<>
class

CEBAF Large Acceptance Spectrometer

Neutron Magnetic Form Factor Gy

Measurement at High Q% with CLAS12

Lamya Baashen — FIU
Brian Raue — FIU
Jerry Gilfoyle — University of Richmond

Lamya Baashen Gy 7/12/2023



Overview

» Scientific Motivation

> Previous Measurements of G},
» The Ratio Method

> D(e,e'p)& D(e, e'n) Selections
» Preliminary Ratio Result

» Corrections to the Ratio

Data Set used:
Run Group B, inbending with beam energies 10.2, 10.4 and 10.6 GeV
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Why we need to measure elastic electromagnetic form factors EEFF

G g, Gy Fundamental quantity related to the electric charge and magnetic moment within the neutron.

» provide important constraints for GPDs.
» EEFF’s are a fundamental challenge for lattice QCD
»  Measuring Gy; with the other three form factors (Gp, GpM and G% ) allows extraction of the

individual up and down quarks contributions.

> Early testing ground for lattice QCD

There are 6 experiments in Hall A to measure all four elastic electric, G, and
magnetic, Gy , form factors for the proton and neutron at high Q?and one
experiment in Hall B.
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The Worlds Data on G

Most experiments measured G}; at Q2 <5 GeV?

The measurement at Q2 <5 GeV2 CLAS in Hall B at Jlab:
v Extract Gjy at Q* <5 GeV?
D(

!/
v Using ratio of quasi-elastic De'—en) from deuterium

(ee’'p)

ROCK experiment measured G}, at high Q?:

v Extract Gy at Q*<10 GeV?

v Using inclusive quasi-elastic scattering cross section data d(e, e’)X
v' Large systematic errors due to subtraction of proton contribution

CLAS shows a flat behavior at high Q? while —
ROCK shows the data fall-off at high Q? with large uncertainties !!!
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Measuring Gj; at high Q? will extend our knowledge into these regions
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The ratio of the free nucleon e-n to e-p cross sections in terms of the free nucleon form factors:

The numerator Requires a Precise

Measurement of the Neutron do (D(e, e'n)) Omott (ng + ? Gﬁz) (1 _: - )
Detection Efficiency (NDE) R = ‘(ll'g = T 1 S
[t , p p2 P P2
ep - e nt(n) a0 (D(e, e'p)) O mott (GE T EGM ) (1 + ‘l'p)

\

the denominator is the precisely-
known proton cross section.

Whete:

25! 20e
aEcos(Z) _ Q>

T =
4E3sin4(02—e) ’ 4 Mz,

, Q% = 4EE'sin? (%) €= [1 +2(14+1) tanz(%)]_1

O Mott — 2

Solving for GJy:

o 1471 T € -Extracting G}, requires knowledge of other EEFFs
GY = [R Cor ( Zth) ( "> < + P ) — ]_" -All four EEFFs will be measured at high Q?in
Omott) \1+Tp €p Tn Hall A

Rcor = f NDE f PDEf nuclear f radiative f fermi R

Lamya Baashen Gy 7/12/2023

5

How Do We Measure G); on a Neutron? Ratio Method on Deuterium



"

: : : do
Quasi-elastic Selection  ,_ a2 @©e™)

W [GeV]

D(e, e'p) Selection

» Select electron in FD and positive charge particle hit PCAL/ECAL
p(e,e‘p): Inbending 10.2 GeV 1.8

do ) .
dq (D(e.e'p)) D(e, e'n) Selection
» Select electron in FD and neutral particle hit PCAL/ECAL

D(e,e’'n): Inbending 10.2 GeV 2
10

! - Quasi-elastic events

W [GeV]
=
%

10

Counts

0,q [deg]

«10° D(e,e'p): Inbending 10.2 GeV

: 800 F
600 |- 700 £
500 £ 600
00 b 0,4 The angle between the transferged 2 500
300 [ 3-momentum q and the momentum Py 5 400}
0 b of the detected nucleon. © 300

: 200 |
100 - 100 |

00 012 0.I4 0:6 0.8 Ill I 1.I . 1I4 I 1I6 1I8 00_ 012 0i4 016 08 1 12 1.I4 1.I6 118
W [GeV] Data set shown is Pass1: RG-B springl9 at 10.2 GeV W [GeV]
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Quasi-elastic Selection

List of the cuts applied to select quasi-elastic events:

600

Cut applied
085<W<1.05

«10° D(e;e’p): Inbending 10.2 GeV

angles 500 :—D (e’ elp)
. @2 400 -
» Incident electron beam energy E, > "~ Cut E o F
o
200 —
» AP = Py — P .Cut 100 |
0 02 04 06 08 1 12 14 16 18
W [GeV]
» 0,,Cut ‘ .
pq «10° D(e;e'n): Inbending 10.2 GeV
800
700 |
600 |-
» Missing Energy Cut , wiD(e,e'n)
E 400 :—
S a0
200
100
00 0I2I | 6|4 0.6 0.8 | 1 1|2 | 1I4 | ll6 | 1I8
W [GeV]
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Counts

Quasi-elastic Selection
D(e, e'p) Selection

Sector 1: Inbending 10.2 GeV

450 3 1 =10.261+ 0.015
400 £ S G =0.487 £ 0.018
350 |
300 angles
g 106E,,., cut
250 |
200 |-
150 |
100 |
50
0: A Y PR P R RPN PR |
6 8 10 12 14 16 18 20 22 24
angles
beam [G V]
D(e,e’p): Inbending 10.2 GeV
2500 n=180.251 +0.018
F 6=1.357 £0.020
2000 [~
Zz _
§1500 1o A¢ cut
=]
© 1000 -

500

0:...|....l A—IJI

Cut applied
085<W<1.05

1- Incident electron beam energy cut

Calculated the incoming beam energy E; -5 °° using 0, ,0y:

beam

1

Eangles
0.
tan ( > ) tan(Qy)

beam

:MN —1

2-A¢p = dy — P, cut

The difference in the lab azimuthal angle between
the nucleon and the scattered electron

150 160 170 180 190 200 210 220

Ag = (9,10 O]

Data set shown is Pass1: RG-B springl9 at 10.2 GeV

Counts

Counts

D(e, e'n) Selection

Sector 1: Inbending 10.2 GeV

220
200 £

180
160

140 £

120
100
80
60
40
20

(="

L

n=10.282 + 0.031
;h 6 =0.527 £ 0.045

lo Eangles

beam cut

6 81012141618202224
angles [G V]

beam

D(e,e’'n): Inbending 10.2 GeV

1400
1200 —
1000 —
800 [
600 [
400 —

200 |

- 10 A¢g cut

u =180.093 +0.037
6=1857 +0.052

‘I.\'\L A T

140

150 160 170 180 190 200 210 220

AO =10 -0 ]

neut
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Quasi-elastic Selection

Q* [GeV?]

D(e, e'p) Selection

D(e,e’p): Inbending 10.2 GeV

085<W<1.05

angles
l1oE, . ~ cut

1o A¢p cut

Quasi-elastic events depend on Q? value:

high Q?——— Quasi-elastic events narrow

small Q? —— Quasi-elastic events broader

3- 0,4

cut

D(e, e'n) Selection

D(e,e’n): Inbending 10.2 GeV

10

10?

Q? [GeV?

10

To select quasi-elastic events while minimizing background contamination in the absence of the W cut,

the function is introduced as follows:

2127

6.
f(qu) = 2.5204 + W

pq

Opq <2

Data set shown is Pass1: RG-B springl9 at 10.2 GeV
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Quasi-elastic Selection 4- Missing Energy Cut

From the 4-momentum conservation law the missing energy for quasi-elastic events is expected to be zero.

E, =Epeam + ENn —E, — Eyr, where E = /P2 +m2

!/ o !/ o
D(e, e'p) Selection D(e, e'n) Selection
D(e,e p): Inbending 10.2 GeV _ D(ese'n): Inbending 10.2 GeV
2200 £ — 4 021 iM)fz 1600 F 1 =0.009 +0.002
2000 = 5 —0.127 +0.003 Cut applied 1400 - ©=10.123 +0.0(2
I E 1200 [
1600 £ lo Eﬁgiﬁs cut :
« 1400 |- 2 1000 |-
‘51200 N 1;}' A¢ cut E a0 b
1000 e -
E e Q* <f(6pq) O 600 |-
600 - Opq <2 400 |-
400 £ 30E, 200 |-
200 | :
OZJLHIH_AJ_L T LS e 0'.4;.14.4.4__"'# ...... U B B
5 385 -1 -85 o 058 1 18 2 -2 =15 -1 05 0 05 1 15 2
E, [GeV] Ey [GeV]

to D(e, e'n) channel
Data set shown is Pass1: RG-B springl9 at 10.2 GeV
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Quasi-elastic Selection

D(e,e’p): Inbending 10.2 GeV

Counts

u=10.989 +0.001
c=0.153 £0.001

D(e,e'p)

P .. T | P

0.5

1 1.5 2 I 2.5
W [GeV]

Counts

D(e,e’n): Inbending 10.2 GeV

700 ;— 1L=0.992 +0.002 The W distribution of D (e , € ’p) and
00 |- oISy a0 D(e, e'n) that satisfied:
500 |- angles
400 [ > 1o Ebeam cut

3 > 10 A¢d cut
o D(e,e'n) 2 ¢
3 > Q°< f(epq)
100

o Ao » 0,0 <2
0 0.5 1 1.5 2 2.5 > 30F
W [GeV] x

Comparison of MC and Data to investigate quasi-elastic peaks

Counts

0.8

0.4

0.2

D(e,e’p): Inbending 10.2 GeV

0.6

0.5

W [GeV]

Counts

0.8

0.6

0.4

0.2

D(e,e"n): Inbending 10.2 GeV

Data

Simulated and reconstructed events with
the same COATJAVA version as the data

W [GeV]

QUEEG: A Monte Carlo Event Generator for Quasielastic Scattering
on Deuterium, G.P. Gilfoyle , J.D. Lachniet , and O. Alam, CLAS-
NOTE 2014-007, Sep 5,2014.
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Acceptance Matching for nucleon

Using only the electron information, assume elastic scattering and stationary target,
predict the proton momentum, and swim it through CLAS12.

Y [cm]

If the >swum’ proton track strikes the CLLAS12 fiducial volume, continue. If it does
not, then drop the event.

For the same event using only the electron information, assume elastic scattering and
stationary target, predict the neutron momentum, and swim the neutron track
through CLAS12.

If the ’swum’ neutron track strikes the CLLAS12 fiducial volume, continue. If it does
not, then drop the event.

Tf hath ‘cownm’ tracke hit ('T.AS17 heacin the nneclean analvcic
D(e,e’ n): Inbending 10.6 GeV

600

500

400

300

200

100

D(e,e’ p): Inbending 10.6 GeV

- swum proton 1.

F-swum neutron D (e, e,p) t

[

1071

0
-300 -200 -100 0 100 200 300

X [cm]
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Ratio Result _ 2™

1.2

0.8

0.6

Ratio

0.4

0.2

D(e,e'p)

=10.2 GeV
=10.4 GeV
=10.6 GeV

e E
o E
E

beam

beam

beam

@F@ﬂﬂmm @W
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L
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The W distribution of D(e, e'p) and
D(e, e'n) that satisfied:

> 1o Ezggiﬁs cut
> 10 A¢ cut
> Q%< f(0
» 0,,<2

> 30E,

» Apply Acceptance Matching

Pq)
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Corrections to the Ratio

Rcor = fNDE fPDE fnuclearffermi fradiative R

> fnpe: Neutron Detection Efficiency Correctionv' done
> fppg: Proton Detection Efficiency Correction

> fnuclear: Nuclear Correction

> ftrermi: Fermi Correction v done

> [radiative: Radiative Correction v done

Lamya Baashen Gy 7/12/2023
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D(e,e'n)

|5

Determine the neutron detection efficiency

[ ] [ ]
NDE Corrections to the Ratio r= (NDE) by using; .
. . ) D(e e'p) ep >e m (n)
The NDE is the largest correction to the Ratio Neutron Detection Eff
. . . . =1
Fit the neutron detection efficiency (NDE) with: S o L
0.7F s
—_ 2 3 0.6
n(Pmm) = Qg+ alpmm + aZPmm + a3Pmm for Pmm <2.15GeV 0.5
0-4 ;_ Inbending 10.6 GeV Data Fitting using CB+Pol4 function
0.3 Outbending 10.6 GeV Data Fitting using CB+Pol4 function
1 0.2 ;— Inbending 10.2 GeV Data Fitting using CB+Pol4 function
= a4 (1 - Pmm—a5> for P, > 2.15 GeV el S
1+e % ; R I — ——1
S-0.05}
Y S TN BN BRI BRI BPUPRI B
0 1 2 3 4 5 6 7
P.m [GeV]
Neutron Detection Eff
g 1Same as plot above with uncertainty band on top
0.9E
7 08F Rp— .3
0.7 P I S
0.6F "
ose 7
0.4 ;_ ,"/'l Inbending 10.6 GeV Data Fitting using CB+Pol4 function
0.3 ,)J‘ Outbending 10.6 GeV Data Fitting using CB+Pol4 function
0.2 z— ’y:‘ Inbending 10.2 GeV Data Fitting using CB+Pol4 function
015
Eoﬁ-u-ul uuuuuuuuuuuuuuuu | I B SR B
. . o . o.ozwz + i
See talk in plenary session on Friday. R
0 1 2 3 4 5 6 7
Poum [GeV]
Lamya Baashen Gy 7/12/2023



" JEE 16

D (e, e’ n) Determine the neutron detection efficiency

1 1 R = (NDE) by using: /
NDE Correctlons to the Rath De.op) ep — e nt(n)
The NDE is the largest correction to the Ratio Neutron Detection Eff
. . . . =1
Fit the neutron detection efficiency (NDE) with: S 0o L
0.7E . S
— 2 3 0.6
n(Pmm) =ayp + a1Ppyyy + 2Py + a3 Py for Pym < 2.15 GeV 0.5F
04E Inbending 10.6 GeV Data Fitting using CB+Pold function
0.3 z_ Outbending 10.6 GeV Data Fitting using CB+Pol4 function
1 0.2 ;— Inbending 10.2 GeV Data Fitting using CB+Pol4 function
= Q4 (1 - [— for P, > 2.15 GeV 3 SRR SR
1+e 3% o L et s .
1.6 - e E,__=102GeV ] 008! o ——]
o B e R
AL beam = 106 Ge P,.. [GeV]
. . 1.2 - J 3 Neutron Detection Eff
NDE correction increases 1 y g ISame as plot above with uncertainty band on top
the ratio values by s osb e - : Z ost R -
= OL ; 2 s S S S
~ 20(y [~ T 4 0.7E ///,
~ 0 £ 0.6 : F1T110Y 06t
= U R 058/
0,4 — i 0.4 i_ ,’l'l Inbending 10.6 GeV Data Fitting using CB+Pol4 function
E g 0.3F ,;f“ Outbending 10.6 GeV Data Fitting using CB+Pol4 function
0.2 — } 0.2 ;— ’y:’ Inbending 10.2 GeV Data Fitting using CB+Pol4 function
0:.I....I|...I.|..I|...|||||||||-|n|-||H|- 0.;2_',".,| ................ [ N B
5 6 7 8 9 10 11 12 £ o0s|
o o o R e PR PR B R !
See talk in plenary session on Friday. oycevy R R
0 1 2 3 4 5 6 7
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Fermi Corrections to the Ratio

» Fermi motion in the target: Causes nucleons to migrate out of the CLAS12 acceptance.
» This effect was simulated using QUEEG generator.

» Fraction of correction (f ;¢ 5 fneut): the ratio of the number of actual
hits in the acceptance that satisty the 6,, cut to the number of

expected hits calculated using the electron information and assuming
no Fermi motion.

B e E, .. =102GeV
L4 e E,,,=104GeV
- e E,.,=10.6GeV
ol §1.2—
&
~ | =
.II 1 — o 0 0 s ) 3 )
g - (]
= - $
q:" 0.8 B N
C [ ]
0.6
04—
1 I I | | | | |

5 6 7 8 9 10 11 12
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Fermi Corrections to the Ratio

V V V

This effect was simulated using QUEEG generator.

hits in the acceptance that satisfy the 6,,, cut to the number of
expected hits calculated using the electron information and assuming

no Fermi motion.

Ratio

Fermi correction does not
significantly affect the ratio
for Q2 > 6.5 GeV.
However, there is an impact
on the ratio below 6.5 GeV.

1.4
1.2
1
0.8
0.6
0.4
0.2

0

Fraction of correction (f ;¢ , fneut): the ratio of the number of actual

u e E,  _=102GeV

- e E . =104GeV

- e E,, . =10.6GeV

- : i

| P o b ; t }{ i

E.I..l.l....l....l. P .I...I...Iﬁ..

S 6 7 8 9 10 11 12

Q*[GeV’]

Fermi motion in the target: Causes nucleons to migrate out of the CLLAS12 acceptance.

~ DENEeTIin) N

|18

C e E,_=102GeV

— o E,,,=104GeV

- o E,,, =10.6GeV

— e o ° 8 8 ) . 8

L 0

- $

- ]

C [ ]

B I I 1 1 I 1 1 1 I 1 I 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1
5 6 7 8 9 10 11 12

Q*[GeV?]

Lamya Baashen

7/12/2023



" JE 19
Radiative Corrections to the Ratio

O 0.84
“* Photons can be emitted before or after the collisions and alter the % 0.82F W =2.60 GeV, Q*=5.34 GeV?
final, detected electron energy. 0973 cosf, =0.998, E =10.2 GeV
0.76
% The radiative corrections (RC) for G}; calculated used program 0.74
EXCLURAD. 0.72
0.7 RC, for neutron
% The EXCLURAD program is written by A. Afanasev for 82% RC, for proton
exclusive p(e, e’ T )n. 0 20 40 60 80 100120140160180
% Modified by G. Gilfoyle to include the D(e, e'p)n and ¢pq [deg]
D(e,e’n)pchannels. ) e e e e I
. . . . B 999 c0s8,,=0.998, W=2.60GeV, E,__=10.2GeV =
** The radiative corrections were calculated with g - .
EXCLURAD. P E
0.997 — —]
. . d d = =
¢ The radiated cross section: (é) =(1+4+96) (ﬁ)Bom 096 534 Gev: N -
0.995 Qz=s7§ Gev2 Q* = 9.94 GeV? =
¢ The calculation is performed twice, once for D(e, e'p)n and 0994 @=673GeV!  QP=12.20GeV? E
C Q' =7.24 GeV? ]
once for D(e, e'n)p channel. 0993 Q=775 GeV? E
The ratio of RC,, to RC,, radiative corrections differs by about qgEe i ] a0 o0 vs s gw s aws g gy e pe 1 egs
0 40 60 80 100 120 140 160 18

[
]

0.3% and does not significantly impact the ratio values. o [deg]
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Corrections to the Ratio J v

Rcor = f NDE f PDE f nuclear f fermi f radiative R

- e E__=102GeV
e e E___=104GeV
1.2 f— e E, ..=10.6 GeV
e @7@ H 6 o
CUMUIMATY
() * -
E 0.6 j \ § {
0.4 i v b }
0.2 — ﬂ {
0: | l I | | | | . lﬂ y

Q*[GeV?]
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Conclusion and Outlook

m The neutron magnetic form factor Gpy is a fundamental quantity related to the
magnetization in the neutron.

d(een)
d(eep)
B Precise measurement of the Neutron Detection Efficiency is here.

m NDE ~ 0.7884 + 0.0087 at the plateau (p,,,, = 3.5 GeV) for two different magnetic
field configurations with two different beam energies.

m Extract Gy at Q> =~ 5 -12 GeV? using the ratio method R =

Future works :

®m Study the proton detection efficiency in the Forward Detector.

® Apply nuclear correction.
m Calculate Gpy.

m Study the uncertainties.

Lamya Baashen Gy 7/12/2023
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Thank You!!
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Why we need to measure elastic electromagnetic form factors EEFF

provide important constraints for GPDs.

G, Gyt Fundamental quantity related to the electric and magnetic properties of the nucleon.

Listing of the electromagnetic form factors of the nucleons experiments

GI’;I E12-07-108  Elastic Scattering LH, 2.0-15.7 A Phys. Rev. Lett., 128, 102002 (2022).
GZ, / GpM E12-07-109 Polarization transfer LH, 5-12 A Fall 2024
G E12-07-104 e—n /e —p ratio LD,,LH, 5-12.0 B Data collection complete
Gy E12-09-019 e—n/e—p ratio LD,,LH, 1.9-9.9 A Data collection complete
/Gy E12-09-016 Double polarization  Polarized 3.8-10 A Data collection complete
asymmetry SHe
/Gy  E12-17-004 Polarization transfer LD, 4.3 A Summer 2023
/Gy E12-11-009 Polarization transfer LD, Up to 6.9 A To be scheduled
Lamya Baashen Gy 7/12/2023
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Quasi-elastic Selection 4-Missing Energy Cut

From the momentum conservation law the transverse momentum for quasi-elastic events are expected to be zero.

E, =Epeqm + EN —E, — Epy, where E = /P2 +m?2

D(e, e'p) Selection D(e,e’'n) Selection
D(e,e p): Inbending 10.2 GeV D(e,e’'n): Inbending 10.2 GeV

iggg ; 1 angles 250 f_
- oE, .. ~cut -
1600 | -
o 1400 |- 1o Ap cut . 0
- = 2 = -
Sl 0 < f(Bpo)
O 800 F Hpq<2 S Lok
600 | -
400 50
200 | -
s

0 - |
2 15 -1 05 0 05 1 15 2 . ]
There is offset from zero and distorted

Ey [GeV] D(e, e'n) has a wider peak compare to D(e, e'p) Ex [GeV]
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Neutron Momentum Correction

In order to correct the measured neutron momentum
AP _ (P neas ) a calculated neutron momentum (P ;) is
neut — pcalc — pmeas used as a reference (accurate value)

The calculated neutron momentum is determined based on the known E.,,, and the
measured electron polar angle, assuming elastic scattering

Eg

P.aic= \/E% —2Ey *Pecar * €COSO, + chal ) where P, = 0
1+ 2E, sinZ(Te)/MN
The measured neutron momentum (P,,.,s) is determined using

m, ﬂneutral

l
Preas = ) where Bcutral = —RREQ)
1 2 c-(tn(REC)_tst)
- ﬁneutral
Inbending 10.2 GeV . Inbending 10.2 GeV
10 I ° ° ° [~
i The neutron momentum correction is made in two steps: C 600
: 500 4r 500
5+ C
— L - [
E B 400 1- AP neutVS- P meas E 2 r 400
S O - 300 I 300
2 . 2- AP neutVs. emeas 2 -
= o 200 5 2 200
- 100 —4F 100
_10_....| 0 —6_—.|...||....|...‘|.. 0
0 1 5 10 15 20 25 30 35 40 45

emeas [deg]
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[ | _ L Sector:1 P =2.72 GeV i Sector:1 P =3.47 GeV o Sector: 1P - 445 Gev 2
Eou= 1197 Ew=0.702 E 1=-0.298
@ 10f 0= 0369 2 10F o= 0533 @ S0E o= 0.568
£ sof = 80f = 40f
s B 60 g wf g af
Neutron Momentum Correction © : S o Sk
20k 20:- 10F
908 64202 46 810 9% 8 64202 46 810 90864202 46 810
Aanlt [GGV] APmmt [GeV] APmﬂut [GeV]
1- APneut vs- Pmeas Sector:1 P =5.64 GeV Sector:1 P =17.89 GeV
»E 1 =-1.480 1 =-4.139
» F o-0728 P = 1793
= WE =
1- Correction done for each sector Gl &
o
. . ° 6F
2- Blnnlng APneut ln Pmeas %: . o i | . PR
3- Fitting AP,,,,,; using Gauss e Gev] e Gev]
4- The mean of the Gauss is then fit by 1% order Poly: T T
H 60 H 60
— A 40 & 40
Uy = ap +bp Prieas ; o .
0 0
5- the momentum correction function _ w = R .
8 Z‘g’ S I
s ] 50
— Ry 50 o 40
Ppcorr = Pmeas + Hp S @5 »
o 0
. . . . P pne [GeV]
is then implemented with the parameters coming from sectors
o 100 —_— 100
ﬁtS. F 80 Z: 30
60 5 60
40 5 40
20 20
0 0

P meas [ce‘ll
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Neutron Momentum Correction

2— AP neut VS. Hmeas

Inbending 10.2 GeV

lllllllllllllllllllllll

el ENSTETE T AT STATET S VST AT AT ATRTSTAE ATSTar | PR TS ENER S ATET AN AR AT

5 10 15 20 25 30 35 40 45
Omeas [deg]

-1 1400
1200
— 1000
800
600
400
200

AP, [GeV]

AP, [GeV]

Secl: Inbending 10.2 GeV

5 10 15 20 25 30 35 40 45
Omeas [deg]

Sec3: Inbending 10.2 GeV

L

5 10 15 20 25 30 35 40 45
Omeas [deg]
SecS: Inbending 10.2 GeV

5 10 15 20 25 30 35 40 45
Omeas [deg]

300

Sec2: Inbending 10.2 GeV 2 7

Lamya Baashen
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Sec4: Inbending 10.2 GeV
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45F 80 20F

“E 6= 0383 3 6= 027 i 6= 0301
s g W £ st g 1900
eutron Momentum Correction ;i ol i
o - Ce
3 wE o
0—4 —‘2 _0 2‘ 4 6 0—‘4 ——‘2 0 2 4 6 0—4 —‘2 (I) 2. ~; 6
-_— AP [GeV] AP, [GeV] AP, [GeV]
2 APneut vS. emeas 250 Sector: 1 ©=29.04 deg e Sector: 1 0 =231.34 deg
20f b= 05 wok b= 0316
2 150 g 300 F
1- Correction done for each sector = Z mp
2- Binning AP,,,,,; in 0., N T
3- Fitting AP,,,,,; using Gauss s N 6"’“‘ Sectors
4- The mean of the Gauss is then fit by 15t order Poly s 5 W oz 5 -
O 3E 200 o 3E
E g - 150 E : 3 150
_ a1 3 100 = 1p 100
Hog = ag +bg O e T S0 T 0
2 -é 1I0 IIS ZIO ZIS 30 3I5 40 4I5 0 -2 -5 10 1S 20 25 30 35 40 45 0
6,cu [deg] 0, cue [deg]
. . Sector:3 Sector:4
5- the momentum correction function T 25 e 200
z iﬁ_ 200 z 25- 160
© s3f 150 g 3 120
Pocorr = Pmeas + Uo 0 w i
0F 50 U3 40
. . . . B T e D e N 20
is then implemented With the parameters coming from fits. A TR T T T TR T T
0, o [deg] 0, oue [deg]
g : Sector:S 250 g _ Sector:6
K g 3 150 E g 3 150
& 1f 100 e 1f 100
) ,(1':: 50 ) ,(1'_: 50
-2 -5 10 15 20 25 30 35 40 45 0 -2 :5 10 15 20 25 30 35 40 45 0
6, [deg] 0, [deg]
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Counts

=
Applied Neutron Momentum Correction

D(e,e'n): Inbending 10.2 GeV

2000 F
1800
1600 |-
1400 [
1200 £
1000 -
800 |-
600
400 |
200 [

No Corr
Corr

E, [GeV]

Counts

3500

3000

2500

2000

1500

1000

500

29

In order to correct the measured neutron momentum
P..0qs ) 2 calculated neutron momentum (P,,;,) is
used as a reference (accurate value)

D(e,e’n): Inbending 10.2 GeV

No Corr
Corr

P, [GeV]

The corrections have led to clear improvements in both the resolutions
and peak position of the missing energy distribution.
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Fermi Corrections to the Ratio

Fermi motion in the target: Causes nucleons to migrate out of the CLLAS12 acceptance.
This effect was simulated using QUEEG generator.

Fraction of correction: the ratio of the number of actual hits in the
acceptance that satisfy the 6,,, cut to the number of expected hits
calculated using the electron information and assuming no Fermi

motion. __Inbending 10.2 GeV 1.4 Do le
1.2F I . « E o =106GeV
1.1 o firo L2
1;_ _ 1:_ e ® o 0 3 ) . '
S 09 E n ’
S - 2 o08F s
S 08F = 08
< = e o 8 C
o= 0.7 S LI . 0.6
0.6 . . s -
05 . : 04F
E. v b by by by e by by by by
04 5 6 7 8 9 10 11 12
0.3E ° | | | | | | | Q*[GeV?]
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Fermi Corrections to the Ratio
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14— e E, .. —104GeV
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G n Calculation arXiv:1707.09063v2 [nucl-ex] 11 Dec 2017
25! 029
p a“E’ cos (7) Q>
n _ o-mott 1+ Tn p2 Tp p2 n2 €n O Mott — 4E3sin4(0—e ’ Tn,p_ 4 M2
mott) \1+ Tp Ep Tn .
0.1
p / e=[1+21+r tan?(—
amott~1 1+71, ( ) (2)
n ~ , ~
O mott 1+7,
T €
n _ p2 14 p2 n2|-n
&p Tn
1'0 T /"’—_‘\\ ! | 0.7_ ;0-0125 Neutron Electric Form Factor ’ll’ |
0.5F i
a \ Proton Magnetic Form Factor
) 7 Z oot
— ©.0.008 SN
%DLQ 0.0 e %200022:
—0.5F o ] |
~0.002 L O 0.005E 1‘0
* Q* [GeV?] . 4 Q* [GeVY] )
1072 101 100 10! 102 102 0—T 10" 107 102 10=2 TO=T 70 T
Q2 [GCVZ] QZ [GOVZ] Q2 [Govz]
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G n Calculation arXiv:1707.09063v2 [nucl-ex] 11 Dec 2017
n Trote) (1+Tn p2 , Ip _p2 n2|€n 25 .02 5
O mott + Tp €p Tn Mott 4E3sin4 (02_6) ’ np 4 Mlz,,n
p _
M"’l M"'l ll 21 ) dell
n ~ =~ € = + + 1) tan“(—
n _ R Gp 2 Tp GP 2\ G" 2-| &
M — Cor E T e M E =
P A n
Proton Electric F#rm Factor Proton Ma ic Form Factor Neutron Electric Form Factor
— 2 0'8 C Neutron Electric Form Factor
1h A N
E ::.\E B ; © 0.008|
0. 5 j . Proton Flectric Form Factor O 0.9 & _ oos Proton Magnetic Form Factor = 0.006
Bl S S
- cbuo'n%; 0'85— &c’o.o'ss 0.4;_ ' .
0 C 0.004§ 0.7 ;— 0‘;):: . . \ \ 0.3 f_ " Q* [GeV?]
NI
- o * Q’ [GeV?] 0.5 :_ ! Q [GeVY| 0.1 ;_
_1_ Lol Ll Ll L 04—l C el Ll LY 0 Ll - |
107 10! 1 10 10% 107 10! 1 10 10? 107 107! 1 , 10 ,
Q’ [GeV7] Q? [GeV7] Q? [GeV?]
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Using Arrington Parameterizations arXiv:1707.09063v2 [nucl-ex] 11 Dec 2017
1.0 ' ' ' ‘ ' - ' - B
1.1 ol ) ]
1.0 0.6
0.5)
- = 09 0.5
O} o
S = 0.8 S o4
%Dr-ﬂ 0.0+ \~\, Q\Lﬂ
%5" 0.7 S 0.3
0.5 0.6 0.2
0.5 0.1
102 10T 107 107 102 0.4 T N - S 0.0 ‘
Q2 [GeV?] 0 1o 2 vy 1o 1072 10T 100 10"
e I's
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a - 0.8F
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a5 - = C /\ sm 0.7
© i \ -= Ir <o 8
0.5 : o 05F
of “E 0.4F
- 07 \ 03
—05 —_ 0.6 E_ 02 ;_
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— C 1 sl L co il I TR L Lo 0.4: L M| L C ol 1 Lol L Lo 0_ — . | . ]
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Comparing Pass2 and Passl RG-B for 10.2 GeV

The W distribution of D(e, e'p) and D(e, e'n) satisfied:

D(e,e’'p): Inbending 10.2 GeV D(e,e’'n): Inbending 10.2 GeV

Passl u=0.992+0.002
Pass2 o=0.150+0.002

angles
1800 > 1o Ebegm cut

Passl n=0.989 +0.002 900
1600 - pags2 = 0.150 + 0.001 i lQ(; A?(;ut) 800
<

1400 i =0.991 + 0.001 - 5 Pq 700

1200 — 0.135 + 0.001 pq < 600

1000 » 3 o E, (miss energy cut) 500

300 Where: 400

600 D(e e'p) 1 50

E2n8les — 5 -1 200

400 tan (5£) tan(6y) 100
200

1 0,4: The angle between the transferred
0 T B B [ L —

3-momentum q and the momentum Py
2.5 of the detected nucleon.

u=0.987 +0.002
o =0.140 + 0.002

Counts
Counts

D(e,e'n)

L TR S R ! TR I T T B
0.5 1 1.5 2 2.3

W [GeV]

=

IIIIIII||I||III|III|III|III|II|IIII|
c IIII|IIIIIIIII|IIIIIIIIIIIIIIIllllllllllllllllll

—

W [GeV] . . )
v Improved the resolution by ~ 10% Improved the resolution by ~ 7%
v'Increase the number of events in W

from pass1 to pass2 by ~ 18.7%

v'Increase the number of events in W
from pass1 to pass2 by ~45%
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_ Ebeam
Pe _—

2Epeam .:.,2 Oe
1+— =sin (2)

) O,
Qz = 4‘Ebeampe~'9”’l2 (7)

Eez\/Pez'l'mg , m¢g~0 —E, =P,

Solve (1) & (2) for 6,:

.5 be Q*
sin(7) = 2EZ, 002
4E2 _ beamQ
beam M
QZ
a =
4E§eam _ ZEge]\CZmQZ

. He . 2 96 — _
1 - sin(-") = COS (7) =1—-a
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(1)

(2)
(3)
s () _ tan® (%)
cosz(ez—e) 2
_ a
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