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Modified calculation of angular resolution using tracklets (2points)

B Tracklets of outer MPGD + BTOF
e AQ = O(track) — 0(MC),

Ap = ¢p(track) — p(MC)
« 0 =arctan2(r, — 1,2, — z; ) = arctan2 (\/xg +yZ —\xF+yiz, — Zl)

to hpDIRC surface

Tracklets

* ¢ = arctan2((y; — y1), (X2 — x1))
A¢p [mrad] (6GeV, 92 <0< 94)
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tracklets_dphi

Entries 4605
Mean 0.002061
Std Dev 0.5534
X2 / ndf 190.9/115
Constant 216.0+4.6
Mean -8.278e-4 + 5.743e-3
Sigma 0.3569 £ 0.0049
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BTOF Hit (x4, y1,21)

Track

tracklets_dtheta

L Entries 4605
— Mean -0.01537
B Std Dev 0.4924
- Constant 2345+5.0
B Mean -0.01432 £ 0.00530
L Sigma 0.3300 £ 0.0045
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g = 0.330 + 0.005 [mrad]
o = 0.357 + 0.005 [mrad]




Modified calculation of angular resolution using tracklets (2points)

B Graph of the angular resolution for each BTOF material, particle momentum

A¢p [mrad] (6GeV, 92 <0< 94) AB [mradl (6GeV. 92 <0 <94 )
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Modified calculation of angular resolution using tracklets (2points)

B Graph of the angular resolution for each BTOF material, particle momentum
* The graph for 6 GeV shows that the line around the 4~5% material budget satisfies the 0.5 [mrad]
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Calculation of angular resolution using fast track (3 points)

BAngular resolution calculated from particle momentum in MC and
fast track (inner MPGD + outer MPGD + BTOF)

ElCrecon/src/global/tracking/tracking.cc

:ivector<std::tuple<std::string, std::string, std::string, std::string>> possible_collections =

"TOFBarrelHits", "TOFBarrelRawHits", "TOFBarrelRawHitAssociations", "TOFBarrelRecHit"},
"TOFEndcapHits", "TOFEndcapRawHits", "TOFEndcapRawHitAssociations", "TOFEndcapRecHits"},

"MPGDBarrelHits", "MPGDBarrelRawHits", "MPGDBarrelRawHitAssociations", "MPGDBarrelRecHits"},
"OuterMPGDBarrelHits", "OuterMPGDBarrelRawHits", "OuterMPGDBarrelRawHitAssociations", "OuterMPGDBarrelRecHits"},
"BackwardMPGDEndcapHits", "BackwardMPGDEndcapRawHits", '"BackwardMPGDEndcapRawHitAssociations", "BackwardMPGDEndcapRecHits"},
"ForwardMPGDEndcapHits", "ForwardMPGDEndcapRawHits", "ForwardMPGDEndcapRawHitAssociations", "ForwardMPGDEndcapRecHits"},

"B@TrackerHits", "B@TrackerRawHits", "B@TrackerRawHitAssociations", "B@TrackerRecHits"}

Full Track Reconstruction

nMeasurements
Track_
2500(— Entries 4995
C Mean 7.263
= Std Dev 0.8138
2000
o <NMeas>=7.3
1000
500
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Calculation of angular resolution using fast track (3 points)

BAngular resolution calculated from particle momentum in MC and

fast track (inner MPGD + outer MPGD + BTOF)
Ap = ¢p(track) — p(MC)
¢ = arctan2(x,y)

e AQ = O(track) — 0(MC),

e 0= arctanZ(\/x2 + y?,z ),

A¢p [mrad] (6GeV, 92 <0< 94)

AB [mrad] (6GeV, 92<06<94)

hit_dtheta_position

-7.984e-5 + 6.769e-3
0.2660 £ 0.0040

MC & Fast Track (3 points)

Use MC info Use Track info
Tracker (reconstructed by
> Inner MPGD Kalman filter &
> Barrel TOF k d
> Outer MPGD Tracker detector)

hit_dphi_position
- Entries 1813
60— Mean -0.04690
C Std Dev 0.6006
L ¥ / ndf 213.5/67
50 Constant 61.56 + 1.78
B Mean -0.04230 + 0.01362
L Sigma 0.5229 + 0.0081
40[-
301
20
O_II\ | ‘ 1011 ‘ | inimn Ill\ 1| I| iml) |IIFIIH'\|7 n1n ‘ 11
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og = 0.266 £+ 0.004 [mrad]
op = 0.523 + 0.008 [mrad]




Comparison of methods for calculating angular resolution

BFor Ag , flat graphs above 4 GeV

AB [mrad] (6GeV, 92 <6 <94 ) A¢ [mrad] (6GeV, 92 <6< 94)

3 _ 3
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Calculation of angular resolution using reconstructed full track

BAngular resolution calculated from particle momentum in MC and reconstructed track

e AQ = O(track) — 0(MC), A¢p = ¢p(track) — p(MC)

e § = arctan? (\/px2 + pyz,pz), ¢ = aTCtanz(Py, Dx)

* Angular resolution is given by Gaussian sigma

MC & Reconstructed Full Track

A¢ [mrad] (6GeV, 92 <0< 94) AB [mrad] (6GeV, 92 <6 <94 )
hit_dphi hit_dtheta Use MCinfo VS Use Trackinfo

200 ; Entries 4841 200 } Entries 4841 Tracker (reconstructed by

- Mean -0.03345 C Mean 0.01948 . .
180 Std Dev 0.6746 | 1801 Std Dev 0.6608 »  Silicon Vertex Tracker x| Kalman filter &

» 2 C 3

- X I ndf 125.8/110 - 2 129.9/ 115
160 Constant 163.1+£2.38 | 160— )éoiggfnt 162.5 + 3.0 »  Silicon Barrel Tracker x 2 Tracker detector)

- Mean -0.03437 £ 0.00894 C Mean 0.01758 + 0.00841 > Inner MPGD
140 Sigma 0.6092 + 0.0070 | 140 Sigma 0.5734 + 0.0066 > _ Barrel TOF

- - > Outer MPGD
120 120
100 100
80| -

- 80— gg = 0.573 1+ 0.007 [mrad]
60 -

- 60 op = 0.609 + 0.007 [mrad]
401 401
20— 201

: b dd ko =lnlrho [ O 'V 1| 1111 L 111 L1 [ N I L L1 b ‘ 1 111 : 1 L 1
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Calculation of angular resolution using reconstructed full track

B Graph of the angular resolution for each BTOF material, particle momentum

A¢p [mrad] (6GeV, 92 <0< 94) AO [mrad] (6GeV, 92 <8 <94 )
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Calculation of angular resolution using reconstructed full track

B Graph of the angular resolution for each BTOF material, particle momentum
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Define the exact location for this calculation of resolution

B More precise hpDIRC surface configuration
(https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml)

AB [mrad]
hit_dthet
hpDIRC surface geometry - ——
800 E’“‘{f‘—_“‘m“””aceg’;yz ale Mean 0.02265
- T e s ntries -
- . e Meanx 02083 | 40— i’:‘i 2:: 7 g?;‘?g
600+ e M 0.4095 - :
- | st borx 366 a5F Constant 32,62+ 1.41
4000 StdDevy 5456 - Mean  0.01593 + 0.01862
- - Sigma 0.5450 + 0.0153
- 30
200} -
- 250
ol - .
s 201
-200[ =
400 -
- 10
[ B —
~.600— | 5
_80%_ IR B R AR |h‘] NI ]yr I B R R 0 :I l 1 l 00 | | ] .
800 -600 -400 -200 O 200 400 600 800 5 3 5 1 0 1 2 3 4 5
X [mm]

Single particle : = , 1000events, npsim
Momentum : 6 [GeV/c]
Direction 0" < ¢ <360, o = 0.5450 £+ 0.0153 [mrad]

2024/11/19 92°< 0 <94 > (n) = —0.05 13



https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml

Use tracklets of MPGD + BTOF

»0,p(MC) : Calculated from MC information for each detector hit
edmd4hep::SimTrackerHit - “TOFBarrelHits”, “OuterMPGDBarrelHits” get position (x, v, z)
(X1, Y1, 21) (X2, Y2, Z2)

* Calculated the angle of incidence of the particle into the hpDIRC from the truth hit position to the
detector

Vector to DIRC (x, — x1,y2 — ¥1,22 — 21)

e 0 = arctanZ(\/(xz —x1)% + (2 —y1)% (22 — Z1))
+ ¢ = arctan2((y; — y1), (X2 = x1)) Tracidets

MPGD Hit (x4, 2, 25)

BTOF Hit (x4, y1,21)

321 edmé4hep: :SimTrackerHit:

322 Description: "Simulated tracker hit"

323 Author: "EDM4hep authors"

324 Members: TraCk
325 - uinté4_t cellID // ID of the sensor that created this hit

326 - float eDep [GeV] // energy deposited in the hit

327 - float time [ns] // proper time of the hit in the lab frame

328 - float pathLength // path length of the particle in the sensitive material that resulted in this hit

329 - int32_t quality // quality bit flag

330 - edmihep::Vector3d position [mm] // the hit position

331 - edmihep::Vector3f momentum [GeV] // the 3-momentum of the particle at the hits position

332 OneToOneRelations: 14

2024/11/19 333 - edmi4hep::MCParticle particle // MCParticle that caused the hit



Use tracklets of MPGD + BTOF

>0, p(track) : Calculated from Track information for each detector hit

edmd4eic::TrackPoint = Using the position of the particles along the reconstructed track
on each detector

Track reconstruction : use Kalman filter & tracker detectors (vtxX3 + siliconX2 + MPGDs + BTOF)
Along the reconstructed track and equal to r of the MC hit Vector to DIRC (x, — x1, ¥, = y1,2; — 24)

MPGD Hit (x4, 2, 25)

6 = arctanZ(\/(xz —x1)% + (V2 —¥1)% (22 — 1) ) Tracklets
¢ = arctan2((yz — y1), (x2 — x1))

BTOF Hit (x4, y1,21)

Track

The resolution was calculated by comparing the position on the detector with the value
from the MC or the value from the track.

2024/11/19 o



Use tracklets of MPGD + BTOF

Vector to DIRC (x, — X1, Y2 — V1,22 — Z4)
B Tracklets of outer MPGD + BTOF 2" XYz = Yui T4
e AQ = O(track) — 0(MC), A¢p = ¢p(track) — p(MC) - VPG Hit s v )
Tracklets
* 0= arctanZ(\/(xz —x1)% + (Y2 —y1)?, (25 — Zl))
* ¢ =arctan2((y, — ¥1), (X2 — x1)) BTOF Hit (x,, yy, 1)
A¢ [mrad] Ae [mrad] Track
- ‘ i tracklets_dphi tracklets_dtheta
- Entries 955 B Entries 955
50 ? Mean -0.01808 | gol gltzagev 0601 jg?
a5 )S(ztci oo sovares | | X’ I ndf 67.02/ 51
400 Constant 4469+213 | 5ol Constant 48.07 £2.33
- Mean -0.004038 + 0.012370 - Mean  0.02130 +£0.01154
35 Sigma 0.3280 + 0.0101 = Sigma 0.3064 + 0.0097
- i 40—
30 0 B
25/ 30
20/ -
151 20;_
10;— 1 10}
OT_nHHMﬂ.HlﬂHHMH RN RN rr‘lm{ﬂ“‘\uuﬁﬂ”m 07\\I\|\IIH|\H\I|IHHH\\\I\l\\\\ o ldo o T bmias
5 4 -3 -2 A 0 1 2 3 4 5 S5 4 3 -2 A1 0 1 2 3 4 5
16

2024/11/19 o = 0.3064 + 0.0097 [mrad]




Use tracklets of MPGD + BTOF

B Tracklets of outer MPGD + BTOF
e AQ = O(track) — 0(MC),

0= arctanZ(\/(xz —x1)* + (y2 —y1)? (22 — 21) )

* ¢ = arctan2((y; — y1), (x2 — x1))

AB [mrad]

4.5

A¢p = ¢p(track) — p(MC)

92<0<94, <n>=-0.05

35 [
3 f
25 |
2 |

A © [mrad]

15 |
1 f

05 [

tracklets
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Ad [mrad] 92<68<94, <n>=-0.05

VectOI" tO DIRC (xz - xl,yz - yl’ZZ - Zl)

MPGD Hit (x5, y,, 23)

Tracklets

BTOF Hit (x4, y4,2;)

Track

45 |
35 [
3 |

A ¢ [mrad]

=
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o
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o
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Resolution with and without BTOF material at all

Bwithout BTOF material - Change all BTOF material to “vacuum”

sensitive="true" width or 1" length="Bar

name= ) material="Vacuum" sensitive="f: ' elTOF_| width" length="B
rrel\TOF_ sition" y=' z="@"
t
EN material="Vacuum" sensitive="fa ' width="BarrelTOF_| width" length="BarrelTOF_1 "B cin_ : vis="TOFCSkinV
rrelTOF_Service sition" y
t
£ nami ooling V un width="B _width" length="Ba OF_1 th1l" thickness="B
rrelTOF_CoolingTube_positior 7
t
name="coolant" material="Vacuum" sensitive="fa ' vis="TOFCoola
rrelTOF_Coolant_position" y:

material="Vacuum" sensitive="fal i 3 h o _thickne vis="TOFCFoamVis"
tion" y="g" z="g"
t

rrelTOF_C
t
uum" sensitive="1f 0F_Mod idth" length=' 1 i ~relTOF_CFSkin_th
rrelTOF
t

cuum" sensitive="f "BarrelTOF_Module_width" length="Barrel 1 h1" "BarrelTOF_Hybrid_thic

rrelTOF_S

AB [mrad .. Ao [mrad

45 Entries 960 C Entries 960
C Mean 0.003897 C Mean 0.02351
9 2 < e < 94 p= 6 G eV 40 Std Dev 05779 35 Std Dev 0.6566
— E ¥ 1 ndf 50.72168 £ %2 / ndf 7123174
35 Constant  36.53 & 1.56 30 Constant  29.82  1.30
£ Mean 001004 + 0.01668 L Mean  0.02452 £ 0.02025
30 Sigma  0.4945 +0.0134 25: Sigma  0.5936 +0.0169
250 E
E 201
20 E
E 15
15F- F
£ 10K
10 £
2024/11/19 i3 a 18
b Loy low s o e L 0 e | SR I P RN« WA N I B [ A Y
5 4 3 2 -1 0 1 2 3 4 5 4 -3 2 41 0 1 2 3 4 5



Resolution with carbon fiber BTOF

BChange CarbonFoam(0.09 g/cm3: 0.7%[X,/X]) to CarbonFiber(1.5 g/cm?3 : 2.8 %[X/X,]

Tracker Barrel Modules

minum" sensitive="fal
sensitive=""fa

name="cfoam" material="CarbonFiber" sensitive
tion" y="g" z="@"

comb" material="CFRPMix" sensitive="fals
arrelTOF_CFoam_

sensitive="fa

ridbottom" material="Kapton" sensitive="fal
ice_position" y=

AB [mrad

gthl" thickness="BarrelTOF_Se _thic vis="TOFSens

gthl" thickness="BarrelTOF_Hybr ck vis="TOFHybrid

relTOF_Module_width" length= TOF_lengthl" thickness= 1TOF_CFSkin_thick vis="TOFCSkinV

elTOF_CoolingTube_width" length="BarrelTOF_lengthl" thickness: elTOF_CoolingTube_thick vis="TOFCoolingTubeVis"

elTOF_Coolant_width" length=" 1TOF_lengthl" thickness= relTOF_Coolant_thickne

width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CFo t K "

relTOF_CHon b dth" length="BarrelTOF_lengthl" thickness="

thickn

" width= rrelTOF_Modul idth" length= OF_lengthl" thickness=

elTOF_Module_width" length=

hit_dtheta hit_dphi
40— Entries 966 r Entries 966
9 2 e 9 4 — 6 G V F Mean 20001228 F Mean 0.008515
< < 2 D - e 35 Std Dev 0.7353 30— Std Dev 0.8045
i E X' I ndf 80.87 /85 r X% I ndf 83.48/92
C Constant 28.86 + 1.31 C Constant 26.56 +1.17
301 Mean 0.009276 + 0.021121 25— Mean  0.02581 +0.02267
F Sigma 0.6026 + 0.0189 E Sigma  0.6516 + 0.0188
25— [
F 20—
20 L
F 151
151 F
£ 10~
10 r
2024/11/19 sE 5-
b andlet b e Lol PRV TP INR..  PL A
- 4 3 2 1 0 1 2 3 4 5 4 3 2 1 0 1 2 3 4
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+1-2% material to BTOF and study its impact

BChange CarbonFoam(0.09 g/cm?3: 0.7%[X,/X]) to CarbonFiber50D(0.75 g/cm3 : 1.7 %[X,/X])

name="sensor" material="Silicon" sensitive="true" width="BarrelTOF_Sensor_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_Sensor_thickness" wvi TOFSensorvis"
x="BarrelTOF_Sensor_position" y="0" "

name="hybridtop" material="Kapton" sensitive="false" width="BarrelTOF_Module_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_Hybrid_thickness" vis="TOFHybridVis"
x="BarrelTOF_Serv osition"

false" width="BarrelTOF_Module_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CFSkin_thickness" vis="TOFCSkinVis"
nam coolingtube" material="Aluminum" sensitive='"false" width="BarrelTOF_CoolingTube_wi ' length="BarrelTOF_lengthl" thickness="BarrelTOF_CoolingTube_thickness" vis="TOFCoolingTubeVis"
x="BarrelTOF_CoolingTube_position" y="0"

name="coolant" material="NOVEC720
x="BarrelTOF_Coolant_position"

=""BarrelTOF_lengthl" thickness="BarrelTOF_Coolant_thickness" vis="TOFCoolantVis"

x="BarrelTOF_CFoam_position" y="@"

name="choneyco i CFRPMix" sensitive al width="BarrelTOF_CHoneycomb_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CHoneycomb. < vis="TOFCHoneyc
x="BarrelTOF_CHoneycomb_position" y="@" z="-1xBarrelTOF_CFoam_thickness"

name="cfskinbottom" materia CFRPMix2" sensitive="false" width="BarrelTOF_Module_wid length="BarrelTOF_lengthl" thickness="BarrelTOF_CFSkin_thickness" wvis="TOFCSkinVis"
x="BarrelTOF_Service_position" y=

name="hybridbottom" material="Kapton" sensitive="false" width="BarrelTOF_Module_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_Hybrid_thickness" vis="TOFHybridVis"
x="BarrelTOF_Service_position" y= 2="@"

name="CarbonFiber"

type="density" value="1.5" unit= 92 < 9 < 94 ) D = 6 GeV - . hit_dtheta o5

n="@.65" ref="C" 35 Mean 003923

. . » " F Std Dev 0.6758

n="0.35" ref="Epoxy F ¥ I ndf 60.49 /74

30— Constant 29.16 + 1.27

E Mean -0.03995 + 0.02159

name="CarbonFiber_50D" 250 Sigma  0.6222 £ 0.0187
type="density" value="0.75" F
n= IB. 65“ ref:llcll 20;
n="0.35" ref="Epoxy" 15
10

2024/11/19
I T | N | | A

83 -2 A1 0 1 2 3 4 5

hit_dphi
40 Entries 969
Mean -0.01624
35 Std Dev 0.7658
XZ / ndf 64.60 /90
Constant 29.19+1.26
30 Mean -0.02384 +0.02112
Sigma 0.6164 + 0.0177
25

20

15

10

T T[T T T [ TT T T[T T[T T[T T ITTI[ITrr]|
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Results for some changes in particle momentum and BTOF material

BMAJ : Reconstruction & Tracklets

2.5

A ¢ [mrad]
tn

[

05

reconstruction,92 <0 <94, <n>=-0.05

|

|

Aluminum  :~7.1%(X/X0)
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CarbonFiber_50% :~1.7%(X/X0)
CarbonFoam :~0.7%(X/X0)

no material
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' .
2 6 8 10
Pmc [GeV]
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2.5

=
«n

(=Y

05

tracklets,92 <8 <94, <n>=-0.05

Aluminum  :~7.1%(X/X0)
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no material
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Results for some changes in particle momentum and BTOF material

BAO : Reconstruction & Tracklets

reconstruction,92 <0 <94, <n>=-0.05

2.5
{ Aluminum  :~7.1%(X/X0)
2 | | CarbonFiber :~2.8%(X/X0)
' % CarbonFiber 50% :~1.7%(X/X0)
s CarbonFoam :~0.7%(X/X0)
5 no material
£
=) )
< 1 i
; 1
L 1 .3 .
05 | . ! L
I H &
o 1 1 1
0 2 4 6 8 10
pmc[GEV]
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=
v

(XY

05 |
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Remaining tasks (Plan)

1. Use tracklets of MPGDs + BTOF (3 points)

Track reconstruction with only 3 detectors with better time resolution compared to vix tracker &
silicon tracker

Need to confirm the results as they show a different trend from Matthew's results who performed a
similar simulation. . Skt e

= 4 : - g
b o . 24.06.0/1.14.0'
https://indico.bnl.gov/event/24221/contributions/94046/attachments/55823/95470/07_15_2024_DIRCAngleRes.pdf ES‘S}. @  Nominal (AWELLBOT - 150um, X0-2%)
g i A A Fast Tracklet (URWELL-BOT = 150um, X0 = 2%)
3 E ' ' Fast Tracklet (URWELL-BOT=15um, X0 = 2%)
P 4 A A A
[ . :
05;_ . ' ..... ‘
o o o 0: R R SR SR S
2. Use Kalman filter inside-out e 4 6 & o
true

Just consider it after all other tasks are completed.
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Simulation

<Tracker Detectors (Barrel)

2024/11/19

Define the surface of hpDIRC using Geant4 (hpDIRC surface)

* Because no particles are detected on the surface of the hpDIRC New Definition o Original sensor
* To obtain MC information of particles at hpDIRC surface position

Y J

Calculate angle of incident particles from hit information (momentum) to detector
 MCinfo(mc.theta) : Use MC information of the detector defined in 1.
«_Track info(track.theta) : Get values from propagation of reconstructed tracks from tracker

Silicon Vertex Tracker X 3

Silicon Barrel Tracker X 2

Inner MPGD (Micro Pattern Gas Detector)
Barrel TOF

Outer MPGD

YV VYV VY

Kalman filter to reconstruct tracks
Using track parameter information on hpDIRC surface (r = 75.5 cm)
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Simulation

3. Change the BTOF material and perform the same simulation

Carbon foam : 0.09 g/cm3, 5.8mm
~ 0.7 % (X/X0)
J/ Change material
Aluminum : 2.65 g/cm3
~ 7.1 % (X/X0)

BSimulation Setup

e EICrecon : Particle collision reconstruction using phythia8, Geant4, and track reconstruction algorithms
using ePIC detector structures are available.

* Single particle T
* Momentum :1,2,4,6, 8, 10 [GeV/c]
* Direction 10" < ¢ <360,

92° <0 <94 >(n)=-0.05
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Results - Hit position on hpDIRC surface

BGenerates 1000event single particles (6 GeV/c, 0 < ¢ < 360,92 <0 <94
* Get particle information on hpDIRC surface defined by Geant4 (MC info)

» Can get as well as MC information for epic's tracker detector| » MC information and particle information obtained by

» The outermost layer is the hpDIRC surface defined by myself propagating tracks on hpDIRC surface
Track.xy_mc
800 Track.xy_mc
ante TUTTETIIIET G Entries 12377
. o e Meanx  10.89 hpDIRC surface geometry hpDIRC surface geometry
600 w#ﬁ e T P Meany 1238 s -
# g y mc_dircsurface_xy dircsurface_xy
L &, e DT T T _:t: Eevx :;?.: 800 e Entries ] T o ST Eniries 87
C R e TR td Devy 421. P ean x : r e M 19.70
E‘ 400~ / T “x\\ AN X\ 600/ o Ey i??i 600 - M:::: 24.37
[ R S L L 7 v x : L Std Dev x 546.4
wld F S O N b ool IV St Devy 52
.g. R AR S | e
I SR A ) 3 r, \ F,
> L&) e | E
2000 LN N AR c o MC Hits o Track Hits
r ‘K R "\‘H T .—/__, ; ::" K -' — E :
4000 . e e /ft/ =200 200
S S B
Cooa R A r
-600 Tl o e 400 ; -400— -
i el T F . o
-80 Lo L ) | e e | ¢| L1 I R '600? e -600_
800 600 400 -200 0 200 400 600 800 S - , )
- L Lol | 1 |' S Tl el Wl IO Lo by | - ;_A_I_LJ_,_\_‘_,_A_A'_,_T_'A;A_j'_'A_f_’i'_‘,_._n_,_‘_l_l_x_l_\_x_J_‘
X [mm] 80800 600 400 200 0 200 400 600 800 900 600 400 200 O 200 400 600 800

X [mm]
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Results - Angular distribution on hpDIRC surface

BAngular resolution calculated from particle momentum in MC and track information
e AQ = O(track) — 0(MC), A¢p = ¢p(track) — p(MC)

92<8<94,p=2GeV
e § = arctan? \/ D>+ pyz,pz , ¢ = arctan2(p,, px) e

r Entries 9200 F [ Entries 900 |
o AP [mrad] e ewr o, AB [mrad]) e e
o I I . . . b . . I ) X' I ndf 161.6/178 i ¥ 1 ndf 165.8/ 176
Angular resolution is given by Gaussian sigma o | || Soeam somaosm | 1af
-
. L i » ) L igma . +0.
* The higher the momentum o o Il |
, i , ,
. - 8 [
the better the angular resolution. of ; W fir
- L] 6 |
Ad [mrad],92<0<94,p=6GeV AB[mrad],92<6<94,p=6GeV J { | r ‘l"i
- 3 4 / a
it doi hit_dtheta i ; l il 1 ‘I [
i Entries go7 | SO0 Entries 897 | o 2 ( [ L .
25) Mean 002478 | [ Mean 0.001966 i wik Al | |
- Std Dev 0.8620 | 9] std Dev ossas | I i B B B S S
X I ndf 102.0/93 F X’/ ndf 91.52/92 - 3 2 -
| Constant  18.78 + 0.96 C Constant 21.29+0.98
20? Mean 0.02498 + 0.03050 | 25/ Mean 0.003930 + 0.026578 92 < e < 94 ) p = 10 GeV
i Sigma  0.7944 + 0.0297 - Sigma  0.7147 £0.0213 — '
i hit_dphi ~ hit_dtheta
Entries 8% | 4ol Entries 895 |
15 ; 20 L Mean -0.03787 r Mean 0.008280
| Std Dev 0.6036 40 ; Std Dev 0.5840
i X'/ ndf 65.70/ 65 r X 1 ndf 66.45 /63
15 Constant 32.68 £1.50 35 F ;nnslan( 39.01+1.76
b Mean -0.009195 + 0.017850 lean 0.006150 + 0.014605
10 o Sigma  0.484140.0147 30 E Sigma  0.4050 £ 0.0116
r 10— 255
5/ r 20k
- 5 J 15F
O_I\IH\HIJJH\ 11 \I‘ \L\I‘ \I\I[\I\ | | ll\ \Iﬂ :” Lmlﬂj]u} T le |IL\JI||J l L1l ( 10;
2024/11/19 5 4 3 -2 A1 0 1 2 3 4 5 5 4 3 2 0 1 2 3 4 5 5F 57
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Angular distribution on hpDIRC surface

* Single particle : 1t~ (1000 events) 07147 £ 0.0213 [mrad]
o=0. + 0. mra
I\/.Iomefntum ' 1’02’4’6'8’10 [(ieV/c] Even if we use the carbon form (default setting),
* Direction 0 <¢ =360, we cannot fulfill the request from hpDIRC
92 <6 <94 > (n) =-0.05 (delta_angle=0.5mrad@6GeV)
Ad [mrad],92<0<94,p =6 GeV AB [mrad],92<0<94,p=6GeV ‘
dphi (track-true) dtheta (track-true)
hit_dphi hit_dtheta

B Entries 897 351 Entries 897

25/ m Mean 0.02478 - Mean 0.001966

i I Std Dev 0.8820 300 Std Dev 0.8548

i x* / ndf 102.0 /93 - X* / ndf 91.52/92

s Constant 18.78 £ 0.96 i Constant 21.29+0.98

20— Mean 002498 + 0.03050 250 Mean 0.003930 + 0.026578

i 1% Sigma  0.7944 + 0.0297 - | Sigma  0.7147 £ 0.0213
15i 20—
15
10~ :
: 10
5[ -
i S
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mailto:delta_angle=0.5mrad@6GeV

Results - Angular resolution on hpDIRC surface

BResults for some changes in particle momentum and BTOF material.

* Part of BTOF Carbon foam changed to Aluminum

 The value of AO increases

e Current structure (Carbon foam)

does not satisfy hpDIRC requirements.

* Please tell me your opinion
on this simulation

2024/11/19
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Data generation

B Data Generation Settings

» ddsim

ElCrecon : Particle collision reconstruction using phythia8, Geant4, and track reconstruction algorithms using
ePIC detector structures are available.

-1~ (1000 events)
: 6 [GeV/c]

0" < ¢ <360,
92° <6 <94" > (n) =—-0.05

Single particle
Momentum
Direction

Track.xy_mc

800 Track.xy_mc
B - T Entries 7445
B L s T Mean x -11.88
600 P _ i e, _ -._|Meany -5257
- s T e T e Std Dev x 303.4
400~ tT f__/.grm» - " [StdDevy 2986
r i - : . '
r gL v P
2000 o S T T
[ ; l( I}f L -\‘ \\
oo i A N \
o b o)
L i 1 \ N ~ / ;
L 3 L 1N e p /
000 S
B .‘\\_ o e
400} : ~
B -l\' - : (./"
-600— " - e
-80% 11| | 11 ‘ L1 \.‘T 7\717\7 1 TX 1 ; I’”‘-‘\ 11 ‘ L1 1 | 111
-800 -600 -400 -200 0 200 400 600 800
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Resolution [%] (track+true)/true
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Track_Momentumresolution
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iN=]
oL

» npsim (Simulatio

Inner & outer MPGD hits a lot
- Is there some effect on the track reconstruction?

Track.xy_mc

Track.xy_mc
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Data generation (new ver.)

B Data Generation Settings

* EICrecon : Particle collision reconstruction using phythia8, Geant4, and track reconstruction
algorithms using ePIC detector structures are available.

* npsim

* Single particle : 1~ (1000 events)

* Momentum :1,2,4,6, 8, 10 [GeV/c]
* Direction 0 < ¢ <360,

92° <6 <94 > (n) =—-0.05

npsim —--compactFile=$DETECTOR PATH/epic.xml
-N=1000 B
—-—random.seed 1
-—enableGun
-—gun.particle "pi-"
——gun.momentumMin "10*GeV" --gun.momentumMax "10*GeV"
-—-gun.thetaMin 92.0*deg --gun.thetaMax 94.0*deg
—-—gun.distribution uniform
-—outputFile epic fakedirc pi 10GeV 1000event ddsim.edmédhep.root
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Detector settings

BMBTOF material (epic/compact/tracking/tof barrel.xml)

le name="BarrelTOF_Modulel" vis="TOFBarrelModuleVis"
module_component name="sensor" material="Silicon" sensitive="true" width="BarrelTOF_Sensor_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_Sensor_thickness" wis="TOFSensorVis"
ition x="BarrelTOF_Sensor_position" y="@" z="@"
nodule_component
module_component name="hybridtop" material="Kapton" sensitive="false" width="BarrelTOF_Module_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_Hybrid_thickness" wvis="TOFHybridvis"
position x="BarrelTOF_Service_position" y="@" z="@"
nodule component
module_component name="cfskintop" material="CFRPMix2" sensitive="false" width="BarrelTOF_Module_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CFSkin_thickness" vis="TOFCSkinVis"
position x="BarrelTOF_Service_position" y="@" z="@"
module_component
le_component name="coolingtube" material="Aluminum" sensitive="false" width="BarrelTOF_CoolingTube_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CoolingTube_thickness" vis="TOFCoolingTubeVis"
ition x="BarrelTOF_CoolingTube_position" y="@" z="@"
nodule_component
le_component name="coolant" material="NOVEC7280" sensitive="false" width="BarrelTOF_Coolant_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_Coolant_thickness" wis="TOFCoolantVis"
ition x="BarrelTOF_Coolant_position" y="@" z="@"
nodule_ component
module_component name="cfoam" material="Aluminum5@83"~sgpsitive="false" width="BarrelTOF_CFoam_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CFoam_thickness" vis="TOFCFoamVis"

position x="BarrelTOF_CFoam_position" y="@" z="@"
module_component
module_component name="choneycomb" material="CFRPMix" sensitive="false" Whdih="Ba™alT0F_CHoneycomb_width" length="BarrelTOF_lengthl" thickness="BarrelTOF_CHoneycomb_thickness" wis="TOFCHoneycombVis"
position x="BarrelTOF_CHoneycomb_position" y="8" z="-1xBarrelTOF_CFoam_thickn®wag
nodule_component
module_component name="cfskinbottom" material="CFRPMix2" sensitive="false" width="BarrelTOF_Myyle width™length="BarrelTOF_lengthl" thickness="BarrelTOF_CFSkin_thickness" wis="TOFCSkinVis"
position x="BarrelTOF_Service_position" y="@" z="@"
nodule_ component
module_component name="hybridbottom" material="Kapton" sensitive="false" width="BarrelTOF_Module_width" length="Baw&glTOF_ 11" thickness="BarrelTOF_Hybrid_thickness" wis="TOFHybridvis"
position x="BarrelTOF_Service_position" y="@" z="@"

module_component

Default material
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Detector settings (old ver.)

BhpDIRC surface (Referring to https://github.com/eic/athena/compact/fake_dirc.xml)

dule
comment> Fake DIRC layers comment
"DIRCModule_count™ nqgn layer module="DIRCModule" id="1" vis="DIRCLayerVis"

"DIRCBar_thickness" "1 7%mm" barrel_envelope
“DIRCBar_length" ""DIRC_length—B*cm" inner_r="DIRC_rmin"
"DIRCSkinFront_thickness" "2 . 5%mm" outerZr:"DIRc:rmax“
“DIRCSkinBack_thickness" 2. S4mm"
"DIRCFrame_width" "204mn"” z_length="DIRC_length"
“DIRCFrame_length" "DIRC_length" rphi_layout
“DIRCFrame_thickness" "' 4@>mm" phi_tilt="0"
"DIRCModule_rmax" "DIRC_rmin + DIRCBar_thickness + DIRCSkinFront_thickness + DIRCSkinBack_thickness" o T
"DIRCModule_thickness" "DIRCModule_rmax - DIRC_rmin" nphi="DIRCModule_count
“DIRCFrame_rmax" “DIRC_rmin + DIRCFrame_thickness" phie="@"
"DIRCModule_halfangle" "'180xdegree/DIRCModule_count" rc="0.5%(DIRCModule_rmin+DIRCModule_rmax)"
"DIRCModule_width" "2#DIRC_rmin * tan(DIRCModule_halfangle)" dr="p"
“DIRCModule_rmin" "DIRC_rmin + lxcm"
z_layout
dr="0.0+xmm"
z0="0.0+mm"
ctor id="BarrelDIRC_ID" name="FakeDIRC" type="epic_FakeDIRC" readout="DIRCBarHits" wvis="DIRCVis" nz="1"
d sions rmin="DIRC_rmin" rmax="DIRC_rmax" length="DIRC_length"
position x="@" y="@" z="DIR(C_offset"
comment> Fake DIRC modules </comment
module name="DIRCModule" vis="DIRCModuleVis"
module_component name="FrontSkin"
material="CarbonFiber"
sensitive="false" readouts
width="DIRCModule_width" readout name="DIRCBarHits"
RS = e A e o segmentation type="CartesianGridXY" grid_size x="3.0+mm" grid_size_y="3.@xmm"

vis="DIRCSupportVis" - 4 8. 1 o dule: ians . . . ¢
Length="bIRCBar. length® id=system:8,layer:4,module: 8, section:4,x:32:-16,y:-16</id

module_component name="QuartzBar" readout
material="Quartz" readouts
sensitive="true"
width="DIRCModule_width"
thickness="DIRCBar_thickness" Lccdd
vis="DIRCBarVis"
length="DIRCBar_length"
module_component name="BackSkin"
material="CarbonFiber"
sensitive="false"
width="DIRCModule_width"
thickness="DIRCSkinBack_thickness"
vis="DIRCSupportVis"
length="DIRCBar_length"
frame material="StainlessSteel"
width="DIRCFrame_width"
length="DIRCFrame_length"
vis="DIRCFrameVis"
thickness="DIRCFrame_thickness"




About Analysis Code

BMTrack information Referrin to https://github.com/eic/EICrecon/src/aIgorithms/tracking/TrackPropagation.cc)

const auto &dirc = #static_cast<const edmdhep::SimTrackerHitCollection*=(event—>GetCollectionBase("DIRCBarHits"));

for(auto hit: dirc
auto& mcinfo = hit.getMCParticle();
auto& mcpos = hit.getPosition();
auto& mcmom = hit.getMomentum();

if {mcinfo.getGeneratorStatus() != 1) continue;
if (i !'= @ ) continue;

auto mcr = sqrt(mcpos.x*MCpos.x + MCPOS.Y*MCPOS.Y + MCPOS.Z#MCPOS.Z);
auto mert = sqrt{mcpos.xxmcpos.x + mc’ :
auto mep = sqrt(mcmom.x *x mcmom.X + m
auto mept = sqrt{mcmom.x * mcmom.X + .y * mcmom.y);

auto mceta = -log(tan(atan2(sqrt(mcmom.x+mcmom.x-+mcmom. y+mcmom.y) ,mcmom.z) /2.));
auto mctheta = atan2(sqrt(mcmom.x*mcmom.X + MCMOM.y*mCmom.y),mcmom.z);

auto mcphi = atan2(mcmom.y, mcmom.x);

< — =
SITOr-types Mchom |, 7z memom. z) ;

std::unique_ptr<edmdeic::TrackPoint> hpdirc_point;
const auto hpdircR = mert;
const auto hpdircMinZ = -2526.8;
const auto hpdircMaxZ = 1850.0;
auto hpdircBounds = std::make_shared<Acts::CylinderBounds>(hpdircR, (hpdircMaxZ-hpdircMinZ)/2);
auto hpdirc_t = Acts::Translation3(Acts::Vector3(@, @, (hpdircMaxZ+hpdircMinZ)/2)});
auto hpdirc_trf = Acts::Transform3(hpdirc_t);
hpdirc_surface = Acts::Surface::makeShared<Acts::CylinderSurface=(hpdirc_trf, hpdircBounds);
try {hpdirc_point = m_propagation_algo.propagate(edmdeic::Track{}, trajectory, hpdirc_surface);}
catch(std::exception &e) {throw JException(e.what());}
if(thpdirc_point) {
fprintf (outputfileTrack,"could not propagate!\n");
continue;
}
auto pos = hpdirc_point->positien;
auto mom = hpdirc_point->momentum;
auto length = hpdirc_point—=pathlength;
auto theta = hpdirc_point->theta;
auto phi = hpdirc_point->phi;
auto eta = -logl(tan(atan2(sqrt(mom.x#mom.x + mom.ysmom.y),mem.z}/2.));
auto r = sqrt(pos.x®pos.Xx + pOS.y*pos.y + pOS.Z*p0S.Z);
auto rt = sqrt(pos.x#pos.x + pos.y#pos.y);
Track_xy -> Fill(pos.x, pos.y);
Hitpoints_dircsurface_xy -> Fill(pos.x, pos.y);
Hitpoints_dircsurface_z -> Fill{pos.z);
if(pos.x > @)Track_rz —> Filllpos.z, rt};
else Track_rz —> Fill{pos.z, -rt);
hit_propagate_eta -> Fill(eta);
hit_propagate_phi -> Fill{phi);
hit_propagate_theta —> Fill(theta);

fprintf (outputfileTrack,"Reconstructed DIRC hit x:%f, y:%f, z:%f, r:%f, rt:%f, theta:%f, phi:sf\n"

auto reso_eta = (eta - mceta)/mceta * 100;

auto reso_phi = (phi - mcphi)/mcphi * 100;

auto reso_theta = (theta - mctheta)/mctheta * 100;
auto deta = (eta - mceta)* 1000;

auto dphi = (phi - mcphi)* 1008;

auto dtheta = (theta - mctheta)* 1000;

hit_true_eta —> Fill(mceta);
hit_true_phi -> Fill(mcphi);
hit_true_theta —> Fill(mctheta);
hit_resolution_eta -> Fill{reso_eta);
hit_resolution_phi -> Fill{reso_phi);
hit_resolution_theta —> Fill(reso_theta);
hit_deta —> Fill(deta);

hit_dphi -» Fill(dphi);

hit_dtheta -> Fill(dtheta);

Hitpoints_dircsurface_mc_xy —> Fill(mcpos.x, mcpos.y);
Hitpoints_dircsurface_mc_z —> Fill(mcpos.z);

it+;

et the parameters of the reconstructed track

at anyr.

(Trajectory
9

, pos.x, pos.y, pos.z, length, rt, theta, phi);

fprintf (outputfileTrack, "MC DIRCsurface x:%f, y:%f, z:%f, r:%f, rt:%f, theta:%f, phi:%f, p:%f\n", mcpos.x, mcpos.y, mcpos.z, mcr, mcrt, mctheta, mcphi, mcp);

fprintf (outputfileMC, "DIRCsurface r:%f, rt:%f, p:%f, eta:%f, phi:%f, theta:%f\n", mcr, mcrt, mcp,

mceta, mcphi, mctheta);




About Analysis Code

BMC information (edm4hep::SimTrackerHit)

w std::vector<std::string> sim_data_names = {
"VertexBarrelHits",
"SiBarrelHits",
"MPGDBarrelHits",
"TOFBarrelHits",
"OuterMPGDBarrelHits",
"TrackerEndcapHits",
"TOFEndcapHits",
"DIRCBarHits",

+;
~ for(int i = @; i < sim_data_names.size(); i++ ) {
auto data_name = sim_data_names [i];
const auto &hits = #static_cast<const edmdhep::SimTrackerHitCollection#=(event—=GetCollectionBase(data_name));
const char% Data_name = data_name.c_str();
v for(auto hit: hits

auto& mcinfo = hit.getMCParticle();

auto& pos = hit.getPosition();

auto& mom = hit.getMomentum();

auto r = sqrt{pos.x*pos.x + poOS.y*poS.y + POS.Z*pP0S.Z);

auto rt = sqrt(pos.xkpos.x + pos.y*pos.y);

auto p = sqrt(mom.x * mom.x + mom.y * mMOm.y + MOM.Z * mom.z);

auto pt = sqrt(mom.x * mom.X + mOm.y * mom.y);

auto eta = -log(tan(atan2(sqrt(mom.x* mom.x+mom.y+mom.y),mom.z)/2.));
auto phi = atan2(mom.y, mom.x);

auto theta = atan2(sqrt(mom.x#mom.x + mom.yxmom.y),mom.z);

if (mcinfo.getGeneratorStatus() != 1) continue;
auto pdg = mcinfo.getPDG();
auto& mcmom = mcinfo.getMomentum();
auto status = mcinfo.getGeneratorStatus();
auto mcp = sqrt(mcmom.x * mcmom.X + MCMOM.Y * MCMOM.Y + MCMOM.Z * MCmOm.Z);
auto mceta = -log(tan(atan2(sqrt(mcmom.xkmcmom.x+mcmom. y+mcmom.y) ,mcmom.z)/2.));
Track_xy_mc —> Fill(pos.x, pos.y)};
if(pos.x > @)Track_rz_mc -> Fill(pos.z, rt);
else Track_rz_mc —> Fill(pos.z, -rt);
fprintf (outputfileMC, "%s r:%f, rt:%f, p:%f, eta:%f, phi:%f, theta:%f, cp:%f, mceta:%f, pdg:%d\n",Data_name, r, rt, p, eta, phi, theta, mcp, mceta, pdg);
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