
25/10/2022A.N.Guracho- AMS ASI Meeting 1

I gratefully acknowledge the strong support from the AMS 

collaboration and from the Italian Space Agency (ASI) within 

the agreement ASI-INFN n. 2019-19-HH.0.



25/10/2022A.N.Guracho- AMS ASI Meeting 2



25/10/2022A.N.Guracho- AMS ASI Meeting 3



The AMS02  detector has collected so far 

more than 200 billion Cosmic Rays events.

More Info in the AMS-02 webpage:
https://ams02.space

The AMS Payload Operation Control Center at 
CERN operates 365 days year h24 

It uses the unique environment of space 
to study the universe and its origin by 
searching for antimatter, dark matter 

while performing precision 
measurements of cosmic rays' 

composition and flux.
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The INFN Roma and the Sapienza 

University joined the AMS collaboration 

in 2001.

The group has taken part to the 

construction of the Transition Radiation 

Detector (TRD), having as main task the 

responsibility to develop the slow control 

electronics of  the GAS System of the 

TRD (UG-Crate).

The UG-CRATE was part of a safety-

critical system, and the group took care of 

all the phases of the development (Design–

Test-Integrate-Fly) following the NASA 

requirements.
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Bartoloni A, Della Gala G, Guracho AN, Paolani G,

Santoro M, Strigari L, Strolin S (2021)

Space Radiation Field Characterization Using the 

Astroparticle Operating Detectors

Proceedings of the International Astronautical Congress,

IAC Volume A1 2021 IAF/IAA Space Life Sciences

Symposium 2021 at the 72nd International Astronautical

Congress, IAC 2021 Dubai
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Bartoloni A, Paolani G, Santoro M, Strigari L,

Strolin S, Guracho AN, Della Gala G (2022)

High Energy Physics Astroparticle Experiments

to Improve the Radiation Health Risk 

Assessment in Space Missions

POS EPS-HEP2021 106 doi:10.22323/1.398.0106
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iaf (iPosterSessions - an aMuze! Interactive system)

Bartoloni A, Della Gala G, Guracho AN, Morganti

A.G., Paolani G, Santoro M, Strigari L, Strolin S

(2022)

Dose-Effects Models for Space Radiobiology: an 

overview on Dose-Effect Relationship.

Oral talk

Bartoloni A, Della Gala G, Guracho AN, Paolani G,

Santoro M, Strigari L, Strolin S (2022)

Astroparticle Experiments to Improve the 

Radiation Health Risk Assessment for Humans

in Space Missions”

Interactive presentation

https://iac2022-iaf.ipostersessions.com/default.aspx?s=62-4E-55-15-E9-FE-87-50-45-F1-7A-D8-E0-B7-AC-70
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• Non-targeted effects (NTEs) include bystander
effects where cells traversed by heavy ions
transmit oncogenic signals to nearby cells, and
genomic instability in the cell's progeny.

• Studies on the Harderian gland, chromosomal
aberrations at low dose and many mechanistic
studies support the NTE model, with evidence of a
supra-linear effect at low doses of NTE compared
to a linear effects for TE .

• These NTEs are expected also at the fluences and
for radiation species that occur in space.

Work in progress at Roma Sapienza AMS group 
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Cell Survival 

Probability 

Models

AMS CRs Data

Pre-clinical data 

(HGT)

Calculation of NTE with 

different models and 

for different exposition scenarios

I implemented a platform including the more 

reliable dose-effect models for space 

radiation,  I developed an ad hoc software in 

R-script language (> 10,000 code lines). 



Hazard Function for Tumor Prevalence (TP)
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Prevalence is the number of people/cells with a

specific disease or condition in a given population

at a specific time. This measure includes both

newly diagnosed and pre-existing cases of the

disease.

Tumor prevalence (TP) is described by a Hazard

function, H, which is dependent on radiation type

for γ-rays while for charged particles is dependent

on the charge number (Z), kinetic energy (E) and

fluence (F).

𝑻𝑷 = 𝟏 − 𝒆−𝑯(𝒁,𝑬,𝑭)

𝑯𝜸 = 𝑯𝟎 + 𝜶𝜸𝑫+ 𝜷𝜸𝑫
𝟐 ∗ 𝑺(𝑫)

𝑯𝑪𝑷 𝒁,𝑬, 𝑭 = 𝑯𝟎 + 𝜮𝑭 + 𝜷𝑫𝟐 ∗ 𝑺(𝑫)

Where:

➢ H0 represents the background prevalence

➢ αγ and βγ are the linear and quadratic coefficient with 

dose Induction terms

➢ 𝜮 is pseudo-biological action cross section taking in  

account the particle track structure models

➢ S(D) is the Cell Survival Probability.
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To be used in the calculation of hazard functions

of Tumor Prevalence.

1. Theory n-target N-hit model (nTNH)

Two special case of nTNH including:

• Theory single Target single hit model 

(sTSH)

• Theory single Target N-hit model (sTNH)

2. Theory Linear Quadratic Model (LQ)

3. Linear Quadratic Model modified by hyper-

radiosensitivity(HRS) effect.

4. Theory Linear Quadratic Cubic Model (LQC) for 

high dose.

5. Sublesion Theory Repair – misRepair Model (S-

RMR)

6. Sublesion Theory  Lethal – potentially lethal 

Model (S-LPL)

7. Sublesion Theory Saturable Repair Model (S-SR)

1. 𝑺 𝑫 = 𝟏 − 𝟏 − 𝑩 𝒏, 𝑩 = 𝒆
−𝑫

𝑫𝟎[𝟏 + σ𝟐
𝑵 ൗ𝑫 𝑫𝟎

𝑵−𝟏

𝑵−𝟏 !
]

2. 𝑺 𝑫 = 𝒆−𝜶𝑫−𝜷𝑫
𝟐

3. 𝑺 𝑫 = 𝒆𝒙𝒑{−𝜶 𝟏 +
𝜶𝒔

𝜶
− 𝟏 𝒆

−𝑫

𝑫𝟎 𝑫− 𝜷𝑫𝟐}

4. 𝑺 𝑫 = 𝒆−𝜶𝑫−𝜷𝑫
𝟐−𝜸𝑫𝟑

5. 𝑺 𝑫 = 𝒆−𝒂𝑫[𝟏 + (
𝒂𝑫(𝟏−𝒆(−𝝀𝑻))

𝜺
)]𝜺𝝓

6. 𝑺(𝑫) = 𝒆− 𝒏𝑳 − 𝒏𝑷𝑳 𝑫[𝟏 +
𝒏𝑷𝑳𝑫

𝝐
(𝟏 − 𝒆−𝝐𝑷𝑳𝒕𝒓)] 𝝐

7. 𝑺 𝑫 = 𝒆

−
𝒏𝟎−𝑪𝟎

𝟏−
𝑪𝟎
𝒏𝟎

𝒆𝒌𝑻(𝑪𝟎−𝒏𝟎)
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Prevalence of Harderian Gland Tumors

• Gammas 55.5TBq Co60

• Hydrogen  with energy 250A MeV, LET 0.4 keV/μm

• Exposition time in between 60 sec. to 120 sec.

• Irradiation field is 3 x 5 cm2.

• Background Prevalence is H0 = 0.026 

Table III

Prevalence of Harderian Gland Tumors after Irradiation with 

Proton ions

Mice

Dose

(Gy)

Number At risk With 

tumors

Prevalencea

0 198 155 4 2.6 ± 2.5

0.4 47 44 43 9.3 ± 6.1

0.8 42 41 8 19.5 ± 12.1 

1.6 48 43 13 30.2 ± 13.7

3.2 28 24 7 29.2 ± 18.2

a ±95% CI

Table II 

Prevalence of Harderian Gland Tumors

After 60Co Gamma Irradiation

Mice

Dose

(Gy)

Number At risk With 

tumors

Prevalencea

(%)

0 198 155 4 2.6 ± 2.5

0.4 292 229 11 4.8 ± 2.7

0.8 278 161 15 9.3 ± 4.5 

1.6 244 117 16 13.7 ± 6.2

3.2 181 115 37 32.2 ± 8.5

7.0 90 52 24 46.2 ± 13.6

a ±95% CI
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The NTE model assumes a non-linear 
type response in addition to the linear 
dose term at low doses. 

The η function represents the NTE
contribution, which is parameterized as
a function of the particle Linear Energy
Transfer (L).

We tuned the radiobiological 
parameters to reproduce available 
experimental data 

𝑯𝑻𝑬 𝒁,𝑬, 𝑭 = 𝑯𝟎 + 𝜮𝑭 + 𝜷𝑫𝟐 ∗ 𝑺

𝑯𝑵𝑻𝑬 𝒁,𝑬, 𝑭 = 𝑯𝟎 + 𝜮𝑭 + 𝜷𝑫𝟐 + 𝜼 ∗ 𝑺

𝜂 = 𝜂0𝐿𝑒
−𝜂1𝐿[1 − 𝑒−𝑁𝐵𝑦𝑠]

Where:

➢ L is the Linear Energy Transfer of the particle

➢ 𝑁𝐵𝑦𝑠 is the number of bystander

➢ 𝑁𝐵𝑦𝑠 = 𝐹luence ∗ 𝐴𝐵𝑦𝑠
➢ 𝐴𝐵𝑦𝑠 is an area corresponding to the number of bystander 

cells surrounding a cell traversed directly from a HZE particle 
that receive an oncogenic signal.



Calculation of the TE and NTE TP models showing 
for 250A MeV protons there is no relevant 

differences in the tumour Prevalence versus dose as 
expected (NTE models predict same tumor 

prevalence at low doses compared to the TE model).
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The shape of the tumor response curve found in the NTE 

model is shallow non-linear dose responses curve. 

It has important implications for space travel because 

would alter how mission design factors such as duration 

and radiation shielding are analyzed for radiation 

protection purposes.



25/10/2022
A.N.Guracho- AMS ASI Meeting 20

I presented this research work at the XXII 
International Conference on Mechanics in Medicine 
and Biology 19-20-21 September 2022 University 
of Bologna Bologna, Italy;

I gave a talk titled  “Target Effects vs. Non-Target 
Effects in Estimating the Carcinogenic risk due 
to Galactic Cosmic Rays in Exploratory Space 
Missions” on the “Detectors and Dosimetry» 
session.

The talk was selected to be published on the 
Journal of Mechanics in Medicine and Biology 
(worldscientific.com)

I am writing the paper that will be submitted in 
November

https://www.worldscientific.com/worldscinet/jmmb
https://www.worldscientific.com/worldscinet/jmmb
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This is the picture of people participated on XXII International Conference on Mechanics in Medicine and

Biology, September 19-20-21, 2022, held in Bologna.
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The activity I carried out as part of the research grant in the period under review was focused

on three aspects:

▪ I Participated in the research activity of the INFN ROMA Sapienza AMS group relating

to the use of cosmic ray measurements collected by AMS and in general from

astroparticle and dosimetry experiments in space to improve the knowledge of

radiobiology in space environment with particular emphasis on the topic of dose-effect

models.

▪ I participated in the control and data collection activities of the experiment at the AMS

Payload Operation Control Center (POCC).

▪ I have developed a software tool for analyzing AMS02 data for the generation and

validation of predictive models of bystander-type non-target effects (NTE / bystander) due

to the risk of exposure to ionizing radiation from galactic cosmic rays.

▪ I presented this research activity at the ICMMB-2022 and the talk was selected to be

published on the Journal of Mechanics in Medicine and Biology (worldscientific.com)

https://www.worldscientific.com/worldscinet/jmmb
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https://loop.frontiersin.org/people/1616312/overview
https://wiki.infn.it/strutture/roma1/experiments/ams2/home
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https://pubmed.ncbi.nlm.nih.gov/?term=Alpen+EL&cauthor_id=8278580
https://pubmed.ncbi.nlm.nih.gov/?term=Powers-Risius+P&cauthor_id=8278580
https://pubmed.ncbi.nlm.nih.gov/?term=Curtis+SB&cauthor_id=8278580
https://pubmed.ncbi.nlm.nih.gov/?term=DeGuzman+R&cauthor_id=8278580
https://doi.org/10.21175/rad.sum.abstr.book.2022.25.1
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