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LIDAL-ALTEA System: how to
study in detail the low-Z part of
ilon spectrum onboard the ISS



Spectrum seen by ALTEA detector

GCR (Galactic Cosmic Rays)

most abundant particles of
the spectrum Solar (SPE)

They account for the 99% particle of the spectrum (with He)
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“Radiation survey in the International Space Station” - L. Narici et al. J. Space Weather Space Clim., 5, A37 (2015)

The risk is mitigated by the small quality factor Q for protons
ALTEA Kinetic Energy Window acceptance: 25-45 MeV

hardly measure GCR protons, mostly secondaries and albedo protons are detected by ALTEA

“Performances of Kevlar and Polyethylene as radiation shielding on-board the International Space Station in high latitude radiation environment” -
L. Narici et al. Scientific Reports 7, Article number: 1644
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| IDAL detector

LIDAL is a detector designed to perform Time of Flight (ToF)
measurements working paired to ALTEA detector

In order to: Duties

- Study in detail (kinetic - taking data

energy) the low-Z part of g independently
the spectrum on ISS, in from ALTEA

particular protons
by product results:

- Enhance ALTEA - Triggering
acceptance window for * ALTEA
low Z particles acquisition
- Merging
» Enhance ALTEA =) measures with

discrimination power ALTEA ones
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LIDAL-ALTEA trigger: Kinetic Energy

Kinetic Energy that ion should have to start the trigger in:
B spu1 e spbu 2 sDU 3 N LIDAL

LISE++

Kinetic Energy [MeV/A]
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'__.+ _

dE/dx [MeV/2mm(Si)]

160

Discrimination Power

Asked for TIME RESOLUTION better than 120 ps (here 80 ps)
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LIDAL-ALTEA apparatus: expected discrimination power

ALTEA acceptance windows have been included
- Distribution generated (accept/reject method) accordingly to CREME96 ones
. Deposited energy on silicon plane smeared with straggling

Alessandro Rizzo
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Time of Flight
measurements



ToF Measurements

tur v= speed of light in the medium= c¢/n
Lty =ty + VX tgr = 01 + VX4
position (time difference)
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o = 2V . : 2V
time (sum)
tdr t _ tur + tul - VL t _ th + tdl - VL
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Kinetic Energy from ToF Measurements
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Risk assessment: ToF measurements
and Bethe-Bloch parameters
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JToward LIDAL
detector realization



| IDAL detector

How to reach a TOF resolution <120 ps (o) ?

EJ-230 ELJEN technology ~ HAMAMATSU R9880U-110
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L IDAL Scintillators

Scintillator Dimensions and Thickness

Tri High Collected Light

LIDAL i > better S/B discrimination LARGE
tasks )| TOF =B  Fast Signals

short light propggation path SMALL

Three different step have been done to define the final
scintillator dimensions

Fluka simulations Trento Test Final dimensions

18.0x2.4x0.8/1.0/1.5 cm

dimensions 9.0x2.4x0.8 cm 8.0x2.0x0.4 cm

9.0x2.4x0.8/1.0/1.5 cm

- Number of collected photons at both
sides - Time Resolution and light |- Solving Cross-Talk and

ISsues - Temporal structure of the signal (internal | collection FEE Saturation
reflections)
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LIDAL scintillators: Simulations
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time[ns]

Plastic Scintillator (EJ-230)
Reflective (85%) Mylar
Readout area

Air
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Simulated geometry:
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LIDAL scintillators: Trento Tests

=y

- Aluminized Mylar (1 side)
- Black tape (1 wrap)

- Aluminum tape (1 wrap)
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LIDAL scintillators: Final

Designed to reduces the signals (cross-talk issue)

(‘ 80.0mm =

best timing performances
(reduction the number of internal reflections)
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Test Beam @ Trento
ProtonTherapy Center:
First Results



| prototype O@TIFPA

E, = (70,250)MeV

L
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Socket Assemb\y
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| IDAL electromcs sketch

Front End Electronics
NINO

+ HV x8 diff. line x8 LVDS

Bufter /_ - /_

= input pulse from scint.

max 9123 = LVDS output from NINO

LMH6554 max 9173 = MAX 4412 amplifier out
LMH6553 out-OR TH53257
.400;+1 250 (OP A 221 1)
5 V=5V (LT1567)

High Resolution Mode:
TDC ey 8 TDC channels with res=25 ps

CERN HpTDC
Fully differential Input
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Acquisition logic (1/2

(dOWﬂ)sx i logic M Dual Timer '
3 Nt trigger
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Ach|S|t|on \og|c (2/2)

PMT output

PMT ou'tput

JH1 Cn“r,,.,'
nsizione verticale CH1 0,40 divs (20.0mVy)
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HPTDC (multihit

up left up right
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c — c [
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Average and difference

hidc_downave

htdc_upave
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Time Of Flight

htof
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QDC acquisition

- hqgdc_corr
2 - Entries 36540
S 14001 . Meanx  310.4
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lest on beam parameters: Kinetic
energy

hkin

kinetic energy

beta

gamm
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lest on beam parameters: sigma

Alessandro Rizzo
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What we have learned



NINO behavior

\ skew sowns ] N O evidences of fake delays
Ly - Entries 9134
g"‘oo - Mean x 1.542e+05 At
= T expected behavior for fake delays [Meany 5367
Oi200 |- StdDevx 7450 S
o ' StdDevy 111.9 NN ————— -
I-:',iOOO . R 20 ‘ _— threshold
: ‘\ “\ \‘s é.l' //
800 N ‘s A
- h ) . 'S /
600 :— /
- 0 / delay At is generated by the different
400 p— . .
- | magnitude of the signals
™ 5
200 —
TN Y Y A o _a__ T 0 J
qSO 135 140 145 150 155 160 165 170 175 180

QDC [chn]

Reduce signals Meaning: NINO acts as CFD

PMT R9880-U110 but at the same time this behavior
could be due to NINO saturation
QE~30%

(U210 ~40%)

We observe a lot of cross talk
Confirmed at workbench
tests

LI TETIRTIIIT
P it

Smaller Scintillators 4 mm thickness
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Toward LIDAL-ALTEA
apparatus realization



Volume= :.%5 l

Alessandro Rizzo

LDU (LIDAL Detector Unit)

- Scintillator Units

- NINO chip

- Trigger ALTEA circuit
- HV supply chips

LCU (LIDAL Collector Unit)

- HpTDC (sync issue)
- FPGA
- Power Supply distribution
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TimePix integration



TimePIx \nteﬂgration 1/2

First calibratio Tor Vergata

h1 h9
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Multiplicity Spectrum: time frame
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TimePix Integration (2/2

.
PR LA “ra,,
-y
L]
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.,y
..
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Thanks for your
attention!
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ALTEA acceptance windows

Secondary positron

CR proton

ALTEA Acceptance

Interaction point

We loss a considerable part of the
proton spectrum, important for risk
assessment for next manned missions

INn space
Albedo Proton

An enhancement of the ALTEA
detecting power for protons and
alphas is needed
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LIDAL trigger logic sketch

LIDAL thresholds: Ei Eiz
ALTEA threshold: A > Cross-Calibrations LIDAL-ALTEA

Energy released in ALTEA At1

>

Energy released in LIDAL Et Et Erel

LIDAL  LIQAL or ALTEA

Trigger is
driven by:

[l
Measure TOF TOF and Energy
[
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Risk assessment in space VS the
standard d03|metry

ENnys uc:.U \JQ.’.L.UULULLLV
Approach P

Standard Avera_g_ed wel-ght_lng fgctor§ Wr,
: quantities wi: epidemiological
Dosimetry (d<E>/dm) analysis

Dosimetry in Punctual Quality factor Q
Space (active quantities (energy
detectors) (per particle) dependent)

SdE™ N, ,Z z° m
- — & pNm,c 202 | In |
.“‘ dx ; e e A ﬂz

Important parameters for risk assessment in space LIDAL
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JloF Measurements

I1

i Lorentzian B=v/c
R Factors y=(1-p2)-172
S :6
bz
to

L 24
At =t, —t = —— T = mc?
2 1 * B CAt * 1 L2

\ T c2At2

Time Difference for 2 particles with the same momentum and different masses (m+ and my)

L Lc 2 2
At = —| [p%2 + m2c?2 — |p? + m?c?|=P» 292 [m3 —mi}
cp |\ N m«<p
4o Taylor expansion for m1 ><<p
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Discrimination Power

Asked for TIME RESOLUTION better than 120 ps (here 80 ps)
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LIDAL-ALTEA apparatus: expected discrimination power

Alessandro Rizzo

ALTEA acceptance windows have been included
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Simulated ALTEA spectrum

(2]

5 N S SN S h_Eseen

St . ~ConvolutionofH,Heand Li | Enties 30114
Mean 104.8
Std Dev 126.9

0 100 200 300 400 500 600 700 800 900 1000
dE/dx [MeV/2mm(Si)]
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