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Discrepancy  
in the data

 region has ~8% discrepancy between the Anklin, Kubon data and  
the CLAS ratio and the Hall A polarized  extraction.
Q2 < 1

3He

CLAS Collaboration. Phys.Rev.Lett. 102 (2009) 

E12-11-112 Motivation
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No free Neutron 
Target 

D 3He

No Charge: 
• Energy Information from time of Flight 
• Requires precise measurement of Hadron 

detection Efficiencies 

Measurement Corrections: 
• Reaction Mechanisms FSI and MEC 
• Nuclear Structure 
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Measure the neutron magnetic 
form factor using the  

 cross-section ratios3H/3He

E12-11-112 Projected Results
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E12-11-112 Kinematics

RHRS
E = 4.3 GeV 
 = 24 , 26 , 28

Fall 2018 
θ ∘ ∘ ∘

RHRS
E = 2.2 GeV  = 42θ ∘

LHRS
E = 2.2 GeV 

 = 21.7 , 23.8 , 25.9 , 
28 , 30

Spring 2018

θ ∘ ∘ ∘

∘ ∘
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Experimental Setup
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Detector Calibration
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Lowest Q  Data had a different Spectrometer Tuning
Required Optics Optimization
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Sieve Plane Proj. (tg_X vs tg_Y) for Data set #1
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Sieve Plane Proj. (tg_X vs tg_Y) for Data set #2
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Sieve Plane Proj. (tg_X vs tg_Y) for Data set #3
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Sieve Plane Proj. (tg_X vs tg_Y) for Data set #7
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Sieve Plane Proj. (tg_X vs tg_Y) for Data set #10

Sieve Plane Projection for each Foil

There were two types of sieve slits used in the E12-07-108 experiment showed in the Figure 1.14.
The sieves are made out of tungsten and they are about 1-inch thickness with high density holes
that select scattered electrons in specific locations.

54 x f4 mm THRU

2 x f6 mm THRU

12.5 mm 

25 mm 

Sieve on LHRS Sieve on RHRS

153 x f4 mm THRU

12.5 mm 

2 x f6 mm THRU

12.5 mm 

Figure 1.14: Sieve slits used in the E12-07-108 experiment for the optics calibration in the LHRS
and the RHRS

Ideally, the origin of the TCS will correspond to the origin of the HCS, in that case, the z-axis of
the TCS should pass through the origin of the HCS. However, due to spectrometers offsets that
assumption is generally inaccurate.
Figure 1.13 shows the TCS and points out the offsets that will cause the misalignment between
the TCS and the HCS, called DX and Dy in the x and y directions. The tangent of the in-plane
and out-of-plane angles with respect to the central ray trajectory are given by �tg = dytg/L and
✓tg = dxtg/L respectively, where L is the distance from the hall center to the central sieve slit hole,
LLHRS=1.181 m and LLHRS=1.178 m.

1.2.2 Central Scattering angle

The central scattering angle (✓0) is measured between the ideal non raster central beam line and
an imaginary line between the center of the target and the center hole of the sieve slit. Precise
measurement of the scattering angle is essential for the physics reconstruction in the analysis
In the past experiments, ✓0 was measured through a survey or though a pointing studies [6]. The
survey measures the position of sieve slit and target center and it is the most precise measurement
we could have, however none of the angles used for the G

n

m
measurement in the Spring 2018 was

surveyed. The only angle surveyed was part of the SRC and calibration runs, which corresponded
to 15.007�.
The pointing measurement uses data analysis to find the scattering angle. For instance, it can use
elastic data, and through the relationship,

E
0 =

E � Eloss

1 + E�Eloss
M

(1� cos✓)
� E

0
loss

(1.7)

where E and E’ are the beam energy and electron scattered energy , respectively. They need to
be corrected by the energy loss of the electrons traveling through the different materials in the
beam line and spectrometer. The mass of the target is known as well as all the other parameters,
therefore, the scattering angle can be measured.
In general, pointing studies use any good set of data that brings the conditions to measure the
scattering angle, with a non-rastered beam. In the E12-11-112 experiment, the beam required to
be rastered in all times, and a proper pointing study could not be performed.
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(a) 3H Density Analysis. (b) 3He Density Analysis.

(c) 2H Density Analysis. (d) 1H Density Analysis.

Figure 11: Shown is local density of the 3H, 3He, 2H and 1H targets as a function of beam current.
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Scattering Angle 17   0.1∘ ± ∘
of 25 cm and for the purposes of analysis only data from the
center of the target ± 8 cm was selected, in order to avoid con-
tamination coming from the aluminum end caps of ¡4 mm thick
as shown in [14].

On the other hand, the nominal current provided for this data
was of 5 µA, and only events with ± 1.5 µA were selected order
to avoid any drift or trip in the beam.

After passing the magnets, the scattered electrons go through
two Vertical Drift Chambers (VDCs), where the electrons ion-
ize the gas inside the chambers, and with the information the
position and angle of the trajectory are found. Then, the trigger
scintillators s1 and s2m are used to record the selected candi-
dates. Due to the high rate of the kinematics, the prescaler cho-
sen for the trigger was 25. The Cherenkov detector filled with
CO2 between the trigger scintillator planes identify the elec-
trons with 99� e�ciency and has a threshold for pions of 4.8
GeV. Finally, the preshower and shower lead glasses blocks in-
duce a cascade of pair production and bremsstrahlung radiation
from energetic particles, which are used for the measurement
of the energy of the electrons.

Additionally, in order to select a clean sample of electrons,
the requirements also contained only one track in the VDC
chamber, E/p ¿ 0.7, Cherenkov signal above the pion contami-
nation (>1500), an out-plane angle ± 35 mrad and an in-plane
angle ± 30 mrad.

In the elastic scattering, the energy of the beam and the en-
ergy of the scattered electrons is related by,

E =
Ei � Eloss1

1 + (Ei�Eloss1)sin2(✓/2)
Mt

+ Eloss2 (4)

where E is the beam energy, Ei is the energy of the scattered
electrons, ✓ is the scattering angle, Eloss1 and Eloss2 before and
after the scattering, and finally Mt is the mass of the target.

Using the Equation 4, if the scattering angle is the same and
the scattered energy is known, the beam energy can be calcu-
lated. Therefore, the measurement was done by selecting parti-
cles with a scattering angle of 17� ± 0.1�. Figure 5 shows the
distribution for the scattered energy after the energy loss cor-
rection E0 = Ei + Eloss1.

To measure the scattered energy of the electrons, a gaussian
fit was done and the results are shown in the Table 3. The scat-
tered energy (E’) and its uncertainty (dE’) was measured for
each target.

Target E’(GeV) dE’(GeV)
1H 1.1104 2x10�05

3H 1.15029 3.2x10�05

3He 1.15022 2.6x10�05

Table 3: Scattering electron energies for1H , 3H and 3He.

Using these measurements, then, the beam energy is calcu-
lated using 1H and 3H, and using 1H and 3He. Table 4 shows
the energy measured and the statistical uncertainty.

Finally, in order to account for the systematic uncertainties,
several factors were studied. Those factors were studied and the

Target E(GeV)
1H and 3He 1.17125 ± 2x10�5

1H and 3H 1.17134 ± 3x10�5

Table 4: Beam energy measured using the 1H, 3He and 3H.

summary is presented in Table 5, the LHRS central momentum
represents the error given by the NMR calculation in [13] and
the angle resolution represents the cut dependence of the angle
chosen to measure the beam energy.

LHRS central momentum 4x10�4

Angle Resolution 8x10�5

Table 5: Systematic Uncertainties

Therefore, the beam energy measured is 1.17134 ± 3x10�5

± 6x10�4. While the energy reported by the accelerator was of
1168, and there is a correction factor of 1.002. Figure 6 shows
the scattered electrons energy with respect to the scattering an-
gle, the black and red lines correspond to the calculated E’ using
the accelerator and the measured energy respectively.

4. Spin Precession

Add section on how spin precession was used to confirm
these results [6, 15].

5. Real Time Beam Energy

This is the section to talk about how to use the results of these
measurements to determine the energy of the Hall A beam in
real time.

6. Summary

Current dependent density correction functions have been
determined for several species of gas target cells. The maxi-
mum density change for each target is 9.7 ± 0.5%, 5.6 ± 0.5%,
6.3± 0.5%, 11.6± 0.5% and 26.5± 1% for 3H, 3He, 2H, 1H and
40Ar, respectively at 22.5 µA.
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Table 4: Beam energy measured using the 1H, 3He and 3H.

summary is presented in Table 5, the LHRS central momentum
represents the error given by the NMR calculation in [13] and
the angle resolution represents the cut dependence of the angle
chosen to measure the beam energy.

LHRS central momentum 4x10�4

Angle Resolution 8x10�5

Table 5: Systematic Uncertainties

Therefore, the beam energy measured is 1.17134 ± 3x10�5

± 6x10�4. While the energy reported by the accelerator was of
1168, and there is a correction factor of 1.002. Figure 6 shows
the scattered electrons energy with respect to the scattering an-
gle, the black and red lines correspond to the calculated E’ using
the accelerator and the measured energy respectively.

4. Spin Precession

Add section on how spin precession was used to confirm
these results [6, 15].

5. Real Time Beam Energy

This is the section to talk about how to use the results of these
measurements to determine the energy of the Hall A beam in
real time.

6. Summary

Current dependent density correction functions have been
determined for several species of gas target cells. The maxi-
mum density change for each target is 9.7 ± 0.5%, 5.6 ± 0.5%,
6.3± 0.5%, 11.6± 0.5% and 26.5± 1% for 3H, 3He, 2H, 1H and
40Ar, respectively at 22.5 µA.
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4.12% Hydrogen Contamination

xbj

Y
ie

ld

Hydrogen in the Second Tritium Target Cell 

16



Simulate the Hydrogen contamination for the kinematics with no available data with SIMC 
for the elastic part and the Single Arm simulation for inelastic part.

0.8 0.9 1.0
bj x

5−10

4−10

3−10

2−10

1−10C
]

µ
 Y

ie
ld

 [

0.8 0.9 1.0 bj x0.5

1.0

1.5

 D
at

a/
M

C

Experimental  
Data 

SIMC + Single Arm

Single Arm

SIMC

Hydrogen Contamination in the Tritium Target

17



18

LHRS
E = 2.2221 GeV

 = 21.778   θe
∘

LHRS
E = 2.2221 GeV

 = 21.778   θe
∘

RHRS
E = 4.3 GeV
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∘

RHRS
E = 4.3 GeV

 = 26   θe
∘

Simulation vs Data
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Using the Monte-Carlo ratio method
d2σ

dΩdE′ 

= σmodel( YData(E′ , θ)
YMC(E′ , θ) )

Preliminary Cross Sections



Preliminary Cross Section Uncertainties

At the moment the systematic effects are being calculated 
kinematic by kinematic.
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3H → 1p + 2n
3He → 2p + 1n

R(Q2) =
[d2σ/dEdΩ]3H

[d2σ/dEdΩ]3He
≈

2(dσ/dΩ)n + (dσ/dΩ)p

(dσ/dΩ)n + 2(dσ/dΩ)p

CAUTIO
N
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Naive  extractionGn
M(Q2)

Note: 
Only statistical uncertainties
Uncorrected for nuclear effects:

• Inelastic contribution
• Fermi smearing

Kelly’s parametrization



Noemi Rocco 
Alessandro Lovato

Argonne National Laboratory   

Goal:  Use cross-section ratio to cancel 
systematic uncertainties and model 
effects. 
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Theory Input
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 and  Cross-Sections are in a final 
stage. Systematics are being pinned 
down. Total: 30 Kinematics, 2 arms, 3 
different run periods

Naive model shows promising results 
for the   measurement.

Theory input: In progress…

 

3He 3H Start with a known theory
model with only GM
as a free parameter

Reproduce 
Experimental

cross-sections
Ratios

Iterate GM until

Summary



Thank you!
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