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Summary of research activity -01

Electromagnetic properties of hadrons and their role in precision observables
and searches for New Physics.
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~ 70 discrepancy

~ 30 discrepancy

large uncertainties from
unconstrained
hadronic corrections
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Summary of research activity -02

Two-photon production
and meson transition form factors

analyticity

unitarity

gauge symmetry
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Belle (2015)

S0

Phys. Rev. D 85, 116001
Phys.Lett. B725, 504-509

predictions for the TFF for £2(1270)
as a function of the photon virtuality

Next: update of the analysis using new data



Summary of research activity -03

(8-2)u
TFF—> S

Eur.Phys.]. C74 3008

ao, fo, f1, a2, f2

FNAL expected accuracy: da, =~ 16 x 107"

Total contribution of single meson

fo 1. a2 £2) =6 x 107"
exchanges beyond pseudo scalars: a,(a0.fo. 1, 22,f2) %

model independent approach needed for
the systematic account of the hadronic uncertainties

relate (g-2), to the absorptive
part of the Pauli form factor
Phys.Rev. D90, 113012 in the time-like region

new dispersive framework

Next: realistic estimate of the contributions of the single- and two-pion thresholds



The proton radius 1l

proton radius OpIRE =
extraction X/ —— —5
R2 %l g dG g opis2
d@=lz -
Q2=0
2
agree for the electron AFE; = _7;04 6(0)]° R%,

(uncertainty ~0.6%)

elastic scattering atomic spectroscopy
~ Electron | muon vs electron my, ~ 200 m
Muon
h2
apg = Bohr radius
roton Proton m662
Muonic stronger effect 10x better
Hydrogen . ——— o

ycrog Hydrogen from the proton size precision




The puzzle

-

Electron-proton scattering{ : .

. + Hydrogen spectroscopy

——e—— CODATA (2010)

} Muonic hydrogen spectroscopy

| - I - I - I . 1 _ 1 - I a I . 1 . 1
083 084 08 086 087 088 089 090 091 0.92
Root-mean-square proton charge radius (femtometers)

uH data:
Rg = 0.8409 + 0.0004 fm 7 o difference 1?
Antognini et al.(2013) > >

Pohl et al.(2010)

0

Ehe New ork Times

ep/eH data:

Rg = 0.8775 + 0.0051 fm

CODATA(2012)



Lepton pair production on a proton target -0°

Measure the ratio of the e vs u cross sections

_do(p p" +eel)

I —
e do(e—e™)

— |l

Phys. Rev. Lett. 115, 221804 Bethe-Heitler process

Two-fold differential cross section of the Bethe-Heitler production to leading order

daite o 45 1 > A
= ' : CeG CutG
dt dM? (s — M2)2 2(MZ—1)* 147 {CeGEp +Cu TGy}

at small t the ratio Ry/e gives direct access to the ratio of the proton electric
form factor in the up versus ep scattering

the deviation from the unity will be a sign of violation of the lepton universality




Lepton pair production on a proton target 97

Bethe-Heitler is highly peaked Detect the proton
in the lepton forward region integrate over the lepton phase space

increase the count rates
the same systematics
no lepton acceptance corrections needed

large cancellation of radiative corrections

e :
recoil proton Lab angle S 60
oo MiAstMYr g
. 2(s — M?)\/7(1+ 1) @ 40
30

proton Lab momentum ot o

p'|' = (100 — 174)MeV
|ﬁ,|lab:2M\/T(1—|—T) 0 |p| ( ) € /C
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Experimental feasibility 08

vp — u-p+ p : 200 000 events produced
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Lepton universality test

The cross section ratio

dalim el

— 1
do(e~eT)

Ryje =

1% difference in measured proton
charge FF in electron vs muon

observables leads to a 0.2%
absolute effect for Rye

e

G2

g(e e +u u)lo(e e")

1.14

1.135}

1.13

N
-
N
(€}

1.12

1.115

1.11

1.105

E,=0.5 GeV
~t=0.03 GeV?

lepton universality
violation
| Ggp/Gg,=1.01

lepton universality
U
GEp=GEp

0.066 0.068 0.07 0.072 0.074 0.076 0.078
M; (GeV?)

the contribution of the TVCS ~5x
smaller than the effect due to the 1%
variation in the value of Ghgp



JLab & JPAC il

JPAC
Double-Regge exchange model for FESR
/
SiPss TP
at COMPASS

Study the double-Regge limit of the
2 = 3 process and connect to to the resonance
region by the finite energy sum rules

[Lab

access the proton form factor from the
Bethe-Heitler process by analyzing
angular distributions of the lepton pairs

and explanation of JF6=1-* exotics

Dilepton production
by detecting electrons and muons

direct measurement of the
Forward-backward asymmetries interference between TVCS and BH to
and study of the TVCS extract the information on the TVCS

(polarizabilities, high-energy behavior)



