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The MSD workflow

Step-by-step review of the MSD data processing!
* RawHit — Hit

2 VA gain correction added \ /

TAMChit TAMSDrawHit

2 Correct flagging of noisy/dead strips TAMSDhit
* Hit — Cluster l
2 Clustering algorithm re-checked and updated
> . TAMSDcluster
n-correction
* MChit —» Hit — Cluster l
2 Updated to match new containers TAMSDPoint
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RawHit — Hit: VA gain correction

Strip-wise ADC correction } s
* 640 strips — 10 Voltage Amplifiers of 64 channels each } VA2
(64-127)
* Correct for gain difference
2 Fit Landau distribution for strip AE in each VA .
VA10
> Normalize MPVs } (576-639)
* New calibration file in SHOE R
> shoe/Reconstruction/calib/*/TAMSD_VA_gain.cal @ " st
’c§: 1.06 $
g 1.04|
1.02E
i
Same for all campaigns!! ose| t
osef—
- From G. Silvestre’s presentation
R ' e ] e e W K o e e e G e G v

0 1 2 3 4 5 6 7 8 9
VA number
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https://agenda.infn.it/event/35352/contributions/201064/attachments/106297/150724/Jun23_MSD_GM_ANALYSIS.pdf

Hit — Cluster: Clustering algorithm

Double threshold algorithm ADC)
* “Fire” threshold — Strip is considered “on”

———————— ~q{---------------Seed thr
* “Seed” threshold — Enough signal for cluster!
1) Start from seed strip
2) Add left/right strips until above fire threshold | ﬂH "HD __________ Fire thr

- >
cluster | strip
clus , T aw Z S Tofus = EZ SZ "Ly

Sclus,Taw
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Hit — Cluster: Updated clustering algorithm

Double threshold algorithm ADCA
* “Fire” threshold — Strip is considered “on”

———————— —4t-------------—-Seed thr
* “Seed” threshold — Enough signal for cluster!
1) Start from seed strip
2) Afld l.eft/rigl.lt strips unti} above fire threshold | ﬂH_ ____H _________ Fire thr

skipping noisy/dead strips al [0 L[] >
| cluster | strip
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Hit — Cluster: Updated clustering algorithm

Double threshold algorithm ADC)
* “Fire” threshold — Strip is considered “on”

———————— ~qt---—------------Seed thr
* “Seed” threshold — Enough signal for cluster!
1) Start from seed strip
2) Afld l.eft/rigl.lt strips unti} above fire threshold - ﬂH_ ____H _________ Fire thr

skipping noisy/dead strips 0 OU0 >
| cluster | strip

3) Add 1* two strips below fire threshold
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Hit — Cluster: Updated clustering algorithm

Double threshold algorithm ADCA
* “Fire” threshold — Strip is considered “on”
* “Seed” threshold — Enough signal for cluster!

1) Start from seed strip

2) Afld l.eft/rigl.lt strips unti} above fire threshold - ﬂH ____H _________ Fire thr
skipping noisy/dead strips OU0 >
cluster ' strip
3) Add 1* two strips below fire threshold
4) Avoid noisy/dead strips for signal/position calculation
good good & .
clus ,raw — Z S Lelus = Zz SZ o

Sclus,raw
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n parameter: refresh

Floating strip configuration — charge collection depends on particle hit position!

preamplifier preamplifier

:)\ A S R f)\ A SL - . b
S S
C L C R
R N | S | i . e e -
capacitance T

silicon bulk (150 um)

[ o ”' H'[T'; 'Eﬂ'" H'[T';

- backplane
SL capacitance
n = S, . = two highest strips in cluster ¢ H? 3 3 3 s =3 D
S _|_ S LR £ 5000 ] 8 g o) g S : 2
LT YR "THE & pe L 2 : B
n = relative signal fraction of 2 highest strips - g : g *
* Center of gravity in readout pitch units .
2000 f—
* Peaks due to capacitive coupling . - p L
H Ly e I
* Non-linear signal division btw strips T R
n
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n parameter: refresh

St

_ 7t | s
St + Sr

g = tWo highest strips i

n

n cluster

Data taking w/ focused laser

Highest strip (ADC)

800

700

600

500

400

300

200

100

From G. Silvestre’s presentation

Seed strip ADC
° Cl_uster A_DC

0

30 40 50=p60 70 80 100 110 120 130 140 150 160 170 180 19

Floating strips

| Ll | Ll L1 | L] L1l L 1 Ll Ll
0 220 230 240 250 260,270 280 290 300
AX (um)

Readout strips

24-26/06/2024

R. Zarrella

FOOT XVI General Meeting



https://agenda.infn.it/event/30579/contributions/172178/attachments/91768/124727/Silvestre_FOOT_May_2022.pdf

n parameter: GSI12021 data

104

0 A o S e S e S S S I EES S EE e = S P N, S S

0 0102 03 04 05 06 0.7 08 0.9 1
n

GSI12021 run 4303-4312
* 10 @ 400 MeV/u

Both MB and frag triggers
Both C and PE targets

V Sraw (o< Z) as a function of n

Different Z populations noticeable

No event selection
— some background everywhere

Many low signal clusters
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n correction: calibration strategy

Need to remove the n dependence
* Calculate expected AE for different Z in MC ~ — N\

Entries
)

—_

0*ihy

"

I)Keep only 1 cluster/sensor/event (max signal) " \
2)Isolate n-signal for different Z \( I
— global track + TW O e S o
3)Fit v/S at different n values . _—
4)Evaluate correction factor to
recover MC AE
5)2D-interpolation to obtain finer

correction map

—_—

[l 10°

102
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n correction: charge division

ADC,,,

! b | 10 s b b b b b b b b Lo b b b b e o Lo L s
00 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1 G0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1 OO 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1 OO 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1

n

10 GHH‘\\|\|\\l\f\\|\|||||‘l\ll‘lul‘lu\‘\ul‘l\l\ O|uu\uuu\uuluuluu\uu\uu\uu\uu\uu O|uu\uuu\uuluuluu\uu\uu\uu\uu\uu

% 04702 0304050607 0808 1 0 0.1 02 0.3 0.4 05 06 0.7 0.8 0.9 1 0 0.1 02 0.3 04 05 0.6 0.7 0.8 0.9 1 0 01 02 0.3 04 05 06 0.7 0.8 0.9 1
n n n n
* Charge identification + tracking coherent!!!! * Fit signal as function of n
* Fragmentation in air/MSD visible * Low statistics for p w/ this selection — Use other sample
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1 correction: signal-n fit

570' = X10°
O ] 2.2 2007
) i 2F 180
< ke 160
1'?2 140
e 120
1.2 C
10 1 100
0.8;— 80;
0.65— 60
0.4 F
0.2 O
TE i L .
o) L | e gop e e 0] 5 e e i e i i o
0 30 40 50 60 70 0 10 20 30 40 50 60 70
1 {ADC, |ADC,
x10” -
i 180,
. 160
- e 140
1 1200
0) 107 08 10D
0O 0102 03 04 0506 0.7 08 09 1 T r
r 80—
n O.Gj E
04: 60—
VAE o I i
k( S ) — MC 02— -
N, Oraw 3 ( ) A I b LW N
0 10 20 50 60 70 0 60 70
K raw\’] |ADC,,, |ADC,,
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ADC,,,

ADC,,,,

n correction: calibration

ADC,,,

o b b b L b b oo
OO 0.1 02 03 04 05 0.6 0.7 0.8 09 1
n

1

n
70 5701
102
< 60
50
10 40
30
20
| ;
10
0 10 el o 1 ey e e 0 im0 gl 7l 1 o 1 | T P L U PO PO SO ST IO PTO I
0 010203040506 070809 1 0.1 0.2 0.3 0.4 05 06 0.7 0.8 09 1 0 0102 0304 05 06 0.7 08 09
n n

n

Fit works fine for all Z>1, but what about protons?

107"

Lo s b b b b L oo
OO 0.1 02 03 04 05 06 0.7 0.8 09 1

.ﬂ.\.".\‘H‘|".‘VlH.‘\Hmm.m.‘.m.umu
OO 0.1 02 03 04 05 06 0.7 08 09 1
n

14
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1 correction: protons calibration

Look at only one sensor!

* Sensor response compatible btw each other 10l A
* Less low-signal background j \
* Start from He fits and rescale by a factor 2 — refit I

=
=z
—
p

10? 10°

—%‘—ﬂﬂ——
e
=

10

10?

—
T T TTTIIT
-

10//\ 4060

Recovered protons too!!
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N correction: calibration map

Putting everything together — n-correction map!!

20 Full calibration n-correction map

03 04 05
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1 correction: application to data!

Apply n-correction — Sensor response correctly flattened!!

Un-calibrated

n-calibrated

105 _ - - — 10

% 01 02 03 04 05 06 07 08 09 1 % 01 02 03 04 05 06 07 08 09 I
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1 correction: application to data!

Apply n-correction — Sensor response correctly flattened!! /AE[keV]

n-calibrated

B B o R B o e e o e =L e e N TR R 0 e e L im e Cimy . e s aia

o 01 02 03 04 05 06 07 08 09 1 b 01 02 03 04
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1 correction: energy loss in one sensor

Un-calibrated AE Calibrated AE
n - n
Q2 Q0
= =106
T @0
10°
I 108
10° - - /\
. J \j\\ 10%: ...//
104 ™ L - \/\/\-.f ~
: vﬂw""k...w 1 03 - Foperioog ";"h""""""aqh“
1037II\\ I | I I I B | B I B N I \\X103 EI\\\\I\\\II\\\II\\\II\\\II\\\II\\\I\\\\IX103
o 05 1 15 2 25 3 35 o 1 2 3 4 5 6 7 8 9 10
Un-corrected Energy loss dE [a.u.] n-corrected Energy loss dE [keV]
* Energy loss — double peak due to n removed * Still some artifact from saturation (N-O)
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N correction: multi-sensor energy loss

) 5>< 10° | Average AE
LGC_.) | GS12021 rund4310
D T | 0 @ 400 MeV/u
4f Smm C target
i Frag trigger { l
3: ) k
2- / k
1j\ Nf\ K
OLMJW [ I NI B bl et e e e P
0 1 2 3 4 5 6 7 8

24-26/06/2024

Avg A Eygp [MeV]

* Average energy loss between all sensors
* Too many peaks!!
* Mostly artifacts of noisy clusters/sensors

R. Zarrella

FOOT XVI General Meeting
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N correction: multi-sensor energy loss

Average AE

X
—
o

w
°

Average energy loss between all sensors

n 5 =
£ | | GS12021 rund310 » Too many peaks!!
c |
w [ |0 @400 MeV/u * Mostly artifacts of noisy clusters/sensors
4| 5mm C target * Switch to median???
i Frag trigger
3- Mean vs Median ‘

* Choosing mean or median as the best expectation value of a distribution depends on the outliers

ﬂ\ r(\ /\ @ Valore estremo)

Median < Mean Mean < Median Median = Mean
(a) Right-Skewed (b) Left-Skewed (c) Symmetric

Frequency
Frequency

—_ A}
BT T

[ [ [ | L] NI B bl et e e e P » Median, as the central value of a ordered set, is more
6 7 8 robust in presence of outliers

Avg A Eygp [MeV]

OO
—_
N
w
N
0]

Courtesy of G. Ubaldi
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N correction: multi-sensor energy loss

* Much better!!!

* QGet rid of artifacts

* Very good energy resolution!

3 Median AE
, X0
2 | GSI2021 rund310 A
5 6|0 @ 400 MeV/u
-| 5mm C target (
5 Frag trigger r
4 ;
] |
] B
1J\ / \
kAM\JMwE‘Tﬁr— A

4 5

6

7/

Median A E,;gp [MeV]

24-26/06/2024
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N correction: multi-sensor energy loss

Entries

3 Median AE

x10” : * Much better!!!

- | GSI12021 run4310 * Getrid of artifacts
6| YO @ 400 MeV/u * Very good energy resolution!

- S5mm C target
5| Frag trigger T

] /‘\J o 14: ! MSD energy resolution
4- 2 12

C =

- W 4o
3- 3

B 8: +

i | | -

1[_1] il \ 4: —

L 2:
OL\M\/\H/I\“}W%Ll B

0 i 2 3 4 5 6 7 8 9 10 O 1 5 3 4 5 6

Median A E;gy [MeV] A E [MeV]
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MSD-TW correlation

;200, -
O - | GSI2021 run4310 i

= 1801 ©0 @ 400 MeV/u
2 Anl |
|_|J|_1 60 Smm C target -
- Frag trigger —

<440

* Very good MSD-TW correlation!

* Possible to recognize many physics and
10? reconstruction effects
> Good correlation
> Out-of-target fragmentation
> 2-a pile-up
> Noise artifacts

10 > Event pile-up (?)

O "Fj"l'“f]‘“;%':ﬂ’r"'f“#"‘#="r;‘lﬁ5 - B '*\;'74. ':r."ﬂ i-f'r | Hf|||r'||~<
0 1 2 3 4 6 7 8 9 10
Median A E,,qp [MeV]
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MSD-TW correlation

;-200 - -
D - | GSI2021 run4310 B
=180 50 @ 400 Mev/u
B 102
|_|J§1 60/ 5mm C target - 10
- Frag trigger -
<4400 — | =

120
100
80
60

7 8 9 10
Median A E,,qp [MeV]

4

2

3

* Very good MSD-TW correlation!
* Possible to recognize many physics and
reconstruction effects
> Good correlation
> Qut-of-target fragmentation
> 2-a pile-up
> Noise artifacts
> Event pile-up (?)
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MSD-TW correlation

%200_ GSI2021 rund310 | * Very good MSD-TW correlation!

21 80| 10 @ 400 MeV/u " * Possible to recognize many physics and
§1 GOi 5mm C target — 10 reconstruction effects

> - | Frag trigger - > Good correlation

<440

> Out-of-target fragmentation

120 > 2-q pile-up
> Noise artifacts

100 > Event pile-up (?)

80 ™

MSD
60 -
TG VT
40 ”lHH‘ ..............
P30 RS PR e e ol TR [ LR B Hbh He e D
3 ;—4-*":L-*r'f-",-;‘-”-.-J-':;'- T !.'.}i;’(d"""”'. : ...-*-.-:::‘..
. el g e [ 1 e e
®» 1 2 3 4 5 6 7 8 9 10 &

Median A E,,qp [MeV]
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MSD-TW correlation

;200, m
O - | GSI2021 run4310 i
= 1801 ©0 @ 400 MeV/u
= . 1402
|_|J|_1 60 Smm C target = 10
- Frag trigger —

<440

Foumge g e g e = R

b 1 2 3 4 5 6 7 8 9 10
Median A E,,qp [MeV]

* Very good MSD-TW correlation!
* Possible to recognize many physics and
reconstruction effects
> Good correlation
> Out-of-target fragmentation
> 2-« pile-up
> Noise artifacts
> Event pile-up (?)

2 MSD clusters but
one TW point!

I 2 |

He
He

24-26/06/2024 R. Zarrella
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MSD-TW correlation

;200 B
D - | GSI2021 run4310
=180 50 @ 400 Mev/u
= -
1601 Smm C target

* Very good MSD-TW correlation!

* Possible to recognize many physics and
10° reconstruction effects

> Good correlation
> QOut-of-target fragmentation

Frag trigger

> 2-a pile-up
> Noise artifacts
Event pile-up (?)

i ooy pepieg g o porb By 1) 4rj|:1\ \f l ||r'|| 1
c 1 2 3 4 5 6 7 8 9 10
Median A E,,qp [MeV]
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Bonus: n correction in CNAQO2023

Apply n-correction — Same map works also for CNAQO2023 (all sensors to be checked!)

Un-calibrated n-calzbrated
- . Q E T S e e T 10°

A DCraw

~J
o
,I‘\.\“I,JH‘II\I\‘HI\‘\I\
!
|

TR ' 102

10

10

oO 010203040506070809 1 00 0102030405060708091
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Summary of software updates

* Macro for n-correction map (shoe/Reconstruction/macros/ComputeMsdEtaCorrection.C)
* TAMSDrawHit
2> GetCharge() — strip raw ADC readout
?> Fixed IsSeed and IsFired flags
? Noisy/dead strip flagged correctly (from pedestal calibration files)
* TAMSDhit
? GetEnergyLoss() — strip ADC with VA gain correction
* TAMSDcluster
? Clustering algorithm updated! = j—m— e —— — -

| .
* |
> n-correction now properly implemented k(n,S__) | © TAMChit

raw | I

, , , , »> Updated to match changes in data containers |
* Map will be used imported in all campaigns

?> GetEnergyLossNoEta()— Non-calibrated energy loss

2> GetEnergylLoss() — n-calibrated energy loss [MeV]
* TAMSDcalibrationMap

? Loaded and applied 2D n-correction map (+ 2D interpolation of correction factors)
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Conclusions

MSD updates!

Checked whole reconstruction chain from raw to cluster
* Updated clustering

* n-correction -> calibrated AE in MSD

* Very good correlation w/ TW and glb tracks

* Very good energy resolution in MSD!

* Need to re-check all MSD pedestals and clustering thresholds!! (IMPORTANT)
No check performed on MSD tracking or MSDpoints!

Need for someone else to do this, so... volunteers are welcome!

Many many thanks to Gianluigi and Alberto!!

(and to all my office mates for the patience... &)
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