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Two-photon exchange effect/in nucleon form factors
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Electromagnetic Nucleon to Delta

transition
pP(938) M1, E2, C2 AT(1232)

P=3/2+, M, =1.232, T,=0.2 GeV
A A
N ! A transition:

TN A (99%),y N A (<1%)

I'\""|1+= E1+= S1+

% Y"NA is specified by three form-factors: G,* (Q2) [M1], G.* (Q?) [E2], G.7 (Q?) [C2]

* studied in pion electroproduction on the nucleon at the resonance kinematics, s=M,?



EM nucleon to Deélta transition:

¢ In general (any # of exchanged photons), the e N! e A transition can be described by 16 form
factors, or, 16 independent helicity amplitudes: ‘Th P = (K K pa Tk, hep, )

% m_=0, cuts this number down to 8: (e+ = v/1=£¢)
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one-photon exchange approximation
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Experimental status of E2/M1 and C2/M1 ratios



EM Nucleon to Délta transition:

** The unpolarized pion electroproduction cross-section is, iz general, written as:

do _ . do P 1 _© (B " (sen — M2)/(2My)
(dE!dQ.)labdQ, — " dQ, U (2n)3 R, Q2?(1—¢) ‘
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% At the A-resonance, these cross-sections are expressed in terms of e N! e A helicity amplitudes
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Two-photon exchange : partonic calculation

k k' k k'
» Hard scattering ; § g
pq pq' pq I;

amplitude
A
1 A
« da: S —1U hard 9 21 3

A — /_1 7 ( QQ 9m + 954 ’Y)> 3 6 Hj(‘u’) “magnetic” GPD

1 ,\

dx S — (27) 1 (3)
c* = 7 + hard S — “axial” GPD
/_1 T ( Q2 gA g gm(ﬂi‘) 6 1

\ {LargeNC o (0) | |
H(2,0,Q%) = 2% (E“(x,0,Q%) — E4(z,0,Q%)]

‘. { . . ‘ Nucleon GPD’s
O (@,0.Q%) = VB|H"(2,0,Q%) - ('(x,0,Q?)] :



Nucleon GPDs

Modified Regge model [Guidal, Polyakov, Radyushkin, Vanderhaeghen, PRD (2005)]:

HY(2,0,q°) = qu(x) go1 (1-2) Q7
El(x,0,¢%) = % (1 —2) gy(z) 22 (1) @
m) g,(x)-- forward parton distrib%tions atp = 1 GeV*
Cuy = 0.26227°%(1—2)%%° (1 +3.832%° + 37.652)
MRST2002 NNLO { d, = O.OGlx_0'65(1 _ x)4.03 (1 1 49.0529° 1 8.65 .r)
Leader, Sidotoy, Stamenoy {Auv = 0.50527 933 (1 — 2)34% (1 + 2.1792°® 4 14.57x)
(2002) Ad, = —0.0185z7"7(1 — 2)>%%* (14 35.472%° + 28.97x)

!

m) Regoe slopes : Oz{ , 0.y determined from rms radii

1
?“ip = —6031/ dﬂ?{eu uv(I)—l—@d dv(ﬂ?)} Inx Oé{ — 1.098 GeV—Qi
0
[ =11 —2
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0
TNy = 1.92

m) 7y, 74 determined from F, / F, at large Q°
nqg = 0.31
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Nucleon electromagnetic form factors
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Two-photon exchange contribution to helicity amplitudes
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One + two-photon-exchange in observables

< . . . .
** The unpolarized pion electroproduction cross-section:
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Two-photon etfects on observables
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Two-photon effects on cross sections
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Two-photon etfects on cross sections
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Two-photon etfects on cross sections

orr ~ Rgpr, linear relation, in contrast to oy, mJ}%%AJ.
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Two-photon etfects on the ratios

(Q* dependence)
< 25
O
NE 1.5 -
o 1'
0.5
0
’: RN EUTE VU ANUVENTN BNRNEIN AN ATEN SRR
o .
T OF
s 4
£ 3
2
1
O;’i\i‘ii\.\i\‘i\i‘ii\.\i\.i\i‘i
0 2 4 6 8 10 12 14

Q” (GeV?)



1

og — AO —1—5(3008297; —1)A2
1
orr — Siﬂ2 9,,-; 00 OoLT — 5 SiIl(QGﬂ-) Dl
1
orp; = sin? 6, Cy; OLTi = 5 sin(26,) D1,
e? Q% (Ma+ My) 1
Ay=1T — G4r)?
0 =T LT TMZ (Ma = My) MaTa CM) R
3A; —2CH 1 4M32 Q?
exp, ] 2 0 ) A 2
Rpy = 124, Renm + € 207 R%, +...
Q-i— Q— Dy 14
exp 1y B
Rg O Ma 6Aq Rsy — RsmRem + - -

Re:r:p,II _ _(AO — A?) _ 200 Ly R
EM 3(/40 B AQ) o 200 EM




Rey (%)

Ry (%)

0 025 05 075 1 125 1.5 1.75
Q* (GeV?)

Rpy (%)

Rgy (%)

CLAS data

corrected for Rg)2 /

2

-10

6
4
2,
0

\\%‘

n
*

:

.
.

I

I

w L

Q* (GeV?)



Conclusions

v’ General formalism for the unpolarized pion electroproduction cross-sections
in terms of NI!A helicity amplitudes.

v'New responses O, and O 7
v'Parton-model calculation of two-photon exchange N!A helicity amplitudes.

v’ A first glance at two-photon effects on inelastic observables.

% Corrections on Ry, are small, analogous to corrections in the nucleon
polarization-transfer observables.

%* Substantial (up to 10%) corrections to the L responses (0; and oy ).
Therefore, mainly Rg,, is affected.

“*Effects increasing with increasing 1/€ and Q?
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