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Spin Physics Detector at NICA (TDR)

Electromagnetic calorimeter  Magnet  Range system Vertex detector end- cap - a Zero degree calorimefer

Time-of-flight system

Straw tracker

Beam pipe

BBC MCP detector

Range system end-cap

Electromagnetic calorimeter end-cap
Time-of-flight system end-cap

Beam-beam counter

Aerogel Cherenkav defector

Straw tracker end-cap

General layout of the SPD setup.
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Figure 9.38: (a) ST end-cap consisting of 8 coordinate planes assembled together. (b) Common view
and main dimensions.

The coordinate plane consists of 2 same layers
rotated 180 degrees relative to each other
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Barrel and End-Cap straw tubes

X-Y plane

track

Carbon fiber
frame

Carbon

In the barrel detector, coordinates of fired tube centers are track hits.
In the case of the End-Cap detector, there is missing of the layer Y-coordinate.

. %

To find in the EndCap detector the X-Y layer hit, one needs to have adjusted
layers with non-parallel straws and as more as possible.
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Coordinate plane with layers shift

Track, clusters and drift lines

Cell Simple—tube Particlel u”, Ekin=1 GeV
Gos: CQ, 30%, Ar 70%, T=298,15 K, p=1 otm
T T T T T T T

0.5F —

> 0.3f -
0.2F /
0.1+ / b \‘
of | »—t '\

-

\\ /
e L If the values of d1 and d2 in the fired tubes of neighboring layers are known and

e R it is known which tangent of the four possible tracks passed, then the position of
“““““ x=Axis [cm track hits in X-Z plane for fire tubes can be determined with an accuracy of &.
The detector's electronics

provides the distance d+& from
the wire to a track.

—Axis [eml

1. If the interaction point has z=0 then the angle 0 is 24°, for z=50cm it is 35°. The
angle B is 18°. Possible uncertainty appears when choosing an option between 4
tangents.

2. The uncertainty to reconstruct e’e” pair when its vertex unknown.

3. Less 3D points which we can use to find an initial approach for the circle of
the helix in the X-Y plane.

To determine the position of the tangent line to circles in two layers in the coordinate plane, we need
an algorithm that takes into account the different positions of the points of interaction!
In this study, we use for coordinate planes “ideal” tangent hits from MC.
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Single layer hits

We offer the method
how to find the X-Z track hit without coordinate plane using only one layer

helix : )
x = 2.1, + Rcos(eor — gt de, . qR . 2 — 2
y= oy + Rein(po, —qt) W ()= —=sineo — g
2 =29+ h.t

;

(@)

1. Let's find the initial approximation for

the track model.
2. Find the interval of t around ZL where

X(Z) is monotonous.
3. In this interval we look for the minimum
from the tube center and find tmin on the

track model and the corresponding
point (X ,Z ).

4.The hit (X ,Z ) lies on the vector from
the tube center to the point (X _,Z ) in

the distance d+4(d).
5. Use the hit to build the track x2.

19/02/2025 Valentin Kuzmin SPD Physics & MC meeting



Single layer geometry track reconstruction

1% approach

LGS, level=1 straw=54 LCS, level=5 straw=84 LCS, level=12 straw=39 LCS, level=15 straw=112
16.4— N N 53—
r L 30.8— . —_ r
- MC track B Track model . o - hit position ,
r -26.2— r _saal
C -2&4} r _53.4—
C ~26.6/— L -53.6/—
r 268 L 3.8
r wy/. L 54
o o721 L 542
C 274 - 544
15— Elees lg s fpasl ippPag g lberailsiil 294, o | L b b P by Iy 0 BFERE I TEA TN 0
i |13\9w L “13&‘32‘ 1 1\3\9‘1 L 1‘3|96‘ L ;3198‘ L |1me 1 %4\02| ) 1464 1466 146.8 147 1472 1474 1476 1478 159.4 159.6 159.8 160 160.2 1604 160.6 160.8 165 1652 1654 1656 165.8 166 166.2 166.4
LCS, level=1 straw=54 LCS, level=5 straw=84 LCS, level=12 straw=39 LCS, level=15 straw=112

16.4 = -53—
L L 30.8— C
1620 262 L -53.2—
[ Shaea L 30.6— [
16— 264 L s34
L L 30.4(— L
15.8— 26,6/ - 53,61
r C 30.2— B
15.6/— -26.8— [ -53.8—
[ L 30— -
15.4— 27— [ 54—
C C 29.8— r
1521 -27.2— [ 542
r B 29.6— C
15— 727.4} B 544

Ol b b b by v by by vy bow v b by b b Py g g | 204,y Loy Loy b b b Ly 1 O b b b b b by Iy

139 1392 1394 139.6 139.8 140 1402 1464 1466 1468 147 1472 1474 1476 1478 1594 1596 1598 160 1602 1604 160.6 160.8 165 1652 1654 1656 1658 166 1662 1664
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EndCap detector geometries

Variants of End-Cap geometrical layouts
Variant Beam pipe Straw | Coordinate Layer
shift plane rotation
GO strip yes yes TDR
Gl square yes yes TDR
G2 strip no no T1/4
G3 square no no TT/4
G4 strip no no T1/8
G5 square no no T1/8

The six different detector geometries is the set purpose of the study:
the influence of geometry on the geometric acceptance and efficiency
of the device.

Two variants of hits were modeled for each geometry:

Such amount of layout variants requires a simplified modeling option.

19/02/2025

a) H(X ,Z ), b) C(X ,Z }+R_
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-60 40 -20 [ 20 40 60 80

a) right hits like in an ideal
case of a coordinate plane

b) single layer case: circle
center plus distance to the
wire




End-Cap detector response simulation

Simulation conditions

O The interaction point is located on the z axis of the Global Coordinate System (GCS)
and can be distributed according to the Gauss law around a given axis point.

O The charged particle moves from the interaction point in the direction of the
detector so that its trajectories uniformly fill the solid angle at which the detector is
visible from the interaction point.

O Particle trajectory.

* No magnetic field, the trajectory of a particle is a straight line.

* In a magnetic field, the particle flies in a spiral with a radius in a given range of
maghnitudes, and the longitudinal component of the momentum is selected from
the condition of uniform filling of the trajectories of the solid angle at which the
detector is visible.

O The straw has walls of zero thickness.

0 d , is the track length of the particle inside a tube.

19/02/2025 Valentin Kuzmin SPD Physics & MC meeting 10



End-Cap detector response simulation

Simulation conditions (continuation)

0 The probability to fire a straw depends on d ..

p 1\ 2 functions were tested.
i The both dependencies were chosen so that the average

J g tube efficiency was equal to experimental value of 96.5%.
: } The shape of the function P has little effect on the final
4 results of the study, because they are determined by 16
- A W layers and the final distributions, according to the central
1 2 5 4 d P On m] limit theorem, will poorly remember the distributions of

each layer.

O The detector's electronics allow to determine the distance from the track to the
electrode wire. We believe that the device determines this distance with an error
of _which is smeared by Gaussian with &_=200 microns.

Summary of modeling input parameters:

> Geometry (layer layout, layers positions)

> |IP position

> Trajectory type (magnetic field or not)

> Probability to fire a straw on the length path inside

> 6R- electronics error
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End-Cap detector response simulation

Each sample in the study is based on 100000 simulated events with IP at (0,0,0)

Layers efficiency

strip square
1
e 5 I
©0.99— $0.99]
s o
Hq—JO.QB? 50.985—
0.97— 0.97F
E.O'."oo.‘.oo..' :O.o.o....-..o...

0.96; 0.96—

0.95— 0.95[

0.94— 0.94

0.931 0.93

0.92 0.92[

0910 0.91F
09:\\\||\\\|\||\\\||||\\\||||\\\||\| 09: | Ll 1 Lov v bvv v by g g 1y
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

layers layers

It is possible to expect a dependence of efficiency on the magnitude of
the solid angle at which the layer is visible, but the thickness of the
detector along the Z-axis is small, and such a dependence is not
observed.
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End-Cap detector response simulation

strip square
SimEndCap_Nhits SimEndCap_Nhits
htemp htemp
25000— — | Enties 100000 50000? 7:,1“55 101?22
20000~ 40000/~
15000:_ 30000}
Fired layers ; i
10000; 20000:—
5000i J 10000; The number of maximum fired
i i layers and the number of 3D
pppegeggeugey, e, EIEHIGEIES AN
Simendcep s e geometry 2 times less than in
the case of the “square”
nh3D nh3D geometry.
. ‘hten:goooo _ vhtemp
) oo |,
30000 :
s 50000
25000 L
) c 40000/
3D hits 20000 -
- 30000
150001 r
1ooooi 20000
5000;*‘ 10000
ST R AT e
12 83 4 5 6 7 8 9 B e T A
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End-Cap detector acceptance simulation

Detector entry points (X-Y plane)

XY-plane XY-plane XY-plane
£80 Xy =80 XY
r z n [ - 72
Eal i we §n_hits>12 =
60— Meany 0.06964 Meany  0.0639 60 - -3z Meany  0.2083
[ StdDevx 3355 SDevx 3097 L StdDevx 32.02
40} LS(dDevy 33.42 40} Std Devy 30.94 40} StdDevy 31.86
20~ 20; 20;
Stri i f’ i
p -20F ,go; -zoi
GO 40~ 40; 405—
-60[- 450; ~60i = =
: : : End-Cup entry points in the
) U P PO N P PR FEST FUES [ SO P SO ST FEOE ST pbieiiaiaiens Lnnslaselsnlacnlsn
e T e L T X-Y plane for 3 geometry
XY-plane XY-plane XY-plane t t . t t
o0 ] e oy . layouts at different cuts
Sl e o 2 NN3d>2 o £ 0 Qits>12 s e :
e A Moany —ocoess| 60 Meany —o1g18|  60[ '—m Meany 01611
L StdDevx 3344 E = SdDevx 31.13 [ StdDevx 29.19
40; StdDevy 33.58 40; StdDevy 31.22 40; StdDevy 29.28 11 . I "
Square : : : The “strip” geometry in the
q 200 200 200 .
i - i case of coordinate planes
Gl has a complex acceptance
»a o > structure for a half of events.
fso; 60 60
g w0 020 a0 Jelox’{‘m;%o g w0 2 020 a0 ‘elox’{‘c;%o B I lebx,glc;fﬁo The “Square” geometry has a
g Ik ¢ =, uniform acceptance
s T v e & h3d>2 o B on_hits>12 s GBS '
= a” Meany —ontss| [ OO Mamny  <ata01|| L — Meany -0.2436
F StdDevx  33.43 F SdDevx 3134 5 StdDevx 31.15
401 StdDevy 3354 40} StDevy 3150 40— |sdDevy 3137
c - r b
Strl p 20~ 200 20~
G4 o -
201 201~ 720;
-40;— 40 _40;
_eo;— 0| 7eoi
%04‘ el b b b Low o Lova L Lol o b b Lo bag i Lo | el e b e 1 | P
%0 60 40 -2 80 0 40 =20 0 20 60 40 20 0 20 40 60
X,[cm] X,[cm] X,[em]
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End-Cap detector track reconstruction

Track models:

line helix
xr = x1+azt T = .1, + R cos(wor — qt)
Y=y t+ay,l Y =YL+ RSin(@OOL —it)
z2=z+a,t z2=2zy+ h,t

To restore the trajectory of the track, that is, to find the parameters of its
model, we have local 2D hits coordinates (H ,H ) in each layer with a signal

and look for the minimum:
)2

minz (hi’ - T
hits e

= The trajectory of the track is 3D curve when we have only 2D hits.

= To find an initial approach to the track model parameters, we need at
least two hits for the line and three for the helix.

= One 3D hit we can get from two 2D hits of layers with non-parallel local
X-axes, better adjacent layers.

= As we will see later, the quality of the reconstruction strongly depends
on the choice of the initial approximation.

= Finding a set of 3D hits is a separate art, the study of which is beyond
the scope of this message.
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End-Cap detector track reconstruction

® Finding the minimum of a function of several variables is not a trivial procedure
due to the presence, as a rule, of local minima, one of which can be found by the
algorithm.

® In the variant with coordinate planes, the hit is set "rigidly" by tangential point.

® In the case of separated single layers, the hit is not fixed on the circle and its
position depends on the initial track approximation that can provide a false
minimum.
It needs a special analysis of the initial approach influence on the minimum

value: b T2
mmz( - )

hits
As an initial step of the study we reconstruct each sample using 3 different initial
approaches:

a) Track model parameters from reconstructed 3D hits. (“ECH”")

b) Track model parameters from reconstructed 3D hits plus coordinates of IP from
the vertex detector. (“ECHV”)

c) “Ideal” or the initial approach is MC track parameters (“MCH”) .
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End-Cap detector track reconstruction

No magnetic field
Cuts: nh3D>2 && ¢°<10

I U— U I I PP

4500 Entries 45513 C Entries 80057 L Entries 81683
4000F GO(stri Mean 0.3849 |10000 GO(stri Mean 0.1704 i ri Mean 0.1667

(strip) RMS 0.565 i (strip) RMS 0.1983 | GO(strip) | Rvs 0180
3500 ECH ECHV MCH

8000_ 8000

6000 &500

4000 4000-

The minimum
distance between
the restored track

2000 2000

PRSI T T O T T 0 T N A OO BT BN

PRI T T T OO S O A B MO 0

1 5 2 25 3 : 15 2 25 3 o 05 1 15 2 25 3 and the Z-axis
sart(x"2+y"2) [em] sqrt(x"2+y"2).[om] sart(x"24y"2) [em] (vertex error in X-Y
6000 Entries 48271 | |14000[ Entries 84116 | 14000f- Entries 84204 plane).
g Gl(square) | Mean 0.2959 /| 4  Gl(square) | Mean 0-140;1 ol Gl(square) | Mean 0.1385
- ECH RMS 0.4408 ! ECHV RMS 0.171 ! MCH RMS 0.1702

; 10000[- 10000k
4000f
8000

8000

3000f

6000 6000

2000r 4000

4000

1000F

2000 2000
0-||||||||| TN B At 0- PO U U I S IR WA T M N SN AN M A A 0-"" o b b b
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3 0 05 1 1.5 2 20 3
sqrt(x*2+y"2),lcm] sqrt(x*2+y"2),[cm] sqrt(x*2+y"2),[cm]
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End-Cap detector track reconstruction

No magnetic field
Cuts: nh3D>2 && ¥°<10

5000]- Entries 42513 ||, L Entries 80057 - Entries 81683
r . Mean 0.0903 i _ Mean -0.0117 | |12000r Mean -0.0625
- GO(strip) RMS 1.903 L GO(strip) RMS 0.8339 - GO(strip) RMS 0.8146
4000 ECH 00y ECHV 10000 MCH
i 8000~ . The Z-coordinate
3000 - of the track point
6000~ 6000 where the distance
2000 between the
40001 4000/ restored track and
I the Z-axis is
19008 2000~ 20001 minimal (vertex
_ i - error in Z
916#—I8U—6 —4»”I—I2”I(I)I”é”l4I 6 8“‘10 910I“—I8HL—I6I”—4 —2“I(|)”|2 zlllllé”|8llll10 91(;”—I8”I—I6“I—4 -2 0 2 4 I6L|”81I”10 dlreCtlon)'
20,[cm] z0,[cm] z0,[cm]
o 'I\E/Intries 380237916 i Entries 84116 - 'I\E/Intries 3402102483
L ean -0. 12000_— Gl sauare Mean -0.0096 12000__ 1 square ean -U. The dlSU’IbUtIOnS
o RMS 1.699 3 ( q ) RMS 0.8211 :G ( q ) RMS 0.8253 integrated over the
r 10000( ECHV 10000 M CH .
C 0 - entire acceptance
4000 I - for both detector
8000 8000 .
r - i geometries are
3000 " —_— similar. -
r e G1 provides ~4%
2000 4000~ 4000 events more.
1000F 2000 2000:‘
0'...LL1_. i NI A A A e 0_.||I|..I.|. 0-"'1"'|"'| W FEW R
10 8 6 4 2 0 2 4 6 8 10 10 8 6 4 2 0 2 4 6 8 10 -0 8 6 4 2 0 2 4 6 8 10
20,[cm] 20,[cm] 20,[cm]

19/02/2025



End-Cap detector track reconstruction

No magnetic field, GO
General cuts: nh3D>2 && x’<10

Entries 19784 ) Entries 40000 Entries 41687
1600 _ Mean 0.2042 || 5000~ _ Mean 0.0049 r _ Mean -0.0065
a0k GO(strip) RMS 2.349 - GO(strip) RMS 1.037 so00F- GO(strip) RMS 1.002

- ECH r ECHV . MCH -
1200 4000: 2000k nhits<13
1000F 0L

C 3000~

800f-
600F- L 2000
400
C 1000 1000
200~
0: s W I W W WA L b olivilivil, ol R TRk, sl :...|...|.. Ciliii
10 8 6 4 =2 0 2 4 6 8 10 0 8 6 4 =2 0 2 4 6 8 10 (g a— 6 8 10
z0,[cm] 20,[cm] 20,[cm]
- Entries 22729 _ Entries 40477 || Entries 39996 |
. - 7000 .

r GO(strip) Mean -0.00416 | ™%F 5 (strip) Mean -0.0072 E GO(strip) Mean -0.006 _
000 ECH RMS 1424 | F ey RMS 0.5636 || . f ECH RMS 0.5571 nhits=>13
=i 50002— 50001
2000F 40005— 4000
1500 30003_ 3000
1000F 20005_ 2000

5005— 10005- 1000
O:I O:Illlllllllllll lIIIl Jlllllllllllll O-IIIIIIIIIIIIIII I Illllll
10 8 6 -4 10 8 6 4 2 0 2 4 6 8 10 -0 8 6 4 4 6 8 10
20,[cm] 20,[cm]
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7000

1000f

End-Cap detector track reconstruction

No magnetic field (cuts: nh3D>2 && ¢°<10)
Single layer geometry G3 (“square”)

Entries 52864

eooof
50005
40005
sooof

2000F

Mean 0.2618
RMS 0.4071

I SRR AN AT

2.5 3
sqrt(x"2+y"2),[cm]

7000

6000

5000

4000

3000

2000

1000

Entries 52864

Mean -02427
RMS 1.454

Vertex reconstruction

Entries 85051

19/02/2025

Entries 86596

1O ECHV Mean 0.144 | |14000f Mean 0.1427
. RMS 0.1835 MCH RMS 0.1819
E 12000
10000} 10000:
8000 sooo;
6000F -
4000} 4000;
2000F 2000;
%' EN I Sy — S R T TS e
sqrt(x*2+y”2),[cm] sqrt(x"2+y”2),[cm]
Entries 85051 Entries 86596
r Mean -0.0095 - Mean -0.0088
120000 ECHV RMS 08107 ||z MCH RMS 0.8018
10000} —
sooo: ]
6000: 6000~
4000: 4000
2000: 2000
9' Loy ys )y o:"""'
10 6 z%JcnhO 10 8 -6

Single layer

geometry has the
same track vertex
reconstruction
accuracy as ideal
detector variant
with coordinate
planes layout.




End-Cap acceptance in magnetic field

GO
(strip)
Magnetic
field

Gl
(square)
Magnetic

field

magnetic
field

nhits<13 nhits=>13

Xy

Xy

Y.[cm]

Enrries 84361
Meanx -0.1216
Meany  0.1938
StdDevx 30.87

Entries
Meanx -02151
0.2633

Mean y
Std Devx

dDevy 31.05

42047

dDevy 31.89

0
X,[cm]

LI S o

=)

LI R L R L R ML L

0
X,[em]

Xy

Xy

Y.,[cm]

T T T T

Entries 86276
Meanx 0.07327
Meany  0.1024

StdDevx 31.12

dDevy 31.09

Entries
Meanx 0.05018
Meany 0.06082
StdDevx 29.24
StdDevy 29.18

Xy

Enties 99618
Meanx  -0.00844

Y,[cm]

T T T T[T T T

T eiwiwis
40
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End-Cup acceptance for tracks
with the curvature radius of
100cm (At the field of 1Tesla, it
corresponds to Pt of 150MeV).

The accuracy of track
reconstruction depends on the
knowledge of the hit position. The
presence of a magnetic field
determines the accuracy 6(200u),
which is used for both straight
tracks and curved tracks.
Therefore, the results for different
End-Cap layouts obtained for
straight tracks should be
gualitatively valid even in the
presence of a magnetic field in the
detector, but the numerical values
may vary for different transverse
pulses, which is the subject of a
separate study.




End-Cap & SPD magnetic field

Curvature radius of 100cm

Gl(square) GB(square) Gl(Square) On left plots the initial approach
MCH ECHV ECHV is MC track parameters. The
E Entriesxy 86275 N Entriesxy 84497 3500.—— Entnesxy 83222 events under the arrOW are
45000} w078 | o il : wn  zereconstructed incorrectly. Due
40000 B | so0ofF to the accuracy & of hits, there
— = : is a stronger minimum for the
F 2500~
2500 : track parameters than the real
30000 +
: 2000 ones.
25000f 2000
L ; 1500F )
s 1500 : The problem with the EC
150004 ook 1000F- detector is its small thickness
100008 : cook and, as a result, the small track
SOOOEW %008 g length in the X-Y plane, which is
N S Sy S S R TR TS P L b T R B U less than 10 cm long. This, plus
S {2y 2) o] wiacic i the lack of hits in the X-Y plane
: | I e | [16000 == == leads to poor-quality initial
1 e %) | raooof- 2 |raooof- »_ 2= approximations for track
; ; - parameters. This explains the
200001~ L e lower accuracy of the vertex
- 100001 reconstruction in the right
15000 C figures.
= 8000~
6000_— 5
ToBga ook SO The accuracy of the EC track
- 4000f- reconstruction in a magnetic
5000[- 20001 soook- kN field is a topic of separate study.
0—....I....I.IJILI....I”.. _03_0""_2'0' T T T 30 9:.“1_1“.._|lujl I
=30 —20 -10 0 10 20 zO,[crr?]O 20,fcm] 30 20 10 0 10 20 zO,[cn'?]o
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Conclusion & Outlooks

® Mathematical and programming software have been developed to simulate
the responses of different geometrical layouts of the end-cap detector and
to evaluate the accuracy of reconstructed tracks by the detector.

® The detector variant with the absence of sensors in the entire band leads to
a non-uniform complex structure of the device's acceptance in the X-Y plane
for tracks. The accuracy of track reconstruction in the acceptance region
differs almost 2 times.

® Offered single layer geometry method has the same level track reconstruction
accuracy as ideal detector variant with coordinate planes layout.

® There is very strong dependence of the accuracy of track parameters
reconstruction on the quality of the initial approximation.

® Using the coordinates of the interaction point for the initial approximation
significantly improves the quality of reconstruction.

® A lot of job needs to be done:

* To simulate a real End-Cap response in the case of the coordinate planes
layout: one needs to create an algorithm for finding tangents.

* To analyze the possibilities of improving the initial approximation by an
interactive way.

* To test different models of 3D hits finding.

* To investigate the condition of successful electron-positron pair
reconstruction which are born inside the SPD.

Students are welcome to join the study!

19/02/2025 Valentin Kuzmin SPD Physics & MC meeting 23



Conclusion & Outlooks

® Mathematical and programming software have been developed to simulate
the responses of different geometrical layouts of the end-cap detector and
to evaluate the accuracy of reconstructed tracks by the detector.

® The detector variant with the absence of sensors in the entire band leads to
a non-uniform complex structure of the device's acceptance in the X-Y plane
for tracks. The accuracy of track reconstruction in the acceptance region
differs almost 2 times.

® Offered single layer geometry method has the same level track reconstruction
accuracy as ideal detector variant with coordinate planes layout.

® There is very strong dependence of the accuracy of track parameters
reconstruction on the quality of the initial approximation.

® Using the coordinates of the interaction point for the initial approximation
significantly improves the quality of reconstruction.

® A lot of job needs to be done:

* To simulate a real End-Cap response in the case of the coordinate planes
layout: one needs to create an algorithm for finding tangents.

* To analyze the possibilities of improving the initial approximation by an
interactive way.

* To test different models of 3D hits finding.

* To investigate the condition of successful electron-positron pair
reconstruction which are born inside the SPD.

Students are welcome to join the study!

19/02/2025 Valentin Kuzmin SPD Physics & MC meeting 24



The end

Thank you!
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