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Impact of MPGDs on Tracking
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Temple University
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Study Definitions: Configuration Settings

3

+» Goal: Determine impact of MPGD spatial resolution on tracking performance

U Software Versions:

w
= epic: L 10 =—
T =
* EICrecon: 1.34.0 < F tos
recon: 1.34. oL — 20csn
U Simulation Files: = 300x:Bremstrahlung
— —— 400x:Coulomb
* 10k events 10° = —— 500x:Touschek
* Full background + 1 DIS (NC -- forced) signal B 600x:Proton Beam Gas
. . 10° &=
per 2us time window =
= Energy: 10 GeV X 275 GeV 10° ;_
= Q%> 1GeV? : }
3L
O Detector Configuration: 10°E
: I | ”l L Fl ﬂ
5

= epic_Craterlake.xml

=10 -5

|
-k
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Study Definitions: MPGD Geometry
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-1795 1845
CyMBaL -1025 1450 550 - 605

L1-ECT -1205
L2-ECT 70 400 -1080
H1-ECT 81 400 1505
H2-ECT 81 400 1631
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Study Definitions: Cuts
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Truth info from MC

All primary signal
particles

Tracking surfaces >= 3

Vertex: R < 1mm, |Z| < 100mm

Good signal
particles

Reconstructed Tracks

Tracks

nMeasurements > 4 (5)

v

Valid tracks
>2 hits and 50%
f hits f d signal particl
| of hits from good signal particle 1 If not, ghost track
Good tracks

Is the particle of primary source

! of hits from DIS? If not, good
Good signal background track

tracks

Tracking efficiency: (Good signal particles w/ good track) / (Good signal particles)

Tracking purity: (Good signal tracks) / (Good tracks)

MPGD fraction: (Good signal particles w/good track + MPGD hit) / (Good signal particles w/ good track)
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Efficiency and Purity: 150um MPGD Resolution — 4 Hits eP|§§

Efficiency (4 hits) | 10x275, 150um | total=0.708 (27125/38314) Purity (4 hits) | 10x275, 150um | total=0.093 (28899/310070)
1400 -
0<p<0.5 GeV 0.5<p<1 GeV 8000 - 0<p<0.5 GeV 0.5<p<1 GeV
1200 A Eff: 0.305=966/3169 Eff: 0.512=3091/6042 Purity: 0.027=1281/47724 Purity: 0.027=3298/122833
1000 A 6000 -
£ 800 A . , € Blue: valid track
3 Blue: good signal particle 3 4000 - o d sienal Y
600 - . . . . range: good signal trac
Orange: good signal particle with valid track g€ 8 &
400 +
2000 A h
200 A b - ' - |
0 ___ﬁ* i 04 i
1400 A 1
1l<p<5 GeV 5<p<1000 GeV 8000 - l<p<5 GeV . 5<p<1000 GeV
1200 A Eff: 0.754=10446/13861 4 Eff: 0.828=12622/15242 Purify: 0.095=11209/118074 Purity: 0.612=13111/21439
1000 A 6000 A
€ 800 €
3 3 4000 -
Y 600 o
400
2000 A
200 -
0+ 0+
-4 -4
n n n n

» Requiring 4 hits or more on a track yields poor purity
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Efficiency and Purity: 150pm MPGD Resolution — 5 Hits ePl§§

Efficiency (5 hits) | 10x275, 150um | total=0.668 (25575/38314) Purity (5 hits) | 10x275, 150um | total=0.913 (27408/30032)
1400 1400 1
0<p<0.5 GeV 0.5<p<1 GeV 0<p<0.5 GeV 0.5<p<1 GeV
1200{  Eff: 0.281=890/3169 Eff: 0.469=2835/6042 12001 puyrity: 0.583=1215/2085 Purity: 0.740=3077/4157
1000 - 1000 +
£ 800 - : : € 8007 Blue: valid track
3 Blue: good signal particle 3 o d sienal c
O 600 . . . . O 6004 Orange: good signal trac
Orange: good signal particle with valid track g€ 8 g
400 - . 400 ~ 1
200 - : - 200 - ]
0 ___,..A_ i 0 __‘-,.*,_._ _M
1400 . 1400 1 1
1<p<5 GeV 5<p<1000 GeV 1<p<5 GeV 5<p<1000 GeV
1200{  Eff: 0.705=9777/13861 {  [Eff: 0.792=12073/15242 12001 purity: 0.947=10516/11104 |  fPurity: 0.993=12600/12690)
1000 - 1000 1
€ 800 - € 800
3 3
© 600 1 O 600
400 - 400 -
200 - 200 -
0+ 04
-4 -4

» Requiring 5 or more hits on a track leads to much improved purity
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MPGD Fraction: 150pm MPGD Resolution e"@

MPGD Efficiency (4 hits) | 10x275, 150um | total=0.917 (24867/27125) MPGD Efficiency (5 hits) | 10x275, 150um | total=0.935 (23911/25575)
4 Hits 5 Hits
1200 A 0<p<0.5 GeV 0.5<p<1 GeV 1200 A 0<p<0.5 GeVv 0.5<p<1 GeV
Eff: 0.917=886/966 Eff: 0.831=2569/3091 Eff: 0.954=849/890 Eff: 0.873=2475/2835
1000 A 1000 A1
g 8007 ; : : : g 8997 Blye: good signal particle with valid track
5 Blue: good signal particle with valid track 5 ‘8 gnal p
[o] (o]
600 A . . . . 600 . : H : H
“ Orange: good signal particle with valid track = Orange: good signal particle with valid track
. & MPGD hit %007 & MPGD hit
200 A s 200 A E
o v e DI e, | o oyl RO 171
1200 - l<p<5 GeV 4 5<p<1000 GeV 1200 4 1<p<5 GeV - 5<p<1000 GeV
Eff: 0.870=9093/10446 Eff: 0.976=12319/12622 Eff: 0.894=8742/9777 Eff: 0.981=11845/12073
1000 A 1000 A1
+~ 800 1 +— 800 A
c c
3 ] 3 i}
S 600 8 600
400 A 400 -
200 A 200 A
0 0
-4 -4

» More than 90% of total valid tracks contain at least 1 MPGD hit
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MPGD Fraction: 150pm MPGD Resolution e"@

MPGD Efficiency vs n (5 hits) | 10x275, 150um

MPGD Efficiency (5 hits) | 10x275, 150um | total=0.935 (23911/25575)

5 Hits

ls'gotal MPGD Eff.: 0< p[GeV] <0.5 Total MPGD Eff.: 0.5< p[GeV] <1

’ 1200 A 0<p<0.5 GeV 0.5<p<1 GeV

1.25 - ] Eff: 0.281=849/890 Eff: 0.469=2475/2835
> > 1000
S 1.00 - ° S 4 gl P
k) M k) _‘ ) l : . : :
2 075 g ek O E 8001 Blue: good signal particle with valid track
a o 8 6001 Orange: good signal particle with valid track
O 0.50 - O .
g -2 + 400 - & MPGD hit

0.25 1

200 - -
0.00 y ;7 f = ;7 -5 - 0 : ‘ : | “
L 50Total MPGD Eff.: 1< p[GeV] <5 Total MPGD Eff.: 5< p[GeV] <100 1200 1 1<p<5 GeV i 5<p<1000 GeV
: Eff: 0.705=8742/9777 Eff: 0.792=11845/12073

1.25 1 1000 A
g g 800 -

1.00 | eomggme S 4 cummmp g -
e ‘ W g ¢ I 3 600 -
£ 0.75 - +++ . £ ' ! o
0 o 400 -
g 0.50 § 1

0.25 1 ¢ . 1 b 200 -

0.00 2 . — — " °

-4 -2 0 2 4 -4 -2 0 2 4
n n

» More than 90% of total valid tracks contain at least 1 MPGD hit
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MPGD Resolution Impact: Efficiency (5 Hits) ePI&S

U Compare performance with MPGD resolutions of: 50um, 150um, 250pum, and MPGD hits removed from
reconstruction (NoMPGD)

» Slight efficiency improvement at lower momenta (p < 1 GeV)

Tracking efficiency (0.0-0.5 GeV) Tracking efficiency (0.5-1.0 GeV)
s [ 5 T
g l4r =4 [T500m ¢ = 0.281] g 1.4r o :
s r —=— [NoMPGD ¢ = 0.273 | e L | MES—
(o L = GD c = 0.428
1.2 - 50um-e=0:297 1.2 &5 T
u - —+— 50ume = 0.
i = =_0f§7q - —v— 250um ¢ = 0.467
e e o ! CETI000um ¢ = 0.468
0.8F e
0.6F
0.4F i
0.2f tﬁ‘ ¥ }
()_4l L . 1 1 1 1 1 4
n
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MPGD Resolution Impact: Efficiency (5 Hits)

» Larger efficiency improvement at larger momenta (p = 1 GeV)

» Clear MPGD impact in large |n| region

Tracking efficiency (1.0-5.0 GeV) Tracking efficiency (5.0-100.0 GeV)
S o Sz =078 g f — Elme= 079
2 L —=— [NoOMPGD ¢ = 0,576 | g I : PGD « =0.359
W sl — = 0.701 w | NoMPGD case better? —+— 50um ¢ = 0.797
> 50um ¢ = 0.70 .
" - —*— 250um ¢ = 0.705 12 —*— 250um e = 0.787
1L : —&-+— 1000um ¢ = 0.709 / e— 1000um e - 0.
0.8 0.8
0.6 . 0.6 .
0.4 \ 0.4 B |
0.2 = $ 0.2
0—4 1 1 4 ()-4 11 1 | S | 111 1 [ | | Y o [ | | A | 1 “4
n 10 N
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MPGD Resolution Impact: Summary (5 Hits)

» MPGDs show a clear impact on tracking
performance
» Tracking performance shows minimal sensitivity to
MPGD spatial resolution
= At 1mm spatial resolution there is a slight

degradation in the purity
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Purity

0.94

0.92

0.9

0.88

0.86

" .| 150um e N _ _

I NoMPGD
—& 50um

7 250um ’
+— 1000um 4

04 045 05 055 06 065 07 075 0.8

Efficiency
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Summary
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» At least 5 hits on a track are required to obtain a reasonable purity (~90%)
= Requiring at least 4 hits drops the purity to ~10%
= Going from 4 to 5 hits has a smaller effect on the efficiency (~*67% to ~71%)
» Impact of MPGDs on Tracking efficiency and purity were assessed with background embedded environment
= Clear improvement seen when MPGDs are included in the track reconstruction
= More than 90% of valid reconstructed tracks contain at least 1 MPGD hit.
* Will be important when timing information is included in reconstruction

= Tracking performance is fairly consistent across MPGD spatial resolutions ranging from 50pum to 250um
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