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The Silicon Tracking System of the CBM Experiment at FAIR

A. Lymanets for the CBM collaboration

New Trends in High-Energy Physics,
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Facility for Antiproton and lon Research

- Beam intensities up to 1000x w.r.t. current facility
+ Simultaneous operation of different experimental programs:

— heavy ions —
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- rare | t ing accelerator [05 ing accelerator
50 Opes Linear NJ‘/ : §I51g8 = : gSISl(;O :
accelerator « /. & '
i - ONitac I
Ny V> f
w / ring
HESR
| 100 meters | R //
_SIS-1OO \—/ xisting facili
» protons: 30 GeV / :
- Au: 11 GeV/nucleon - |
Collector Experiments
ring CR

Commissioning start in 2025



FAIR construction status

EXCAVATION FOR
FAIR EXPERIMENT CBM




CBM physics goal

Explore the QCD phase digram of nuclear matter at high baryon densities
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Courtesy of K. Fukushima & T. Hatsuda Baryon Chemical Potential us
Physics cases Observables
- existence of critical endpoint » strangeness - dileptons
- 1st order phase transition and exotic phases -+ charm - collective flow
- QCD equation of state - (multi)-strange -+ fluctuations and

« chiral symmetry restoration at high us hypernuclei correlations



Compressed Baryonic Matter experiment

- Vertexing:
MVD

- Tracking:
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- Calorimetry:
ECAL, PSD
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- fixed traget geometry with polar -+ online event selection using high
angle coverage [2.5°; 25°] level triggers

- electron and muon configuration
- free-streaming DAQ



Silicon Tracking System

STS is a main tracking detector that will reconstruct
up to 700 charged particle per collision.

Features:

* located inside 1 Tm dipole magnet
- 8 tracking stations

» active area about 4 mz
» 896 sensors installed onto
106 carbon fibre ladders
* low material budget <1.5%Xo per station
- fast self-triggering readout
» radiation tolerance up to 1074 negcm—2
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Requirements:

- fast and radiation hard detectors

- self-triggering electronics
* 4D event reconstruction



Double-sided silicon microstrip sensors

n-side
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n-type bulk

320 + 15um thick

1024 strips per side

581um strip pitch

0/+7.5° stereo angle for n/p side
second metallisation layer

to interconnect edge strips
width: 6.2 cm

length: 2.2, 4.2, 6.2, 12.4 cm (strip length):
granularity is matched to the hit density
in the STS aperture

Sensor series production started.



* thickness: 10 ym thick on14 ym polyimide

* length up to 55 cm

Microcables

- signal layer: 64 Al lines of 116 ym pitch
Cu alternatively under study

Material budget: 0.228 Xo (e
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STS-XYTER:
custom ASIC with self-triggering architecture

lll"“JJ AGH University of Science and Tecnologies
Cracow, Poland
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| CALIBRATION | |GLOBAL REFERENCES | | TIME STAMP COUNTER | STS-XYTER ASIC
ASIC architecture » designed for high capacitive load
pre— 128, polarity +/- . f_ast branch (30 ns rise time):
. _ time-stamp latching
noise 1000 e~ at 30 pF load _ _ _
ADC range 16 fC, 5 bit . s!ow bre_m_c.h (8_0 ns peaking time):
clock 160 MHz signal digitization
power < LW UE RS - double-threshold discrimination:
IMESIEMD =9 1S feapian time stamp is vetoed if ADC produced
out interface (1..5)x320 Mbit/s LVDS

no signal



Module & ladder assembly

~45 c¢cm microcables

Si sensor

Basic functional unit: double-sided sensor + 2x16 microcable stacks + 2
front-end boards with 8 ASICs each. First full-size modules built.

Up to 10 modules are mounted on a carbon fibre ladder using L-legs.
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System integration concept
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ladder half-unit

mainframe
STS in the aperture
_ | of a dipole magnet
896 detector modules including:

° 18M readout Channe|s InfraStrUCture in the STS bQX:
- 14.3k readout chips » power distribution boards
. 28.6k ultra-thin readout cable stacks ° Interface boards (electr. + opto)
.- 106 ladders - cooling (electronics + sensors)

18 half-units - feedthroughs for services
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Quality assurance of module/ladder components

Sensors Microcables ASICs Ladders

Av.yield ~63%
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Module testing
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- - ENC module 01T1_2
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Channel number

Measured noise performance for
a detector module with 6x6 cm?2
sensor and 45 cm long p-cable
IS <2000 e.

Shielded microcables
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Detector module inside the test stand
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MSTS at mMCBM

Long term campaign at SIS18: full system test with high-rate AA collisions
at GSI/FAIR

- CBM pre-final detector systems S |
mSTS box with C-frames

- free streaming read-out | _
. data transport to the mFLES holding carbon ladders with
silicon strip detectors

(high performance computing farm) ,
» up to 10 MHz collision rate 4 modules (Feb’2019) )



CBM readout chain Phase | (2019)

MCBM detector cave

mCBM DAQ container

Green IT Cube

Timeslice Building
and FLES

~50m ~400 m
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Data

{ ‘ InfiniBand

FLIB
FLES input
nodes
FLES compute
nodes

Data in
timeslices

Read-Out Board

CERN-GBTx ASIC and
versatile link opto components

Data Processing Board
FPGA based interface for

timing control and data
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CBM-STS project

Key Participants of CBM-STS:

Germany:

- Darmstadt, GSI Helmholtz Center (GSI)

- Karlsruhe Institute of Technology (KIT)

- Tubingen, Eberhard Karls University (EKU)

Poland:

« Krakow, AGH University of Science and Technology (AGH)
- Krakow, Jagiellonian University (JU)

- Warsaw University of Technology (WUT)

Russia:

- Dubna, Joint Institute for Nuclear Research (JINR)
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Technical Design Report

Project timeline

Silicon Tracking System (STS)

The CBM Collaboration

Technical Design Report approved in 2013

Production readiness of silicon sensors in 2018

mCBM run 2018-2022

lon of components 2019 - 2024

tem assembly and commissioning in 2020 - 2023
stallation in CBM cave in 2025. Commissioning with beam.
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GSI Report 2013-4
October 2013

Compressed Baryonic Matter Experiment
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COMPRESSED BARYONIC MATTER EXPERIMENT FAIR COMPRESSED BARYONIC MATTER EXPERIMENT F_\IR

CBM Collaboration STS Note 2018-1 v1.0 CBM Collaboration STS Note 201502

August 22, 2018 28 August 2018

CBM-TN-18004

November 24, 2018
Evaluation of the STS sensor prototypes Report on the production of prototype STS ladders
irradiated with 23 MeV proton beam
using relativistic 8-electrons
CBM-STS team
Production Readiness Review for the Silicon Sensors of the Conceptual Design Report of the STS Cooling System S, Dasmstads, Germazy nd JINR, VALHEF, Dubos, Rusia
CBM Silicon Tracking System CBM.STS Editor: Johann M. Heuser, GSI

K. Agarwal', M. Kis®, P. Kuhl?, H. R. Schmidt'?, O. Va
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! Eberhard Karls Universitt Tiibingen, Tiibingen (DE)

Goethe University Frankfurt, Frankfurt am Main, Germany 2GS1 Helmbeltz Contre for Hoavy Ion Resench, Dasmstadt, (DE)

2GSI Helmholtzzentrum fir Schwerionenforschung GmbH, Darmstadt, Germany
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Editors: J. M. Heuser, V. Pugatch, H-R. Schidt Email: Hans-Rudolf Schmidt@Uni-Tuebingen.de Abstract
We summarize the achievements on the preparation of prototype STS detector ladders for application
in the CBM experiment at FAIR and in the BMAN experiment at Nuclotron,

Abstract Abstract

This document summarizes the outcome of an internal Production Readiness Review for the silicon

sensors of the CBM Silicon Tracking System. which took place on 23 April 2018, It accouns for the

updated sensor design, the sensor performance in terms of signal over noise and charge collection

efficiency. the impact of the sensor thick
i

This docunent s a prelude to the CBM-STS Core Preliminary Design Review (Novem- The work bas ben done with suppor fom the European Union's Horizon 2020 rearch and inne-
Ihis docunne ey Desten fiview (lover: vation progeammo under gt agreement No. 654160 (Project CREMLIN) (1] This note srves as
ber 30, 201 naof the sl ytems oe of tho projoc’ we 3 “Scknce cooperation with the NICA colder acl in
systens: a bi-phase CO system to remove the power disipated by the front-end readout

clectronics (= 40 k1Y) and gas cooling to remove the (moderate) heat produced by the sensors

themselves (< 6mIV/an?) in acceptance region. While the R&D for the bi-phase cool

which comprises essentially the layout and design of the various heat exchangers and thermal
interfaces to ensure the optimal heat transfer to the bi-phase COs.
gas cooling requires a realistic mock-up of the STS to verify the path and velocity of t

is essentially done, the

flow, and thus the heat transfer coefficient. The R&D for the gas cooling in ongoing:
istic thermal demonstratar is being built which will allow to determine the gas tempe
and the flow to cool the sensors sufficiently to avoid thermal runaway

“https://indico.gei. de/event /1929/

Sensor production readiness Rad. hardness Cooling Ladders 17



