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m Definitions of Baryon Form Factors (FFs)

m A brief introduction of BESIII detector at BEPCII
m Status of Baryons Time-Like FFs and prospects at BESIII

m Proton FFs

m Neutron FFs
m Other hyperons (A, X, A.) FFs

m Summary
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Definitions of Baryon Form Factors (FFs)

Space-Like, g% < 0 \{:Uke g’ >0

B

g—>g ....... =
63

Elastic scattering

do  o?Elcos’ g [, 0\ .,] 1 2
da = aganty [T (PO ST Tdy

Annihilation

do o?gC 1

—=— (1 2 0)|Gm|?+ — sin® 0|G 2], =,/1-1
o= s |(eost O)[Gul+ ~sin?olGe |, L

Coulomb correction C

q> — +oo (analyticity) = Ggm(—0) = Gg m(+o<)
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How to measure TL FFs

ete™ — BB, the angular distributions at certain g?

= 2
(2 0)= 45 [(H—cos 0)|Gu(q?) |+ s|n 0| Ge(q M’T: q J

4M3

g%: 4-momentum transfered by the virtual photon

0: polar angle of proton or baryon in CM
Or the ratio of them:

do 0 e ﬁC

Jq(70)=

1_ Ge(9%)
2 2 =2 2 | FE
|Gm(q®)| [(1+C°5 0) + REMTS'" 9] s ReEm 'GM(qz)

The absolute value can be get from

4ma?pC s 1 >
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Cross Section

Or write in partial waves

o = 2ma?B {4 [C|Gs(4M2)? +2|Gp(a?) ]

2GM\/q2/4M2+GE G . GM\/q2/4M27GE
- 3 e b="7"3

C is only for S-wave. Gs =

At threshold, why Gg(4M?) = Gy (4M?) ?
m if we assume only S-wave,
Gp(4M?) = 0 = Gg(4M?) = Gp(4M?)
Also a conclusion from analyticity.
m EM current, F; and > (assumed analytic functions)
= efilp) [Fu(@®) v + aiig Fa(@®)iog” | u(p)e™
Ge = Fi+ £33 F2, Gy = F1+ kFy —> Gg(4M2) = Gp(4M?)

Yadi Wang (LNF-INFN) Baryon Time-Like Form Factors at BESIII 2013-09-11

5 /24



Cross section

For Charged leptons at threshold (S—wave)'

— ma/f , T 2y|2
mC= I—exp(—ma/B) 3_9 B o= 2M2 |G (4M )’

m Few MeV above threshold, C ~ 1 — 0(g?) x 3|Gs(g?)|?
m /s it true for Charged Baryons 777

For neutral baryons, in principle no Coulomb correction,
C=1
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BESIII detector at BEPCII

BEPCII
szs flaale =n

//”//— \\\\‘\\\
BESIII Detector 7 N\
= —
Magnet yoke SC magnet, 1T ! \:“‘fli' 8|
R =2 =
TOF. 50ms \x\\\\\ Zoom into the 1P //I/;I

‘\\°=~_ ___T__ _—=”’;’

Beam energy:1.0 — 2.3 GeV

Peak Luminosity:

1 x 103 cm~2s7! (Designed),
0.65 x 1033 cm~2s~! (Achieved).
m Beam energy measurement:

CsI(TI) calorimeter, 2.5 %@ 1 GeV Compton backscattering technique.
SE/E ~5x 1075 — §E ~ 50 KeV
at E ~ m,.

MDC, 120 pm
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BESIII data taking status and plan

dataset Previous data | BESIII present & future Goal
J/ BESI: 58 M 1.2B 20*BESII 10 B
)’ CLEO:28M | 05B 20*CLEOc 3B
i CLEO: 0.8/fb | 2.9/fb 3.5*CLEOc 20/fb
1(4040)/ CLEO: 0.6/fb | 2011: 0.4/fb ©@1)(4040) 5-10
1(4160)/ @ (4160) | 2013: 2/fb ©4260, /fb
1(4260)/ 0.5/fb ©4360
1(4360) Data for lineshape
R scan BESII 2012: R @ 2.23, 2.4, 2.8, 3.4GeV
25/pb T
2013-2014:high mass resonance?
R measurement?

J/4 lineshape 2012: 16 points finished
1" lineshape in the future
2 — 4 GeV in the future
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Ge/ Gy of proton

Phys. Rev. D 87, 092005 (2013)

E ® BABAR q
[CN © PS170 B . 5
15 m Maximum at 2 GeV/c
m Geg > Gy for all My (#
space-like),
1 Babar inconsistent with PS170
I il m Consistent with |Gg/Gu| =1
- 8 at large Mpp
o8 2 2.25 25 2.75 53 )
Mpﬁ (GeV/co)
JWPF', GBV/CZ N Ngky ‘GE‘,"GM|
1.877-1.950 1162 19=10 gt
- +0.16+0.06 L.
1.950-2.025 1290 53 =16 1.48;3'1?73‘53 10% — 24% (statlstlcal
2.025-2.100 1328 63 =14 1,39;31;_3% error) @ BABAR
2.100-2.200 1444 118 28 126t
Y 10% expected © BESIII
2.200-2.400 1160 126 + 26 1p4 154010
2.400-3.000 879 122 £22 1p4302540:35

Yadi Wang (LNF-INFN) Baryon Time-Like Form Factors at BESIII 2013-09-11



Feasible study at BESIII

E(q2 )= @
daQ '’ 4q2

Babayaga_phase generator + detector simulation + event selection’s efficiency + ISR

1
1Gm(g?)[? | (1 + cos?0) + R,%:M;sinzﬁ

Ecm = 2.0 GeV and 7.1 pb™'

Proposals have been made.
Ecm Luminosity Theam
(Gev) | (b~ (day)
2.0 9.0 14.8
2.15 27 23
2.1 10.8 15.3
2.175 53 45
22 2.1 138
2.23 4.0 3.4
2.981 79.0 14.5
23 9.80 7.9
24 16.0 6.9
25 20.4 18.9
2.6 25.7 7.0
2.7 333 105
2.8 39.6 108
2.9 50.4 93

24% (stat.) @ BABAR — 10% (expected) @ BESIII
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Structures on M(pp) ?

Interesting steps appeared around 2.2 GeV and 3.0 GeV.
Phys. Rev. D 87, 092005 (2013)

— 1500 ———————y —_ — —

g b ® BABAR 8 10° ® BABAR A

P O FENICE = ¢ ? O FENICE ]

i<l O DM2 2 [ O bM2 ]
‘a L A DM1 i ‘g; 2 . + A DM1

10 e, -

¥ ADONE73 E . % ADONE73

1000 N E 4 % 3

é A J( s BES g b % 6;%%, & BES ]
s} 1t 8] # v CLEO

L A

++ , ’ 7 ﬁ»++ N 7

t
> $ ] 3 3
LR tr
ol ﬁi \*\*M\*#*\*ér SRR IVEN B
2 22 24 26 28 2 3

4
2y 2;
M (GeV/c?) M (Gevic)

With the high luminosity at BESIII, these structures are
under investigation.
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A step at 3.0 GeV?

— - —_——
0 -
o 25—
~ -
I C
Q L
© 20— l ——t
15 l
10
- ® BABAR [PRDS7, 092005 (2013)]
5 |
[ A E760 [PRL70, 1212 (1993)] I
N I I I B B T I |
28 285 29 205 3 305 31
Wep (GeV)

Is it true there is a steep step around 3.0 GeV'?

BESIII is measuring this step with enough accuracy.
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At pp threshold (¢? = 4M?)

For Charged leptons at threshold (S-wave) — pp:
c ma/B

_ . T
~ l-exp(—ma/B) ﬂ_)ol B

o = T |Gs(4M?)[? = 0.85|Gs(4M?)|? nb
‘C’% ! + BABAR Phys. Rev. D 73, 012005 (2006)
LM
07 1 *H Hm o(ete” — pp)(4M2) = 0.83 +0.05 nb
0.5; +++ GP(4M2) = 0.99 & 0.04(stat.) £ 0.03(syst.)
' ;
0.25: ++
t ¢ ¢ | At g*> = 4M? protons behave as
95 2 22

———! point-like fermions!?
W, (Gev)
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At pp threshold (q* = 4M?)

Phys. Rev. D 87, 092005 (2013)

= H L L B
E - ]
& F BABAR ,
1= —
RLCERAEEY
0.5 o L=232fb"1 AW,, =23%,25 MeV |

. © L =469 fb~!, AW,, = 23*, 25 MeV

- © L =469 fb!, AW,, =3.5",5 MeV -
B L L | * first bin a

9.85 1.9 1.95 2 2.05 2.1
W (GeV)

With more L and smaller binning, the result changed somewhat.

Results from BESIII needed (from ISR process).
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Measurement of TL FFs from ISR

o Lo = W(E,.0,) - o (s)
dE. do., =t oy ete— —+Xpag

a (2—2x +x2°
SUE S e (W)
3

ete—— v Xpad

ISR versus c.m.

m All g at the same time = Better Control on systematics

B c.m. boost = at threshold efficiency # 0+ oy ~ 1 MeV

m Detected ISR v = full pp angular coverage

Yadi Wang (LNF-INFN) Baryon Time-Like Form Factors at BESIII 2013-09-11 15 / 24



ISR: BESIII vs BABAR for o(pp)

dE dE, 1 [dE\?
L/SR(W(), E»y) = B?J [1 — ?J + E (EJ) ] x dW x Lo(Wo)
Theoretical calculation To get the same result as
Z oaaf ‘ ‘ ‘ iy BABAR, the luminosity needed
i‘ o.12F E at BESIII:
o 0.10 E
_% oosf- E.n, = 10579 MeV | L =450 b~ !
0.06F E BABAR energy
0.041 E E.,=4260 MeV | L =648 fb !
i e E.n = 4040 MeV | L =56.6 fb !
SO0 0 Ecn = 3770 MeV_ | L=47.0 b !
E., = 3686 MeV L =441 fb 1
 Rem = Gg/Gum shape; E,, —3100 MeV | L=256fb !
m Steps around 2.2 and 3.0 GeV; E.,=2232MeV | L=481f1

m Threshold study.
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Few results from Fenice with 74

‘ —
—odl * FENICE 1 signal events (0.4 pb™!) from
= | v DM2 ] ete™ — nn
tL')E L A DM2 extr. from G
L i p
L \ No Coulomb correction |
04f m Data ~ 1.5;
i m Naively ~ |Qq/Qu| = 1/2;
02
— m pQCD ~< 1;
ol m Soliton models ~ 1;
18 2 22 24

/& (GeV) m VMD ~> 1.

E ~ (2M,, — 3.0) GeV. Good detection performance for neutron.
SND, BESIII, and CMD2(?) can do this.
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At threshold only S-wave:
m2a38C
2M?

ete” — nn (FENICE) g
Nucl.Phys.B517,3(1998) 1.5

25 - SND 3011

g =

|Gs(4M?)?, C=1,~0—0~0

= sND3012 i

i O FENICB
5 B H ® HEUTROM

ST it

oy
4R ob 44 :

9(')0 925 Qf‘il] 9"}% (B}_Igllg}

-
i

m SND preliminary result (ref. T.V.Dimova's
report)

g ed by oy Tng o ae e Foa Taa sl poni e

) m Non-zero at threshold?
\fc (GeV)

s o(nF) > o(pp)?
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n and n identification at BESIII

J/¢¥ — nn. Phys.Rev.D 86(5),032014 (2012)
3 .%3000 Ném’
= 2500 5 §
8 71 2500F 2000}
y w b=
?’.42000 o)
5 >
> 2000 ' Wanoof
T 1500}
1500
1000F 1000k 20008
%0 sk 1000
Olaeef 1] b o 1 [}|* S, n
00 05 10 15 20 25 0 50 100 150 0 20 40 60 80 100
E(m) (GeV) Hitsin 50-degree cone Second moment (cm?)

m Ref. to "Study of J/1p — pp and J/1) — ni" paper at BESIII.
m Excellent selection of neutron and anti-neutron with EMC.

m Accurate measurement of ete™ — nn is going on. New
results will come.
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J(A/_\) at threshold similar with a(nn)

Phys. Rev. D 76, 092006 (2007)
o e I

__ 300 — —
g i e BABAR i
2 I H » DM2 ]
200 ‘“ * -
- + owh = 200 =50 pb
100 A++ N
S ]
o B ‘ —— : |
2.5 3 3.5
Vq? (GeV/c)
Like a remnant of —1 For any neutral baryon
. . Cox 3
Coulomb interactions i — 1Gsl
at quark level? J as /a2 — 2My0 88 X 1, ???J
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J(A/_\) at threshold similar with a(nn)

Theoretical calculation
220 pr—r———————————————

Phys. Rev. D 76, 092006 (2007) Lee e e e

0.3

180
160
140

BABAR 140

o2F 1
r 80
[ 60
01; 20
- (o]

Opp (nb)
cross section (pb)

T T T T
r [
bbb bbb liogl

P 1 I
2230 2240 2250 2260

E (MeV)

22 23 24 25 26 Considering beam energy spread,
Wan (GV) theoretically the cross section at
threshold is about 20 pb.

BESIII has already collected data at threshold and above.
The analysis is on progress.
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J(Zi) at threshold similar with o(nn)

No Coulomb correction at hadron level: C =1

Phys. Rev. D 76, 092006 (2007)

—~ 004 BABAR .
= i 1
[ 003 | - o(ete” — ¥0F0)
< : :
0.02 |- om=30+13pb |
0.01 - .
o i L L L 1 r T 1 r T T i T T 1 j

3 a 5

vV q* (GeV/c)
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a(ANEA;) at threshold

At threshold, only S-wave: o = 87| Gs(4M?2)[2 = 0.15|Gs(4M?)[2 nb

2 2 2 2 __
Like pp, partial wave FFs: G, = 22V I/4M+Ge W' Gp = HVTM -G W J

[Belle PRL101, 172001] Belle ISR:

‘ ‘ ‘ 1 Br(ANf — pKO, pK— 7, Att) = 6.9%
N ~ 2 1
00 , BESIT [ <B (%)
7 pKs 0.4
] pK—nt 1.8
H M + u At 03
H H Hﬁ 1 total 2.5
- - | Waee (GeV) So, assume ¢ = 0.14 nb, L ~ 70 nb~ 1,
o(AFAZ) ~0.15 nb — we will have N = ¢Bo L = 2100 at
point-like at threshold? BESIII.
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m Review of puzzles of baryons form factors;
m Proton: Gg/Gy, structures on total cross sections, Gs at
threshold:
m Neutron: Gy, total cross section;
m Hyperon (A, X, A.): threshold of total cross section
m Proposals for the next running period:
m2~45 GeV,;

m BESIII will present soon new, interesting results on baryon
form factors!

Thanks for your attention!
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