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Aim of this study

Improve electron tracking using INTT + calorimeters

— By adding calorimeter hit point, the tracking quality is expected to improve.
<Final goal> |dentify the particles using E/p and reconstruct J/y

<My study goal> Evaluate how improve the pr resolution by including the
calorimeter hits.

We expect the pr can be described by a magnetic shift angle (d¢) equation.

The coefficients (C; and () is estimated using single electron simulation.

— The function performance is evaluated by:
PT reco — PT truth
Opr = —————————————

pT,I‘eCO T reco — CI/L + Cz/L

Truth emission direction

L [cm]
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My Study Informations

Study Wiki Page:
https://wiki.sphenix.bnl.gov/index.php?title=INTT AnalysisWorkshop2024 TakuyaKumaoka

Git link of this study:

- Particle Generation Simulation Codes
https://github.com/sPHENIX-Collaboration/INTT/tree/main/general codes/tkumaoka/InttSeedingTrackDev/ParticleGen

- INTT Seed Tracking Codes « It will be explained in this slides of the algorithm part

https://github.com/sPHENIX-Collaboration/INTT/blob/main/general codes/tkumaoka/InttSeedingTrackDev/
InttSeed TrackPerformance/src/InttSeed Tracking.cxx

- INTT Seed Tracking Performance Estimation Codes « It will be explained in this slides

of the result part

https://github.com/sPHENIX-Collaboration/INTT/blob/main/general codes/tkumaoka/InttSeedingTrackDev/
InttSeedTrackPerformance/src/InttSeed TrackPerformance.cxx

How to run this study codes
https://indico.bnl.gov/event/24622/contributions/99967/attachments/58840/101806/2024Dec16 Kumaoka HowToRunMyCode.pdf
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https://github.com/sPHENIX-Collaboration/INTT/tree/main/general_codes/tkumaoka/InttSeedingTrackDev/ParticleGen
https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTrackPerformance.cxx
https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTrackPerformance.cxx
https://wiki.sphenix.bnl.gov/index.php?title=INTT_AnalysisWorkshop2024_TakuyaKumaoka
https://indico.bnl.gov/event/24622/contributions/99967/attachments/58840/101806/2024Dec16_Kumaoka_HowToRunMyCode.pdf

INTT Seeding Algorithm

o T.Kumaoka 2025/01/01 Meeting @ Online 4 /10 Gdo




INTT + EMcal Hit Matching Algorithm

(1) Find a inner INTT cluster having the closest ¢ ., (ntT <TempINTTIOMatching>
(2) Caclulate d¢/dr (outer INTT - inner INTT) <TempCalcdPhidR>

(3) Searching for an EMCal cluster (> 0.1 MeV) having the highest energy
in the ¢c, range Ppnpr - 5° < Peg < PiNT + APy + 10° ;> (70.087 rad)

dpcy = dpldr * (Reyca — R

<TemplnttCalMatch>

INTT)
EMCal

target
INTT
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https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L115
https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L136C28-L136C42
https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L151C25-L151C41

MVTX Hit Matching Algorithm

(1) Draw a circle using three hit points (IINTT + oINTT + EMcal)

(@) No fit approach (The last page result) (b) Use ROOT fit <sagittaRByCircleFit>
<RoughEstiSagittaCenter3Point> o
v 1 _ 2
(y_ R _(x_xc) _yc)
Y
« P
\‘\"//
6%
.< \:\
N x>
(X, Ve)

(2) Select Closest Points of I\/I\fI'X <AddMvtxHits>
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https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L219C24-L219C35
https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L295C4-L295C32
https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L343C7-L343C26

pt calculation way1

Sagitta pt equation
pr|GeV| = ¢BR
= 0.3B|[T|R|m]

Fitting the circle equation (y = \/ R? — (x — xS)2 + y.2)

for the three points (inner INTT, outer INTT, and
EMCal) and estimate the R.

Using this R, the pt can be calculated.
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Acculate p; Estimation Idea

We expect the p can be described by a magnetic shift length (L) &
equation. g
S
Now, | am estimating the coefficients (C; and C,) using single £
electron simulation. =
: : = INTT Cal X
— | need to estimate the function performance.
B PT reco — PT truth *
OPT = We do not know the truth emission direction.
pT,reco - Pr
5
< 3]
3 _ @
— e e
Q -
; =
qé) Or g
5 () L [Cm]
= E '
|_

INTT— Cal £ INTT  Cal X pr = C/L + GyIL
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Vertex Determination

X, Y position: <CrossLineCircle>

The cross point of the circle y B
drown by the hits connection

and the line between the (0, 0) e ' =Mcal
and the center of circle. =N

(0,0)

4 Xvitx, Yvix

Z position: X, Yt )I_Fc
The cross point of the line , T INTT
drown by the hits and the
horizontal line. . Ko o) ‘ 0 ;

Z, — FEMcal/tan 9

/

iytx — <EMCal — <
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https://github.com/sPHENIX-Collaboration/INTT/blob/main/general_codes/tkumaoka/InttSeedingTrackDev/InttSeedTrackPerformance/src/InttSeedTracking.cxx#L272

Tracking Performance Results
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Input Event File

Simulation: Single particle gun + GEANT4
— output: DST file format

Inject electron pt: 0-10 GeV/c

Inject range: ¢: —xton, n: —1to 1
GEANT4 Setting: Magnet 1.4 T
Detector: MVTX, INTT, TPC, EMCal, iHCal, oHCal
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sPHENIX Magnetic Field

Document Location

https://indico.bnl.gov/event/7081/attachments/25527/38284/
sphenix tdr 20190513.pdf

ROOT file Location

/lcvmfs/sphenix.sdcc.bnl.gov/calibrations/sphnxpro/cdb/FIELDMAP_GAP/65/
a9/65a930ed6de9c0e049cd0f3ef226e6b4_sphenix3dbigmapxyz_gap_rebuild_v2.root

Magnetic field strength and vector in sPHENIX inner detector region Field Strenzgtsh (7] a 200 — 2.5 =
200 : ) O

- O
180 o
180 &)
—
160 —{2 @

140 v 140 EERVIN N T

120
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Figure 12. Field Map of the sSPHENIX Solenoid
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Different behavior:
However, | do not know what is this
magnetic field.
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1 Dependency of the Emission Angle Shift d¢ by Magnetic Field

There is a possibility that the bending of a track by magnetic field is depends on 7.
a. The magnetic field is not completely uniform for .
b. Flight length in the higher 7 region is longer than the smaller # one.

E 0.1
single electron : [ [ E i
, pr=0-10GeV/c| .. . . |Enties 17737 s
:8_% Magnet: ~1 .4 m ...... ,,,,,, meanx 006977 g 0_08_
> IR - p— e VIGEN Y 5.153 o 5
31\ 7] <1 o S [Meanz  0.01151 © _*_—I—_|_ _|_—|—_*_ —
1} R e — Std Devx 0.1018 i | ——
—0.24 7 N
—QuA N — StdDevy 2822 | 0.061—
B | StdDevz 05831 [ - -
S | R -
? 4 ' ' ! | s P sk \ 'lil‘ B
' kit d vl L N
%Az ' N ‘.‘::mh:zn :":;'l 1':.' l:" 0.04 _ .
6/10 D  mwvin ""'”‘:.'f"""'.'f‘u ;-.j;_j;:,'f-;.j; i single electron :
: ! TR e (D " pr=0-10 GeV/c
X R L 1
C e (e " T 0.02— Magnet: ~1.4 [T]
6 ' » UERS * ~'~||llllll \ i
5 Q\rad\ .
lllIlllllllllllIlllllllllllllllllllllll
0 1 -1 -08 -06 -04 -02 0 02 04 06 0.8 1
- n

® The 1 dependency seems negligible.
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pT resolution

(reco - truth)/truth
INTT+oINTT+EMCal

Vertex+iINTT+oINTT+EMCal

= c
- . ~ .
3 500_ single electron : § 5001 Single electron : Mean =-0.090
°  lpr=0-10Gevc [y Mean =-0.057 pr=0-10GeV/c || Sigma = 0.20
- Sigma = 0.21 -
- Magnet: ~1.4 [T] - Magnet: ~1.4 [T]
0071 < 1 400 || < 1 A
300 300[-
200~ 200} |
100} 100/ \
Ollllllllll llllllllllllllllll 0—lllllllllll llllllllllllllll!lllllll!!J
-2 -15 -1 -05 0 05 1 15 2 -2 -15 -1 -05 0 05 1 15 2
PP, P/p,

MVTX+IINTT+oINTT+EMCal

E -
§ 700-single electron: 1 Mean = -0.13
-p1t=0-10 GeV/c Sigma = 0.15
600-Magnet: ~1.4 [T]
nl <1
500
400}~
3001
200(
100
O_ Illlllllllllllll
2 -15 -1 -05 0 05 1 15 2
®./p,

T.Kumaoka

2025/01/01 Meeting @ Online



d¢Emcal—oIntt—iIntt — P T truth fitting

L . o 9
Use fitting function > £ single electron
pl p2 O, 8— pt=0-10 GeV/c
Pr = pO +— + 5 § - Magnet: ~1.4 [T] *
dp de T gl <1
c 6|
9 P do -
® e~ 5/
5 - :
- 41—
Q -
= Cal .
(/)
A2 3
5 :
£ |2 H
= f -
- s ._
x :l!-'l|llillllllllllllllllllll|l.ll‘:l.ll'.|.:l‘!."l
8 06 04 02 0 02 04 06 08
I
d¢Emcal-olntt [ ad]
pl p2 2
pr=p0+—+ = = —0.085 — 0.26/x — 0.0019/x
X X
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pr resolution vs pr

MVTX+INTT+0INTT+EMCal p1 p2
Fitting Function way: pr = p0 +
dep d¢2

ordinal way: p;|GeV| = ¢BR

5 |

Q_'_

S~

II
h
"
’
l

“ - .- A T A - 2 ;
LR S S 2. T omA T j oy single electron :

& T R ST TR S pr.= 0-10 GeV/e
15 -7 D - T rE AT 1.5

Magnet:"~1.4 ﬂ"]

1 |17|<1 o s T

1

0.5[~

N T AL R U

l'l'|'i|ll' ltllll|1|]ll|lul||i|l'|ﬁ|| Jlllnhll

7

Probably it made
by mis-tracking
(reco-truth)/truth

~1 —smgle electrcn SRR PR EAE L
“pt=0-10 GeV/c

-1.5HMagnet: ~1.4 [T]

| <1

llllllllllllllllllllllll|llllllllllllllIlllllllll

2
o 1 2 3 4 |5 6 7 8 9 10
pT[GeV/c]

® For the pT fluctuation, the fitting function way is clearly better than the ordinal way.
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pr resolution with fitting function

MVTX+IINTT+oINTT+EMCal pl p2
N dp d¢
§ 700:— single electron : (| Mean = -0.13 g 600~ single electron :
- pr=0-10GeV/c || gigma = 015 - pr=0-10Gev/c | Mean = 0.082
600~ Magnet: ~1.4 [T] 500 Magnet: ~1.4 [T] ’ Sigma = 0.093
: [l <1 - nl <1 ‘l."
500 400 '
- l
400}
i ~ 300 -
300} -

: 200
200

i 100+
100} i

%2 15 -1 05 0 05 1 15 2
PP,

0— |
—2 ~1

-1.5

- The comparison is not fair because the fitting does not work well.
While the shape seems sharper than the old way.
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pr resolution with fitting function (pT slice)

1 GeV/c 5 GeV/c
S - .| § 220
Q - single electron : g " [ single electron : —= Ordinal way
- agnet: ~1.4 {T] ~ Magnet: ~1.4 [T] S =
350 7] =0 1801 _
- - =0 | = Fit function way
- == Ordinal way 160 Mean = -0.0035
300 ‘ Mean =-0.12 - Sigma = 0.17
- | Sigma = 0.08 1401
250/ | - 1 J
- ‘ | == Fit functionway | 1201 u
- Mean =0.16 N |
200:_ Sigma = 0.10 100}
150/ | 80F
- f 60|
100 N
- 40—
0: el 0 | N ol a : T am ...... . aNENE EEEEE RN | 4 | .Lh-..
-2 -1.5 —1 -0.5 0 0.5 1 1 -2 -15 -1 0.5 0 0.5 1 1

5 2 5 2
PP, P/p;

-The fit function does not work well in low pt region, and the peak also non-zero.
| have to check the fit function more.
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dé (reco - truth)

MVTX+INTT+oINTT+EMCal

EMcal " % o
| [
MVTX ‘

0.05

0 INTT

—-0.05

I,OT = 0-10 GeV/c
Magnet: ~1.4 |T

single electron:

7| <1

l | | | | I l

S o e

l I l

6 8

p [GeV/c]

10

count

10°

10

| |

A

_ single electron :

_ pr=0-10 GeV/c
- Magnet: ~1.4 [T]
- nl <1

p—
-
b—
p—
-
p—
-

Mean = 0.0010
Sigma = 0.018

| l | I | | | I

0.1
00 [rad]

—0.1 —-0.05 0 0.05

B 0 affect to the momentum calculation (p = pyp/sin 6).
It IS necessary to improve the quality using more sophisticated algorithm.
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dE

The track energy use the EMCal + iIHCal + oHCal.
Only the HCal cluster which locate on the closest @\, is selected.

count

Ly
iy
0.5
"I
ol
s |l H
: | | | | m_HDE_yx
5 I I I I III Entries 17734
iINTT 4L JII IIJII Il ‘I | Meanx  6.064
- Meany -0.01988
Std Devx  3.446
StdDevy 0.1766
_1.5111|lll|lll|lll|ll|l l|1|

O 2 4 6 8 |10 12 14 16 18 20
E [MeV]

® The SE/E distribution has a long negative tail.

It IS necessary to cluster or merge around calorimeter clusters or towers.
2025/01/01 Meeting @ Online
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Mean = 0.030
Sigma = 0.099

| 1 | ] | ] ] | ] ]
1 0.5

OoE/E



E/p

INTT+oINTT+EMCal I\/IVTX+|IN'I_I'+0IN'I_I'+EI\/ICaI |
% 3 i il i m g | -
o ' ' x S Mean =1.0
: 600 ,
o5l Sigma =0.32
i '. ' 'I.'I':'||‘i' 500/~
of .i._ll'"l.' Mean =1.1
r ‘o 200l Sigma =0.23
_ L '| 1
1.5 ' -
i 300}
1 :
200:-
T | |
) I [
0.5 100t - \L\
0 O:I L1 1 | L1 11 | L1 11 | L1 1 -"H-n-;-;,l_-.a _1-..;_J
0 2 4 6 8 10 0 0.5 1 1.5 2 2.5 3
p [GeV/c] Elp

The peak Is expected around 1 Iin the electron case.
=\/m2+p2, m<p — L =p)
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Remain Tasks
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Remanings

1. Implement a more sophisticated hit matching algorithm.
2. Study the calorimeter clustering algorithm.

3. Estimate tracking efficiency.

4. Run other particles simulation. (Hadrons)

5. Multi-particles simulation (ex: PYTHIA)
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Tracking Fail Events Ratio

Event Ratio
(1) Only single INTT Cluster (only iINTT or oINTT): ~7%

(2) Matching fail by the algorithm reason: ~2%

(3) Large pr tracking: ~8% (by mostly decayed events)
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== event7/2

80—
I :
60} !
[~ \'..h::-:.?
i s
40\ f___.f
- .
20} /
o_— -
—lllllllllllllllllllllllllllllllllllllllllllll
20 -10 0 10 20 30 40 50 60
i 60
o ==event12d =====
I 50
301 40
: _.r'.
o0 30
o[- 20
0‘_ - 10
i 0
_10TIIIIIIIIIIIIIII|IIIIIIIII|IIII|IIII|IIII|IIIIII
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(2) Fail Track Event Display Examples (~20%)

== event108

== event1/71

60 :
E —— event78 —==== 15_—
50_— -
: = 10_
40_— i
: - _
30| I 5l
20~ / i
i ol
10} ;: :
; i s
0__ o :
:I T T N T T T B R T o;— _10—
20 0 20 e e -100
i == event126 ===== -
i 20—
B ol
= 20—
-
_I L1 11 | | I | | L1 11 | L1111 | | I | | L1111 | L1 11 | L1111 I L1l ‘ I(‘)I -
0 10 20 40 70 80 v
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== event117
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(3) Large dpT Events Examples (~8%)

—IIIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIII]IIIIIIIIII

dPt, R, Xc, Yc =2.30278,
786.547,-174.141, 767.027

"
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40
- 30
20
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- 1542.13, -364.648, -1498.4 0
—20+ —
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90 -80 -70 -60 -50 -40 -30 -20 -10
80:—
o]
40:—
20|
| 222:dPt, R, Xc, Yc =11.0855 -
O__
_flso”1'éo”“—zlto””:lso”“éol”11101“/'5””

T.Kumaoka

40

60

80
20 hHitMapM
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Clastering way and the postion is very sensitive

for the p estimation. :
f'r :® B(n) [T]

— Need to modify clustering or shift position. : = Surface of Calo

== Center of Calo
== Energy Weight
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Calorimeter Clustering code

RawClusterContainer (<« Now | am using):
https://sphenix-collaboration.github.io/doxygen/d6/d12/classRawClusterContainer.html

RawCluster:
https://sphenix-collaboration.github.io/doxygen/d2/d4e/classRawCluster.html

| think the algorithm making calorimeter cluster is written in the
“ClusterBuilder” source codes . o
However, there are three codes having the name “ClusterBuilder”...

The RawClusterPositionCorrection seems important for tracking...
However, | have not yet read It.

https://github.com/sPHENIX-Collaboration/coresoftware/tree/

02804b5a691b92395e4aae83726ae2c04979c0e2/offline/packages/CaloReco ik

[5 -RaCvlusterBuiId'erGraph.cc

] RawClusterBuilderGraph.h

] RawClusterBuilderTemplate.cc
|| RawClusterBuilderTemplate.h
[1 | Raw?IusterBuinder‘Topo.cicW ,'
] RawClusterBuilderTopo.h

| RawClusterCNNClassifier.cc
| RawClusterCNNClassifier.h
| ] RawClusterDeadHotMask.cc
] RawClusterDeadHotMask.h
b C’Iustrsi;)Cection.cc
| RawClusterPositionCorrection.h .

| RawClusterZVertexRecorrect.cc

'] RawClusterZVertexRecorrect.h
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https://sphenix-collaboration.github.io/doxygen/d2/d4e/classRawCluster.html

Compare between EMCal Tower and Cluster

count

Single electron generator simulation L Iniection Particle Energy
injection pr: 0.5-1.5 [GeV/c] ;

n=0I|¢|l<nx
Calorimeter Tower :
("TOWERINFO_CALIB_CEMC") R B T v
<Towerlnfo> e e F
3 8 107F Calo Tower
3 ‘ ‘ o5l — Calo Cluster
Calorimeter Cluster - Calorimeter Cluster R 105;\\ single electron :
(“CLUSTER_CEMC") o | B 0515 Gevl
= - n=2., <r
<RawCluster> - RawCluster ’s get_r() 'k \‘L Magnet: ~1.4 [T]
; .h
1055— 1025— "u
; N nT|n|r',ll |
l 't RawCluster s get_energy()
100 I L 1§_lIIMIL_r|UI‘UIII
93 93.2 934 936 93.8 94 0 0.5 1 1.5 2 2.5 3 3.5 4
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https://sphenix-collaboration.github.io/doxygen/d2/d4e/classRawCluster.html
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