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Scientific Motivation - What We Hope to Learn.

® Nucleon elastic electromagnetic form factors (EEFFs) describe
the distribution of charge and magnetization in the nucleon.

® Reveal the internal landscape of the nucleon and nuclei.
® Rigorously test QCD in the non-perturbative regime.

» Nuclear models, constituent quarks,...
o lattice QCD.

® Map the transition from the hadronic picture to QCD.

A A

W W T
G.P.Gilfovle Future Form Factor Measurements — n. 2/2



Scientific Motivation - What We Hope to Learn.

® Nucleon elastic electromagnetic form factors (EEFFs) describe
the distribution of charge and magnetization in the nucleon.

® Reveal the internal landscape of the nucleon and nuclei.
® Rigorously test QCD in the non-perturbative regime.

» Nuclear models, constituent quarks,...
o lattice QCD.

® Map the transition from the hadronic picture to QCD.

EEFFs have played an essential role in nuclear and
nucleon structure for more than a half century.
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Some Necessary Background

® EEFFs cross section described with Dirac (£} ) and Pauli (F») form factors

do
ds?

e

= O M ott (F12 + /4;27'F22) + 27 (F1 + /<;F2)2 tan? (E)]

where

O Mott —

and « is the anomalous magnetic moment, E (E’) is the incoming (outgoing) electron
energy, 0 is the scattered electron angle and 7 = Q2 /4M?2.

® For convenience use the Sachs form factors.

do ((%)2 + (G
= O Mott

0
a0 1+ 7 + 27 tan 2(M)>

where
Gg =F1 — 17F5

Gy =F1 + Fo
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Where We Are Now.
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Where We Are Now.

The EEFFs emerge from Quantum Chro-

modynamics (QCD), but calculations §
here require non-perturbative methods. & 1'2_:3?5 S
1.2~ v Anderson A Anklin Dashed - Guidal —_
® \ector Meson Dominance and dis- e } --------- = “ , H
- - n _ el B
persion analyses fit all four EEFFs, | Tt
0.9 ?
but use many parameters. N
® Constituent Quark Models highlight rela- QT ——
tivity, but don’t capture all of QCD. R SV
® Generalized Parton Distributions (GPDs)
connect valence quarks in transverse
space and longitudinal momentum.
® EEFFs are the first moments of the
GPDs.
e
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Where We Are Now.

The EEFFs emerge from Quantum Chro-
modynamics (QCD), but calculations
here require non-perturbative methods.

® CLAS O Kubon ¢ Arnold Green band - Diehl
e Lung O Bartel Solid - Miller

¥ Anderson A Anklin Dashed - Guidal } }
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®» Vector Meson Dominance and dis-
persion analyses fit all four EEFFs,
but use many parameters.

0.8
® Constituent Quark Models highlight rela- QT | ——
tivity, but don’t capture all of QCD. R SV
® Generalized Parton Distributions (GPDs)
connect valence quarks in transverse _ Vanderhaeghen and
space and longitudinal momentum. - 006 Walcher (2010)
® EEFFs are the first moments of the | 003 Falete g
GPDs. .
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Where We Are Now - Lattice QCD

® Lattice gauge theory is the only means of ab inito QCD calculations in the
non-perturbative regime.

Computationally challenging.

EEFFs are an early test of IQCD.
® The isovector form of the EEFFs is

L I

TGy + GE P Gum — GE
1+ 7 1+7

where 7 = Q2 /4M?2.
® This form of the EEFFs does not

have disconnected diagrams which
are computationally intensive.

® Expect EEFF calculation in the next decade. Q2 (GeV?)
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Where We Are Going - Dyson-Schwinger Egs

® FEquations of motion of quantum field theory.

0.4 -

® Infinite set of coupled integral equations.
® Inherently relativistic, non-perturbative, o 038 |
connected to QCD.

® Deep connection to confinement,
dynamical chiral symmetry breaking.

. PRL 111, 101803
. (2013)

02 L

M(p) (Ge

R

® Infinitely many equations, gauge 0 : -
p eV
dependent — Choose well!

® Recent results (Cloét et al).
® Model the nucleon dressed quark
propagator as a quark-diquark.

® Damp the shape of the mass
function M (p).

)
)
)
¢
&
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Where We Are Going - Dyson-Schwinger Egs

® FEquations of motion of quantum field theory.

X
X

® Recent results (Cloét et al).

o

Infinite set of coupled integral equations.

Inherently relativistic, non-perturbative,
connected to QCD.

Deep connection to confinement,
dynamical chiral symmetry breaking.
Infinitely many equations, gauge
dependent — Choose well!

—_—

0.3 [

. (2013)
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R

PRL 111,

101803

Model the nucleon dressed quark
propagator as a quark-diquark.

Damp the shape of the mass
function M (p).

Hp GEp/G.-Up

Position of zero in p,G%/GY,
sensitive to shape of M (p)!
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Where We Are Going - Flavor Decomposition

® \With all four EEFFs we can unravel the contri- “F o
B u quark
butions of the » and d quarks. g !
o 2 =
® Assume charge symmetry, no s quarks and ool : ke
use (Miller etal. Phys. Rep. 194, 1 (1990)) C g PR
U _ p n d _ n P [T
1(2) — 2F1(2) + F1(2) F1(2) - 2F1(2) + F1(2) s —_—
T .’ . d quark x 2.5 L i
’ 0.5 1.0 15 Oz Fé:]evz} 2.5 3.0 3.5 4.0
PRL 106, 252003 (2011).
3852¢-
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Where We Are Going - Flavor Decomposition

0.3

® \With all four EEFFs we can unravel the contri- s k o
butions of the » and d quarks. g o -
o i - M
® Assume charge symmetry, no s quarks and ool o : ke
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F%_ . # F4_ . - Can't|-
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® FEvidence of di-quarks? d-quark scattering L : t
probes the diquark. bt o ]
0.5 1.0 15 Oz Fé?evz} 2.5 3.0 3.5 4.0

PRL 106, 252003 (2011).

)
)
)
¢
(\U)

G.P.Gilfovle Future Form Factor Measurements — n. 8/2



Where We Are Going - Flavor Decomposition

® \With all four EEFFs we can unravel the contri- AT
. - u quark : ]
butions of the v and d quarks. e V2 ! -
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Where We Are Going - Flavor Decomposition

® \With all four EEFFs we can unravel the contri-

butions of the v and d quarks.

® Assume charge symmetry, no s quarks and
use (Miller et al. Phys. Rep. 194, 1 (1990))

U _ n d _ 7 p
1(2) — 2F (2) T £1(2) F1(2) o 2Fl(Z) T F1(2)

® Evidence of di-quarks?

probes the diquark.
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PRL 106, 252003 (2011).

® F//Fy ratio not well reproduced by
any models — good test bench.

The JLab program will double
our reach in Q? here.
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Where We Are Going - New Experiments.

The JLab Lineup

Quantity Method Target Q?(GeV?) Hall Beam Days
GY, Elastic scattering LH> 7—15.5 A 24

G, /G, | Polarization transfer LH, 5—12 A 45
G E —p/e —nratio LDy — LH> 3.5 —13.0 B 30
G, E —p/e — n ratio LDs, LH, 3.5-13.5 A 25

G%/G%, | Double polarization polarized 3He 5—8 A 50

asymmetry
G'% /G, | Polarization transfer LDo 4 —17 C 50

All are extensions of 6 GeV era
experiments.

PAC approval for 224 days of
running in the first five years.

P Ve U Ve ¥

W T
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How We Will Get There: Jefferson Lab.

_1_21_ GeV CEBAF Upgrade
Add 5 magnets and
cryomodules , Joower supplies
) Recirculation
arcs
20 cryomodules

Add 5

Extraction cryomodules

Elements
From 1.2 GeV/turn
) stations o W/ Enhance equipment ~ '© 2.2 GeV/mrn.
=8 Z/ in existing halls Sturnsto A, B and C
x=0.7 5% turns to D.
x=0.6
B 12 GeV continuous Electron Beam Accelerator Facility (CEBAF)
:‘2‘ x=0.4
o :
%03 ® Superconducting Electron Accelerator, 100% duty
x=0.2 cycle.
x=0.1

® F,..=11GeV (Halls A, B, and C) and 12 GeV (Hall
D), AE/E ~ 2 x 1074, Isymmed =~ 90 pA, Pe > 80%.
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Proton Magnetic Form Factor - G,

® FE12-07-108 in Hall A (Gilad, Moffitt, Wo-
jtsekhowski, Arrington).

°

Precise measurement of ep elastic cross
section and extract G ;.

Both HRSs in electron mode.

Beamtime: 24 days.
Q? = 7.0—15.5 GeV? (1.0, 1.5 GeV? steps).

e o0 b

Significant reduction in uncertainties:

do /dS2 GI]?W
Point-to-Point 1.0-1.3 0.5-0.6
Normalization 1.0-1.3 0.5-0.6

}sﬁ Q;{f e e ¢
® Andivahis
B Bartel

Theory 1.0-2.0 0.5-1.0 0.8 4 see

| c') i?t?ssens % + _
® Two-Photon Exchange is a major source & el il“ .
¢ This Proposal

of uncertainty — vary e to constrain. I

0 10 20 <|9e
® Sets the scale of other EEFFs. o Tehve

A~ ~
CISCHY o (l/b
- -

)

)
&)
(‘
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Proton Form Factor Ratio G"./GY,

® FE12-07-109 (GEp(5)) in Hall A (Brash, Jones, o
Perdrisat, Pentchev, Cisbani, Punjabi, Khan-
daker, Wojtsekhowski).

virtual
photon

® Polarization transfer using H(€, e’p):

G", P, E+E <9€> ©
= = — tan
GY, P, 2M

Electron arm: EM calorimeter (BigCal).

| J

Proton arm: new, large-acceptance mag-
netic spectrometer (SBS) with double po-
larimeter, and hadron calorimeter.

Beamtime: 45 days.

L I

Kinematics and Uncertainties:

Q? (GeV?) 5.0 8.0 12.0
AlpGg/Grn] 0.025 0.031 0.069

® Combined with GEp(4).

e e W T

~ A
= Yellersan Cfulh —
JECIE
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Proton Form Factor Ratio G"./GY,

Proton form factors ratio, GEp(5) (E12-07-109)

® FE12-07-109 (GEp(5)) in Hall A (Brash, Jones, Pr““f“Ar“;LM G
Perdrisat, Pentchev, Cisbani, Punjabi, Khan- BNL é\;ﬁ H HCalo

daker, Wojtsekhowski). e | e

Target

® Polarization transfer using H(&, ¢’p): Beam Nea

GE.~ P 2M

G% . P B+ E’ tan (9_e> ElectronArm\\;\\\\

&y o B 1gCal
'ﬁ; «—— Lead-Glass

. . Al filter%;,'"" Calorimeter
Electron arm: EM calorimeter (BigCal). GEM

o

Proton arm: new, large-acceptance mag-
netic spectrometer (SBS) with double po-
larimeter, and hadron calorimeter.

Beamtime: 45 days.

L I

Kinematics and Uncertainties:

Q? (GeV?) 5.0 8.0 12.0
AlpGg/Grn] 0.025 0.031 0.069

® Combined with GEp(4).

SN
T (eperse
o<

(&Q)

;
-
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Proton Form Factor Ratio G"./GY,

Proton form factors ratio, GEp(5) (E12-07-109)

Proton Arm

® E12-07-109 (GEp(5)) in Hall A (Brash, Jones, o, CEM
Perdrisat, Pentchev, Cisbani, Punjabi, Khan- BNL é\;ﬁ \ HCalo
daker, Wojtsekhowski). = \\
Target \ \ | | :
® Polarization transfer using H(€é, e’'p): Poa g L
b7l = = il
g B = i f ]
G% Pt E + E/ tan (9€> Electron Arm\\\\ ¥
—p — - 5\ \ Y +
GM PZ 2M 2 % /Z D e Lelzcllg-gﬂss
. . Al filter — _~ %*w Calorimeter
® Electron arm: EM calorimeter (BigCal). GEM
® Proton arm: new, large-acceptance mag- " I PUBIA
netic spectrometer (SBS) with double po- S s s
larimeter, and hadron calorimeter. e
» Beamtime: 45 days. 1
® Kinematics and Uncertainties:
———  Lomon 2008 "\1;‘ -
Q? (GeV?) 5.0 80 120 I oo
AlpGg/Gm] 0.025 0.031 0.069 o
-05 1 L | i 1 |
.. Combmed W|th GEp(4) 0.0 2.0 4.0 sz.(;n C:'!e()vz 10.0 12.0 14.0

o~ o~
(Ce ersan
& o

(&Q)

D
-
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Neutron Magnetic Form Factor G, -1

® FE12-07-104in Hall B (Gilfoyle, Hafidi, Brooks).
9

Ratio Method on Deuterium (*H(e, ¢’p)n and

2H(e, e'n)p):
R— g—g[2H(e,e’n)QE]
42 [2H(e,e'p) k]
(Gn )2+T(Gn )2
UMOtt( E i1+ M —|—2’T tan2 GTG(G}’LW)2
= aX
2& 1 H(e,e’)p]
where a is nuclear correction. 0, T T T
. . .. oc 1'2i Anticipated J
® Precise neutron detection efficiency < Statistical uncertainties only
. O] - -
needed to keep systematics low. 1%{’ 4 — =
uf el L E
# tagged neutrons from p(e, e/7tn). %% i Py A
#® Dual LDy — LH> target for in situ 07E E
. . E I B B
calibrations. 0.6E E
"“E Red - J.Lachniet et al. 3
; HPRp 2 2 5F Green - Previous World Data —
Kinematics: Q“ = 3.5 — 13.0 (GeV /c)~. 05; Black - CLASIZ antcipated | | E

=
N

0.4 2 4 6 8 10 12
2011-09-19 11:03: QZ(Gevz)

Systematic uncertainties less than 2.5% across full Q2 range.

Beamtime: 30 days.

L I I

N
Q(‘C/%&mwp 2l =
W T
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Neutron Magnetic Form Factor G’ - 2

Hadron Arm

® FE12-09-019 in Hall A (Quinn, Woijt- BNL HCalo
sekhowski, Gilman).

® Ratio Method on Deuterium as in Hall B:

R=1
d_g [ZH(e7e/p)QE]

Q,

® Electron arm: SuperBigBite spectrometer.
® Hadron arm: hadron calorimeter (HCal).
® Neutron detection efficiency: P S \ ‘ | m
= TE Anticipated 3
® Use p(’7 7T+)TL for tagged neutrons. == 1.1+ Statistical uncertainties only
.7 © 15 e, Frale, ¢ 1 g
® End-point method. " A %-ﬁh..,,," ¥ ]
0.91- i AL B R
® Kinematics: Q2 = 3.5 — 13.5 (GeV/c)2. 08 e A
_. Beamtime' 25 da S 0'7? R I i
) ysS. 0.6E- Red - J.Lachniet et al =
. — - G - Previ World Dat -
® Systematic uncertainties < 2.1%. 051 Black - CLASL? anticpated E
- BIue-IHaIIAaPticipated‘ (with sy‘stematic ‘uncertai ‘ nties)I 3
® Two G7, measurements ‘allow a better %4~y g 10 12 14
Q*(GeV?)

control for the systematic error’ (PAC34). ==

A~
== (‘C/e fersan %/b =
-/

(
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Neutron Magnetic Form Factor G’ - 2

Hadron Arm

® FE12-09-019 in Hall A (Quinn, Woijt- BNL HCalo
sekhowski, Gilman).

® Ratio Method on Deuterium as in Hall B:

42 [*H(e,e'n)gE]

R = ds)
g_g [ZH(e7e/p)QE]

Electron arm: SuperBigBite spectrometer.

Hadron arm: hadron calorimeter (HCal).

L 0 I

Neutron detection efficiency: 10

=3
® Use p(v, 7 )n for tagged neutrons. == 1.1
® End-point method. 1

Anticipated
- Statistical uncertainties only
&

0.91 LT e 5 E
. . - . . — —: Miller =
® Kinematics: Q% = 3.5 — 13.5 (GeV/c)?. o8- = R A
: 0.7 S Guidal et al, E
® Beamtime: 25 days. = erprr———— -
0.6 Red - J.Lachniet et al. S~ =
. .. c G - Previous World Dat 3
® Systematic uncertainties < 2.1%. 0.5F. Black - CLAS12 anticipated Cloet etal.
- BIue-IHaIIAaPticipated‘ (with sy‘stematic ‘uncertai ‘ nties)I =

® Two G7, measurements ‘allow a better 04~~~ "g g 10 12 14
Q*(GeV?)

control for the systematic error’ (PAC34). ="
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Neutron Form Factor Ratio G%./G", -

® FE12-09-016 in Hall A (Cates, Woijt-

sekhowski, Riordan). 7(7 + 1) tan(0e /2) cos ¢* sin 0* G /G?,

® Double Polarization Asymmetry: (GE/GT)* /e
Get AV from SI_fe(é» e' i) pp. N —274/1 + 7+ (7 + 1)2 tan?(0. /2) tan(fe /2) cos 6*
en ) (G%/GnM)Q _|_7./€

v
Aen_

Longitudinally polarized electron beam.

o

. J— 96
3He target polarized perpendicular to where ¢ = 1/ (1 +2(1+7) tanQ(T))
the momentum transfer.

Electron arm: SuperBigBite.

o

Neutron arm: hadron calorimeter HCal
(overlap with GEp(5) and Hall A G,).

® Beamtime: 50 days.
® Kinematics and Uncertainties:
Q2 (GeV?) 5.0 6.8 8.0
A iz 0.027 0022 0.032
M 1stat
A | 0.018 0.021 0.013
M 1sqyst

o W W
7 2 3
QCC/P%%MMW %7(/ feer—
-/ W
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Neutron Form Factor Ratio

Gr/Gn, -1

o o0

L J

E12-09-016 in Hall A (Cates,
sekhowski, Riordan).

Wojt-

Double Polarization Asymmetry:
Get AV from 3He(€, e/n)pp.

Longitudinally polarized electron beam.

3He target polarized perpendicular to
the momentum transfer.

Electron arm: SuperBigBite.

Neutron arm: hadron calorimeter HCal
(overlap with GEp(5) and Hall A G,).

Beamtime: 50 days.

Kinematics and Uncertainties:

*He Target

GEM Veto \\ i\

WL
48D48 \‘\‘\}‘:}&Q‘}Q&\
agne =\
Magnet 1 ?mj‘ ’l‘le/ ‘\\\;\\\\\\\\\\\“\\

o

(Not to scale)

HCAL

Polarized

Q2 (GeV?) 5.0 6.8 8.0
N 0.027 0022 0.032
M 1stat
A [“GE 0.018 0.021 0.013
G m syst

-
-

Beamline

Preshower/
_— Scintillator/

e W W ¥
((‘C/p#}mwm %7(/ fe
A~ A A A -4
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Neutron Form Factor Ratio

B/ Ghy -1

® E12-09-016 in Hall A (Cates, Woijt- Mooz v
sekhowski, Riordan).
® Double Polarization Asymmetry: Polarized
= *He Target B
Get AY from 3He(€, e’'n)pp. — T
® Longitudinally polarized electron beam.
® SHe target polarized perpendicular to f;g;j;;\
the momentum transfer. e
Shower
® Electron arm: SuperBigBite.
1.0 S —
® Neutron arm: hadron calorimeter HCal T Hadby .~ VMD-E Lomon (2002) T
(overlap with GEp(5) and Hall A G7,). [ Foaois = ;SZC'}“%E;E%?Q _
® Beamtime: 50 days. 5 05 A /{___ TR ot ]
® Kinematics and Uncertainties: O, g R :
& i N_PAC35
Q2 (GeV?) 5.0 6.8 8.0 L ; { % J ,/<\\¢ -
uG g L o E12:09-006/SHMS X §
A |: G i|stat 0.027 0.022 0.032 - [J  E12-09-016, SBS (This Experinent) \‘ -
A |uds 0.018 0021 0.013 0 5~ W
M 1syst Q°in GeV
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Neutron Form Factor Ratio

Gn /G, -2

® E12-11-009 in Hall C (Anderson, Ar-
rington, Kowalski, Madey, Plaster, Se- -
menov).
Dipole 1o T?Arrays
® Polarization transfer using 2H (&, e’i?)p: e A
g H(E ep . L
G% Pt E —|— E, 06 Tal"lgel =
& = _ tan | — / Analyzer
G?w Pl 2M 2 Bottom Arrays
Neutron Polarimeter
® FElectron arm: Super High Momentum
Spectrometer (SHMS).
® Neutron arm: neutron polarimeter with . ————————T]
tapered-gap neutron-spin-precession . jt:: 5323222222225 ]
magnet and proton recoil detection. | S
® Kinematics: Q? = 3.95,6.88 (GeV/c)?.
® Beamtime: 50 days. ° . i
® Systematic uncertainties about 2-3%.
® Statistical uncertainties about 10-16%. i .Z;..“qug,
| I L PUN BRI R B
3 . 0 1 4 5 6 7 8 9
® Complementary to the 3He experiment. 0 [(GeVio]
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Summary and Conclusions

# Large gains over the last decade or so in physics
understanding of the EEFFs built on new technologies
and capabillities.

# Major changes in our understanding of nucleon
structure.

o Jefferson Lab will mount a broad assault on the EEFFs
and will significantly expand the physics reach of our
understanding.

# Discovery potential in mapping out nucleon structure
and understanding QCD.

A A A A~
"y
- C/()#mum %71//5 ==
CH’ -
- W W W W
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Additional Slides
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Jefferson Lab 12 GeV Upgrade Schedule
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120304 (1238123812 3|41 2341 23 4)1)2(34]1|2(3 1|2(3 41213412 3412 3|41
|Critical Decisions S 14 29 (3¢ [ | + *
Accelerator including Civil SRR R 4A 48
T
HAEEH R L HEE R EREEE R
T
|Hall D ineluding Civil
g | |
|
|Hall A -
h’m:um
| -
Hall ¢
hﬂﬂﬁﬂﬁ
.......... A i )
| |
Hall B
mLmrL\'mﬂq
-
Legend
—— R&D
oot PED Effort
B Civil Constriction
E— Procurement & Assemblg
— Installation & Checkout
] Beam Commissioning

Frod | FYos | FYoe | FYO0T | FYO08 | FYoa | FY10 | FY11 | FY12 | FY43 | FY®d | FY145 | FY 16 | FY 17
123412341234 12/3/412/3412)3/41234123412341234/12/3472]34[1123412341
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The Experiments - New Detectors

i\

Hall B - CLAS12 large acceptance

|

Hall A - High Resolution Spectrometer (HRS) spectrometer operating at high lumi-
pair, SuperBigBite, neutron detector, and spe- nosity with toroid (forward detector)
cialized installation experiments. and solenoid (central detector).

H al I C = N eW S u = GIueX DeteCtor lead-glass detector

FCAL,
barrel L .

time-of

H loril 2
per High Momen- gt )Mo

Hall D - A new
tum Spectrometer laroe  acceptance
to be used with X P

. _ detector based on
the existing High :
a solenoid magnet
Momentum Spec-
for photon beam ex-
trometer. : .
periments is under
construction.

eV o Ve Ve Vs
JEeLL
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Current World Data on EEFFs

GMp/MpGD

J.J.Kelly, Phys.

Q .. - 1.0- —t oy _ Rev.C. 068202,
fi& 1L oo | 2004.
& ] 2
1O 086
Q*  [(GeV/c)*] Q*  [(GeV/c)?]

® Proton form factors have small uncertainties and reach higher 2.
® Neutron form factors are sparse and have large uncertainties.

® Significant deviations from the dipole form factor.

A~

P Y e

7 2 3

(UC/P#H%‘(M[« %7(//5 =2
A A A~ A4 4
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Where We Are Now - Nucleon Structure and GPDs

® Generalized Parton Distributions (GPDs)
connect the valence quark distributions
in transverse space and longitudinal mo-
mentum.

® EEFFs are the first moments of the GPDs
and provide an important constraint.

/dx Z HY(z,(,t) = Fi(t) Dirac FF Tran.sver.se | Longitudinal
spatial distribu- momentum
tions. distributions.

/ dz Y E9(z,(,t) = Fa(t) Pauli FF X

® Unravel the mass M (t), angular momen-
tum J(t), and force and pressure di (t).

® Nucleon form factor measurements comple-
ment the Semi-Inclusive Deep Inelastic Scat-
tering program.

Correlated spatial and momen-
tum distributions.

A/ e W W e W
= (‘6/6#619'0/0 2l =
- W W -/
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Low- Q* Comparison of G%.,/G" Data
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CLAS12 Detector and G, Target

Forward Electromagnetic
Calorimeter

luminosity ~ 103% s~lem 2.
Forward Time-of-Flight
Counters

Low Threshold
Cerenkov Counter

\

Drift Chambers

High Threshold
Cerenkov Counter

\

Preshower
Calorimeter

Forward Detector
Angular Range 5° — 40° (outbenders)
- . Ap/p < 0.01 @ 5 GeV/c
Central Detector i
/ A6H (mr) <1 p>25GeV/c
- 4
Inner . Aqb (mr) < 3 P > 2.5 GGV/C
Electromagnetic
Calorimeter Neutron Detection | N.¢r = 0.1 —-0.6

o e Ve s
-“(‘C/e#mwn/ 2l —
- -/ -/
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CLAS12 Detector and G, Target

Forward Electromagnetic _
Calorimeter

. . Vacuum Hydrogen Cell
luminosity ~ 103% s~lem 2.
Forward Time-of-Flight

Counters

Deuterium Cell
Low Threshold

Cerenkov Counter

‘\

Drift Chambers

The colinear, dual, hydrogen-
deuterium target enables us
to collect high-precision, in situ
calibration data so systematic
uncertainties < 3%.

High Threshold
Cerenkov Counter

\

Preshower
Calorimeter

Forward Detector
Angular Range 5° — 40° (outbenders)
- Ap/p < 0.01 @ 5 GeV/c
Central Detecror
| A6 (mr) <1 p>25GeV/c
4
Inner AQb (mr) <3 p > 2.5 Ge\//c
Electromagnetic
Calorimeter Neutron Detection | N.s¢ = 0.1 —0.6

P e T Vo
Q/#mcm 2l =

v - -/
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More on the CLAS12 Detector

Forward Central
Detector Detector
Angular Range
Charged Particles | 5° — 40° 40° — 135°
Photons 2° — 40° N/A

Resolution

Ap/p < 0.0l @5GeV/c | <0.03 @ 0.5 GeV/c
AG (mr) < 0.5 < 10

A¢ (mr) < 0.5 <6

Neutron Detection

Nety 0.1-0.6 0.1
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Beyond Elastic Form Factor Measurements

Additional form factor studies after the 12 GeV Upgrade.

Experiment Spokesperson | Title Hall | Beamtime

PR12-06-101 | G. Huber Measurement of the charged | C 52 days
pion form factor to high Q2

PR12-09-003 | R. Gothe Nucleon resonance studies | B 40 days
with CLAS12

e Ve U ¥ ¥

-
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Some More Background - Interpreting the EEFFs

#® At low momentum transfer (Q* < M%) Gg and G, are the Fourier
transforms of the densities of charge and magnetization.

Gu(Q?) = / o(r)e= T %

where ¢ is the 3-momentum transferred by the electron.

® At high @Q? relativistic effects make the interpretation more interesting!
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