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Marco Francesconi for the (HIKE) MEC team

NAGZ2 Italia meeting, 8th Nov 2024
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Designed as Main Electromagnetic Calorimeter for the HIKE experiment

HIKE Baseline Calorimeter

Covers the radii between 12 cm and 125 cm at current LKr
position with similar o/ E and improved o
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Baseline technology: fine-sampling shashlik calorimeter
based on PANDA/KOPIO design
(extended from 20 X, to 25 X))
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NAB2 f| HIKE MEC after ECN3 selection [(INFR

R&D tfunds PRIN by M.Mirra in Naples,
to test a full-length 3 X 3 cell prototype

000y, X ; Short term goals: Evaluate energy and time resolutions with
o] - both SiPM and PMT readout options
P IR Long term plans: prototype platform for modifications
(faster WLS, newer photodetectors, ...)

Using “standard” technologies:
‘0‘\ PVT/POPOP (“Protvino”) scintillators + commercial WLS fibres
‘ Without spy tiles

Calendar Months / September 7 October
Weeks (Mon-Mon) CW 36 CwW 37 ICW 38 Cw 39 CW 40 (

Weeks (Wed-Wed) 2k 35 |Week 36 |Week 37 |Week 38 |Week 39 | Week 40 Decoupled Q&D On neW SCIntlllatorS by Nanocal! See
Mattia presentation

T8
Mamn

@
-

ePIC LFHCal
I 7d SAC

1 week beam-time allocation at T9

under the NanoCal project
(positrons 1 — 6 GeV)
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First big prototvpe

3 X 3 detector module assembled by DETEC in
Kharkiv (arrived just in time!)
40 mm X 40 mm towers of 500 layers (27 X,)

each with 16 BCF-92XL 1.2mm WLS fibres
mirrored on opposite side

0.3 mm Lead + 1.6 mm TiO2-painted
plastic scintillator

16 fiber
optics/
Sensor
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Photosensor options

Two options considered:

INFN
SiPMs PMTs

Hamamatsu S13360-6025CS Hamamtsu R7600U-300 extended green

25um SPADs, smallest
available for S13360-series

......

PMT gain curve

Preliminary
N R ] checks by 5 R
NAG2 CHANTI board for HV and preamp o FMilano for his
Cannot use 10um from S14160-series because bachelor in | L
Vo =42 =3 V and minimum HV from CHANTI Naples e
board 1S ~42 V 500 550 6(S)Spp|y S(S)ﬂ:age (7\(/))0 750 800
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Profited to be back-to-back with CRILIN/O

Shares the same upstream struc
beamline Cherenkov, plastic scintillators, and unir

u™ tag |
Lead Glass XY stip trackers

d=610.5cm

S aaq

e

30 N\ any

R R A A ST (T iy
- TR/ LI \8 vae
- ST\

. Stnp Tracker
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JTestbeam time in 19

—0O beamtime

ure:

sulbria strip detectors

e tag
XCET048 XCET044

P= 0.013atm P= 0.22atm

orello” to trigger or

Ultra-tfast plastic sci

INFN

1 ~ 6 GeV/c beam

hitting center of the M

reference for oy

ntilla
partl
-C, tim

O

C

€S

ing

Large upstream plastic scintillator
for wide illumination
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SiPM signal check CINFN

Waiting for PMT and SiPM delivery, tested single central module
with SIPM to look for saturations (+3V OV)

Napoletone Center-Center

= 3R No hope with 6 GeV because
-3 of CHANTI board

k- X 235 internal gain...

N3 added OD1 ( X 1/10) optical
_ L L filter

’ » &= “Bare” SIPM
Sl P I\/l _I_fl |ter i ST e S LS RS
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Marco Francesconi
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6 GeVe ,+32V0V

400 0o &0e 1000

Napoletone Right-Center

| PR URU NS SR RS S T R —

4CC Lo &Ce 10ca

Napoletone Right-Bottom

400 (= &0e 1060

Minor OV tuning to maximise the dynamic range
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NA62Q| Collected statistics with SiPMs  |(INFN

Good statistic collected, approximately 50 evts/spill

Central channel pulse amplitude

—

6000 1GeV
i Entries 73954
- Mean 325.5
5000 StdDev  79.61
4000 :—
3000 —
2000 —
1000 |—
o | I | | Hﬂ_ e L . Y I ol 1 1 |
0 500 1000 1500

2GeV
Entries 79204
Mean 670.5
Std Dev 1426

4GeV
Entries 74062
Mean 1405
Std Dev 161.4

2500

—

2000

3GeV
Entries 87651
Mean 1044
Std Dev 1225

5GeV
Entries 96037
Mean 1737
Std Dev 200

6GeV
Entries 62775
Mean 2044
Std Dev 288.5
3000 3500

amplitude (ADCu)

e cuts applied: hit in one of Cherenkov,

no hit in Lead Glass and single hit in strip
SENSOrs

Marco Francesconi

mean amplitude (ADCu)
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| I | | | | l | | | | I | | | | I | |

3 4 5 6
nominal beam energy (GeV)

1.6% uncertainty on beam energy

Additional non-

inearity due to leakage

from central cell
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Spectra with PMTs

INFN

Large variation of PMT gains, HV tuning required to uniform response

Central channel pulse amplitude PMTs

lllllllllllllllllllllll|Illl|llll 1

500

1000

b el ..L.._L - -

1GeV | 2GeV 3GeV
Entries 108422 | Entries 76005 | Entries 82773 g
Mean 476 | Mean 979.3 | Mean 1494 Q
StdDev  1132| StdDev 2024 |StdDev  171.8 ‘;‘;
|
4GeV 5GeV S
Entries 101034 | Entries 85775 a
Mean 1946 | | Mean 2305 | &
StdDev  197.2 | Std Dev 2435] &
Q
6GeV £
Entries 65202
Mean 2646
Std Dev 207.3

1500

2000

2500

Better right tail of the energy deposits
Larger non-linearity effect, probably from asymmetric tails

3000 3500
amplitude (ADCu)

10/ 11

2500

2000

1500

1000

500

Linearity

II|IIII|IIII|IIII|IIII|III

1 l 1 1 1 1 I 1 1
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Large dataset collected at T9 with e
being analysed right now

Next steps:
Channel inter-calibration and time resolution extractior

NAG2 | Conclusions and further steps |(CINFR

First tests of a full-length prototype of HIKE MEC calorimeter

, ongoing

Full geant4 simulation ongoing, reported by llaria in
presentation

Longer term:

Another 1-week testbeam request for T9 submitted for

est modified setups: Kuraray YS4 WLS, 10um S
different PMTs...

Include custom ADC readout

he next

next year
IPM,
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stalbox fit of central module [(INEN

NAPOLI
1 05 é A 1GeV | 2GeV ! 3GeV b 4GeV
Entries 60347 Entries 43306 Entries 49012 Entries 61102 +
¥ / ndf 153.2/40 %2 / ndf 157/ 71 %2 / ndf 9547/63 | x*/ndf 1799/73 CUt pal’t Of eVeﬂ _S Oﬂ
alpha 1.011£ 0.030 alpha 1.231+ 0.034 alpha 1.047 + 0.034 alpha 1.11£0.03 h |
n 5.129+ 0.672 n 34+03 n 11424320 | n 6.659 + 0.933
mean 5299+ 05 mean 1074 £ 06 mean 1577+ 0.7 mean 2037+ 06 n e a r b y C a n r e
W sigma 56.2+ 0.3 sigma 78.73+ 0.45 sigma 865+ 05 | sigma 87.57 + 0.47
1 O a | norm 6.995e+05+ 7.283e+03 | norm 5.152e+05 + 4.233e+03 norm 5.686e+05 + 5.261e+03 norm 7.183e+05 + 5.205e+03
— 5GeV
= Entries 54012 oA 2 8 . 3
- lendf 2083/91 Flt |n ° 6 ° G
alpha 1.193 + 0.027
T n 4777 £ 0.375
— mean 2405+ 0.6
sigma 84.85+ 0.45
1 03 = norm 6.41e1+05 + 3.88e+03
e 6GeV
= Entries 42467
|— %2 / ndf 129.4 /80
- alpha 1.174 £ 0.033
i n 5.407 + 0.637
mean 2734 + 0.7
21 sigma 82.64 = 0.51
1 0 = J\H norm 5.035e+05+ 3.774e+03
ﬂ[ .
1 L[]
10 @ ] UL' M
- | |
; r l [
'E |11, | Jm |
= )] l - | _[ L0 1 1_..| e = U L b ___I._I Jl’ I L l O L
0 500 1000 1500 2000 2500 3000 3500
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Geant4 implementation

* XY module segmentation
® Numerical integration (cumulative curves)
e Shower profile in homogeneous media and MEC

e Optimisation of the transverse module dimensions

€ S
E S
40 Meany -0.1122 >
Std Devx 1554 L%
StdDevy 15.92 1000
20
800
‘l
0
600
=20

400

200

-60 0

-60 -40 -20 0 20 40 60
X (mm)

Ee.. = 30 GeV, 12x12 cm2 module (~27 Xo)

Marco Francesconi
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\Vlioliere radius

E/E_O
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NAPOLI

Energy cumulative in MEC with 0.275 mm absorber

0 20 40 60 80 100
radius (mm)

| | | | ] 1 I | | 1 i | | | l | |

More details In llaria’s
oresentation al JPARC

NAGZ2 ltalian meeting, 08-11-2024



INFN

NAPOLI

lechnical drawinc

—_— wmsomlsrom ‘
Notes: 500x2=1000 +3 P o A
(1) Side panel is a semi-rigid black polystyrene plate. Axonometric
o view (1:5)
(2) Back panel is a semi-rigid black polystyrene plate. g
(3) Panel (material - ABS plastic).
(@) Pressure plate (material - aluminum).
(5) Pressure plate (material - aluminum). g
»
() Screw M2.5 DIN 965 - 48pcs + 36pcs for fasteningis 3
plate SIPM. £
>
(@ Tightening wire. §
23
Socket SMA-BJ for callbrating this module. &3
- Scintillation plates D-D
(8) Tension nut. /um;. _ |
(o
10) Washer. . 57 “s'.-. e m:
Sk
@ Stud l u..fb‘:f a‘:’&ﬁ Ac.'
I
S Sre v 3
(12 Spacing post Eaoaet o ) ” ' cc @:n
I p q'o" 0.0 ) .
: 5' m’ WLS condibonally not shown
13 To protect against light penetration, all joints of | “3’: "“- o “.
pstyrene Seors Sre gﬁned with specLlaf reflective Lo Paa e }%:% w=___|
pe + black self adhesive PVC tape. : KRR X 52 — .18
b A X | * o~
14 Scintillation plates is a plastic scintillator UPS- ol xm hreele Plato SIPM -
923A 40x40x1.6 thick - 4500pcs. T NEE SN
(25:1) . .gj T XA K
15 Lead plate 0.3 ! thick - 500pcs. M o : e
2800 _ | | e - ALK
16 Internal design and dimensi bject to 12 TT'":*3"3""'?"""3"“'w‘**m/ 7 -
nterna n and dimensions are su -
change without notice. '.’31 Mmms“"\\ 7 =B
(=]
17 All dimensions are in millimeters. @ =170 meea
/ - 1695
4 25045
\ o - 15 o %
E (25:1) . al e e
\\@) \
el V/Zf/ / o ) | Scintillation 0.2 \@D
NS g?/f/// 7 “ \_plate gap for opfica
7 /////f////:f/ﬁ//?} 2 LA Sﬂ .
7)) e
— (7 A IA
{ \ N // S [ [owrLesies 1708.2004
Lo M— - Module EM of calorimeter with
®/ & \ - e = po— SiPMs
9 © ) 122432 — = |owen 3077.00-0003 |T
asemoveD soALE 1 1_5| I CHEZT fof
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ADC readout status

1 Channel prototype of tested with external pulser

<

—C delivery to Naples will allow pertormance validation with
real-world signals

3 ] ¥

View from Top side (Scale 2:1)

vaND

z1a

gLg §ia +ia 8

VAND (= L1040 =

] M LT : )

3v3

GND2 &
=
LL
=

48.00mm

= —e— raw samples
1000 ¢ polezorofiter. -} . ol . . ¢ . .. r |
2x10Gbps o= —+— CFD output 2 O
JESD204B — —e— pulse found
Iinks :_ ........
— 69.00mm —~
. . I
recelver Optional full waveform readout . E . . .
g = g S
,I & 0 sy M———_—-—q :
— *9 *
4x16bit i = *) L View from Bottom side (Scale 2:1)
@250 00 f— ! 19}
MHz 00 =il T %
Zero = 8
1000 fF—— @ %
[ -1200 :_ ‘ }
suppression = : 450 m .

Second channel requires an adapter PCB

Interface to external DAQ to be developed
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New fiber options

Luxium (Saint Gobain)

BCF-92XL & BCF-9929AXL Wavelength Shifter

1 r

Specific Properties of BCF-XL Series Formulations

e==mAbsorption

Fiber Emission Emission Decay # of Attenuation Characteristics / Ermicei
Color Peak, nm Time, ns Photons Length Applications e ~===Emission
per MeV* (m)**

BCF-91AXL green n/a >4 Shifts blue to green

BCF-92XL green : >4 Fast blue to green shifter

A
M
p
L
|
T
U
D
=

Blue to green shifter. Pairs well when exciting
wavelengths are >425nm (e.g. injection-
molded and extruded scintillators)

BCF-9929AXL green

BCF-9995XL blue UV to blue shifter

450 500

BCF-98XL

Absorption peak(nm)*

Emission peak(nm)*1
Decay time(ns)*2

Attenuation length(m)*3

Marco Francesconi

Y-11

Standard Grade

476
6.9
>3.5

Not available

454
2.7
>3.5

Clear Waveguide

474 470
3.2 1.4
>3.5 >3.0

Kuraray

395 422 420 414

462

Intensity

1.3
>3.0

17/ 11

WAVELENGTH (nm)

- = = Y-11(200)
0.8 \\ == =Y5l
0.4 \tg 1

0.23%) <~ a00 , /4y 500 600 700
O.‘l . \ \ ! I
, \ Vo !
0.6 \ \\{ I
\ /\ I
08 \ J ' '\ '
\ i \
1 LIS

Wavelength(nm)
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® T09.XCETO44:PRESSURE @ TO9.XCETO048:PRESSURE

18/ 11

10 O

NABZ (5| XCET044 and XEC048 pressure

INFN

~ NAPOLI

p CO2

GeV/c e u T p
0.500 0.00 52.92 | 91.06 |2680.67
1.000 0.00 13.34 | 23.09 | 883.51
1.500 0.00 5.94 10.29 | 427.20
2.000 0.00 3.34 5.79 248.85
2.500 0.00 2.14 3.71 162.07
3.000 0.00 1.49 2.58 113.67
3.500 0.00 1.09 1.89 84.02
4.000 0.00 0.84 1.45 64.59
4.500 0.00 0.66 1.15 51.18
5.000 0.00 0.53 0.93 41.54
5.500 0.00 0.44 0.77 34.38
6.000 0.00 0.37 0.64 28.92

NAGZ2 ltalian meeting, 08-11-2024




Channel Voltage (V)

600

579

600

600

575

535

600

550

575

Marco Francesconi

PMT HV Current

INFN

NAPOLI
Caen HV - Currents 1 [=

== IMO5[0] 217.074 )
250 |MOS[1]  209.47 S
248 | == IM05[2] 215.7

4= 1IMO5[3]  218.98 ®
246 -

1= IMO5[4]  210.022 &
244 == IMO5[5]  212.444 &

J==IMO5[6] 218.014 £
2421 |M05[7]  199.584 ®
240 == IMO5[8]  209.458

- == IM0O5[9] 0.07
2381w MO5[10]  -0.054
236 | = IM05[11] 0.024
234
232
230
228
226
224
222
220 1N
218 - 4-—
216 4
214 - |
212
210
208 -
206 -
204 -
202
200
198 -
196 -
194 - ‘ | =

30 Sent 24. 00:00 30 Sent 24. 12:00 01 Oct 24. 00:00 01 Oct 24. 12:00 02 Oct 24. 00:00 02 Oct 24. 12:00

HV tuning
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Loaded wrong beam file
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INFN

Other monitoring tools

Temperature monitoring (including humidity and Also CHANTI current (Imon) and
atm. pressure) through the data acquisition using voltages (Vmon) recorded when sipm
an arduino + a BMEG80 sensor IN Use using console port

)
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Data in uninsubria DAQ pc, to be retrieved

Marco Francesconi 20/ 11 NAGZ2 ltalian meeting, 08-11-2024



