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INTRO

cea DUCTION

b

CEA - Saclay

FOOT DETECTORS:

® New single-sided silicon tracking system used for the first time in
R3B for proton tracking, fragments ID and vertex reconstruction ;

® 640 strips, 10x10 cm? active area;
® 150 um thick;

FOOT Mapping s509/s522:
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1T PROBLEM

* In-beam FOOT: High multiplicity was observed in FOOT in beam;

e FOOTO Mult1=30% e FOOT 1 Mult! = 31%

e FOOT 14 Mult 1 = 5% e FOOT 15 Mult! = 27%




cea & MULTIHIT PROBLEM

e Arm FOOT (right arm): Most multiplicity 1 events;

e FOOT 3 Mult 1 =80% e FOOT 6 Mult1 = 83%
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Cea e

FOOT-MWPC TRACKING

e Decrease high multiplicity events using MWPC:

MWPC.:

e aX_mwpc = (mwOx - mw1x)/(mw0z - mw1z);
e aY_mwpc = (Mmw0Oy - mwTly)/(mwOz - mw1z);
e bX_mwpc =mwlx-aX_mwpc*mwlz;

— * .
o bY_meC = mW1y -aY_meC mW1Z, 0 z, (first point) z, (second point)

FOOT:

aX_beam = (ClusterPosX[0] - ClusterPosX[14])/(ClusterPosZ[0] - ClusterPosZ[14]);
aY_beam = (ClusterPosY[1] - ClusterPosY[15])/(ClusterPosZ[1] - ClusterPosZ[15]);
bX_beam = ClusterPosX[0] - aX_beam*ClusterPosZ[0];
bY _beam = ClusterPosY[1] - aY¥_beam*ClusterPosZ[1];

_0'9(1.01 -0.008 -0.006 -0.004 -0.002 0  0.002 0.004 0.006 0.008 0.01




CCa e/ ETA-ENERGY CORRECTION

* In order to decrease the multiplicity we decided to use FOOT energy correlations;

* |t exists a relation between energy loss and hit position. We need to correct this effect before

starting the correlations;

* In s509 the energy loss in FOOT is higher than s522, the eta-energy correction can be done in
a different way since it is easier to distinguish the fragments and beam components in the

eta-energy plot;

Nu FOOTH1 Nu correction FOOT1
Nu FOOT1 —— - , e | Nucorrection FOOT{
=—— Enlries 122182 = = g Entries 161595
== Mean x 0.4813 - | Mean x 0.4845 |

Meany 857.4 Mean y 938.6

StoDevx  0.3948 StdDevx 03974
= StoDevy 5231 StdDevy 4908 |

Sum energy
Sum energy




ce2 ETA-ENERGY CORRECTION

[
e ETA=0is the energy deposited in a single strip, we ° Multiplicity Tin FOOT0;
use as a reference for the correct energy of the hit; *  Multiplicity 1in TOFD, only considering plane 1;

e Align the energies for ETA>0 to the ETA=0 reference
value:

FOOT Energy

TOFD Charge

FOOT Energy

TOFD Charge



FOOT Energy

Cea

b

ETA-ENERGY CORRECTION

FOOT Energy

TOFD Charge

ClusterENew/i]= ClusterE[l]*a+b

ETA=0

y =2,9629x + 76,509

100 150

0.15<ETA<0.85




ce2 ETA-ENERGY CORRECTION

e

FOOTO_E[0]:TOFD_Z {FOOTO_Mult{0}==1 && TOFD_Mult1[0]==1 && TOFD_Detld==1 && FOOTO_eta[0]>0.2 && FOOTO_eta[0]<0.8}

Entries 31222
Mean x 5.643
Meany 1039
| StdDevx 09749
1 Std Dev y 279.3

FOOT Energy

TOFD Charge

e O<ETA<O0.15

'S




ce2 ETA-ENERGY CORRECTION

b

[CEA - Saclay |

Entries 15784
Mean x 0.2034
Mean y 475.6
Std Dev x 0.121
Std Dev y 2234

*  Symmetric behaviour;

e (O< ETA<O0.5;

e From0.5-1 the trend is symmetric to 0 - 0.5;

e  Cutusing TOFD charge information;

e Charge 6, 5, 4;

*  Fit with exp+pol0->3 calibration parameters for each

FOOT Energy

charge;
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 po 6.59235e+00 3.64642e-03 3.66854e-05 -8.94712e-03
2 p1 -1.38799e+01  1.18434e-01 6.73779e-04 -1.45277e-04 5 L —
3 p2 3.24633e+02 1.00192e+00 5.88986e-03 6.55427e-05 5 Mean x 0.2011
I 6 l\S/l'(?:iageyv X 02191842
A — - 8 Std Devy 157.4
TF1 *fZ4 = new TF1("fZ4","TMath::Exp(5.34286-22.9916*x)+101.193",0.,0.5);
TF1 *fZ5 = new TF1("fZ5","TMath::Exp(6.12994-15.9781*x)+216.47",0.,0.5);
TF1 *fZ6 = new TF1("fZ6","TMath::Exp(6.59235-13.8799*x)+324.633",0.,0.5); =
TF1 *fZ7 = new TF1("fZ7","TMath::Exp(6.95883-10.7827583*x)+381.679",0.,0.5); - St e

new TF1("fZ4NoOff","TMath: :Exp(5.34286-22.9916*x)",0.,0.5); - i47ﬁ4¥4‘¢‘¥65
new TF1("fZ5NoOff","TMath: :Exp(6.12994-15.9781*x)",0.,0.5); ' ' ' ’ '
new TF1("fZ6NoOff","TMath: :Exp(6.59235-13.8799*x)",0.,0.5); ETA
new TF1("fZ7NoOff","TMath: :Exp(6.95883-10.7827583*x)",0.,0.5);

TF1 *fZ4NoOff
TF1 *fZ5NoOff
TF1 *fZ6NoOff
TF1 *fZ7NoOff




Cea

e

o EtaCorr() Function;
* Input: Exp+polO fit functions, Energy, Eta;

e  Qutput: Energy corrected,;

1- if(Energy >EZ5 && Energy < EZ6)

2- GAP= (EZ6-EZ5);

3- Prop= (Energy-EZ5)/GAP;

4- Corrl=1 - fZ6->Eval(Eta);
Corr2= 1 - fZ5->Eval(Eta);

5- ECorr = Energy+prop*corr1+(1.-prop)*corr2.

FOOTO_E[0]:FOOTO_eta[0] {FOOTO_Mult[0]==1 && TOFD_Mult1[0]==1}

FOOT Energy

(R ‘.‘l.jm“ :v.- S
e gk

. | Entries 81661

Mean x 0.365

' E Mean y 863.2
_uli’|StdDevx 0.3648
"t | StdDevy 366.3

0O 005 0.1 0.15 0.2 0.25 0.3 035 0.4 0.45 0.5

ETA-ENERGY CORRECTION

h2_EnergyVsEta h

= Entries 100000
: Mean x 0.2497
b

-+ Meany 413.4

—7 Std Devx 0.1441

* 2 steps correction process:

1. Use EnergyCorr function.
->

2. Apply ETA energy correction
>

0O 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45



ENERGY CORRELATIONS

Cea e

* Energy correlation FOOT 0 and FOQOT 1 (in beam FOOT);

FOOT1_E[0]:FOOTO0_E[0] {FOOTO_Mult[0]==1 && FOOT1_Mult[0]==1} FOOTO_En(0] {MultD==1 && Mult0_old-=1)

Entries 50793
Mean 890.2

| Entries 86639 Std Dev 286
_| Mean x 752.8
Mean y 621.7
. -7 |StdDevx 421.3
- StdDevy 4475

1200 1400
FOOTO_En([0]

ProjectionY of binx=[229,278] [x=-132..168]
Entries 42984
Mean 1140
Std Dev 500.8

Number of Entries

800 1000 1200 1400 1600 1800 2000



—RGY CORRELATIONS

AL
Z

FOOT1_E[0]:FOOTO_E[0] {FOOTO_Mult[0]==1 && FOOT1_Mult[0]==1} ® E ne rgy corre | a'ti on FO OT O an d

[ e FOOT 1 (In beam FOOT);

T, |StdDevx 421.3
- StdDevy 4475

* Projection on y=x axis to
separate better the charges;

* Apply cut to reduce the high
multiplicity events;

FOOT1_EROT[0] {Mult1==1 && Mult1_old==1 && Mult0==1 && Mult0_

Entries 86639
Mean x 91.98
‘11| Mean y 972.5
Std Dev x 301.7
Std Dev y 535.5

800 1000 1200 1400

-800 600 400 -200

old==1}
Entries 43014
Mean 1274
Std Dev 364.3

1600 1800
FOOT1_EROTI0]



MULTIHIT PROBL
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° In-beam FOQOT after energy correlation cut:

e FOOTO Mult 1 from 30% to 50% e FOOT 1 Mult1 from 31% to 45%

Entries 347407
Mean 1.647
Std Dev 2.314

Entries 347407
Mean 1.46
Std Dev 1.875

e FOOT 14 Mult 1 from 5% to 37%

Mult14 Mult15
Entries 347407 Entries 347407
Mean 2.441 Mean 1.942
Std Dev 3.132 Std Dev 2.219
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NERGY CORRELATIONS

Cea e

Energy correlation between all 4 in
beam FOOT:

Selected only events within an energy
cut: Multiplicity 1 increased.

800 1000 1200 1400 1600 1800
FOOT1_EROT

e FOOTO0O Mult 1 from 50% to 60% o FOOT 14 Mult 1 from 37% to 40%

Entries 109123 Entries 78770

Mean 2.228 Mean 3.451
Std Dev 2.186 Std Dev 3.134

25
Mult14




Cea S/ VERTEX RECONSTRUCTION

CEA - Saclay

* Mult =1 in FOOT is under control:
e Ready to investigate proton track in arm FOOT and vertex reconstruction;
* Geometry informations from CAD model;

e Mult > 1:
e Correlations FOOT 0/1 and FOOT 14/15 as a tool to reject uncorrelated clusters;
e Make use of information from MWPCs:

FOOT1_E[0]:FOOT0_E[0] {FOOTO_Mult[0]==1 && FOOT1_Mult[0]==1}

‘o'%.m -0.008 -0.006 -0.004 -0.002 0  0.002 0.004 0.006 0.008 0.01

Alignment of Laser scan with CAD Model



Ccea

—

CEA - Saclay

VERTEX RECONSTRUCTION

e Minimum distance between al possible combinations of FOOT tracks from
the left arm and right arm;

Important quantities:

X_Vertex

X vertex m:Z vertex m

Entries
Mean x
Mean y

Std Dev x
Std Dev y

3136
-1.827
-4.797

36.68
22.52

Z Vertex

New Geometry for FOOT simulations in R3BRoot



v VERTEX RECONSTRUCTION

Cea

X _vertex m:Z vertex m

Entries
Mean x
Mean y

Std Dev x
Std Dev y

X_Vertex

Entries 3136
Mean x —-4.528
Mean y -1.165
Std Dev x 26.2
Std Dev y 17.21

3136
Mean x 0.6211
Mean y -1.098

Std Devx 37.49
17

Y Vertex

Y _Vertex

X_Vertex

Z_ Vertex



cea POSITION CORRELATIONS

e

FOOT10_X:FOOT3_X

FOOT10_X

e X position correlation
FOOT 3 and FOOT 10;

60
FOOT3_X

FOOT11_X:FOOT8_X

FOOT11 X
|
N
(6]

|
W
o

* X position correlation
FOOT 8 and FOOT 11;

-40
FOOT8_X



POSITION CORRELATIONS

FOOT10_X:FOOT3_X

FOOT10_X

ANRARY

| 1111

X verlex m

FOOT3_X

)

| Illlllllllllllllllllllll lllllllllllll

|

500
Z verlex m




FOOTO_E[0]:FOOTO_eta[0] {FOOTO_Mult[0]==1 && TOFD_Mult1[0]==1}

Entries

Meanx O
Meany 8
Std Dev x
StdDevy 366.3

FOOT1_E[0]:FOOTO_E[0] {FOOTO_Mult[0]==1 && FOOT1_Mult[0]==1}

New s522 calibration for

e  FOQOT Energy correlations
Energy-eta dependence; to investigate multihit
problem;
FOOT Energy .

Cut on energy correlation
on all in beam FOOT
decreased the multiplicity;

correlations to obtain a
better energy separation;

800 1000 1200 1400 1600 1800

FOOT1_EROT[0]

1

I RN A AR
2 4 6

T R AR A
16 22
Multo

Entries

Vertex reconstruction still
not well understood;

. Noisy ASICs?;

*  Mapping problem?;

Good correlation of in
beam FOOT with TOFD
energy loss;

Std Dev y
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CEA - Saclay

BACKUP SLIDES



Ccea INTRODUCTION

—

CEA - Saclay

* Important quantities tfor analysis after clustering algorithm:

. : energy information of the cluster (eta-energy dependence correction);

o . impact parameter, which characterises the interstrip position of
the hit;

 When 0, it means that the hit is exactly in the center of the readout strip and 1
means the hit is in the center of the next readout strip;

o . position obtained from the signal-weighted center-of-gravity;

o : number of cluster per events in each FOOT (Multiplicity);

e High multiplicity was observed in FOOT in beam, development a specific
treatment necessary to recover multihit events;



NTS

cea & LASER MEASUREM

CEA - Saclay




cea VERTEX RECONSTRUCTION

—

* Mult =1 in FOOT is under control:
e Ready to investigate proton track in arm FOOT and vertex reconstruction;
* Geometry informations from CAD model;

e Mult > 1:
e Correlations FOOT 0/1 and FOOT 14/15 as a tool to reject uncorrelated clusters;
e Make use of information from MWPCs:

e Minimum distance between al possible combination of FOOT
Entries 3136

tracks from the left arm and right arm;
Important quantitieS: x X_vertex_m:Z_vertex_m ‘ .I
an - Mean x -1.827 \
o

-4.797

36.68
22.52




Ccea

»&) VERTEX RECONSTRUCTION

CEA - Saclay

e Comparison between CAD drawing and YZ Vertex reconstruction:

Y vertex _m:Z vertex_m

Entries 3136
Mean X 0.6211
Mean y -1.098
Std Dev x 37.49
Std Dev y 17




Ccea

 ETA=0 is the energy deposited in a single strip, we use as a reference for the correct energy

of the hit:

e Align the energies for ETA>0 to the ETA=0 reference value;

Entries

Mean x
Meany

ETA-ENERGY CORRECTION

26030
0.3766
530.5

0.3617
396.7
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—RGY CORRELATIONS

AL
Z

Cea

b

FOOT1_E[0]:FOOTO_E[0] {FOOTO_Mult[0]==1 && FOOT1_Mult[0]==1}

Entries 86639
Mean x 752.8
Mean y 621.7
Std Devx  421.3
StdDevy 4475

1400




NEW GEOMETRY FOOT SIM




non-bonded strips

Q.
-
el

/p)
o

Q
e

| -

O
o]

SRR

STRIP CONFIGURATION

k\
V. Panin presentation




POSITION CORRELATIONS

e Correlation X Vertex
with bX MWPC:

* p2p condition;

o
o
o o . . N N w w - -

FOOT10_X:FOOT3_X

FOOT10_X

* X position correlation
FOOT 3 and FOOT 10;

10
90
80
70
60
50
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30
20
10
0




Entries
Mean

Std Dev
Underflow
Overflow

e / \Vertex without p2p condition;

* Integral = 9359;

800
Z_vertex_m

Entries
Mean

Std Dev
Underflow

o / \ertex with p2p condition:

* Integral = 984;

800 900
Z_vertex_m

B e / Vertex with p2p condition and
TOFD Z=5;

Integral
Skewness

* Integral = 49;

300 600 650
Z_vertex_m




X _vertex_m
(6]

o / \Vertex vs X Vertex
without p2p condition;

X_vertex_m:Z_vertex_m {T4}

X vertex m

o / Vertex vs X Vertex with
p2p condition;



cea FOOT POSITIONS

I

=t

II|III|III|III|III|III|III|III|

-l__l | | I | | | I | | | I | | | I | | | I | | | I | | | I | | | | | | |
400 420 440 460 480 500 520 540 560




cea POSITION CORRELATIONS

b

FOOT12_.Y
N
o

1l
llﬂl II
I l 1

W

i

U

* Y position correlation

FOOT 5 and FOOT 12;

X verlex m

e X vertex vs Z vertex
with cuts:

500
Z vertex m




