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SPD yoke and solenoid

The cryostat of the magnet with the coils, cold mass and thermal shields is located inside the
yoke.

The overall dimensions are driven by the space planned for the detectors of SPD and the ma
field parameters. Outside diameter of the cryostat is 3768 mm and a gap between the yoke and
the cryostat about 20 mm. Radially a free diameter of 3228 mm is left for the SPD detectors.
The length of the magnet is 3800mm and the magnet should be installed symmetrically inside the
yoke |
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Cryostat: OD -3668 mm; ID - 3228 mm;
Length - 3800 mm; Thickness - 220 mm;
Coils (3 pc.): Horizontal winding PANDA conductor - 2 layers; Turns = 552.
Weight: - cryostat about 9500 kg

21.12.2021

- thermos shields - 850 kg
- coils about 3800 kg
Total: ~15 ton
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SPD solenoid
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Cryostat:

OD -3668 mm; ID - 3228 mm;

Length - 3800 mm; Thickness - 220 mm;
Coils (3 pc.): Vertical winding PANDA conductor - 2 layers; Turns = 750.
Weight: - cryostat about 9500 kg

thermos shields - 850 kg
coils about 4200 kg

Total: ~15 ton

21.12.2021
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SPD solenoid. Cold mass support

LHe cooling pipe support cylinder
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Figure 3-19 A schematic view of the triangle coil sup- Figure 3-20 Design of the triangle support.
port.

Mbr npopabatbiBanu nopobHyro mopens noasecok ana TTAHLOA coneHoupa. KoHcTpykuusa oudeHb
CUMNATUYHAA U FTPAMOTHAA C TeXHUYECKOU TOYKU 3peHUs, HO MbI 3aTem caenanu sbrbop B MONb3y
6onee TPAAULIMOHHBIX TUTAHOBLIX PACTAXKEK TAK, KaK umenu 6onblie cBO6O0AHOrO NPOCTPAHCTEA.
TInloc umeem BO3IMOXHOCTb PperysivupoBOok MOJMOXEHUS XOSNOAHOU MACCHI BHYTPU Kpuoctata ¢
BbICOKOW ;TOUYHOCTbIO. E.Pyata, BINP SPD solenoid 5



SPD solenoid. Cold mass support

— et LLinpokas cTOpOHA KpenUTbCA K 4acTU BAKYYMHOMU
| /}@i H obonouke, cneuuanbHOMy naHuy Asyma 6ontamu
) M12. Ona cnyyaa ATJIACA npeanonaranoce M16,
HO xonogHaa Mmacca SPD 3HauuTenbHO MeHbLe
5,71/ 4,2r.

ww.. | DBepwuHa TpeyronbHuUkKa KpenuTCa K XONOAHOU
macce. Topma noaBecok caenaHa ¢ y4yeTom
Figure 3-19 A schematic view of the triangle coil sup- Figure 3-20 Design of the triangle support. MEeXAHUYEeCKUX wu TennosbIX H Cll'py3OK, KaK

port.
KOMMpomucc.
Ana KkomneHcauumn pagmanbHLIX UIMeHeHUIn ANUH XONOAHOMU MACChI U BAKyyMHOU obonouku, 6onee 12

MM, YCTGHABNUBAKOTCA BO BCeX MeCTaX KpenneHus cgepudeckue wamber. Ytobur usmeHeHue
NONOXeHUa XONOAHOU MacChl He 6bINO 3HAYUTENbHLIM MpeanosiaraemM npeAyCTaHOBKY XOSOAHOMU
macchl 8 +5+6MM OT NNOCKOCTU ONOPHOro naHUa U nocne 3saxonaxusaHua Ao 4,5K, s -5+6mm ot
NNOCKOCTU OMOPHOro (pnaHua.

Ona xomneHcaumu nNpoaosnbHLEIX U3MeHeHUU ANUH, 6onee 12 mm, npeanaraetcsa npopesb B XONOAHOM
Macce, B MecCTe KpenseHus BeplUHBLI TpeyrosnbHUK.

TTpope3b moxeT 6bITb U3rOTOBMEHA KaK C OAHOU, TAK U C ABYX CTOPOH.

21.12.2021 E.Pyata, BINP SPD solenoid 6



SPD solenoid. Cold mass support
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tz 6' % % ;§; ;.é ::E Figure 3-19 A schematic view of the triangle coil sup- Figure 3-20 Design of the triangle support.

“1BEE EEEEE EC load condition load S max Of the coil Fjoadr ™2 to support
2' § § § § ;f 2 % '—g § cold-mass weight only 56 kN 0.52 mm 5.3 kN
JEEEEBEEEEHEBEE decentering force 60 kN 0.56 mm 5.7 kN

0 30 60 9 120 150 180 210 240 270 300 330 360 .
Position [deg] ‘ integrated load 116 kN 1.1 mm 11 kN

KomaHaa ATJIAC cpaenana pacuyeTsI ANA MeXaHUYECKUX HArpy3oK Ha TpeyrosibHbIe MOABECKM.
KonuyectBo noasecok - pasHOmepHO no 12 wWTyK ¢ KAXAOU CTOPOHLI.

Matepuan - GFRP (glass fiber reinforced plastic).

Cxema CUMMETPUYHAS, OYeBUAHO, UYTO OCHOBHbIe HArpysku 6yayT RnpUXOAUTCA HA BepTUKANBLHO
pacnonoxeHHsle noasecku. B Tabnuue u Ha Auvarpamme npusefeHbr pacdetsl. B xyawem cnydae
11kH, nonoxeHue xonoaHou maccbl cmecTuTca Ha 1.1mm.

Ana SPD Harpysku 6yayT meHblue mu3-3a meHblUeW MAcCChI.

Matepuan nnaHupyem noabupatb U UCNLITLIBATH.

21.12.2021 E.Pyata, BINP SPD solenoid 7



SPD solenoid. Cold mass support

IMTART. K

ATIAC pacnonoxeHue noasecok Ha pasBepTke XONMOAHOU MACCHI.

Ha 3ToM Xe pucyHke npuseneHO pacnofioXeHUe OXNAXAAHOWeEro KoHTypa . Tak kak ana SPD

npeAanonaraeTca TPU KaTylWKU, TO CXeMa OXJIaXAeHU XOnogHOM Mmacchl byneT Kak Ana coneHouaa
TTAHOA.

21.12.2021 E.Pyata, BINP SPD solenoid



SPD solenoid

SPD Magnet SPD Magnet
(Deformation, (Stress, p=0,1MPa)
p=0,1MPa)
SPD Magnet SPD Magnet
(Deformation, (Stress, p=0,05
p=0,05 MPa) MPa)
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Cnesa cxema notokos u3 cneuugpukaumm TTAHOA ConeHTMt;

cnpaea -akTyanbHas cxema. [obasneHo HeCKOSIbKO KOHTPOSBH

Cryostat

BEHTUNEU, NPefOXPAHUTENbHLIA KNANAH, AATYUKW.
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SPD heat loads

Table 1. Estimated heat loads of the SPD solenoid

T=45K Heat loads
Worked condition Without m.f. With m.f.

Cryostat
Radiation 7.8 7.8 7.8
5* 5*
Eddy current loss in casing i DS
- 0.09**
9 9
0.45 0.45
Supports of the LHe vessel 0.26 0.26
1.05 105
3,22 3,22
0.35 0.35
0.06 0.06
Supports 0.20 0.20

* Data of ATLAS central solenoid

** Data of PANDA solenoid

21.12.2021 E.Pyata, BINP SPD solenoid 11



SPD solenoid.

Ecnu mer npeanonaraem ucnonb3oBatb TPU KATYWKU TO TUN UX coeAUuHeHUs OyaeT kak Ans
TTAHOQA coneHouna.

Cepble MONOCHLI - CBEPXYUCTHIU GNFOMUHUU ANA pABHOMEPHOrO pacnpefesieHus Temnepatypsr.

21.12.2021 E.Pyata, BINP SPD solenoid 12
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SPD solenoid.

E.Pyata, BINP

Ecnu mer npeanonaraem ucnonb3oeatb Tpu
KQTYWKU, cxema oxnaxpaeHusa 6byper
nopobHou.  TepMOCUEPOHHLEIU MmeToa. TTo
ABG BUTKA HA KAXAYHO KATYLKY.

Pacxon ana TTAHOA - 10-11r/cex

Ona SPD - 9-10r/cek

SPD solenoid
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SPD solenoid.

Case Number of Pure Al strip Toeak
cooling pipes location conductor [K]
1 2 Inner radius 5.03
2 3 Inner radius 492
Inner & outer
3 2 . 4.90
radius
Inner & outer
4 3 4.90

radius

21.12.2021

26
5.10353

E.Pyata, BINP

PacnpepneneHue Ttemnepatyp Ana XOnoAHOM
maccer TTAHLOA coneHoupaa npu pacTaxkax
U3 TUTAHA U NONOXEHUU NONOCOK us3
CBEPXYUCTOrO ANFOMUHUA.

AKTYanbHbIA BAPUAGHT - TpeTUU, C [ABYMs
BUTKAMU oxnaxpaaowmx Tpybok wu
pacnonoXxeHum nosocCoK U3 CBEepX4YUCTOro
ANFOMUHUA MO BCe MOBEPXHOCTU XONOAHOMU
MQACCHI.

SPD solenoid 14



. SPD solenoid.

18

DKpaH pasferneH Ha YeTbIpe 4acTu, YTobbr MU3bexaTb 6onblWMX NOTepb OT BUXpeBLIX TOKOB. Pacuertbr
nokasanu, Yto 2-x 4Yacteil yxKe AOCTATOMHO, YTO6LI Npu KBeH4Ye He Harpesanucb 6onee 80K.

LIEPH, OE3N u EAUP ucnonb3yroT rasoobpasHLIA renuii OT AONONHUTESNIbBHOU CTyNeHU OXuxXutens.
16-19 6ap npu 3axonaxusaHuu, 12-13 6ap npu HopmanbHoU paboTe.

LIEPH, OE3WU ucnonbsyer 40K, EAUP nnaHupyet - 50K.

21.12.2021 E.Pyata, BINP SPD solenoid 15



SPD solenoid. Distribution box

The stages of Assembly of the PANDA control Dewar:
1. Installation of pipelines on the lid of the control Dewar

Valves

Supporting
top cover

Thermal
shield

Pipelines

He vessel

Current
leads

Figure 7. The stage 1.

PacnpepnenurtenbHbIA 60KC ANS CXeMbl C TEPMOCUEPOHHLIM oxnaxaeHuem. [Ona TTAHOA B 6oxce
HaxoauTca cocya ¢ Xuakum renuem 300n makcumym. bonbwmia ob6bem ML He cMOrnU pasmecTuTb
U3-3a XKecTkux TpebosaHUU BHelHUX pa3mepoB 6okca.

21.12.2021 E.Pyata, BINP SPD solenoid 16



SPD solenoid. Distribution box and transfer line

- Fiber glass with epoxy

Cross section of a bus-bar assembling.

B kauyecTtBe coeauHUTenNbHLIX TOKOBBOAOB UCNOJSb3yeTcsa NpoBoAHUK coneHouaa ATIIAC pasmepom
30x4,3mm u 12 ctpeHaamu. Konuuectso cBepX4ymcToro asiFOMUHUA AOCTATOYHO 4TOGLI TemnepaTtypa
He npesbiwana 5,5K, HO ana HapexHOCTU BHYTpU Tpybonpososa cb6Opka TOKOBBOAOB OXNaxAaaeTcs

obpatHbIM notokom 4,5K.
21.12.2021 E.Pyata, BINP SPD solenoid 17



SPD solenoid

BINP suggest to use a superconducting NbTi/Cu wire based Rutherford cable co-extruded with a
high purity aluminum-stabilizing matrix. This type of conductor was used for production larger
detectors such as CELLO, CDF, TOPAZ, VENUS, ALEPH, DELPHI, CLEO, SDC, BELLE, ATLAS
CS, ATLAS ECTs, ATLAS BT, CMS, Mu2e solenoids and PANDA.

The SPD solenoid is designed to operate at a current of 6,3 kA for vertical position of the
conductor, i.e. about 32% of its critical current at 4.5 K and 2,0 T peak magnetic field.

The conductor is The insulated conductor dimensions at 4.5 K are 10.90 mm in width and 7.90 mm
in height. The Rutherford cable is composed of 8 strands with a diameter of 1.40 mm and a Cu/
SC ratio of 1.0. The critical current density of the superconductor at 4.2 K and 5 T shall be
larger than 2800 A/mm2 to ensure a temperature margin for quench well above 2.0 K. The same
type of the conductor is produced in Russia and used for the PANDA solenoid, FAIR, Darmstadt.

At the case a horizontal position of the conductor a current is about of 8,3 kA and we need to
use a Rutherford cable with 12 wires and the conductor dimensions should be at 4.5 K are 17,7
mm i#Width and 7.90 mm in height. "> ™" :



SPD solenoid Magnetic Analysis

Common conditions. Common view of the solenoid.

» soft- MERMAID (kGs)

» Type symmetry — axially symmetric model
» Coils-3

= Size coils - 22.8 mm/250.

» Yoke material - Steel 3.

MNoae Ha ocu AAs BapuaHTa 250 smTkoB, 6300 A

neas

View with magnetic field lines. | = ‘/ \\» “E:',Z:, Maximal field in
= '}/ \ o the coil is 2.0 T
Se==

o 3o eom  weom oM vmoow

=]
o o £ - o 15 =y

MNMoAe HO OCK AAF BAPUAHTA 250 B1TKOB, 5000 A

SR
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PANDA conductor

Rutherford cable, 8 strands, extruded in Al matrix

i W IO N
N S

Al 0.2% yield strength at 300 K MPa > 30

z & B

Longitudinal section of the cryostat

with cold mass. Conductor mechanical and electrical parameters.

4xRO.3 01 , 21min 5.3 : Rutherford cable
Cooling tube T P
T r
Support cylinder oEu
Thermal bricge ]
© 3
Ground insulation ¢;. 3
-
Sliding interface
nd flange Cold mass cross-section.
Cable wsulation 4‘
Cable 0.0SIAI 10.9 «03 {i] [Z]
// O.OS{BT‘ ™ >

Cross-section of the conductor.
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Conductor.
Production strands

Producer: "A.A. Bochvar High-technology Research Institute of Inorganic Materials” (JSC "VNIINM").
Protocol measurements 01-400/423 from 29.09.2021/18.10.2021
Superconductive NbTi strand PANDA solenoid

Certified 1-C2-1P-1-21/1 1-C2-1P-1-21/2-1-1-2

Parameter

Value Tolerance >1400 m >200m
Diameter filament Hm <20 =
Diameter strand mm 1.400 + 0.005
Cu/SC ratio - .50/.50 +0.05 /0.5187 /0.5132
Surface coating - none - none none
NbTiJ (at4.2K,5T) A/mm?2 > 2800 -
Critical current (at 4.2 K,
) A > 2160 - 2220 2175
n-value (at 4.2 K,5T) i > 30 - 71* 70*
Conductor RRR - > 100 = 196 191
Twist direction - left = left left

: Twist pitch mm 25 +5 22 21
Strand cross section *Magnetic field value is 6 T

Table 1 NbTi/Cu strand mechanical and electrical specifications.

21.12.2021 E.Pyata, BINP SPD solenoid 21



, Conductor.
Production strands

Batch number / Diameter, mm (1,400 * Cu/SC ratio Twist pitch

strand piece number 0,005 mm) NbTi, %

1-C2-1P-1-21/1

1-C2-1P-1-21/2-1-1-1

1-C2-1P-1-21/2-1-1-2

1-C2-1P-1-21/2-1-2

1-C2-1P-1-21/2-2

Table 2 Technical parameters

Batch number /

1,A
strand piece Field, T < n-value
(4,2 K; 0,1 mkV/sm)
number

Mechanical » 8 789
echanical properties 7 1253 52
Ba:ch r:jun?ber/ y t 1-C2-1P-1-21/1 6 1746 71
strand piece easuremen : : 5 2220 (calc.) -
number 'Ultlmate Yield strength, 3 750 35

resistance, MPa MPa 1-

C2-1P-1-21/2-1-1- U 1208 >3
2 6 1694 71
5 2175 (calc.) -
1-C2-1P-1-21/1 3 172502) :(6)
1-C2-1P-1-21/2-2 3 . -
5 2165 (calc.) -

Table 3 Mechanical properties

Table 4 Critical current (at 4.2 K) and n-value

(at 4.2 K) vs magnetic field.
21.12.2021 E.Pyata, BINP SPD solenoid 22



Conductor.

Status of the PANDA conductor development/ procurement
BINP/ VNIINM Bochvar/ VNIIKP/

Saransk cable optic (SarKO)

RRR

1800

1600

1400

1200

1000

800

600

400

250

Worked range of hig

T
/
[

N

50 40

Heat treatment temperature, °C

/—5\‘\.

purity Aluminum is 350 - 380 °C

50

Melting number

—e—52 505

—e—52 506

—e—52 507

500
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SPD solenoid
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Drawing of the Devices for winding coil (scheme).
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Thank you fk'your attention
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