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ELECTRON SCATTERING
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ical ball of charge, this rms radius would
9.5 x 10 cm...” (0.95 fm)

If the proton were a spher
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MEAN-SQUARE CHARGE RADIUS

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)

p CHARGE RADIUS

This is the rms electric charge radius, \g” tjr%

There are three kinds of measurements of the proton radius: via transi-
tions in atomic hydrogen; via electron scattering off hydrogen; and via
muonic hydrogen Lamb shift. Most measurements of the radius of the
proton involve electron-proton interactions, the most recent of which is

the electron scattering measurement rp = 0.831(14) fm (XIONG 19), and

rp, = 0.833(10) fm (BEZGINOV 19). These

agree well with another recent atomic-hvdrogen value r, = 0.8335(95) fm

<r2>ch,p = 0.707 t+ ..(fm)>

the atomic-hydrogen value,

sults available at the time, was 0.8751(61) fm. This differs by 5.6 standard
deviations from the muonic hydrogen value, leading to the so-called pro-
ton charge radius puzzle. See our 2018 edition (Physical Review D98
030001 (2018)) for a further discussion of interpretations of this puzzle.
However, reflecting the new electronic measurements, the 2018 CODATA,
TIESINGA 21, recommended value is 0.8414(19) fm, and the puzzle ap-
pears to be resolved.

<r2>ch,n = —0.115 + ...(fm)?
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From “charge radius" to
physical radius of nucleon
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(r2) = (0.8056 £ 0.0011 fm)*, (r3) = (0.6891 £ 0.0017 fm)? P cteon = 0.T7fm.

Physical radii % — 2 — p2 — p2 2
Foroton = Tneutron = "nucleon = Teh.proton t I'eh.neutron 2 ~ 1F
proton neutro nucleon ch.prot 1.7 0 ,Ch_proton_ o~ ()8_1fn7




K+ — US Charge radius
(r) = 0.560 + 0.031 fm

(ry = (r?)/2 (r?) = 0.313 + 0.001 fm?

0O __ — Mean square charge radius
K" =ds <,2>——o 077 &+ 0.010 fm?
Fo+(t) = fdqu+(x t) + = fdeK+(x t), Fypo(t) = ——fddeo(x t) + = fdeKo(x t)

SU(3):dgo(x,8) = ug+(x, 1), Sgo(x, 1) = S+ (x, 1)
(r2) ey = ST2(K*) + 2 T2(K*); (r2) o) = —2R2(K™) + = F(KY)

Tnucleon

fe(KT) = 0.39fm? || 72(K*) = 0.16fm? ’"Kaon/ = 0.68 ~ 2/,

WNSTEIREUNE | T+ = 7o = 0.275fm?* = (0.525 fm)°?




"Gravitational radius” of the proton.

proton _ 2GMproton _ —38
) Ryrav = c2 ~ 2,5-107°% fm

* Interaction of gravity with matter

J d*=g Twh**,  g"'=y* +ht

~ (045 fermi)? - ¥, [ dxxr2(x) fu (x, 1u?)

t=0
“Mass structure and pressure forces inside the nucleon...”

Strength of materials inside a hadron?!



Parton picture (Bjorken-Feynman-Gribov)
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Important Digression: Missing elements of partonic description

(®) = [ dx GeoR ) = ) gk




* Moving nucleon’s spatial structure

Vacuum fl

P* ~ 0(10)GeV
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a pp (PDG 2010) % STAR (prelim.) @ TOTEM
v pp(PDG2010)  © ALICE & LHCb |
o Auger (+ Glauber) a4 ATLAS/ALFA p CMS

T

ot fits by COMPETE
(pre-LHC model RRP(12;)
- = = @y fitby TOTEM
(11.84 — 1.617 In's + 0.1359 In” 5)
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On the spatial size of bodies

ds* = gy,dxtdx¥ = c*dt?® — dl?

> = (—gix + goig()k/goo)dx‘dxk




Distance and time: «a fly in the ointment»
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(0.) Requires going
' (0,x) off mass shell!
‘\ 5] o (x°, 7‘) 0 -\
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(Interim) conclusions

1. The physical (geometric) radius of a hadron is not determined
directly but is derived from the “form factor radii”.
Two facts that seem to be related:
2. The elastic cross section in proton—proton scattering changes
in the energy range 20-+-30 GeV from decreasing to increasing.

3 . The gluon cloud goes beyond the valence core
when the proton reaches an energy of about 10 GeV.

. All this modulo the problem with a missing partonic requisite.

. The main problem: non-simultaneity.







