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HCAL design

= DT P = s LA\ W _ | 288 modules (each 15x15 cm?) in a matrix of
24 modules in length and 12 in width
Weight ~ 40 tons
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Diphenyloxazole) thickness: 1.0 cm

WLS placed at the center of the each
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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-J Requirements |
~95% efficiency with trigger threshold at 25% peak signal

%%@ >Matching acceptance with SBSmagnet/
polarimeter

Spatial resolution ~ 5 cm rms

/)~ Linear energy response and good energy <§%T1me resolution < 1.0 ns rms

resolution
‘ Angular resolution 5 mrad



LED runs: general info

HCal has a series of 6 LEDs

that can illuminate each PMT.

LEDO —> LED1—> LED2 —> LED3 —> LED4 —> LED5S

1000 triggers and then you move on to the next one

Each run ~ 5000 event

DAQ

Clock

LED
Select

4
|
Enable LED1 Al other

DVCS
Pulser

LEDs
‘ disabled

I ‘ Fiber bundle

Only LEDs selected turn on when pulser pulse arrives.

Thanks to Juan Carlos and Scott




LED runs, general info

HCAL
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CMU PMTs: 19-pin, 12-stage XP2262 (192 PMTs)
JLAB PMTs: 21-pin, 8-stageXP2282 (96 PMTs)
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LED runs: FADC response

RUN 1286 : CMU PMTS -1350 V ; JLABs PMTs -1450

LED4 event n° 4500 LED5 event n° 5000

LED3 event n° 3500
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HV is not too high so no saturated FADC



LED runs: FADC response

RUN 1300: CMU PMTS -1600V ; JLABs PMTs -1900

LED2 event n° 2500

LED1 event n° 1500
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We can look FADC saturation already for LED2



LED runs: Pedestal

sRAU summed Raw ADC Units

LEDO is off so we use the first 1000 event to calculate the pedestal

Pedestal histogram for each module filled with the average RAU value

Pedestal histogram fitted with a Gaussian Function

Mean of Gaussian subtracted from each event
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LED Runs sRAU VS HV

After pedestal subtraction, create the integrated value FADC

spectrum for each run and LED

Fill the maximum value histogram (max RAU)for each module

and LED @,

Fill SRAU event histogram for each module and for each LED

$

Create plot sRAU vs HV for each module and LED

Fitting function: (p0 * (HV - p1)Ap2 - p3

PO = “Normalization”
P1 = “x offset”

P2 = “Exponent”

P3 = “Y offset”

<sSum over HAU>
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<oum over RAU>

<oum over RAU>

LED Runs sRAU VS HV CMU PMTs
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Sum_over_RAU_PMT_145_led_1

- x2 I ndf 3.882e+06 /8 %
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- Exponent 5.028 + 1817
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- |

Tllllllllllllllllllllllllllllllllllllll
1350 1400 1450 1500 1550 1600 1650 1700

HV (V)
Sum_over_RAU_PMT_248_led_1

- ¥ I ndf 5.492e+05 /2
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_ Prob 0
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— x offset 1264 + 29.07

~ Exponent 5.441+0.1773

— LY offset -6618 + 166.4

- K

PR I BT T B T

1350 1400 1450 1500 1550
HV (V)
Sum_over_RAU_PMT_278_led_1

= | %2 /ndf 1.273e+04 /7

:— Prob 0

— | Normalization 1.177e-10 + 4.739e-11

| xoffset 1144+ 11.7

- Exponent 5.01 + 0.05894

— | yoffset -6584 +33.16
:lllllllllllllllllllllllllllllllllll

1350 1400 1450 1500 1550 1600 1650
HV (V)



LED Runs sRAU VS HV JLABPMTs

<oum over RAU>

<Sum over RAU>

Sum_over RAU_PMT_149 led_2

Sum_over RAU_PMT_161_led_2
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<Sum over HAU>

<Sum over RAU>

Sum_over_RAU_PMT_163_led_1
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LED Runs: npe analysis

For each run, LEDO is off so we use these first 1000 events to calculate the pedestals for each module.

<ADC >

npe =

module HV npe_led0 npe_led1 npe_led2 npe_led3 npe_led4 npe_led5
0 1300 0.0181602 14.3942 81.2481 251.861 823.897 2856.1
1 1300 0.000924625 1.05361 73.8905 433.772 714.063 1252.49
2 1300 0.000788495 12.6464 70.6155 211.962 795.555 1521.58
3 1300 0.0168812 60.1159 197.758 279.619 843.839 2410.77
4 1300 0.00621666 23.3298 57.7633 233.426 1051.39 3215.32
5 1300 0.0150063 77.2698 171.293 393.292 1026.9 3629.81
6 1300 0.030347 111.805 183.935 354.656 876.154 2256.97
7 1300 0.0446752 37.0869 47.7924 233.692 450.033 1781.18
8 1300 0.000186323 20.0021 79.8818 455.625 819.764 2528.53
9 1300 0.000458829 42.4185 166.871 315.959 593.199 1697.11
10 1300 0.0162071 37.1784 127.878 239.94 525.087 1159.54
11 1300 0.00614375 33.7983 98.0645 188.85 432.928 628.041
12 1300 0.000232769 12.3032 85.1393 286.144 587.321 1157.09
13 1300 0.00993669 24.3971 138.982 230.35 632.422 1357.84
14 1300 0.0553263 20.6874 100.101 385.95 1037.28 2967.19
15 1300 0.0202919 40.8602 97.0707 267.977 1086.41 2938.63
16 1300 0.0039115 24.6474 233.454 407.798 1505.36 4603.24
17 1300 0.0161915 28.009 80.2812 264.945 886.729 3955.73
18 1300 0.0263531 169.5 280.094 702.534 1608.83 3871.48
19 1300 0.0571229 114.128 277.28 642.706 1425.38 3241.6
20 1300 0.00501389 45.9292 98.6213 372.53 779.479 2263.61
21 1300 0.000965104 25.0992 122.574 224.786 625.34 1556.4
22 1300 0.00182935 33.6954 113.865 285.946 715.063 1701.19
23 1300 0.00108433 15.0991 47.1867 164.307 464.1 1163.59
24 1300 0.0445758 4.89975 50.8715 198.138 577.765 1326.02
25 1300 0.00577963 28.3636 87.2226 294.803 427.516 1317.48
26 1300 0.0612241 43.2536 110.639 327.348 459.056 949.802
27 1300 0.0222424 15.6497 69.7654 73.5518 805.796 3933.96
28 1300 0.282778 74.7215 177.155 386.691 1046.79 4232.07
29 1300 1.50317e-06 61.4425 111.54 336.533 1123.68 3802.54

< RMS >

module

30

31
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35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

HV

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

1300

npe_led0
0.00168077
0.00224143
0.0301238
0.0113424
0.00212329
0.0112461
0.0118533
0.0988822
0.00330114
0.0298811
0.0398458
0.0103736
0.0119505
0.034558
0.0246042
0.0939594
0.175135
0.00956429
0.00103172
0.0365002
4.85156e-05
0.00427273
0.00318437

0.00084487

npe_led1

92.24

118.821

76.0352

29.8181

34.2277

43.3246

21.4355

3.70933

15.0722

5.61716

51.4368

111.83

148.584

193.116

17.3084

19.4958

9.02565

11.8981

3.75212

18.2697

10.4718

10.1418

87.3398

1.48346

npe_led2

220.208

239.397

116.498

114.88

102.729

77.5239

91.1195

43.2611

67.948

24.4198

131.263

170.202

226.453

287.154

22.7224

50.1961

35.0283

60.5271

93.8745

112.867

45.7289

46.2557

143.859

186.752

npe_led3

458.064

634.961

505.183

229.087

254.995

294.188

328.726

304.26

341.547

0.892753

463.58

522.608

747.446

623.178

249.348

153.399

129.319

172.998

293.841

380.912

273.615

111.571

401.027

467.973

npe_led4

1193.67

1033.83

1138

607.768

411.933

735.305

617.235

560.446

801.662

379.571

1152.38

1741

1427.69

1319.29

568.449

494.727

187.145

520.845

607.841

718.311

344.352

819.077

1571.52

37.9084

npe_led5

3086.96

2839.76

2852.6

1451.13

862.697

1441.6

1362.6

1597.3

3397.66

2304.34

4168.38

4615.56

3833.48

2156.17

1919.58

1541.04

1155.93

1203.06

1688.29

958.953

1401.85

3359.41

4166.97

3984.29

The number of
photoelectron increases

with LED luminosity.
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LED Runs npe VS HV

PMT_144 led_1
g 100
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Npe quickly reaches the
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LED Runs npe VS HV

# of photoelectrons

# of photoelectrons

PMT_176_led_1

220

200

180

160

140

120

100

80

60

40

X ¥ K K XK

g*g |
N2 K

_:><_

x

K

Illlllll]lllIlllllllllllIllllllllllll

llllllllllllllllllllllllllllllllllllll

-1

1350 1400 1450 1500 1550 1600 1650

PMT_176_led_3

800

750

700

650

600

550

500

450

¥ ¥ K x K

x

X

'1Illll|llll|llll|llll|llll|Illlllllll

1350 1400 1450 1500 1550 1600 1650 1700
HV (V)

1700
HV (V)

# of photoelectrons

# of photoelectrons

CMU PMTs

PMT_176_led_2

300

> o
* KK KT 4 x

250
200

150

Illllllllllllllllllll

100

= 11

llll

K

llllllllllllllllllllllllllllllllll

1450 1500 1550

PMT_176_led_4

1350 1400

1600

1650

1700
HV (V)

1600

llllll

1580

1560

1540

1520

1500

1480

1460

1440

llllllllllllll|lll|lll|lll|lll

K

1350 1400 1450 1500 1550

1600

1650

1700
HV (V)

Npe quickly reaches the
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LED Runs npe VS HV

# of photoelectrons

# of photoelectrons
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JLAB PMTs

# of photoelectrons
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Npe reaches the plateau at

higher HV.
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JLAB PMTs

LED Runs npe VS HV

PMT_269_led_1 PMT_269_led_2
2 2
2 120 5 = |
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LED Runs npe VS HV

# of photoelectrons
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There are some JLABs tube that not seem

to reach the plateau

Needed other runs, with higher HV value
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# of photoelectrons
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