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MEAN-SQUARE CHARGE RADIUS

Citation: 5. Mavas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)

p CHARGE RADIUS

—

This is the rms electric charge radius, ";IEE

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

the atomic-hydrogen value, rp = 0.833(10) fm (BEZGINOV 19). These
apree well with another recent atomic-hyvdrogen value r, = 0.8335(95) fm

(rz)ch,p = 0.707 + ..(fm)?

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)?




OT 3apsA0BOro «pajguyca» K pU3u4ecKoMy paguycy HyKJIOHa
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. . dF(t ff&xt)
F(t) = z eifdxfl(x, t) rop = (i( 1( ) |t=0 ‘ -
icval —(—t-

=2m j db bJ,(b/—t) fi(x, b),
0

filx,t=0)= f: (x),i=u,d

(r2) = (0.8056 £ 0.0011 fm)?, \/ T2 veteon = 0.77fm.

. Y] 12 . 12 — ._2 - .2 ..:2
Physu:al radii U proton — Fneutron = Tnucleon = Tr_h.:pmfr:m + Tﬂfl:rlﬁﬂf?‘ﬂrl'

(r3) = (0.6891 £ 0.0017 fm)*




K+ — US Charge radius
(>_0560i0031 fm

(ry = (r2)Y2 (r?) = 0313 + 0.001 fm?

Mean square charge radius

= ds () = —0.077 4 0.010 fm?

Fo+(t) = %fdxu,{+(x, t) +§fdx§K+(x, t), Fpo(t) = —%fdxd,{o(x, t) +%fdx§Ko(x, t)

SUr(3):dgo(x,8) = ug+(x, 1), Sxo(x, t) = Sx+(x, 1)
(r2)<K+> — gfuz(KJr) +%7’§2(K+); <T2><Ko> ——rZ(K+) + 2 - rZ(K)
72(K*) = 0.39fm? r2(K*) = 0.16fm?

MNDEIBEUNY | 7+ = o = 0.275fm? = (0.525 fm)?




«'paBUTALIMOHHBIN PAAUYC» IPOTOHA.

ConmpoMart BHYTpPH aApOHA?

proton __ 2GMproton _ ] —38
: RDTow™ = Zroton o 2510738 fm

* B3aumMoaencTBUe rpaBUTALlMU C MATEPUEU
' [a*y=g Th*, g =y + h*

1 Tal) = ) M @G
J

7,.2 =6 dG(t)

g dt rn (0.45 fermi)? — Zafdxxraz () fa (x, 1?)

t=0

“Mass structure and pressure forces inside the nucleon...”
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O npoCcTPaHCTBEHHOM pa3Mepe

ds® = g,,dx*dx¥ = c*dt* — dl?




Parton picture (Bjorken-Feynman-Ipu6os)

(P,0)

g(z,b) = cg(x,0) exp(—b*/R*(z))/mR*(z).

R*(x < 1) = 4apln(1/z) + b;.

rtiicleon

pre = 0.77fm. |

val
7 (rnucleon
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w = > ngn /(n)




* Moving nucleon’s spatial structure

Vacuum fl ations:
Gluons, g antiquarks

‘u'alence.
core

P* = 10 GeV
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& pp(PDG2010) % STAR (prelim) @ TOTEM |
o e (PDO201) B ALICE o LHCh |
0 Auger (+ Glauber) 4 ATLAS/ALFA & CMS

mdﬁtsbymm
(pre-LHC model RRP41.2,)
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(IIpoMexxyTO4YHbIE) BHIBO/bI

1. Pusnyeckuii (reoMeTpUYECKU) pafUyC afpOHa He
ornpezesfieTcA, HO BBIBOAUTCA U3 «OpPMPaKTOPHBIX paUyCOB».
[Ipo6seMa : HEOAHOBPEMEHHOCTb.
JlBa pakTa:
2. Ynpyroe ceyeHue B IIPOTOH — IPOTOHHOM pacCessHUHU
nepexoJUT B UHTepBaJie sHepruvM B C. 1. M 20 - 30 I'aB
OT YObIBaHUS K POCTY.

3 .'1r00HHOE 06/1aK0 BBIXOJMUT 3a MNpe/jiesibl BaJIEHTHOrO Kopa

[pY JOCTUXKEHUU IIPOTOHOM 3Hepruu nopsaaka 10 I'aB.



