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Simulations of a Tungsten-Copper Faraday Cup for the
Measurement of Electron Beam Charge in the Tensor Polarized
Experiments at Hall C in Jefferson Lab




Overview
T

Simulations of a Tungsten-Copper Faraday Cup at Hall C

Re-build and calibrate an old calorimeter as a Faraday Cup for make the measurements of the electron
beam charge in the Tensor Polarized experiments.

First simulations in Geant4 to check how much energy is depositing in the FC geometry (completed).
*Multiple scattering analysis (in progress)

*Give simulation results to the engineers in the lab to assess the plan (in progress)

*Re-built the calorimeter as a FC (not starting yet)

Calibration of the Faraday Cup (not starting yet)




Tensor experiments
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Asymmetries
The Tensor Polarized Target experiments requires monitoring relative changes in the beam
current from hour to hour at the 0.01% level.


https://www.jlab.org/exp_prog/proposals/13/PR12-13-011.pdf
https://www.jlab.org/exp_prog/proposals/13/PR12-13-011.pdf
https://www.jlab.org/exp_prog/proposals/15/PR12-15-005.pdf
https://www.jlab.org/exp_prog/proposals/15/PR12-15-005.pdf
https://www.jlab.org/exp_prog/proposals/15/PR12-15-005.pdf
https://www.jlab.org/exp_prog/proposals/15/PR12-15-005.pdf

Standard Hall C Beam Current Monitors (BCMs)

« BCMs have short cyclical gain variations of several times 0.1%.

« Unser gives ~5% absolute uncertainty for currents ~ 1 pA and gets worse with lower currents.
» Not suitable for the tensor experiments!

* Need to use a different charge monitoring system!

BCM1 BCM?2

Unser

larget

Hall-C BCMs system




Faraday Cup (FC)

« Currently, Hall C does not have a charge monitoring system that can monitor relative charge
differences to 0.01% from hour to houir.
« Experiments require continuous charge measurements. FC

> O 95% W
5% Cu

larget

Ammeter

We need a FC able to handle 1.1 kW for the operating current of
the experiments that is 100 nA at 11 GeV of the electron beam.




W-Cu Calorimeter

* The current plan is re-purpose the W-Cu calorimeter.
» This calorimeter was used intermittently to calibrate BCMs at beam

currents of O(1) pA.
 From the measured temperature increase and the known beam

energy, the total charge could be calculated
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Methodology: Construct the Faraday Cup in Geant4

6 Geant4
{ 95% Tungsten (W)

5% Copper (Cu)
/

Material (mass fraction)

Geometry —

The purpose is capturing — L
the backscattered particles!




Faraday Cup Simulations

Random distribution of the raster Longitudinal view of simulation

Impact Distribution in the XY Plane 18
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Results: Energy deposition on Z axis
.

Longitudinal profile of the energy distribution Longitudinal profile of Power distribution
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Results: Radius vs Phi angle plots for different z regions
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Results: Radius vs Phi angle plots for different z regions
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Multiple Scattering Analysis — Raster ON

X Distribution of Hits
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Size of slow raster at Faraday Cup location in Hall C
T
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Size of slow raster at Faraday Cup location in Hall C
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Analysis of SIDIS events with CLAS12 Data to extract Tensor
Structure Functions on Deuteron




Overview
T

Analysis of pion-SIDIS events with CLAS12 Data toward the Tensor TMDs Studies on Deuteron

Extraction of the tensor structure functions of the deuteron, first ever via SIDIS analysis.

* Preliminary selection and analysis of good run events with candidate pions. (in progress)
Study kinematic distributions of Q?, z, xg, P+. (in progress)

Calculation of Yields (in progress)

Calculation of Asymmetry (not starting yet)

Perform full uncertainty analysis. (not starting yet)




SIDIS (Semi-Inclusive Deep Inelastic Scattering)

An electron with momentum [ scatters off a deuteron
target. In the final state, the scattered electron with

momentum [’ is measured together with one hadron h
(et /™) with momentum P,.

e()+dPy;) m»e(l')+h(P)+X

SIDIS is a way to access TMDs.



Tensor TMDs

T
Considering longitudinal polarization only, we could express the differential cross-section for SIDIS as:
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Tensor TMDs
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Tensor TMDs

Considering longitudinal polarization only, we could express the differential cross-section for SIDIS as:
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Number of vector polarization runs and estimated tensor polarization
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Figure 1: NMR measurements from Jefferson Lab and University of Virginia.




Current estimate of tensor polarized cross section and unpolarized cross-section of deuterium
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Remarks and future work!
S

Simulations of a Tungsten-Copper Faraday Cup at Hall C

« Plans to use the previous calorimeter as a Faraday Cup.
« Next step is giving this information to the engineers in the lab to assess the plan.
« Calibration of the Faraday Cup

« The future JLab positron program will also require a FC in order to meet the beam current precision
requirements. This preliminary work will be helpful in designing the O(10) kWatt FC needed for a
positron beam of several pA.

Analysis of SIDIS events with CLAS12 Data to extract Tensor Structure Functions on Deuteron

« Measurement of the tensor contribution to SIDIS processes and perform full uncertainty analysis
« Attempt to extract tensor structure functions



Backup slides




FC : Material defined in Geant4

95% Tungsten (W), 5% Copper (Cu)

Vacuum I Materla!: Ga!aczlc ‘censity: 0.000 mg/femd RadL: 2023100%8.490 pc Mucl.Int.Length: 113427284.261 pc
19,200 eV 0.00 atm

(CUbG‘WKHld) Imean: temperature: Z2.73 K pressure:
———2> Element: H (H) Z = 1.0 H = 1 A= 1.008 g/mole
——=» Isotope: H1 2= 1 H = 1 A = 1.01 g/mele abundance: 99,939 %
——=—» Iactope: H2 Z = 1 H = 2 A = 2.0l g/mele abundance: 0.011 2
ElmMassFracticn: 100.00 ¥ ElmAbundance 100.00 %
F(i(cyhnder) I Material: Cul I density: 18.735 g/om3 RadL: 3.698 mm Wucl.Int.Length: 10.401 cm
Imean: 694,391 &V temperature: 29%3.15 K pressure: 1.00 atm
—_> |Element: Tungsten 1W]I Z = T74.0 H = 184 A = 183.8530 g/mole
———» Iactope: W1al E =74 M = 180 A= 179%.95 g/meole abundance: 0.120 %
——=» Isotope: W1B2 E = T4 H = 182 A= 181.95 g/mecle abundance: 26.500 %
——=» Iasctope: W1E3 Z =74 H = 183 A= 182.95 g/meole abundance: 14.310 2
——=» Isctope: W1E4 2 = T4 M = 184 A= 183.95 g/mele abundance: 30.640 %
: — M = 184 A = 185.95 g/mele abundance: 28.430 %
ElmMassFracticn: 95.00 ElmAbundance 86.78 %
———=2> | Element: Copper (Cu) 2 = 29.0 H = 04 B = 63.500 g/mole

—-—== aoctope: 11 Z = 29 H = &3 A= B2.93 g/meole abundance: 69%.170 %
: = 29 M= &5 A= 64,93 g/mole abundance: 30.830 3
ElmMassFracticn: . Elmabundance 13.22 %




Size of Raster
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Figure 4.4: Raster swept beam profiles. Plots are a function of current in arbitrary units.
Reproduced from Zielinski [2017]

Obtained from : A Strong QCD Regimen Measurement of Proton’s Spin Structure, David Ruth Dissertation, https://arxiv.org/pdf/2212.00763
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https://arxiv.org/pdf/2212.00763

Results: Energy deposition on axis X and Y
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We calculated the energy when integrate the curve using:
T

MelV/

(Area under the curve)[~—]

/max — Zmin

(#events)( Ty N [cm])
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Radius vs Phifor3 <z <10 c¢cm

Phi angle plots for different z reg
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