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Outline

Verify whether the INTT detector demonstrates
high detection efficiency, similar to the beam test,
in the p+p collision environment at RHIC.

$

Unlike during the beam test, the INTT detector in
operation has only two layers. Therefore, verification is
being conducted using the vertex.

Currently, verification is being conducted through simulation.



Method
Outer Layer \

Inner Layer

1. Get the coordinates of the cluster in the outer layer
in the single event.

2. Determine the expected range in the inner layer
using the collision point and cluster A. F7E &

3. Check for the presence of clusters within the expected range
and count the number of clusters in each case to calculate X
the detection efficiency.



2. Determine the expected range in the inner layer
using the collision point and cluster A.

1.Fitting using the outer cluster and the vertex.

y=ax+b

2.Calculate “Residual” between the fitting line
and the inner cluster using the following

equation:

Outer Layer \

I |
" Residual ,

Inner Layer |IINE"

a . x. — . . b
Residual = in — Yin ‘

a?—1

Wi d' 1.Set the expected range (window ).
indow In this case, the window is defined based on

the silicon strip width.
window = 78um -i(i=1,2,3,...)

BRI - N _
= © Silicon strip sensor
X 2 @ Thickness 320 um
S 3 . .
> 3 Width of strip 78 um
‘ < = 128 strips
- A: 16 mm (B:20 mm)~




., BRHBhE
-, 3. Check for the presence of clusters within the expected range and
count the number of clusters in each case.

g gy 1. Select the Inner Cluster that minimizes d? , calculated
Outr Loyer | using the residuals d,,and d, in the XY plane and RZ
. s‘Resu.i;. plane, respectively, based on the following equation:
V ‘ 2 2 0Oyy: Theresolution of the INTT sensor in the x-y
Win&o\&f d2 = <@) + (%) plane. 78 pm _ .
: Oxy o, o, : Theresolution of the INTT sensor in the z-axis.
; 20 mm
Tag the selected Inner Cluster to prevent it from being
* counted again.
wRA
x 2. Count the Outer Cluster as N,;; when an Inner Cluster
r=Jx*+y? r=cz+d exists within the expected range in the XY plane
(Residual < window) .
Outer | | /
. Residua 3. Count the Outer Cluster as N,,, ,;:Wwhen no Inner
Cluster exists within the expected range.
Nhi¢

(0] z oh 3% E =
*ﬁﬂ:’.;‘j]i Nhit + Nno hit 5



Used simulation

Simple simulation

« A particle (u7)/event

« P;=200MeV, 400MeV, 1 GeV

« #ofevents: 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0 rad, n =0

No dead channel

Evaluate the algorithm
using two simulations.

p+p simulation
« PYTHIAS8
« #ofevents: 10K
 Magnetic field : zero field
« Vertex: Fixed (x,y, z) = (0,0, 0)cm
« No Dead channel



Used simulation

Simple simulation

« A particle (u7)/event

« P;=200MeV, 400MeV, 1 GeV

« #ofevents: 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0 rad, n =0

No dead channel



Dead area (barrel junction).

Counts

1200

1000

800

600

400

200

Phi Distribution

|[|l|||

PhiHist
Entries 869481
Mean 0.024
Std Dev 1.821




Dead area (between sensors)

BUS Extender Silicon Module Silicon Module BUS Extender
HDI HDI
0.050 TYP
[1.3]
1
b
0.886
0.786
[20.0] - 5.039 e 3937
[128.0] [100.0]
- 5.118 s 4.016 -
[130.0] 0.008 —mfeu— [102.0]
[0.2]

®-length (single sensor) = 22.5 mm
F-length (active area) = 20.0 mm

Z-length type-A (single sensor) = 130.0 mm
Z-length type-A (active area) = 128.0mm
Z-length type-B (single sensor) = 102.0 mm
Z-length type-B (active area) = 100.0 mm



Interaction

Particle generation
lonization loss Multiple scattering by bremsstrahlung.
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Simple simulation

« A particle (u™)/event

« P;=200MeV, 400MeV, 1 GeV
« #ofevents: 10K

« Magnetic field : zero field

« Incident point: Fixed (x,y, z) = (0, 0, 1)cm

 Incident direction: ¢ =0 rad, n=0
« No dead channel

z®

! Type A Type Bi
10 : ! ;
s : i i
Dead erea ! | |
2mm n=0 i i i
5 | > Z
0 5 12.8 sg M



A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 200MeV

P, = 400MeV

PT = 1GeV

Residual Distribution

ResidualHistY

Residual Distribution

ResidualHistY

Entries
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Residual Distribution

ResidualHistY
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Mean -0.01870
Std Dev 0.3758
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12




. A particle (u™)/event
. # of events : 10K
. Magnetic field : zero field

. Incident point: Fixed (x, y, z) = (0, 0, 1)cm

. Incident direction : ¢ =0rad, n=0

. No dead channel

P, = 200MeV

Entries
S

10
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Residual Distribution

T IWIHII} T III[IIIl

T ]I]H]w

gaus mean = -0.00
gaus sigma =0.19
X =276.73

N, =114

b

ResidualHistY

Entries 10010
Mean -0.01642
Std Dev 0.3481
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Residual
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 200MeV

Residual Distribution

ResidualHistY y

I
o
ot 1

Entries 10010
Mean -0.01642

Std Dev 0.3481 Outer Layer \

r
' Residlal

Inner Layer [IE"
L
L

Window

Incident point

5 4 3 2 1 0 1 2

3 4 5
Residual

Y axis: Entries

X axis: Residual in X-Y plane

y=ax+b

X

Residual: Distance between Inner cluster and Fit line
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 200MeV

Residual Distribution

ResidualHistY y

gaus mean = -0.00

gaus sigma = 0.19
X’ =276.73
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|
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Entries 10010
Mean -0.01642
Std Dev 0.3481
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3 4 5
Residual

Y axis: Entries

X axis: Residual in X-Y plane

y=ax+b

Outer Layer \

r
' Residlal

Inner Layer [IE"
L
L

Window

Incident point

X

Residual: Distance between Inner cluster and Fit line
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A particle (u™)/event
# of events : 10K
Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0 P.. = 200MeV
No dead channel I
Residual Distribution — I
) [ ResidualHistY o 1
3 Entries 10010 C P SIS
-‘%103_ gaus mean = -0.00 Mean -0.01642 -q_) 0 9: 1‘,,,!
L E gaus sigma = 0.19 | Std Dev 0.3481 .9 -
- x =276.73 = B :,,-"’#
[ Nermtd wos- SPHENIX Simulation
10° 07 |
C 0.6:— J
10_ ’ | 05_ " Window = 1.014 mm
: | L | Detection efficiency 97.1%
0 l 0.4}
0.3
| MM L S T A
' ' ' ""‘ ' 0 02 04 06 038 12 14 16
_5 ] ® Residual WlndOW (mm)

Y axis: Entries
X axis: Residual in X-Y plane

Y axis: Efficiency
X axis: Window = 78um

(=123, ..

)
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 200MeV

PT — 400MeV

PT = 1GeV

Residual Distribution

ResidualHistY

Residual Distribution

ResidualHistY
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Residual Distribution

ResidualHistY
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 400MeV
Residual Distribution
ResidualHistY
w .
€ | gaus mean=-0.00 Entries 10135
e . Mean -0.01667
w .| 9aussigma=0.09 Std Dev 0.3466
107 w2 =327.08
- N, =118
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A particle (u~

)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 400MeV

Residual Distribution

Entries
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gaus sigma = 0.09
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window = 0.28
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ResidualHistY

Entries 10135
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Y axis: Entries

X axis: Residual in X-Y plane
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

Residual Distribution

é | gaus mean = -0.00
E i gaus sigma = 0.09
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Residual Window (mm)

Y axis: Entries

X axis: Residual in X-Y plane

Y axis: Efficiency
X axis: Window = 78um -i(i=1,2,3,...)
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A particle (u™)/event
# of events : 10K
Magnetic field : zero field /bremsstrahlun effects\
Incident point: Fixed (x, y, z) = (0, 0, 1)cm g
Incident direction : ¢ =0rad, n=0 o
No dead channel Electromagnetic
—4 > 7 wave
. — electron i
Residual Distribution 4 n
ResidualHistY i ResidualHistY
g = .0.00 Entries 10010 -l Entries 10135
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—HRIF(u™)/event
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ASIE: EE (x,y,2) = (0,0, 1)cm
A AME: ¢ =0rad, n=0
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Y axis: Entries

X axis: Residual in X-Y plane
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Residual Distribution > 1
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Y axis: Efficiency

X axis: Window = 78um -i(i=1,2,3,...)
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

P, = 200MeV

PT — 400MeV

PT = 1GeV

Residual Distribution

ResidualHistY

Residual Distribution

ResidualHistY
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A particle (u™)/event
# of events : 10K
Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm

Incident direction : ¢ =0rad, n=0
No dead channel

PT = 1GeV

Entries

10

10

10

-_

Residual Distribution

ResidualHistY

gaus mean = -0.00

Entries 10204
Mean -0.01870

gaus sigma = 0.05 \ Std Dev 0.3758

X' = 434.76

N, =131

ol

Residual
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A particle (u™)/event

# of events : 10K
Magnetic field : zero
Incident point: Fixed

field
(x,y,2z)=(0,0,1)cm

Incident direction : ¢ =0rad, n=0

No dead channel

P;r = 1GeV
Residual Distribution
ResidualHistY
[72] o "
q:) - gaus mean = -0.00 Entries 10204
e B . Mean -0.01870
] | gaus sigma = 0.05 \ Std Dev 0.3758
3| X’ = 434.76
10 - N, =131
10°F
10
] p II I
I il | N h |
I I I I I 1 | I [ | L1l | 1
-5 -4 0 1 2 3
Residual

Y axis: Entries
X axis: Residual in X-Y plane
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A particle (u™)/event

# of events : 10K

Magnetic field : zero field

Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0rad, n=0

No dead channel

Residual Distribution

gaus mean = -0.00

Entries

gaus sigma = 0.05 N
X’ = 434.76
N, =131

w

10

10

10

-5----012

Pr = 1GeV

>

ResidualHistY 0
Entries 10204 GC)
Mean -0.01870 - —
Std Dev 0.3758 .9
4=

LU

Residual

0.96 e
0.95[ T/-
-
094 | sPHENIX Simulation
0.93[ |
0.92[ |
-
-
> Window = 0.546 mm
0.9 |'| Detection efficiency 95.8%
0.89] |
|
0.88[ |
- .
0.87:IIJIJIIJIJL]LJLJIJ Jl]
0 02 06 08 1 12 14 16
Window (mm)

Y axis: Entries

X axis: Residual in X-Y plane

Y axis: Efficiency
X axis: Window = 78um -i(i=1,2,3,...)
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Used simulation

Simple simulation

« A particle (u7)/event

P = 200MeV, 400MeV, 1 GeV
# of events : 10K

Magnetic field : zero field ‘ Window 1mm : 97%
Incident point: Fixed (x, y, z) = (0, 0, 1)cm
Incident direction : ¢ =0 rad, n =0

No dead channel

p+p simulation

« PYTHIAS8

« #ofevents: 10K

 Magnetic field : zero field

« Vertex: Fixed (x,y, z) = (0,0, 0)cm
« No Dead channel
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Used simulation

p+p simulation

« PYTHIAS8

« #ofevents: 10K

 Magnetic field : zero field

« Vertex: Fixed (x,y, z) = (0,0, 0)cm
« No Dead channel

23



Event Display(p+p)

# Event

Multiplicity distribution

sPHENIX Simulation MultiHist
600 Entries 10000
= Mean 86.91
B Std Dev 31.54
500
400:—
300}
200}
100
O_l L1 1 | L1 1 | L1 1 | L1 1 I L1 1 | L1 1 | L1 1 J L1 1
0 20 40 60 80 100 120 140 160 180 200

# Cluster
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Event Display(p+p)

Multiplicity distribution

_ SPHENIX Simulation MultiHist
5600 R Entries 10000
Lﬁ B Mean 86.91
w L _ Std Dev 31.54
500|
400:—
300}
200:—
100
O_t L1 1 L1 1 | L1 1 | L1 1 ] L1 1 | L1 1 | L1 1 J L1 1
0 20 40 60 80 100 120 140 160 180 200

Low Multiplicity

# Cluster

# of clusters <40

Y Axis (mm)

Y
o
o

(5]
o

-50

-100

Event Display X-Y WlndOW 1mm Event Display R-Z

SPHENIX Simulation

I I T I N S Y N Y
-50 0 50 100

X Axis (mm)

-50

-100

50|

sPHENIX Simulation

v b beaa by baas
-250 -200 -150 -100 -50

1 Illtl\lllll\l {IJL
0 50 100 150 200
Z Axis (mm)
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Event Display(p+p)

Multiplicity distribution

_ SPHENIX Simulation MultiHist
5600— Entries 10000
T B Mean 86.91
* _ ‘ Std Dev 31.54
500|
4001
300
200
100
O_t |IIJ|I||I\|I\I|\IIIIIIJll]tll
0O 20 40 60 80 100 120 140 160 180 200

Low Multiplicity

# Cluster

# of clusters <40

High Multiplicity # of clusters >140

Event Display X-Y WI ndOW 1mm Event Display R-Z
sPHENIX Simulation

SPHENIX Simulation
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Cutting high-density areas

Event Display X-Y
T [
E100- 4
2 T .
> . . -
50— .
s - //
i ~ /l l
100 — Y
] | | | | | | | | | | | I | | | | | | | | | | | ' , ,
-100 -5V 0 50 100 Remove high-density areas in the Outer.

X Axis (mm)
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A
Outerl | ™
distance
Quter?2 \
\\\\\ ‘\\\\
The distances between Outer clusters = Density
for i =0; i < Clusters.size(); ++i
if (lay-=at(i) = 1) {
for | j = @; j < Clusters.size(); ++j) {
if (i == j || lay-=at(j) < 2) continue;
dx = Clusters[i] .X() — Clusters[j].X
dy = Clusters[i].Y() - Clusters[j].Y
d = std::sqrt(dx * dx + dy * dy);
d_hist—=Fill(d);
if (d < 18.0
labeledClusters. insert(i);
labeledClusters. insert(j};

Entries

Distance of clusters

49.73

100

distance (m m)

x10° d_hist
90— Entries 19637342
| Mean
il Std Dev  29.18
85—
80|
75
70|+
65|
60|
:I 1 11 I 1111 I 1 111 | 1 111 | 1111 | 1111 I 1 1 11 I 1 111 I 1111 | 1 111
0 10 20 30 40 50 60 70 80 90
- oy
= EE (&
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. PYTHIAS8
ReSUIt (p+p) . # of events : 10K

. Magnetic field : zero field
. Vertex: Fixed (x,y, z) = (0, 0, 0)cm
. No Dead channel

Residual Distribution . 0.9
n ResidualHistY (.C) -
(o] Entries 92839 vesessesseseesrsseeestd
'_E 045 gaus mean = 0.19 Mean 04778 -a_) 0_8__ ...... JUDUTES
C | gaussigma=024 Std Dev 0.8285 O - o
W - ¢ =1179165 = o7/
N, =197 w r SPHENIX Simulation
window = 0.73 0.6 p"ll
3 - .
10 oo 1 Window = 2.028 mm
i ~E Detection efficiency 80.8.%
I A 0.4f ¢
jll""_ : III
10’1 - |
- N I £l 0.3
- T.,r-- 0. r 2
i ek W] 1o 0.2/
ot g
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Issues
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It appears that there are pairs that should be selected but are not.
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It is necessary to investigate why these pairs exist and, if they should be selected,

consider improving the algorithm accordingly.
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