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e Introduction

® Analysis of the TPE contributions in different

observables and the fit of existing experimental
data

o Estimate the TPE amplitudes and predictions for
the ratio R, /-

e Conclusions
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Elastlc e-p scattermg mdlatlve correctlons

=

electron and photon radiative corrections
known and well understood

“In o

i Soft bremsstrahlung involves only soft

AEE' photons
P il
Qe effect of the nucleon structure is
negligible
Vertex and box diagrams involve

; ' / bremsstrahlung interference)
computed in soft photon approximation nontrivial €-dependence arises only from
(proton structure neglected) the two photon exchange diagrams!

Mo, Tsai Rev.Mod.Phys 1969

hard and soft photons

soft photon contribution is included in
radiative correction (corresponding IR
divergence is cancelled with electron proton
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TPE contribution in the reduced cross section

e e e

? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

What do we know about these amplitudes?

large Q behavior

QCD predic’rions Gy o O Yar s ~ const

R =Gpg/Gp ~ const V%5 0 ()

but it works only at very large Q: QAqcp > my

intermediate Q%=2.5-16 GeVZ QAqco = 0.5 - 1.2GeV"
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TPE contribution in the reduced cross section

Epe—pae —

? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

What do we know about these amplitudes?

K

End-point ¢ — 0,1 behavior e V.
o

e—1 Q fixed s — oo Regge limit kgl
t=-Q2

plausible assumption Ypr3 g(c) — 0

agrees with all models, in pQCD Yass(e) ~ (1 —¢)'/?

e—0 Yusg(e)#o0o are not singular

Q2=s-2m2-m*/s
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TPE contribution in the reduced cross section

Epe—pae = =

? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

reduced cross section

1-y exch interference 1-y and 2-y
Oy
m 1+eR%/7+2Re{ Yy +eYs+eR/7(Yi +Y3) }
P GE ~ (.25 Q=2.5GevZ wgp R can be considered as a
G small parameter

simplified expression:
Or

— ~1+¢eR?/T+2Re{ Yy + e Y3}
GM
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? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

reduced cross section

Oy

Gy

SR R O R G

Data 0.117 < e < 0.865
JLab/Hall A (2005)

: 0? = 2.64GeV?
1.25 |
o ; linear it: a + &b a=1.106+£0.006
CHE b = 0.160 + 0.009
3
:’_ 115}
- linear extrapolation ¢ — 1 Yar3.r(e) — 0

1.10

| | | ! | ! | I G?W(]‘—I_R2/T)
| e | | (1pGD)?

— G =F 1
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? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

reduced cross section

Oy

Gy

SR R O R G
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1.25 | <] 0,
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3
:’_ 115}
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? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

reduced cross section

Oy

Gy

O
=
~ 115
o i

1.10

1.25:

0 1.20:

<] 0,

R e R G te

Data 0.117 < e < 0.865

Py JLab/Hall A (2005)

linear it: a + b a=1.10640.006
b=0.160 £ 0.009

linear extrapolation ¢ — 1 Yar3.r(e) — 0

G3,(1+ R?/1)

(G
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? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), Y3(57 Q)

reduced cross section

Or

Gy

~ 14+ eR?/T +2Re{ Yy + Y3}

EO5-017, proposal, expected

1.25:
0 1.20:

=
~ 115
B i

1.10

0 0.2 0.4 0.6 0.8 1.0 0.00.102030405060.7080.91.0
e
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Elastic ep-scattering: recoil polarization technique

Akhiezer, Rekalo (1974)

ey ctp

P \/25(1—5) GrGy @ 2
L
T o e, _\/7‘(1—|—€)Pt2R
G2 2e Pl
Pl:\/1—€2 iz & b
T Oy
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TPE contribution in the polarizations

? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

T(l—I—E) Pt 2¢e
i — Y +Y3) — A
\/ 9 Pl R—|—R6( D 3) RRe < M 1—|—8Y3)

interference 1-y and 2-y

1 7 s eR/7(Ys +Yg) — R?/ X
—Ai e | e T |
Py (1+eR2/7) ke 2 e 1 e i
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TPE contribution in the polarizations

? g 3 TPE amplitudes YM(&‘, Q), YE(€, Q), YS(& Q)

simplified expressions:

T(]_—|—€) Pt
— ~ 4 Y-
\/ 2¢e Pl R—I_Re( B 3)

interference 1-y and 2-y

s cR/7(Y3 + Vi)
e el B W G | T
& 1 +¢ .

g = BT
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7(1+¢) P,
_\/( ) ' ~ R+ Re(Yr+ Y3) © Re(Yy+Y3)~0

dee - D)
0 < & <4
- — fit =
- — 0.75- o GEp-2y 1 - .
A (O i
g A GEp-l
W
&
N o070k A
= E I I 'Rexp
=i :
' 065 IEEEE——
. | . | . | . |
0O 02 04 06 08 1.0
Q% = 2.5GeV? £
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7(1+¢) P,
_\/( ) ' ~ R+ Re(Yr+ Y3) © Re(Yy+Y3)~0

dev o P
0 < & <4
i — fit . — i — Rexp
1"lg— 075 ® GEp-2y
g A GEp-l
W
= | A ® TRe(Yy + Y3) >~ const
N— - M 3 T
- 0.70 I I I ¢ Rexp
10_ i Emin < € < Emax
' 065 IEEEE——
L | . | . | . |
0 0.2 0.4 0.6 0.8 1.0
Q% = 2.5GeV? £
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7(1+¢) P,
_\/( ) ' ~ R+ Re(Yr+ Y3) © Re(Yy+Y3)~0

e [
e < |
i — fit . = i Rexp
1-lo— 075- ® GEp-2y
g i A GEp-I
w I
+ &l) i
= 0701 ¢ I Ii ¢ Rexp * Relud
10_ - ~ AR Emin =i Emazx
' 065 IEEEE——
[ | . | . | . | . R R — A
0 0.2 0.4 0.6 0.8 1.0 e 5
Q% = 2.5GeV? £
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§ § 3 TPE ampli’rudes YM(€7 Q)7 YE(ga Q)7 Y3(€7 Q)

Pl EQYS €2Y3
— ~1—-2R E el =8 ~1—-2R
PZ’Y 6<1+5 S /T(3+ E)) 6<1—|—8

Q? = 2.5GeV? R/t~ 0.33
O Yg(g) ~ o)

| s
102 } - ® indication about the
iﬁ ‘ } ' nonlinear behavior of Y3(e)
P o0 *
=) Y3(€) =00
0.98- . | . | . | . | — IS e e =1 AYg = 2%
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| -=-fit 1+a, £ In(1-g)(1-g)"?
— fit 1+ a, %(1-¢)"?
1.02}| ® GEp-2y

model 2

P
P—,ly ~ 1+ gyeln(l =)@
l

with a; = —0.032 £ 0.008
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Estimate the TPE amplitudes: small nonlinearities

Q? = 2.64GeV?
l. - ~1+eR/r+2Re{Yy +c¥s} =a+eb 0<e<l
M linear behavior
Q> = 2.5GeV?
1 P
2 —\/T(Qi_g)PZZR—FRB(YE—FYg) =1 ke — |
P 82 Y RB(YM =F Yg) ~ 0
3. —lv ol — PR
P, 1+¢

unknown Gu, R, Yu(e), Yi(e), Ys(e)

* model assumptions about the extrapolation fo ¢ — 1
deﬁne G and R
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Results: 92 = 2.64GeV?

Gis = (1.168 £0.010) 2G5

1, R = 0.693 & 0.006

Oy

1 — ~1+eR*/T +2Re{ Yy +c Y3}
. GM

linear it a + €b

l+¢e) P,
5 p = R+ Re(Yp +Y3)

R@(YM —|— Yg) = O

P
3 —fy SR ()
° Pl
ReYs ~ —%52(1 )

Guttmann, NK,
Meziane, Vanderhaeghen, 2011
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Results:

Q? = 2.64GeV?

G = (1.168 £0.010) 2G5

1, R = 0.693 + 0.006

. o ~ 1_|_5R2/T—|—2R6{YM‘|‘5Y3}

G

linear it a + €b

B b

small TPE Re(Yp + ¥3) ~ 0

) — o)/
= I — 1
B 004

Guttmann, NK,

Meziane, Vanderhaeghen, 2011
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Comparison with other results

Borisyuk, Kobushkin 2011
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. +
Ratio R: gg ~1+eR?/T £ 2Re{ Yy + Y3}
e e M

Rj: et 1—4R6{YM—|—8Y3}

12077

1.25 I, /02=4.1o GeV?

1.15+

1.20 — Q2 =3.20 GeV?
;z 1.15F Q? = 2.64 GeV? ol
o : :
110 F o Ty
105 =l How large could be
100565 04 06 08 T effects from the
€ nonlinear behavior?
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2
0,/ (4, Gp)

1.10

Ratio

1.25:
1.20:

1.15:

a+b+Lo,

(1sGp)2 (1 + R?2/7)

5, = 0.013(1%)
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Ratio F-

Rj: et 1—4R6{YM—|—8Y3}

1.25k
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12077
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nonlinear behavior?
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Conclusions

® Combiningthe data o, P, P;, R+
and assumption that TPE amplitudes vanish at ¢ = 1
one can extract information about TPE amplitudes

e Practical problems: large error bars and ambiguity
In the extrapolationto ¢ — 1

o UsingJLab data o.(Q*=2.64GeV*.e) and Pui(e) Q2 = 2.5GeV?

and assuming small nonlinearity at € — 1

e~0.6—0.8 ReYs~ —(1.5 — 3.6 £0.64 & 18y3)%
ReYrp ~ —ReYs >0 ReYy >0 ReYy ~ (0 s 2.2)%

c=0—0.6 RGYM < 0 R@YM Fort (—27 — 0= 08375)%
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