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Scientific Motivation

® The neutron magnetic form factor (G,) is a fundamental quantity.
® Describes the neutron magnetization at low Q? and the quark
structure at higher Q? (DOE Milestone HP4).
® Constraint on generalized parton distributions (GPDs), Guidal et al. ™
® Testing ground for calcula- $12E AR
tions built on QCD: Miller =, E
. . O ! S
(light-cone), Cloét et al o i T Z
(Dyson-Schwinger). —\ S E
® Early challenge for Ilattice 07— (-1 Guidal etal —
I 2 ila_ 0.6 Red - J.Lachniet et al. - =
QCD at hlgh Q (DOE Mlle 0.5§_ Green—Previoutsvt/orId data. CIEetetaI._é
stone HP9). E
04 2 4 6 8 10 12 14
® Wide Q? range needed to == Q(GeV)
separate v and d spatial dis-
_ _ Part of NSAC Long Range Plan
tributions.
= Jirson L=

\:gac’\-v?
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Some Necessary Background

® Express the elastic cross section in terms of the elastic electromagnetic form factors
(EEFFs): Dirac (F1) and Pauli (F»)

do 0

0 = O Mott (F12 + K,QTFQQ) + 27 (F1 + nF2)2 tan? <§>]

where « is the anomalous magnetic moment, E (E’) is the incoming (outgoing)
2

electron energy, 6 is the scattered electron angle, = = 4QW' and

o’ E’ cos2(%)

4E3sint(§)

OMott —

® For convenience use the Sachs form factors.

do (G2 + 7(GR,)? 5 0 2
R 27 tan? — (G
i M “( 1+ 7 + 27 tan” 2 (Ghy)

where Gg = Fy — 7Fs, Gy = Fy + F5.
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Some Necessary Background

® Express the elastic cross section in terms of the elastic electromagnetic form factors
(EEFFs): Dirac (F1) and Pauli (F3)

do 0
0 = O Mott (F12 + K,27‘F22) + 27 (F1 + f<cF2)2tan2 <§>]

where « is the anomalous magnetic moment, E (E’) is the incoming (outgoing)
Q2

electron energy, ¢ is the scattered electron angle, 7 = 5, and
. a?E’ cos2(%)
TMott = 4E3 sin4(g) '

® For convenience use the Sachs form factors.

do (G)? + 7(GYy)? o5 0 2
LA 9rtan? 2 (G
o M “( 147 27 tan” 2(Gly)

where Gg = F1 — 7Fs, Gy = Fy1 + Fo.

® Animportant kinematic quantity 6, foW ¢
tic (QE) scattering from deuterium.
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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= 7%

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

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

0.2 C\I'_l 0-1
e O—F7—
Qm y Y= -0.1
E — -0.2
L _0.3 neutron
of v -0.4
—OIDsg\I\ll\l\‘\\I\lll\\l\ll\‘\I\Ill\\l‘\l\\ 0 0.5 1 1.5 2
0 0.5 1 1.5 2 25 3 r?f.l?]] a b [fm]
NSAC Long Range Plan G.A.Miller, Phys.Rev.Lett.99:112001,2007
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Current World Data on EEFFs

11 r-
1.0
09 r

0.8 F Y

GMp/MpGD

0.7 "i_ .

J.J.Kelly, Phys.

3 Lo Rev.C, 068202,
< 2004.
UE'
0.6
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.
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World's Data for G7,

® Parameterization of world’s data on G’, done by J.Kelly (PRC, 70,
068202, 2004) using the following function.

n k
GTJ& o Zk:() QpT

® CLAS6 data in Dblue

(Lachniet et al. PRL 102,

192001 (2009)). " [ solid - Published J.Kelly fit .
06 - (PRC 70, 068202, 2004). B
® CLAS6 measurement - ]
. 0.5 —
used same ratio method. - .

0'4 C | 11 1111 I| | | I| | |

102 10 1 10
Q*(GeV?)
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World's Data for G7,

® Parameterization of world’s data on G’, done by J.Kelly (PRC, 70,

068202, 2004) using the following function.

n n k
M §:k:0ak7

+2 o T T TTTTT T T TTTTT T T T T 111 T 1T
PG 14330 bk 2 12 | 5
5% 1.1 .
2 - N
T 46\242 I 1 E
p - .. .
oo N v —
® CLAS6 data in blue - E
(Lachniet et al. PRL 102, B \
0.7 '
192001 (2009)). [ Solid - Published J.Kelly fit -
0.6 (PRC 70, 068202, 2004). ¢ =
® CLAS6 measurement - Dashed - Our fit to the same function. -
- 0.5F -
used same ratio method. : ]
0.4_ | | IIIIII| | | IIIIII| | | IIIIII| | | II_
10 10 1 10
Q*(GeV?)

- W W W W
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Measuring G’

#® Early methods: M. Jones, 2005 HaIICWorkshop.
o Neutrons on atomic electrons
(V.E. Krohn and G.R. Ringo,

Phys. Rev. 148 (1966) 1303).

® Quasielastic D(e,e/)D  and :
D(e,e'n)p:  Use models to
extract e uncertainties 1

%5%—20% \/0'80 0.5 1 1.5 zqugev)s 3.5 4 4.5 5

$» Modern methods:
» Ratio of e — n/e — p scattering
from deuterium; more below.
» Quasielastic *He(é, ¢')*He: Con-
strain calculations of nuclear ef-
fects with other measurements

(Ar/) for Q2 < 1 GeVZ2. S b oo
Anderson et al., PRC, 75, 034003, 2007.

comp. (1973)

SLAC PRL 49 (1982)

e’) Kharkov Sov. ]. NP 45 (1987)
SLAC PRL 61 (1988)

% > d(e.e’) SLAC PRL 70 (1993)
[% -
9 1

R

n
G,/Gp/u
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Measuring G, - The Ratio Method

® \Without a free neutron target we use deuterium and measure R

T Mott ((G ) ;LTT(G 30 1 97 tan? 2(GYy)? )

6 [1H(e, e)p]

where a(E, Q% 07", W2, ,..) corrects for nuclear effects, 67 and

w2 are kinematlc cuts, and the numerator is the precisely-known
proton cross section.

— CL(E, Q2 Hmax W2 )

max

® Less vulnerable to nuclear structure (e.g., deuteron model, etc.) and
experimental effects (e.g., electron acceptance, etc.).

® Must accurately measure the nucleon detection efficiencies and
match the geometric solid angles.
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Measuring G, - The Ratio Method

® \Without a free neutron target we use deuterium and measure R

Extracting G’, requires knowl-
R_ G PH(e, e'n)qE] edge of other EEFFs.

T Mott ((G ) ;LTT(G 30 1 97 tan? 2(GYy)? )

6 [1H(e, e)p]

where a(E, Q% 07", W2, ,..) corrects for nuclear effects, 67 and

w2 are kinematlc cuts, and the numerator is the precisely-known
proton cross section.

— CL(E, Q2 (gmaa; W2 )

max

® Less vulnerable to nuclear structure (e.g., deuteron model, etc.) and
experimental effects (e.g., electron acceptance, etc.).

® Must accurately measure the nucleon detection efficiencies and
match the geometric solid angles.
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The Experiment - Jefferson Lab

20 cryomodules

Add 5
cryomodules

: Enhance equipment
Y/ in existing halls

Continuous Electron Beam Accelerator Facility (CEBAF)

® Superconducting Electron Accelerator (currently
338 cavities), 100% duty cycle.

® FE,..=11GeVinHallB, AE/E ~2x 1074,
Toummed = 90 pA, P. > 80%.
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The CLAS12 Detector

DC R1, R2, R3

Central
Detector

m Ul "
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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

5° — 40° (outbenders)

< 0.01 @ 5 GeV/c

<1l p>25GeV/c

<3 p>25GeV/c

Angular Range
Ap/p
AO (mr)
Inner A¢ (mr)
Electromagnetic :
Calorimeter Neutron Detection

Neff=0.1-06

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

Forward Electromagnetic _
Calorimeter

. . Vacuuym Hydrogen Cell
luminosity ~ 103° s~lem ™2,
Forward Time-of-Flight

Counters

Deuterium Cell
Low Threshold

Cerenkov Counter

‘\

Drift Chambers

The collinear, 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
| - A6H (mr) <1 p>25GeV/c
4
Inner AQb (mr) < 3 P > 2.5 Ge\//c
Electromagnetic
Calorimeter Neutron Detection | N.¢r = 0.1 0.6
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Selecting Quasielastic Events

o

Select e — p events using the CLAS12 tracking system for electrons and protons.

Select e — n events with either the TOF or electromagnetic calorimeters;

semi-independent measurements of the neutron production.

Apply a 6,, cut to isolate quasi-elastic
events plus W2 < 1.2 (GeV/c?)2.

Match acceptances using quasi- elastic

electron kinematics to determine if the
nucleon lies in CLAS12 acceptance.

Neutrons and protons treated exactly the
same whenever possible.

The CLAS G}, measurement at 4 GeV
overlaps the proposed measurement to
provide a consistency check.

35000

30000

25000

20000

15000

10000

5000

0

0

CLASE5
data
4.2 GeV

W2cut
all ep events

v

Angle between
g and nucleon p.

8,4 < 3 degrees

2 2.5
W2 (GeV?)

Measure the neutron production in both electromagnetic calorimeters and TOF
scintillators; providing an internal consistency check.

Impact of inelastic background will be greater at large Q2
due to increasing width of 2.

)
¢
&
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Hermiticity Cut

Challenge: Separate QE events from high-Q?, inelastic background.

1. 6,4 cut: QE neutrons/protons emitted in a narrow cone along ¢.

2. Hermiticity cut:

AR LARRE LAALS RARES RARES RERRS RERLE LALLE LEARS RAAAE RARRE LAAES RALES RARES RARES RALES RAALE RARRS
215000k & 1L GeV T~ 1 . E=11GeV w [ E=11GeV .
5 H(e.en)X o 1 5 2500 *H(e,e'n)X - 5 2s00f *H(een)X -
S14000f Red - QE - 1T 4 S8 -~ 1 8 [ i
- Green - Inelastic  r =] _ ] i .
12000F Black - total r Sl 2000 B 2000~ . -
10000:— F 17 1 i B, < 15 ]
¥ I'r L 1500 L 1500 Hermiticity cut ON ]
8000f . = [ Same Q2 §

- I b epq <1.5° ] [

6000 HJ-'I E 1000 Hermiticity OFF 1000F

4000 . 2 ] [

C ] Same Q .

- 2 _ ) 2 1 500 . 500[

2000f- _’_,.r"rr Q°=12.5-14.0 GeV __ i

0. . % 05 0 05 1 15 2 25 3 35 Q

0_-

No additional particles in the event.

W2 (GeV?)

Apply 6, cut.

Apply hermiticity cut.
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Calibrations - Proton Detection Efficiency

1. Use ep — €'p elastic scattering from hydrogen target as a source of
tagged protons.

2. Select elastic e — p events with a W?2 cut.
3. ldentify protons as positive tracks with a coplanarity cut applied.

4. Use the missing momentum from ep — ¢’ X to predict the location of
the proton and search the TOF paddle or an adjacent one for a
positively-charged particle.

5. Calibration data taken simultane-
ously with production data using
the dual-cell target shown here. Il @4 — >

\V acuum Hydrogen Cell

Deuterium Cell

LRI
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Ca

librations - Neutron Detection Efficiency

Use the ep — e’mn reaction from the hydrogen target as a source of tagged neutrons
in the TOF and calorimeter.

For electrons, use CLAS12 tracking. For =T, use positive tracks, cut on the difference
between ¢ measured from tracking and from time-of-flight to reduce photon

background. Calorimeter efficiency

For neutrons, ep — e’ntX for

>\ -
0.9 < mx < 0.95 GeV/c2. Cosf v 4.2 GeV data +t” oy }
Use the predicted neutron mo- £, .F * %Y datfxxxx*ﬂ -

. Q n BT T
mentum p,, to determine the loca- S r* oT L ﬁﬂﬁiﬁ%{ﬂi’qﬁ%ﬁﬁ
: o . . . 504 - 206 ﬂﬁ E
tion of a hit in the fiducial region = A 500
and search for that neutron. Sosp — ) Ezj i 6 = 20°. 25°
The CLAS6 G7, results. : x o CSIMI2 simulation

“E * E E
GSIM12 simulation results for S uo2 ]
CLAS12 are shown in the inset. 0'1;_ ; - e
Proposed measurement will ex- e SRS S mruri B 8

4 5
tend to higher momentum where neutron momentum (GeVic)

the efficiency is stable. Simultaneous, in situ calibrations with dual hydrogen-
deuterium target.

~ o~
hersan ol ——
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The Ratio Method - Systematic Errors

® G isrelated to the e — n/e — p by the following (neutron (n) and proton (p)).

mott

= [R (She) (b) (27 + 2et) - op]

® Upper limits on systematic error from the CLAS6 measurement (AGTR,/GY, = 2.7%).

Quantity G, /G, x 100 | Quantity 0GT, /G, x 100
Neutron  efficiency < 1.5 Opq Cut < 1.0
parameterization

proton o < 1.5 G% < 0.7
neutron accidentals < 0.3 Neutron MM cut < 0.5
neutron proximity cut < 0.2 proton efficiency <04
Fermi loss correction < 0.9 Radiative corrections < 0.06
Nuclear Corrections < 0.2

® clasizcoa:  <<3% systematic uncertainty

A~

-~
7 2 3
(UC/P#H%‘(ML %7(//5 =2
- -
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Systematic Uncertainty Studies

® Systematic uncertainty for proton I
cross section (AG?%, /G, x 100) 1
based on differences in the pro- I
ton reduced cross section pa-
rameterizations of Bosted (PRC |
51, 409 (1995)) and Arrington- o | .

....

(3G, /Gy, )*100
______ (3G /G, <100

Lo—

Melnitchouk. ——

® Similar approach to systematic un-

cs 0.0lp7T
) k

certainty (AG%,/G%, x 100) for G%, o 0.009"
based on differences in G7% pa- < o008k
rameterizations of Kelly (PRC 70, o.ooé
068202 (2004))and BBBAOQ5 (hep- 0006
ph/0602017). 0.0051-
® Neutron Detection Efficiency - Sim- SZZ;
ulate the uncertainty associated 0.0025-
with fitting the shape of the mea- 0.001§
sured neutron detection curves. 0

2007-06-09 20:56:27

Il Il Il ‘ Il Il Il Il Il Il ‘ Il Il Il ‘ ;
4 6 8 10 12 14
Q? (GeV/c)?

-~
7 2 3
QCC/P%%MMW %7(//0 =2
-/ W
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Systematic Uncertainties - Summary

Quantity G, /G, x 100 | Quantity 0GT, /G, x 100
Neutron  efficiency < 0.7(1.5) 0pq Cut < 1.0(1.7)
parameterization

proton o < 1.5(1.5) G%, < 0.7(0.5)
neutron accidentals < 0.3 Neutron MM cut < 0.5
neutron proximity cut < 0.2 proton efficiency <04
Fermi loss correction < 0.9 Radiative corrections < 0.06
Nuclear Corrections < 0.2

Summary of expected systematic uncertainties for CLAS12 G}, measurement
(AGT, /G, = 2.4%(2.7)). Red numbers represent the previous upper limits from the

CLAS6 measurement.

G.PGilfoyle et al. GnM in CLAS12 — p. 18/



Statistical Uncertainties

® Use Alberico etal. (PRC 79,

065204 (2009)) to estimate
G
® () = 35 — 15.0 GeV?,

but statistical uncertainty
exceeds systematic uncer-
tainty at highest Q2.

® Statistical Uncertainty: less
than 3% for Q2 ~ 11.5 GeV?;
much better at lower Q2.

AGN/G

1072

N

World’s Data Uncertainty

CLAS12 Anticipated

Systematic Uncertainty
/ _

CLAS12 Anticipated Statistical Uncertainty

0/ 2 4 6

® Systematic Uncertainty: less =wossibaom

than 3% across the full Q?
range.

8 10 12 14

Q*(GeV?)

A A A

W W T
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Statistical Uncertainties

® Use Alberico etal. (PRC 79, G with higher precision.
065204 (2009)) to estimate €
n 2 . _World’s Data Uncertainty
GM . 10 - CLAS12 Anticipated
o QQ _ 35 — 15.0 G6V2 - / Systematic Uncertainty
but statistical uncertainty - =
exceeds systematic uncer- I /
tainty at highest Q2. o2l
® Statistical Uncertainty: less - \
than 3% for QZ ~11.5 Gev2- - CLAS12 Anticipated Statistical Uncertainty
much better at lower Q2. A R e R T '12'4' ' '2
® Systematic Uncertainty: less wocwsidss eV

than 3% across the full Q?

Will extend the (? range of

range.

Approved for 30 days of running, A~ rating.

P Ve Vo ¥ ¥ |

- W W W W
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CLAS12 Anticipated Results

D [ T T T T T T | T T T T T T T T T T T T T T T T _]
O 12 I —
c — |
-1 — 7
cs 1.1 .- —
O L X 3
1k = .
e """ ‘5% T~ Iy E
0.9 T RN E
O 8 :_ _ ....... N N — Miller _:
0.7F I Guidal et al. =
0'65 Red - J.Lachniet et al. Tl -
0.5F Green - Previous World Data Cloetetal. 7
O 4 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :

' 2 4 6 8 10 12 14
2010-05-18 00:17:12 Q 2 (G eV2)

Uncertainty bands are for CLAS6 (Lachniet etal.) (red) and CLAS12 anticipated (black).

Miller - PRC 66, 032201(R) (2002); Guidal - PRD 72, 054013 (2005); Cloét - Few Body
Syst., 46:1-36 (2009).

A A A
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CLAS12 Anticipated Results

D [T T T T T T T T T T T T | T T T | T T T T T T LI
(ic 1.2 - Anticipated B
= 1.1 .--- Statistical uncertainties only
(D 1;__/ - OOOOO \C;P T -% | / —

R -
I \é%i"ll-.l.ﬁ_i\i § i : : ' ]_ ]
09 ;_ """"""""""" S . — g i 1 T T —:
L — S — Miller -
. N —
0.8 RSP ]
= \.:.:':“\' """""""""" Guidal et al. =
0'75 O A
0'65 Red - J.Lachniet et al. T -
0.5 Green - Previous World Data Cloetetal.
- Blackl- CLASl|2 anticipalted | | | | 3
0.4 2 4 6 8 10 12 14
2010-05-18 00:10:02 Q 2 (G eVZ)

Uncertainty bands are for CLAS6 (Lachniet etal.) (red) and CLAS12 anticipated (black).

Miller - PRC 66, 032201(R) (2002); Guidal - PRD 72, 054013 (2005); Cloét - Few Body
Syst., 46:1-36 (2009).

P Ve Vo ¥ ¥ |

thjeﬁlanzm %7(//5 =2

-
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Conclusions

® The neutron magnetic form factor is a fundamental quantity and extending the Q2
range and coverage will probe deeper into hadronic structure, provide essential
constraints on GPDs, and challenge lattice QCD.

® \With a tested method used in CLAS6, we will significantly expand our understanding of
nucleon structure and challenge theory.

® The CLAS12 detector will provide wide kinematic acceptance (Q? = 3 — 15(GeV /c)?)
and independent measurements of neutrons with its calorimeters and TOF systems.

® We propose to use the ratio method on deuterium to reduce our sensitivity to a variety
of sources of systematic uncertainty and limit systematic uncertainties to less than 3%.

® To keep systematic uncertainties small we will measure the detection efficiencies with
a unigue dual-cell target. Production and calibration data will be taken simultaneously.

® We have been approved for 30 PAC days of beam time at 11 GeV (A~ rating).

Part of a broad effort to measure the EEFFs at JLab and
includes E12-09-019 in Hall A to also measure G7,.

A W
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Update for E12-07-104: CLAS12 %, - Additional Slides

C’?A f\f\/\:
JEuLL G.PGifoyle etal. G/ in CLAS12 — p. 22/



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 GeVl/c
AG (mr) < 0.5 < 10

A (mr) < 0.5 <6

Neutron Detection

Nety 0.1-0.6 0.1
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Update for E12-07-104: CLAS12 G’ - Optimizing 6,, Cut

1. Recall effect of requiring 6,, < 1.5° and hermiticity cut to reduce
Inelastic background.

[T e e e A e L M
910000k T 11 GV 1 o [ E=11GeV " E=11GeV ]
Eﬂ:e Ct of 8 S - enevents . h S 500 €nevents e ] S 500l enevents J
pq 3 14000 R€d- QE oo 3 S [ 6, <1.5° q S 8, <15° ]
L. o E' Green - Inelastic F gl { © L - o Pa ]
and h erm |t|C|ty 12000f Black - total F L 2000F . 2000 -
o r b L
10000F - r 2 , .
cuts. . rr ] 1500k H(e, e'p) 1500 Hermiticity cut ON
80001~ r 1 : N 1 Q%=125-14.0 GeV? ]
[ [l ] » No hermiticity cut ]
6000~ - 1000f- Q% =12.5-14.0 GeV?"] 1000 7
4000 Q?=12.5-14.0 GeV? 1
N ] 500) .
2000 - _

o-1 05 0 05 1 15 2 25 3 35
W2 (GeV?)

0_-

" C E 11 GeV Q2 12 5- 14 0 Gev2 ] " r E 11 GeV Q2 12 5- 14 0 Gev2 1 . [ E 11 GeV Q2 12 5- 14 0 Gev2
< 1000k &N events N < 1000 &" events 7 1S 1000 &N events N
3 " g, <15° 1 3 g<10° ) 3 T 8, <05° ]
© © H(e, e’p) ©
800~ -1 800~ -1 800~ -
fIN _ inelastic for r
2 total 2 600~ N 600[~ b 600[~ N
W< < 1.2 GeV=. :
400~ - 400~ —

f=11% f1x=5.5%

200

il PSR s Y I 1 P FEUTE PRI P =S PP s R P el P P FEUTE FYPTE i 0 PR A=
1 -05 0 05 1 15 2 25 3 35 Q1 -05 0 05 1 15 2 25 3 35 o-1 05 0 05 1 15 2 25 3 35
W2 (GeV?) W2 (GeV?) W2 (GeV?)

— (ollossan Ol — . .
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Update for E12-07-104: CLAS12 Y, - QE Scattering Angles

Quasielastic Scattering, CLAS12, E = 11 GeV

Q? = 3.5 GeV?

20

=

40-

30~

20+~

(Bap) Yo

10~

fe (deg)
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Update for E12-07-104: CLAS12 GY, - Hermiticity Cut

1. For the CLAS6 data, the hermitic-
ity cut is not needed. Applying it  gooof2oev.Es
just reduces the already small in- sn| CTeC: €PX plus
| hermiticity cut

elastic background (compare black - Black: epX plus
. B cut
and red histograms). o

Counts

2. Without requiring 6, < 3°, the her- >}

Red: 8,, cut and
hermiticity cut

miticity cut still reduces the inelas- 2000
tic background (compare blue and ST I e

. -1 05 0 05 1 15 2 25 3
green histograms). W2 (Gev?)

3. Hermiticity cut here includes ep events with additional out-of-time
tracks or ones that fall outside the vertex cut (1.5 cm).

4. Effect of hermiticity cut in CLAS12 simulation is qualitatively
consistent with CLASG6, E5 data.

A W

~
— {,, ,47/ . Ol — ) )
c/f%‘ff < %7’{, G.PGilfoyle etal. Gy in CLAS12 - p. 261!
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Update for E12-07-104: Neutron Detection Efficiency Uncert  ainty

® Characterize the neutron detection
efficiency e¢,, with

€, =9 X | 1— ! —
1—|—exp(p—”a0p°)

where S is the height of the plateau
for p, > 2 GeV/c, po Is the center of
the rising part of ¢,,, and ag controls
the slope of ¢, in this region.

® Fit the ¢, with a third-order polyno-
mial and a flat region.

® Use the original ¢, and the fit in re-
constructing the neutrons and take
the difference.

A A S

W W T

Efficiency
o
Y.Or T

o
a1
T T

0.4
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0.2

0.1

(@)
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(< 0_01\:\\\\\\\\\\\\\\\\\\\

o.oosi
o.oo7§
o.oosi
o.oosi
0.004§
0.003F
0.002F

0.001
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G.PGilfoyle et al. GR/I in CLAS12 — p. 27/3



Update for E12-07-104: Other Elastic Form Factors Uncertai  nties

® Systematic uncertainty .
(AGT%,/G%, x 100) based i (3G, /Gy, <100
on differences in the proton T I (80g/04)*100
reduced cross section param- o L

eterizations of Bosted and
Arrington-Melnitchouk.

L=
[}

15
' ' *(GeV
® Systematic uncertainty Q*(GeV?)

(.AGYJ(Z /G}"\g. x 100) based O!’l I (3G, /G,
differences in G, parameteri- 15 -

zations of Kelly and BBBAOS. i
Future measurements will I
reduce the uncertainty for 0.5 |-
Q? < 7.5 GeV2, i

*100

Q™ (GeV?)

A~~~
— (ollossan Ol —
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Update for E12-07-104: G7%. Uncertainty

0.6
— G, /GyKdly
______ Ge /G, BBBAOS
0.20
- + Eden
B ¥ Passchier 0.4 1=
n N ¥ Herberg
GE — * Ostrick
- A Madey
C @ Seimetz
B m Warren
0.10— & Jones
r [0 Becker
: O Bermuth 0.2 —
ooOf VT
L M I ST S R S S RS S S 0 . | , | .
0.0 0.5 1.0 1.5 2.0 2.5 5 10 15

2 2
Q2 [GeVz] Q°(GeVv?)

World data on G%. (C.E. Hyde-Wright and The neutron electric form factor from
K.deJager, Ann. Rev. Nucl. Part. Sci. 54 Kelly and BBBAO5 parameterizations as

(2004) 54 and references therein.) a function of Q2 (J. J. Kelly, PRC 70,
068202 (2004) and R. Bradford et al., hep-
ph/0602017.)
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Update for E12-07-104: Systematic Uncertainties

Summary of expected systematic uncertainties for CLAS12 G}, measurement in
percentages (100 x AG%, /G, = 2.5%(2.7)). Red numbers represent the previous upper
limits from the CLAS6 measurement.

Quantity G, /G, x 100 | Quantity 0GT, /G x 100
Neutron efficiency < 0.7(1.5) Opq CUt < 1.0(1.7)
proton o < 1.5(1.5) G% < 0.7(0.5)
Background subtraction < 1.0 Fermi loss correc- < 0.9

tion
neutron accidentals < 0.3 Neutron MM cut < 0.5
neutron proximity cut < 0.2 proton efficiency <04
Nuclear Corrections < 0.2 Radiative  correc- < 0.2

tions

N
PN
)
J\

|
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Update for E12-07-104: Comparison of CLAS6 and CLAS12
measurements

D [ T T T T T T | T T T T T T | T T T | T T T T T T T ]
2_: 1.2 - I Anticipated -
N | S T Statistical uncertainties only —

7;_/ ooooo \Qé 2L It % T E
1 ¥ -
= o \% TREs s g I [
09 T R —— [ I L2
- e AN — Miller |
. ~ —
08 :_ """""" -\..,\_,.\' -
0.7 Tyl Guidal et al. =
- S
O'GE Red - J.Lachniet et al. T =
0.5F Green - Previous World Data Cloetetal. 3
— Black - CLAS12 anticipated ]
I S S NN T TN SN AN ST (NN SR SR SR N T TR T A S S A S SR SN SN N A
0.4 2 4 6 8 10 12 14
2010-05-18 00:10:02 Q 2 (G evz)

P e W
—— prsas il g ) )
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Update for E12-07-104: Comparison of CLAS12 and E12-09-019

methods

1. To reduce inelastic background further, reduce the maximum 6,,,.

fin =
W2 < 1.2 GeV?Z.

2. In a similar Q2 range, in E12-09-019 only the

2 25 3 ”‘:’..5
W2 (GeV?)

h i
=1 05 0 05 1 145

MAARLAARAN RN AR UL RS R R I UL IR RLARE LR LRARRE RAARE RARAD RARSE RARL
" [ E= 11 GeV @= 125 140(3ev2 w L E 11 GeV &= 125 140c-;ev2
€ [ enevents N IS [ enevents h
3 1000 Bpq < 1.5° g 1000 Bpq < 1.0° )
S8 ) L H(e, €'p)
tnelastic for L
S 800~ — 800, _
total -
600~ — aoo_ _
400 — 400_ _
I L L
200 fn=11% - 2001 -
| r
0 Lol saaalay Q

cirll I WS o wwrwdl PN Pl REETE e o
1 05 0 05 1 15 2 25 3 35

W2 (GeV?)

Counts

1000

800

600

[ E 11GeV &F= 125140<3ev2
[ enevents
L B < 0.5°

neutron comncigence

0.5 1 15 2 25 3 35
W2 (GeV

2.003

9,,<0.5 deg.

3. At higher Q2 (ie.

0,4 cut will be used leaving more inelastic
background contaminating the the QE peak.

in PR10-005), the width
of the inelastic component will continue to in-
crease.

3.002

2.001

35 4
W (GeV/c%)*
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