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HCAL-J Design
288 modules (each 15x15 cm2) in a matrix 

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 

4 “crane-able” subassemblies and a  

Rollable stand to move gantry + HCAL-J 

together without need to disconnect 

cables.

HCal has a series of 6 LEDs 

that can illuminate each PMT.


Each subsequent LED lights 

up twice as much as the 

previous one.

LEDs System

HCAL-J Requirements


- Matching acceptance with SBSmagnet/polarimeter


- Linear energy response and good energy resolution


- 95% efficiency with trigger threshold at 25% peak signal


- Spatial resolution ~ 5 cm rms


- Time resolution < 1.0 ns rms


- Angular resolution 5 mrad



HCAL-J at Test Lab 
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RIGHT half HCAL 

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


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

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!



HCAL-J cosmic tests Left and right HCAL parts are separately studied.
 7 cosmic runs for each part, at different HV values
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Fitting function: 
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 Gain curve




HCAL-J cosmic tests Number Of PhotoElectron Study


The single photoelectron peak is useful to calibrate the PMTs and to evaluate its absolute gain 

Run 200                    1501 Volt


Npe= Q(signal)/Q(1phe) = 56. Npe= Q(signal)/Q(1phe) = 71

Run 200                    1601 Volt

Agreement with 
the simulations 

results!!



HCAL-J cosmic tests

Timing Resolution of a module
 3 other phototubes in  vertical coincidence are fired and 6 surrounding ones are not fired
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 12
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 13
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 14
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 15

htdc_fadc_cuts16
Entries  1714
Mean    1.671
Std Dev     1.171

 / ndf 2χ  27.74 / 20
Prob   0.1156
p0        7.3± 243.9 
p1        0.027± 1.663 
p2        0.019± 1.103 

20− 15− 10− 5− 0 5 10 15 200

50

100

150

200

250 htdc_fadc_cuts16
Entries  1714
Mean    1.671
Std Dev     1.171

 / ndf 2χ  27.74 / 20
Prob   0.1156
p0        7.3± 243.9 
p1        0.027± 1.663 
p2        0.019± 1.103 

htdc_ref16
Entries  1714
Mean  0.7931− 
Std Dev    0.9676

 / ndf 2χ  13.77 / 16
Prob   0.6161
p0        9.5±   307 
p1        0.0216±0.7985 − 
p2        0.0172± 0.8834 

htdc_ref16
Entries  1714
Mean  0.7931− 
Std Dev    0.9676

 / ndf 2χ  13.77 / 16
Prob   0.6161
p0        9.5±   307 
p1        0.0216±0.7985 − 
p2        0.0172± 0.8834 

TDC StdDev: 

0.660

TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 16
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 17
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 18
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 19
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 20
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 21
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 22
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TDC times with avg of above and below TDCs for ref time with cuts on integral of fADC for Module 23Very good timing resolutions!!



LED0 —> LED1—> LED2 —> LED3 —> LED4 —> LED5  

LED cycles programmable

HCAL-J LEDs tests

1000 triggers  and then you move on to the next one

Each run ⁓ 5000 event
CMU PMT 


Voltage
JLab PMT 


Voltage

-1675V -2050 V

-1650 V -2000 V

-1600 V -1900 V

-1575 V -1850 V

-1550 V -1800 V

-1520 V -1750 V

-1500 V -1700 V

-1475 V -1650 V

-1450 V -1600 V

-1425 V -1550 V

-1400 V -1500 V

-1350 V -1450 V

Left and right HCAL parts are 

separately studied.


12 LEDs runs for each part, 

at different HV values


GOOD EVENT 



HCAL-J LEDs tests

For each run, LED0 is off so we use these first 1000 events to  
calculate the pedestals for each module.
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sRAU summed Raw ADC Units

Pedestal calculation


p0 * (HV - p1)^p2 - p3Fitting function: P0 = “Normalization” 

P1 = “x offset” 

P2 = “Exponent” 
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 / ndf 2χ  1.593e+07 / 6
Prob       0
Normalization 20− 1.809e±20 − 1.494e
HV offset  50.82±  1120 
Exponent  0.2276± 9.073 
y offset  841.2±  1544 

Sum_over_RAU_PMT_145_led_2

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

Fill sRAU event histogram for each module and for each LED

Create plot sRAU vs HV for each module and LED 
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 / ndf 2χ  1.401e+04 / 6
Prob       0
Normalization 26− 9.131e±25 − 3.502e
HV offset  26.51±358.4 − 
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Sum_over_RAU_PMT_161_led_2

RAU = Raw ADC Units sRAU = summed Raw ADC Units



npe = ( < ADC >
< RMS > )2

LED Runs: npe analysis
For each run, LED0 is off so we use these first 1000 events to  calculate the pedestals for each module.

Each LED doubles the 
brightness of the previous 

one


The missing point in the 
major LEDs  are due to the 

FADC saturation
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Thanks!!!HCAL-J is ready to be moved in HALL A !!!!
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GMn experiment
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.

R′￼′￼=
dσ
dΩ (D(e, e′￼n))
dσ
dΩ (D(e, e′￼p))

R =
ησMott( τ/ϵ

1 + τ Gn
M)

2

dσ
dΩ |p(e,e′￼)

Knowing the form factors of the proton we can extract the neutron magnetic form 
factor from the previously ratio

Study of the magnetic Form 
Factor of the neutron 

Beam current: 10.5 μA


Target: 10 cm non-polarized 
liquid deuterium


Q2 range: 4.5 < Q2 < 18.0 (GeV/c)2
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HCAL-J: Cosmic Ray Test
“Good event” = cosmic ray that crosses 4 

modules in the same vertical path

Typical spectra for the modules 5 and 9, 

w h e n i m p o s i n g t h e q u a d r u p l e 

coincidence for the vertical path 

identified by the modules 1, 5, 9 and 13.
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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

htemp
Entries  6075
Mean    37.03
Std Dev    0.2609

35.5 36 36.5 37 37.5 38 38.5 39
t15
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htemp

Entries  6075
Mean    37.03
Std Dev    0.2609

t15 {t15>34&&t15<40}

Trigger Jitter contribution value calculated in 

the module number 15

0.45 x 4= 1.8 ns

Time resolution about 1.4 ns in 15 cm path in module

Average time of pulse for vertical 

track events
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