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On the previous episodes: Why we need MLEM?

Charged particles
ewtitted inside the body
suffer from absorption
and wmultiple scattfering
interactions in matter

meeting ARPG 21/12/2018



On the previous episodes: Why we need MLEM?

Charged particles
ewtitted inside the body
suffer from absorption
and wmultiple scattfering
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The reconstructed
distribution of the
secondary production
should take into account
the matter effect

meeting ARPG 21/12/2018 2 Micol Pe Simoni . a



On the previous episodes: Why we need MLEM?

Charged particles
ewtitted inside the body
suffer from absorption
and wmultiple scattfering
interactions in matter

The reconstructed
distribution of the
secondary production
should take into account
the matter effect

unfolding with MLEM

e se——
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On the previous episodes:
How we build the unfolding Matrix?

Starting from a sample of events generated by Fluka, we select

the secondary fragments produced within the target requiring:
¢

- Protons

- Energy in production > 49 MeV

- Angle in produetion > 20°

- Coordinate of production within 30 from the beam

meeting ARPG 21/12/2018 5 Micol Pe Simoni



On the previous episodes:
How we build the unfolding Matrix?

Starting from a sample of events generated by Fluka, we select
the secondary fragments produc;d within the target requiring:
Protons
Energy in production > 49 MeV
Angle in production > 20°
Coordinate of production within 3¢ from the beam

In order to apply the MLEM algorithwm correctly, the definition of
the unfolding matrix is crucial
R SAREESEHEaEs

Ai=mi/n;

w; = humber of particles reconstructed in the bin j
ni = nuwmber of particles that could intercept the detector and are produced
in the bin
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On the previous episodes:
How we build the unfolding Matrix?

Starting from a sample of events generated by Fluka, we select
the secondary fragments produc;d within the target requiring:
Protons
Energy in production > 49 MeV
Angle in production > 20°
Coordinate of production within 3¢ from the beam

In order to apply the MLEM algorithwm correctly, the definition of
the unfolding matrix is crucial
R SAREESEHEaEs

Ai=mi/n;

w; = humber of particles reconstructed in the bin j
ni = nuwmber of particles that could intercept the detector and are produced
in the bin

Absorption and wmultiple scattering are taken into account

——
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is MLEM working in the right way?

Check:
1. TEST 0: code validation

2.TEST 1: Statistical dependence
2. TEST 2: MLEM on MC reconstructed
4. Next step: test with a ‘data-like” condition _
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TEST 0: code validation

r

L Point of closest approach (backtracking)
True distribution

4000 — e
Starting distribution

- LI'HI,.Lﬂ Reconstructed distribution (MLEM)
— |
4 T

—I}‘q.u[} MLEM distribution: average of 10 unfolded
B + H‘ distributions.
Each distribution is obtained with a different

t
2000 — LﬁL_ matrix obtained in the same condition but with a

10 iterations

by | MLEM algorithm
-

different seed.

—

O 1 L1 l__l_ 1 1 1 I 1 1 1 1 1 1 1 /!};HL S N %LJ | L I | | | |

=20 —15 —10 10 15 20
z lcml]

The algorithm has been applied at the same sample of events used to build the
matrices
The initial quess ( ) has been chosen equal to the True Distribution
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TEST 0: code validation

r
=

4000 —

_ _ MLEM algorithm
10 iterations

b

Point of closest approach (backtracking)

True distribution

Starting distribution

Reconstructed distribution (MLEM)

MLEM distribution: average of 10 unfolded
distributions.
Each distribution is obtained with a different
matrix obtained in the same condition but with a
different seed.

T— ——

2000 —

1 L1 l_l
%0 35

The algorithm has been applied at the same sample of events used to build the
matrices
The initial guess ( ) has been chosen flat
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TEST 0: code validation

MLEM algorithm
i \ ] Point of closest approach (backtracking) - chOOSl“g a ﬂaf
% |:| True distribution
4000— Starting distribution
i i
Lrthﬁ || Reconstructed distribution (MLEM) , ‘l’ he
i 4 Lt tgt 8 .
T sensitivity in some
_ hins decrease buf,
Il for the unfolding,
®) B 1g 8
8 s R it is reasonable to
% MLEM algorithm o] use rr .
k‘ i ! \ Point o'f cI.ose.st approach (backtracking) - The algor'fhm has
4000|— ) Jedden been implemented
: || Reconstructed distribution (MLEM) correc‘l' ly
2000; BEHES BB
%0 45 20
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is MLEM working in the right way?

Check:
1. TEST 0: code validation J
2.TEST 1: Statistical dependence
3. TEST 2: MLEM on MC reconstructed
4. Next step: test with a ‘data-like” condition o
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TEST 1: Statistical dependence

MLEM algorithm

r S iterations ‘
- b

Point of closest approach (backtracking)
B F' True distribution
400[— v ﬁ} L Starting distribution
B Lﬂ+ 4 Reconstructed distribution (MLEM)
. mi .
. : L
5 ol 1 l Matrices: realized with 107 particles
00— - True distribution and backtracking with
B 'H:LI. 1/10 of the statistic
i T ‘ - Fﬁ*xﬁ
- — | r— -+ -
_ —le o £ kﬁ J::liﬂ‘ . - .
0 [N T T T T TR T B e -7 [ I——l_'—lﬁ}i’-_m RN S N T N
—20 —15 —10 -5 0 ) 10 15 20

Z [cml

The algorithm has been applied to a sample of 1/10 of the events used for the
matrices ,
The initial quess ( ) has been chosen equal to the True Distribution &

~r——
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TEST 1: Statistical dependence

MLEM algorithm

r 5 iterations
R

400

200

The algorithm has been applied to a sample of 1/10 of the events used for the

1 1 i

‘
-

|

Point of closest approach (backtracking)

True distribution

Starting distribution

Reconstructed distribution (MLEM)

oy

T
||||||—h— ;I;Ett?w_‘%ll|llll

Matrices: realized with 107 particles
True distribution and backtracking with
1/10 of the statistic

— —a

%0

matrices
The initial guess (

—15

=10

)

) has been chosen flat

10 15 20
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TEST 1: Statistical dependence

MLEM algorithm
B ] \ Point of closest approach (backtracking)
B [ ] True distribution
400— ﬁ. 1 Starting distribution
i - Lj 1.1_ . || Reconstructed distribution (MLEM)
B ' t
= i
P
r ‘ B | ‘1—'—*_2 -I~+LL J:ﬁ;‘ -+
) O 1 [ PRE T TN NN TR TR N R ?j‘: i [ IJEFE!—(-‘:L hﬂ% TR RN R R N T
c 20 -5 -0 -5 0 5 10 15 20
@) z [cm]
'ﬁ MLEM algorithm
L —
_,q_), \ \ Point of closest approach (backtracking)
(o) i I:l True distribution
L A)O B Starting distribution
B || Reconstructed distribution (MLEM)
200—
1 1 1 I I I I I
%0 15 20
z lcml
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- {he initial guess
) can

be chosen flat for
the unfolding

- With the reduced
statistics
unexpected peaks:
fluctvations?
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is MLEM working in the right way?

Check:
1. TEST 0: code validation J
2.TEST 1: Statistical dependence»
3. TEST 2: MLEM on MC reconstructed

4. Next step: test with a ‘data-like” condition _

TESTS
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ue distribution and backtracking with

TEST 11: Statistical jopendgnce Semsmsrmsnse

1/10 of the statistic

MLEM algorithm 5 iterations —
i Point of closest approa acktrackmg) B ‘ Point of closest approach (backtracking)
i |:| True distribution B |:| True distribution
400— Starting distribution 400— Starting distribution
B |:| Reconstructed distribution (MLEM) B :I Reconstructed distribution (MLEM)
200— 200}—
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MLEM algorithm MLEM algorithm
B ] Point of closest approach (backtracking) - \ \ Point of closest approach (backtracking)
) | True distribution 400— [ ] Truedistribution
00— Starting distribution N Starting distribution
B | Reconstructed distribution (MLEM) L |:| Reconstructed distribution (MLEM)
200(— 200—
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MLEM algorithm MLEM algorithm
| ] Point of closest approach (backtracking) B Point of closest approach (backtracking)
4001— [ ] Truedistribution B [ ] True distribution
Starting distribution 400[— Starting distribution
:l Reconstructed distribution (MLEM) B l:] Reconstructed distribution (MLEM)
200— 200
- . ‘ +‘{4+-
0 1 1 L L 1 1 1 I 1 1 1 1 I 1 1 1 1 | L fﬁ’tfﬁ% . | 1 1 1 1 0 1 L I 1 1 1 I 1 1 1 1 I : » il ; “' 1 1 %_l 1 | 1 1 1
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ue distribution and backtracking with

TEST 11: Statistical jopendgnce Semsmsrmsnse

1/10 of the statistic

MLEM algorithm 5 iterations S—
i Point of closest approa acktrackmg) B ‘ Point of closest approach (backtracking)
i |:| True distribution B |:| True distribution
400— Starting distribution 400— Starting distribution
B |:| Reconstructed distribution (MLEM) B :I Reconstructed distribution (MLEM)
200— 200}—
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MLEM algorithm MLEM algorithm
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is MLEM working in the right way?

Check:
1. TEST 0: code validation J
2.TEST 1: Statistical dependence J
3. TEST 2: MLEM on MC reconstructed
4. Next step: test with a ‘data-like” condition _
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TEST 2: MLEM on MC reconstructed

r : : ‘ MLEM algorithm
2 iterations

L A Point of closest approach (backtracking)

True distribution

40001— ‘[ Starting distribution
B Reconstructed distribution (MLEM)
2000—
B ]
O L1 . IZ_L AN E N N N R
20 —15 15 20
z [cm]

The algorithm has been applied at a MC reconstructed spectrum (using tracking and
backtracking) selecting only protons with the matrices selections.
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is MLEM working in the right way?

Check:
1. TEST 0: code validation J
2.TEST 1: Statistical dependence J
3. TEST 2: MLEM on MC reconstructed J
4. Next step: test with a ‘data-like” condition
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4. Next step: test wu’rha ‘data-like” condition

z closest approach

8000 =
7000 E
6000 f
5000 f
s000
3000 E
2000 f

1000 |

En lnes 1 691 51
Mean ~7.215
Std Dev 5.996
|
Z_ca_roi
Entries 42026

Mean -6.188

Std Dev 6.528

z_ca_glb_roi_Protons
— Entries 21179
10000 — Mean ~7.798
- Std Dev 5.657
8000 — Z_Cca_rol
- Entries 169151
B Mean -7.215
6000 — Std Dev 5.996
4000 —
2000 —
O L - I 1 1 1 1 l 1 1 1 1 l 1 L L L I 1 L L 1 I 1 L L 1 d L | — |
-20 -15 -10 -5 0 5 15 20
z [cm]
[ ]
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Real data
(Test beam @CNAQ)

MC reconstructed
considering tracks of
any particles

MC reconstructed
considering only fracks
of profons

MC reconstructed are normalized
considering the number of entries

—r———— ————EE—y
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4. Next step: test with a ‘data-like” condition

Real sitvation:

-

- The PP doesn't detect only protons
- Particles which arrive to the PP are not only the ones emitted by

the beam
30000 jpa_of reco trig | idpa_of reco_trig |
- ~) aes 304 - ; e
oo Protons - sebw _tor||  woE | | secondary particles  [Sf. i
- other light ions -
N d(S harticles reconstructed
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4. Next step: test with a ‘data-like” condition

Real sitvation: ﬁ
- The PP doesn't detect only protons

- Particles which arrive to the PP are not only the ones emitted by
the beam

ol Protons =l st _1o1]| == | | secondary particles tebo  “id

- other light ions

0 [ PR T ST N S T T SR N S T
0
d
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Thanks

Merry Christmas and Happy New Year




