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Magnetic moments

Dirac
point particle: ug = gh/(2mc)

electron: p, = gspy = g(12)pg; g=2

Experiment

electron: p = gh/(2mc) x 1.002; (g=2.004)

proton po= 2.793 py=qh/(2mc) x 2.793

neutron p= -1.913 p, =qh/(2m c) x o0



Scattering from point (heavy) nucleus (Rutherford):

do 3 (212282)2 3 4m2(2122e2)2
- - 4
deo 16Ezsin4§ q

where = p; — pr= 2psinO/2 (elastic scattering)

extended nucleus:
do (do
—= (—j F(q)
do \dw o0int

F = form factor

=1—(1/6)q* <r™>+ ...

Electron (s = '2) scattering from point nucleus:

2\2 =2
(d_a) _ 4(Ze 4) E (1—,52 sinzg)
dZD' Mott q 2

47%*E* , 46
R ———C08" —

q



Rosenbluth separation

do do 1

—(E,0) =)y 1(G: +&' (—)'Q°G;,
a5 50 = (G (2mp) QG

do 1 1
= (%)Mott; (5Gé + (2—mp)2 Q2GI\2/I )
o
QZ

¢ = virtual polarization parameter

g:(1+2(1+r)tan2§)_l; T=

G.=G.(Q°)>1 as Q°—0

Gy =G,(@) >4, as Q@ -0
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First Rosenbluth separations-1961
Bumiller, Croissiaux, Dally, and Hofstadter, 3()
Phys. Rev. 124, 144

Olson, Schopper, and Wilson, PRL 6, 286 2O

548 .
Initial Rosenbluth measurement o
(up to Q*=1 GeV?) consistent b 15
with form factor scaling '

For large Q* values, tG;,; dominates .05
and Gy, becomes difficult to extract

Rosenbluth extractions of G and G,,

_ do e(1+1) _ +
~ dQ Omon Ou(Q) +2G:(Q)
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Form factors (old Rosenbluth)
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Rosenbluth separation

—(E 6) = ( ) o (G2 + ‘%ﬁ)zQzGé)

do 1 1
= (%)Mott ;(562 + (E)ZQZG,\%I )
2
g=(1+2(1+7)tan’ Q)‘l; T :@ —
2 Q-

¢ = virtual polarization parameter
G.=G.(Q)>1 as Q>—0

Gy =G, Q) >y, as Q-0



When longitudinally polarized electrons scatter from unpolarized protons polarization is
transferred to the recoil proton with:

2\t(1+7)G.G, tan i

P, =
G2+ G2
&
and
(g+@wm+ﬂ§m&§
R =

T
m, (G +;Gn2/|)

where P = proton polarization in the plane of the reaction perpendicular to the proton
momentum

P\ = proton polarization parallel to the proton momentum

Jefferson Lab experiments E93-027 and E99-007 measured Py/P; to determine :

0
E. +E,)tan(—
GE :ﬂ( e e) an(z)
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Reducing uncertainties

1. Better facility.
2. Concentrated on (Gg/Gy)
3. Detected protons (not electrons).

4. Luminosity monitor.
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particle momentum (Q"2 = 2.64)
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sensitivty to angle (Q"2 = 2.64)
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sensitivity to incident energy (Q° = 2.64)
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Radiative Corrections Q°= 2.64

protons electrons (tor threshold)
¢ Monte Carlo'  Andrel A Monte Carlo  Andrel A
0.117 1178 1113 1030 1075
0.356 1160 1107 1081 1099
0.597 1134 1098 1124 1135
0.782 1121 1087 1168 1163
0.865 1105 1078 1197 1190

A e=1/e=( -0.080 -0.040 0.215 0.142
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Spectrum Components

ep—ep physics

reactions in end caps, primarily take data with empty (dummy) target

quasi-elastic scattering

1p—1p simulate with bremsstrahlung spectrum,
s-7 cross section dependence -

some data available

vp — vp (“Compton”) ~2% of 0 production — some data available
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Backgrounds: Q’=2.64 GeV’
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Sensitivity of cross section to

proton angle (%/degree)

EE\Q"2
1.912
2.262
2.842
3.772
4.702

0.500
17.403
18.573
19.999
21.504
22.490

2.640
5.023
9.449
13.393
16.679
18.492

3.200

5.559
11.302
15.577
17.818

4.100

6.533
13.409
16.541



1400

1200

1000

300

500

400

200

o iD . 1000000
i : : Entries 7285
iMean —0.1892E—02

GRME T 0.2345FE=027
S ndf 32,34 / B
iConstant | 1361,

SMEeAn.... w1859k 02,
Sigma G.9584E—03

~0.015 —0.01 —0.005 0 0.005 0.01 0015




Angles 1n degrees

pointing survey difference
angle angle
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Q?=0.500 (luminosity monitor)
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- L-T experiments

10 -

(DG
F <4
Qi"l
H—
XK+

FX
I

quE/GM

00 |

o> oo 1XD>

Litt SLAC70
Price CEA 71
Batel DESY 71
Walker SLAC

Andvhis SLAC A

Christy JAB (3
super Roserbluth

0.00 100

5.00

6.00




Ofr

1.16
1.14
112
1.10
1.08
1.06
1.04
1.02
1.00

1 =32

e data
—fit
/[/ o
0] 0.2 04 0.6 0.8




E01-001 preliminary results: Reduced Cross sect10ns

Extraction from single arm
without luminosity monitor

Not the "SuperRosenbluth” extraction
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* Rosenbluth experiments are wrong.
 Polarization transfer experiment is wrong.

« Data are being misinterpreted.



Possible checks on polarization
transfer experiments

e Continuation of Hall A experiments 1n Hall
C with a different magnet and new
polarimeter. Approved. Runs in 2006.

» Scatter longitudinally polarized electrons
from polarized protons.

« Measure transverse polarization transfer in
scattering longitudinally polarized electrons
from unpolarized protons.



1/L tang \/r(1+(1+r)tan2 Q)cosé’* +sin@ cos¢” (G /G,,)
l+7 2 2

(G. /G, ) +1

+2rtan??
l+7 2



When longitudinally polarized electrons scatter from unpolarized protons polarization is
transferred to the recoil proton with:

2\t(1+7)G.G, tan i

P, =
G2+ G2
&
and
(g+@wm+ﬂ§m&§
R =

T
m, (G +;Gn2/|)

where P = proton polarization in the plane of the reaction perpendicular to the proton
momentum

P\ = proton polarization parallel to the proton momentum

Jefferson Lab experiments E93-027 and E99-007 measured Py/P; to determine :

0
E. + E,)tan(—
GE :ﬂ( e e)an(z)




Manifestations of two-photon exchange

* non-linearity in Rosenbluth plot
 ¢psilon dependence in polarization transfer

 induced normal polarization in unpolarized
e-p scattering

* ¢p and e cross sections unequal
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soleneld

Figura 8: Schamatic of the polarimatar. The hatchad rectanglas represent tracking
detectors. Sl iIs a scintillating trigger hodoscope, T2 is the CH, analvzing target
(polyethylene), and 2% iz & rear cylindrical barrel of scintillator.



Studies of two-photon effects (°’50s and *60s)

Definitive test: Positron-proton scattering vs. electron-proton scattering

oot TRty
RE—=— =" 21" = 14+4Re(A,./A
Ge- (AIY_AZY )2 e( 2y I’Y)

e+/e— 13 | ]

<R> = 1.003+/—0.005 i - T .
J. Mar et al,, PRL 21, 482(1968) 5 -

and refs therein 1.1 B z|

\ E - :

Tl 210 g :

: ,

<R> = 0.993+/-0.006 b [ ]

L. Camilleri et al., PRL 23, 149 (1969) 0.9 B |
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"2 n n LlJ.JJ.J.ll I L 11.411110 " PO "
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Conclusions

* Super-Rosenbluth experiment verifies
previous Rosenbluth data on proton form
factors

e Polarization transfer and Rosenbluth

separation give divergent proton electric
form factors for Q*>~1.5 (GeV)>.

» (Calculations (very difficult) say two-photon
exchange corrections may resolve
discrepancy. Experiments in planning
stage.
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