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(NiCA) SPD MS: General remarks

Discussion on the optimal SPD MS has it's history
and iIs continuing up to now.

* Two options were mainly discussed until 2018.

These are: solenoid and toroid.

* Since the beginning 2018 the group involved in
preparation of the SPD Conceptual Design also
came to the problem of that choice.

« Basic criteria of the MS design were approved the
SPD Committee meeting in February 2018.

A.D.Kovalenko et al



(NECA) Basic criteria of the MS choice in 2018

universality
* minimal influence on interacting particles spin

« minimization of the MS material inside the detector

 field integral of (1-2) T'm along the particle track

« minimization of the SPD total weight and sizes

Seven options have been considered and

A.D.Kovalenko et al



SPD updated composition

(NICA)
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RS Barrel
TS Endcap
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(NiCA) SPD MS considered options

solenoid (placed outside ECal);

« Toroid (inside ECal): 1) barrel part, 2) barrel+2 end
parts, 3) warm coils, 4) superconducting colls;

« 4 separate coils inside the ECal;

« combination of the barrel toroid and 2 pairs of the
colls inside the ECal.

A.D.Kovalenko et al



(NiCA) SPD Solenoidal MS (1)

Well-known for NICA design exists:

see MPD solenoid, the design have been performed,
manufacturing is in progress. It's contribution of Chech Rep.
(Vitkovice machinery plant) and ASG company (Italy).

Main advantages of such solenoid are: 1). Better
uniformity of the field and 2) well — known design.

Main disadvantages: 1) magnetic field integral at the
beam axis is large enough (spin!), 2) no any universality.

A.D.Kovalenko et al



(NICA) SPD Solenoidal MS (2)

MPD setup. Solenoid
outside of all detectors.

Some mechanical parts
of MPD manufactured at
Ostrava plant .

A.D.Kovalenko et al



(NICA) SPD Toroidal Magnetic System (1)

. i Proposed and described
T by A.Nagaitsev

Warm copper coils,
400 kA.turns each

3D - calculations were performed by
E.Perepelkin, R. Polyakova et al. (LIT)

A.D.Kovalenko et al




(NiCA) SPD Toroidal Magnetic System (2)

Warm copper coils: the coil cross section is too large
for the providing of 400 kA-turns in each coil that is

necessary to obtain the specified field.

Other solution: superconducting coils, based on a
hollow NbTi composite cable, like that have been
designed for the Nuclotron or the design approach used
usually for tokamak set-ups.

A.D.Kovalenko et al



(NICA)

SPD Toroidal Magnetic System (2)

Cross sections of warm and SC-coil

—
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(NICA) SPD Toroidal Magnetic System (3)

Buax=1232T
l' ! 5 2 T
Bmin=0T / s
100 < x <2500, p S
\ e
Q 0= (x,y,z): y=35, = et
0<2z<3000

- 3D-magnetic field distribution
was calculated for the both cases:

%7 symmetry model

S§=20-20mm",
I=J-5S=228kA.

- The system complexity is high

A.D.Kovalenko et al Workshop on Spin Physics at NICA, July 08-14, Prague



(NICA) SPD MS: Nuclotron/ITER technology

Dubna hollow SC cable

glassfiber tape

Kapton tape

nichrome wire
d=0.2 mm

superconducting wire
d=0.5 mm

copper-nickel tube, .7

d:5 %
!

two-phase helium

NICA booster magnets

We have unique technology and
technological base for fabrication
MS model coils at the LHEP.

Designer and manufacturer of the Operating current — 10 kA
SPD MS can be found also. Critical current -17 kA

A.D.Kovalenko et al



(NICA)

SPD Separate Coils MS (1)

Proposed in February 2018 as alternative to traditional solenoid

and toroidal MS (Kovalenko et al)

1600
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3D-field distribution taking the iron
shield outside was calculated for
different directions of current in the
coils.

Main advantage: Minimization of the
MS material in the detector volume

Main disadvantage: Non uniform
field, nevertheless measurable.

Zero field at the center of system is obtained in the case of

opposite current direction of the coil pairs. Separation of barrel

and end parts of the setup is possible also.

A.D.Kovalenko et al

Workshop on Spin Physics at NICA, July 08-14, Prague



(NICA) SPD Separate Coils MS (1)

Total |B|, [T]

—

Bmax= 6.28T Bmin =0.0004 T

B = LUO1T T current dire

3D-field distribution
il taking the iron shield
I =1830k4, R=1800mm, S=180-30mm’, - Moo outside was calculated

. L g P ) for different current
coil = & tot = . 0 . . -
directions in the coils

Coil system is practically transparent for secondary particals, but better
to form azimuthal field for barrel part of the detector.

A.D.Kovalenko et al Workshop on Spin Physics at NICA, July 08-14, Prague



(NICA) SPD Combined MS (1)

Proposed in February-March 2018 as multipurpose system that could be
adopted for different particle analysis (Kovalenko, Nagaitsev, Shimansky)

B (x,y,0)=0.
4&:02
A
) =40
(2)
12) A Je

JI(B\F) =+80 mm?2’
S =200x20mm?,

I, =J; -S =160KA

Ly = Jg - S = F320KA.

A.D.Kovalenko et al



(NlCA) SPD Combined MS (2)

Z =1600 mm Z = 2800 mm
BMOD : :
i 2 _— 2 1) _ T 2 .
0ol — Jok =F80A/mm*, JL. =¥80 Afmm |
- 2 _ 2 : :
I =F40 A/mm?, . |
0.24[— - .
2 _ 2
i JEL =720 A/mm?, | |
- (2) _ 2 : '
S Pl =F10 A/mm?, ! |
(2) _ 2 : '
016~ — Jer =0A/mm?, : !
. |
0.12[— - i
L —— Integral = 636.455
0.08 i —— Integral = 469.525 T
Integral = 384.218 [T-mm]
0.04|— — Integral = 341.424
B —— Integral = 298.62
0.0 | | | | | Z
0.0 680.0 1360.0 2040.0 2720.0 3400.0

A.D.Kovalenko et al



NICA SPD Combined MS (3)

- e o= e

=

A A ok oa o=
A A L
R T

ey ey~~~
B B B B B B B B B |
e B B e e B e B B
. e ] e el il
.y e e ] ] .
-y - ] ] ] <
e e ~ —{ ~t
e e e e B K R ]
| ] o ol ey

EINT B B B B B N S S A A A A A s

PR e R e N NS

4

fapEa e @y T e RLE -y -

i
d

i1l degddedeeevBEy Yy v rrrmm =
Ldddddd 42 440864860877

F I O B B B R A A A A
Ld i d bl i dddid i d i dd bbb rrrmm—r-r--=-=--

[
L]
»
.
»
L]
»
L]
»
L]
]
L ]
]
L]
L]
4
i

i "
@ 4
] 4
4 a
] ]
i

&
Il
Il
I
i
1
[l

']

1
I
'
1
'
i
[}
Y
.

bh b a i il ddd i il v~~~ - - -

[ T T T B B A I A (R B B B B B IR R B B A §
O T B I O B A (R B B I B B I Y B B |
Lohohod b i b dd A dd o dddd
PO S R Y I I B B B S B B B B [ B Y O I
L d b bbb bbb d A ddddd
O R A O R O B I B O B O B B O B O O |

Addod b dd A A A
O O O S N T T T R O S O B B O O O O O B O A AR R

O T N T O N T S O I A [ I [ [ R I [ R S S
IR I R O O B B B O S R
I W O SO O O O B O O O O O B B B B R
I N IO OO O O O O B O B I B B I I O B I B B

P T T T Y

i
]
i
i
i
i
O T T
Y
1
'

Lok o4k

A.D.Kovalenko et al



SPD Combined MS (4)

NicA)

No symmetry

A.D.Kovalenko et al




(NICA) SPD Combined MS (5)

Z =1600 mm Z = 2800 mm
0-48moD !
035 —— I =80A/mm?, 32 :80A/mm?,
03~ — J5e =10A/mm*, J{3) =80 A/mm;

0.25 J5 =80 A/mm?, 35

0.2

0.15

01 Integral = 796.771

integral = 446.901 [T -mm]
Integral = 449.512

0.05

0.0 | | | | | Z
0.0 680.0 1360.0 2040.0 2720.0 3400.0

A.D.Kovalenko et al



SPD MS used for modeling

«TS-2». Total | B| field. RZ- distribution No symmetry Coil currents

A.D.Kovalenko et al

«TS-2» model geometry

the same direction




- = o+
e , U ,m

¢ = between coils of toroid

/ 172 slices (1 cm)\

Z=118 [cm] Z=290 [cm]

In each slice (perpendicularto the beam axis), we check @ and ¢ of track

-2.52.5 x-axis, step 0.05
standard field map -2.52.5 y-axis, step 0.05
-2.92.9 z-axis, step 0.05




@ = between coils of toroid

In each slice (perpendicularto the beam axis), we check 8 and ¢ of track

-2.5 2.5 x-axis, step 0.05
standard field map -2.52.5 y-axis, step 0.05
-2.9 2.9 z-axis, step 0.05




Distributions:

momentum e~ u- ot
\P «05 1.0 15 +20 25 30 50 [GeV] P05 +10 15 +20 +25 30 50 [GeV] P05 +1.0 +15 +20 25 30 50 [GeV]
Yy F F 2.08F
¥ s 201l =
S 01 2.07F
2 2 2.06 3
R e — e I e e——— e
I —— 1.9 \\_____—-—-—-——\ 2055 A
1.98 \———/\ 1.98 \-———/\' 2.04 ; .‘..‘.
c - -
1971 i 197~ X 2031
1.96:— 1,96:— 2,02/—\
C C 2.01 /-—-——\
195 1955 )
ms L ‘ L 1 ‘ 1 1 L ‘ L md 1 1 | L L ‘ L L ‘ L 2 L L ‘ L L 1 L ‘ L L ‘ L L 1
150 200 250 150 200 250 150 200 250
P05 +10 15 «20 +25 +30 50 [GeV] P05 +10 15 +20 +25 30 50 [GeV] «05 +10 15 20 25 30 50 [GeV]

0 [degree]

J\‘H\l\l\‘\\l‘l\\‘\l\l\\\‘I\I‘H\
4\‘H\l\l\‘\\l‘l\\‘\l\l\\\‘I\I‘H\

150 200 250 150 200 250
v4[cm] vZ [em]

first coil second coil o )
one bin is one slice



Distributions:
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(NICA) SPD Separate Coils MS (1)

Total |B|, [T]

—

Bmax= 6.28T Bmin =0.0004 T

B = LUO1T T current dire

3D-field distribution
il taking the iron shield
I =1830k4, R=1800mm, S=180-30mm’, - Moo outside was calculated

. L g P ) for different current
coil = & tot = . 0 . . -
directions in the coils

Coil system is practically transparent for secondary particals, but better
to form azimuthal field for barrel part of the detector.

A.D.Kovalenko et al Workshop on Spin Physics at NICA, July 08-14, Prague



=90,100,110°

In each slice (parallel to the beam axis), we check @ and ¢ of track

-2.5 2.5 x-axis, step 0.05

standard field map -2.52.5 y-axis, step 0.05
-2.9 2.9 z-axis, step 0.05




' j

Volume is divided on ,
120 cylinders size=1 cm (p= 90,100,/110°

\ [/

R=160 [cm]

120 slices (1 cm)

R =40 [cm]

In each slice (parallel to the beam axis), we check @ and ¢ of track

-2.5 2.5 x-axis, step 0.05

standard field map -2.52.5 y-axis, step 0.05
-2.9 2.9 z-axis, step 0.05




Distributions:
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(NICA) SPD 6 Separate Coils MS (1)

Proposed by R.Tsenov

= 3420 — 2360 3420
Endcap part Central part Endcap part

3D - calculations of
different configurations
of coils supply schemes
were considered.
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NICA SPD 6 Separate Coils MS (2)

- oo Configuration 111111

Track integrals

Lo ,0<0<0,
R(0)= cosO

smg'

6,= arctg—
R(6)
1,(6)= j B“)(r,0)dr

1,(8)= j B (r,0)dr

Surface | B| field distribution
I (8) = /13 (0)+15(6)

Track integrals

1
e

-
\\
3

s NS

SR

22 lao:

g ubs (s value), [T

“Total | B| field distribution T e
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(NiCA) SPD 6 Separate Coils MS (3)

Model «T11]||» geometry
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(NiCA) SPD MS: further steps

 Perform new set of calculations and
upgrade of the SPD MS composition
base on the results of physics modeling;

» Continue steps to technical design of the

MS system including SC-wire, cable coil
design and support system.

A.D.Kovalenko et al



Thanks a lot for your
attention



