
W__ (GeV) 09,
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Pointlike Baryons?
dini Ferroli, S. Pacetti, A. Zallo and A. Zichichi
[arXiv:0812.3283]

No Sommerfeld resummation

factorin ete~ — pp?
R. Baldini Ferroli, S. Pacetti and A. Zallo
[arXiv:1008.0542]
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ISR: Physics Motivations

¢ Existing results, obtained by BABAR (ISR), show interesting
and unexpected behaviors, mainly at thresholds, for

¢ Only one measurement (FENICE with energy scan) for

ete— — nn

There are physical limits in reaching the threshold of many of
these channels via energy scan (stable hadrons produced at
rest can not be detected)

The Initial State Radiation technique provides a unique tool

to access threshold regions working at higher resonances

e,
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Initial State Radiation

. d’c
s (Ex, 0~) dE, do,

= W(Ey,64) - Ogte—_ x,,,(5)

(2—2x+x2>

Xhag momentum
e ..CM ~i5 energy, scatt. ang.

CM e*e™ energy

X = Ey /2Ecy

Advantages
2 All energies (g?) at the same time

Better control on systematics
(e.g. greatly reduced point to point)

J Detected ISR = full X34 angular coverage

at threshold € # 0
energy resolution ~ 1 MeV

& CM boost = {

612,
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Mass resolution in etfe” — p

& R
2 [ 1
s | ++
S2f +
g L
= I —+* ]
% 15 - e N
1))
15} ¢ 444
©
S 01 ,;W ]
[ )
Y .
5! *’ft‘ =
¢
olb v v
2 3 4

My (GeV/c?)

Incredibly good at threshold (~ 1 MeV/c?), as ete~ c.m.

Apr/pr ~ 0.5% at 1 GeV
13,
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BABAR via ISR: e+e_ — pﬁ [PRD73, 012005]

Expected

o, (nb)
[

cross section

|ep(4vnv;%h>=1 mfommm

M

i $ ¢ ¢
: ®
: | | |
01.8 2 2.2 2.4
W (&) e14,
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Proton form factor at g% = 4
o(ete” — pp)(4M?) =0.83 £ 0.05nb WY JY]

|GP(4M§)| = 0.85 |G"(4M?)|? nb

o(ete” — pp)(4MZ) =

M2 /°

2 —
|GP(4M2)| = 1

|GP(4M2)| = 0.99 = 0.04(stat) + 0.03(syst)

o5,
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Proton form factor at g% = 4Mg

|GP(4M2)| = 1

At g° = 4M; protons behave
as pointlike fermions!
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Sommerfeld
Resummation Factor
Needed?
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Resummation Factor Neede

» Atthreshold: Gg/Gy =1

» 0(9?),|Ge/Gu| — Gs, Gp

» Gs=/1—exp(—ma/B)

7,
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BABAR: |G’E)/ an/ll and U(e+e_ [PRD73, 012005]

— 25
as

19 2 21

\\\\‘\\\\‘\\\\
191
-»-
2
re

19

2.1
W, (Gev) ol
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BABAR: |G’E)/ an/ll and U(e+e_ [PRD73, 012005]

aa [ ‘ ‘ ]
O 4 i
=0 r V1 —exp(—ma/B) 1
o | |
075 2
05~ i .
[ G ]
0.25 e
Food IGEI 1
En | | | | | | | | | |
1.9 2

2.1
W, (Gev) o
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Integrated Sommerfeld factor

|G |2 U(qz)
eff c 16mra? VT
3

4q2

2
o
|Ggo-sum|2= (@)

15

|Gﬁo-sum " |Ggff|

05l {

| I | |
0 2 22 24 0 2 4

W, (Gev) AW (MeV) 20,
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Resummation Factor Neede

For a wide energy range (~ 200 MeV):

» Proton behaves as a pointlike particle

» e.m. dominance, no strong interaction?

» Mild sensitivity to 55 invariant mass resolution

21,
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+om +AT
ere —>I\c/\c

[Belle PRL101, 172001]

3 I T L L L L
5 L 4
206 8
o r ]
04 —

Expected 02

cross section with L, \ F
A 2| — r N
el

TV RIS SIN NRREN NI S SRR B A R
46 47 48 49 5
W, 1 (GEV)

€22,

Tatranska Strba, June 28th 2011 Time-like Baryon FFs near threshold Status and Perspectives



BABAR: e+e_ — AK [PRD76, 092006]

—~ 03
o]
= L .
\’< ® No Coulomb correction (?)
S I ® BESIII can improve this result
I ® Polarization for free: A — pr—
0.2+
0.1
ol T T Ll :
2.2 23 24 25 2.6
W/\/\ (GeV) €23,
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Time-like |Gy,| measureme

Only two measurements by FENICE and DM2

No Coulomb * FENICE |G/ Gl
correction v bm2
& DM2 extr. from GM Data ~ 1.5
Gh(d?) - Qq/Qul

Naively ~ |Qqg/Qul

pQCD

Soliton
models

VMD
(Dubnicka)

q%(GeV?)
BABAR does agree with FENICE

Large Gpy =1 large Gf
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First results from
VEPP2000 collider

E.Solodov
(for CMD-3 collaboration)

Budker Institute of Nuclear Physics,
SB RAS, Novosibirsk, Russia

HADRONZ2011, Munich, Germany

June 2011
4
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coverter

B-3M

200 MeV
synchro-
betatron

VEPP-2000 at 900 MeV

Circumference

RF frequency

RF voltage
RFharmonic number
Momentum compaction
Syncrothrotron tune
x-emittance
z-emittance

Energy loss/turn
z-damping decrements
x-damping decrements
s-damping decrements
Energy spread

Bx atIP

Bz atlIP

Betatron tunes (x, z)
Particles/bunch
Bunches/beam

Tune schifts (x, z)
Luminosity/IP

24.388 mm
172.0 MHz
100 V

14

0.036

0.003

2.2 x 10—5
2.2 x 10—°
41.5 keV
2.3 x 1075
2.3 x 1075
4.6 x 10—°
6.4 x 10—4
6.3cm
6.3cm
41,241

1.0 x 10"
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VEPP-2000

Integrated luminosity ~ 100 pb! per detector/year
CMD-3

Total integrated luminosity with all detectors on VEPP-2M ~ 70 pb?
€28,
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Physics program at VEPP-2000

. Precise measurement of the quantity
R=c(e+e~ > had.)/ c(e+e>u+p-) - GOAL <1% syst. for major channels
. Study of hadronic channels:
e+e > 2h, 3h, 4h ..., h=n,Kn
. Study of ‘excited’ vector mesons: p’, p”’, ®', ¢',..
. CVC tests: comparison of e+e~ > hadr. (T=1)
cross section with t-decay spectra
. Study of nucleon-antinucleon pair production -
nucleon electromagnetic form factors,
search for NNbar resonances, ..
. Hadron production in ‘radiative return’
(ISR) processes
. Two photon physics
. Test of the QED high order processes 2->4,5

Two detectors have been build for the study

€29,
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Spherical Neutral Detector

| NI S N
0 20 40 60 B0 100 cm

1 - VEPP-2000 vacuum chamber, 2 - tracking system,

3 - aerogel counters, 4 — electromagnetic calorimeter Nal(Tl),
5 — vacuum phototriodes, 6 — absorber, 7-9 - muon system,
10 - VEPP-2000 phocusing solenoid

€30,
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Cryogenic Magnetic Detector-3

Ay S S |
/—MIIIIIIIII \

\ (T

1 - vacuum chamber 6 - electromagnetic calorimeter LXe
2 - drift chamber 7 - electromagnetic calorimeter Csl
3 - electromagnetic calorimeter BGO 8 - yoke

4 - Z - chamber 9 - VEPP-2000 solenoid

5 - CMD SC solenoid

€31,
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Preliminary results for the efe  -> PbarP study

Clear signature of the PbarP events

o -

R | e

5 b

§ aF- e | |

n 12 S N S — —

8 E [ |  ~cwps3 preliminary

© 08l H H'.}.} -
N3 by T T
AN
ok I L R I TIT PO P

1.8 2 2.2 24 3

* E., Bev)

€32,
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First preliminary result from SND

+ —_ —
ee — nn
i e Scan 2011
= ® SND(2011) . .
2 b o rencewe * nil cross section is presented,

efficiency ~ 30%
* ete” — pp, vy backgrounds
1 { I [ 4 are subtracted
T

Wb T Jl I 1 & | +Belowthe ni threshold
{ NO 2R1- !* N l ‘11 6=0120.2nb

0 1 * Above the nn threshold
s ‘ 6 =0.8+0.2 nb

18 185 K 765 3
2E GV

€33,
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BESIII
Status, Results and
Perspectives

transka S , June 28th 2011 Time-like Baryon FFs near threshold Status and Perspectives



BEPCII/BESIII

TN . S ey~ igF _JR i) e 10 AN TN -

EScrrelll‘l'e wew of BEPCII /BESIII

\ BESIII R _' 2008: test run of BEPCII
detector 8 % 2009-now: BECPII/BESITI
\ \ . data taking
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BEPCII: e" e~ double ring

Design Features
® Beam energy: 1.0 - 2.3 GeV

Crossing angle: 22 mrad
(DA®NE 50 mrad)

Luminosity: 1033 cm—2s—1
Optimum energy: 1.89 GeV
Energy spread: 5.16 x 10—4
Number of bunches: 93
Bunch length: 1.5 cm

Total current: 0.91 A
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BESIII Detector

|Magnet: I' T Super conducting |

DC: small cell & Gas:
e/C,H, (60/40), 43 layers
G,=130 um
o,/p=0.5% @1GeV
dE/dx=6%

5100
2373

TOF:
o= 100 ps Barrel
110 ps Endcap

oo T,

Muon ID: 9 layers RPC
™ 8 layers for endcap

EMC: Cslcrystal, 28 cm ~ Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 4 kHz
oz = 0.6 cmAE Total data volume ~ 50 MB/s

The detector is hermetic for neutral and charged particles

with excellent resolution, PID, and large coverage

@37

>
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BESIII at BEPCII: Status

So far BESIII has collected:
» 2009: 225 Million J/v» R
200

» 2010-11: 2.9 fb—1 4(3770) 5o | wmm Jhy
(3.5XCLEO-c 0.818 fb— 1) 0 |y
» May 2011: 0.5 fb—" at 4010 MeV (one s
month) for Ds and XYZ spectroscopy 100

60
BESIII will also collect: 2 — — l _'
» more J/, ¢’ 4(3770)

MKIIl CBAL BESI BESII CLEO BESII

» data at higher energies (for XYZ
searches, R scan and Ds physics)

@38
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ISR at zero degrees

€39

>
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BESIII and ZDD
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ISR on ZDD and Bremsstrahlung ¢

ISR angular distribution on ZDD Bremsstrahlung and ISR
g y (mm)
£ 0 2 4 6 8 10 12 14
> 30F 7 e T T T T T T T
1 £  k—dot ZDD
20F ho N
g —— Bremsstrahlung
10F 2‘0.04 =
o B )
10 [}
-10F x
0.02 -
200
301 ho \
7 | | | | | | | 0 S !
20 10 0 10 20 30 40 50 60 0 1 2 3 4
(@) 8 (mrad)
- v

€41,
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Proposal for a zero-degree ¢

¢ J/v¢, ¢(2S), 1 (3770) resonances decay with high BR’s to final
states with 7% and ~¢s (final state)

C At BESIIl these decay channels represent severe backgrounds for
typical ISR final states with s detected at wide angle

® =0 and final ~ angular

distributions are isotropic A zero-degree radiative

photon tagger will suppress

® ISR angular distribution most of these backgrounds

is peaked at small angles

A new zero-degree detector (ZDD) will be
installed this summer at BESIII to tag ISR
photons as well as to measure the luminosity

€2

D
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nn physics case

€43,
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The nnvs physics case

ete~ — nn~s at a center of mass energy: Ec.m. = 3.77 GeV

~is energy range: 50 MeV < E.. < (Ec.m./2) (1 — aM? /Eg.,,,.)

Beam pipe suppresses sinc. rad. bkg. and s with E, g < 50 MeV
~s in ZDD and only antineutron detected in BESIII
n annihilation star detected in TOF (At;or = 150 ps) and EMC

[ 10000 evts
I 6145 evts [0 Geom. cut

J 10000 events with v — ZDD

9 Mhad = Ec.m.\/1 - 2E7|S/Ec.m.

& Geometrical cut:

2 n — BESIII

Events/0.020 GeV
=
(=]
o

50|

& No constraintin n

2 25 3 35
My (GeV) €44,
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nnz® and nnvgs background

d ete~— nn=? and et e~— nn~gg (With a final state photon) are important
backgrounds for et e—— nn~g

d Assuming o(ete~ — nAn®) ~ o(ete~ — pp=O):

Ev(nn=°) Ev(pp~°)
—_— M ~ R = - M = .
Ev(nnvs) [Mrias)] = Rarean Ev(pps) [Mrias)] = 0.08

J In BESIII, directly at the v»(3770) mass:

0.012 1
Rsgsy = 0. _0.012 LR Y
Besi = 0.06 <3><1o—6) ><(10.7)
—_— —_——

pp~0 cross section ratio  Lum. ratio

s —2ZDD Ev(nn=®, 7°— 0°)
= 0.0008

ZDD solid angle Ev(nn 0o
9" Yiss Yis—
BESIII solid angle i ( ; )

Ev(nnvrs, vrs— 0°)
2
2.(2-4.5-3/349%) _ 3.8.10-5 W ~ 0.0001

47 COS Opin
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The nnr®s background reductic

J Geometrical cut on n

& =0 detection in BESIII: at least one of the 7% photons with £,>50 MeV in BESIII
not in a 200 mrad cone around n direction

J Kinematic fit: x2 <10
3 % [Pbfscnt ' T
o i Ogo | [ 4s10mevts i
o o
8 8 I 7100 evts
S S
o i
5 n 560 -
i i
] ml

35
Mg (GEV)
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Expected nn events

¢ Integrated luminosity: /l:dt =2.5f1

¢ Detection efficiency: e~ 0.5
¢ Center of mass energy: Ec.m. = 3.77 GeV

=
a
o

~1000 nn events

Events/0.050 GeV
B
3

2 25| 3 35
M, 4 (GeV) “7)
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Measurement of J/v» — pp

© pp amplitude A from BABAR data
© nnamplitude A7 from FENICE data
© A5 — A” relative phase from pQCD

P
B(J/p—pp) = (1.44+0.2)x10~3

Aszg+A7

B(J/vp—nin)=

Asg+A5

© BESIl at BEPC [pLB591,42):  B(J/v) — pp) = (2.26 £ 0.01 £ 0.14) x 103
© FENICE at ADONE [PLB444,111]: B(J/+p — nn) = (2.2 £0.4) x 10—3

B(J/+ — pp) ~ B(J/y» — nn)
U

large A3, — AY) relative phase

€48,

)
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Preliminary results: J/v» — pp,

n identification: 0.6 GeV< E <2.0 GeV n identification: 0.06 GeV< E <0.06 GeV
= 3000 © 8000 F
© G 3000F £ 700
= E 2
[= @
B et z
"5 2000F w i
< 2000F =
[} L @
> >
[i1] E <
1000F 1000
0 L L L 0 L Og, I‘O zb 30
0.0 1.0 2.0 0 50 100 150 o _
Angl t 1 directi f
E(n) (GeV) Number of hits in 50° cone ngle between n and recoil direction of I
v v

Comparison fornin J/¢» — nnand J/v¢) — pﬁﬂ-o
(™ deposit energy in EMC
© number of hits in a 50° cone around the n shower

B(J/)— nii) = (2.07+0.010.14)x103 | B(J/1)— pp)=(2.112+0.004+0.027)x10~3
PDG: B(J/+) — nfl) = (2.240.4) x 103 PDG: B(J/1) — pp) = (2.1740.07) x 103

B(J/+ —PP) =~ B(/) — i)

suggests a phase ~ 90° between strong and em amplitudes!

€49,
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Conclusions

® Pointlike Behavior at and well above threshold

® No Sommerfeld Resummation Factor
® Neutral Baryons Puzzle

Perspectives

@ More results from BABAR(x2) and Belle (?)
@ BESIII: ISR now, scan 2012-2013
@® VEPP-2000 NN near threshold soon

€50,
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