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HCAL-J Desig
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288 modules (each 15x15 cm?2) in a matrix
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of 24 modules in length and 12 in width
Weight ~ 40 tons
Iron thickness: 1.5 cm

Scintillator material PPO-only (2,5-

Diphenyloxazole) thickness: 1.0 cm

WLS placed at the center of the each

module, carries on the light on the PMTs
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4 “crane-able” subassemblies and a

) @S~ II I | Rollable stand to move gantry + HCAL-J
> A Seem - = Wavelength Shifter
e < L TR together without need to disconnect

' cables.

Rectangular to cylindrical
Light Guide

~

Scintillators
Absorbers

HCAL-J Requirements
- Matching acceptance with SBSmagnet/polarimeter

HCal has a series of 6 LEDs - Linear energy response and good energy resolution

that can illuminate each PMT.
- 95% efficiency with trigger threshold at 25% peak signal

Each subsequent LED lights - Spatial resolution ~ 5 cm rms
up twice as much as the

. - Time resolution < 1.0 ns rms
previous one.

- Angular resolution 5 mrad



HCAL-J at Test Lab

Several tests were carried out for:
4X4 Matrix of modules
4x6 Matrix of modules
12x12 Matrix of modules
12x24 Matrix of modules
As a triggers we always used 4 scintillating

paddles placed on the top of the calorimeter!
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RIGHT half HCAL

LEFT half HCAL

CMU PMTs: 19-pin, 12-stage XP2262 (192 PMTs)

JLAB PMTs: 21-pin, 8-stageXP2282 (96 PMTs)



HCAL-J cosmic tests Left and right HCAL parts are separately studied.

FADC signal
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HCAL-J cosmic tests Number Of PhotoElectron Study

The single photoelectron peak is useful to calibrate the PMTs and to evaluate its absolute gain
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Figure 1: Spectrum of channel 5 in which we can see the 2 peaks together: single cd
photoelectron peak and signal peak. Figure 4: Spectrum of photoelectron peak in channel 5. The macro h_timeV.C should subtract the pedestal.
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Npe= Q(signal)/Q(1phe) = 56.

Npe= Q(signal)/Q(1phe) = 71
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HCAL-J cosmic tests

Timing Resolution of a module ——
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3 other phototubes in vertical coincidence are fired and 6 surrounding ones are not fired
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HCAL-J LEDs tests

Only LEDs selected turn on when pulser pulse arrives. Left and right HCAL parts are
separately studied.
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HCAL-J LEDs tests

Pedestal calculation

RAU = Raw ADC Units

sRAU = summed Raw ADC Units

After pedestal subtraction, create the integrated value FADC spectrum for each run and LED

8
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# of photoelectrons

LED Runs:

PMT_151_led_1

npe analysis

For each run, LEDO is off so we use these first 1000 events to calculate the pedestals for each module.
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brightness of the previous
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The missing point in the
major LEDs are due to the
FADC saturation
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HCAL-J is ready to be moved in HALL A
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GMn experiment
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Ratio Method for GMn

Use the ratio method requires the
measurement of both neutron-tagged,
d(e,e’'n), and proton-tagged, d(e,e’p),
quasi-elastic scattering from the
deuteron.
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Knowing the form factors of the proton we can extract the neutron magnetic form

factor from the previously ratio

Hadron Arm
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Study of the magnetic Form
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Beam current: 10.5 pA

Target: 10 cm non-polarized

- m——— liquid deuterium

Q2 range: 4.5 < Q2 < 18.0 (GeV/c)?
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Counts

HCAL-J: Cosmic Ray Test

“Good event” = cosmic ray that crosses 4
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Time Resolution Study

Study of the window where there is the signal:

the signal is present in the range 30-45 bins
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Time resolution about 1.4 ns in 15 cm path in module
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