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Brief Intro on the Tracking in EIC - ATHENA

» Tracker performance studies started for the Yellow Report https://arxiv.org/abs/2103.05419 where the
EIC scientific goals were explained in detail. The specific detector requirements were defined to
address those goals and the paper presented the evolving detector concepts to realize the EIC's

experimental program.

. .. . e . ATHENA Detector Proposal
* Tracking system optimization started within the Tracking .
SCIENCE REQUIREMENTS e
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e Further studies and final design/performance i-"{T)‘“ e
optimization carried out within the Tracking WG for the
ATHENA Proposal (2021)
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* In the last two years several software tools were vailable
and the tracking performances were exploited in lots of
different conditions : detector tecnology, material
budget, geometry and magnetic field maps
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https://arxiv.org/abs/2103.05419

ATHENA Detector : overview
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https://wiki.bnl.gov/athena/index.php/Design_Concepts_and_Considerations

ATHENA Detector tracker

Barrel : |
vertex Choices done to

optimize :

- tracking and vertex
reconstruction
performance

cost

ease of integration
minimising material in
front of the

electromagnetic
calorimeters.

Backward
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ATHENA Detector : tracker

Barrel :
- 3+2 Cilinders of MAPS
- 4 Cilinders of MicroMegas
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Tracker acceptance
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Tracker performances : Ap/p

-3.50<n<-3.00 -3.00<n<-2.50 -2.50<n<-2.00 -2.00<n<-1.50 -3.70<n<:3.60 -3.60<n<:3.50
-—- fit: A=0.071, B=1.841 5F-=- fit: A=0.017, B=1.080 5 === fit: A=0.000, B=0.633 5F-=- fit: A=0.011, B=0.476 fif: A=0.155, B=2.957 - fit: A=0.132, B=2.933
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- fit: A=0.065, B=3.129 === fit: A=0.090, B=3.193
—=- fit: A=0.016, B=0.433 5 -=- fit: A=0.050, B=0.398 5 -=- fit: A=0.059, B=0.353 5 -=- fit: A=0.059, B=0.350
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--=- fit: A=0.050, B=0.401 D[ === fit: A=0.015, B=0.414 D[ === fit: A=0.011, B=0.466 D[ === fit: A=0.013, B=0.638
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2.50<n<3.00 3.00<n<3.50

o-- fit: A=0.011, B=1.089 5 --- fit: A=0.031, B=1.99'E>.“¢’°. 05 n bins from _35 to 35 Trends Compatlble to the
A M T st expected parametrization

10 20 %:APZ-I_B

momentum [GeV]

https://wiki.bnl.gov/athena/index.php/Vertex_and_Tracking_System
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Tracker performances : pointing resolution r-¢

Single particle events, n [-3.5, -3.0)

e
Fit function f(p ) = pA ®B
B

—— A=91.82,B=13.92

o

1 2 3 4 5
P, [GeV/c]

Single particle events, n [-2.0, -1.5)

T T T T T T T T T
. ! _A

Fit function l(pv) b @B
T

—— A=42.60,B=5.50

2 4 6 8 10
P, [GeV/c]

A. Mastroserio - Giornata Nazionale EIC_NET 2021

Single particle events, n [-3.0, -2.5)

Fit function f(p,) = pA ®B
B

—— A=7631,B=773

1 2 3 4 5
P, [GeVic]

Single particle events, n [-1.5, -1.0)
L L e e e e e T B
Fit function f(p.) = 2 © B

LN

—— A=3561,B=577

2 4 6 8 10
P, [GeVic]

o

Single particle events, 1 [-2.5, -2.0)

—_—
Fit function f(p,) = pA ®B
B

—— A=58.91,B=5.96

1 2 3 4 5
P, [GeV/c]

Backward
-3.5 <n<-1

Single particle events, 1 [3.0, 3.5)

L L s e s sy
Fi : _A
it function l(pT)_ P ®B

T
— A=91.37,B=11.19

1 2 3 4 5
P, [GeV/c]

Single particle events, n [1.5, 2.0)

Fit function f(p,) = pA ®B
B

—— A=4250,B=5.39

1 2 3 4 5
P, [GeV/c]

o

Single particle events, n [2.5, 3.0)

——
Fit function f(p )= A ® B
b,

—— A=76.22,B=6.50

o

1 2 3 4 5
P, [GeV/c]

Single particle events, 1 [1.0, 1.5)

Fit function (p ) = pA ®B
B

—— A=35.65B=5.70

2 4 6 8 10
P, [GeV/c]

o

Trends compatible to the expected parametrization
Same holds for DCA;
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DCA,, [um]

Single particle events, n [2.0, 2.5)

e L LA e s
. . _A
Fit function f(pr) o ®B

T
—— A=59.19,B=5.88

1 2 3 4 5
P, [GeV/c]

Forward
1<n<35




Tracker performances : pointing resolution r-¢

DCA,, [um]

DCA,, [um]

Single particle events, n [-1.0, -0.5)
f

Fit function f(p ) = pA oB
B

—— A=29.60,B=5.45

10 15
P, [GeV/c]

Single particle events, n [0.0, 0.5)

Fit function f(p,) = PA ®B
T

A =26.68,B=5.36

10 15
P, [GeV/c]

DCA,, [um]

DCA,, [um]

Single particle events, n [-0.5, 0.0)

Fit function f(pT) = pA @B

T
— A=26.79,B=5.41

10 15
P, [GeV/c]

Single particle events, n [0.5, 1.0)

Fit function f(p,) = pA ®B
T

A =29.51,B=5.50

8 10
P, [GeV/c]
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Central -1 <n <1

Trends compatible to the expected

parametrization
Same holds for DCA;
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Tracking performances

—3.5<n<-25 -1.0<n<1.0

YR requirements _

= e

p (GeV/c) p (GeV/c)
—-3.5<n<-25 -1.0<n<1.0

-—-- PWG Requierment
ATHENA Fit
¢ ATHENA Full Sim.

10 15
pr (GeV/c) pr (GeV/c)
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op/p : requirements
satisfied in all n bins
except the most
backward region

DCAT:
- central : ok apart
from 1-5 GeV/c

- F/B:not
satisfactory
performance

below 2 GeV/c



Backward region performance study on B

Resolution for tracks with -3.50 < < -2.50

FieldMap: Scaled 1T ATHENA September Map
FieldMap: Scaled 2F-ATHENA-September-Map
—3.5< n < -2.5 FieldMap: ATHENA September Map :
FieldMap: Scaled 5T ATHENA September Map
FieldMap: Scaled 10T ATHENA SeptemberMap...........
—— PWG Requirement for -3.5 <n<-2.5

* In order to satisfy the YR Requirements 10T B field is necessary!

A. Mastroserio - Giornata Nazionale EIC_NET 2021 YAVAVIYA



MC simulations

Experience with the tracking studies

A. Mastroserio - Giornata Nazionale EIC_NET 2021 @




Starting point: Yellow Report

4

| 3510-3.0
3.0t0-25
2.510 -2.0
20t0-15
-1.5t0-1.0
-1.0t0-0.5

D500 |
Oto0.5

" 05t01.0

| 10to15
1.5t02.0
20t025

251030
30035

Central

Detector

Tracking requirements from PWGs

Momentum res. Material budget Minimum pT

100-150 MeV/c
100-150 MeV/c
100-150 MeVic
op/p ~ 0.05%xp & 0.5% 100-150 MeVic
100-150 MeV/ic

op/p ~ 0.1%xp @ 0.5%

Backward
Detector

Barrel op/p ~ 0.05%xp & 0.5% ~5% X0 or less 100-150 MeV/c

100-150 MeVi/c
op/p ~ 0.05%xp @ 1% 100-150 MeVic
100-150 MeV/c

Forward
Detector

fry ~ 9% 3;"‘
oplp ~ 0.1%xp ® 2% 100-150 MeVic

~ 100-150 MeV/c

Transverse pointing res.

dca(xy) ~ 30/pT pm @ 20 ym

dca(xy) ~ 20/pT pm & 5 pm

dca(xy) ~ 30/pT pm @ 20 um

: dca(xy) ~ 30/pT pm @ 40 um

dca(xy) ~ 30/pT pm @ 40 um |

| dca(xy) ~ 30/pT ym @ 60 pm |

Several MC tools were available (JANA, eic-smear, eic-root, but also jupyter-notebooks interfaces, etc.)

Our choice :

1) Perform studies with a well known Fast Simulation Tool for barrel tracking
2) Use root with EIC libraries : eicroot
3) Recently : fun4all
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Studies begin: Fast Simulation Tool

Momentum Resolution .vs. Pt R-¢ Pointing Resolution .vs. Pt
Tra C k| N g p e rfo rmances resu |t$ fro m ——— 5Layers, 0.30-0.80 0/X0, 1.5 T —— 5Layers, 0.30.0800X0,15T |
. . ——— 5Layers, 0.30-0.80 0/X0, 3.0 T —_— 5 Layers, 0.30-0.80 0/X0, 3.0 T
analyt|ca| Ca|Cu |at|ons ——— 6Layers, 0.30-0.800X0, 15T | e ——— 6 Layers, 0.30-0.80 0/X0, 1.5 T

6 Layers, 0.30-0.80 0/X0, 3.0 T o e L 6 Layers, 0.30-0.80 0/X0, 3.0 T

Quality factors: Ap/p e dg
Tested in several configuration of layers,
material budget and magnetic field

Momentum Resolution (%)
R-¢ Pointing Resolution (um)

. ) , 0,05-Q.20 X/; 3.0T i
Momentum Resolution .vs. Pt ——R'Pointing Resotution .vs. Pt

+ == 5 Layers, 0.05-0.20 X/X0,1.5T
— 5 Layers, 0.05-0.20 X/X0,3.0 T

. = 6Layers, 005020 X/X0, 15T [ S bt Gt bbb i ddyons ; 2 3 4567810 20 30 40 105 1 2 3 4567810 20 30 40
: e S Transverse Momentum (GeV/c) Transverse Momentum (GeV/c)
+ — 6 Layers, 0.05-0.20 X/X0,3.0 T ;

AP/P @5 Layers, 3T, 0.05-0.2 % X/Xg
i L e -0.75% at 0.7 GeV/c
N Ry Ny Y R N D e e e = - 15% at 7 GeV/c

Momentum Resolution (%)
R-¢ Pointing Fle;solution (um)

2 3 4567810 20 30 40 10.5 1 2 3 4567810 20 30 40
Transverse Momentum (GeV/c) Transverse Momentum (GeV/c)
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Results with eicroot

eicroot : first full simulation
software used in the tracking WG

5 Layers,
standalone tracking
B=3T

5 layers

- 0.05% X/Xqy inner
- 0.2% X/Xyouter

2 4 6 8 10 12 14 16 18 20

Such initial studies were useful to define the
initial configuration geometries for the YR
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Momentum resolution

Entries
Mean
Std Dev
x2/ ndf

Entries 4980
Mean 0.08822
Std Dev 1.806
¥2 / ndf 96.08/48
Constant 5192+ 9.4
Mean 0.09909 + 0.02147
Sigma 1.493 £ 0.017

4955
0.06512
1.013
73.61/38

Constant 1135 +20.8

Mean
Sigma

0.05718 +0.00982
0.6855 + 0.0078




Tracker optimization history

O Latest YR configurations:

« ALL-SILICON tracking system 6-layer barrel, 5+5 disks for back/forward regions
« HYBRID tracking system: silicon vertex + TPC (barrel), 7 silicon disks for back/forward region

0 ATHENA main configuration parameters
» Baseline 0 : 2 vertexing layers, 0.05% X/X0, 2+2 barrel layers, 0.55% X/X0, 5 disks per side, 2 GEM endcap

» Baseline 1: 3 vertex layers, 0.05% X/X0, 2 barrel layers, 0.55% X/Xo, 5 disks per side, 2+3 MicroMegas, 1 GEM
on N side and 2 GEM on P side

« "Baseline 2 represents the final optimization based on :

* The outer MPGD barrel layers of baseline 2 have larger radii, corresponding to higher pt tresholds, and
coarser resolutions than the (smaller) MAPS outer barrel radii

* Three versus two MicroMegas outer layers
» 1 disk less on P side

e The tracker extends further in z,

A. Mastroserio - Giornata Nazionale EIC_NET 2021 @




fungall

fundall is a software which provides full simulations. Extensively used in the tracking
working group.

* Most of the geometries have been defined in eicroot first, then exported to fun4all
and tested

* The tracking performances of the 3 ATHENA baselines were tested with fun4all

* Lately the software working group prepared the dd4hep (+acts) for eic studies and
a validation campain started

* Starting with the same geometry the tracking performances were studied in both
softwares and they were found to be compatible
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fungall

Browser | Eile Edit View Options Tools

PR : S Files Canvas_1 ]| Editor 1

. . 4y Y & Draw Option: v
Developed since some time Qo 2
Documentation available it i Sebe som%
= hitntup;2
Docker usage © o
Easy to install §
Input : .C configuration file b
. e
Output : root files N

ylhitntup;1
lk edep! GeV;l

Ik edep100GeV;1
=
=] ’ﬂhome
(=N alidock
(atice

CONs e
Docker usage ®

Not possible to get necessary
information of the track (e.g.: track
parameters) by adding one more
branch
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MC Simulations in fungall

| ptEtaGen g [ piEtaRec

trees $0000 | . Ervies 32228
Mean « 1002 : o Mean » (RT3}
Meany 000048 | ¥ o : . . Meany 0N
S Devx 08774 0y MR o ? . Sad Dov x 0.5216 |

om0 & £ 'H?u." 5% e n- box : flat pt [0-2]
TR, ' flat n ( |n|<4)

10

Intermediate
configurations

pEtaRec
Lreves 0000 Cravios a2 |
Mear o omn! . Meanx 5107
Meany 000848 . . v Meany -0.1142
543 D o L S Devx S840
Salewy 202 S Devy 20208

— 30

T 60
p (GeVic)




MC full simulation in fungall

ATHENA tracker in fun4all.
N.B.: ATHENA software used for the Proposal is dd4hep

Magenta: MC Tracks
Green: Hit Points

Shyam Kumar
Uniba-Postdoc

— . Checks:

— op/p
- DCA

Efficiency
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Tracker acceptance : box of &

flatm and pr flatn and p

ey - h ota ;‘W
- ptEtaGen piEtaRec 4 h ok p me 4 = -
aE. - i _ [Envies 10000 =3 Enties 9120 IU - - e
4 I el Mean x 14.85 1] Meanx 143 k1 : o 3 Meany :
f A o o' | Meany  0.02124 wfMeany 001921 E Weany ey SdDevs 8290
3 oL ! E e il ey | stdpevx  8.654 3 fd StdDevx 8611 ; 81 Dev s s o DDy 1806
{ ' StdDevy 2301 ) StdDevy 2287 2] 19 Oovy 2126 2 grv
4 1" | A o0
! {60
3 0 £ of 150
E 1 &
£ gen . | ——rec
i 9 430
2| 2
f 2 3 2
3
" b F -y Iy B e - 10
Y Yl 4 4
coaa b b Lo Lo Lo Lo b b b b Lo L i 1 n = an 70 1 0
0 5 10 15 20 25 30 35 O 0 5 10 15 20 25 30 35 O 0 10 20 30 40 50 60 70 80 90 100 ° 0 0 2 % 4 »‘(‘BOeV.‘cT 0 & % 100
pt (GeV/c) pt (GeV/c) D (ée\l“c) P

==
h_eta pt rec

ptEtaGen = pEtaRec T
Entries 10000 Entries 9120 u i Ertres
Mean x 86.63 : 3 Mean x 83.99 .Jm“‘v & Mean x
Meany  0.03357 " i - . Meany 002534 SN Meany
StdDevx 1021 BpEixply : : StdDevx  97.14 Devx R, 53 Do x
StdDevy 2249 [ Frdly e StdDevy 2266 SDevy 2136 BYOWy 1999
- gt i w0
8
= E0)
; 1600
=
gen rec
2 400
=400 |
200
200
0 o - M - PN o
150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500 0 10 20 a0 40 50 60 70 80 90 100 0 10 20 %0 40 50 0 70 80 90 100
p (GeV/c) p (GeVic) o (GeV-‘c plee (éev‘ )
T ' T

Shyam Kumar
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MC simulation in fun4all vs dd4hep

Trends quite compatible DDAHEP

-2.00<n<-1.50 5 -1.50<n<-1.01 e -1.00<n<-0.50 ' 10.50<1<0.00 ' 0.00<n<0.50 050kn<1.00
15f ==~ fit: A=0.031, B=0.473 [ === fit: A=0.036, B=0.427 [ === fit: A=0.060, B=0.397 15F ==~ fit: A=0.059, B=0.353 L5F === fit: A=0.059, B=0.350 15[~~~ fit: A=0.050, B=0.401

1.0
3

-
-
L
—
s

»
aseev™e
® N adtasld

0.5 [ et o 0 0000 0000000l — R — . 0.5 w

O'OOAO 25 50 7.5 10.0 125

Fun4All

Shyam
Trends quite similar at all n Kumar
Low momentum tracking efficiency poor in fun4all (known issue)

The official software for ATHENA is dd4hep (after its validation with fun4all)
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MC simulation in fun4all vs dd4hep

fundall trends similar to dd4hep
as expected

-== PWG Requirement
ATHENA Fit
¢ ATHENA Full Sim.

-1.0<n<1.0
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Despite fun4all is not the official ATHENA software, it
remains an important software for crosschecks
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Summary

* MC studies on tracker performances were done by means of several
software tools (necessary crosscheks)

« Agreed ATHENA software isDD4hep and the tracker performances were

published according to it, nevertheless they were always tested with
fun4all

« MC experience with EIC -> ATHENA software is quite good (tutorials,
documentations, email exchange, support)

* Further studies in physics performances foresee central MC production
and fun4all will be a valid cross check for the physics results

* Next step: usage of dd4hep
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Baseline 2 : Central tracker

Silicon Tracker (3 Vertex + 2 Barrel Layers) \
dRICH
Length (cm) = Resolution Active Area Material (X/X0 %) ‘/

hpDIRC —__ Y MPGD
- Y Tracking Rings]

10 um pixel pitch | 0.05

Outer nECal —_¢ . ’ — Si Tracker

Disks
10 um pixel pitch | 0.05 Inner nECal — i

MPGD Outer

10 Um pIX8| pltCh 005 | | ' il ‘ Barrel Tracker

10 um plxel pIICh pfRICH Si Vertex Si Inner

Tracker Barrel Tracker

10 um pixel pitch

Micromegas Barrel (4 barrel layers)

Length (cm) @ Resolution Active Area Material (X/X0 %)
127.47 150 um (r-phi) x 150 um (z) 0.4

201.98 150 um (r-phi) x 150 um (z) |0.4

)
127.47 150 um (r-phi) x 150 um (z) (0.4

)

)

201.98 150 um (r-phi) x 150 um (z) 0.4
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Forward Tracker : P-2.0

BACKWARD BARREL FORWARD

bToF SCCoil  pECal  pHCal

Silicon Disks

Inner R (cm) | Outer R (cm) | Z Position (cm) | Resolution Active Area Material (X/X0 %)

bECal MPGD Layer

IR dRICH
3.18 18.62 25.0 10 um pixel pitch | 0.24

MPGD
Outer nECal

3.18 36.50 49.0 10 um pixel pitch | 0.24 e SN A 7, ( Tracking Rings

- ; e \ Inner nECal . A 2 Si Tracker
3.47 43.23 73.0 10 um pixel pitch | 0.24 \ . = .- IS Disks

pfRICH
MPGD Outer

5.08 43.23 103.65 10 um pixel pitch | 0.24 S0 , AHCal = S Barrel Tracker
6.58 43.23 134.33 10 um pixel pitch | 0.24

Si Vertex E [Beam Directions: |
Tracker )

8.16 43.23 165.0 10 um pixel pitch | 0.24 — . Bane Tracker

PA—>=<—e

Silicon Disk Support Material

Material | Thickness (cm) | Geometry

Al 0.2 cone from (z [cm], rho [cm]) = (16.8, 12.58) to (58.42, 43.23) and cylinder from (58.42, 43.23) to (165, 43.23) 6 vertical disks

[Silicon and MPGDs]

MPGD Trackers
Inner R (cm) | Outer R (cm) | Z Position (cm) | Resolution Active Area Material (X/X0 %)

44.68 76.91 105.76 250 um (r) x 50 um (r-phi) | 0.4 1 M PG D
44.68 76.91 161.74 250 um (r) x 50 um (r-phi) | 0.4 [tO constraint the traCk to the

dRICH]

19.34 195.5 332.0 250 um (r) x 50 um (r-phi) | 0.4
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Backward tracker N-2.0

Silicon Disks

Inner R (cm) | Outer R (cm) | Z Position (cm) | Resolution Active Area Material (X/X0 %)
3.18 18.62 -25.0 10 um pixel pitch | 0.24
3.18 36.50 -49.0 10 um pixel pitch | 0.24
3.18 43.23 -73.0 10 um pixel pitch | 0.24
3.95 43.23 -109.0 10 um pixel pitch | 0.24
5.26 43.23 -145.0 10 um pixel pitch | 0.24

pfRICH Si Vertex Si Inner
Silicon Disk Support Material Tracker Barrel Tracker

Material | Thickness (cm) A Geometry

Al 0.2 cone from (z [cm], rho [cm]) = (-16.8, 12.58) to (-58.42, 43.23) and cylinder from (-58.42, 43.23) to (-145, 43.23)

MPGD Trackers

Inner R (cm) | Outer R (cm) | Z Position (cm) | Resolution Active Area Material (X/X0 %)
44.68 76.91 -103.0 250 um (r) x 50 um (r-phi) 0.4
44.68 76.91 -141.74 250 um (r) x 50 um (r-phi) 0.4
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