The 22"¢ International Spin Symposium (SPIN2016)

Baryon Electromagnetic Form Factors at BESIII

Dexu Lin

Helmholtz-Institut Mainz, Germany
Institut fiir Kernphysik, JGU Mainz, Germay

(On Behalf of BESIII Collaboration)

BESIT @
|Institut Mainz ailnlinlin

-t
-
L E
Cluster of Excellence A
UIUC, IL, USA
Sep. 25 - 30, 2016
D.X. Lin (HIM)

[m]

=
Baryon Electromagnetic Form Factors at

DA
1/21



N
Outline

© Introduction and Motivation

@ Introduction to BESIII
e Baryon EM Form Factors

© Measurements of Baryon EM FFs at BESIII

@ Measurements of the Proton FFs
@ Hyperon FFs Measurement

© Prospects and Summary

o
D.X. Lin (HIM) Baryon Electromagnetic Form Factors at

DA
2/21



Cll and BESIII ;

: 52
D.X. Lin (HIM) Baryol

n Electromagnetic Form Factors at



Introduction and Motivation LYt IR W=1=] 1]}

Double Storage Rings of BEPCII: A 7-charm factory

Beam energy:

1.0 - 2.3 GeV Beam current:
Optimum energy: 1.89 GeV Designed Lumi:
Crossing Angle: +11 mrad

5th April, 2016
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Introduction and Motivation LYt IR W=1=] 1]}

BESIII Spectrometer
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The BESIII Collaboration
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58 institutions
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~ 450 members
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Introduction and Motivation Baryon EM Form Factors

Electromagnetic (EM) Form Factors (FFs)
® §Pin s Baryon: (2s+1) EM FFs M= F(q®)y" + im”Fz(qQ)a‘“’qy

ao Form Factors
'§ Dirac: F1(q?)
§ Pauli: Fzng)
Ge =F1+ j=zF2
Gm =F1 + kF2
Annihilation : . .
Time-Like Region
FFs Complex

Space-Like Region
FFs Real

Unphysical !

8 7 6 5 4 3 2 -1 0 1 2 3'4 5 6 7 8
2 2
q° [(GeV/c)?]
F1(0) =
Gem(—o0) = [Gem(+o0)| O =Q 6 )| = (Gy(am?)
F2(0) = 1 O «Fr <= <=» T 9AC
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Introduction and Motivation Baryon EM Form Factors

FFs Measurements in Time-Like Region

x =2E,/\/s
Energy Scan Initial State Radiation
Epeam discrete fixed
L low at each beam energy high at one beam energy
dos C d?%0,5 1
| e = ISE G P (1 cos?0) | GE = LW (s, x, 04)05(q7)
_ 2—2x+x> 2
2"|GE|25|n 9] W(57X 9 )_ TK%(( singei( - %)
q° single at each beam energy from threékold tos
Both techniques, energy scan and initial state
radiation, can be used at BESIII
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Baryon EM Form Factors
The Status of Proton FFs in TL Region (Ratio)

Ren (IG G, ))
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ro B H H G
Fo oS = Only extraction of the ratio %
[ : BABAR M
2 "
P = Inconsistency between BaBar
15 and PS].?O,
v = Maximum at 2 GeV/c?,
oS = Extraction of an effective FF
ro based on assumptions,
NI AT AFR R BRI RN AT AT R
03 4 5 6 7 8 0
o? [(GeVicy]
0/ 40 . .
o Gov /o = o e 10%—24% statistics uncertainties.
1.877-1.950 1162 19+10 13670151004
) +0.16+0.06
e aen i 2R o, 52005 (2013
eoTa. +9Y-0.14-0.07
2.100-2.200 1444 118 +28 1.267914+010 Nucl. Phys. B 411, 3 (1994)
2.200-2.400 1160 126426 10473164010 (Until 2013)
2.400-3.000 879 122 422 1.0470:3470.32

= = = 2
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Introduction and Motivation Baryon EM Form Factors

The Status of Proton FFs in TL Region (Effective FF)

Oscillation behavior of Eff. FF
from BABAR data

Rescattering in final state?
(PRL 114, 232301 (2015))
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Baryon EM Form Factors
The Status of Neutron FFs in TL Region (Effective FF)

— 2000¢
< 1800 —— Fenice
o L
% 1400} _
2 g — BaBar (ppy )
S 12000
S i
1000}
800 ¥
600F ++
400} iy
200 iy
I R e e T SOTST T
0= %"""%2 24 26 28
q (GeVic)

> Two direct measurements,
> Non-zero cross section at threshold,
> Flat in low range (o, ~ 0p).

g Tf :
0.0k —— Fenice
0.8f —— SND
0.7f e =
g BaBar (pp,.)
0.6}
0.5
0.42 :
|
0.2}
0.15 e,
S I D e sehiaee
=552 24 26 28
g (GeVic).

> |G| larger than proton,
> No individual FFs (or ratio).
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Introduction and Motivation Baryon EM Form Factors

The Status of Hyperons FFsin TL Reglon

— 300 — _
:é- l BABAR i —‘ ‘A P
g + DM2 — e A
st [ o x°
L 4
2 200 4 0.2 + A AX
g BABAR ISR
&) i ++ 1 process H
L 10@,/5=10.58 GeV ++
100 ++ +4 £=232fb"! o1 | %&i+
I ] I 4’*‘4 e
L —— -H—+—
0 L L _+_l_._- 0 L
22 2.4 2.6 2.8 3 2.2 2 3
M, 5 (GeV/cY) m (GeV/c )
CLEO-c direct process ®GB=¢CB
1.6~ 0,/5=3.77 Gev o GEE — OM T
o 14F  £=805pb? i - > Only experimentally accessible in TL region
2 12} i 4 > Scarce data by CLEO-c, BABAR and DM2
X 1F o - > Effective FF seems larger than for protons
2= o8l ° % -
— 06 - Nucl. Phys. B 225-227 (2012) 205
0.4 ) o Phys. Lett. B 739 (2014) 90
| p A X E 2o | (2014)
0.2 uud uds wuds wuus dss uss sss _ _
=) = = z 9ac
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BESIII Data Samples

2
10’ er———————— i ‘ 3
£t PDG 2015 ¢ u, d, S ‘{ E
u w ]
- — 13 loop pQCD B
10 F eeeeeao-- ' Naive quark model —
F p | | 2175 E
o ! }‘ 0.1fbY E
L i T ]
TE i Energy Scan 526 pb™! 3 Baryon FFs
i o Inclusive “~3 from energy scan data
i a measurements R by ete"—BB
- T I R R N I [T |
10
0.5 1 15 2 25 3
R 7 — —T T T ib‘ T .
S $(2S) | 2010 B a0) C 1 Baryon FFs froin data
6 ) A Mark-T 0.5 fbi (423044260 1.0 fb~! — by ete™—BB~
a ;/XL;OQ Mark-T + LGW o, ! ] Y 1ny. WS"il
s B Mark-Il v o e 1 (Line(Z0"): 74171
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o O DASP | ! | ]
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r f H ]
3 4360 || L _ — — — 5
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Proton FFs
Proton FFs from Scan Data 2012

R-scan data: 157 pb™! in 12 points collected between 2.22 to 3.67 in 2011/2012.

PRD91. (2015) 112004

o
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F = =

180F 5
. _ 160F E
> Event selection of et e~ —pp: E (@) ]
S E —MC E
(=] F |
@ Two charged tracks from the vertex, S 100f E
£ 8o ]
@ PID as proton or antiproton, & E
@ Kinematics constraints apllied, ‘ o E
0.99 1.00 1.01 1.02
@ Background negligible or subtracted. Mp /\'s
T T T T T T T T
. . * BESII
> Cross section and effective FF W % (b) * sabar
- . _Born __ N°*_ NPk 107 e : ng:ég e
@ Born cross section: 0™ = S5 : 7%‘}% y oy ]
- + 4 E760 :
. . o 3q2 . _gBom k] +<% o E83s ]
@ Effective FF: Geff = 47a2BC m o ﬁ% ]
@ Good agreement with previous ones, :m
@ The precision improved. 1025, 4
22 24 26 28 30 32 34 36

a [Gev/d
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Extraction of the Ratio: 422, = Nom[(1 + cos?0) + |R2,,|(1 — cos?0)]

m
120 ——r—— 60 70
__100p (a) 4 % _ 60
g g . g =&
= S = 4
g £ g
& a ® i 2
10 10
-%.8 -6.6 -(;.4 -(;.2 -(;.0 0f2 0f4 OfB (;.8 -%.8 -(;.6 -6.4 -6.2 -6.0 0f2 04‘4 OfG 0.8 -%.8 -(;.6 -6.4 -6.2 -6.0 02 0.4 OfG 0.8
COSe,J COSeP COSeP
P o e E L
1.8F + mEsn E V5 IeY) GE /Gl Gl 10/
E & BaBar E Fit on cos 6,
165 PSI70 3 2232.4 0.87+£024+£005 18.42+500+098  1.04
1 4'_% + 3 2400.0 0.91+0.38 +£0.12 11.30 £ 4.73 + 1.53 0.74
~ . E | E (3050.0, 3080.0) 0.95 + 0.45 + 0.21 3.61 +1.71 +£0.82 0.61
s 1.2F + || | 3
o E | ]
s 10p [ | E
g 08f 3 > |Gg| and |G| extracted individually
< 06F 3 .
€ b 3 > Precision between 11% and 28%
0.2F 4 > Consistent with previous one at
0.0' 1 1 1 1 1 1 3

20 22 24 26 28
a[Gev/e]

w
<)

same g-range

F = DA
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Gl
ISR-Tagged Analysis for Proton

y.._ Angular Distribution

.8 1
cos6,

ISR pp Invariant Mass
F h_isr ~80
Geometry Acceptance (| cos]) Entries 1e+07 o [| RMS = 0.583 +0.015
Mean -4.685e-05 S [
MDC | [00,0.93) RS oss | Z.0F| Mean = 2.484 £ 0.022
. EMC | [0.0, 0.80)U(0.86, 0.92) - Sk .
10 Simulation & [| Entries = 732
P pair 42 -58% Ve=azey Zeof
Tagged ‘ Untagged L% C
ISR photon 147159 [ 31 - 46% s
10°E L
E a0
i L w E
R K

> 7 data samples (> 3.773 GeV)
> Total luminosity 7.4 fb~* d )
> Event selction: MY [Gevic?]

o Two charged tracks from vertex

@ One high energy shower in EMC Data at the energy 4.23 GeV
o Kinematic constraints applied pp invariant mass spectrum from threshold

> Background evaluation and subtraction - = = DA
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Proten FFs
Preliminary Results from ISR-Tagged Analysis

~ 25 -
% : “ PS170 g 0.7 ; : - E;ﬁ%o
o I e £ . E835
‘_; 2; , BESHI 06— | : SEA?NEH
& r (R Scan) r i FENICE
r v cMD3 0.5:7 3 : g“L"éo
15 ol E o (ﬂ \v BT LA
r T T pronmsss 0.4 ((“03 BESI (R Scan)
L SN C Q\\ o BESIIISR (LA)
i N\ 03 d \\
05— | I Eo %gg' %
Eo o1f- e ||
0 HH‘\“H‘5\””%”H;HHAHH\HH1 TR AR A B i e
@ [(GeV/cy] ? [(GeV/c)z]
> Background subtraction and
- : 5Rem/Rem 5Geff/Geff
efficiency correcting 9 o % o
> Combine the seven data samples stat. | 167 - 34% | 5% - 327%
0 0 0 0
> The proton FFs extracted between syst. | 4% -8% | 2% - 12%

th. — 3.0 GeV
. . . LA: Large polar Angle of ISR photon
> Systematic uncertainty included SA Small polar Ang|e of ISR photon

o = E 9DHAE
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Hyperon FFs
Lambda FFs from Scan Data 2012

Two channels for 2.2324 GeV: V5GeV_ Reconstruction Torn (PD) IGI (x107%)
_ 22324 Ao pr, Ao pr 325+53+46
o Charged channel: A — pr™, A —pm— A — iin” (3.0 10£0.4)x 10°
. . d hilation f _ combined 320+ 58 63.4+5.7
pion pairs and annihilation from p 240 133%20% 19 1293097 +0.92
=~ — 0 2.80 153£54220  4.16+0.73£027
@ Neutral channel: A — nr®, X 3.08 39+1.1+05 2214031014

79 reconstructed and @ shower

Only charged channel for other data:

. _ 4ma?p 1 242
@ Full reconstruction for 4 tracks o= ?[1 + ?HGeff(q )|
@ Kinematic constraints applied
%\ 400+ . & 0.5; T
7 0 (a) - BESIII o 07F (b) =BESI ]
L 2 300F ~e-BaBar i B 08 --BaBar E
> Preliminary results for A ® 50k -+DM2 1 2 sk
. o —<pQGD fit w U
> Non-zero behavior at threshold 8 5t AN 04F E
> Precision improved by 10% 8 150F E 3F E
100F E 2F E
50F E ) E
1 L
052 24 26 28 30 a2 00527724 26 28 30 a2
2 2
M (GeVic) M (GeVic)
o =1 s = = waw
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Hyperon FFs
Measurement of e"e~— AFA_ at BESIII

[ BELLE ISR analysis Data samples collected closing to AF
06F }} ete” = NIAZy threshold by BESIII in 2014
[ L =695 b1 —
_ 04;§ :}l PRL 101 (2008) 172001 Vs (GeV) | £ (pb 1)
% ' [ EJ[: + 4.5745 47.67
i 4.580 8.545
Lo 4.590 8.162
0 ~+J: ...... J(}Hﬂjf;rjﬂfj[ﬂHH# 4 5995 566.0
45 46 47 48 49 5 51 52 53 54
M(AL AD) GeV/c?

First measurement of FFs ratio for charmed hyperon:
very high statistical accuracy,

Cross section measurement at four energy points with
unprecedented statistical accuracy,

Line-shape study for the charmed hyperons pair
production closing to the threshold.

=

= =
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Prospects and Summary

Prospects of the Baryon FFs at BESIII

@ Proton FFs:

e Energy scan between 2.0 — 3.08 GeV.

@ Neutron FFs:

o High precision |Gy| and |Gg| (Rem) extraction individually.
e More data at high energy resonances for both ISR tagged and
untagged analysis.

e Extract |Gy| and |Gg| (Rem) first time from energy scan.
o ISR-tagged analysis for neutron effective FF from threshold.
@ Hyperon FFs:

e Full determination of A FFs and polarization.
e Other hyperon channels including YO0 v+
o Charmed hyperon A} at threshold.

o
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Prospects and Summary

Summary

Excellent laboratory for baryon form factors measurements at BESIII:
energy scan and initial state radiation.
°

Proton form factors have been extracted with a fraction of scan
data (2012).

threshold.

Preliminary results on Proton form factors from ISR-tagged analysis
with the data at resonances (> 3.773 GeV).
Preliminary results on A with a fraction of scan data (2012) at

The measurements of baryon form factor will be significantly
improved with the energy scan data from 2.0 GeV to 3.08 GeV

o
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Prospects and Summary

Summary

@ Excellent laboratory for baryon form factors measurements at BESIII:
energy scan and initial state radiation.

@ Proton form factors have been extracted with a fraction of scan
data (2012).

@ Preliminary results on Proton form factors from ISR-tagged analysis
with the data at resonances (> 3.773 GeV).

@ Preliminary results on A with a fraction of scan data (2012) at
threshold.

@ The measurements of baryon form factor will be significantly
improved with the energy scan data from 2.0 GeV to 3.08 GeV
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