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Low Q° Proton Space-like Form Factors

e Introduction / Review

— Since this is a form factor meeting, so I will go quickly over
the usual introductory material, but quickly

— I will largely focus on polarizations - no discussion of
Coulomb / radiative corrections

e Recent low Q° work
e The new Hall A Experiment: EO8-007

- Aims

— Status

— Expected Results and Analyses
* Summary

R Gilman, Rutgers
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Introduction J“zG(p)[Fl(Qz)y“HﬁFZ(QZ)U‘”qv]u(P)

e Spin-'2 proton 2s+1=2 form factor, ¥ e k)
usually chosen as either F  Dirac and

F2 Pauli or as GE electric and GM
magnetic

e Form factors describe charge / »(p) (p")
magnetization distributions % =

e Rosenbluth technique and fits oot
extract f.f. from cross section: .

B do/dQ ., 2 (A2 A
UR=€(1+T)dUMoﬁ/dQ—eGEP(Q )+76,,(Q°) +

e_1=1+2(1—|—‘r)‘|'an2% T=Q°/4M? ’/+

2 b
TGy
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- e Or model-dependent
Introduction J'=ulp)l  extraction: choose
convenient f.f.
e Spin-%2 proton 2s+1=2 form factor, parameterization
usually chosen as either F_Dirac and and fit data at “all”
F_ Pauli or as G_ electric and G, Q* simultaneously
magnetic
e Form factors describe charge / »(p) (p")
magnetization distributions
e Rosenbluth technique and fits ot
extract f.f. from cross section: */
dO'/d.Q 2 2 2 2 ’i//
=c(1+ =e6 +16 o )
o =€ T)doMm/dQ €6, (Q)+76,, (Q) E+ e
e_1=1+2(1—|—‘r)‘|'anzg T:Q2/4M2 ,’/+
TGi{,
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heory

e Numerous approaches to nucleon form factors, which
experimentalists should list and describe with caution

e Theories, phenomenology, fits — theoretically inspired or
not

e Some include:

— vector dominance models

- (relativistic) constituent quark models

— quark-meson coupling models

- lattice QCD

- perturbative QCD

— ads/CFT models

- ... (My apologies if I left yours out / misnamed it.)

e Something of an EMC effect, in the Miller sense

R Gilman, Rutgers 5
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Limits to Rosenbluth

o, =€(l+7) do/dQ ZEGZP(QZ)-FTGAip(QZ) 7r

d UMoTT

e Rosenbluth does not work well when ¥
- EGEZ/TGMZ ~1/7% <« 1 at high Q, or ) +’-3

- €6,.°/76,° ~1/7> L at low Q*, except  .a}”

at 6 = 180° ¢

e Need extremely high precision (Mainz),
or polarization measurements:

— polarized beam & target asymmetry
— polarization transfer with FPP

R Gilman, Rutgers 6
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Polarized Beam & Target Asymmetry

A V2©0SY 6, +V,Sin0'cosp' 6.6, o Following notation of
Phys (€62 +7 G, )e(1+7)] Crawford et al, BLAST
article, PRL98 - but note
o typos in their formula
nomal (e.g., 6, not 6.)

o polarization R L N\easur'ing WlTh two
O S—— ’¢? s sectors at the same
x> time allowed
determination of both

I quE/GM and of the
product P

beam target

R Gilman, Rutgers 7
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Polarized Beam & Target Asymmetry

A :VZCOSQ'G;JFVXSE“Q'C°5¢'GEGM e Following notation of
P (€62 +7G%, )/e(1+T)] Crawford et al, BLAST

article, PRL98 - but note
F typos in their formula

(eg., G, not G.%)
_ v.cost*Ghy + v, sinf* cos¢p* G, G5,

A = T0GT + G el + 7]

e Measuring with two
sectors at the same

time allowed
determination of both
R = quE/GM and of the

product P

beam target

R Gilman, Rutgers 8
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Polarized Beam & Target Asymmetry

A V2©0SY 6, +V,Sin0'cosp' 6.6, o Following notation of
phys (€62 +7 G, )e(1+7)] Crawford et al, BLAST
article, PRL98 - but note
- typos in their formula
nomal (e.g., 6, not 6.)

egton e Measuring with two
0,0 o
T sectors at the same

time allowed

e Important point:
reduces systematics

enormously on P .
< Y e e determination of both
and as a result on R,

R=p6_/6, and of th
compared with H, /@, and of the

sequential product Pbeampmrgef
measurements

R Gilman, Rutgers 9
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Polarization ransfer
Py: induced from

I P =-2Vr(1+7) ‘ran )G G) , 1., [(imaginary part of) 2y
ELE’ IO:GE_'_EGM exchange, small and
I,P,= Vr(1+7)tan’ (—6)5,5\ hard to measure
p4 M 2 P
G E+E', 0, P
R=py —P=— tan(—=)—=
%6, " 2M P

FPP azimuthal asymmetry
determines R, sensitive
only to spin transport

R Gilman, Rutgers 10
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RUTGERS

Polarization

I P =—2

0 x

I P _E+E

oP, T(l-I—T)TGnZ(

_ Ep _
R—qu u
Mp

FPP azimuthal asymmetry
determines R, sensitive
only to spin transport

R Gilman, Rutgers
Physics & Astronomy

e

ransfer

0
r(l+T)tan(-*)6L6]

)6,

Mp

2 T p2
IO_GE+EGM

Py: induced from
(imaginary part of) 2y
exchange, small and

Insensitive to: spectrometer
solid angle, target density,
trigger and detector
efficiencies, beam charge,

~ charge asymmetry, normal

radiative corrections, false
asymmetries in FPP.

These might affect statistics
and size of uncertainty, but
not value of data point.
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Polarization Transfer
Py: induced from

I,P =-2V1 (1+T)‘ran(92 GG, , 1., (imaginary part of) 2y
ELE" o Io_GE+EGM exchange, small and
I.P.= T(l+7)tan*(—3)6, Minimal sensitivity to
M 2 "F Y
c EiE: 0 P helicity-correlated
—y e BT gan(—8)= asymmetries (beam energy,
"G, " 2ZM 2 P e"[ position, angle) and box/cross

, = 2y radiative corrections.
FPP azimuthal asymmetry Y

determines R, sensitive
only to spin transport We measure " %"

asymmetries, not ppm.

R Gilman, Rutgers
Physics & Astronomy
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Low Q% Proton Ratio Data, early 2007

From Crawford, - |
PRL98, BLAST  10°[ |
o = L -
R~110 0.6 GeV* o (oo - L P L
o :'-'-'-'-‘-_:'-_-: --------------- Sy .H._:_ q_.__ 1 q
Generally low = lll ..§A
.. [ ® BLAST ' =4 Ai Y
precnsuon, 0'95: —— Holzwarth [36] A A ~<}-
except for L Cardarelli [37] A
[ .- Lomon [38] ¥ Milbrath [26] | .

JLab GEP'I 0'9: —— Hammer [39] ¢ Dieterich [27] [~

: : - —— Faessler [1] 1 7= Pospischil [28]
(JOH@S/PUY\JGbI) 0 85_— —— Friedrich [2] O Punjabi [15] T
and BLAST T e Kelly [40] A Gayou [29]
WhY? 0.2 0.3 04 0.5 0.6 0.7 0.8 1

Q? [(GeV/c)]

R Gilman, Rutgers 13
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Low Q% Proton Ratio Data, early 2007

Rates low at Bates |
(Milbrath). |
Systematics at Mainz, _f_e. ... : i - a
(Dieterich, Popischil). g S e i o l|i J‘Ig
- A | A ~as A
c . ® BLAST rl.'."‘--.‘ i ) -..
Calibration data orilack ~ o 0 . oo I\ |
of interest at JLab =~ - Cardarelli [37] )i
. . . [AQ— === Lomon [38] Y Milbrath [26] N
(GGYOU, WlJZSOOf"YG) —— Hammer [39] ¢ Dieterich [27] [~
—— Faessler [1] 1 o Pospischil [28] A
—— Friedrich [2] 1 O Punjabi [15]
) SR Kelly [40] A Gayou [29]
AISO, FPP dlff'CUlT GT 1 1 1 1 1 1 1 1
0.2 0.3 04 05 0.6 0.708 1

very low Q° due to low

Q? [(GeV/c)]
proton energy

R Gilman, Rutgers 14
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Interest in Low Q°

e Why had we not done high-precision low-Q* FPP
determinations of R before?
— Lack of realization that it is interesting
e What changed our minds?
— Complement to BLAST A, clearly show R<1
— Friedrich & Walcher analysis suggesting structures
— Discussions of hyperfine splitting

R Gilman, Rutgers 15
Physics & Astronomy
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Low Q° Proton Ratio Data, late 2007

1.05 — :
vio Frimdrich & Walcher Fil

In 2006, we took more - \ o LA

s Arirmgion & Sick Fil
= Belushkin, Hammer & MeiBner Fi

FPP calibration data (6. i s :: o
Ron et al PRL 98), but % e
1.00 =0T

with higher statistics

than previous ”E_;z A2
calibrations (Gayou, °

Wijesooriya, Jiang et
al.) to determine false

0.95

O Jones et al.

asymmetries well | ¢ Bates BLAST s
| ® This Work *
] ] ] I ] ] ] |
0.0 0.2 0.4 0.6
Q? [GeV?]
R Gilman, Rutgers 16
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Low Q? Proton Ratio Data, late 2007

We find R<1 for QZ 105 L T e
~03-046eV? ° '

................ J. K=lly Fit

Aringion & Sick Fil
= Belushkin, Hammer & MeiBner Fi

..............

is an unfortunate
(?) hint of a _ g

G. i \ __ G.P..Mill:.rLF!:EM
We do not support - M\_— S o
FW analysis; there ot

. =
different structure )
' 0.95

U UeTel mine Juisc O Jones et al. |
asymmetries well, | ¢ Bates BLAST o

| ® This Work "

1 1 1 1 1 1 |
0.0 0.2 0.4 0.6
Q? [GeV?]

R Gilman, Rutgers 17
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Low Q? Proton Ratio Data, late 2007

Belushkin fit and 1.05 —
lowest Q? points  ~ ! | S e,
suggest a + slope at Yol
Q=0
conventionally 0"":-?,,'.',""' X W
implying slightly _ o TS
larger magnetic =
radius ) 0.95
U U Tel e Juioc O Jones et al. |
asymmetries well | ¢ Bates BLAST s
| ® This Work h
00 02 04 0.6
Q? [GeV?]
R Gilman, Rutgers 18
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Radii - Miller et al. (Monday) [~

2 I
As Q*—0, R~ 1—% (RZ—RY) o
LS
g, :
5 = |
| O Ronetat 7
b;_ b; — —%(Rj_ R£2'.)+L2 0'9_ z Cm-w{amjeiai. ]" l
3 M |+ Ga,:m et al. s
| < Dietrich et at. #INDF-13.33/14
. . . [| X Milbrath et al. <P, - <t = 0.10850 + 0.00678 fir
While the sign of R*, - R®_is oo G510
basically undetermined - is R really 11 i 13 E:Edq
- 0208 | " = § i -
linear out to 0.2 or 0.3 GeV?? - all R
data and fits indicate b* -b* >0 "
"50.151
Fit gives: R® -R°_=-0.014+0.007 %
N)\E
and b* - b°_=0.110 + 0.007 K
M E
0.10

R Gilman, Rutgers R T 19
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Direct Implications on Separated F.F.

Combining Berger at al. PLB 1.050 o o380 Gove
35, 1971 do/d() with new 1 001
FPP data in 6. Ron et al PRL NNE

0 -
1w
98, we showed fits tend to GO.QW b —

get 6, about right, but -
0.90
tend to over predict G, 1.05

Table 1,
Differential evoss sections: The guoted errors are only

random errors. A hormalization error of + 4% has to ‘I ____________________________ — -
be added, UD -OO ————————————————— —‘————i———— SELT L

. dg o-seem? M Eomm oo e
P 8O syiGeV) aq (1077 o) oS B
2 2525 0660 32800 990 O00.95
3 25.25  0.815 18570 + 550 B
3.065 3515  0.605 8630 + 260 B
5 25,25  1.064 8410 £ 260 _
35.15  0.784 4000 £120 [
8 25,25 1.364 3610 + 80 0-90_
..........
10 25.25 1,537 2285 £ 46
31.74  1.249 1328 £ 26
T 12l s s 26 0.0 0.2 0.4 e 0.6 0.8 1.0
35056 1,142 1080 + 22
50.06  0.548 460.3  + 9.4
64.72  0.696 2529 ¢ 4.l
90.27  0.556 1178+ 2.3
R Gilman, Rutgers 20
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Interest in Low Q°

e Why had we not done high-precision low-Q> FPP
determinations of R before?

— Lack of realization that low-Q° f.f. are interesting
e What changed our minds?

— Complement to BLAST A, clearly show R<1

— Friedrich & Walcher analysis

— Discussions of hyperfine splitting

— Realization that PV determinations of strange f.f.

might be affected at the (0.5-1)o level
— Complement new Mainz do/df2 data
— Unfortunate hints of structure in our data

e After the LEDEX/6. Ron results, we proposed EO08-007

R Gilman, Rutgers 21
Physics & Astronomy
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EO08-007 Aims

e Direct experimental goal: determine R to

— Increase range and precision of form factor ratio
measurements over recent BLAST data

— Complement new high-precision Mainz cross section
measurements

e Planned uses for data
— Improved input for fits / festing models of nucleon
— Improved electric vs magnetic radius

— Improved input for other physics: hyperfine splitting,
strange form factors, etfc.

R Gilman, Rutgers 22
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EO08-007/ Status

e Experiment approved January 2008
e Experiment fit into hole in Hall A schedule
e Started commissioning last Thursday, May 15, 2008

e FPP in HRS in coincidence with BigBite lead glass so that
we have clean ep elastic scattering events

- E =1194 GeV,Q*=0.25- 0.7 GeV*

e Analysis: Guy Ron (Tel Aviv) (still a Ph.D. student, but now
a spokesperson as well) and Xiaohui Zhan (MIT)

R Gilman, Rutgers 23
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E08-007 Status - online

 FPP Chamber 1 Hits vs. Wire Group Number
. . Number of hits Per WG on U1 Mumber of hits Per WG on U2 Number of hits Per WG on U3 I
 FPP Chambar 2 Hits vs. Wire Group Number
 FRP Chamber 3 Hits vs. Wire Group Mumber 18001 mo:- nmo:—
' FPP Chamber 4 Hits vs. Wire Group Mumber 1600f- ‘m:_ ,m:_
& FPP Chamber 1 Wire Groups [ F [
140 1doa [ e
© FPP Chamber 2 Wire Groups F r 3
L r 2001
' FRP Chamber 3 Yire Groups |m: 1200 ' [
' FPF Chamber 4 Wire Groups 1000 1000 e
 TODC Pulse Widths for Chamber 1 8o m- so0-
 TOC Pulse Widths for Chamber 2 m:— m- m—
€ TOC Pulse Widths for Chamber 3 L L L
a00|- aoof[- a0
 TDC Pulse ‘Widths for Chamber 4 L L [
) 5 200 200 P
 TDC Pulse Widths vs Wire Group for Chamber 1 E b X
£ TDC Pulse Widths vs Wire Group far Chamber 2 no'uns T Imu|||2I-r)||||3|0||u35 no_llns Lt |2|0||||2|5||||3|0||||35 no'uns T Izlollllzlsllll.i:)”“.is
 TDC Pulse Widths vs Wire Group far Chamber 3
€ TDC Pulse Widths vs Wire Group (el (Cliriitasy & Number of hits Per WG on V1 Mumber of hits Per WG on V2 Number of hits Per WG on V3 I
 Leading Edge TDCs far Chamber 1
e E 2200
¢ Leading Edge TDCs for Chamber 2 E s000F o
2000F F 2000(
 Leading Edge TDCs for Chamber 3 E F o
1800 1800 1800f-
 Leading Edge TDCS for Chamber 4 E E o
1600 (=S 1600}
 Number of U hits each chamber E F o
1400F- 1400~ 1400
" MNumber of ¥ hits each chamber E E F
12005 1200 1200
U and ¥ hits front and rear E [ F
1000]- 1000 - 1000
" Tatal hits front, rear and all E E F
200 anal- 800
U planes eff per chamber F o
600 600 so0f
¥ planes eff per chamber F r F
00 400f- a00F
¢ Effall 0 and ¥ frant and rear E E E
00— 200 s00f-
" Eff front, rear E E F
Aol nnallnnnnllananllnnn, ofEnn Anallnnnnllannnflnnn, b nnnllnnanflnnanllnon
®| [1] 5 10 15 20 25 o 35 [1] 5 10 15 20 25 an 35 [1] 5 10 15 20 25 an 35
4
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E08-007 Status - online

FPP Chamber 1 Hits ws. Wire Group Number

FPF Chamber 2 Hits vs. Wire Group Number Front chamber hits Rear chamber hits
FPP Chamber 3 Hits ws. Wire Group Number

FPP Chamber 4 Hits vs. Wire Group Number
FPP Chamber 1 Wire Groups r

) 7000
FPP Chamber 2 Wire Groups

L Zgroltot = 0.000 9000
FPP Chamber 3 Wire Groups [

Zeroftot = 0.178

P

FPP Chamber 4 Wire Groups - Eff = 0.96
TDC Pulse Yidths for Chamber 1 E1=
TDC Fulse Yidths for Chamber 2 r
TODC Pulse Yidths for Chamber 3 i 7000

TOC Pulse Widths for Chamber 4 5000

8000 Eff = 0.99

TDC Pulse Widths vs Wire Group for Chamber 1 3 6000
TDC Pulse Witths vs Wire Group for Chamber 2
TOC Pulse Widths vs Wire Group for Chamber 3 | 4000 5000
TDC Pulse Witths vs Wire Group for Chamber 4 L
Leading Edge TDCs far Chamber 1

Leading Edge TDCs for Chamber 2 3000 i

Leading Edge TDCs for Chamber 3 L
Leading Edge TDCs for Chamber 4 3000
Number of U hits each chamber 2000

Mumber of ¥ hits each chamber
2000

U and V¥ hits front and rear

Tatal hits front, rear and all 1000~

U planes eff per chamber [ 1000

ot ot ot H_l mL-\.uJ m
Eff all U and ¥ front and rear ol el Y ERT T A 0 L1 N R A A

Eff frant, rear 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

©

a2ie Thia Biie Tl Biis Tiie Biia Siie Biie e Biie e Bie Tie Siia e Biia e Tie Bie Bl Bie i Bie e Be |

o

Prevl Next - Run #1203 Print To Eile
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EO08-007 Status - online

L.fpp.ph_az:L.fpp.zclose {L.fpp.th_az>5} |

350

300

250

200

150

100

50

) oo by b sy by oy oy by gy oy o Loy e by oy

260 280 300 320 340 360 380 400 420 440

R Gilman, Rutgers 26
Physics & Astronomy



IQ_]TGERS Hadron EM Form Factors, ECT* Trento, 12-23 May 2008

EO08-007 Status - online

Asymmetry Q?=0.35 5=-2% | hdiff

Entries 112776
Mean 179
RMS 102.9

0.003

0.002

0.001

I|IIII|IIII|IIII|IIII|II
/

-0.001

-0.002

-0'003 _I | | | | | | | | | | | | | I 1 | | | | | | | | | | | | | I 1 | | | |
0 50 100 150 200 250 300 350
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EO08-007/ Status

e Finished first point at Q* = 0.35 GeV?
e Now running second point at Q° = 0.30 GeV?
e More FPP measurements to follow, until ~June 7

e Hope to run even lower Q?, with polarized beam-target
asymmetries, ~ 2011

— Polarized target + 2 HRS spectrometers at identical
angles - same Q° with two different angles w.r.t.
polarization vector reduces sensitivity to P

beam target

R Gilman, Rutgers 28
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RUTGERS

EO08-007 Anticipated DSA/FPP Results

1 - 1 O =ti=ii Friedrich & Waloher Fit
- === ) Arringlon Fil
J. Kelly Fit
- = Arrington & Sick Fit
BelushKin, Hammer & MeiBrer Fit
- G.A. Miller LFCBM

= Cardarelli & Simula LFCOM
Baffi et al. PFCCOM

o =
O |
"b‘“1 .00 =
- :
0'95_ (O Jonesetal.
.| ¢ Bates BLAST
-| @ LEDEX N
i 1qb IDS'“:IParIt 1 1 | 1 1 1 1 -
0.0 0.2 0.4 0.6
Q% [GeVY

R Gilman, Rutgers
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P
M

A~ T T ] T 7
F?

GP/G

1l

1.10

1.05

w1.00

0.95

=11 Friedrich & Walaher Fit
== ). Arringlon Fit
J. Kelly Fit
= Arrington & Sick Fit
BelushKin, Hammer & MeiBrer Fit
G.A. Miller LFCBM
= Cardarelli & Simula LFCGM
Baoffi et al. PFCCOM

SENER T

| | © Jonesetal.
| ¢ Bates BLAST
-| @ LEDEX N
~| & Recoil Part
.0 0.2 0.4 0.6
Q% [GeV?
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Improvement in Form Factors, in
conjunction with Mainz Rosenbluth

1.05F 1.05

,.E.:M

i’} ©
Fioo—h b f bl oo \ﬁ“* ]
095+ o L v v 10w 1y | ogsb o Uy 0 1w 1
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
\Va?[GeV] Va2 [Gev]

e Fits of functional forms improve uncertainties in each

case, but introduce model dependence

R Gilman, Rutgers
Physics & Astronomy
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Hyperfine Splitting
o B (LoD v Now IV« N+ N+ D)ES

HFS QED hvp Hvp weak

1420.405 751 766 7(9) MHz

o Structure term A_=A +A , A =-2amr (1+d™)
6,(Q)

<1+KP)

POL’

—1]

4% d

e Zemach radius r'Z=——f—Q2[55(Q2)
TT 0 Q

e Some recent articles:

— Friar and Sick, PLB 579 (2004)

— Brodsky, Carlson, Hiller, and Hwang, PRL 96 (2005)
— Friar and Payne, PRC 72 (2005)

— Nazaryan, Carlson, and Griffioen, PRL 96 (2006)

— Carlson, Nazaryan, and Griffioen, arXiv:0805.2603v1

R Gilman, Rutgers 31
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Hyperfine Splitting
e Friar and Sick, PLB 579 (2004)

— Form factors from electron scattering lead to r, =

1.086 +0.012 fm

e Continued Fraction Expansion up to 4 fm™, dipole
parameterization for higher Q

- Need A, ~ 3.2+ 0.5 ppm, somewhat inconsistent with
estimate of 1.8 + 0.8 ppm

R Gilman, Rutgers 32
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Hyperfine Splitting
e Brodsky, Carlson, Hiller, and Hwang, PRL 96 (2006)

- A=A + A, =-38.62(16) ppm
- Use A, ~1.4+0.3 ppm to obtain A =-40.0+ 0.6

ppm, and r_=1.043 + 0.016 fm

— Fits / parameterizations give A =-38.8 ->-41.7 ppm,
andr, = 1012 -> 1.088 fm

— Needed Zemach correction between modern fits and
the dipole

R Gilman, Rutgers 33
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Hyperfine Splitting
e Nazaryan, Carlson, and Griffioen, PRL 96 (2006)
- A=A +A  =-3858(16) ppm, but A =-39.32 ppm

(dipole) or ~ -41->-42 ppm (Kelly,Sick fits)and A, ~
1.3 + 0.3 ppm => perhaps okay to 1 - 2 ppm

R Gilman, Rutgers 34
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Hyperfine Splitting

e Carlson, Nazaryan, and Griffioen, arxiv:0805.2603 (2008)
— Use new CLAS EG1b data to determine g, better at

low Q* and constrain g,
- A, ~188+0.64 ppm
- Target A_= A + A + A, =-32.77(1) ppm

Form factor 7rp rz Az AL Apol As

(fm) (fm) (ppm) (ppm) (ppm) (ppm)
AMT [31] 0.885 1.080 —41.43 585 1.88 —33.70

AS [32] 0.879 1.091 —41.85 5.87 1.89  —34.09
Kelly [33] 0.878 1.069 —40.99 5.83 1.89  —33.27
FW [34] 0.808 1.049 —40.22 5.86 2.00 —32.36
dipole 0.851 1.025 —39.29 5.78 1.94 —31.60
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Some General Comments

o A, reliesonlow Q* estimates of g,” in an unmeasured
region -> a better data base is needed (Hall A low Q° 9,

E08-027, expected 2011)
— But MAID was okay for g, ", so probably okay here

o For A, uncertainties (and offsets?) in the fits -> a better
data base is heeded (Mainz+JLab)

o Our limited result at Q° = 0.4 GeV* suggests 6, is about
right, but G_ is 2% smaller than fits - if this were frue

generally, it would reduce the Zemach correction by about
0.5 ppm, moving it in the "right" direction - but thus is
one point, and high Q* form factors are largely a guess
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Zemach Integrand and Integral

0.06

Friedrich & Walcher Fit
rringtan Fit (FT) c _,..Lr
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............... y Fit 3 0.6 o
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E 0.02H £ - — 4. Arrington Fit (LT)
8 ] e« J. Arrington Fit (new PRC)
2 E 0.2 J. Kelly Fit
2 a — Dipole
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e Zemach integrand is largest for low Q°, but

e for integral to converge, have to integrate to large Q-
even the 12 GeV experiments will be needed

e But existing fits do not vary that much in integral - for
any semi-reasonable behavior
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Parity Violation

e The usual relations:
Gg,M(Q2):§G%,M(Q2)_éGZ«“,M(Qz)_éGSE,M(QZ)

or — oL [—Gsz} eGr Gro + rGY Gy — (1 — 4sin? 0y)e'Gl GY”

or + o; Ta2 e(Gp' )2 + 7(Gy )?
Gror = 7GRy — Gy — si? 0wGhly — 1Ghm
¢« A, +6 S "+6 P# (calculated) --> G
e (. Ron et al indicated HAPPEX-I shifted by ~0.50
towards O due to smaller G,
e Similar change in F.F. in HAPPEX-ITI kinematics would
lead to ~1o shift
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Summary

e Interestin low Q° form factors for numerous reasons:

— Structure of proton - comparison with theory /
models / parameterizations

— Possible structures in proton

— Proton radii, electric and / vs magnetic

— Input for Zemach radius

— Input for strange form factors

— Improved IS/IV form factors, not discussed
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