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Geant4 simulation

Geometry
Tiles

= Scintillator 1.5 mm
= Absorber 0.275 mm
= Tyvek 0.1 mm

T A l The idea J

Module Characteristics
4+ 500 layers (A-T-S-T, ~ 26 Xo)
4+ No spy tiles

4+ Possibility to create a matrix of modules
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1 The realisation]

Material

g

Ik

e Scintillator (Protvino, Ci9H21, BC408)
e Absorber Pb-Sb 96-4% (density 11.35 g/cm3)
e Tyvek CH2(density 0.96 g/cm3)
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Simulation strategy

)
Step 1
Moliére radius study, first
validation of the simulation
9
Step 2
energy resolution measurement
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Step 3

optical photons simulation
(study of the material
properties and surfaces
properties)

Step 4 €4 —

energy resolution with
optical photons




Step 2 HowTo

G4im Plementation

A

> XY dimensions of tiles 500 mm (minimised lateral leakage)

Energy resolution > 104 events
P, > Sum of energy deposition in scintillator tiles for each event
— P @ S | |
0 \/E > Energy scan (1 — 50) GeV
J > x2 fit with the MIGRAD algorithm |

Total energy deposit in the scintillator, e- E =5 GeV

hgap
10% Entries 10000
— Mean 1841
B Std Dev 20.15
B 2 / ndf 27.8/40
v ; T
Sigma 20.17 = 0.15
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Energy | Mean [MeV] RMS [MeV] 3.5 1
| XZ/ndof =81/9=0.9
1 GeV 367.3 + 0.1 8.887 + 0.066 : a = 2.415%
1 b=0.120%
2 GeV 735.7 = 0.1 12.6 = 0.1 3.0 - : ——— fit
|
3 GeV 1104 T 0.2 15.3 T 0.1 : A data
2.5 -
4GeV | 1473£02 | 17.79 £ 0.12 _ A
5GeV | 1841 +£02 | 20.17 + 0.15 KX
' \
6 GeV 2209 + 0.2 21.95 + 0.16 U\i \A‘
10 GeV 3682 + 0.3 28.65 + 0.21 © 15- \A
20 GeV 7364 += 0.4 41.00 + 0.31 \A
30 GeV | 1.10x10* £ 0.5 | 50.07 + 0.39 +0- K.
*N
40 GeV | 1.47x10* £ 0.6 | 58.26 + 0.47 A I R B L
50 GeV | 1.84x10° &+ 0.7 | 66.91+ 0.53 | B O —— A
(I) 1IO 2IO 3IO 4IO 5|O
Energy (GeV)
o 2.415 %
£ = 0.120 %
E \/]_T;
_ Y,

Results

Energy resolution og/E vs. E incoming e = (FIT)




Step 3 Material properties

Scintillator Fibers
%g ] p-Terphenyl %3 ~ Common Properties of Single-clad Fibers -
1.6 1 1.9 _
g 14 - absorption L7 T Core material Polystyrene
B 1.2 -~ - . 1.5 8
g‘ 1.0 7 P —— cmission "1.2 % Core refractive index 1.60
2 0.8 - / ' 1.0 9
< 0.6 - /N 0.7 O Density 1.05
0.4 7 K 05 S
g-g 1 - | | ’g-g T Cladding material Acrylic
210 250 290 330 370 410 450 490 530 570 610 Cladding refractive index 1.49
Wavelength (nm) Trapping efficiency, round fibers 3.44% minimum
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L
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e 0.2 Wavelength [nm]
E
PTP emits light in the range 320-400 nm which is 02 0.4
absorbed by POPOP which then re-emits in blue k‘ 06

dee|engfh . 450 500 -0.8
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Surfaces definition

UNIFIED MODEL FOR OPTICAL SURFACES Dumb down

Dielectric_dielectric

¢ - \\ ¢ \ 4 l l

Polished / Ground )] PolishedFrontPainted GroundFrontPainted PolishedBackPainted GroundBackPainted
1 I | | v
Reflectivity is used to Only Reflection or The Polished refers to the wrapping. It .d S |
d . heth Absorption; No . , ' ' : g ¥ e e The Ground refers to the wrapping. It l nCI ent ray peCU ar
etermine whether : _ — implies the wrapping is a perfectly smooth . . : .
\ 4 hoton is absorbed ( refraction; Only Reflection or Absorption; No : i g , implies the wrapping is a ground mirror .
photon is absorbe flecti babil B mirror with only specular spike reflection T flecti K n0r| l la S |ke
Snell's Law is applied Strictly speaking here Reflection :)Iro ability set R N b'|"( . taking place. with only Lam erltlan reflection taking p
¥ A ivi eflection probability se - '
based on Refractive reflectivity is not the ¢ bfy el 2 8 R zecti gl Y Reflection off the wrapper set by Reflectivity. Aocti ffp . '
index of the two reflection coefficient, ! 'el Iectec‘i(, thef? itis T eb > V'W'ﬂ . Re Iectlon: ﬂthe wrapper set by :
3 e . i i nly Lambertian reflection ivity. .
bt Al panimcakl i g The Sigma Alpha value specified refers to the The Sigma Al haevaelf:;v;tyeciﬁed refers to D l fo Se :
But Before this absorption crystal-air gap interface. Snell's law is applied e Bstal—ai:) x interf:ce Snell’s law is :
Reflectivity is used to coefficient) y Y after sampling the FacetNormal, and if - “fevd B sgar: ling the éacetNormal 'S
il refiection takes place, one of the four apnpd if reflection t‘;keg lace, one of the' - S eCU I af IObe
photon is absorbed ( First, FacetNormal is (specular spike, specular lobe, backscatter, : ( : 2 p ’ et s p
Strictly speaking here sampled using Sigma lambertian) takes place with respect to bac:s:;tts:fcl::\rb:‘:; :' )st):::sarlaczee. ith :
reflectivity is not the Alpha FacetNormal according to assigned f F =ik | pd' W
reflection coefficient, orobabilities respect to FacetNormal according to
B : = - d probabilities
it is 1 minus the * ~ e
absorption . S
o Polished |« Dielectric_metal Ground
coefficient) : ~ ]
Now, Snell’s Law is
applied with respect -~ -
to this facet normal

surface types (surface between Reﬂecting S urface
l Only Reflection or Absorption; No refraction;

i ‘ two dielectrics or between a
Reflection probability set by Reflectivity. dielectric and a metal)
If reflected, one of the four specular spike,

If Snell’s law results in bac'kscatt'er, lambertian, or specular lobe surface finishes
reflection, then one of reflection with respect to a FacetNormal, takes
the four (specular spike, place according to assigned probabilities. .
specular lobe, effects

backscatter, lambertian)
takes place with respect

: Applying Snell’ in lying F '
w0 EacatNormal NOTE pplying S. ell's Law i clu‘des applying resnel} s
h ' equations of reflection and refraction, and these combined
according to assigned g : 3
pi may result in Fresnel Refraction or Total Internal Reflection or
probabilities

Fresnel Reflection




Step4 Energy resolution with optical photons

G4 implementation

: > Matrix of 5x5 modules
Energy resolution *

2 - » Sum of optical photons collected by PD for each event
P
o(N) —P D — > Energy scan (1 — 40) GeV
N T VE * . .
> x2 fit with the MIGRAD algorithm
_ <« ),
Number of optical photons detected, EY =4 GeV
s F e
s B »2 / ndf 75.97 / 78
| Constant 369.3
/ v e —
w’ -
L\CN /N defined as RMS/Necan 10
L=alil /- \—[ o
- // \
. n/ | | | I I I
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Number of photons




Step 4

Results

5x5 matrix (40 mm tile XY dimension) black painted fibre

Energy resolution o/N vs. E incoming y (FIT)

Energy resolution o/N vs. E incoming y (FIT)
64 ! X2/Ngor = 1022.6 /8 = 127.8 : X2/Ngos = 20.0 /7 = 2.9
I‘ a=4.352% : a=4.047%
: - fit s i b=0.493%
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5 - | |
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TB module implementation

Pressure panel
Common bracket for PMT R76000-300
\/mafer/al — aluminum) \
'0 type socket assembly £5996 (onnector sleeve "'.\ PMT R7600U-300 Q E
. . e \ Rubber seal \\ \ D fype socket assembly £5996 ,;’ \
Main characteristics \ [OP VIEW " Stceve cover \ "\ Rutber seal [
S , _ | \\ P [ ] |
( \ |"_[ I‘é \\'\\ \.\ \ 1A A \ / '/'/ Pressure screws
} IR B [ /B-B \ 3
- »120 x 120 X 1000 mm?> = 2R,, x 27X, * A =\ V) a
| : | DR —- D &— - |[fE=n \ P o
> Cell size 40 mm x 40 mm ool @ 27
| i | -
o D i R e D = = 5 :
> Alternation of 0.3 mm of lead and 1.6 mm of R iy e W K
° ° ° ) I R Tl — 1T I — 7= i L ":—
Protvino scintillator - o @ 2 3
>TiO2 coating (reduced thickness) ST T e 7 o8
| FFSE P S N S S I S g ?
~ »Gaussian beam & o @ SO e %%
K\ W, “ 49 49 S 49.$ = / ? %
D& B Db = s
08
4 B 2 r L0
- 1172 5 gap for gphcal grease
0O 126, '
575 2
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Energy deposition in the scintillator

DETEC Prototype + PS Beam 3x3 matrix (40 mm tile XY dimension) mirrored fibers

Ec- = 3 GeV, 0.3 mm Pb + 1.5 mm Polystyrene
[ Energy from MC

Ee- = 2 GeV, 0.3 mm Pb + 1.5 mm Polystyrene
[ Energy from MC

Ee- =1 GeV, 0.3 mm Pb + 1.5 mm Polystyrene
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Step 5

TB module implementation

DETEC Prototype + PS Beam (only energy) 3x3 matrix (40 mm tile XY dimension) mirrored fibers

Energy resolution o/E vs. E incoming e~ (FIT)

7 -
\ )(z/ndof = 376.3/4=94.1
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Energy resolution oy/N vs. E incoming e~ (FIT)
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Entries

Entries

Step 5

DETEC Prototype + Monoenergetic Beam 3x3 matrix (40 mm tile XY dimension) mirrored fibers

Ee- =1 GeV, 0.3 mm Pb + 1.5 mm Polystyrene

140 A

120 ~

100 A

80 1

60 1

40 A

20 A

I Energy from MC

Fit
— M=(41236.90%+42.88)
0=(1795.83+42.88)

32500 35000 37500 40000 42500 45000 47500 50000

N of Photons

Ee- =4 GeV, 0.3 mm Pb + 1.5 mm Polystyrene

120 A

100 ~

80 A

60 -

40 1

20 1

Energy from MC
Fit

—— u=(165270.47+114.98)
0=(3699.83+115.06)

155000 160000 165000 170000 175000
N of Photons

Entries

Entries

TB module implementation

Ee- =2 GeV, 0.3 mm Pb + 1.5 mm Polystyrene

120 A

100 A

80

60 1

40 A

20 1

Energy from MC
Fit

—— u=(82547.80+89.48)
0=(2700.87+89.54)

75000 77500 80000 82500 85000 87500 90000
N of Photons

E.- =5 GeV, 0.3 mm Pb + 1.5 mm Polystyrene

100 A

80

60 1

40 A

20 A

Energy from MC
Fit

—— u=(206400.98+153.31)
0=(4074.27x153.49)

195000 200000 205000 210000 215000 220000
N of Photons

Entries

Entries

Ee- = 3 GeV, 0.3 mm Pb + 1.5 mm Polystyrene

100 ~

80 A

60 1

40

20 A

Energy from MC
Fit

—— M=(123708.59+140.78)
0=(3204.49+141.08)
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Ee- = 6 GeV, 0.3 mm Pb + 1.5 mm Polystyrene

120 A

100 A

80 1

60 -

40 A

20 A

Energy from MC
Fit

—— u=(247440.12%+156.59)
0=(4444.81+156.87)

235000 240000 245000 250000 255000 260000
N of Photons

Energy resolution oy/N vs. E incoming e = (FIT)

\
\
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\
\
\

lendof =24/4=0.6
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b'=0.160%

-—- fit
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3 4
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Step 5 TB module implementation

DETEC Prototype + PS Beam (only energy) 5x5 matrix (40 mm tile XY dimension) mirrored fibers

Ee- =1 GeV, 0.3 mm Pb + 1.5 mm Polystyrene Ee- = 2 GeV, 0.3 mm Pb + 1.5 mm Polystyrene Ee- = 3 GeV, 0.3 mm Pb + 1.5 mm Polystyrene
140 A
- Bl Energy from MC I Energy from MC [ Energy from MC
140 + Fit 140 Fit [ Fit
—— u=(43607.58+58.28) — u=(87381.01+95.57) —— u=(130733.86+79.98)
0=(2202.98+58.35) 0=(2828.33+95.59) 120 - 0=(3357.61+80.02)
120 A 120 - [ ] u u —
Energy resolution oy/N vs. E incoming e = (FIT)
100 A
100 A 100 A
2 — —
\ X [Ngof = 30.8/4 =17.7
80 \
E 80 A E 80 .6 \ a = 4-579%
5 5 5 6 - \ b-=0.810%
60 - \ .
7 60 1 \ —~ == fit
\
\ ¢ MC
40 20 - 40 - \
\
5 K
20 \
20 + 20 1 —~ \
Q !
O\ \
0- 0- 0- — \
36000 38000 40000 42000 44000 46000 48000 50000 77500 80000 82500 85000 87500 90000 92500 95000 97500 120000 125000 130000 135000 140000 \
N of Photons N of Photons N of Photons 2 \
\ 4 - \
Ee- =4 GeV, 0.3 mm Pb + 1.5 mm Polystyrene Ee- =5 GeV, 0.3 mm Pb + 1.5 mm Polystyrene Ec- = 6 GeV, 0.3 mm Pb + 1.5 mm Polystyrene 2 \\
Energy from MC 160 1 Energy from MC Energy from MC b \\
Fit Fit 140 7 Fit N
160 A —— p=(174511.61+£131.35) —— u=(218055.67+167.37) —— u=(262104.14+187.99) ~
0=(4300.09+131.40) 140 A 0=(4615.33+167.41) 0=(5910.38+188.06) ’\
N
140 1 120 3 | ~ - -
~
120 A So
N~
120 A 100 - ~ -
100 S~ o
i * -~
100 T~ ‘
g 9 g 801 -
2 2 80 & 2 =
woogo w w
60 - T T T T T T
60 501 1 2 3 4 5 6
Energy (GeV)
40 1
201 201 207
0 T T T T T T T T 0 1 T T T T T T T 0 1 T T T T T T T T
160000 165000 170000 175000 180000 185000 190000 195000 200000 205000 210000 215000 220000 225000 230000 235000 240000 245000 250000 255000 260000 265000 270000 275000 280000
N of Photons N of Photons N of Photons
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Renormalized entr

Renormalized entries

TB module implementation

320

Segment 1
Segment 1
Fit:
0.0175 4+ —— Mean=257.21 MeV,
0=21.18 MeV
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600 700 800 900 1000 1100 1200
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Renormalized entries

Renormalized entries

Segment 2

0.014 4

Segment 2

Fit:

—— Mean=513.63 MeV,
0.012 - 0=30.26 MeV
0.010 A
0.008 A
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0.004 4
0.002 A
0000 1 1 T T T T T
300 350 400 450 500 550 600
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Segment 5

Segment 5

Fit:
0.008 4+ —— Mean=1283.54 MeV,
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0000 1 1 1 T T T T 1

700 800 900 1000 1100 1200 1300 1400 1500
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Fit:
— Mean=769.71 MeV,
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0.008 A
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0.004 A
0.002 A
0000 1 1 T T 1

500 600 700 800 900

Etot Value [MeV]
Segment 6
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0.007 - Fit:
—— Mean=1539.07 MeV,

0=54.85 MeV
0.006
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0.004 A
0.003 4
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Future plans

= Technological solution

* Fine-sampling shashlyk design with alternating layers of conventional scintillator (polystyrene matrix
+ fluors) and lead

= Current status
® 2024: construct one full-size shashlyk cell and validate performance with beam test:
- cell size 120x120x1000 mm3 = 2 Rm x 27 Xo , module ready delivered in sep 2024
- 9 readout channels with full digitization at 1/5 GHz ;
- PS TB performed in sept-oct 2024 ~ PRIN HetCadl

= Future plans
® 2025: minor improvements on the calorimeter (fibers, readout) and new test at the end of 2025
- Adding the PD response in the simulation
- Tune the geometry and the optical properties

Thank you for the attention! J
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HIKE brief introduction

- = HIKE project: high-intensity beam and kaon decay measurements at a new level of precision

= An integrated programme with multiple phases: K* and K. beams + beam dump mode

exploiting high intensity Kaon beam in CERN NA after LS3 y
K* - ntyy og/B ~ 5% BSM physics, LFUV
h Kt - attte Sub-% precision on form-factors LFUV
Phase 1 K* — n e+, K+ — nue Sensitivity O(10~13) LEV / LNV
_ o o Semileptonic K* decays og/B ~ 0.1% Vs, CKM unitarit
BR(K™ — 77vp) at 5% of precision 5 '_ g(m — ety /za(K+ S uty) o (Rx)/Rx ~ O(0.1%) LFUV ’
Ancillary K* decays %o — Yoo Chiral parameters (LECs)
(e.g. K* = ntyy, Kt — ntnlete™)
K; — nete- og/B < 20% ImA; to 20% precision,
BSM physics, LFUV
Phase 2 Kp — putu og/B ~ 1% Ancillary for K — uu physics
Kr —» '@ ute™ Sensitivity O(1071?) LFV
BR(K; — ﬂOUD) at 20% of precision Semileptonic K;, decays og/B ~ 0.1% Vus, CKM unitarity
Ancillary K;, decays %o — Yoo Chiral parameters (LECs),
(e.g. Kr — vy, Kr — 7'yy) SM K7, — uu, Ky, — 7€+ rates

Challenges: 20-40 ps time resolution for key detectors to keep random veto under control, while maintaining
 all other NA62 specifications.

S~
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Why not keeping the LKr?

,, )

The LKr energy resolution meets the HIKE requirements, while the time resolution must be substantially improved
|

How can HIKE requirements be met?

- : U
T —
The energy, position, and time resolution of the LKr calorimeter | Upgrades of LKr electronics
N | o - reduction of the shaping time to the minimum
/ - 0.032 0.09 R \ possible of about 28 ns
= =0.00020— ®——b | b . . s
E VEGeV)  E(GeV) - reduction of the amplitude of about 40%, and
subsequent digitization at 160 MHz
0.42 cm \__ - Y,
0., = 0.06cm @ :
V E(GeV)
2.5ns o ™\
O. = ‘r
=BG ] Space charge
. p ¥ - going from the actual 3.5 kV to 5 kV will reduce
- - by two the value of the critical parameter
. _
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Step 2

10°
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10°
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Total energy deposit in the scintillator, e- E = 1 GeV

— htemp

- Entries 10000

- Mean 3673
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10°
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Ener

Total energy deposit in the scintillator, e- E = 20 GeV
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Step 1

E/E_0 (%)

0.8

0.6

0.4

0.2

MEC like simulation (lead only)
= 200 x 200 mm2 module
= 1 GeV e-

= cylindrical mesh r = 100 mm dr = 1 mm
= Rm(Lead) = 1.602 cm

Energy cumulative (%) in Lead

| 87% Einc

— 90% Einc

v 1 | | | | I I | I I | I I | I I | I I

0 10 20 30 40 50 60

radius (mm)

E/E_0 (%)

Validation test with lead only

Geant4 EMcalo example
> Cylindrical geometry

> Radial segmentation set by the user

> Cumulative radial energy vs. radius ( in Xo unit)

> Xo(Lead) = 0.5612 cm

Cumul radial energy dep (% of E inc) TestEm2

— 87% Einc
—90% Einc

o
o

: YYYYVVVVVYY

60— ..... v! ..... .............. .............. ............... ............... ................
BO— _______________ ______________ _______________ _______________ _______________ ________________

20— _______________ ______________ ______________ _______________ _______________ ________________

05 1 156 2 25 3 35 4 45 5
X0
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Step 2

N
o

c./E [percent]

N

1.5

0.5

Energy resolution o./E as a function of Incoming electrons (FIT)

- ¥? / ndf 0.01006/8

'_?f constant 0.5503 + 0.5621

H stochastic ~ 2.439 + 1.057

5— But this is not the E resolution!

H It's a fit parameter sigma vs E

E R —%— *

| NS B PR BPETE S B

0 10 20 30 40 50
Energy [GeV]

Sergey Kholodenko report 27-04-2024

O'E/E, %

4.5

3.5

2.5

1.5

Comparison with previous estimations

¥ Experimental data

K

=== Experimental data fit

mm= MC data fit

—
—
p
—
-
—

llllllllllllllllllllllll

o
N
o
(0))

~8 10 12 14 16 18 20
E. GeV

or/E = 2.8/VE & 1.3[%]

Test beam study of the PANDA
shashlyk calorimeter prototype
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https://iopscience.iop.org/article/10.1088/1742-6596/160/1/012021/pdf
https://iopscience.iop.org/article/10.1088/1742-6596/160/1/012021/pdf

Shashlyk prototype construction

REVISION HISTORY
CHANE o

Notes: 500x2=1000 +3
ide panel is a semi-rigid blacl rene plate. 3 14 Plate SPM xonometric
S ANRIE | %/@ )
(] @ Panel (material - ABS plastic). - - ]
Shashlyk prototype design: @ e - S Ha
(®) Pressure plate (material - aluminum). g | : Eﬁ E:E EE é
* 3x3 channel matrix with cell size 4x4 c¢cm Qempesons-arm st § O\ o) m@{jvﬁ
(? Tightening wire. ”% . | , -~
* 500 layers of scintillator + lead. All edges tiles and both lead tiles sides Susmmnie L RS E T VAN PO
. . . (1) Washer. N :
coated with reflective paint. Do 16 —
®Spacing post. ‘ CC (4:1)
* Lead layer: 120x120x0.3 mm, scintillator layer: 40x40x1.5 mm R A, J } em
. . ] . ] AR | o b= — L
* WLS fibers BCF-22XL with 1.2mm diameter, mirrored at one side e s | et = 2
16 Internal design and dimensions are subject to B S(2512\ ? o 2 géﬁ%@iﬁ 22 |4
17 :?;&:e'::::t arr‘:tll:emlllimeters. BT i ; /® chi
Prototype developed in collaboration with the DETEC company N
47 Iz 7% _\ - Le:La
\ \ mf / % ° ::'; ® i::? e | WodWe EM of calorimoter wi
}9) \ﬁD 122442 Ei: “‘;"1"1‘3: 3077-03-?0;(2"‘ T

--\

|H ||
M tllllm l'

| h "' L'H i s. e
ll L ‘“ | ,)" II' m}':‘ \. i
| !
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Shashlyk prototype construction

Switch between two possible PD
1. SiPM solution: Hamamtsu S13360-6050/25CS
2. PMT solution: Hamamtsu R7600U-300 extended green

0 (Typ. Ta=25 °C) 0 ' (Typ. Ta=25 °C)
| [ [ [ [ [
/Jq —— 513360-**25PE e 513360-**50PE
— -k _ kK
N 25 /’t S13360-**25CS ~ 50 ,um S13360-**50CS
> 40 X 40
o o
- C
2 Q
S 30 & 30 :
O Q /
- -
2 kS, ;
2 = [
S 20 9 20 .
@ ] '
© ©
cC — .
S 8 [
2 10 2 10 f
o o ’
0 0
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
Wavelength (nm) Wavelength (nm)
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Shashlik calorimeter

‘ * R
- PANDA/KOPIO prototype performance

‘

- 6,~ 712 ps (at 1 GeV)
- 6,\E ~33%(at 1 GeV)
= 6, ~ 13mm (at 1 GeV)
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~ providing the same energy resolution as the

kLKr while meeting the time resolution

\_

~requirements for HIKE p
Calorimeter Pb/Scint [mm] Energy resolution Sampling fraction
ALICE EMCal 1.44/1.76 10%/\/E ®5% 16%
LHCb ECAL 2.0/4.0 R Y /\/E D1% 24%
PANDA/KOPIO 0.275/1.5 28%/\E®1.3% 47%
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HIKE MEC design

- Fine-sampling Shashlyk based on PANDA forward calorimeter produced
at Protvino (0.275 mm Pb +1.5 mm scintillator)

l l I
CHib

- time resolution of 100 ps or better for the reconstruction of 79’s with LAl
I A (1]

- o
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energies of a few GeV it / ,
- Longitudinal shower information from spy tiles: PID (I
S ) =
- Neutron rejection ~103 N Z
~ Use of nanocomposite scintillators under investigation in collaboration heth) e

~ with AIDAinnova project NanoCal: Perovskite (CsPbX3, X=Br, Cl...) nanocrystals
Proj y
cast into polymer matrix

N f : _/

See Matt’s talk tomorrow
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A closer look at the design

Abso/Scint Tiles

- traditional design

- matrix of fibers
- 1SiPM for channel

Spy Tiles
- necessity to be optically isolated

- romanshka design

Alternatives
- On-board SiPMs to read the Spy tiles

- Two-sides front/back readout

- Explicit segmentation

lead scint WLS

beam

an
|
i
|

e
I I
E
s
e
N

- PMT | . PMT
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Shashlyk prototype design

Common bracket far PMT R76000-300
imaterial - aluminum)

D type socket assembly E5996 Connectar sleeve PMT /?7600U-300’

Pressure panel
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Shashlyk prototype readout

Two available ADCs identified (1 GHz and 14 bit)

i
*? Texas ADS54J40, 2¢ch

ANALOG
INSTRUMENTS AD9680, 2ch

DEVICES

Full chain implemented with the Texas one and Xilinx Kintex Ultrascale+ : successful

read out of SiPM dark noise signals 6mm x 6mm Hamamatsu SiPM with 75 um spad
(using a Transimpedence preamplifier)

= hPeak
g 20 -_ ......................................................................................................................... i B Entries 21 407
o : = Mean ~77.65
) .
. - e . HE 4 photons SRS B
ol It i R ] RS & S i1 R TR 0 'l v ‘-“ i E
& 4’.‘i"l, - ' 1 E
B ? ";, ' oy | R R e T T e < N o e i
—20 e R i . w ‘ ;' '
: F g ’ 02 =8
_ ; - = 6 photons
_40_ ............................... ’:’ ........................................................................ 40—_ ................................... ‘ ..................................................................................... :
- : ' B Trigger threshold
sgol- o E. . 0 E_ 3 A
! . Single-photon - - % 3t
. s Single-photon]| " waveform + . - J\n Peak amplitude
- waveform afterpulse e B [ il spectrum
v b b v b Iy i T L e L e e = I | U HIA Im 1 I | 1 I 1 1 | 1 1 I 1 | I 1 I 1
0 100 200 300 400 500 0 100 200 300 400 500 -250 -200 -150 -100 -50 0 2 2
Sample number @1GHz Sample number @1GHz ADCu



Shashlyk prototype readout

= The HIKE proposal included ~3000 channels all equipped with ADCs, so feature extraction and data reduction is key.

= With SiPM readout, falling time will be defined by detector capacitance: pole-zero filter used to remove the tail and improve pileup
identification. Algorithms tested on a in Xilinx Kintex Ultrascale+ using CAEN DT5810 and Agilent 33250 waveform generators.

Double-pulse signal from
generator

16th Pisa Meeting on Advanced Detectors, |
: ) NEW!
Proceedings under review on NIM A

u 3 = o v
| & emf—
— [ )
| E CFD resolution of 49
| |— °
E ps with double pulse
i =5 Distance between two pulses
200 f— thga ﬁ
E § - Entries 2031
— £ 140|— Mean 594.7
s 12% w - Std Dev 0.0494 H
’ =3 a ” - e %2/ ndf 38.1/42
G E_ I: —e— raw samples . : 120 — | // \\ Constant 128.3 f 3.7
oo e ! —e— pole-zero filter .| B / Mean 594.71+0.0
E . | . CFD output | . B {/ \\ Sigma  0.04832 + 0.00086
— g —e— pulse found \ 100} \
600 S X ? e : ,/; \'\
400 ::— o + ‘ ? - ‘I‘" \.'\
200 :_ . * * 80— ,’ \‘\
— s ¢ ® . B \
. s B "" ‘Ill
w W u m b— / \
: . - - / \
3 200 — 7 60 - ,"" .l".
| § — B
< 0.:-_~.‘ :N“-"———.—-.-—ﬁ : S O S LD — ~
200 F—— : 1 )| 40— / .\
= ] ! - \
-400 ? ) " : /’ \“\
~600 :— .. o 20— // \\
o 1l * N W \
— 1 @ - // \‘
"°°°:_ @ r g g e by gy e gt by e n gy
| 1200 f=— s ¢ 59455 5946 59465 5947 59475 5948 59485 5949
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Step 4

Energy resolution

Number of optical photons detected, EY =1 GeV

Entries 10000
% = Mean 1.449e+04
= — Std Dev 585.3
-
H — Mean 1 .44Qe+64
B Sigma 581.9
10? —
10 =
1E-
I— | | | | | | | | | | | | | | | | | | | | | | | | |
11 OOO 12000 13000 14000 15000 16000 17000
Number of photons
Number of optical photons detected, EY =2 GeV
” — Entries 10000
O — Mean 2.905e+04
= B Std Dev 848.8
s B 2 / ndf 78.35/75
Constant 393
— Mean 2.905e+04
Sigma 836.1
10? —
10 =
1E
_I | I | | | I | | | I I | | | I I | | I | | | I | 1IN TN 1 1

26000 27000 28000 29000 30000 31000 32000 33000
Number of photons

Entries

Entries

10

10

Number of optical photons detected, EY =3 GeV

Entries 10000
— Mean 4.366e+04
- Std Dev 1062
L %2 I ndf 68.7 / 82
Constant 344.7
B Mean 4.365e+04
Sigma 1047

40000 41000 42000 43000 44000 45000 46000 47000 48000

Number of photons

Number of optical photons detected, EY =4 GeV

Entries 10000
— Mean 5.827e+04
— Std Dev 1239
L %2 I ndf 75.97 /78
L Constant 369.3
Mean 5.827e+04
Sigma 1223
| \
| | | | | | | | | | | | | | | | |
54000 56000 58000 60000 62000 64000

Number of photons

Entries

Entries

102

10

10

Number of optical photons detected, EY =5 GeV

Entries 9970
: Mean 7.288e+04
— Std Dev 1380
— %2 I ndf 70.32 /83
| Constant 322.7
Mean 7.288e+04
Sigma 1372
— /{ ] ]
| | | | | | | | | | | | | | | | | | | \l |
68000 70000 72000 74000 76000 78000
Number of photons
Number of optical photons detected, EY =10 GeV
— Entries 9990
— Mean 1.461e+05
B Std Dev 2063
B x2 / ndf 74.51 /69
B Constant 417.3
— Mean 1.461e+05
Sigma 2039
L | | | | | | | | | | | | | | | | | | | X10
135 140 145 150 155

Number of photons
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Energy resolution

Number of optical photons detected, E =20 GeV Number of optical photons detected, E =30 GeV Number of optical photons detected, E = 40 GeV
3 Entries 7692 - Entries 11980
2 10°E Mean 2.93e+05 @ B Entries 44020 ® = Mean 5.8736+05
E o Pt ersis = £ Findt a013/59
. c 2 [ ndf 45.08 /30 — n 90.12 /39
= B Constant 527.4 W 10° = éonrs]tant 1373 w10 - éonstant 1173
— M_ean 2.93e+05 — Mean 4.4e+05 — Mean 5.873e+05
| Sigma 2999 - Sigma 3960 B Sigma 4693
10° — i L
= 107 e
10 — 10
- 10 - -
B B L
l=n TE %
J:_II H ! ! ||||||||||||><‘|03 il 1 |"''l""|""|""llllllllllllll><103 N ||||||||||||||||||||||||||||||||||||||||||><103
420 425 430 435 440 445 450 455 565 570 575 580 585 590 595 600 605 610
280 285 290 295 300 305 Number of photons Number of photons

Number of photons
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Geometry implementation

Scintillator 1.5 mm

Absorber 0.275 mm
Tyvek 0.1 mm
Paint 0.1 mm
Fiber 1.2 mm (diameter)

* Sensitive detector to count optical photons

* Possibility to choose a mirrored or a black painted fiber

Sci Tile
40 x 40 mm?

Yy TiO2

d

Fiber

Abs and a Sci Tile with the fiber segment as
daughter ( Sci Tiles are painted with TiO2)



Cladding1l

Core
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WLS optical properties
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Emission spectrum vs energy (BCF-92)
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https://refractiveindex.info/?shelf=organic&book=poly(methyl_methacrylate)&page=Szczurowski
https://refractiveindex.info/?shelf=organic&book=polystyren&page=Sultanova

Time and energy distribution ( 1 GeV photon)

Arrival time on Photon Detector (black paint)

» - Time
c — Entries 6283
_8 800 — J( Mean 13.87
(@] — Std Dev 4,583
£ — J( %2 / ndf 36.63 /28
&700 — ] Constant  9.579 = 0.063
o E J( Slope ~0.235 + 0.004
2600 1
£ -
= —
Z 500 —
400 —
300 !
200
100 — .
0:III+I|IIII|II+I I||ll||_lIII.JI.IIIlIIII|IIII|IIII
0 10 20 30 40 50 60 70 80 90 100
time (ns)
Arrival time on Photon Detector (mirrored)
Cé) [ Time
i 13045
o 1400— 1 hEAr;t;Ir?S 15.44
_8 B + Sztc; Ddefv 5.709
3'1200 — + )C()onrs]tant 9913694_(-3%/022
(o) B 1 Slope ~0.1961 = 0.0026
g 1000
= B
: L
< B
800 —
600 —
a00— '
200 —
O_III+I|IIII|IIII|I I—III_I_ILll_I_IIL|IIII|_IIII|IIII
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Energy of optical photons (mirrored)

@ B Energy
o 500 Entries 13045
.8 : Mean 2.379e-06
o | Std Dev 1.307e-07
o 400
Q |
Q n
= n
2 n

300—

200~

100

0 B | | | | | | | | | | |—|_L-A | | | | | | | | | | X1 0_6
2 2.4 2.6 2.8 3 3.2
Energy (MeV)

e Compatibility with the WLS emission spectrum
® ~50% reduction of the photons in the PD



Step 1 Procedure

Moliére radius Rm Geant4 implementation

> Average lateral deflection of electrons at the critical energy § * XY module segmentation
after traversing 1Xo § * Numerical integration (cumulative curves)
p : | — E * Shower profile in homogeneous media and MEC
| X : L : :
Ry, (g/cm® ~ 21 MeV L e Optimisation of the transverse module dimensions
[\ ec (MeV)
_J —_ I — ~
N E o0 Energy_vs_XY 1 =
- e oous ] 1120 S
. . 40 Meany -0. o
> On average, about 90% of the shower energy is contained StdDovs 1554 2
. . . Std Dev _ 1000
in a cylinder of radius ~1Rm . —
800
[ ) 0
| 1 Wi€c; . 600
Ry, 21 MeV - X -200 400
- v, :

200

60 0

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

Ec. = 30 GeV, 12x12 cm2 module (-27 Xo)
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Step 1 Results

Method 1 Method 2
Ee- = 1GeV, 0.275 mm Pb + 1.5 mm Polystyrene Energy cumulative in MEC with 0.275 mm absorber
(] Energy form MC
-== Fit Mean=873.64 MeV, 0=28.05 MeV) C>| -
0.014 - L
LLI
N
il
0.012 - HER
li 1|
§ 0.010 ) |
5 | !
E 0.008 - | )
: |
§ 0.006
0.004 - /
0.002 -
0.000 - ! ! ! ! 0 20 40 60 80 100
650 700 750 800 850 900 .
Etot Value [MeV] radius (mm)
 Deposited ene m for a cylinder with a radius of 1Rm (6 " oo g ) N o
| eposited energy spectrum for a cylinder with a radius o a ~87% of the incident particles energy is deposited in a
- cm) of the KOPIO calorimeter sampling structure fitted with a ' evlinder of radius R ( inal value)
KCrystal ball function [ISSN 1562-6016. BAHT. 2021. No 3(133)] y CY Inder of radius km {hominhal valve »




BCF-92XL

Luxium Solutions manufactures a variety of plastic scintillating, wavelength-shifting and light-
transmitting fibers used for research and industry.

Starting in 2023, Luxium Solutions introduced the BCF-XL series of scintillating and wavelength shifting
fibers with improved, market-leading attenuation length for optimal, reliable performance for a variety of
different applications.

Specific Properties of BCF-XL Series Formulations

BCF-92XL & BCF-9929AXL Wavelength Shifter

Fiber Emission Emission Decay # of Attenuation Characteristics / 1
Color Peak, nm Time, ns Photons Length Applications s=—Absorption

per MeV* (m)** B e Emission

BCF-10XL . General purpose; optimized for
diameters >250um

BCF-12XL : Improved transmission for use in long lengths

BCF-20XL . Fast green scintillator

MUOC--rrvI)>»

BCF-60XL 3HF formulation for increased hardness

BCF-91AXL Shifts blue to green

AN (a8
LS5 el

BCF-92XL green : Fast blue to green shifter 5( 50(
WAVELENGTH (hm)

Blue to green shifter. Pairs well when exciting
BCF-9929AXL green : wavelengths are >425nm (e.g. injection-
molded and extruded scintillators)

BCF-9995XL blue . UV to blue shifter

BCF-98XL Not available Clear Waveguide

*For Minimum lonizing Particle (MIP), corrected for PMT sensitivity
** For Imm diameter fiber, measured using silicon photodiode



Step 3

Energy of optical photon (mirrored)

Energy
L - Entries 12045
9 450 Mean  2.377e-06
.8 — Std Dev 1.303e-07
o 400 —
ks —
® 350
o ~
g 300 =
Z ~
250 —
200
150 |
100 —
50
0 f I I I I I | I ] ] | I I ] X10_6
2 2.8 3 3.2
Energy (MeV)
Scintillator Fibers

Protvino 8000 photons/MeV
3.3 ns (time constant)
104 photons/MeV

2.1 ns (time constant)

BC408

BCF92 2.7 ns (time constant)

Y11 7.9 ns (time constant)

Arrival time on Photon Detectors (black paint)

Time and energy distribution ( 1 GeV photon with Protvino)

» : Time
c 700— 'I\E/Intrles 16533451
ean .

2 B ﬂ Std Dev 5.301
g - J[ +2 / ndf 45.45 / 31
-E- 600 [ J[ ggonbstant 95(5)?:4(??33
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2 500 —
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= B Jf
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Arrival time on Photon Detector (mirrored)

e B Entries Hime 1126028
b 1200 B Jr '\s"tZaSev 6.298
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o [ J[ Jf Prob 0.304
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z "1 +

600 B }
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