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Overview: conceptual design

Front view
» 30x36 (1080) PbWO, crystals (2x2x20 cm?3) JLAB,

CUA
> Hamamatsu R4125 PMTs JLAB
> Custom-made active bases OHIO

Back view

Calorimeter frame: ORSAY

|

Crystals placed in a 0.5 mm-thick carbon -\"' - }
frame to ensure good positioning |
|

|

PMTs accessible from the back side to
allow maintenance
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Calibration and radiation curing with blue “hm's"llk'

LED light though quartz optical fiber = I

Design 100% completed



Crystals status

Vendor

SICCAS

CRYTUR

Samples Delivered
460 FY 2017
100 FY 2018

Quality analysis:
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Experimental investigation

Visual inspections including 5SmW green laser

Dimension measurements
Transmittance measurements

Light yield measurements

Radiation resistance, sample of 10 pieces

Beam tests (additional)

Chemical and surface analysis few samples (optional)

SICCAS Transmittance 360nm

SICCAS Transmittance 420nm

CRYTUR Transmittance 360nm

CRYTUR Transmittance 420nm

%= f ndf 0.128/15
Constant 0.1472 £ 0.1817
Mean 4546 £2.73
Sigma 2.712 £1.961

%2/ ndf = 0.02451/6

Constant 0.2948 * 0.3639
Mean 69.28 £ 1.36

Sigma 1.354 + 0.980

%2/ ndf

Mean

Sigma

0.2301 7 22

Constant  0.08175 = 0.10406

2816 =5.14
4894 4118

%21 ndf

Constant 0.1723 £ 0.2283

Mean
Sigma

2157 £1.947

0.0213/8

64.03 £ 2.43
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CRYTUR
100%
100%
100%
100%
to be done

to be discussed

done

SICCAS
100%
100%
100%
70%
done

done; data
analysis ongoing

done

E ¥Z T ndf 0.04824 /3 i ;
o Constant 0.4633 £ 0.5716 SICCAS nght Yleld
- Mean 16.05 + 0.87
= Sigma 0.8618 + 0.6232 . '
= CRYTUR Light Yield
F %2/ ndf 0.04988/ 12
E Constant  0.1565 = 0.1956
£ Mean 16.39 £ 2.60
E Sigma 2.549 £ 1.950
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Crystals status

SICCAS

* Crystals with small defects
+ Good crystals

\

140.00[30.4

0.00[34.8 %]

0.00[4.3 %]
0[13.0 %]

« LY and other/defects
+ Milky crystals, X-mas trees, Shabby
* Bad transmittance and visual defects

160 rejected crystals

Crystal procurement:

SICCAS:
460 (2017-18) onsite

CRYTUR:
100 (2018) onsite

250 (ordered 2019)

CRYTUR

84.00[84.0 %
.00[0.0 %]

0[16.0 %)

» Great crystals
+ Some negligible defects (chips, scratches)
* 0 rejected crystals

4

300 (ordered 2019 - replacing an order o SICCAS)

All crystals will be onsite by Summer 2020



PMT and voltage dividers

» PMT (Hamamatsu R4125 ):
340 onsite, 1000 more ordered (delivery by Summer 2019)

» Voltage dividers:
80% of them (865) assembled. Completion expected by Summer 2019
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Voltage dividers tested in the Hall D ComCal prototype:

FADC amplitude as a function of the beam energy
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10 GeV : 3200 FADC channels
. FADC range: 2 V (maximum range)
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Linearity of the FADC peak amplitude

EccaL - Eracee
I
tn
=

L
=
=

-150
=200
=250

Original PMT base, gain ~25

e 3
R

= 750V
- 2V FADC range

=

3 4 5 6 7 8 9 10 11

Tagger energy (GeV)

s 200
$ 150

R
—
=
o

III|IIII|IIII|IIII|IIE,,||IIII|IIII|IIII|IIII

wn
=

ECCAL - E’I‘AGGE
I
wn
o) o)

L
=
=

-150
=200
=250

=3

Modified base, gain 3

P LS
1L H
it R

Iﬁiiﬁimﬂggilgr{ Hgiiilli% I I‘u Il

850V
2V FADC range

o

Tagger energy (GeV)

« Some non-linearities on the level of 2 - 3 % were observed for the original PMT base

(PMT was operated at relatively small HV, recommended HV is about 1 kV)

The linearity can be improved by reducing the amplifier gain and increasing HV:

change of 1 resistor in the base needed



Energy resolution of prototype

NPS Prototype

p0 2.225+ 0.1188
- p1 0.7301+ 0.02801
£ 2sE p2 2.825 + 0.2762
D 26 3x3 array
2 24 s
& = bypassed amplifier
22
3 O(E) p0 ~ P2
B Sl =prelel
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HyCa I Tagger energy (GeV)
PbWO,
250 Y e NPS prototype
i:; ) A > Relatively good energy resolution.
3 | e . » Consistent with Hall B HyCal,
o R - constructed with SICCAS crystals
0 I I 1 - 2 — 3 — I 4|1 — 5 — 51

E (GeV)

7
More details can be found in GlueX-doc-3590, GlueX-doc-3998, V. Berdnikov, A.Somov, J. Crafts



Calorimeter carbon frame

2-cm of C (0.5 mm thick) at the front and
back of the crystals

PMT
assembly
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Easy disassembly of PMT block
with one single captive screw




Carbon frame: impact on energy resolution & efficiency

Energy resolution in PIoWO4 calorimeter

No Gap, 10GeV eleciron
1mm Air Gap, 10GeV eleciron
1mm Carbon Gap, 10GeV electron

. 1.2% (IdeC(l CCISC) to 1.60/0 at 10 GeV 350 Fr:::;:.;.t:(::?:z_st.f;;v% FWHWE)
with Imm of air between crystals 0118 Ge -

300| mean: 9.97e+00 * 2.03e-03 GeV
FwHM: 0164 cev  ~1.6494
* More than 97% of energy collected after 22 X, 250| mean: 8.850+00 + 313603 GV

FWHM:0.263Gev  ~2.67%
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200
mean values are from gaus fit.
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Carbon frame: mechanical simulations and tests

ANSYS

R18.0

pesll Simulations:

g | » Less than 0.2 um

L deformation at the

i center

' > 0.4 um deformation
on external layer

4,996e-5
0 Min

Very resistant
structure




Cables and fibers
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PCB design (HV, signal, LED)
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Ficher conector for HV
SMA (smaller than regular
connectors SHV)
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Design 100% completed (signal)
1st board being manufactured (delivery by end of Mcxyl)2




Calibration and curing

1 blue LED per channel (onto the PCB board)

- Pulsed mode for calibration
- Continuous mode for curing
- Light through 800 pm diameter silicate fiber (radiation hard)

grease



Irradiation and curing tests

Radiation hardness measurements

Strong °°Co source (3000 Cu)
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Irradiation and curing tests

5° g

Transmittance

50

40

30

20

10

Cured after irraditaion

Cured after irraditaion

30 Gy
(at ~1Gy/min)
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— |R for 2hrs

- - - before curing

—— Blue for 2hrs
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Wavelength [nm]

Radiation damage recovered with
._Ji a few hours of blue light curing

Blue LED optical bleaching




Full scale mock-up of NPS frame

Cable lengths defined:

» 32 cm PMT->PCB (HV+signal)
> Signal PCB-> top of box: 0.5-1.5 m




Full scale mock-up of NPS frame
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Easy PMT maintenance

Human sized detector




Temperature zones

|
(NI

Heating Zone :
500mW/channel =540 W

Crystals Zone
: @ 18°+/-0,1°

External Zone : T°=22°C

]
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Temperature control: back side

} Heat exchangers &

chiller procured

Crystals Zone
: @ 18°+/-0,1°

. Heating electronic Zone :
p 500mW/channeI 540 W
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> Same manufacturer
than the ones used
for HyCal

» Higher heat load
=  specification
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Temperature control: crystals

Crystals Zone
: @ 18°+/-0,1°




Summary

v NPS calorimeter

o All crystals and PMT/bases will be onsite by Summer 2020
o0 Calorimeter frame components will be shipped (from Orsay) early 2020

0 Assembly (+tests) at JLab can start from September 2020

v No showstoppers anticipated

21



Back-up
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Beam Test of the Calorimeter Prototype

Installed in the experimental Hall D. Used to detect Compton events in the PrimEx D experiment

successfully operated during PrimEx D production run in the Spring of 2019

> Array of 12x12 PbWO, crystals

» Beam hole: 2 x 2 crystals

» Tungsten absorber covers the inner
most layer (taken from HyCal)

» Water cooling (minimum 5° C),
nitrogen purge

» LED-based gain monitoring system

> Positioned on X-Y movable platform



FADC amplitude (count)
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» Move each calorimeter module to the photon beam

Calibration

- Calibration runs at small luminosity (rate in the module 30 kHz at 30 MeV threshold)

» Use beam energy provided by the Hall D tagger counters to equalize gains

FADC amplitude as a function of the beam energy
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Tagger energy (GeV)

10 GeV : 3200 FADC channels
FADC range: 2V (maximum range)

Typical HV: 700 -750 V
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Linearity of the FADC peak amplitude
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* Some non-linearities on the level of 2 -3 % in the calorimeter response were observed for the original
PMT base for both the peak amplitude and pulse integral

- PMT was operated at relatively small HV, recommended HV is about 1 kV

e The linearity can be improved by reducing the amplifier gain and increasing HV. Some tuning of the

PMT base may be required



S(EVE (%)

Energy Resolution

This plot will be updated
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NPS Prototype HyCal (Hall B)
pO 2225+ 0.1188
p1 0.7301+ 0.02801
= p2 2.825+ 0.2762 - PbWO,
=) 3x3 array 28 % e NPS prototype
= bypassed amplifier ~ O(E) p0 . p2 %
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Tagger energy (GeV)

Relatively good energy resolution, which is consistent with the resolution of the

Hall B HyCal calorimete

r (which was constructed using SICCAS crystals)

More details can be found in
GlueX-doc-3590, GlueX-doc-3998, V. Berdnikov, A.Somov, J. Crafts
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Energy Resolution

Converter

Photon
beam

Total Charge Calib

Dipole Magnet

C sum_charge_Calib

C Entries 6897
T Mean 1 87904
C RMS 384.5
IEOTUOOO SSORORARRIORROTTORR RO | - ISTSOROOONE| N 2l 1o | 176.6 /190
= Constant 455+ 0.8
- Mean 1.883e+04 £ 4.432e+00
. s gioma 976 4 4.8
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16000 18000 20000 22000 24000

3x3 SICCAS crystals

Charge_3x3, fADC counts

High granularity

Low granularity

Prototype

pair spectrometer

pair spectrometer  counters TRD-GEM
counters
Electron
Concrete beam dump
Positron
Total Charge Calib
= 200_ ................................... sum_charge_Calib
180 R R T Entries 24769
- Mean 1.776e+04
T o) MR S . LR RMS 354.3
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Charge_3x3; fADC counts

3x3 CRYTUR crystals
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