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o MogenupoBaHue oTknka Tpybok
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OcHoBHble HanpasneHus cpusnyeckux sagay4y SPD:

o V. V. Abramov et al., “Possible Studies at the First Stage of the NICA Collider Operation
with Polarized and Unpolarized Proton and Deuteron Beams”, Phys.Part.Nucl. 52 (2021) 6
1044, doi:10.1134/S1063779621060022

o A. Arbuzov et al., “On the physics potential to study the gluon content of proton and
deuteron at NICA SPD" Progress in Particle and Nuclear Physics 119 (2021) 103858,
doi:10.1016/j.ppnp.2021.103858

o V. Abazov et al. (SPD Collaboration), “Technical Design Report of the Spin Physics Detector
at NICA", Natural Science Review, 1 (2024) 1-325. arXiv:2404.08317
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@ SPD Central Straw-Tpekep

ECal

£Cal Endcap

PID Endcap

Bean pipe

Straw-Ttpekep SPD

o BoccTaHoBneHNe TPEKOB 3apsiXKeHHbIX
YacTuy,

o lI3amepeHrie nMnynbCOB YacTuy, B
MarHuTHOM none

o VgeHTudbnkaums vacTuy no N3mMepeHHbIM
NOHU3ALNOHHLIMU NOTEPSIM dHEpPrun

o Straw-Tpekep: ~ 20 Tbic. straw-Tpybok
anametpom 10Mm B BapenbHoil YacTu
(ultra-sonic welding)

n ~4 teic 8 End-Cap (winding straw)

Carbon fiber 30 double
frame layers of straw
(3”’":‘ (x2 zoom)
capsule

236
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@ SPD Central Straw-Tpekep

Llenn R&D no Bbibopy
CYHUTbIBAIOLLLEV 3NTEKTPOHUKM
straw-Tpekepa:

o Onpepenerune TpeboBaHNA K CHUTLIBAIOLLENR
3/1eKTPOHIKe
o [zyuenne cywecteyrowmx ASIC?
NOTEHLMANBHO NOAXOAALUMNX AN
CYNTBLIBAHMS CUTHANOB CO Straw-Tpybok:
° MBMEPEHI/IE NMPOCTPAaHCTBEHHOIo
paspelueHusi straw-Tpybok
o 13mepenne 3apsifosoro paspelueHust

AASIC — application-specific integrated circuit,
MHTErpanbHas Cxema CreLnansHOro HasHauYeHns

Cochos [.

2369

Carbon fiber
frame

Carbon
capsule

VYyactue MAADP e SPD

30 double
layers of straw
(x2 zoom)

£Cal Endcap

PID Endcap

Bean pipe
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@ TectoBble nyykn B 2024 rogy

TecTtoBbie nyyku B 2024 ropy
B 2024 ropy: 3 nepuopa Habopa gaHtbix Ha CERN SPS (1,70 — 150 GeV) n 2 va CERN PS (e/hadrons, 300 — 5000 MeV/).

Tectosbie nyukn CERN SPS
OcHoBHast Lesb: NONyYeHne HaUNyYLLIEro BO3MOXHOIO
NPOCTPaHCTBEHHOrO pa3peLleHust

e Anpenb (10-24 anpensi)
o KombuHuposaHHblii npototun, Tpekep MicroMegas
o CuunTbiBatowas anektpoHuka: TIGER,
Mu2E (VMM3-based)
o HomuHanbHbli pexkum
o WMionb (26 utonsi — 10 nrons)
o KombuHuposaHHbili npotoTun, Tpekep MicroMegas
o CuyutbiBatowas anektporuka: TIGER,
Mu2E (VMM3-based)
o HomuHanbHbili pexxum
o CeHTs6pb (18 ceHTsbpsi — 2 oKTsAGPs)
e Mpototun puST, AZALEA Ttpekep
o CuyutbiBatowasi anektporuka: sMDT ASD,

Mu2E (VMM3-based)
° ﬂaHHble C MAarHNTHbIM MosiemM, OABJI€EHUEM, Fa3omM

Ar/CO, 73/7

Cochos O.E.,

Tectosbie nyukun CERN PS
OcHoBHas Lesb: NONyYeHne HaUNy4LLIEro BO3SMOXHOIO
3apsif0BOro paspelueHust

e Maii (1-8 mas)
e 2 oTaenbHble straw-TpybKu:

o CneunanbHblli ycunutens co BpeMeHem
nnTerpuposanus 500ns (O.H. Munko, OUNAN)
o APIC v4.X (by GDD lab @CERN)

o KoopauHaTHbiii getekTop: TimePix 4
@ OkTsbpb (2-9 okTs6bps)
o OtpgenbHas straw-Tpybka co cneuunanbHbIM
ycuanTenem, co BpemeHeM nHterpuposarusi 500ns
(O.H. Mutko, OUAN)
o Tpekep: AZALEA

VYuactue MNAD 8 SPD 25.12.2024 5/ 20



@ Ncnonb3yemble npoTtoTunsl straw-Tpekepa

B TecToBbIX N3MEpeHUsIX MCMOMIb3YETCA ABa NPOTOTMNA Straw-Tpekepa:

@ KombuHuposaHHbiii npototun (Straw Combined Prototype) (c 2023 r.):
o 36 straw-Tpybku gnameTrpom 5 mMm
e 18 straw-Tpybku gnametpom 10 mm
o 8 straw-Tpybku guametrpom 20 Mm

o (u Straw Tracker, uST) — HoBbiii npoToTun co crepeo-pacnonoxeruem Tpybok (c 2024 r.):
o 4 double-layer planes: Y-U-V-Y

o Stereo angle: 2°

° nepBblﬁ npotoTun VIHTepCbeﬁCa ANns nogadun BbICOKOro n NOAKNKOYEHUA C‘-II/ITbIBaIOLLl'eﬁ SJIEKTPOHUKN

e

MpoToTunel caenanel 8 ONAN

(T. Ennk n ap.)
Cochoe O.E., VYyactue MNADP 8 SPD 25.12.2024 6 / 20



@ CpaBHeHME CHNTHIBAIOLLER SIEKTPOHNKM

VMM3 ASIC TIGER ASIC ASD

Neighbour

nput Charge
rom MOT

e ] RO o

DA3 Test Point o °
! A A3 Cuput Comgaraor Ouput

Test Point Buffers A A

Wilkinson A-to-D

PreAmpiiier

Charke

(DISC1/DISC2 Threshold, Wilk AID Acquisition Time, ..) [~

Energy Branch 8xASD@1-Channel

55 tim

DAC

OcHoBHble pasnuuus:

@ TIGER obnapaet aByms cpopMmupoBaTensiMy curHana — Aas U3MEPEHUsi BPEMEHMN 1 3apsija

o ... HO O6ﬂaAaeT CJ/INLLKOM BbICOKUM 3N1EKTPOHHBIM YCUJIEHNEM N MaJibIM ONAMNA30HOM N3MeEPAEMbBIX
3apapos

@ VMM3 umeeTt BbIGOp pasHbix popmupoBaTesieli U 3HaYEHWN SN1EKTPOHHOrO YCUJIEHUS, HTO MO3BOJIAET
cobupaTh faHHbIe C U3MEHNEM BPEMEHMN WJIN SHEPTUMN C BbICOKOW TOHHOCTLIO

@ ASD wnmeeT meHbluee Bpemsi nHTerpuposatusi, 4em VMM3 n TIGER

Cochos [, VYyactue MNADP e SPD
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@ TectoBas yctaHoBka, SPS

TectoBasi yctaHoBka Ha SPS, anpenb-utonb

]\

Micromega
5100x100

TecToBasi ycTaHOBKa COCTONT 13!
o 4 CuunTunnstopa

@ 4 MicroMegas (c warom 250pm):
3noocn X, 1 noocnY

PR

N
e Straws
o

o Straw Combined Prototype

Cochoe O.E., VYyactue MNADP 8 SPD 25.12.2024 8 /20



@ TectoBas yctaHoBka, SPS

TectoBasi ycraHoBka Ha SPS, ceHTs0pb

Tpekep AZALEA

o AZALEA: The AIDA-2020 Zero-suppressed Acquisition Located at the
East-Area telescope (paspabotan B pamkax npoekta EUDET)
o CocronT un3:

e 6 nnockocteii ¢ cencopamu MIMOSA 26 (pasmep nukcens 18.4um)

o FEI4 Si nnockocTb (ncnonb3oBanock B ka4ecTBe TpUrrepa v paspeLleHns
HaNOXEeHHbIX TPEKOB)

o Trigger Logic Unit (TLU)

o Paspeluerne Tpekepa: ~6um

x residual, plane 3
20 resiaual

TectoBas YCTAaHOBKa COCTOUT n3:

o 2 CumHTunnsTtopa
o Tpekep AZALEA

e ST npotoTtun

T L L
0060 60 40 20 0 20 40 60 80 I
i

Cochoe O.E., VYyactue MNADP 8 SPD 25.12.2024 9 /20



3aBucumocTb Bpemenu apelicha ot nposioxenus Tpeka R(T), Ar/CO, 70/30 @1@

Mpumepbl 3aBucumocTun Bpemenn apeiicha ot nponoxerus Tpeka R(T)

CeHnTs6ps, VMM3 ASIC CeHnTs6pb, ASD

Hoy_13.7 rotsed ;0.2 Hoy.13.7 rotsed 501.0.2

1] 1] B

i= Entries 1179588 < 50 | o Entries 163237

0E> |Meanx 1349 0E> = - Meanx  -0.351

= + | Meany 5.603 K = r " N Meany -119.9
StdDevx 2805 | . r SdDevx 2758
StdDevy 4592 v StdDevy 44.03

I Tr L

4
X ref, mm
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@ Tekywmne pesynstaThl: BpemenHoe paspewetne, Ar/CO, 70/30

BpemeHHoe paspelueHue,
A r / C 02 70 / 30 . e« TB-24-September-H4-891/399, ASD, straw 7 (thr 3(C)

—
° CeHTﬂ6pb, CYUTbIBAHUNE VMM3 ASIC, StraW C; 14; ———=——  TB-24-September-H4-891/399, ASD, straw 55 (thr 3fC)
7 (K AcHblE K rAble MapKe b|) © | ———+——— TB-24-September-H4-902/100, VMM3, straw 7 (thr 1.1fC)
p Py pKep [ TB-24 H4-902/100, VMMS, straw 55 (thr 2.3C)
o CeHTs16pb, cuutbiBaHne VMM3 ASIC, straw 12— 1
C ]
55 (cuHne KBagpaTHble MapKepbl) F g
10—
o CeHTs16pb, cuntbiBaHne ASD, straw 7 L
(3eneHble TpeyronbHble Mapkepbl) L
87
o CeHTsibpb, cuntbiBatne ASD, straw 55 L
(cpbnonetoBble TpeyronbHbie Mapkepb!) o
Jly4wee nonyyeHHoe paspelueHune ans o
straw-Tpybok anamerpom 10mm: r
3 (ASD) n 7 (VMMS3) ns. L
Mpu sTom: r
L [ | P P P
o kanunbposka VMM3 He 3aBeplueHa 0 -4 -2 0 2 4
X ref, mm
o VMM3 umeet 6onbunii peaking time
o VMM3 umeet npobnemsl ¢ TDC from VIII SPD Collaboration meeting, 5-8 Hosbps 2024
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NIcA

@ TekyLune pesynbTaTbl: NpocTpaHCTBeHHOE pa3spelerune, Ar/CO, 70/30

MpocTpaHCTBEHHOE pa3peLLeHNE,
Ar/CO5 70/30:
MpeaBaputensHbie pesynbTaThbl HE YHUTbIBaOLWME
KOHEYHOe paspelueHne pechepeHCHOro Tpekepa
(cpenHeB3BeLLeHHOE ¢ owmbkamu Anst obnacTu
+[1 — 5] mm)

o VMM3 ASIC, straw 7: 270 um
o VMM3 ASIC, straw 55: 320 um
o ASD, straw 7: 122 um

e ASD, straw 55: 139 um

We are working on understanding the major
contribution to large resolution

Cochos 4.E.,

e TB-24-September-H4-891/399, ASD, siraw 7 (thr 3(C)
1—
E F | ——=—— TB-24-September-H4-891/399, ASD, straw 55 (thr 3(C)
& 09 | — - TE-2e-Septomber-Ha-S02/100, VMMS, sraw 7 (i 1.11C)
£ . TB-24 100, VMMS, straw 55 (ihr 2.3(C)
0.8— (y
07 » ( \ a
0.6 ;
0.5 H T
0.4 | M
0.3 ‘A
C i
= i
0.2
0.1~
L, .

4
X ref, mm

from VIII SPD Collaboration meeting, 5-8 Hosibps 2024
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TecTtoBas ycraHoBka, PS

TectoBas yctaHoBka, PS, okTsa0pb

TecToBasi ycTaHOBKa COCTOUT W3:
o Tpekep AZALEA (nonyuennoe paspewwetrne 60-110
fim)
@ YepeHKOBCKUI CUUHTUANSTOP AJst BblAENEeHNs
3/1eKTPOHOB

Straw-Tpy6ku:
o OtpenbHas Tpybka 10mm
o Kom6uHnnposaHHsbii npototun (20mm, 10mm & 5mm)
@ lIsmepeHne 3apsafoBoro paspelieHns
o CneuuanbHblli yCUnnTeb CO BpeMeEHEM
nHTerpuposarus 500ns (O.H. Mutko, OVAN)
e Agponbl 0.3, 0.5, 1, 2 GeV/c
e DnekTpoHbl: 2 GeV/c

@ l13mepeHune npocTpaHCTBEHHOIO paspeLueHns

o CuyuTtbiBatowas anektpornka: sMDT ASD,
Mu2E (VMM3-based)
e AgpoHsl, 5 & 15 GeV/c

Cochoe O.E., VYyactue MNAP 8 SPD 25.12.2024 13 / 20



@ Onuncanune TecToBoro nyvka

MPV [keV]
2

- High momenta - timing performance

t vs R with VMM3 and ASD readouts
15,5 and GeV h+, large statistics

- Low momenta <=2 GeV - charge measureme
-2,1,0.5,0.3 GeV (purity to be evaluated)

- Q vs P (single straw) %—‘—r'
P ¥ o ke A T O s |

- time-over-threshold vs P (ASD readout) ‘
AA A A2 ¢ ¢ 2 pj ?GeV/c]

o5 TO9 with 24 GeV primary pr @ T09: pi+mu+e (<5 GeV)

08

07 _@-Proton Electrons are tagged with the Cherenkov detector 15 mV threshold

o -@- Kaon

:j -@-Pion Tried to veto muons behind the concrete block

s Muon

02 -®-Electron Last two days :

s - decreased momenta of primary protons (down to 15 GeV)
T 2 4 & & ® = u => higher population of low momentum hadrons

Momentum (Gev/c)
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@ lNepBble pesynbTaThl TECTOBLIX M3MepeHuii Ha PS

Entfies 855
Mean 16.06
Std Dov 1142
2 /ol 9629/40
1 Constant  5.511+0.126.

Sigma___2.814+0.063

0.8 Do

2/ ndf 30,96/ 16
Constant  4.332 + 0.305
M 14.67 £045
Sigma___3.24 4 0.259

—— Hadrons, 2 GeV

MepBble pe3ynbTaThbl TECTOBbIX
n3amepenuin Ha PS

0.6

0.4 —o— Electrons, 2 GeV

o CreymanbHblil ycManTeNb Co BpeMeHeM

nHterpuposatusi 500ns (O.H. Munko, OUAN)

@ AHann3 npoposKaeTcsi

0.2

ERan

%1020 30 40 60 70 80
dE/dX, fC/mm
from VIII SPD Collab ion ing, 5-8 6ps 2024
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@ PeannctuyHblii oTkAnk straw-Tpybok

3aBNCMMOCTb BPEMEHHOMO Pa3peLUeHUnsi CUrHana OT BPEMEHU
cbopa 3apsga

olrs)

Tekywian pabota, cBsi3aHHast C
MOLEIMPOBAHNEM PeaNUCTUYHOrO OTKMKA

straw-Tpybok: -
1. BbinonHeHo mogenupoBaHue reHepaTopoM .

GARFIELD++ c ncnonb3sosaHunem nakerta
LTSpice ans MOQenMpoBaHUsi 3NEKTPOHUKM.
. reHepatop: GARFIELD++ LTSpice

Kg'l-'g‘"tBOBaHb'e mogenu: u TIGER v VMM3 from VIl SPD Collaboration meeting, 20-24 mas 2024

' CpaBHeHune BpeMeHHOro paspeluerusi curdana, TIGER

2. Ynydwenne mogenuposaHus B nakete SPDRoot: g

pobaeneH oTKAUK TpekoBoli cuctemsl SPD,
nony4veHHbln ¢ nomowysto nakera GARFIELD, 8 "
nporpammtbiii naket SPDRoot ¢ ncnonbsosaHunem
peasincTUYHbIX NapameTpu3saunii.

0 o w0 e 0 0 i e0 80 200
Peaking time ns]

5
5
2
o % e 2 o 2

A, (mm)

reHepatop: GARFIELD++; mogens anektpoHuku: TIGER
from VII SPD Collaboration meeting, 20-24 mas 2024
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@ PeannctuyHblii oTkAnk straw-Tpybok

Tekyuwiasi paboTa, cBsizaHHas ¢
MOZLE/INPOBAHNEM PeaNUCTUYHOrO OTKIMKA
straw-Tpybok:

1. BbinosHeHo mMofennpoBaHvie reHepaTopoM
GARFIELD++ c ncnonssosaHunem nakerta
LTSpice gns MogenmpoBaHusi 3N1eKTPOHUKM.
Vcnonbsosansbie mogenn: u TIGER u VMM3
ASIC.

2. VYny4yweHne mogenuposarus B nakete SPDRoot:
nobaeneH oTKAUK TpekoBoli cuctemsl SPD,
nony4YeHHbln ¢ nomowsto naketa GARFIELD, 8
nporpammHbiii naket SPDRoot ¢ ucnonbsoBaHunem
peanncTuYHbIX napameTpusauunii.

Cochos O.E.,

Pasnuumne BpemeHHOro paspelueHusi Aist CMOAENNPOBAHHOIO
1 PeKOHCTpyMpoBaHHbIx curHanos (SPDRoot)

(RRecotit = Ruc) [ns]
° °
o o
3 &

ol
°
°
&

from V111 SPD Collaboration

VYyactue MNADP e SPD

The variance of Reecotit = Rmc
from SPDROOT simulations
[P =1.0GeV, pdg=13(muon)]

. -
L ®
1 2 3 4

Ruclmm]

6 = 55° Indiv. Calib. 6 = 90° Indiv. Calib.
Resolution = 151 @ Resolution = 169

*®

——9-
° e

6 = 26° Indiv. Calib.
@ Resolution = 110

6 = 26° Unified Calib.
Resolution = 117

6 = 55° Unified Calib.
Resolution = 155

8 = 90° Unified Calib.
Resolution = 169

5-8 6ps 2024
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nybankaumm

HOoknagbi:

1. B.T. Kum, “Dkcnepument SPD Ha konnaiigepe NICA”, Cosewanune POUI-M, Ody6Ha, 12
anpens 2024

2. V.T. Kim, “SPD NICA: Physics at the first stage” NICA Days, Anmatel, 17 mas 2024

3. B.T. Kum, “Cratyc skcnepumenta SPD na konnaiigepe NICA”, 56-51 3umnsis LLlkona
MNAD, Nyra, 17-22 mapta 2024

4. A.B. 3eneHos, “Ob6pasoBaHuie agpoHos ¢ 6onbwmmmu pT npu sHeprusix NICA”, 56-s
3umtss LLkona MUAP, Jlyra, 17-22 mapTa 2024

5. V.T. Kim, “SPD Physics at the first stage” HSFI-2024, latuuna, 17 mas 2024

6. A.V. Zelenov, “Large pT baryon and exotic state production at NICA energies’, laTuuna,
8-12 nions 2024

7. A. Mukhamejanova, S.A. Bulanova, V.V. Bautin “Garfield4++ / LTSpice for modelling
response of Straw Tubes with custom readout”, 2nd DRD1 Collaboration Meeting
Topical Workshop on Electronics for Gaseous Detectors, 17-21 utons 2024

8. V.T. Kim, “SPD at NICA Collider: Status and Outlooks”’, 7th Forum Nuclear Science and
Technologies, Anmatbl, 7-11 okTabps 2024

9. V.T. Kim, “SPD Experiment at NICA Collider: Status and Outlooks”, 7th ICPPA-2024,
Mockea, 22-25 okTsbpsi 2024
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nybankaumm

Aoknagbl (SPD Collaboration Meetings):

1. S.A. Bulanova, “Garflied4++/LTSpice studies of the straw tube response”, VIl SPD
Collaboration Meeting, AnmaTbl, 20-24 mas 2024

2. A.V. Zelenov, “Large-pT particle production in pp-collisions at NICA energies”, VIl SPD
Collaboration Meeting, AnmaTbl, 20-24 mas 2024

3. D.E. Sosnov, “Straw testbeam results”, VIIIl SPD Collaboration Meeting, Jdy6Ha, 5-8
Hos6psi 2024

4. A.V. Zelenov, “Diquark role in production of baryons and exotic hadrons for SPD NICA
energies”’, VIII SPD Collaboration Meeting, Jy6Hna, 5-8 Hosbps 2024

5. E.O. Mosolova, “Overview of the Straw Tracker simulation studies”, VIII SPD
Collaboration Meeting, dy6Ha, 5-8 Hos16pst 2024

My6nnkauuu:

1. V. Abazov et al. (SPD Collaboration), “Technical Design Report of the Spin Physics
Detector at NICA”, Natural Science Review, 1 (2024) 1-325. arXiv:2404.08317

2. V. Bautin et al., “TIGER ASIC as a candidate front end electronics solution for future
Straw Trackers”, Physics of Particles and Nuclei Letters, 21 (2024) 4, 731-734.
doi:10.1134/S1547477124701206
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dusuka
[MpoBeaeHbl oueHky nonspusagum A

MpoBeseHbl OLEHKN PasinyHbIX
BbIXOAOB afPOHOB 1 3K30TUHECKMX
cocTosiHuii (TeTpakBapku) ¢
GoNbLINMN PT U UX KOPENsALNii

PazpabaTbiBaetca MonTe-Kapno
reHepaTop:

KomnbtoTuur
MpogonrkeHa paspaboTka KoHuenuUN

komnbtoTuHra SPD, Bkatovatowas
MNAD B kavectse SPD TIER-1

BbiBogbi

Straw-Tpekep

npOBep,eHbl N3MEHEHUA Ha TEeCTOBbIX Ny4YKax SPS ¢ nMerwnmMmnca
BapnaHTamMmu CHMTbIBa}OU.I,eﬁ SNEKTPOHUKN

[MpoBefeHbl NCMbITaHUS HOBOFO MPOTOTWMNA CO CTEPEOYIIAaMU, a TakxKe
npoToTuna uHTepdeiica ANs NOJAYUN BbICOKOTO HaMpPsHKEHNs 1
NOAKJIOHEHUNS SNIEKTPOHUKIN

I'Iposep,eHbl N3MEPEHNA NMPOCTPAHCTBEHHOIO N 3apALn0BOro
paspeweHns, BeaeTCA aHaNn3 AaHHbIX

MpoponaeTtcs paboTa No MoOAENNPOBaAHNIO PEASINCTUHHOIO OTKNKA
straw-Tpybok

3annaHnposaHbl TecToBble n3meperuns kak Ha CERN PS/SPS, tak n
na CLI-1000 (MNAD)

VYyactue MNAD & S
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Cnacubo 3a BHumanue!

N cuactnmneoro HoBoro rop,a!
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