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2019: 100" year of the proton

The proton was already 70 yrs old when BES started

How can BES have anything new to say about protons (& baryons)?

BES’s 30*" anniversary
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After 100 years, proton remains mysterious
proton’s radius = ???
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20t" century techniques have failed




time-like baryon form-factors
-- the view from the side of the fence --




Space-like (q2<0)

Huge amount of data

100’s of experiments ,

starting in 1954
(

Separate determinatiq
of G, Gy & G, ‘

1961 Nobel Prize

Robert Hofstadter

proton form-factors

related by crossing symmetry
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Time-like (g2>4m?)

Very little data

only combined
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form-factors are
complex

hyperon form-factors
are accessible



time-like proton form-factor in 2005
N\

We must investigate
the anomaly seen in
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e*e > pp at threshold

. 4ro 2
Integrated cross section: o (m )= e ‘Geﬁ,(mpﬁ) (1+1/2r)
. : o/ B o
for point-like charged particles: C = < when #—0
I—exp(—xa/ B) )
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This is what is seen

-- fast cross section jump at threshold: c,,<1 MeV --

not by BESIII @but by BaBar and CMD

Just as expected for a charge=1

=1.2 MeV . . .
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2019 results from BESIII
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time-like proton form-factor oscillations?
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time-like proton form-factor oscillations?
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What about neutral baryons?

e*e"=> nn (or AA) at threshold

droe ,BC

2
Integrated cross section: O ("7)= ‘G )‘ (1+1/27)

for point-like neutal particles (nfi or AA): C=1

in point-like

approx: O o< ﬁ

o
no Rydberg states
(Bohr-levels) no “jump” expected
ol mmn-2M,




a o(e*e” > nn) threshold jump

{... PhiPsi2019 © -

| . similar to the pp
with large errors

S. Serednyakov

19 .95

BESIII results will be reported soon
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Hint of o(e*e>K*K K*K') peak @ 2m,

oBon(e*e” = ¢ K'K) (pb)
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ete X+ at threshold

S llllllllllll
=

- o + v —
- BESIT ~ *

threshold jump?

is so, it’s small 120 —f
ETOPR 100 Preliminary =
Q) =

G

40 =

20 e o+ ™ _i




¢ (pb)

ml\c?(c'2 Ml\c

2m,
400 f' : i T i | | - ' |
| ete” — A:A: _
[ wmesian | FR0.025 :
300 = Belledata  : |
5 l | -
- | . ;
200 [~ 225 pb’_l * |
100} l |
oL~ B I I I

4.56 4.57 4.58 4.59 "
s (GeV)

o AA

2 / / mlke
145pb’Ge,f(2 MAC)\ R eml lﬁm

Belle PRL 101 172001
BESIII PRL 120 132001

g T—— - Data taken plan
[ F ‘
0.6: - ‘ = BESIII
PR W—
0.5

|RLARS RLAASRARS

0.3 -
0.1F- | T
o

: | Al | A A | : " . 1
458 4.6 4.62 4.64 4.66 468 4.7 4.72 4,74 4.
E(Gev)

=225 pb “jump” at threshold

consistent with Ao = 145 pb jump
expected for| G 4|=1 & a pointlike A,



compare e*e >BB threshold “jumps”

baryons are not point-like charged & neutral particles
-- but their constituents are --

0, =2 % L

ujumpn for a pOint- uud 1 0 89+0 33 Solodov CMD3
like g=1 charged n udd 2/3 0.60+0.20  Serednyakov SND
particle
A uds 2/3 0.51+0.10  BESIIl PRD 97 032013
X uus 1 <0.13 BESIII preliminary
>0 uds 2/3 299
- dds 1/3 7
need data at these thresholds
B uss 2/3 ?2??
= dss 1/3 ???
0% sss 1/3 7?7

A, ucd 1 1.7+0.3 BESIII PRL 120 132001
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compare e*e >BB threshold “jumps’

new way to look at baryons
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“jump” for a point- : o g 05

like g=1 charged n udd 2/3

particle
BESIII PRD 97 032013

BESIII preliminary

need data at these thresholds

BESIII PRL 120 132001

only possible at an e*e- facility with Ecy = 2m,~ 2mg-



CP violation searches with hyperons

e 1964: CPV discovered neutral Kaon system

e 2001: CPV in B-meson decays established

e 2019: CPV discovered in D-mesons decays

* all CPV effects seen to date are consisent with CKM

* still no evidence for CPV with strange hyperons



Lee & Yang: o, B & y parameters for
for P>t D hyperon decays

Parent Daughter
Phys. Rev. 108 1645 (1957) TRe ( g P)
General Partial Wave Analysis of the = > >
Decay of a Hyperon of Spin } ‘ S| _|_‘ P|
T. D. LEg* axp C. N. Yaxc
Institute for Advanced Study, Princeton, New Jersey *
(Received October 22, 1957) ﬁ — 2 Im(S P )
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CPV observables

A o + OC+
Y’ CP~
o 4 _
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\ [y T
a-P,cosd < l+aP, cost
dcos6
A a: P->nD
X

o, : P->rn'D

B: P>nD
p.: P>x'D



Measuring these at BESIII

et > J/y— AA
- pr*
pr

high reconstruction efficiency: ~40%
negligible backgrounds: S/B~103
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Angular distibution

dl =<1+ OLWCOSZGA

o0y [8in?0p (ny 0 — Oy ynay) + (cOS?Op +ay) 11 12 ]

if the As are unpolarized, only
only a._o., can be measured ~ + -0t/ 1 — Oy? cos(AD)sin O cos O (11,112, +11,:12.1)

+1/ 1 — o2 sin(AP) sin@p cosO (0t_rnyy+0ingy),
+(1+a, cos’ QA)PA(Q)(OC_ cosf, +a, cos 92)

\«/1—052 cosd, sinf,
P (0)= 4 sin A®

l+o cos’6O
v A

complex phase
between A,, &A,_
heliciity amplitudes

polarization-term allows for

independent o_ and o, dependence
and search for CPV



Angular distibution

dl =<1+ OLWCOSZQA

+ 0_04 [SinZGA (n1 xn2x — Oy yi12.y) + (coszﬁA + Oy ) 1y 212 )
if the As are unpolarized, only
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+(1+a,, cos 6,)P, (0)(0{_ cosf, +a, cos 92)

» (9)}« 1- (x; cos6
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A A sin A®

distinct non-zero 1+0, cos’ 6,
%’0 o5 t Polarization
G complex phase
z between A,, &A,_
g o heliciity amplitudes
é’_
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V-0.05-

A polarization-term allows for
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cos independent o_ and o, dependence
and search for CPV
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5-dimensional likelihood fit

L,.:3781=>12020 &AL =90
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Vol 15 , 631-634

May 5, 2019
4l

results

0.642+0.013 " € ~7¢ upward shift from all

Parameters BESIII (2019) Previous results
Olyy 0.46140.006 £0.007  0.469+0.027 ™
AD (42.44+0.61+0.5)° -

oL 0.750£0.009 £ 0.004

Ol —0.758+£0.010+0.007 —0.71+0.08 '®
(o) —0.692£0.016 £0.006 -

Acp —0.0064+0.012+0.007  0.006+0.021 '
Ol /0L s 0.913£0.028+£0.012 -

arXiv:1808.08917

previous measurements

€« best measurement to date
(with ~1/8'h of available data)



CPV observables in == >t~ A decay

up-down
p e o_+o,
asymmetry —
difference CP o —O0
— +
final-state
polarization ﬁ_ T ﬂ+

difference Aﬁ: ﬁ _ﬁ

The polarization of the final-state A is determined
from the A>m p up-down decay asymmetry



Huge bonus from = CPV studies

v experimental sensitivity for A (A):

5(A%) <N,

5(4%) | A

forJ/y>AA: <P> = 0.13

these As are 100% polarized for J/y> E(DTA) E(DrA) : <P,>=1
and, event-by-event, the P, _ _
direction is well known. although N, (J/y>E-E%) = 0.25 N,(J/y>AA),

A'ép sensitivities for As from E decays _
are ~3x better than those from J/y=>AA




BESIII sensitivities with 10B J/\y events

-- compare EE*

Numbers of reconstructed events

with AA --

decay mode B(units 10~7) eff reconstructed
events

J/p — AR 19.43 + 0.03 + 0.33 40% 3200 x 10° €3.2Mevents
P(25) — AA 3.97+£0.02+0.12 40% 650 x 10°
J/ — 2= 11.65 4 0.04 14% 670 x 10°

P(2S) = E 2050 2.73 4 0.03 14% 160 x 10°
J/p = 2 E+ 10.40 & 0.06 19% 810 x 10® €0.8 M events
¥(28) - Z-=F 2.78 £ 0.05 19% 210 x 10°

meaurement sensitivities (o x VN,,,)

]

E-E*+ has ~3x AA sensitivity

(az) Az (aa) Aa

J/ — AA - -
J/p - E"ET A® =0 1.4 3.7
J/b —E- ETA®d=7/2 1435
ete” 52 ETET ay =1 1.3 34
NeyXco = 2 =T 1.1 2.9

1.8 8.8
1.7 3.5
1.6 3.1
1.4 3.1
1.0 2.6

+0.0025

X 3A,=?? +0.005 }
0.76 3.9 3.8 100 A_,=?? +0.003
0.76 4.0 3.5 96

will go down to 103

Adlarson and Kupsc, arXiv:1908.03102

when all existing data
are fully analyzed



BESIII and baryons

-- unique capabilities not even dreamed of in our original plans --

Time-like form-factors of nucleons and hyperons
-- 215t century probes of the structure of baryons

time-like

World’s most sensitive searches for CPV in hyperon decays

-- a hew frontier for CPV studies
N




Afterword

What did | learn during 30 yrs at BES?

you never have enough J/\y events

1996: 8 M J/y’s

2002: 58 M J/y’s 2011: 225 M J/y's 2016: 1.3BJ/y’s 2019: 10 B J/y's

T

T

- - p— 7’
J/y>vpp B 2 LR 700 k £ Jy>yrtnm
sk _ I (W) > vpp b PRL 108,112003 A A L
(d) pP c00 = ]
10} . 500 f J/y>vpp 399
50 F
s - - R . A
of o+ —+—ph————— + 300_ '
2 225 25 215 3 M(pp) 200 ¢ PWA
M(pﬁ) :Gev) 120 J/\I’9 Y}L L II 100 ;—'“_f'..'.~"-¥ ’:;;-'_,:._,.;,-F:'.‘.'.'.T-.-.__
OM" T Ll | a1 1
PRL 76, 3502 80 0.0 0.1 0.2 . 03 5 l‘\/la[n';n]‘(caae\};)&)z 21 22
M __-2m,(GeV/c?
pp2mp(GeV/c) PRL 117,042002
40 Jy>yntnn’
. I Mre—
1.4 2.0 2.6 £
M(z'mn’) (GeV/c?) 400 -
PRL 95,262001 300 |
200 |
100 |

0 14 16 18 20 22 24 26 28
M’ )(GeV/c?)
PRL 106,072002
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