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The CaloCube collaboration Ifnc & FN

® CaloCube is a three-years R&D project, approved and financed by
INFN (Italy) in 2014, aiming to optimize the design of a space-born
calorimeter for high energy cosmic rays measurements

@ Participants:
- INFN Catania,Messina,Firenze,Milano (Bicocca),Pisa, Trieste/Udine
-~ CNR-IMM-MATIS Catania
- CNR-IFAC Firenze
-~ IMCB-CNR Napoli

e In this presentations: scientific backgrounds (briefly), the CaloCube
proposal, calorimeter performance (simulations and beam tests).
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Galactic cosmic rays spectrum ifac N7

Galactic sources , Extra-galactic sources
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Future satellite experiments (P> INFN

@ Direct measurement: limit in energy due to small acceptance:
> Nuclei below 100 TeV/n
> Electron+positron below 1 TeV

Direct measurements of cosmic ray
proton and nuclei spectra up to 1 PeV/n
and electron spectrum above 1 TeV

Typical payload

limitations:

require: “Mass (~103 Kg)

e Acceptance of few m2str “Power (~103 W)

e Energy resolution better than 40 % for ~Down link
nuclei and 2% for electrons. capability

e Good charge identification and electron (~102 Gb/day)
proton rejection power (at least 10°) - Volumes (few m2)

® High dynamic range
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© Deep homogeneous isotropic calorimeter: accepts particles from

all the directions
e Large acceptance due to 5 facet detection, mechanical supports

and earth on bottom side

, iIdentification of shower axis
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. . )
MontCarlo simulation (iFnc L'im

o Based on FLUKA package
© 20x20x20 CsI(T]) crystals, side ~ Moliere 20x20x20
radius 36
@ Support structures are in carbon fiber 46.7
® Gap between crystals: 0.3 cm 0.3
® Energy deposit in scintillating crystals ‘mass(kg) 1685
are converted into photo-electrons using: 8000
= CsI(TD) light yield (54 ph/keV) 0-78><0é78><0-7
= light collection (~ Active area of PD / 30539%39
Area of one face) _ 1.8x1.8x1.8
- quantum efficiency of PD @ 550 nm | Planar GF (m2sn) * 1.91
(emission peak of CsI(TI) ) * GF only for one surface

® Energy deposit in PD due to ionization is
taken into account too
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MontCarlo simulation (2) Ifnc L'f;?

® Protons and electrons simulated with an isotropic generation on the

top surface of the calorimeter
o GF of 5 faces = 9.55 m2str
e Effective geometric factor = GFeff = GF5facet ™ €selection

High granularity:

® Good identification of shower starting

point

® Good shower axis and shower length

reconstructions >
@Qo}
X
ﬂ«"ﬁ

T 67.60/44 |..
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+* I'ndf '
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Mean
Sigma

1228+ 3.7
0.01407 + 0.02771

100

Shower starting

e~

1.153 £ 0.021 |-
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identified with

~1 cm resolution
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Electrons energy resolution Ifnc & FN
o [sotropic flux of electrons form
100 GeVto 1 TeV -
e Events selection: length of : . K
shower at least 22 X H0E | R_MSN_Q /0
A . o :suﬂ': Cigshuisionty Selechuan efficiency:
@ Selection efficiency ~ 36% - £~ 36%
250 — Effective GF ~ 3.4 m’sr
o Effective GF = 3.4 m2str .

200
® Energy resolution ~ 2 % 5

¢ Direct ionization on PD ~ - J.J

Crystals +
photodiodes

: 100
1.7% of the mean signal _ | Wy Elests

e Low energy tails due to 3 . | 11,100 1000 GeV
leakage and energy loss in 053 T Bl " T T
passjve materials (Carbon (Measured Energy — Real Energy) / Real Energy

fiber structures)
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Proton: E. dep. vs shower lenght E(E7s"¢, &FN

@ In order to get a good energy resolution for protons, offline
compensation method is needed: the energy deposit in calorimeter
strongly depend on the shower length

T (peya—1 _ —bit
e E.dep vs shower length: fitted with the F(z)=Fk- / b {~E’f-)r{“ )( dt
integral of a gamma function Jo

e Event by event correction of the energy deposit

Proton 1 TeV Csl
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1800— M . 3 - M ) é { i ; )
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Proton energy resolution

INFN

iIFnc

® Energy resolution for protons @ different energies and with different
shower length selections

0, 0, ) )
s ;| 254 504 75 100
5§ asfo AR TS PRUSONE TR R— S—— ) R R
E] - : : : :
% 40% ............. .......................................... ..................... ...........................................
> - i i : :
D 35—t A A S S I 2
< — : : L] : :
T - : : H : i : :
30 —------- f..i...f. .................... ST . SRR e U SO
S R a i
25t TR MR N— e
205t B R e I
15; ............. ... .......................................... ............................. —_—— Proton @1TEV
= I— SRR S SRS S ISR SN S —— Proton @10TeV
- —— Proton @100TeV
sl U NS AT IR U I
= i i § : —— Proton @1PeV
OEIJ | | | | 1 | I 1 1 I 1 1 1 1 | 1 1 | |
1 1.5 2 25 3 35 4

=ffective geometric factor (m2 sr)

® An increase in effective geometric factor (from ~ 0.8 m2str to ~ 3.5
m2str) translates in an increase of the energy resolution (from ~ 28%

to ~37%)

® Energy resolution is almost constant with proton energy
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Geometry & materials

INFN

iIrnc "

e Optimization of energy resolution and acceptance for protons

@ Same simulations and analysis with different materials and distance
among crystals (gap)

e Total weight (~2000 kg) and fraction of active materials (~ 80%)
unchanged

o Crystal side = Moliere radius

CsL: Tl BaF, YAP:Yb BGO LYSO:Ce
¢ (cm) 3.60 3.20 2.40 2.30 2.10
gap (cm) 0.30 0.27 0.20 0.19 0.18
N° cristalli | 20 x 20 x 20 | 22 x 22 x 22 | 28 x 28 x 28 | 27 x 27 x 27 | 30 x 30 x 30
L (cm) 78.00 76.34 72.80 67.23 68.40
Ar totali (Af) 1.80 2.31 3.09 2.72 3.01
X, totali (Xp) 33.88 34.73 24.96 55.54 53.75
G (m2sr) 9.56 9.15 8.32 7.10 7.35
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Materials: en. res. vs acceptance Jraps INEN

© Proton @ 1TeV
e Effective geometric factor = GFgingle face ™ 5 ™ €selection
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- space calorimeters
25—
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Gaps: en. res. vs acceptance ifac N7

© Proton @ 1TeV, CsI(TL)
e Effective geometric factor = GFgingle face ™ 5 ™ €selection

55

Energy resolution (%)

Searching for
balance between
acceptance and

energy resolution

—— Gap 1 (1.9 mm)
—— Gap 2 (3.8 mm)
(

—— Gap 4 (7.7 mm)

—— Gap 6 (11.5 mm)

1 1.5 2 25 3 35 4 4.5
Effective geometric factor (m2 sr)
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© 15 Layers
© 3 x 3 CsI(TI) crystals in each layer

© Crystal side ~ Moliere radius (3.6 cm)

© Gap 0.4 cm

© A big PD (VTH2090) for each crystals

© A small PD for 3 crystals

e Depth for vertical track: 29 Xg <—> 1.46 A,

© Wrapping materials:
+ Version 1.0: Teflon

= Version 1.2: Vikuiti

@ 3 front-end electronics board: 9 CASIS
chip, 3 ADC
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© ASIC chip developed by INFN Trieste -

® 16 channels L m.,.t s

© Charge Sensitive Amplifier T

@ Double-gain 1:20 with an automatic gain-. " _'_ — mw .
selection circuitry e

® Correlated Double Sampling (CDS) filter. ) %m

PERFORMANCE

‘High dynamic: from fC to 52.6 pC
‘Low noise (ENC ~ 2280e” + 7.6e /pF)

‘Low power consumption:
2.8 mW/channel
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Large area photodiode VTH2090: Small area photodiode VTH9412:

® Active area 84.64 mm?2 ® Active area 1.6 mm?2
©1 MIP in Csl(Tl) ~ 7fC ® Max signal 300 pC (> CASIS range)
e Max signal 30 nC (>> CASIS range)
07 , :a;jic.)r'f\etric Sensitivity, A/ W
g 0.6 /g? )\ 0:6
; 2 i ’//// ' 0.4
z ™ A
g 0.3 7../ ] \ 0w
% 02 e 1 0.1 |
0.1 0 _
é 0 200 400 600 800 1000 1200

400 600 800 1000 Wavelength (mm)
Wavelength (nm) —Q.E. =050 — glass window or epoxy coated

Energy range assuming BIQPD/SamIIPD — 100 — Q.= 0.75 — visible blocking filte

Single crystal max energy Beam test: saturation of
With big PD: ~ 30 GeV front-end electronics with big

With small PD: ~3 TeV PD for electron @ 150 GeV
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Wrapping materials (IFpc [NFN

M easu rements Setu p: Rappresent?zione schematica dell’' A250
@ Single crystal with large area photodiode

® 5.5 MeV alpha source
® Low noise charge amplifier Amptek A250

—TYVEC
— VIKUITI
—— TEFLON+VIKUITI

i
UTPUT
EATERNALFET 0 @

v—H &

DETECTOR >—

1.0 5
Vikuiti achieves the | & crystal of prototype
best light collection J§ V1.2: Vikuiti is the

2 064 wrapping material .
2 1 |l FEERE Big PD
7 o4l Small PD

02- k

0.0 \L T T T — T T T T 1

0 200 400 600 800 1000

ADC channels
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-y )

C @12.8 GeV/n

© CERN, SPS, H8 area, Ion beam, Z/A =1/2, 12.8

GeV/n and 30 GeV/n —
® [on from Deuterium to Iron
e Charge identification and tracking is performed | ==
with silicon strips and pixels by INFN of
Pisa/Siena —
<
|
BEAM TRACKER CALORIMETER
4 Si-pixel matrixes 3x3x14 CsI(TI) crystals
8 Si-strip layers
Protons and Ion: the energy deposit and energy
resolution strongly depend on the shower 1 —
Sta’r't'ing pO'Lnt ol vl R

e e -Energy depesit (a.u.)

17/05/2016 CALOR2016, Lorenzo Pacini 18



En. dep. vs shower containment (@ Oy

C

® Double thresholds algorithm is used in order to found the shower

starting point
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Linearity vs beam energy

IFAC

INFN
C

Good linearity up to 1.6 TeVof Energy resolution improves with
ion energy with just the large A. Good agreement between data

area photodiode and MC

£ S000FIE—— )3 /ndl  5533/18 Showers starting on layer 3
= asool Prob 0 * e e L L
o - 0 041+ 716. c onF 3
2 aco0 21 Z.,';, ;:j e g YF ® Ilon-beam data (Prot.v1.0) E
= g b 2 8o O MC =
5 3500/ Shower initiating /_/” * E 3
N - within ~5° layer e g ?OE— E
E_ 30‘!}05— Y// w 60;— 30 GeV/n _;
] 2500/ /{// 592_ 12.8 GeV/n —i
2000 pd S =
= A 12.8 GeV/amu 40§ 8 ¢ =
15001 /./ J 30.0 GeV/amu 30— 4 & 3 ;
m-nnf— }/',.r 20— ® L 2 { =
EDO:— ,_/"ﬂ {D,HE,B,C,D,MQ,Si,S,Ti,FE] 10§— —i
:I | N N N N A N A | i 111 | N N N N N NN NN A N 1 11 L1l D: ! | ! | | ! ! : | | :
% 500 200 500 500 1000 1200 1400 1600 1800 0 5 10 15 20 % 0

Beam Energy [GeV]

17/05/2016 CALOR2016, Lorenzo Pacini 20



Beam test with electrons IFAC L’i FN

© CERN, SPS, HS8 area, Electron from 50 GeV to 200 GeV

@ Tracking is performed with ADAMO, 5 layer of silicon micro-strip
detector, double sided (X,Y)

BEAM TRACKER CALORIMETER
5 double-sided Si-strip layers 3x3%15 CsI(TI) crystals

—~ 3

Y (cm

Energy deposit by muons @ 150 GeV in the
central cube of the first layer

Good identification of crystals positions

A=

Reconstruction of PD position is also‘//////zé
possible because of direct ionization :
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Energy deposit by electron Ifnc & FN

® Electrons @ 50 GeV: the PD direct ionization has big impact on the
energy deposit (and energy resolution) because all tracks are vertical

Electron @ 50 GeV
Electron @ 50 GeV

— 3 2200
E r Counts _
> r 2100 900
2 - -
- 800 |~ Entries 24861
i : : —2000 =
C ; 700 — Mean 1892
1~ : : =
: E —1a00 600:— RMS 75.72
L odeuadie 3
o : a1 LN "1s00 P00
C : o R | 400
- : 5 = B —1700 - En.res. ~ 3%
A P . WG : X 300 =
- E '. ----------- - . - : :
L : & = : 1600 200 —
C S - L =
-2 il
- 1500 1005
_IIILJ_J_JJI_I-Ln_L-—‘ |||||||||||||||||| J_||||L|||L|
- | | | | | 1%00 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
glevv o L b e e L 1400
23 2 A 0 1 2 3 MIPs

® In order to study the prototype performance a FLUKA based
simulation with detailed prototype geometry was developed
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MC data vs beam data

INFN
iIrnc "

o Electrons @ 50 GeV energy deposit after geometrical selection of

events with direction that does not intercept the PD (both in

simulation and beam data)
Beam data: Electron @ 50 GeV

1000
Counts!|
800
600
400
200

PRI A

Constant 9579+ 13.4

IMean

Counts
1907+ 0.5 90

Sigma 2793+ 0.37 80

-

70

-nmwgmm
o o o o o

i

11300 1500

1600 1700 1800

190

000 2100 2200

MIPs

En. Res. ~ 1.5%

MC data: Electron @ 50 GeV

= h !

E | Entries 3177

E .| Mean 8.224e407

E AMS 1.793e+06

.| %2/ ndi 69.8/69

E Constant 84.56 +2.12

| Mean  8.268e+07 + 3.408e+04

= | Sigma  1.237e+06 + 2.662e+04

= 'II k

E L1 L1 11 lack sy |nﬂJLﬂAIJI}“I L1 1 1 M’ﬂﬂ’uln Ll ] - |><10G
0 65 0 75 80 85 90 95

Photo-electrons

En. Res. ~ 1.5%

e Very good agreement between simulation and beam data
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Cherenckov Light in CsI(T]) Ifnc L’i FN

e Simultaneous detection of Cherenkov and scintillation light could be
useful to increase performance.

® Test performed at BTF-Frascati (460MeV e - ): we found that the
Cherenkov is visible even in CsI(T1)

PMT signals Angle between PMT+UV filter signals
1_6'—!— IIIIIIIIIIIIIIIIIIIIIII LB q) IIIIIIIIIIIIIIII III'II‘II'FI]I'[‘I‘I[Il‘ll’[‘l‘ll’r—
g 5 ]cz T T T T CI’yStaIS and g 12__ T T T T - i
Bials o electron beam & | 0° 3
o B +30 = i —+30° 7
: -0 " 10— —.30° -
1.2_'_ —'— - n
1 d 8l ]
0.8 = N
0.6 B
0.4 -
02f- E
0-——1— g Ly b osalsassblassalasnalsnaslansslass —X10 X106
-0.15 01 -0.05 0 0.05 0.1 0.15 0.2 025 0.3 -815 -0.1-0.05 0 0.05 0.1 0.15 0.2 025 0.3

time time
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C lusi )
onciusion IFAC &FN

@ CaloCube R&D project, financed by INFN (Italy), was presented.

@ The performances of the calorimeter was studied with MonteCarlo
simulation, FLUKA based, for electrons and protons.

e Material and geometry optimization for protons was discussed.

o A prototype of CsI(TI) has been constructed and tested both with
electrons and nuclei.

@ Beam test data are in good agreement with the simulation results

® We also investigated the dual readout technique using Cherenckov
light in CsI(TI) (some additional informations are in backup slides)

NEW PROTOTYPE (v 2.0)

e 18 Layer of 6 x 6 crystals of CSI(TI) (35 Xg <—->1.75 \))
e 2 PD for each crystals and new mechanical structure
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Thanks to the organizers

for this opportunity
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Backup slides

1)Dual readout in Calocube

2)Direct/Indirect measurements

3)Proton event selections

4)lon beam calibration

5)lon beam data vs MC

6)MC simulation: electron beam

7)Local energy resolution for electrons @ 50
GeV

8)Proton energy resolution @ 1 TeV
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)

Dual readout INEN
iIFpc "
e Scintillation is considered strictly __ Protons @ 100 Gev
proportional to the total ionization S/E = Fwe
e The fluctuations of the e.m. L
fraction of the shower dominate
the energy resolution for protons
and nuclei
® Cherenkov light response to e.m. A TR T T T IN
fraction is different with respect to ST TR e
scintillation S/E = scintillation signal divided by proton energy
¢ Simultaneous detection of C/E = Cherenkov signal divided by proton energy
Cherenkov and scintillation light Combination of S/IE and C/E allow to
useful t.O event-by—eveI}t . reconstruct the proton energy
correction for fluctuations in (see: arXiv:1210.2334v2 , D.Groom)

shower e.m.-fraction
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Dual readout in CaloCube Ifnc & FN

e Simulation of a large CaloCube: 60x60x60 CsI(Tl) crystals
® Resolution improvement increasing for increasing depth

© Relative Resolution
S F o Gain ]
~ s 119 10 TeV protons g F 2
m F N T Kcintillation alone chU s 1L,9A 3
s RN o 78 5,7 M
o I = | @herenkov corr. C/S S b
1 e -"‘-._ ", opm| E
8 261~ a\_.\.‘k\ 3 A S wf
Sk "% 'S 2sE +
(o = \\?N o
© - . K“x m 20: + % +
16— o el
standard “H..‘:“a_ o 5,7 A E s +
10 Calocube e H““'w.__‘_h = o
. TR 8 F Cherenkov corr. C/S
_20X20 e S 0 s
e R . C
M | W M obedi b o
&0 a0 100 120 140 160 180 200 220 60 B0 100 120 140 160 180 200 23
CSI Calo length from 1° interaction to end (cm) CSI Calo length from 1° interaction to end (cm)

@ Only moderate improvement for CaloCube standard geometry (10%)

® Cherenkov could provide cross-calibration of the calorimeter
response, very important features for space-born detector
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Direct/indirect measurenemnts

DIRECT MEASURENMENTS

@ Precise measurements using spectrometers and/or
calorimeters

® Good individual particle identification
® Limit in energy due to small acceptance:
> Nuclei below 100 TeV/n
> Electron+positron below 1 TeV PE—

INDIRECT MEASURENMENTS

@ High acceptance, high statistics
® Good measurement of all-particle spectra
® Systematics due to simulation approximations

e Difficult in composition measurements
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Proton: event selections IFAC L’_’LFN

Selection criteria:

. . Red cubes is out of the
1)Interacting protons: 100 crystals with fiducial area

signals > 15 MIP

2)Maximum point containment: the
crystals with maximum signal is in
“fiducial area”

3)Minimum shower length

o Simulated protons @ 1 TeV, 10 TeV, 100 TeV, 1 PeV
@ The efficiency of selections (1) and (2) is 35% - 40%

Es. 1. = Efficiency of minimum shower length selection

@ 4 different selections of minimum shower length:
es1. = 100%,75%,50%,25%

17/05/2016 CALOR2016, Lorenzo Pacini 31



Ion beam: calibration

@ [dentification of non interacting
deuterium and helium signals for
channels equalization

Signals central cube, first layer

contegg

2200
Mean

RMS

2000

Entries 302868

792.2
595.7

1800

1600

1400

1200

1000

800

600

400

200

0 1 1 | ! 1 1

o

Pedestal Deuterium Helium
peak peak

1 1 | 1 1 1 | | 1 1 1 1 | 1 1 I 1
500 1000 1500 2000 2500
canali ADC

IFAC

INFN
C
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Ion beam: data vs MC en. res. Ifnc /NFN
C
_ Showers starting on layer 3
@ Energy resolutions A R B B B -
increases with A _g 90 (.) {\(/)Ilé—beam data (Prot.v1.0) =
e Difference between MC & & E
simulations and data are § "t 30 GeV/n E
few percent Gﬂg_ 12.8 GeV/n _g
50— ]
¢ Instrumental effects not Wb § E
implemented in o 9 ; E
simulations: optical £ . z ; CE
crosstalk (14%), gaussian ¢ ! N
spread to single crystal jE | o | | E
(4.50/0) 0 5 10 15 20 25 :-l']
@ No crosstalk in v1.1 (Tedlar)
and v1.2 (Vikuiti) In a full 0 1 /05
containment ——» (—) = —(—)
calorimeter E/a VANE/y
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MC simulations: electron beam

@ In order to study the prototype
performances a FLUKA based
simulation with details prototype
geometry was developed

® The angle between the
calorimeter and the electron
beam was implemented in
simulation

e This angle was measured using
muons data

e Very good agreement between
beam data and MC data was
found (see next slide)

IFAC

Misalignment
measurements
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Electron @ 50 GeV
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Proton @ 1 TeV

counts

A—E:(37.4iO.4)
E

4OOf-+-eeeeeeieee e

300:_ ............ ,

ES.L. = 1000/0 200_ .............

GFefr = 3.8 m2str

- Entries 8048
| Mean 0.9992
| Rus 0.3728
%2 / ndf 99.29 /44
Constant 431964

Mean 0.9864 = 0.0043

: Sigma 0.3692 = 0.0038

2 25

Estimated energy (TeV)

L=farazos) T

- Entries 4020
i | Mean 0.9943
1 RMS 0.3189
%2/ ndf 59.8 /40
Const; 253 +5.1

| Mean 0.9963 = 0.0051

Sigma 0.3125 = 0.0039

g, =50%

[510] bR e k, -

2 25

Estimated energy (TeV)

counts

counts

- Entries 6030
i | Mean 0.9954
i : i | RMS 0.3453
(70 ] 1| ST SR /B ¥/ ndf 82.37 /45
L : ! | Constant  351.6=58
+ i | Mean  0.9941: 0.0044
200kt | Sigma 0.338 = 0.003
100 ................................................................
0' I i i
0 0.5 1.5 2 2.5
Estimated energy (TeV)
E - Entries 2007
150—-------rmdeem e [ e Mean 1.002
i : RMS 0.2951
[ : %2 / ndf 71.43/34
L : Constant 13412 3.9
j[o]o] SEICRITRRRMIRREEES - S0 TETREEE & AUSYAE Mea 1.009 = 0.007
r Sigma  0.2884 = 0.0054
50 ...........% ...................................................
ol 1 i
0 0.5 1.5 2 2.5

Estimated energy (TeV)

INFN

iIFnc

g, = 75%

GFefr = 2.9 m2str

A—E:(28.610.6)
E

Eq; =25%

GFefr = 0.95 m2str

17/05/2016

CALOR2016, Lorenzo Pacini



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

