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7R SPD Experiment

- Spin Physics Detector (SPD) 1s an experiment at the
NICA facility designed to study the spin structure of
the proton and deuteron using polarized beams, as
well as other spin-related phenomena. It 1s being
developed as a universal 4 detector equipped with
tracking, particle identification systems, and high
luminosity (up to 10°%cm=2s~1)

- Expected energies for Phase 1 is \/E = 10 GeV and
for Phase 2 is \/E =27 GeV

o Straw Tracker (ST) 1s a subsystem responsible for
charged track reconstruction and their momentum
determination. It plays a critical role in 10n-1on
collisions with high particle multiplicity, where signal
overlap 1s likely. It 1s susceptible to occupancy issues,
as the front-end electronics require time to process
events, which may reduce accuracy under high load
conditions. The Straw Tracker 1s planned to be used
throughout all stages of the SPD experiment
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Fig. 1 - SPD Experiment



Straw Tracker (TS) & purpose of the study

- Purpose:
To reconstruct charged particle tracks, measure their momenta based on

trajectory curvature 1in a magnetic field, and perform particle identification via
energy loss (dE/dx)
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- Design:
The detector consists of a barrel section (for tracking) and two end-caps

(primarily for tracking and for identification) ;‘ : ‘
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1. Barrel: Comprises 8 modules, each containing approximately 3,300 straw tubes
(both straight and inclined), totaling around 26,000 tubes

2. End-caps: Each contains 8 coordinate planes (disks) utilizing straw tubes with _
various orientations and lengths Fig. 2 - Straw Tracker (barrel)

Straw layer scheme

V Straw modules scheme

Purpose of the study:
~ Determine the hit-rate conditions (colliding system) under which the

SPD straw tracker performance remains reliable, and where tracking
starts to degrade

o Check the tracking updates on this study

- Use such the results to propose practical detector and reconstruction

settings that would keep reconstruction stable at 1on program _
Fig. 3 - Straw Tracker (end-cap) 3



Fig. 3 - BBC
occupancy

BBC Spatial Resolution

Hit Map of BBC
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Simulation parameters:

e Default SPDRoot reconstruction

algorithms

« BBC incomplete configuration

« Event Generator: Pythia8 ° Minimum bias

. \/E — 10 GeV  All generations

e No pseudorapidit
10 000 p-p collisions P PIEILY

region cuts

Centers Hit Map of BBC
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BBC Spatial Resolution

Hit Map of BBC Centers Hit Map of BBC
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Fig. 5 - BBC 40
occupancy 20
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Event Generator: Pythiag ®  Minimum bias * |ntlera<;ti0n rate (for | Fig. 6 - BBC centers occupancy normalized
coliore

« Default SPDRoot reconstruction B * Allgenerations  7_ois) = 0.4 MHz
algorithms ) \/E = 10 GeV )

0

Simulation parameters: .

* No pseudorapidity Interaction rates are obtained from SPD TDR: 5
region cuts https://arxiv.org/pdf/2404.08317

« BBC incomplete configuration 10 000 p-p collisions



https://arxiv.org/pdf/2404.08317

BBC Spatial Resolution
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* All generations

. BBC incomplete configuration® 10 000 p-p collisions * No pseudorapidity region cuts .



TS tull hit rate and straw occupancy in O-0O collisions

Fig. 9 - TS full hit rate (barrel n end-caps parts) in O-O collisions Fig. 10 - TS full hit rate (barrel n end-caps parts) in O-0O collisions
for 6 GeV for 12 GeV
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Simulation parameters: - 1000 O-O caollisions ( O ")
 Event Generator: URQMD 3.4 e Minimum bias
. \/E — 6 GeV and \/E = 12 GeV * Interaction rate (for colored | | Interaction rates are obtained from MPD CDR: 7
_Avie)l — https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD CDR en.pdf
Z-axis) = 7 kHz



https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD_CDR_en.pdf

TS tull hit rate and straw occupancy in O-0O collisions

Fig. 11 - TS full hit rate (barrel n end-caps parts) in O-O collisions
for 10 GeV
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Simulation parameters: - 1000 O-O caollisions ( Og ")
 Event Generator: URQMD 3.4  Minimum bias
o \/E — 10 GeV * |nteraction rate (for colored P Interaction rates are obtained from MPD CDR: 8
Z-axis) = 7 kHz -— https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD CDR_en.pdf



https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD_CDR_en.pdf

Thank you for your attention!
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pT distributions (default SPDRoot reconstruction algorithms)

in p-p collisions

Fig. 12 - pTM¢ (default SPDRoot reconstruction algorithms) Fig. 13 - pT"" (default SPDRoot reconstruction algorithms)
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Simulation parameters: « Event Generator: Pythia8 « Minimum bias
 Default SPDRoot - .
. —  Only 1st generation .
reconstruction algorithms \/E 10 GeV ylistg Only charged particles
+ Vertex detector (ITS) enabled ° 5 000 p-p collisions ¢« —2 < n <2 pseudorapidity region (barrel part only)| 1



Efficiency pT"*"/pT"C (default SPDRoot reconstruction algorithms)

in p-p collisions
Fig. 14 - Efficiency vs pTMC (default SPDRoot reconstruction algorithms)

Efficiency (p-p) ~ 75%

Relative number of fired straws:
1.8% ~ 450 straws

Efficiency, pT™"/pTMC
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Simulation parameters: « Event Generator: Pythia8 « Minimum bias
* Default SPDRoot . \/E — 10 GeV * Only 1st generation » Only charged particles

reconstruction algorithms

. Vertex detector (ITS) enabled ° 5 000 p-p collisions ¢« —2 < n < 2 pseudorapidity region (barrel part only)| 1>



pT distributions (new reconstruction algorithms by Vladimir Andreev)

g in p-p collisions

Fig. 15 - pTMC (new reconstruction algorithms by Vladimir Andreev) Fig. 16 - pT”" uth (new reconstruction algorithms by Vladimir Andreev)
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Imulation parameters:

 Event Generator: Pythia8 e« Minimum bias

e New reconstruction
algorithms . \/E =10 GeV * Only 1st generation - Only charged particles

* Vertex detector (ITS) 5000 p-p collisions « —2 < 7 < 2 pseudorapidity region (barrel part only) | 13
enabled



Efficiency pT""“"/pT"C (new reconstruction algorithms by Vladimir

Andreev) in p-p collisions

Fig. 17 - Efficiency vs pTMC (new reconstruction algorithms by Vladimir Andreev)
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Imulation parameters:
 Event Generator: Pythia8 e« Minimum bias
 New reconstruction
algorithms . \/E =10 GeV * Only 1st generation - Only charged particles
* \ertex detector (ITS) . 5000 p-p collisions ¢ —2 < 1 < 2 pseudorapidity region (barrel part only) | 14

enabled



pT distributions (default SPDRoot reconstruction algorithms)

in O-0 collisions

Fig. 18 - pTMC (default SPDRoot reconstruction algorithms) Fig. 19 - pT""" (default SPDRoot reconstruction algorithms)
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Simulation parameters: e Event Generator: URQMD « Minimum bias
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‘o 16\ ¢ _— . g :
. \ertex detector (ITS) enabled ° 100 O-0 collisions ( 08 ) 2 < n < 2 pseudorapidity region (barrel part only)| 15



Efficiency pT"*"/pT"C (default SPDRoot reconstruction algorithms)

in O-0 collisions
Fig. 20 - Efficiency vs pTMC (default SPDRoot reconstruction algorithms)

Efficiency vs pT"“, old reconstruction
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Simulation parameters: e Event Generator: URQMD « Minimum bias
* Default SPDRoot . \/E = 10 GeV  Only 1st generation » Only charged particles

reconstruction algorithms

‘o 16\ ¢ _— . g :
. \ertex detector (ITS) enabled ° 100 O-0 collisions ( 08 ) 2 < n < 2 pseudorapidity region (barrel part only)| 15



pT distributions (new reconstruction algorithms by Vladimir Andreev)

~ in O-0 collisions

Fig. 21 - pTMC (new reconstruction algorithms by Vladimir Andreev) Fig. 22 - pT”" uth (new reconstruction algorithms by Vladimir Andreev)
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Imulation parameters:

* Event Generator: URQMD . Minimum bias

 New reconstruction
algorithms . \/E = 10 GeV * Only 1st generation  « Only charged particles

* Vertex detector (ITS) « 100 O-O collisions ( 0816) ¢ —2 <15 < 2 pseudorapidity region (barrel part only) | 17
enabled



Efficiency pT""“"/pT"C (new reconstruction algorithms by Vladimir

Andreev) in O-0O collisions

Fig. 23 - Efficiency vs pTMC (new reconstruction algorithms by Vladimir Andreev)

Efficiency vs pT"'", new reconstruction

Efficiency (p-p) ~ 79%

Relative number of fired straws:
6.2% ~ 1600 straws
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Imulation parameters:

* Event Generator: URQMD « Minimum bias
 New reconstruction

algorithms . \/E = 10 GeV * Only 1st generation  « Only charged particles

* Vertex detector (ITS) « 100 O-O collisions ( 0816) « —2 <15 < 2 pseudorapidity region (barrel part only) | 15
enabled



pT distributions (default SPDRoot reconstruction algorithms)

in Kr-Kr collisions

Fig. 24 - pTM¢ (default SPDRoot reconstruction algorithms) Fig. 25 - pT"" (default SPDRoot reconstruction algorithms)
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Simulation parameters: e Event Generator: URQMD . Minimum bias
* Default SPDRoot . \/E = 10 GeV * Only 1st generation * Only charged particles

reconstruction algorithms

. . 84\¢ _ .y .
. Vertex detector (ITS) enabled® 100 Kr-Kr collisions (Krse ) 2 < n < 2 pseudorapidity region (barrel part only)| 19



Efficiency pT"*"/pT"C (default SPDRoot reconstruction algorithms)

in Kr-Kr collisions
Fig. 26 - Efficiency vs pTMC (default SPDRoot reconstruction algorithms)

Efficiency vs pT"", old reconstruction
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Simulation parameters: e Event Generator: URQMD « Minimum bias
* Default SPDRoot . \/E = 10 GeV * Only 1st generation * Only charged particles

reconstruction algorithms
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. Vertex detector (ITS) enabled® 100 Kr-Kr collisions ( K75, ) 2 < n < 2 pseudorapidity region (barrel part only)| 2o



pT distributions (new reconstruction algorithms by Vladimir Andreev)

~ in Kr-Kr collisions

Fig. 27 - pTMC (new reconstruction algorithms by Vladimir Andreev) Fig. 28 - pT”" uth (new reconstruction algorithms by Vladimir Andreev)
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» Event Generator: URQMD e Minimum bias
e New reconstruction
algorithms . \/E = 10 GeV * Only 1st generation  « Only charged particles

» Vertex detector (ITS) . 100 Kr-Kr collisions ( K;fé) « —2 < 1 < 2 pseudorapidity region (barrel part only) | o
enabled



Efficiency pT""“"/pT"C (new reconstruction algorithms by Vladimir

Andreev) in Kr-Kr collisions

Fig. 29 - Efficiency vs pTMC (new reconstruction algorithms by Vladimir Andreev)
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Imulation parameters:

* Event Generator: URQMD . Minimum bias

 New reconstruction
algorithms . \/E = 10 GeV * Only 1st generation  « Only charged particles

* \ertex detector (ITS) « 100 Kr-Kr collisions ( Kr38g) ¢ —2 < 1 < 2 pseudorapidity region (barrel part only) | ->
enabled



pT distributions (default SPDRoot reconstruction algorithms)

in Xe-Xe collisions

Fig. 30 - pTMC (default SPDRoot reconstruction algorithms) Fig. 31 - pT"" (default SPDRoot reconstruction algorithms)
MC : truth :
pT™, old reconstruction S pT™", old reconstruction S

240 . Mean 0.4633 220 Mean 0.4635
99() Std Dev  0.3231 200 Std Day 03952
200 180

180F 160

160k 140

140 L suFl

120 100K

100

a0l 80

60 0

40 40k

20 20

05 R N =55 R L - B

pT"C, [GeV] pT™" [GeV]

| |  Event Generator: URQMD . .
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reconstruction algorithms

« <100 Xe-Xe collisions (X€512 e —2< n < 2 pseudorapidity region (barrel part only)| 23
* \ertex detector (ITS) enabled



Efficiency pT"*"/pT"C (default SPDRoot reconstruction algorithms)

in Xe-Xe collisions
Fig. 32 - Efficiency vs pTMC (default SPDRoot reconstruction algorithms)

Efficiency vs pT"", old reconstruction
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Simulation parameters: * Event Generator: URQMD e Minimum bias

* Default SPDRoot ) \/E =10 GeV * Only 1st generation * Only charged particles
reconstruction algorithms

. <100 Xe-Xe collisions (Xel?') . _ Aty roai
+ Vertex detector (ITS) enabled 54 2 < n < 2 pseudorapidity region (barrel part only)| 24



pT distributions (new reconstruction algorithms by Vladimir Andreev)

~ in Xe-Xe collisions

Fig. 33 - pTMC (new reconstruction algorithms by Vladimir Andreev) Fig. 34 - pT”" uth (new reconstruction algorithms by Vladimir Andreev)

pT"°, new reconstruction pT"™™ new reconstruction

Entries 5719 Entries 711
240 Mean 0.4633 30 . Mean 0.4575
Std Dev 0.3231 Std Dev  0.3302
220 f ﬂl
200 95 J’ _
180
160 20
140
120 1541 l’
100}
80 10H
60f+
40 5
- |
20k hJ
I 1 o e WY . Ill*l “ [ B | f
% 0.5 1 T5 5 55 3 35 4 % 0.5 ] 1.5 > 25 3 35 4
pT"C [GeV] pT™™" [GeV]
Imulation parameters: |
» Event Generator: URQMD e  Minimum bias
e New reconstruction
algorithms . \/E = 10 GeV * Only 1st generation  « Only charged particles

 Vertex detector (ITS) . <100 Xe-Xe collisions (Xegjl ) ¢ —2 <15 < 2 pseudorapidity region (barrel part only) | 25
enabled



Efficiency pT""“"/pT"C (new reconstruction algorithms by Vladimir

Andreev) in Xe-Xe collisions

Fig. 35 - Efficiency vs pTMC (new reconstruction algorithms by Vladimir Andreev)
Efficiency vs pT"'", new reconstruction
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enabled



Reconstruction efficiencies comparison

Fig. 36 - Reconstruction efficiencies comparison
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Imulation parameters:
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TS tull hit rate and straw occupancy in p-p collisions

Fig. 37 - TS full hit rate (barrel n end-caps parts) in p-p collisions
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Simulation parameters: * 100 000 p-p collisions

Minimum bias
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 Event Generator: Pythia8 °
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Fig. 38 - Average number of hits per straw in the TS in p-p collisions
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The relative fraction of active straws (straws with

at least 1 hit): 1.8%

Interaction rates are obtained from SPD TDR:

https://arxiv.org/pdf/2404.08317
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https://arxiv.org/pdf/2404.08317

Momentum resolution of the Straw Tracker in p-p collisions

A region of particular interest for event reconstruction in the Straw Tracker is that of c Vs pt_truth
mid-range pseudorapidity (—1.1 < # < 1.1), where the highest particle registration

© [
accuracy is expected. Figure 6 presents a total occupancy map of the entire Straw S 0.05 -
Tracker in this pseudorapidity region. To evaluate the momentum resolution, § -
distributions of the relative momentum reconstruction accuracy g 0.045 —
(Pt,.,— Pt )/ Pt, ., were obtained for different MC Pt intervals. These £ 004 =
distributions were then fitted with Gaussian functions, and the standard deviations of § E .
the fits were taken as the measure of momentum resolution. 2 0.035—
TS hit rate -1.1 <7< 1.1 E 0_033_
Simulation parameters: = 100 — - .
o N —1p.05X 0.025 — {
— - = -
o 90 = =
. — = 0.02 — }
 Event Generator: Pythia8 80 — - — 3 ; ; % i
- 0042 o015 : t t }
70— [ - .
- (D -
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5000 p-p collisions 40 0.02 Fig. 40 - Momentum resolution of the
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Interaction rates are obtained from SPD TDR: region 29
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TS tull hit rate and straw occupancy in Xe-Xe collisions

Fig. 41 - TS full hit rate (barrel u end-caps parts) in Xe-Xe collisions Fig. 42 - Average number of hits per straw in the TS in Xe-Xe collisions
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Momentum resolution of the Straw Tracker in Xe-Xe collisions

. md

The momentum resolution was similarly evaluated for 1on-10n collisions.

In particular, Figure 43 presents the total occupancy map of the entire Straw Tracker
in the central pseudorapidity region (—1.1 < < 1.1) for oxygen-oxygen Xe-Xe)
collisions.

Figure 44 shows the momentum resolution (Pr) across the full momentum spectrum
for Xe-Xe collisions in the same central pseudorapidity region.

TS hitrate-1.1 <n< 1.1

Simulation parameters: = 100¢ 30 ~—
S, s I
« Event Generator: URQMD 3.4 gg& —® é
= =
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— —20 »
. /s =10 GeV 60F
50 15
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Fig. 43 - TS full hit rate in the central pseudorapidity
region for the Xe-Xe collisions

Interaction rates are obtained from MPD CDR:
https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD CDR en.pdf
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Fig. 44 - Momentum resolution of the
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central pseudorapidity interval for

the Xe-Xe collisions
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Compared relative fraction of active straws in the TS

Fig. 45 shows the relative fraction of active

straws 1n the TS, compared between p-p, O-0,

Kr-Kr and Xe-Xe collisions

Simulation parameters:

e Event Generator: URQMD
. \/E = 10 GeV

100 000 p-p and 10 000 ion-ion
collisions

e Minimum bias
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Fig. 45 - Compared relative fraction of active straws in
the TS
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Comparison of momentum resolution in the Straw Tracker in p-p

and ion-ion collisions

p-p and ion-ion sigma comparison

By comparing the momentum resolution o 0.15—
distributions between proton-proton and S _ S
. . . . . . = | A :
various ion-ion collision systems, a combined - v o
distribution was obtained. e 01
.la:-.: B + ®
E -
o) .
: B
: : o 0.05— !
Simulation parameters: 2 e ‘
E’ B v i - % f
i P 7 ! ¢ s 17 ® : T i I
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e Minimum bias Fig. 46 - Comparison of momentum resolution in the

Straw Tracker in p-p and ion-ion collisions
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TS tull hit rate and straw occupancy in O-0O collisions

Fig. 47 - TS full hit rate (barrel u end-caps parts) in O-O collisions Fig. 48- Average number of hits per straw in the TS in O-0 collisions
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Momentum resolution of the Straw Tracker in O-O collisions

. md

The momentum resolution was similarly evaluated for ion-ion collisions. G vs pt_truth

In particular, Figure 49 presents the total occupancy map of the entire Straw Tracker S =
in the central pseudorapidity region (—1.1 < # < 1.1) for oxygen-oxygen (O-0O) 5 0.045—
collisions. 3 004
Figure 50 shows the momentum resolution (Pr) across the full momentum spectrum E 0_0355_
for O—O collisions in the same central pseudorapidity region. : ; 03§ %
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Interaction rates are obtained from MPD CDR: 35
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TS tull hit rate and straw occupancy in Kr-Kr collisions

Fig. 51 - TS full hit rate (barrel u end-caps parts) in Kr-Kr collisions Fig. 52 - Average number of hits per straw in the TS in Kr-Kr collisions
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Momentum resolution of the Straw Tracker in Kr-Kr collisions

. md

The momentum resolution was similarly evaluated for ion-10n collisions.

In particular, Figure 53 presents the total occupancy map of the entire Straw Tracker
in the central pseudorapidity region (—1.1 < # < 1.1) for oxygen-oxygen Kr-Kr)
collisions.

Figure 54 shows the momentum resolution (Pr) across the full momentum spectrum
for Kr-Kr collisions in the same central pseudorapidity region.
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Simulation parameters: = 100¢ =
- 1
o - ©
- —16 ©
 Event Generator: URQMD 3.4 80 £
70:_ —14 §
s e
. /s =10 GeV -
soF- 10
84 0F 8
« 1000 Kr-Kr collisions ( K75, ) s0F- 6
20 4
e Minimum bias 10 2
:l ] ] ] | | | | ] ] | | | ] ] | | | | | | ] ] ] ] | ] | | | |
0550 100 750 0 50 00150 0
. , |CM
* Interaction rate (for Fig. 53 - TS full hit rate in the central pseudorapidity

colored Z-axis) = 7 kHz

/ region for the Kr-Kr collisions

Interaction rates are obtained from MPD CDR:
https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD CDR en.pdf

Relative momentum resolution, G

G vs pt_truth

0.04

0.035

0.03

0.025

0.02

0.015

1 1.2 1.4
pt_truth, [GeV]

Fig. 54 - Momentum resolution of the
Straw Tracker for MC Pt within the
central pseudorapidity interval for

the Kr-Kr collisions

o
o
o
B
=)
o))
o
o

37


https://mpd.jinr.ru/wp-content/uploads/2023/11/MPD_CDR_en.pdf

Questions

1. CpegHee 4ncio 3aroparoimxcs straw B p-p CTOJKHOBEHUX MeHble 500, a BOT B MOHAX, y>Ke HaunHas ¢ O-
O, ax 1600 n 6osble. Ecii B HOBOM pEKOHCTPYKIMHU fiejiaeTcs KaT Ha S00 3aroparommxcs straw (TK 1S
TaKUX OOJIbIIMX 3arPy30K TPEKUHI HAUMHAECT BECTU CE0s1 HEMPEACKA3YEMO), TO KaK ObITh B TAKUX CIIyYasax?
MOKHO JI1 «ABUTraTh» ATOT KAT B OOJIBIIYIO CTOPOHY - HACKOJIBKO YXV/IIAETCH TPEKUHT OT 3TOr0?

2. ECTb 1 ele Kakue-To KaTbl UM OCOOEHHOCTU HOBOM PEKOHCTPYKUNM, CUIIbHO 3aBUCSIIME OT OOJIbIIION
3arpy>KEHHOCTU HA OJHO CTOJKHOBEHME

3. EcTh /1 y>Ke peajin30BaHHbIN 3aIyCK HOBOM PEKOHCTPYKIUU OTACIbHBIM CKPUIITOM OT OCTAJILHOTO

(pHANTBLHOIrO aHAIM3a U JAXKE UMILJIEMEHTUPOBAHHAS HOBAsI PEKOHCTPYKLUMS BMECTO CTapOU
PEKOHCTPYKIMH, A HE TTOCJIe Hee? Bompoc CBsA3aH ¢ TeM, YTO cermyac workflow coCcToUT Tak, YTO HYIKHO JIBa

pa3a BbHIOJIHATD PCKOHCTPYKIINEO (CTaPYIO, d [TIOTOM HOBYH)), IIJIFOC HOBAs PCKOHCTPYKUMWA BBIIOJTHACTCA
HCIIOCPCACTBCHHO B KOJIC dHAJIM34 - TO CCTb CCJIM YHTO-TO HY2KHO MCHATDb B dHAJIN3C, IIPUXOIUTCA Ka}KIII)Ifl pas

3aHOBO 3allyCKaTh HOBYIO PEKOHCTPYKIMIO

4. YeM MOryT ObITh BbI3BaHbI PE3KUE «MPOCAAKN» 3(P(EKTUBHOCTU B HAUAJILHOM JIMANa30HE MO pt UMEHHO B

HOBOUN PEKOHCTPYKLMU
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R Conclusions

~ Total occupancy maps of the Straw Tracker were obtained for both proton-proton and
different 1on-10n collisions (O-O, Kr-Kr, Xe-Xe)

- The relative fraction of active straws increased with increasing atomic number of the colliding
nuclei

- According to the average straw occupancies and hit rates maps we can make a conclusion that
light ion collisions like O can be studied with high accuracies but i1t seems unlikely to
study heavier ions like Xe at the SPD because it would be rather difficult to separate
different tracks via one 10on collision

~ All colliding systems show the common low-p, degradation, a shallow minimum at
intermediate p, and a rise at high p;

o A preliminary implementation of new reconstruction algorithms was performed by studying
the efficiency of reconstruction 39



