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Electromagnetic Structure of the Nucleon

» Nucleons are composite objects with
inner structure
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» At low Q, perturbative QCD not

possible (expansion of coupling e o]

constant «a;) o o T

= Nucle?n struct.ure must be Lt
measured in experiments! ) e S

» Most simple observables of nucleon structure

<~ @eneral Parton Distribution, Parton Distribution Functions,
Electromagnetic Form Factors (EMFFs)

<~ EMFFs are related to charge, magnetization distribution, provide crucial
testing ground for models and improve our understanding of QCD



Nucleon Electromagnetic Form Factors

region

pp—oeep’

FFs are real FFs are complex

0 4Mz qz

The nucleon electromagnetic vertex I', descrlblng the hadron
current: r,(p'.p) = vuF1(q?) + - ”vq F 2(q?)
Sachs FFs: G¢(q?) = F1(q?) + tx,F2(q%), Gm(q ) = F1(q?) + k,F2(q%)

NEFFs can be measured from space-like (eN) (precision 1%) or time-
like process (precision 10%-30% before BESIII)



Proton: Born Cross Section and EMFF ratio

PRL 124, 042001(2020)
» Via direct scan, 688 pb-! data @ 2.0-3.08 GeV, Born
cross section measured with most precise results,
(Near)-threshold platform observed at low g2

» Significant improvement of the precision for model
independent |Gy,| and |R,,.,|=|G/Gy|
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Best precision: 3.0%
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Impact will going on...

» BESIEH T &SBENETFANEERREFER, &
N EMEBRB N ERZSHA L EHEIAR

The fourth dimension of the nucleon structure: spacetime analysis of the timelike

electromagnetic proton form factors Unitary and analytic model of nucleon EM structure, the
puzzle with JLab proton polarization data and new insight into
;é H-I. F F1lE jj %ﬁlﬁ@ ”ng w@ﬁﬁﬁmﬂ IE proton charge distribution
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E"‘I‘Q% o Egle Tomasi-Gustafsson
UT CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette Ceder, France

(Dated: August 8, 2018)

nstitute of Physics, Slovak Academy of Sciences, Bratislava, Slovak Republic

2Department of Theoretical Physics, Comenius Univer%itxrj Brati%lava Slovak Repubhc

As well known, spacelike proton form factors expressed in the Breit frame may be interpreted as

the Fourier transform of static space distributions of electric charge and current. In particular, the H‘:tltllte of Informatics SlUV&k Acade y of SLIEHLB
electric form factor is simply the Fourier transform of the charge distribution F(g) = [ €77 p(r)d®r. l tary an an a M ! t

We don’t have an intuitive interpretation of the same level of simplicity for the proton leehke

form factor appearing in the reactions e'e™ + pp. However, one may suggest that in the center ﬁ N }
of mass (CM) frame, where g,x* = g, a timelike electric form factor is the Fourier transform %Em#% Q & ﬁ%*{é,ﬁl\“i Eﬁ%ﬁ#% I
F(q) = [€""R(t)dt of a function R(f) expressing how the electric properties of the forming (or

annihilating) proton-antiproton pair evolve in time. Here we analyze in depth this idea, show that

the functions p(r) and R(t) can be formally written as the time and space integrals of a unique 10 e e T e e 3.00
DESY 18.033 . " 00 4
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ﬂaﬁﬁ%#’ NS %“’ BB QCDE |
I\\\ y g0y
YOI f rm fagtors of the protonand € omputed within lattice QCD =
11 m i | E‘ connected and disconnected 10 5
i analyze t. flﬂd Ny =2+141 twisted N
mass clover- 1mp10ved fermions and determine the proton and neutron form factors, the electric and 10 _h5 5o 255 <20 ~15 10 95 b 5 0I5
magnetic radii, and the magnetic moments. We use several values of the sink-source time separation t GeV?
in the range of 1.0 fm to 1.6 fm to ensure ground state identification. Disconnected contributions are oo Toso T 400 T 10
calculated to an unprecedented accuracy at the physical point. Although they constitute a small ~ v (fm)

correction, they are non-negligible and contribute up to 15% for the case of the neutron electric
charge radius.

PACS numbers: 11.15.Ha, 12.38.Ge, 24.85.4p, 12.38.Aw, 12.38.-t Old data- -

Keywords: Nucleon structure, Nucleon electromagnetic form factors, Disconnected, Lattice QCD




Neutron: Born Cross Section and EMFF ratio

Submitted to Nature Physics
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» Born cross section measured over wide /s with
unprecedented precision

» Solved the long standing puzzle for between y — p and
y — n coupling, essential for pQCD and quark model
prediction.

» Oscillation of |G| observed in neutron data
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Review reports from NP

Reviewer #1 (Remarks to the Author):

A. Article has new results of outstanding statistical accuracy for the
process e+te— to n ‘bar n.
B. Results are based on novel data and solid analysis method. Article hasg|

very useful information for the nucleon form factor physics.

1 11'1: high quality. However, a bit more could be|
\Z;!e]elunnlemglt

" the event distribution vs. PHI angle

o =0/ e 1 LIS |
Revrever—SRemrketothefuthor

The article presents the most accurate measurement of the cross section for the production of neutron-antineutron pairs in electron-positron annihilation near
the threshold. The scientific novelty of the results obtained is obvious. For the first time in direct m was possible to obtain the most accurate
values of the cr e = n 1-bar in the wide energy range from the threshold to 3.08 GeV. cal precision was improved by a factor of 60 over
the previous measurements.

Jﬁfﬁﬁ%ﬁ@*ﬁiﬁ%ﬁm_n R IRTH

D.
an
neutron in energy range below 1

4 However,

REFYERIEBERBRIEE -

GeV needs to be reviewed (see line 263 of

the article).

n

LTS

Reviewer #2 (Remarks to the Author):

USRI Y T meman iy T S 1) N I |

In the manuscript, the authors have measured the effective
electromagnetic (EM} form factor of the neutron in the time-
based on the EM process e +e — to N \bar{N}! in the range bet
sart {s} < 3.2 GeV. While there are similar measurements prev
BESIII provides the new results with precise measurements, c
previous other experiments.

ted results are of great interest as they allow to extract energy dependence of eutron form-factors, revealing the neutron structure. The
s of <he reture of the neutron - one of the building blocks of mtter, which still remains not envirely wnderstood theorstically - is certainly a
significant and important task.

For the described measurenents, & sophisticated method is used to register events of the neutron-antineutron pair production, as neutrons are difficult to
detect and to trigger in the modern detectors. However, in spite of complexity the method looks solid thanks to mumerous cross-checks that was performed using
the BESIII data. In particular, the detector efficiency was extracted not sol m the similation but also from the data using the reference chamnel J/psi -
p n-bar pi-, while the trigger efficiency was estimated from the ete- —> p p-bar events where the trigger was activated by the neutral components. While I have
1o doubts that both rec ion and triger efficiencies ave reliably estimated I should comment that the corresponding paragraphs in the “Methods”™ section
is not detailed enough. It is not clea‘ for me, how the difference in passage through the detector material for protons from e+ e- - p pbar (deflected by
negnetic field and loos
their energy in the tracker, and thus ha\m mich lower
efficiency.

“neutral” response) was taken into account for the proper correction of e+ e- -» n n-bar trigger

in the field of Particle Physics to understand. It contains theory introduction, brief description of
ystematic errors and discussion of the results.

The paper is written quite popularly for non-specialists
the BESIIT detector, measurement techniques, physical ana

The manuscript was clearly written and will be influential i
physics. The two most valuable points of the present manuscr

2, are remarkable ones in comparison with
The data also render several important ph
points. For example, the results for R_{np} contradict the p
measurements by the FENICE Collaboration. This indicates tha
data will surely trigger many theoretical and experimental w
recommend this manuscript to be published in Nature Physics.

presented in Fig.
experimental data.

Nevertheless, I want to ask a question: The authors wrote th
Réﬂ'éﬂergﬁ;"rhis result agrees with the predictio
9} i ton—nucleon interaction puzzle that ha
BESq: as

& BT g A R . R A
} 9 & ver ofed in Fig. S(a) Ref.
{é?%%ﬁ%§ %%e [10] predicts rat

4 offs rify this point.

the
s 1s beyond doubt. The formulated conclusions

The obtained results are
the originality and sign|

observed effective form-factors for neutrons differ significantly from those for protons. Thus,
are based on a unprecedented (for this energy range)
ated lum écr 647. tion collected at the BESIII experiment and do not raise doubts

SR BRI R S AR
ﬁ rEmieis
confir ) et uf{ 7}1: previgus eg ui, with mich b whﬂr precision.

ibliogtapilic 1¢ ngt iﬁ ated DLEVIOUS STOOLTS O D\L FENICE, :,\IJ

quite unexpected and surprisi
ficance of the presented ana

91/pb from electron-positron amnihila

apout

Stat

The pdflufeript tofitaind ESTIT and other experiments, such as

Tl H 11 1 H ] 11 -
Hrepeper—tswrittertmgood-Tangregeant-tseasy H—tsresomabtr—stroctured—contatns Tich tHustrattrematertat - detatteddeserivtjon

of the proposed methods and measurements performed, demonstrates the authors deep knowledge of the methods and techniques of modern experiments, as well as
confident knowledge of data analysis methods.

nn
ANt paatT; et

In sumery I" d like to recomend the manuscript for publication in Nature Phy lowever, I also recommend to ask authors fo extend sli the “Nethod”
ection to describe in more details the reconstruction and trigger efficiency corrections. In particular it might be helpful for readers to understand how {h

o

_—

a5 Ve as ot
trigger response with respect

1 B 07 5L T VI 13 ) 4 T 1 B
and electromagnetic field) on ete- -» p p-bar events hiases the “neutral”

| : 3 1
TEICE I RIMENETICS 0T U SUIUIRT e T

Tiff T
electromagnetic impact of the detector (dF/dx lcssas
to ete- =) 1 nbar.

JaUTUUIIL,

Once this point is clarified,
publication in Nature Physics.

the manuscript will be suitable for

Received on 2020.11.23
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o(e’e— pp), nb

Hyperon FFs near threshold

» The Born cross section for ete™ - y* - BB:

opp(q) =

4mra’C ﬁ
39>

16w ()% + - 1G5 (@)]*]

» Coulomb factor (under pomt-llke hypothesis):
Neutral BB: C=1

1

Charged BB: C="- wa

B 1-exp (——)

» Near threshold, abnormal threshold effects are observed
for proton, A, A} pair.

Ogem=1.2 MeV

ete” - pp

=
(2]

E(

T

m=2mF Ecm=2mn

L e

CMD3 Ssolodov talk at Charm 2018
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CMD3 PLB 759, 634 (2016)
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Born Cross sections: XX and X~ X
arXiv:2009.01404

» The cross sections can be well described by pQCD-
motivated functions

<~ Why no threshold effect observed for X ?

> Why pQCD described so well near threshold? Non point-like
under the Compton wavelength ~0.1 fm

» The results draw attention from theory discussion

. —————————— 11— 01(}: """""""""""""""" '_I-II_-I-II_a
_Q = . k- c —=
o tomy FYE 0.14F Bt
—10°E Ryiy-=9.7+1.3 teesr T : 2 beamir
3 E _+_e+€__) E_TZ+ E ﬂlz:_ O BESIIE —
.2l _' 0.10F
: j' ] %0.08_—
10F | ommdemee " E 0.06F
F T = = [
coow Tl — ] 0.04F
1 f = 3 b
E 5 0.02F
M I I I [ r .
Lo vy 1
2.4 2.6 2.8 3.0 0.003z—5" 345 3 5%
s (GeV) \s (GeV)
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http://arxiv.org/abs/arXiv:2009.01404

EMFF ratioof X

arXiv:2009.01404

» The |G;/Gy,| shows similar distributions among current
available baryon data (p, A, X", Al) in TL region

» Exotic contributions like near-threshold D-wave
resonances might provide such drastic effects

» Disagreement with theoretical prediction

—E T ""IL‘:‘:_" L L EL ._ I et 'E 'El L L L L
O t T : 20F | larXiv:2011.068
w25 & pp:BESII — Tt i
O ¢ pP:BABAR . a ' =
= s - o
20 i - 15 - ! : P .
: 1 = o |
15f : 1 < g :
[ A ] U 1.0F - 4 ]
1.0 ; | T """ + + """ ~ """ . : : :
i | : . J[
i | ] ] ‘
05 1 {* \—_ 050 _
0-0:""""" IOISOIGOI?- 0 ',,,!,!.,,,,|,,,,|,,,,|,,,.,'1':S,[",II,,
' : ' ' ' ' ' 235 240 24 250 255 260 2.65

0.8
p s (GeV)
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» IR TIE=: BFCPHIMMBBERES K

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA



CPV of hyperon with 10Billion J/y

Matter asymmetry of universe
|

» The CPV discovered in meson sector. A
Consistent with CKM theory in SM. " I~
» CPV in baryon system? %

< SM predict CPV in hyperon decay 104 ~ 10>

<~ With 1.3 Billion J /¢ collected at BESIII, the CPV of A is studied
with spin correlation via J /1 — AA, to be 102

< BESIII has accumulated 10 Billion J/i Events!

» CPV via J/Y —» £~ E* (ongoing analysis) 2 I
< g >
Pt e
< Two channels are reconstructed .‘\e’/ °0
A(- pn“)n“ﬁ(e 1_111'0)1T+ ” ‘.G 3
_ ) / Figure adapted from S.Olsen
A(_) nno)n_/l(_) 1_?7T+)Tl'+ (0} o) 1911.01021

< Four independent CPV can be tested with higher sensitivity!
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Correction of 7 in MC Simulation

» In the hyperon physics, 11 is an important

final state

» The MC simulation is not satisfying

» An algorithm with data-driven method is

» The difference between corrected MC and

developed to correct MC simulation

data is ~1% now
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—}— Corrected MC

Events
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~—— Default MC

3C o2
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Experimental Searches of Baryon at BESIII

» Threshold produce for baryon pairs
» Large statistics at resonance decay

» Spin-correlation, polarization
» Decay involves strong, wéak.and EM interaction

« Pionic decay . Aloha asvmmetry |
e + Alpha asymmet

» Radiative decay . DeI:angle GE a“:lr

* Semileptonic GM

decay . CP violation

* Threshold effect

* One-photon exchange: EM
interaction

» From resonance decay e.g.
J/y: strong interaction

* Phase between EM and
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» Prospect with 1 year data taking
 Physis  Process  Stat.Sensitivity  Detector optimization

Collins effect ete” » m + X, (2~7)x 1074 K/ mis-id 1% at 2 GeV/c
ete” > KK+ X (7~20)x 107*

|Vcs|, fDs, LU Df > Itv, (I =, 1) (0.29~0.4)% Efficiency of low-
momentum T

Strong phase Dy - Kyymtn™ - K, identification
CPVin tau T > K, 9.7x 10~* r/pu mis-id 3%
CPV in hyperon J/Y - A4 3x 1074 n identification
cLFVin tau T - yu,T - 3leptons (1.4~17)x 107° r/u mis-id 3%

Position res. at EMC 4mm
y polarization D - K l*v -
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1. M. Ablikim et al.,(BESIII Collaboration) “Measurement of proton
electromagnetic form factors in ete™ — pp in the energy region 2.00 — 3.08
GeV”, Phys. Rev. Lett. 124, 042001 (2020).
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| » Threshold effect

« One-photon exchange: EM
interaction

+ From resonance decay e.g.
J/w: strong interaction
+ Phase between EM and
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TR = 927MeV b ’ diquark + di-antiquark  dimeson molecule qqg hybrid
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