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

BCMI BCM?2

Unser

larget

»
T T »

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 hour.
« Experiments require continuous charge measurements. FC

R 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




Methodology: Construct the Faraday Cup in Geant4
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Methodology: Construct the Faraday Cup in Geant4
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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

Y [mm]
Number of Hits

Current = 100 nA Test:

Energy: 11 GeV _

Power = 1.1 kW Energy of electron beam: 11GeV
40 electrons

10 000 electrons

Radius of Raster: 12.5mm
Radius of the FC cylinder hole: 25 mm



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

Radius vs Phifor 0 <z <1cm Radius vs Phifor 1<z <2 cm Radius vs Phifor 2 <z <3 cm Radius vs Phifor 3 <z <4 cm
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Results: Radius vs Phi angle plots for different z regions

Radius vs Phifor0<z<1cm
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Multiple Scattering Analysis — Raster ON

X Distribution of Hits

Y Distribution of Hits
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Size of slow raster at Faraday Cup location in Hall C
.
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Size of slow raster at Faraday Cup location in Hall C
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BCMs: Recent Experience Running LAD at 300nA
.

Good news

With an RF signal generator, it was relatively straightforward to set up the BCM electronics for low current running,
as well as to measure/bound their linearity.

We found we could get the beam cleanly enough thru the accelerator to Hall C. (At least on that particular day).
With the other halls turned off, this allowed us to use the injector FC for an absolute calibration with probably better
than 5% uncertainty.

Other news:

At such low signal magnitudes though, the digital receivers (DR’s) tended to lock on the leaking signals from the
local oscillators in the old analog receivers (AR’s) in the adjacent rack. The DR’s are generally more linear than the
AR’s, but the DR’s also sometimes jump gain after a few months. It was a Sophie’s choice moment:

| turned off the old AR’s. We might run only with DR’s for tensor polarized target running.

Dave Mack courtesy



Remarks and future work!
S

« FC - We have a location in mind, need to accommodate the large beam spot size, work with RadCon.

« FC - The beam spot will be nearly as large as the old entrance pipe on the scattering chamber. We'll have to
switch to one of the large ports on the bottom of the scattering chamber.

» Although the FC will be nearly hermetic, RadCon will want to estimate the site boundary dose.

FC - Trying to include multiple scattering to make sure we capture enough of the exhaust beam.

Dave Mack thoughts:
« BCMs - Setup with RF signal generator. Can we get the BCM'’s to work with 100nA or lower?

 We haven’t run at 100nA in years. Experience setting up the BCMs for LAD near 300nA was very encouraging.



Backup slides




FC : Material defined in Geant4

95% Tungsten (W), 5% Copper (Cu)
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Size of Raster

Fast Raster Slow 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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Results: Energy deposition on axis Xand Y
.
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We calculated the energy when integrate the curve using:
.

(Area under the curve)[%]

/max — Zmin

(#events)( Ty N [cm])




Results: Radius vs Phi angle plots for different z regions

Radius vs Phifor8 <z <9cm Radius vs Phifor9 <z <10 cm
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Expected Size of the Error on the Measured Asymmetry

PR12-13.011
The Deuteron Tensor Structure Function by
A Proposal to Jefferson Lab PAC-40
(Update to PR12-11-110)
0.03 -
& Projected
® HERMES
002 —  Kumano (No d.qbar)
- Kumano (8,qbar Contributes)
001 —
.
< ¢ *} }
-0.01 {
002 —
PO P P N N B
0 0.1 02 03 04 05 0.6

| converted the projected statistical error on dAzz to dA_measured:

Projected dA_measured
dAzz_stat = f*Ptgt*dAzz_stat
= 0.285*0.2*dAzz_stat
(from Table 2 of
the proposal)

0.16 1.5e-3 8.6e-5
0.28 3.9e-3 2.2e-4
0.36 5e-3 2.9e-4
0.49 3.7e-3 2.1e-4

Takeaways:

* Due to dilution, etc, the required error bar on the measured asymmetry is of
course much smaller than that of the physics asymmetry.

* The required statistical error on the measured asymmetry is O(1E-4) or 100ppm.
(At this Q2, there may be 1-20 pulls in the data from parity violation.)




Statistical Error per Pair
(ie, for each Polarized — Unpolarized mini-measurement)

Projected Counts = Counts | dA_measured | Upper Limit
dA_measured (1/dA_measured) per Per 2 Beam for
(from previous N2 Beam hours Excess Noise
slide) Second for 10%
(Hz) increase in
Total Random
Error
0.16 6 8.6e-5 1.4E8 270 7.2E-4 3.3E-4
0.28 9 2.2e-4 2.1E7 27 2.3E-3 1.1E-3
0.36 15 2.9e-4 1.2E7 9.3 3.9E-3 1.8E-3
0.49 30 2.1e-4 2.3E7 8.9 4.0E-3 1.8E-3

Takeaways:
* Statistical errors are unavoidable. If the total random error is significantly larger than the statistical error, then we have too much
“excess noise”.

* If we're cycling the target once per beam hour, we’re usually OK if we keep sources of extra noise below the 1E-3 level.

* But the lowest X_bj point needs more care. An aspirational goal would be to try to limit any extra noise there below the 3E-4 level.




Potential Sources of Excess Noise

| worry much less about limiting excess noise to 1E-3 over 2 hours rather than 1E-4 over 2 days!
This list of excess noise sources from Trento remains the same, though one error now sounds systematic to me:

Target stuff: Bead settling or slumping changing the fill factor
Target field variations changing the acceptance

Target temperature differences between polarized and unpolarized

(This one sounds more like a potential systematic error.) Perhaps half of

) ) ) these were
Detector stuff: Errors in corrections for the deadtime mentioned in
Errors in corrections for the tracking efficiency the proposal.

Drifts in the Gas Cerenkov thresholds
Drifts in the Pb Glass thresholds

Beam Parameter stuff: Unmitigated drifts in beam energy

Unmitigated drifts in beam position on target

Charge measurement stuff: Charge normalization

I’'m confident the Target stuff will be thought about carefully.
Some of us will think about the Charge measurement stuff.
Other collaborators will need to think carefully about the Detector stuff and the Beam Parameter stuff. 11
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