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Proton size puzzle
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muH Lamb shift: Proton structure corrections

AEY™ [meV] = 206.0336(15) — 5.2275(10) R%[fm*] + AEtpg

Leading-order Finite-
size correction, a4
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muH Lamb shift: Proton structure corrections
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polarizability:

BChPT:
Alarcon, Lensky & Pascalutsa, EPJC (2014)
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muH Lamb shift: Proton structure corrections

AEY™ [meV] = 206.0336(15) — 5.2275(10) R%[fm*] + AE1pg

Leading-order Finite- Two-photon exchange
size correction, a4 correction, a5

5,17,
3ns

elastic:
2(Za)rm? (Za)
AE,s(LO) = 2 ;33%% AE,s(NLO) = —

3rd Zemach moment:
d 48 [°dQ {
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polarizability:

BChPT:
Alarcon, Lensky & Pascalutsa, EPJC (2014)

Experimental data —> <«—— Chiral Perturbation Theory
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Hyperfine splitting

AEYH,. ¢ [meV] = 22.9763(15) — 0.1621(10) (1) z[fm] + AEP%
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Hyperfine splitting

AEYH,. ¢ [meV] = 22.9763(15) — 0.1621(10) (1) z[fm] + AEP%
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Hyperfine splitting
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Hyperfine splitting

AEYH,. ¢ [meV] = 22.9763(15) — 0.1621(10) (1) z[fm] + AEP%

T /

Fermi energy + polarizability contribution
radiative and

recoil corrections AEII_)I%IS = (0.0080(26) meV

LO finite-size effect

Zemach radius:

*dQ [Gr(QY) Gm(Q?)
1+ kK
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Moments of charge distribution

Charge distribution: P£(T) :/
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Moments of charge distribution

L e—

Charge distribution: P£(T) :/
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Predictive orders (no new LECs)

Leading order (p”3):

LO
ImMGE and ImGM

Nadiia Krupina, Chiral dynamics 2015



Predictive orders (no new LECs)

Leading order (p”3):

N/
L4 S

LO
ImMGE and ImGM

NLO
ImMGE and ImGM

Nadiia Krupina, Chiral dynamics 2015



Predictive orders (no new LECs)

Leading order (p”3):

N/
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LO
ImMGE and ImGM
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Third moment of the charge distribution
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Third moment of the charge distribution

(R°)E = 8 [T {GE(Q2) : _ 2 /OO dt ImGp (1)
to

70 0 Q4 70 t5/2

LO heavy baryon ChPT:
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Third moment of the charge distribution

(R’)p = 8 [T {GE(Q2) : _ 2 /OO dt ImGp (1)
to

70 0 Q4 70 t5/2

LO heavy baryon ChPT:

21> m
3 _ A l o
() = 1287 f2m,; O (Mp)

(R*) g ~ 0.276 + 0.109 = 0.385 [fm”]
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Third moment of the charge distribution

>d > Im
<R3>E — g _Q {GE(Q2) é<r2>EQ2} — % /to dtI g/EQ(t)

7TOQ4 ™

LO heavy baryon ChPT: Empirical value

2194 0 (%) from FF fitted to ep data:
M (R = 1.16(4) [fm®

R’)p =
) 1287 f2m.

<R3>E ~ 0.276 + 0.109 = 0.385 [me] Distler, Bernauer, Walcher, Phys. Lett. B 696, 343 (2011).

F\

LO NLO
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Third Zemach moment

/ / d,ImGE ) ImG g (t')
[ " (tt)3/2(v/t + V')
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Third Zemach moment

ImGE(t) ImGg(t)
R’ = +— / / dt’
< >E(2) )2 to to (tt) 3/2 \/_—I-\/_)

Numerical result:

(R*) p(2) ~ 0.554 + 0.218 = 0.772 [fm’]

F\
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Third Zemach moment

ImGE(t) ImGE(t)
R3 = 2(R +—/ / dt’
( >E(2) ) E ) ) (117)3/2 \f+\/_)

Empirical value
from FF fitted to ep data:

(R*)p(2) ~ 0.554 + 0.218 = 0.772[fm’]  (R’)p(2) = 2.85(8) [fm”]

Numerical result:

f \ Distler, Bernauer, Walcher, Phys. Lett. B 696, 343 (2011).

LO NLO
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Zemach radius

s / st

> ImGE > ImGM( )
") /t =y /t At =57 |
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Zemach radius

/ / dt / ImGE ImGM(t’)
Lt (Vt+ V)
> ImGE > ImGM( )

") /t =y /t At =57 |

Numerical result:

(r)z ~ 1.537 + 1.439 = 2.976 [fm]

[

LO NLO
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Zemach radius

/ / dt / ImGE ImGM(t’)
Lt (Vt+ V)
> ImGE > ImGM( )

k) /to +3/2 /to di +3/2 }

Empirical value
from FF fitted to ep data:
(ryz ~ 1.537 + 1.439 = 2.976 [fm] (ryz = 1.045(4) [fm]

Numerical result:

f \ Distler, Bernauer, Walcher, Phys. Lett. B 696, 343 (2011).

LO NLO
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Summary of the results

Odd HA3 oM/A | pA3+pA4A Empirical

moment value

(R*) & 0.276 0.109 0.385 .16(4)
(R”) p(2) 0.554 0.218 0.772 2.85(8)

(r) 7 1.537 .439 2.976 1.045(4)

Possible explanations:

i) ChTP does not work, new physics needs to be implemented
ii) Empirical values are wrong
i) ...
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Summary

(i) Calculation of the 3rd Zemach moment allows us to extract
the proton radius independently on the elastic ep-scattering
data.

(i) The 3rd Zemach moment and Zemach radius can be
predicted by ChPT (no new LECs).

(iii) Ve present the results of the leading and next-to-leading
order contributions, O(p”"3) and O(p”4/A), to the third moment
of the charge distribution, the 3rd Zemach moment, and
Zemach radius.

(iv) More work is required to reproduce the empirical values.
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