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Cosmic Rays

. . N : pulsar, ...
® Cosmicrays are high-energy  Supernovae EWSOHECES PU’ sar,

particles, travelling in space at
relativistic speed. 2

"o 4 Primary
® Galactic cosmic rays are

thought to be originated from
extreme events, like

Interstellar

supernovae.
Dark Matter
® Galactic cosmic rays
propagate in the solar system
¥,

(he!.iosphere). Entering the 4._:-:/- 3
heliosphere, they are \
affected by solar activity



AMS-02

Transition Radiation Detector Time Of Flight
Identifies e*, e

PR PP

AMS is a space version of a
precision detector used in
accelerators. It’s a magnetic 3 (=
spectrometer able to S"icﬁa‘c-ké'r
separates particle species: p, Z, Rigidity=p/Ze
anti-p, e+,e-, He, nuclei

S

5mx4mx3m, 7.5 tons, Nialal 4]
. X NI 1T g | ©
installed on the ISS Electromagnetic Calorimeter

Energy of e*, e

Ring Imaging Cherenkov
ZB

Isotopic composition

Charge Z and Energy are
measured independently in
several subdetectors



PhD Research Program

Final Goal:

42( Low-energy proton analysis

Steps:

1styear @  Build pipeline for proton flux extraction (1-40 GV)

2"9year @  SEP (Solar Energetic Particles)

® Extendthe analysis to lower energies



Proton Flux

1styear — Proton flux

® Proton count ®,(t,R) =

@® Exposure Time

Nselected,i(t: R)
ARi ¥ Texp,i(t’ R) y A(R) ¥ E(t, R)

® Acceptance Rigidity Range: 1-40 GV
® Efficiencies Time Interval: 2011-2024 - 2025
2" year

@® Extendedto 2025

® Comparisons and validation



Comparisons and validation

Inside the AMS collaboration, different groups carry on analysis on the same
topic independently. When 2-3 groups agree on the findings, the results are

published.

| compared my analysis:

e with two groups from the AMS collaboration working on protons: MIT and
Perugia (PG)

 With the published results on protons:
https://link.aps.org/doi/10.1103/PhysRevlett.127.271102



https://link.aps.org/doi/10.1103/PhysRevLett.127.271102

% Difference

p/(m? sr GV s)

10

SRR

Comparison with MIT and PG
(May 202011 —Nov 13 2023)

' 0 (MIE-MIT)/MIT
5 [ (MIB-PG)/PG
[ ] Combined total systematic (Mib/MIT)

....................................................................................................................................................................................................................................................................................................

....................................................................................................................................................................................................................................................................................................

Riaidity [GV1



p/(m® sr GV s)

% Difference

Daily Comparison with AMS PRL 2021

2000
1800
1600
1400
1200
1000
800 F
600
400
200

10

-10

R=[1.00—1.16]GV
:I T T T I T T T | T T T T T :
— AMS PRL 2021 —
- [ MmiB IT.L y i
= | —=
(M . E
= [MWWV Wt E
E| | 1 1 1 | 1 1 1 | 1 1 I 1 1 1 E
01/01/2012 31/12/2013 01/01/2016 31/12/2017

— —— (MiB-PRL)PRL | | | | —]
[ ] PRL tot. uncertainty —
| ‘&

01/01/2012 ' 317122013 —01/01/2016 31122017

https://link.aps.org/doi/10.1103/PhysRevlLett.127.271102



https://link.aps.org/doi/10.1103/PhysRevLett.127.271102
https://link.aps.org/doi/10.1103/PhysRevLett.127.271102
https://link.aps.org/doi/10.1103/PhysRevLett.127.271102
https://link.aps.org/doi/10.1103/PhysRevLett.127.271102

Daily Comparison with AMS PRL 2021
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https://link.aps.org/doi/10.1103/PhysRevLett.127.271102

Solar energetic particles

The Sun produces its own cosmic rays: Solar Energetic Particles (SEP). SEP are
accelerated by CMEs and by magnetic reconnections in solar flares.




SEP

AMS measures SEP as an
excess of particles above
the GCR flux. SEP become
compatible with the GCR
background at 2 GV.

Proton Rate [s ' GV ]

—
Dm

10

—
DE..C-
T

« 16/05/2012
+ 17/05/2012

GCR+SEP

Rigidity [GV]

11



Low energy analysis

With AMS, we can observe the high-energy tail of SEP.
AMS can measure from 120 MeV, while most instruments studying SEP only reach 100 MeV.
This region is therefore almost unexplored.

Parker Solar Probe (2018-present)

SOHO (1995-present) 2 GeV: Sep flux ® GCR background for the
most intense events in AMS-PAMELA

Helios 1,2 (1974-1981)

ACE (1997-present)

Wind (1994 - present)

_________ STEREO (2006-present) >
GOES (1975-present)

......... >
CSES-HEPDO2 (2025-present) >

PAMELA (2006-2016) 4= = = == = = = == == =

AMS (2011-present) < e

| I I | I
0.1 1 10 100 1000 E (MeV) 12



Solar Energetic Particle
Selection

13



Standard Proton Selection

RTI Cuts

® [ivetime Fraction>0.05

® Zenith Angle <25

® Notin SAA

® Good Event Data Acquisition

Physical Cuts

Any Physical trigger

0.7 <Inner Charge < 1.5

Inner Charge / Inner Charge RMS <0.4
Chi2Y <10 (Inner track)

Hits on: L2 & (L3|L4) & (L5|L6) & (L7|L8)
At least 5 Hits in Inner Tracker

Inside Inner Fiducial (InnerL1 track)
0.6<L1Charge<2

Chi2Y <10 (InnerL1 track)

Inside L1 Fiducial (InnerL1 track)

L1 Normalized Residual <10
Beta>0.4

0.5 < Upper ToF Charge <2.5

InnerL1 Rigidity > MAX IGRF Cutoff

14



IGRF Cutoff

The IGRF (International Geomagnetic Reference Field ) cutoff is the minimum rigidity required for a
particle to enter the geomagnetic field. It is used to exclude secondary particles.

AMS is exposed to SEP only for a small amount of times, near the magnetic poles (cutoff < 2GV)

The IGRF cutoff models limits our statistics at low rigidities at the poles.

2 x 10° 3 ' 3 TS, i
Y e
i 0 | [iukt
" I | —_—
N
| ‘ | 07 £
S | . | ¢
0. (C
g 10 d 101 o
o s
| 2
o
10° a
6x1071 |
|
1l 11l | 111} [l L1 (il 1071

13:53 14:35 15:16 15:58 16:40 17:21 18:03 18:45 19:26

F. Faldi (AMS collaboration) 15



Standard Proton Selection

RTI Cuts

® Livetime Fraction > 0.05

® /enith Angle <25

® Notin SAA

® (Good Event Data Acquisition

- 102

Physical Cuts

Any Physical trigger
0.7<InnerCharge<1.5

Inner Charge / Inner Charge RMS<0.4
Chi2Y <10 (Inner track)

Hits on: L2 & (L3|L4) & (L5|L6) & (L7|L8)
At least 5 Hits in Inner Tracker

Inside Inner Fiducial (InnerL1 track)
0.6<L1Charge<2

Chi2Y <10 (InnerL1 track)

Inside L1 Fiducial (InnerL1 track)

L1 Normalized Residual <10

Beta> 0.4 - 10°
0.5 < Upper ToF Charge < 2.5

—Innertt Rigidity >MAXIGRFCutoff - Magnetic Latitude > 62°

¢ © ¢ © © ¢ ¢ 6 o 0o 0o 0o o o
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Standard Proton Selection

RTI Cuts

® Livetime Fraction > 0.05

® /enith Angle <25

® Notin SAA

® (Good Event Data Acquisition

- 102

Physical Cuts

Any Physical trigger
0.7<InnerCharge<1.5

Inner Charge / Inner Charge RMS <0.4
Chi2Y <10 (Inner track)

Hits on: L2 & (L3|L4) & (L5|L6) & (L7|L8)
At least 5 Hits in Inner Tracker

Inside Inner Fiducial (InnerL1 track)
0.6<L1Charge<2

Chi2Y <10 (InnerL1 track)

Inside L1 Fiducial (InnerL1 track)

L1 Normalized Residual <10
Beta>0.4 - 10°
0.5 < Upper ToF Charge < 2.5

—Innertt Rigidity >MAX1IGRFCutoff - Magnetic Latitude > 62°

Counts

¢ © ¢ © © ¢ ¢ 6 o 0o 0o 0o o o
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The migration matrix shows
a strong deviation from
diagonality due to energy
losses by low-energy
particles below 1 GV.

- we must implement a
correction

Rigidity correction

102

Riec [GV]

10

Migration matrix

I [ 8

I IIIIII’

I IIIIIII

J

—
o
w

—
o
N

10

18



Rigidity correction

Resolution matrix

Construct the resolution matrix

For each slice in Rrec find the

Rcorr(R) =R + AR(1~B) 2

: o o8-
maximum value. <= =
S 06—
x
Fit the maximum with : T W
f(RGEN) = Ax By 02
O
Correct the rigidities as =




102

Riec [GV]

10

Migration matrix

TTTT

|

f

f

102

R... [GV]

10

Corrected migration matrix

20



SEP orbital proton rate

24 04 2013 R=[0.50-0.55] GV Nsetecteai(t, R)

Rate [s']

R;(t,R) =
l( ) Texp,i(t: R)

Ncelected = proton count

..! Texp = effective time
« above the magnetic theta
in the AMS FoV

17/04
18/04
19/04
20/04
22/04
23/04
24/04
25/04
30/04




SEP identification algorithm(s)



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

23



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

| tested different rigidity bins, and this one gives
the best agreement with already existing AMS

SEP catalogues

24



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

®(orbit) —®(24 prev. hours)

1.
® (24 prev. hours)

> threshold Thresholds = 37.5 (solar min), 47 (intemediate), 70 (solar max)

25



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

®(orbit) —®(24 prev. hours)

1.
® (24 prev. hours)

> threshold Thresholds = 37.5 (solar min), 47 (intemediate), 70 (solar max)

@ (orbit) —®(median orbit) > threshold Median over 10 previous days
@ (median orbit) Thresholds = 56 (solar min), 83.7 (intemediate), 90 (solar max)

2.

26



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

®(orbit) —®(24 prev. hours)
® (24 prev. hours)

1. > threshold

®(orbit) —®(median orbit)

2.
®(median orbit)

> threshold

3. CI)(orbit) > cI)(mean|11 BEVE)) + NG(ll days)

Thresholds = 37.5 (solar min), 47 (intemediate), 70 (solar max)

Median over 10 previous days
Thresholds = 56 (solar min), 83.7 (intemediate), 90 (solar max)

N=2.3

27



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

®(orbit) —®(24 prev. hours)
® (24 prev. hours)

1. > threshold

®(orbit) —®(median orbit)

2.
®(median orbit)

> threshold

3. CI)(orbit) > cI)(mean|11 BEVE)) + NG(ll days)

—> A SEP is identified if at least 2
of 3 methods detect it

Thresholds = 37.5 (solar min), 47 (intemediate), 70 (solar max)

Median over 10 previous days
Thresholds = 56 (solar min), 83.7 (intemediate), 90 (solar max)

N

2.3

28



SEP identification algorithm(s)

3 methods working on orbital rate (®P) at [0.5-0.55] GV

®(orbit) —®(24 prev. hours)

20.01.2022 R=[0.50-0.55] GV
d——— R

1. > threshold

® (24 prev. hours) Event of interest (20.01 .2022)

Rate [1/s]

Median (2°)
Variance (3 °)

®(orbit) —®(median orbit)

2.5
®(median orbit) > threshold

2.

"'I"'|"'I"'I"I'"I"'|"T"'I"1"'1'"|'"l"T"1"'1"'|"'I"'l"1"'1'

3. CI)(orbit) > cI)(mean|11 BEVE)) + NG(ll days)

Previous day (1°) SEP

—> A SEP is identified if at least 2
of 3 methods detect it




SEP List

69 events from 2011 to 2025

- Comparison with AMS joint SEP lists (from the union of 3 independent lists)

07/06/2011
04/08/2011
09/08/2011
07/09/2011
23/09/2011
04/11/2011
23/01/2012

28/01/2012
07/03/2012
13/03/2012
17/05/2012
07/07/2012
19/07/2012
23/07/2012

28/09/2012
08/11/2012
06/03/2012
11/04/2013
24/04/2013
23/05/2013
30/09/2013
11/10/2013
12/10/2013
29/10/2013
02/11/2013
28/12/2013
06/01/2014
08/01/2014

25/02/2014
18/04/2014
02/09/2014
11/09/2014
25/09/2014
29/10/2015
06/09/2017
11/09/2017
21/01/2022
16/02/2022
28/03/2022
30/03/2022
02/04/2022
13/03/2023

18/07/2023
25/07/2023
28/07/2023
01/09/2023
29/01/2024
09/02/2024
11/02/2024
14/02/2024
16/02/2024
23/03/2024
11/05/2024
20/05/2024
08/06/2024
12/06/2024

23/07/2024
05/08/2024
04/09/2024
14/09/2024
03/10/2024
09/10/2024
27/10/2024
03/10/2024
09/10/2024
27/10/2024
05/01/2025
31/05/2025
22/10/2025

K{0)



SEP List

67 common SEP events (MiB: 69 events, AMS: 72 events)

- Agreement = 93%

07/06/2011
04/08/2011
09/08/2011
07/09/2011
23/09/2011
04/11/2011
23/01/2012
28/01/2012
07/03/2012
13/03/2012
17/05/2012
07/07/2012
19/07/2012
23/07/2012

28/09/2012
08/11/2012
06/03/2012
11/04/2013
24/04/2013
23/05/2013
30/09/2013
11/10/2013
12/10/2013
29/10/2013
02/11/2013
28/12/2013
06/01/2014

08/01/2014 @

25/02/2014
18/04/2014
02/09/2014
11/09/2014
25/09/2014
29/10/2015
06/09/2017
11/09/2017
21/01/2022
16/02/2022
28/03/2022
30/03/2022
02/04/2022
13/03/2023

18/07/2023
25/07/2023
28/07/2023
01/09/2023
29/01/2024
09/02/2024
11/02/2024
14/02/2024
16/02/2024
23/03/2024
11/05/2024
20/05/2024
08/06/2024
12/06/2024

AMS JOINT LIST ONLY

6/9/2011
6/3/2013
25/10/2013
6/9/2024
11/9/2024

23/07/2024
05/08/2024
04/09/2024
14/09/2024
03/10/2024
09/10/2024
27/10/2024
03/10/2024
09/10/2024
27/10/2024
05/01/2025
31/05/2025
22/10/2025




Conclusions

Proton Flux

* Integrated proton flux (2011-2025) in agreement with MIT and PG
* Daily flux in agreement with AMS PRL 2021

Solar energetic particles

 SEP proton selection
* SEP identification algorithm and SEP list in agreement with AMS catalogues ~93%

32



Current Progress & Next Steps

Final Goal:

<%  Low-energy proton analysis

Steps:

\/ Build pipeline for proton flux extraction
{:o:} SEP flux and Background removal

Extend the analysis to lower energies

Next Steps

SEP flux and background
subtraction

Thank you for your
attention!

33



BACKUP




Spectral Fits with AMS at Peak Intensity
oourtesy of F. Faldi (AIMIS general meeting, 2025)
Background-subtracted SEP spectra, at peak intensity, are fitted with a single power-law

(dashed) and the Modified Power-Law (red) models.

Back-side event: low spectralindex (y=1.8 Eastern-side event: higher spectral index (y
+0.1), pronounced rollover (0 = 6.8 £ 0.4). = 3.6 £0.3), slighter rollover (0 =3.3+0.7).

--- x2=52.4,y=4.32+0.32 N -—- ¥?=11.6,y=4.78 +0.17
—— x2=0.6,y=1.75+0.14,6 = 6.79 = 0.35 . —— x2=1.9,y=3.55+0.25,6=3.34 + 0.65

— —
| |
wn wn
> >
(&) (&)
- -
0n 0n
™~ ™~
£ £
S ~ S
% s X
= =
|1 |1
c c
(=] (=]
et et
(=] (=]
ot ot
o o
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SEP List- Comparison with the joint AMS SEP Catalogue

67 common SEP events (69 events by MiB and 72 events by AMS)
- Agreement = 93%

SEP catalogue comparison (2011-2018)

Common event
A Event found by one catalogue




SEP List- Comparison with the joint AMS SEP Catalogue

67 common SEP events (69 events by MiB and 72 events by AMS)
- Agreement = 93%

SEP catalogue comparison (2018-2026)

Common event
A Event found by one catalogue




3-6-11-14/09/2024

06/09/2024
11/09/2024
14/09/2024

2.2

Event of interest (04.09.2024) Event of interest (06.09.2024)
Event of interest (11.09.2024) Event of interest (14.09.2024)
Previous day (1°) Median (2 °)

Variance (3 °)

1.8
1.6
1.4
1.2

Rate [1/s]

0.8
0.6
0.4
0.2H

III|III|III|III|III|III|III|III|III

o

31/08
01/09
02/09
03/09
04/09
05/09
06/09
07/09
08/09
09/09
10/09
11/09
12/09
13/09
14/09
15/09
16/09
17/09
18/09
19/09
20/09



Thresholds and solar periods

Rate [s']

D—'I

[ ] Solar minimum

[ 1 Ascending phase
[ ] Solar maximum
1 ] Descending phase

01/01/2012 31122013 01/01/2016 31122017 01/01/2020 31/12/2021 31/12/2023
Date
Solar minimum 1 =24.05.2011-16.11.2011 Solar minimum 2 = 01.06.2019 - 31.08.2022
Ascending phase 1=16.11.2011-01.12.2013 Ascending phase 2 = 31.08.2022 - 01.10.2024
Solar maximum 1=01.12.2013-01.07.2014 Solar maximum 2 =01.10.2024 - 31.10.2025

Descending phase 1 =01.07.2014 - 01.06.2019
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Geomagnetic Rigidity Cutoff

Minimum rigidity required to reach Earth.

The geomagnetic rigidity cutoff is a function that depends on position and, at a given location, on
direction and charge of incoming particles.

e ......... ....... ................. ......... ....... ...... ..... ............ ............ Genmagnetic rigiditycutﬂff

Rate [1/s]

—
o

1I-gligidity [GV]



Exposure Time[s]

300~

250

200

150

100

50

Exposure Time

Effective time (excluding detector dead time) above the maximum geomagnetic
cutoff inthe AMS FoV (for each rigidity bin).

10°
Rigidity [GV]

41



Acceptance

The acceptance is a function that describes the
angular and spatial efficiency of particle detection

AMS MC simulations:

* AMS istoo complex for an analytical description
* Model the detector geometry and its efficiency in correctly identifying particles

Nsel(R) 3 921_[

Acc(R) = Nyon(R) >

42



The acceptance is a function that describes the . Nse1(R) 2
) o . . Acc(R) = 3.9°m
angular and spatial efficiency of particle detection

0.1

Acceptance [m? sr]

0.09

0.08

0.07

0.06

0.05

0.04

Acceptance

Ngen (R) |

S N W O N N U S — Spline Fit |-

Rigidity (rec) [GV]
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Efficiency

The acceptance is computed on the MC simulations:

it is a good description of the reality?

|

We need to correct the acceptance using real data

DATA J

—c total efficiency correction on 4 sub-detectors of AMS

N (events passing reference selection + detector cuts)

N (events passing reference selection)

44



L]

Efficiency I‘II “ “ “‘

Correction Data/MC

Layer 1

l Probability of getting a good Layer 1 hit and a charge compatible
with a proton, given that we registered a good proton.

0.79
0.78
0.77 B
0.76

0.75 ; ; ; e i :
n.74 = ............................. ........ "..!‘lll;* ..... .................................................. ............................. .....................
R ] — A— S WO RN S S —— S— A—
072E T TS S A W A P é B
= ot e Data

E . . | = MCPrB1236

0.7
1-[}4 __ .......................................... ............................. ................ ........... ........ ....... .................................................. ............................. .....................

— ?—Splinan

0.9
1 10

Rigidity (rec) [GV]

Denominator

RTI cuts (see event selection
Any Physical trigger

Chi2Y <10 (Inner rigidity)

Hits on: L2 & (L3|L4) & (L5|L6) &
(L7|L8)

At least 5 Hits in Inner Tracker
0.7 <Inner Charge<1.5

Inner Charge / Inner Charge RMS < 0.4
Beta>0.4

0.5 < Upper ToF Charge <1.7
Mass Cut (Inner rigidity)

0.5 < Lower ToF Charge < 1.7
Less than 5 ToF Clusters

ToF Chi2 Coo <2

Only one inner track

No ACC fired

Inner Rigidity > IGRF Cutof

Numerator

* Denominator

 Chi2Y <10 (InnerL1 rigidity)

* 0.6<L1Charge<2

* Inside Inner Fiducial (InnerL1 rigidity)
* Inside L1 Fiducial (InnerL1 rigidity)
L1 Normalized Residual< 10 45



Efficiency I

Correction Data/MC

1.01

0.99

0.98

0.97

0.96

1.04 -

1.02 -

0.98

0.96
0.94
0.92

0.9

ToF Efficiency

Probability of getting B and a charge compatible with a
proton, given that we registered a good proton.

* Data .....................

| —— Spline Fit

e Correction Data!MC

10
Rigidity (rec) [GV]

Denominator

* RTlcuts (see event selection)

* AnyPhysicaltrigger

* Chi2Y <10 (Inner rigidity)

* Hitson: L2 &(L3|L4) & (L5|L6) &
(L7|L8)

* Atleast 5 HitsinInner Tracker

* Chi2Y <10 (InnerL1 rigidity)

* 0.7<lInnerCharge<1.5

* Inner Charge/Inner Charge RMS
<0.4

* 0.6<L1Charge<2

* Inside Inner Fiducial (InnerL1
rigidity)

* Inside L1 Fiducial (InnerL1
rigidity)

* L1 Normalized Residual<10

* InnerL1 Rigidity > IGRF Cutof

Numerator
e  Denominator
® Beta>0.4

* 0.5<UpperToF Charge<2.5
46



E Inner TraCker EfﬁCiency Peg$r;i;2t(2;;e event selection)

'l |l Probability of getting a track and a charge compatible with a proton, given * Any Physical trigger

that we registered a good proton with only information from ToF and Layer1. 0.6 <L1Charge <2

Beta>0.4

0.92 . A o e B T oo e (0.5« Upper ToF Cha rge <1.5

| S— — S — — + Lower ToF Charge > 0.5

0.88 ;_ ......................................... ............................. ..... ........................................... ............................. ..................... ° TOF Ch|2 COO < 2

0.86 N . ............................. .‘ ..... ........................................... . ............................. . ..................... A TOF Chi2 Time < 2

0.84 1 ..... ‘ ....... : ............ B .,, ................ ,‘ ............................................................................................................. R R R

080 o 2 a,  fmEmmEmmmEmEEn. * ToFTrackinside Inner Fiducial
= 0 T Dt St * ToF TrackInside L1 Fiducial

078 « TRD TrackInside L1 Fiducial

= ® Dam [ — e Lessthan 5 ToF Clusters

= MCPr.B1236 |

074 + Rigidity from Beta > IGRF Cutof

1

Efficiency I’.i

1.04
Numerator

e Denominator
®* Chi2Y <10 (Innerrigidity)
* Hitson: L2 &(L3|L4) & (L5|L6) &
(L7|L8)
* Atleast 5 Hitsin Inner Tracker
0.921 S S T | * 0.7<InnerCharge<1.5
ogz | — SplineFit * Inner Charge/Inner Charge RMS
1 10 <0.4
1<R<4GV (from Beta) Rigidity (rec) [GV] 47

1.02

0.98
0.96 |-
0.94

Correction Data/MC




Beta

21/03/2023 -12/07/2023

©
3 10°
v
B_ c 105
R = pc 10°
YA-
10°
102
m
p B
R = 10

Rigidity [Gu\}]rJ2

Counts
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Efficiency

Correction Data/MC

Trigger Efficiency = -

0.94 —
0.92 =

0.9
0.88

0.86 =
0.84 =
0.82 =

0.8

0.78

1.04 —

1.02

0.98 &
0.96
0.94

NUNB&PHY

& Nyng & PEY T NUNB & PHY

..... e, ******* ........ .i.""'
" ;E.lllll.iIr

+ Correction DataJMC

0.92 rectic (I
| — Spline Fit
Ug i i i i i i i S—
1 10

Rigidity (rec) [GV]

Denominator

* RTl cuts (see event selection)

* Chi2Y <10 (Inner rigidity)

* Hitson: L2 & (L3|L4) & (L5|L6) &
(L7|L8)

* Atleast 5 HitsinInner Tracker

* Chi2Y <10 (InnerL1 rigidity)

* 0.7<InnerCharge<1.5

* Inner Charge /Inner Charge RMS <
0.4

* 0.6<L1Charge<?2

* Inside Inner Fiducial (InnerL1 rigidity)

* Inside L1 Fiducial (InnerL1 rigidity)

* L1 Normalized Residual<10

* Beta>0.4

* 0.5<UpperToF Charge<2.5

* Mass Cut

* InnerL1 Rigidity > IGRF Cutoff

* Unbiased Trigger (PhysBPatt &
01000001)

Numerator

* Denominator

* Any Physical trigger
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Trigger Efficiency SRR

* RTlcuts (see event selection)

e Chi2Y <10 (Innerrigidity)

 Hitson: L2 &(L3|L4) & (L5|L6) & (L7|L8)
* Atleast5 HitsinInner Tracker

* Chi2Y <10 (InnerL1 rigidity)

Unbiased Charged (prescale: 1/100) * 0.7<InnerCharge <1.5

* Inner Charge/Inner Charge RMS<0.4
* 0.6<L1Charge<?2

* Inside Inner Fiducial (InnerL1 rigidity)

* Inside L1 Fiducial (InnerL1 rigidity)

Single Charge

Normal lon « L1 Normalized Residual <10
* Beta>0.4

Slow lon * 0.5<UpperToF Charge<2.5
e Mass Cut

Electron * InnerL1 Rigidity > IGRF Cutoff

* Unbiased Trigger (PhysBPatt & 01000001)
Photon

Numerator

* Denominator

* Any Physical trigger

Unbiased EM (prescale: 1/1000)
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Efficiency

Total Efficiency Correction

ETOT = €ToF €Trig €InnTrack €L1

T T T T T T T T | T T
- : +—
e e e e e e i
- i
- .
i

.............................................................................................................

é Trigger |
R ——— |nnarTragker ..................
........... Layer 1 :

Total cor;rection . H

Rigidity [GV
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Flux and Unfolding

Norm = In (100/0.5) / f01-<5)0

Unfolding is a procedure

Weight = gen * flux(gen) * norm

flux(R) dR

meant to correct for the — Data Proton
effects of detector Flux Model Efficiencies Rate

measurements when dealing

with binned data. R

Data/MC
Corrections

Montecarlo
Efficiencies

Montecarlo
Ntuple

Folded

lterative process: reweight
Acceptance

Montecarlo events to correct
at each iteration the
Montecarlo Efficiencies and
the Geometrical Acceptance.

Iteration [1-N]

Spline
Flux Model

For Iteration [0-N]
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   Φ i ( t , R ) =    N  s e l e c t e d , i ( t ,   R )  Δ  R i ⋅  T  e x p , i  ( t , R ) ⋅ A  ( R ) ⋅ ε  ( t , R )


   x  − B


  R c o r r  ( R ) = R + A  R   ( 1 − B )


   R i ( t , R ) =    N  s e l e c t e d , i ( t ,   R )   T  e x p , i  ( t , R )


   N selected   =


   T exp   =


  Φ


  Φ


  Φ


    Φ ( orbit )   − Φ ( 24   prev .     hours )  Φ ( 24   prev .     hours )   >   threshold


  Φ


    Φ ( orbit )   − Φ ( 24   prev .     hours )  Φ ( 24   prev .     hours )   >   threshold


    Φ ( orbit )   − Φ ( median   orbit )  Φ ( median   orbit )   >   threshold


  Φ


    Φ ( orbit )   − Φ ( 24   prev .     hours )  Φ ( 24   prev .     hours )   >   threshold


    Φ ( orbit )   − Φ ( median   orbit )  Φ ( median   orbit )   >   threshold


   Φ  ( orbit )   >    Φ  ( mean | 11   days ) +   N  σ  ( 11   days )


  Φ


    Φ ( orbit )   − Φ ( 24   prev .     hours )  Φ ( 24   prev .     hours )   >   threshold


    Φ ( orbit )   − Φ ( median   orbit )  Φ ( median   orbit )   >   threshold


   Φ  ( orbit )   >    Φ  ( mean | 11   days ) +   N  σ  ( 11   days )


  Φ


    Φ ( orbit )   − Φ ( 24   prev .     hours )  Φ ( 24   prev .     hours )   >   threshold


    Φ ( orbit )   − Φ ( median   orbit )  Φ ( median   orbit )   >   threshold


   Φ  ( orbit )   >    Φ  ( mean | 11   days ) +   N  σ  ( 11   days )


  A c c  ( R ) =    N  s e l ( R )   N  g e n ( R )     3 . 9 2 π  


  A c c  ( R ) =    N  s e l ( R )   N  g e n ( R )     3 . 9 2 π  


    𝑫 𝑨 𝑻 𝑨  𝑴 𝑪


    N   ( events passing reference selection + detector cuts))  N   ( events passing reference selection )


  β =   v c


  R =     p c  Z e


  R =      m  p  β   1 −    β 2


   ε tri   =      N  UNB   &   PHY    ∝ N  UNB   &    PHY -   +    N  UNB   &   PHY


   ε  TOT     =  ε  ToF         ε  Trig      ε  InnTrack      ε  L 1  


  Weight = gen ∗ flux(gen) ∗ norm


    ∫  0 . 5 100  flux(R) dR

