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Introduction

Talk topics:

L Geometry update for the inner tracker detectors
(GEM and SILICON) of the BM@N setup for the
following runs:

« RUN-7 (2018)
* the next run (2021-2022)

O Calculation of material budget for these
configurations

The common view of the BM@N experimental setup

‘ MAGNET

MAGNET

Geometry design of the BM@N inner tracker for the RUN-7 (left) and the next run (right)
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Detailed geometry creation

d The detailed ROOT geometry was created for the following configurations:

GEM RUN-7 (Spring 2018)

GEM RUN SRC (Spring 2018)

GEM Future Configuration (2020-2021)

Forward SILICON Future Configuration (2020-2021)

O The design of these detector has a lot of supporting elements, such as
frames, electronics and others. It influences the detector efficiency.

O There are two versions of the ROOT geometry (simplified and detailed) for
each configuration.
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Forward Silicon Detector

Forward Si in our BM@N configuration is
a silicon based semiconductor detector
consisting of separate si-modules which
are combined into stations of 10, 14 and
18 modules (42 modules in total).

At the moment we have complete ROOT
geometry for this detector in the

BMNROOT repository for using it in 10 modules
simulation and reconstruction

Three stations of the Forward Si detector (left) and ROOT geometry of them for

procedures. MC-simulation (right)
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Scheme of the Forward Si detector

Schemes of a single Si-module (left) and their composition in the first station (right) (E. Zubarev)

(E. Zubarev)
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Forward Silicon Detector

Full assembly of Forward Silicon detector

Scheme of one half-plane: front and side views

Parts of one half-plane of Forward Silicon Detector

Onucanue

Marepunan

Pa3nep Baoas myuka

1 Bazosas nanka A MIOMIHITEBEI CTITaB 814 mm BHe uyBCTBHTEIEHOIT 30HE SI-CEHCOPOB
2 IMnanka ATIOMHHIEBHIT CTITaB 6...12 Mm BHe uyBCTBUTENEHOIT 30HBI Si-CEHCOPOB
3 IMnanka AMOMHHNEBRI CTITAB 10 v BHe TyBCTBHTEIEHOIT 30HEI SI-CEHCOPOB
4 MnacTina ATOMHHIEBBI CTITaB L5 mym Bte uyBCTBHTeIBHOIT 30HBI Si-ceHCOPOB
5 Inactina AMOMHHIEBRI CILTAB 3 MM BHe uyBCTBHTEIBHOI 30HEI Si-CeHCOPOB
6...11 Peiikn ATIOMHHICBBII CILTAB CyMMapHas TOMMHHA BHe 4yBCTBHTRIBHOI 30HBI SI-CEHCOPOB
12 IMactuna ATKOMHHNEBHI CIITAB 1.5 v BHe 9yBCTBHTETBHOIT 30HBI Si-CeHCOPOB
13 BokoBag cTeHKa 3KpaHa ATIOMHHIEBBI CTITaB 27 MM BHe uyBCTBHTeIBHOI 30HBI Si-ceHCOPOB
14 Bokopas cTenka sKpasa AMOMHHIEBBI CILTAB 27 MM Bue uyBCTBHTRIEHOI 30HBI SI-CEHCOPOR
15 | FopmonTansuas ctenka Merommact 27 vt B yBCTBITeNBHOI 30He Si-cencopon
KpaHa
16 Jlisiieas cTenKa IKpana Ienommact 3 M B uyBCTBITENBHOI 10He Si-ceHCOpOB
17 TMnarKa 3kpa”a ATIOMHHNEBRI CTITaR 3 MM BHe YBCTBHTEIBHOIT 30HEI Si-CeHCOPOB
18...19 | ToHKOCTeHHbI IATPY 6ok IMractak ABC CTenka - 2 My BHe uyBCTBHTE/IBHOI 30HBI Si-CeHCOPOB
20 By Kperieiis niat Jaryns 25 MM Buie uyBCTBHTe/IBHOIT 30HBI Si-CeHCOPOB
JMEKTPOHUKH - :
21 Tt 1B 1eKTpOHIKIL Crexnorexctomr 2MM F KOMIOHEHTH Bite uyBcTBiHTe MHOI 3018 Si-ceHCOPOB
2 Moaym Si-ceHCOpos H

3TEKTPOHHKI

Description of the parts
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Forward Silicon Detector: ROOT geometry

Simplified ROOT geometry: only sensitive planes Detailed ROOT geometry: sensitive planes and
composed of basic silicon-modules supporting elements (passive volumes)

m
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Forward Silicon Detector: ROOT geometry

elements of frames (aluminum)

face shield (polystyrene)
Front view of Forward Silicon Detector

printed circuit board (fiberglass)

module frames (carbon)

sens. plane (silicon)

Side view of Forward Silicon Detector
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Forward Silicon Detector: ROOT geometry in EventDisplay

S5 [ Scenes

2% |7 Geometry scene
T 7 Event scene
& [ RPhi

& @ RhoZ

‘=5 [ EventManager
(Z3[= RhoPhi (0.0}
(21~ RhoZ (0.0)

Style |
cave_1 [TEveGeoTopNode]

TEveElement

show: ¥ [l [-[ 0 3

¥l UseTrans [ EditTrans

GeoTopNode

VisOption: 1 il

VisLevel: 3 il
—

GeoNode

[ VizNode

¥ VizNodeDaughters

¥ Vizvolume
¥ VizvolumeDaughters

S5 [ Scenes

2% |7 Geometry scene
T 7 Event scene
& [ RPhi

& @ RhoZ

‘=5 [ EventManager
(Z3[= RhoPhi (0.0}
(21~ RhoZ (0.0)

Style |
cave_1 [TEveGeoTopNode]

TEveElement

show: ¥ [l [-[ 0 3

¥l UseTrans [ EditTrans

GeoTopNode

VisOption: 1 il

VisLevel: 4 il
—

GeoNode

[ VizNode

¥ VizNodeDaughters

¥ Vizvolume
¥ VizvolumeDaughters

We can change the visualization level in EventDisplay to display
only modules or modules with passive elements
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Forward Silicon Detector: material budget

Material budget in the BM@N, Integrated radiation length, X/X0 [%]

Material budget in the BM@N, Integrated radiation length, X/X0 [%]
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Material budget for the Forward Silicon Detector:
Left — simplified geometry (only sensitive planes), right — detailed
geometry
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GEM: configuration for RUN-7 (RunSpring2018)

\\

Simplified ROOT geometry of GEMs for RUN-7: only sensitive Detailed ROOT geometry of GEMs for RUN-7: passive elements
planes (as volumes filled with a gas mixture) and ordinary frames. (such as frames, electronics and material layers in sensitive areas)
ROOT file: GEMS_RunSpring2018.root were added .

ROOT file: GEMS_RunSpring2018_detailed.root

To generate these ROOT files we have corresponding macros
located inside the directory ‘BMNROOT/macro/geometry”
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GEM: configuration for RUN-7 (RunSpring2018)
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Detailed geometry of GEMs for RUN-7: common view
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Detailed ROOT geometry have been prepared according to the
schemes of half-planes provided by S. Piyadin (and others)

Detailed geometry of GEMs for RUN-7: front view (XY)

B
= w2
-

Detailed geometry of GEMs for RUN-7: side view (ZY)
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GEM: configuration for the next run (FutureConfig2020)

Simplified ROOT geometry of GEMs for the next run: only sensitive Detailed ROOT geometry of GEMs for the next run: passive
planes (as volumes filled with a gas mixture) and ordinary frames. elements (such as frames, electronics and material layers in
ROOT file: GEMS_FutureConfig2020.root sensitive areas) were added .

ROOT file: GEMS_FutureConfig2020_detailed.root
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GEM: configuration for the next run (FutureConfig2020)

Detailed geometry of GEMs for the next run: common view

Detailed geometry of GEMs for the next run: front view (XY)

Detailed geometry of GEMs for the next run: side view (ZY)
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Detailed ROOT geometry have been prepared according to the
schemes of half-planes provided by S. Piyadin (and others)

Scheme of GEM chambers composition
(S. Piyadin)
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GEM: structure of sensitive area

copper

glue

epoxide

honeycomb

polyamide

Besides frames and electronic elements, layers of
materials in sensitive areas have been added to the
detailed geometry.

The thickness of some layer is a summary thickness of
all layers with the same material.
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Layer structure of a sensitive area for one half-plane
of GEM (S. Piyadin)

copper: 35um + 35um + 7um + 7um + 7um + 5um + 35um = 131um
glue: 50pum + 50pum +50pum + 50pum = 200pum

epoxide: 0.5mm + 0.5mm + 100pum + 0.5mm + 0.5mm = 2.1mm
honeycomb: 15mm + 15mm = 30mm

polyamide: 110um + 30um + 30um + 30pum + 50um = 250um
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GEM: Material budget

layer material density [g/cm-3] thickness (X) [cm] X0 [cm] X/X0 [%]

gas ArC02 (70/30) 0.0019 0.9 10960.2 0.0082

copper copper 8.96 0.0131 1.435 0.9129

glue acrylic glue 1.25 0.02 32.1603 0.0622

epoxide polyurethane (high dens.) 1.8 0.21 22.5351 0.9319
polyurethane (medium dens.) |0.59 0.21 68.7512 0.3055
polyurethane (low dens.) 0.25 0.1 162.253 0.1295

honeycomb nomex aramid honeycomb 0.048 3.0 755.397 0.3971
(kevlar chemical structure)

polyamide polyamide 1.14 0.025 36.4052 0.0687

Table: properties of material layers in the sensitive area of GEM chambers
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Material budget: GEM configuration for RUN-7

Material budget in the BM@N, Infegrated radiation length, XX0 [%]
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Material budget: GEM configuration for the next run (FutureConfig2020)

Material budget in the BM@N, Integrated radiation length, X/X0 [%]
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Summary

v' The detailed geometry for the inner tracker detectors (GEM and SILICON) of the
BM@N setup was prepared for the following runs:

« RUN-7 (2018)
e the next run (2021-2022)

v" The material budget distribution for each configuration was calculated
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Thank you for your attention...



