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Tracking requirements

" High precision tracking measurements required for EIC physics program

* Precise measurement of scattered electron (or hadrons) to reconstruct DIS | (Q* = 2E,F'(1+ cosf,)
kinematics /

* Momentum measurements for e.g. invariant mass resolution, E/p etc el ﬁ(l — cosf,)
* Jet measurements (need tracks for particle-flow)
* Determination of primary vertex, secondary vertex separation

Tracking requirements from PWGs 0
: - — EPIC tracker design
Momentum res. Material budget Minimum pT Transverse pointing res. . .
0 informed by desire to

-3.5t0-3.0 100-150 MeV/c
3.0t0-25 Bacikward op/p ~0.1%xp © 0.5% 100-150 MeVic_ || dca(xy) ~ 30/pT um @ 40 ym meet momentum and
-2.51t0-2.0 100-150 MeV/c H
20t0-15 Detector | /o ~ 0.05%xp @ 0.5% 100-150 MeV/c || dca(xy) ~ 30/pT pm @ 20 um DCAT requirem ents
-1.51t0-1.0 100-150 MeV/c .
1.0t005 set by physics

05100 Central /p ~ 0.05% 0.59 0 d 20/pT 5

01005 Detector Barrel op/p ~ 0.05%xp © 0.5% ~5% X0 or less 100-150 MeV/c ca(xy) ~ 20/pT ym @ 5 ym WO I’kl n rouns

0.5t01.0 g g p

10t0 1.5 100-150 MeV/c

151t 2.0 Forward op/p ~ 0.05%xp @ 1% 100-150 MeV/c dca(xy) ~ 30/pT um @ 20 um

20to25 Detector 100-150 MeV/c

25t03.0 oplp ~ 0.1%xp ® 2% 100-150 MeV/c dca(xy) ~ 30/pT um & 40 pm

3.0t035 100-150 MeV/c dca(xy) ~ 30/pT um & 60 pm




Tracker Simulation Configuration

" Results shown in following slides use the single pion simulation files
available on S3 (EPIC Brycecanyon 22.11.2)

* Simulation geometry defined with layers positioned as detailed in summary talk
* Pions of energies between 100MeV and 20GeV fired from particle gun at origin

* Hits recorded and tracks reconstructed with EICrecon/Juggler* (ACTS)

Service cones + Note: Hits in the ToF are
not used during track
reconstruction in these
simulations

Barrel AC-LGAD ToF

MPGD Barrel




Relative Momentum Resolution (Central)

2:""1"'-|""|""|'

1.8 F ----PWG requirement s
- v 0=1n=<05
Lo 05<1n<1

L4f :
12 3
1E =" 3\ Hadron
08E * 3/ going

Ap /p [%]

" PWG requirement met for |n| < 0.5 for all R
momenta 04f T E

" Requirement not met for 0.5<|n| <1 e
0 5 10 15 20

* Note: Service cone begins at n = 0.88 p [GeV/c]
therefore extra material seen in range 0.5 < 2 s
|r]| < 1 1_8;— ---- PWG requirement —

C v 1<n<-05
L6 05<1<0

* Requirement met for -0.88 < |n| < 0.88 (see 14F E
backup)

Ap /p [%]




Relative Momentum Resolution (Forward/Backward)

Smaller lever arm for disks  ,.f

in the electron going

L S
direction - worse = E
resolution comparedto i i $ :
hadron going direction :
0.5F
Different amount of N S L . .
. 0 5 10 15 20
support and service p [GeV/e]
material crossed in 3 T .
different n ranges (See 25F s <0

diagram in backup)

Fwd/Bwd requirements
only met over full
momentum range for 1.5 < o5

Ap /p [%]

n<3

* Different reqs for Fwd/Bwd

; P—

2<n<15
e -15<n<4

p [GeV/c]

20

Ap /p [%]

Ap /p [%]

I
----PWG . ¢ _
of L SR __
3<n<35 :
; ]
; - \ Hadron
) 1| going
T ———— __
oL : y | B
’ 3 10 T -
p [GeV/c]
T —— I | _
----PWG ; ¢ _
0f TR __
3 <n<-25 :
) ]
) " 4 \Electron
| ][ going
", E
. __
""""""""" T
k 3 10 = .

p [GeV/c]




Transverse Pointing Resolution (Central)

Performance consistent with
requirement for |[n| < 0.5 at all momenta

Requirement not met for |n| > 0.5 in
barrel region below ~8 GeV

Note: x-axes are p_ for DCA_
resolutions

DCA ; [um]

DCA; [um]

10°

10°

10

10°

10°

10

- T — T T L=
E ---- PWG requirement E
C v 0=n=05 T
N 0.5 <n <1 N
¥

- =
E =
R i

) ] P TR R ]
0 5 10 15 20
p, [GeVic]
3 T L T 3
- ---- PWG requirement .
B v 4<n<-05 ]
. 05<n<0 i
A M 1 L |
0 5 15 20

Hadron
going




Transverse Pointing Resolution (Forward/Backward)

e 10—
E 1"‘:"3 f:f‘lusifﬂmﬂnt E E ---- PWG requirement
: kit 1 L2
=0 48 10k =
= E e 13 E :
o : N 1 =~ F 1\ Hadron
* Fwd/Bwd pointing resolution <t e e 15 F 1 going
consistent with requirements at = 1°f ' ERn E
all momentaforl<|n| <2 - 1 v T k
" Requirements met at |n| > 2 for Is : 5 h — 3
pT > ~2 GeV P, [GeV/c] P, [GeV/c]
10’ ————————————————7—3 10!
E ---- PWG requirement ] - ---- PWG requirement
v iisnls{é 7] N v 35<n<-3
-:'-. e 154 3 =ns=<-25
e 100 4 10°F =
= F oo v 3 = = 3
SR 1= - 1 | Electron
S o TRTTRTTT—————————— IR 1/ going
(] 10 3 . . = ) 102 -
0 ' 10 0




Summary

" The measurements necessary for the EIC physics program impose stringent
requirements on the momentum and pointing resolution of the EPIC detector

* For both momentum and DCA_ resolution there are challenges meeting

requirements in the forward and backwards directions, this has been the case
for previous configurations studied in the yellow report and detector proposals

" Effect from passive material on tracking and vertex performance is notable.
Geometry description to be kept up to date with R&D progress on low material
solutions

S0
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Detector layout

Si-Barrel Si-Disks MPGD AC-LGAD ToF Services
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Before Support Cone Momentum Resolution

Ap /p [%]

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

- L B B
— ---- PWG requirement -
- v -0.88 <N <-0.5 .
- 05<1n<0 E
E . | , , N . 1 ' ' f ' | N " M 1 1 5

0 5 10 15 20

p [GeV/c]

Ap /p [%]

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

T T T T

---- PWG requirement

0<n<05
0.5 < n <0.88

10

p [GeV/c]

Momentum resolution consistent with requirements up

to N=0.88 (support cone)

15

]
<o
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DCA, [um]

DCA, [um]

10°

102

10

10°

10

10

Longitu

3 T —r T T T 3
s +0<n<05 ]
B 05 <n <1 ]
L M PR S T | L PR S T N PR
0 5 10 15 20
P, [GeV/c]
3 LI B L B
- r1<n<-05 ]
i 05<1n<0 ]
E E
N PR 1 P 1
0 5 15 20

10

10°

DCA, [um]

102

10

10°

DCA, [um]

102

dinal Pointing Resolution

3 ' ' 3
E v 1<1<15 E
N 1.5<n<2 ]
L e 2<n<25 4
- i
I' L 1
0 5 10
P, [GeV/c]
g ' ! E
C v 25<n<-2 3
C 2<n<-15 ]
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& ]
i . f
I. " | I
0 5 10
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1
0 1
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Acceptance around beampipe

Disks consist of tiles of ITS3-like sensors, with length and width determined by the ITS3
reticle
* The result is that the inner opening of the disks is not perfectly circular — instead they are squared off

* This means that there isn’t full azimuthal acceptance at the inner radii we’'ve been using (beampipe
radius +5mm)

EIC-SVT Disk-1 Tile
250

LAS
T6: 20 (1 x6)
200| T5:12(1x5)
T4:8(1x4)
150 T3:4(1x3)
T2:4(1x2)

Ti:4(1x1)
100 r_bp =31.8 mm
r_min = 36.8 mm
r_low = 45.4 mm —
r_high = 190.1 mm
r_max = 230.0 mm

50

\4

Realistic
disks

~100f-

-150F

~200F

. . . . * P G Jones _2‘?%50 -200 -150 -100 -50 0 50 100 150 200 250
Disks in simulations https://indico.bnl.gov/event/15486/contributions/62590/attachme
nts/40656/67919/EIC-Sensors-Jones.pdf
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Disk acceptance vs 1)

" Implemented disk modules in Fun4All with inner cutouts in the same shape as the
“realistic” disks as produced by the tiling algorithm

* Particles propagated by Geant4, tracks reconstructed by Genfit (instead of ACTS)
" Generated events in far forward/backward region and studied acceptance in n bins:

Number of events with at least 3 hits

Acceptance =

Total number of events

95% efficient disks
100% efficient disks

Acceptance
Acceptance

08 0.8

06 0.6
04 04k

02| 02f

oL | [P R RPN B EPEN B B ol v v
—4 -38 36 34 32 -3 -28 206




Disk acceptance vs (x-)Q?

" Considered only 18x275 GeV? NC-DIS events (Pythia8, Q2 > 1 GeV?)

* Scattered electron mapped to relevant n bin and weighted number of reconstructed events
by acceptance in this n bin and recorded x-Q? for the event
— Acceptance here is fraction of events reconstructed in a given x-Q? range

Higher x lower Q2 bins lose acceptance

o 1_' —r 1 1 ] FIOJE ] B L R L) B LA | FIOJE L] B R AL B LAY
S 1 2 09 7 F
=y - i Q, r 0 _ . 1 08 O - o . .
Q08 4 S0tk 95% efficient disks - =k 100% efficient disks
s [ o _ 1 o F 1170 F
< - 95% efficient disks - - 1 Hoe
0l6_ . . - ] i T B
i 100% efficient disks 1 10F =170 10
0»4__ N F ] 0.4 F
C L 03 L
02| - 1502
- 1 r 180.1 C
0 " " " 1 1 N N 1 1 lG—l gl MR | R | PR 0 lG—l il PR | 2l PR
0 5 10 15 ) 220 107 107 102 107! 1 107 107 1072 107! 1
Q~ [GeV7] X X

Acceptance > ~80% for all bins Q*>1GeV?for 100% efficient dw
15

s



Effect of beamspot on tracking performance

A very helpful report on beam conditions at

EIC was produced last year

* This included a transport model which allows
one to obtain the primary vertex distribution

In terms of x, v,

z

https://github.com/eic/documents/blob/master/reports

/general/Note-Simulations-BeamEffects.pdf

Bunch averlap in = w0 Bunch averlap In i oz Runch cudap in *
200 4 — Gaymian fit H — Gaussian fit — Gaussian fit
e (mm): 00010 + 0.0017 I J: 00770 + 0.0016 p (mm): 031 & 014
L , (mmle 01604 £ 0.0034 l ): 100675 L 0.0013 0010 e e (man): 3252 + .43 »
i’ i
£
J L £
JV am
0.50 10 “
000 K‘H— a j \ anm

i (mm)

{mm)

Accelerator and beam conditions critical for physics and
detector simulations for the Electron-Ton Collider

Jaroslav Adam!, Elke-Caroline Aschenaner!, Markus Diefenthaler?, Yulia
Furletova®, Jin Huang!, Alexander Jentsch!, and Brian Page!

!Brookhaven National Lahoratory, Upton, New York 11973, USA
“Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606,
USA

July 11, 2021

Abstract

t the Electron-Ton Collider (TIC) that need
to be included in physics and detector simulations, For our studies, we implement accelerator
and beam effects in the Pythia 8 Monte Carlo event generator ancd examine their influence on
the measurements in the central and far-forward regions of the detector. Tu our analysis,
demonstrate that the accelerator and beam effects can be also studied aceurately by modif;
the Monte Carlo input to detector simulations, withoul having to implement the effects directly
in the event generators.

We identify accelerator and beamn conditions ¢

1 Interaction Regions at the Electron-Ion Collider
The present interaction region (IR} and detector designs for the Electron-Ton Collider (EIC) are the
result of considerations which fulfill all of the below requirements:
o Versatile center-of-mass energy, Ecpg, within the range of 30 GeV to 140GeV,
24-1

o A luminosity of up to 10% cm =25

o High polarization of clectron and light jon heams with arbitrary spin patterns, with time-
averaged polarization of up to 70%

Beam divergences at the interaction point (IP) and apertures of the interaction region magnets
that are compatible with the acceptance requirements of the colliding beam detector.

Collisions of clectrons with a large range of light to heavy jons {protons to uranium ions).

— Generated single particle events in
Fun4All with the origin vertex distributed
according to these distributions

« Up to two interaction regions

To realize t
in the pl £
interaction region is to focus the beams to small spot sizes at the collision point and to sep
them into their respective beam lines while providing the space and geometry required hy the physics
program for the detector. The separation is accomplished by a total crossing angle of 25 mrad {or
A5mrad) between the two beams, which has the advantage of avoiding the introduction of separator

: yequirements a couple of design choices have been made, which need to be included
and detector simulations to get. the most accurate deseription. The purpose of the
te

~—

S0
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Ap/p[%]

Ap /p [%]

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Momentum resolution - Backward

C T T T T3 4.5 S T T 3
;_ ---- PWG requirement _; 4 ;_ ---- PWG requirement _;
;_ v Vertex fixed at origin, -3.5 < 1 <-3 _; 35 ;_ v Vertex fixed at origin, -3 < n <-2.5 _;
; Gaussian distributed vertex _E g 3 E_ Gaussian distributed vertex _E
= . " = = 25| . =
E v . u o T E AN T R I E
2 E a 2F E
E E < E E
= — 1.5F —
3 E Y =
S E ] E
S ] 1 ! ] 13 1) P 1 . ! ] 13
0 2 4 6 8 10 0 2 4 6 8 10
p [GeV/c] p[GeV/c]
F T T T T T3 2 F T T T T T3
F --- PWG requirement E 1.8 3 ---- PWG requirement E
r - 16 F -
o v Vertex fixed at origin, -2 < n <-1.5 3 F v Vertex fixed at origin, -1.5 < n < -1 E
e = L4 =
o Gaussian distributed vertex 3 = o Gaussian distributed vertex 3
= — s, L2 —
r - o 1E -
- o 7 ~ r = = Y 7
:—' ¥ v v L4 ¥ ¥ " N . _—: 2" 0.8 :— v v v v v N _—:
e = 06 T =
- = 0.4F =
— — 02F —
E ] ] C ] L3 oE ] ] C ] L3
0 2 4 6 8 10 0 2 4 6 8 10
p [GeV/c] p [GeV/c]

o L B A B

---- PWG requirement
v Vertex fixed at origin, -2.5 < 1 <-2

Gaussian distributed vertex

Ap/p[%]
IIIIFIIIIIIIIII1IIIIIIIII|IIII

<
[
S

" Avery small loss of

performance for -1.5<n<-1,
with other regions being
mostly the same

S0
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Ap/p[%]

Ap /p [%]

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Momentum resolution - Central

r T T 1 T T T
E ---- PWG requirement 3
:_ v Vertex fixed at origin, -1 < n <-0.5 _:
- Gaussian distributed vertex =
e : 3
TR =t A :
C ] ] L ] 13
0 2 4 6 8 10
p [GeV/c]
C T T T T ]
E ---- PWG requirement E
r v Vertex fixed at origin,0 < n <0.5 ]
- Gaussian distributed vertex E
=TT v =
R ]
C ] L1 Ll ] L3
0 2 4 6 8 10
p [GeV/c]

Ap/p[%]

Ap /p [%]

1.4

1.2

0.8

0.6

0.4

0.2

1.4

1.2

0.8

0.6

0.4

0.2

r T —
E ---- PWG requirement 3
:_ v Vertex fixed at origin, 0.5 <1 <0 _:
- Gaussian distributed vertex =
=TT v ]
i S ¥ L v 4
C ] L ] 13

0 4 6 8 10

p [GeV/c]
C T T T ]
E ---- PWG requirement E
r v Vertex fixed at origin, 0.5 < n <1 ]
- Gaussian distributed vertex E
e . -
- —--"iv"'"-"‘ '''' v .
L = sy ¥ B
C ] M ] L]
0 4 6 8 10

p [GeV/c]

Small difference in
performance for 0.5<|n|<1

S0
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Ap/p[%]

Ap /p [%]

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

o — b2 b .
S o= b L W b R

Momentum resolution - Forward

C L e T B S B
3 ---- PWG requirement =
E_ v Vertex fixed at origin, 1 <n <1.5 _E
E Gaussian distributed vertex 3
E v v E
- \ M —
v 3
E 1 ! e 1 L 3

2 4 6 8 10
p [GeV/c]
F T T T T T3
;_ ---- PWG requirement _;
F v Vertex fixed at origin, 2.5 <n <3 =
= Gaussian distributed vertex =
Ev - - » . 3
AL ToroomBomrr e T 3
E ] ] , ] ] L3
0 2 4 6 8 10
p [GeV/c]

Ap/p[%]

Ap /p [%]

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

~ o O

[ T . =)

—

C — 77— ™3
3 ---- PWG requirement =
E_ v Vertex fixed at origin, 1.5 < n <2 _E
E Gaussian distributed vertex 3
; b w L] L L4 * s ¥ v _E
E 1 . ! e 1 L 3

2 4 6 8 10
p [GeV/c]
F T T T T T3
;_ ---- PWG requirement _;
F v Vertex fixed at origin, 3 < n <3.5 =
= Gaussian distributed vertex =
E x v w . E
" 3 v - v =
E ] ] , ] ] L3
0 2 4 6 8 10
p [GeV/c]

Ap/p[%]

25 L I S S B L S D S A B
E ---- PWG requirement E
2 — —
r v Vertex fixed at origin, 2 < <2.5 b
s L Gaussian distributed vertex ]
o . ]
= ¥ v v v = ¥ v ¥ L :
1 —]
=
oL . ] L ] ] 1

0 2 4 6 8 10

p [GeV/c]

Same trend as for
Backward: only 1<n<1.5
shows a small loss of
performance

Can attribute this to extra
material seen when
crossing over service cone




Extra material seen by particles from offset vertex if they
traverse service cone

n=-05 n=0 n=05

o X A ! “—
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DCA, [um]

Transverse pointing resolution - Backward

W1 LA o r 1" T " "1 13 077 1 T
o 1 E _ 3 [y ) 3]
250 __' v Vertex fixed at origin, -3.5 < 1 <-3 A 200 E! ---- PWG requirement _E 140 = ---- PWG requirement —:
- ] 180 £ v Vertex fixed at origin, -3 < n <-2.5 E 120 v Vertex fixed at origin, -2.5 < n <-2 4
- an distri . 160 - = i ]
- Gaussian distributed vertex = =l 140 = Gaussian distributed vertex 3 = 100 Gaussian distributed vertex -
s 1 & ME T 2 ]
o - - 120F E = 80 =
C ] S 100fE = S Fie 3
r - ] < £ 7 3 = 60 — ]
100 - - B s0f: E - C ]
. : wE E wf =
50 . ] 0 s — r T T .
: T e s 1 af T IR I
oL 1 ] 1 1 13 ok 1 ] M 1 13 oL 1 | I L1 1
0 2 4 6 10 0 2 4 6 10 0 4 6 10
P, [GeV/c] P, [GeV/c] P, [GeV/c]
27777 90 T T T T L
_:l 7 E i. E . - - - - -
- ---- PWG requirement B 80 F ---- PWG requirement = NO SI nlflcant dlﬁerences In
100 [~ ] *
v - B 70 E- o = . .
= v Vertex fixed at origin, -2 < n <-1.5 B o v Vertex fixed at origin, -1.5 < 1 < -1 ] tran Sverse O I ntl n
80 __ Gaussian distributed vertex ] =l 60 E Gaussian distributed vertex E . p g
3 ] 2 of: - resolution
60 [ — <;_ E E
wf - - S 0fF =
e ] WF 7T 3
20 g T ] E v E
N ' v - L L ¥ 10 E_ ' y " ' ¥ ™ _E
0 1 L. [ 1 ) ] 0E 1 ] L1 L1 L3
0 2 4 6 8 10 0 2 8 10 ©0
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DCA, [um]

DCA, [um]

70

60

50

40

30

20

60

50

40

30

20

r T I | T T3
. ---- PWG requirement -
ot v Vertex fixed at origin, -1 < 1 <-0.5 ]
o Gaussian distributed vertex ]
- ;. e, 3
F L R greeeeee 3
o ] ] ] | 1 3
0 2 6 10
p. [GeV/c]
C T T T T ™
F” ---- PWG requirement B
r v Vertex fixed at origin,0 < n <0.5 ]
- Gaussian distributed vertex E
o T - SRR P - I
C ] ] Ll Ll L]
0 2 4 6 8 10
p.. [GeV/c]

Transverse pointing re

DCA, [um]

DCA, [um]

solution - Central

60

50

40

30

20

70

60

50

40

30

20

r T T T ™
= ---- PWG requirement B
E v Vertex fixed at origin, 0.5 <1 <0 E
E Gaussian distributed vertex =
C % ]
r . -
n e _
C A . A e g 7
C ] 1 ] | 1

0 2 4 10

p. [GeV/c]
- T T T T T ]
. ---- PWG requirement .
[ 3
C v Vertex fixed at origin, 0.5 <1 <1 .
C Gaussian distributed vertex 3
o =
3 E
E LY SO e e e I - 1
C ] I ] | 1
0 2 4 8 10
p. [GeV/c]

No significant differences in
transverse pointing
resolution

S0
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DCA, [um]

DCA, [um]

Transverse pointing r

80 ——————— ———T3
70 = ---- PWG requirement =
60 f_ v Vertex fixed at origin, 1 <n <1.5 —f
50 E_ Gaussian distributed vertex _E
40 =
30 -
0F 7T 3

o - 3
10 = v v . =
E " v ™ ]
ok ] ] M| L1 =

0 6 10

P, [GeV/c]

20 . . . T 3
200 B =
I ---- PWG requirement 3

180 F- —

160 ;_ v Vertex fixed at origin, 2.5 <1 <3 _f

140 Gaussian distributed vertex -

120 B 3

100 = =
80 - =
60 -
WO e =

. v .
20 A " 3
0 E ] L ] L1 L3
0 2 4 6 8 10

p. [GeV/c]

esolution - Forward

120 r I e e e e e LA -
100 :_,, ---- PWG requirement _:
o v Vertex fixed at origin, 1.5 <n <2 E
=l 80~ Gaussian distributed vertex ]
= [ ]
= 60 —
‘f . 7
2 C oy ]
2 wf ¢ 3
20 - ' ........................................................ ]
N ) x W ]

oL ] [ [ L N ]

0 2 6 10

p. [GeV/c]
H T T T T T
Ly ]
250 |- ---- PWG requirement —
5 v Vertex fixed at origin, 3 < n <3.5 E
— 200 -
£ C Gaussian distributed vertex ]
= E .
= 150 |+ 3
< L ]
@] r. ]
2 1o =
sofF m L mm—— =
v w

o v " v v ]
0 C 1 1 M| 1 |-

0 2 4 6 8 10

P, [GeVic]

160 77— ]
140 E‘ ---- PWG requirement —:
120 :_ v Vertex fixed at origin, 2 < n < 2.5 3
E 100 :— Gaussian distributed vertex 3
3 F ]
= 80 3
5 C ]
2 60F =
0 =
w0 T T =
- " ” m
oL ] ] L1 1

0 10

p. [GeV/c]

No significant differences in

transverse pointing
resolution
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