Baryon form-factors
-- the view from the time-like side --
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for B=p: JLAB & e*e are complementary
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Born cross section:
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Born cross section:
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e*e” = pp at threshold

Integrated cross section:
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e*e” = pp at threshold

Integrated cross section:
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e*e- = pp near threshold for E_ <1.9 GeV

-- experimental issues --

KE <11 MeV
range< 0.5 mmBe +C

proton stops

neither p nor p
get into tracker

Tracking volume proton stops
& annihilates



BaBar: produce boosted pp pairs via isr

> Y
Ay
large angle initial state radiation (isr): T

p and p boosted
into the detector
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e*e” > pp data near threshold via isr

large-angle initial state radiation
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CMD3: Detect p annihilations in beam pipe

Solodov talk at Bad Honnef 2018
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CMD3: e*e” > pp at E.,=2m  threshold

-- fast cross section jump at threshold: 0,,<1 MeV --

O ,=1.2 MeV
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“excellent” FSI fit, pre-CMD3 data

fails to get the rapid jump in cross section seen by CMD3
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| Geff(Mpp) ‘

1.0 CMD3 |G (2mp)|=1 < pointlike behavior

very sharp fall-of
at threshold o8
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cle*e’— 3(r'w)), nb

1.6

14

1.2

0.8

0.6

0.4

0.2

look at other channels
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3(r*r) & K*K'mt*re important for g2<4m 2
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remarks

rapid threshold jump in o(e*e">pp) Ly mRd
- much faster than growth of phase space RAETEIRGT ;
- consistent with expectations for point-like | 1 [ =

charged particles

= constant above threshold cross section
- rapid fall-off of effective form-factor
- very different from point-like expectations
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What about other baryons?



e*e > nn (or AA) at threshold

Integrated cross section: 47r0¢2[36
O =

N (1+1/27)
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_ O
no Rydberg states for nii ( AN ) C=1 _
(Bohr-levels) | _
in point-like approx: _ no “jump”
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SND: e*te = nn at threshold




indications of o(e*e_-> nn) jump at
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ete” 2> AA

Electrically neutral 2 no Ryberg states

- no Coulomb enhancement no “jump” expected

Isospin singlet, m-exchange not allowed
- A\-A\ molecule is unlikely



BESIII: o(e*e" > AA) @ E__=2m,

a AA threshold event in BESIII
' E.-2m,=1 MeV
for: A = pwand A = prt

Tracking volume

KE, %6 MeV

1n* && 1 7w with p=100 MeV/c
at least 1 track from r=3cm




BESIII sees events like this




a (A>pr)A(=>nmP) threshold event in BESIII

E.,=2m, +1 MeV
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BESIII efe > AA measurements
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o(ete" > AA)at E__=2m, threshold
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ete” D AA very different from pp=>AA
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oBoM(e’e” — K'K'K'K) (pb)

Hint of o(e*e>K*K" K*K") peak @ 2m,

-- seen by both BaBar and BESIII --
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B} + -
ete QACAC

6 Ac/_\c
A\, is charged, expect =145pb “jump” ’
in point-like approximation spoy P
MaRc£VIpc

A\, is an Isospin singlet, no r-exchange
NN\, moleculelike states expected



o(ete > A_A_) @threshold
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o(ete" > A_A_) @threshold
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baryonium?

-- sub-threshold BB QCD S-wave bound states --




a 0" pp bound state is well established
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J/w =2 v pp at BESIII (PWA)

I BESIII PRL 108, 112003 (2012)
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“protononium:” a pp bound state?

2m,
=200 :
m - E
180 |- |
150 [ |
:_ \\BEII E
140 - —
o [ —_
100 |- o
m :_ (l’ UE"'\“‘
-f ilhx'-:\
0 | [N
L __ : R
10 pp%gluons%mesons‘ N,
Li e,
- (' n’?)‘ 0P PP N
20 :-— . . . \‘g“‘
" S-wave annihilation l “fall- apar“r" decays e
C L l L1 L1 l L L1 l I 1 I l 1 1 l

Qa6 1865 1870 1875 1880 1885 1880 1895 1800
Mee (MeV)

G.J. Ding & M.L. Yan Phys. Rev. C 72, 015208



X(1835)>n'tm’ with 58M J/y decays
(BESII)

BESII observation of X(1835) in
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X(1835)>m*ntm’ with 1.1B J/y events
(BESII)
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Flatte formula fit:

T — vpout
M2-s—i ¥ grPk

955
, Yk IiePr = 9§ (po + glgppﬁ)

S.M. Flatte PLB 63, 224 (1976)
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summary

Cross section threshold jumps see for ete- > BB
-- both for charged (pp & A.) and neutral (nf & AA) pairs
-- jump times < 1 ns (faster than phase space)
-- consistent with expectations for pointlike, charged particles
-- above threshold behavior is decidedly non-pointlike

Accompanying structures seen in other channels
-- dips in o(e*e> 3(r*rr) & K*K ') at E.,.=2m,, (but not 2(rt*rr’))
-- peakin ete'> ¢ KK at E_.=2m,

A subthreshold O pp state seen in J/y->vypp
-- associated structure seen in ete™> 't n’

More results expected soon
-- e*e>737 and == at threshold from BESII|
--more e*e> pp and nn from CMDS, SND & BESIII



There is lots still to be learned about
the "well known”’ stable baryons



