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v' INTRODUCTION:
e The BESIII experiment and data sets
* Electromagnetic Form Factors formalism

v" Baryon Form Factors at BESIII
* Proton Form Factor
* |Ggl/IGy| measurements
* ISR: taggend and untagged analysis
* A Form Factors
* Phase information (preliminary result)
* A, Form Factors

v Summary and Conclusions
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jing Electron Positron Collider I1

‘ L v Double rings
j v Beam energy: 1-2.3 GeV
v Designed luminosity: 1x1033 ¢cm2s!

2008: test run
2009 — today: BESIII physics runs
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The BESIII Detector

Nucl. Instr. Meth. A614, 345 (2010)

RPC: 9 RPC: 8

Electro Magnetic
Iayers Calorimeter ayers

SC
Solenoid

Barrel
ToF

Endcap
ToF

CC .

ToF e
c,~ 90 ps (barrel)
c,~ 120 ps (end
caps)

Electromagnetic CsI(T1) Calorimeter RPC Muon Detector
Drift Chamber o/E<2.5% @ 1 GeV (barrel) AQ/4n=93%
O~ 130 pum (single wire) op/E<5% @ 1 GeV (end caps)
6,/P~0.5% @ 1 GeV o,y ~ (6 mm)/E'2 @ 1 GeV
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a(e*e” > hadrons)

World largest data
sample for J/1p,
Y(2S) and Y(3770)

e Charm physics

e Charmonium
spectroscopy

* Light hadrons

e Search for new
physics
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* tand QCD physic 2

Isabella Garzia - INFN and ‘University of Ferrara

1 I‘ 1 1 1 1 ‘I 1 1 1 1 1 1 1 1 1 f 1 | T 1 1 1 T T
- ¢ u, d, s ]
w
3 loop pQCD
g + Naive quark model -
; 2 . j
i i i it x .
<clusive Inclusive R Scan (130 -
¥ 1'3X109 ants * measurements points) 1.3 pbH
! ) 1010 Soon—) 1 Il 1 | i | 1 | | L{' | 1 ! ; I 1 | !
available f’ 15 2 5 5'5 3
: NN 0 5 fb 44 ]
T/ ¥(25) Z b, 1foil C
: s Markl 5.9 ﬁ; 423014260
Mark-I + LGW i\
- W Mark-II 000 \ \@'_/d’““ 4600
= ® PLUTO 8770 ' 0 6 )
0.5X10°_ Lol | W
DASP | o ' m&g ) X v
- ‘ * Crystal Ball\""‘w , ] \l ﬁ - ,@J’I I .!lfﬁw ‘ % | ‘ ‘ |
| * B B TS wik# |
| ‘( J] pl{‘w > IM;%‘:‘J’\' I
ORIy L
} | i | |4 il il af
SR IVIUE SHEES)) W \sofb A ;
— - f” —_ [ \ 0.5 7l
— | 1 I | ! ! I 1 I . | 1 ! lh ! } 1 | |
3 3.5 4

** \l(s) [GeV]

http://pdg.lbl.gov /2017 /reviews/rpp2017-rev-cross-section-plots.pdf



< Electromagnetic form factors
E .

Hadrons are not point-like particles

* Internal structure
* Internal dynamic = My, 00 # X My yalence
» Form Factors (FFs) used to parametrize the structure and

internal dynamics: 2 FFs involved for s=1/2 baryons

/" SPACE-LIKE FF / TIME-LIKE FF 2l
(Real functions) (Complex functions) e 4
e e . ) Fﬂ
W e 7 (q) (q) N -
> 7, T =rpy+ 2 g
ra@ 9 <0 ) ; N 7 Wi A2
e q > 0 \ .
F”(q) Dirac FF:
/ A et ey related to the Pauli FF:
N N Annihilation processes charge related to the
Electron scattering Unphysical q2 >0 magnetization
2 region
q-<0

0 AM,? q?
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* Sachs parameterization:

2
Gr(d®) = (") + - B@)  Gu(e®) = Fild) + B(d)

Electric FF Magnetic FF

Scattering

Annihilation

* Differential cross section:

d 2 2
] = S [ ool o 93]
dQcm

'r’ 4M2

 Total cross section:

o(q”) =

y _oam

T U—en(-y) YT B

C=0 for neutral point-like baryon

2w’ BC

3T (27|Gum|* + |GE[?)

* The measurement of the differential cross section at fixed energy allows the
determination of the ratio IGgl/IG,,l. From the total cross section the effective FF can

be measured:

Gorsl = \/2T|GM|2 + |GE|? = equivalent to |G, under the
bl 2r+1 assumption IGgl=IG,|
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Protow FF in TL regiow - Scamv data 2012

* Direct production channel ete~—pp
* R-scan data @ 12 points (L = 157 pb~!) collected
between 2.22 to 3.67 GeV in 2012
* Event selection:
» Two charged tracks
» PID for proton and antiproton
» Kinematic fit constraints
» Background subtracted
* Cross section and effective FF measurements:

N obs — Nk _ OBom
OBorn = e 16l = 2m2y’
L-e-(1+6) 86.83-£ (1 + =22

s

» Good agreement with previous
measurements

» Overall improvement of the
uncertainties by ~ 30%

SCPQ‘)\f2018 - Ferrara

PRD91, 112004 (2015)
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1G£/1G\| Ratio- - Scan datw 2012

PRDY1, 112004 (2015)

Extraction of |Ggl/IGy,l ratio from the study of the proton polar angle distribution at those
points with largest statistics
* Detection efficiency correction vs. cosf, are applied

120_"'l"'l"'l"'l"'l"'l"'l"'_ 60T T T T 70:"'I"'I"'I"'I"'I"'I"'I":
100F Vs=2.2324 GeV soF Vs=24 GeV 60f Vs=(3.05-3.08) GeV | -
~ I 1 =~ F —~ 5ok .
> 60F L _+_ T - '/ = > F 0 e
2 F e 1 2 %’30;— j
S 40F Magnetigl 2 20F N
w C ] w . w 20
20F __.-—""'—“_". ------------ FF - 105 105_

Electric FF - ; -3
0...1...1...1...1...1...1...1... o‘...l...1...1...1...1...1...1...‘ PR EPEPETS EPEPE BPEETE BPEPE BPErrE PR B
-0.8 -06 -04 -02 -0.0 0.2 04 06 0.8 -08 -06 -04 -0.2 -00 0.2 04 06 08 -0.8 -06 -0.4 -0.2 -0.0 02 04 06 0.8

cosb, cos6, cos6,
Vs (MeV) Ge/Gum| Gul| (x1072) x* /ndf fg_ T e
Fit on cos @, 16E Y 3
2232.4 0.87+0.24+0.05 18.42+5.09+098  1.04 1.4 —ﬁ’+ 3
2400.0 091+0.38+0.12 11.30+4.73+1.53 0.74 3 12F +| | \ \ E
(3050.0, 3080.0) 0.95+0.45+0.21  3.61 =1.71 +0.82 0.61 " (‘)g - M= “'l“‘ - ‘|‘ R
06 3
» |Ggl/IGyl ratio consistent with 1 otd 3
> Agreement with BaBar data (PRD87,092005) 0.0 = e e 28 30
> BESIII limited statistic: new scan data? M, (Gev/c?)

SPIN2018 - Ferrara Isabella Garzia - INFN and ‘University cf Ferrara



i Using the Initial State Radiatiow (ISR)
10

e*e” annihilation is mostly accompanied by emission of one or
several photons from the initial state — events with ISR photons
have a lower c.m. energies

» Continuous ¢? range

* Complementary approach to the energy scan technique
» Two complementary methods:

» ISR-Tagged

» ISR-Untagged

Tagged analysis Untagged analysis

MC simulation (PHOKHARA 9.1)

= h_isrcostheta
il Geometry Acceptance (| cos6)|) 5’;:":5 “ ‘”“;
MDC [0.0, 0.93) RMS 05

EMC | [0.0, 0.80)U(0.86, 0.92)

106 Simulation

/s =4.23 GeV

pp pair 42 - 58%

Tagged | Untagged
ISR photon |43~ 55% | 31 - 46%

T T TTTTIT

High statistics
Vs> 1GeV
Low bkg

* Low statistics
» Large bkg

10*
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J

Proton FF fromv ISR

« 7.4 1b-! at c.m. energies between 3.773 GeV and 4.6 GeV
ISR-Tagged and Untagged analysis exploited

TAGGED ANALYSIS: LARGE ANGLE (LA)

* Two tracks, one cluster in EMC

Kinematic constraints applied (4C fit)

5C veto fit with additional vy

S B\
200 e S\
o BV
5]
100j ™
- o
® ., ST

8
T

Events/(20 MeV/c’)
T

pp Invariant Mass

® | Entries = 6415 |

35 B s
M [GeVic?)

59"1‘1\5018 - Ferrara

* Two tracks, PID by dE/dx and TOF

UNTAGGED ANALYSIS: SMALL ANGLE (SA

non-detected ISR y

* Polar angle of missing momentum and
missing mass squared distributions to identify

1400
N - BESIII Preliminary 4
L 1200F
O} r
& 1000
N 800F
oS
o 600
= )
% 400F « .
3 2000 oy
0'. 1 L e seedes "
2 25 3.5
M (GeV/c?)
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045
1000 — 048
i 0.35 ~ tBEg‘II‘I Preliminary (ISR-SA)
ABESIII Preliminary (ISR-SA) 0.3f | e
800 +BESIII Preliminary (ISR-LA) —. 02504 '
= *BESII Qm 0_22— *E760
o 500 0.151 i
S 01F &
= F Fy + ADONE73
8 0.051 .,
()] . :—.l.‘..I.i‘m‘ﬁ.‘%l.u‘l‘.uxu‘.
@ 400 *é,?,.gﬁm T 15 20250
8 q [(GeV/c) ]
200 P o
o £l BESII 2
. 038l | Preliminary - ’E%Sﬂ?”m
[ |‘_‘|r*_|‘-‘|*‘|_‘ S T T A R MR M RN S S R E 11 FEZICE
10 15 20 25 30 03t [t e
qz[(GeV/c) 2] ozsf | IHTA BESII (. Scar)
02; ! }f . BESIIl ISR (LA)
, o | T
» Cross section and |G, measurements N Tt |
> LA: 31 intervals in 1.877=vs=3.0 GeV oosf. AR
: AT I
> SA:30intervalsin = 2=vs=3.8 GeV gy
@? [(GeV/cy]

» Consistent with previous measurements

> Total relative uncertainties on the cross section is between 8% and 37%
» SA results competitive in statistic with BaBar (PRD88,072009; PRD87,092005)
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. \/ Protow FF fromv ISR: R=|G|/|G\,| extraction
s

— - BESIII Preliminary (ISR-SA)
» R=IGE/IG,, megsurements can pe e?(tracted 3k % BESHI Prefiminary (SRLA)
form the analysis of the 6, distribution, the : 4 BaBar
angle between the proton momentum in the 251 FENICE+DM2
ppbar rest frame and the momentum of the o
ppbar system in the e*e™ c.m. frame o CMD-3
> LA: 6 intervals in 1.877=+v5=3.0 GeV
> SA:3intervalsin  2=vs=38GeV Pl T[T
do R ¥
deosO. A[H p(cos by, M) + ;HE(COSQP’M’W)] (¢ = N N B R B
g 4 6 8 10 12 14
2 212
From MC under the From MC under the q (GeV lc )

hypothesis IGgl =0 hypothesis |G/ =0 > Competitive accuracy
» Total uncertainty dominated

They are the equivalent forms of by statistical uncertainty
1+cos?0, and sin’0, in the case » Agreement with BaBar and

of ete™—pp BESIII scan data

SPIN2018 - Ferrara Isabella Garzia - INFN and ‘University of Ferrara



Structuwre in Effective protow FF

» Effective proton FF as a function of the 3-momentum (p) of the relative motion of the
pp pair: damped oscillatory behaviour observed by BaBar and then confirmed in BESIII

PRL114,232301- PRC93,035201 0.06
. (@) * + + A BESIII Preliminary (ISR-SA)
3 * 0.04 + BESIII Prelimi ISR-LA
o:aE BaBar Data : reliminary ( )
n® 0.2 L
- 0.02 -
0.1 i +
: § a 0—— \ + P
0.04f t- i \ A4
0.02} -0.02 :_ l »
o o_ :
-o.ozf -0.04 -
004f -
i : s s -006"""

p[GeV]
Fosc(p) = Aexp(—Bp)cos(Cp + D)

Due to a possible interference effect involving rescattering processes at moderate kinetic

energies of the outgoing hadrons (when the center-of-mass of the produced hadrons are

separated by ~ 1 fm )

P [GeV/c]

SPIN2018 - Ferrara Isabella Garzia - INFN and ‘University of Ferrara



= Measwrement of N FF at BESIII

C PRD97, 032013(2018)
> ete—AA, A—pr, A—prt (A—1n, A—X, with X=inclusive decays )
» Indirect search for the antiproton (search for mono-energetic n°)

» 4 energy scan points: 2.2324 GeV, 2.4 GeV, 2.8 GeV and 3.08 GeV
» 1 MeV above the AA mass threshold

» Cross section and effective electromagnetic FF determined

. — _— BESIII (PRDY7)

o T B | 13 v o | ] BaBar (PRD76,092006)
gmz;_%.??’ nl L B £ DM2 (Z. Phys. C. 48,23)
_g 4+, e E o, ook stz ] pQCD prediction
% ok TT‘ { 81F “b”*- ~ 7 No Coulomb effect for
g | I S S +f \ 1 neutral baryons BUT

[ 3 S S SUEE R F N S S unexpected rise at the

1.0 1.2 1.4 1.6 1.0 1.2 1.4 1.6
M, Myresnors M, Myreshos threshold

» Good agrement with BaBar and DM2 data
» The observed threshold enhancement underlying a more complicated physics scenario

» These results could help to understand the mechanism of baryon production and test
theory hypotheses based on threshold enhancement effect

59"1‘1\6018 - Ferrara
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/\ FF at BESIII: phase informatiovw

o]

/\(92. ©2)

Py (cosfp) = 1 + vy cos?0y

BESIII Prellmlnary

» Multidimensional analysis needed for a complete
decomposition of Gg and G,
> 66.9 pb~! @ Vs=2.396 GeV
» Complex form of FF:
> Ge = |Ggle'®e, Gy = |Gule'*™
» First measurement of the relative phase A¢p=¢g-¢,,

_ V1 — ay?cosby sinfy sin(A®) Aqb;/-'() = polarization effect

on the final state even for
unpolarized initial state

» Polarization and spin-correlation parameters determined = they allow to determine
the relative phase between Gg and Gy,

100,

60

40

Events/0.02

201

80

0

A, 0041
g |
@, 0021
I ® [ g
? 0 =+_—.' —-
L g i 4 N
N 0 i Ll
> 20.02}- =
? {
7] L
V 004
1 1 1
-1 -0.5 0 05 1 -1 -0.5 0 0.5 1
cos6 coso
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<
/

%\
R =0.94+0. L@*aﬁﬁé 0 s\ysi., |+ 0.02,
(o) \ @)
|A(I)| — 4 %]xg >ﬁc\zt syst == 6 QA
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/\ polarizalionw measurement

arXiv:1808.08917 —

> Jp—AA, A—pr, A—prt and A—nnd
» With hyperons, the polarization is experimentally observable by their weak parity

violating decay — extracted from the angular distributions of its decay products
» The magnitude of the polarization depends on 0 ,

> A¢p =(42.4 £0.6 £ 0.5)° : consistent and more precise than Vs=2.396 GeV analysis

0.004| 0.004|
! pn—ﬁm " I Parameters This work Previous results

3 0.002} * E’,_ o.ooz} Qy 0. 461 + 0 006 :tO 007 0.469 + 0 027 [25]
o o i A
;< 0 ;< 0 i [
8 ! 8 | ! ’ '
E o002k N E o002 \ Qo 0. 692 + 0.016 + 0.006 -
= [ ¢ = R VR + 1:1CP —0.006 + 0.012 +0.007  0.006 £ 0.021 [27]

_0,004:_ ¢ _0_004:_ + 1 ao/a+ 0.913 + 0.028 +0.012 -

- 05 0 05 1 A 205 0 05 1
cosf, cos,

p(cosb,) ~ 1-a,,20a_sinAdcosb,sinb, = clear polarization effect observed
o  Asymmetry parameter for the A —=p decay mode a_: 5o deviation from
the PDG value

* This means that all published results on A polarization, determined from the
product of a_ and and the polarization, are 17(3)% too large
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Measwrement of N\ - FF at BESIII

PRL120, 132001(2018) ~
> 4 c.m. energies: 4.5745, 4.5800, 4.5900, 4.5995 GeV (631.3 pb!)
» 10 Cabibbo-favored + c.c. hadronic decay modes considered
» Total cross section: weighted average over all the 20 decay modes
» Very high precision achieved (1.3% @ 4.6 GeV)
QOFT T T T T T T T T T T .. . .
[ eeonR {» Polarization and spin-correlation parameters
300 [ == belodats determined = they allow to determine the
- T el . 4] relative phase between G and G,,
2 g00 |- Theeshold T | - > Step at threshold + plateau region: indicate the
© B : i . . .
- . complexity of production behaviour of the A,
e + 1 » IGgl/IG,,l measured for the first time
e TTTim am am o ae  s=45745GeV___ 54,5995 GeV__
s (GeV) : | ; ;
& 6000 ]
2 ami,  4m2, ST e
IGe/Gul” = (1 —a)/( S“a+ S”) §4°°°:‘ E
- > 2000 r ]
— — O f@)ocivayco20 1 5T F f(B)oc 1+a,c0520
Vs MeV) IA. e/ Gl O3 "0 o5 0T ™05 0 05 1
4574.5 —-0.13+0.12 4+ 0.08 1.14 +£0.14 +£0.07 0 cosH
4599.5 —0.20 + 0.04 + 0.02 1.23 4 0.05 + 0.03 COSEA, SYA,
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» BESIII provides an ideal environment to measure baryon FFs.

» Two complementary approaches can be used
»> Energy scan
» ISR technique

> p, A\, A, cross sections and FFs measured with very high precision
» Intriguing enhancement observed at threshold
» Oscillating behaviour of proton FF
» First measurement of the relative phase of EM FFs for A
(preliminary result)
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Near future: 8 Gi * BESII 2015 * BESIIl 2012
g10°F o BESIN2014 * BESII 2011
. .. . 10°
> Present theory is missing something o+ OND (2071 + 2012) PES (1999 + 2000
10*E FENICE (1991 + 1993) —— DM2 (1984)
—_ <.
» e*e~—pp: more data from BESIII and OIN AR = oa ARS
1000 *0 4 e i
CMD3 0f eon®t T :
SEETEEE I O
N 1hi, | [eCee |
» ete"—AA: more data at threshold ot -
— SRR IR A T
tao—— . 2 25 3 3.5 4 4.5
» ete"—A_ A, more data at threshold and 75 (Cav)

above by BESIII

» ete"—nn: more data from SND and CMD3; BESIII preliminary soon available
» BR(J/i—ynn): BESIII preliminary soon available

» |IGgl/IGy phase: more data from BESIII
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‘BESIII physics prograwmme

ngh’r hadron physics

Meson and baryon spectroscopy XYZ meson thSiCS
*  Multiquark states * Y(4260), Y(4360) properties
* Threshold effects * Z(3900)%, ...

* Glueballs and hybrids

* two-photon physics

* Form factors Chqrm ph)’SICS
Semi-leptonic form factors

* Decay constants f; and fj,

QCD and T * CKM matrix: |V 4| and |V_,]|

* Precision R measurement e DO-D° mixing, CPV

* T decay * Strong phases

Charmonium physics Precision mass measurements
* Precision spectroscopy * T mass

* Transitions and decays * D, D" mass
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Proton FF Oscillation

PRL114,232301- PRC93,035201

1072¢
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Final State interaction [NPA 929, 102]

2 I |
L L.
. € ¢ —>Dpp o BABAR 2006
e BABAR 2013
A DMl
- =  FENICE .
1.5+ —
NLO EFT ﬁt result
o) (red band) [HEPI302,113]
S 1+ / -
S _ l
05" .
(green band)
0 I 1 | | | 1 | 1 1 l 1 |
0 30 60 90 120

Vs-2M_ (MeV)



Final State interactiow [A. Mistein, PhiPsi2017, Maits]

Predictions for the cross section of eTe~ — NN near the threshold

1500 f ' ] [ ] .
[ % 18 FSI expect a sharp rise but not

= 1000 | oy | ¥ 10} | d jump on thr and no
= 1 o . . ° . .
> soof?" } i crr@asan)] = gl | relationship with the pointlike FF

, o pp (CMD-3) e BABAR

o nn (SND)
0 : : : - 0.0
1.90 1.95 2.00 2.05 2.10 1.9 2.0 2.1 2.2 2.3
2e (GeV) 2e (GeV)

Left: the cross sections of pp (red line) and nn (green line) production,
Right: G% / GIZD\/I for proton. The experimental data are from J.P.Lees
et al., BaBar, Phys.Rev. D 87, 092005 (2013), R.R. Akhmetshin et al.,
CMD3, Physics Letters B759, 634 (2016) M.N. Achasov et al.,SND,
Phys. Rev. D 90, 112007 (2014).

J/1, ¥(2S) — ppy decay

The invariant mass spectra in J/¢(¢(2S) — ppy decays:

R J/p — }ﬁv ' « BES2003 o L ¥(25) — ppy e CLEO2010]
= 190 o CLEO2010 E 40 o BES2012
= o BES2012 = 30
0 100 \%
) i 20
= g B <]
: 50f S 10f, %
/7 g /
0 * : ; 0 : ' '
0 50 100 150 200 0 50 100 150 200
M(pp) — 2m;, (MeV) M(pp) — 2m,, (MeV)

Left: J/1¢ — ppry decay. Right: ¢(2S) — ppy decay.



J/¥.¥(2S) > BB
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BESIILPRD 95, 052003 (2017)



JAb— NN\ : Andrzej Kupsc, ICHEP 2018

Inclusive angular distributions

ete” > (A->prn)A

\

drl’
dcosOpd

x (1 + cos29A) {1+ a1 PA(07) sinb; sin ¢1 }

/

A - pn: Qq =(cosby,¢q) 13> a_

Hyperon polarization determined from
angular distribution of the nucleon from the weak decay

Exclusive angular distributions
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Fildt, Kupsc PLB772 (2017) 16

1
jzations




JAb— NN\ : Andrzej Kupsc, ICHEP 2018

Summary of the J/i — AA analysis
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Previous result (using aP product):

A= 0.013£0.021
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PREDICTION FOR A¢
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