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Three pillars of the STS Department

Today Tomorow Day after
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At the start three years ago




Status as today....

= Silicon Tracking Systems (BM@N-STS and MPD-ITS)

*  Assembly of modules and super-modules (5): A.
Sheremetev, Elsha,Sukhov, Semchukova,Andreeva

. Mechanics of Composite Materials( 1): A. Voronin

. Bench and in-beam testing group (3): Dementyev,
Kolozhvari, Shitenkow

*  Quality assurance of sensors (4): Zamiatin, Merkin
(SINP), Sheremeteva, Streletskaya

= Administration, civil construction and procurements
support(4): Murin, Gaganova, V. Penkin, S.Udovenko

= |ndustry partners(3): LTU (Kharkov), Planar enterprise
(Minsk), NIIKAM(Pereslavl-Zalesky)




Physics case
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STS for BM@N experiment

Mutual interest by CBM groups from Germany and Russia to install, commission and use
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Sensors

Quality assurance of the sensors

* Final product inspection at the
vendors: detailed data

* Quality inspection at JINR has been
advanced:

full inspection during prototyping,
sample tests during series production

6.2x2.2 ij — sophisticated optical and electrical
6.2x4.2 sz methods established
6-.2 x6.2¢cm Hamamatsu - charge collection tests before/after - e

irradiation, S/N determination
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400 sensors are already ordered and arrived at JINR




STSXYTER ASIC

produced in 9/2016

128 channels+ 2 test channels
Self triggered architecture
Maximum data rate: 250 kHz/channel
5-bit amplitude measurement

+ ADC

global biasing DACs power y pads
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time stamp measurement
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* Dynamicrange: 16 fQ at STS mode
Noise performance: 1000 enc at 30 pF input
Time stamp resolution: 1 ns
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Test bénch for characterization
of the ASIC

LVDS/LSVS communication

STS/MUCH-XYTER2 ASIC

FEB board with 8 ASICs




Module assembly site at JINR L

The main room (90m? ) is class 7 I1SO (less than 10 000 p/ft3 < 0.5 mkm)

4 technicians are currently involved in module assembling

jigs for the module assembling




Modules

Microcables from Al-polyimide
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About 420 components are in assembly process at
different stages |
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Ladder assembly

Design by S. Igolkin (CERN)

Material: CF prepreg M55J/ 334EU
Modulus of composite 32800Gpa

Total weight: 10,4 g/m Ladder assembly device

40 CF frames were already produced (this is already enough for BM@N,
production for the CBM@FAIR is under discussion)

The precision of the sensor orientation:

X coordinate +50 mkm

Y coordinate +15 mkm on 1200 mm base
112 mkm on 180 mm base

Z coordinate +50 mkm

Mockup of the ladder

Dementev Dmitrii, CREMLIN WP7 "Super c-tau factory workshop" 11



Detector readout chain

STS modules Common GBTx Readout Board
8 STS-XYTER * based on radiation hard GBT
v2.0 on FEB-8

g Xilinx Artix 7 FPGA

board

on detector off detector

Yuri Murin — SPD Pow-wow 02/07/2018 , VB LHEP, Dubna 12



Physics motivation for a study of
charm production at NICA

Heavy charm quarks are produced at the very initial
stage of the collision of the heavy ions to witness the
CBM(NICA,FAIR) or QGP (RHIC,CERN) . C-quarks re-
scattering by CBM is the right way to study CBM at
NICA

C-quarks interaction with cold nuclear matter has an
exciting perspective at NICA since the estimated yields .
for the production of the hypothetical light supernuclei
He? and He?* indicated feasibility of the experimental
search at NICA and not anywhere else at the moment

Formation and
) Interactionwith QGP [2)  decayof D

mesons

From the experimental point of view production
of open-charm particles in the energy range of
NICA is a complete terra incognita 13




Physics motivation for a study of charm in cold nuclear matter
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Expected yields of the C-probes

Open-charm
particles
DY — K-n"
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At the highest energies NICA luminosity will reach values of

L=10%" cm?s and the gold-gold collision rate of 5 kHz with
o the estimates for the number of registered open-charm
s particles in a two-week run of NICA/MPD as follows
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MPD ITS Version “DSSD” - no

Efficiency

| ITS geometry TPC + ITS(2 MAPS + 4 DSSD) L/
A TPC
6F eIT4 layers

| [T 5 layers

Pt>0 GeV

Sisqri(B+S) = 46.9

S/B=3.6

Eff = 12.0%

Six layers of CBM STS-like module:  '[*~ . | .

1
0.5 0.6 0.7 0.8 0.9 1.0

Pr, GeV
A° -hyperon reconstruction Reconstructed A-hyperon invariant mass
efficiencies for different IT geometries spectrum

(p<0.6 Gev)

A. Zinchenko, V.Kondratiev et al.
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ALICE Monolithic Pixel Detector y

CMOS Pixel Sensor using 0.18um CMOS Imaging Process

2o e
NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR
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DEEP PWELL
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h v N, ~ 1013
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Epitaxial Layer P- o W o

SEM picture of
ALPIDE cross section

»  High-resistivity (> 1kQ) cm) p-type epitaxial layer (25um) on p-type substrate

» Small n-well diode (2 um diameter), ~100 times smaller than pixel => low capacitance (~fF)

» Reverse bias voltage (-6V < Vgg < 0V) to substrate (contact from the top) to increase depletion zone
around NWELL collection diode

» Deep PWELL shields NWELL of PMOS transistors | = full CMOS circuitry within active area
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ALPIDE — AlLice Plxel DEtector
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Resolution (um)

130,000 pixels / cm? O(30x30x30 ums3)
spatial resolution: ~ 5 um (3-D)

Max particle rate: 100 MHz / cm?
fake-hit rate: < 1019 pixel / event
Power : ~ 300 nW /pixel

Spatial Resolution & Cluster Size

-

= o
— —8
= =
E —6
:_ — — { 5
E W7-R10 - X (V, =-3V) E
— -a- W7-R10- Y (V_=-3V) —|4
= —3
- —2
= 1
c M R T RS R
50 100 150 200 750

Threshold (e)

0

Cluster Size

18



Beam pipe

New ALICE ITS in a nutshell

Figure 1.1: Layout of the new I'T'S detector

19



New ALICE ITS in a nutshell

Layer 1 Layer 2 Layer 4 Layer 5
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Figure 1.2: Schematic view of the cross section of the Inner Barrel (left) and Outer Barrel

(right).
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New ALICE ITS in a nutshell: IB stave

Cooling Ducts

Mechanical
Connector

9 Pixel Chips

Solder Balls

Flexible Printed Circuit

s Flex Printed Circuit (22%)
Glue (5%)
mssmmms  Carbon Structure (33%)

s Water(13%)

s Co0ling pipes wall (2%)

e Pixel Chip (26%)

Mean X/X0 = 0.282%
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New ALICE ITS in a nutshell:OB

Power Bus

Flexible Printed Circuit
2 x 7 Pixel Chips
Module Carbon Plate

Cold Plate g C—

Half-Stave Right

S

(=]
&
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g
& 1.
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s Carbon Structure (9.1%)

— N ater (14.2%)

= Cooling Pipe Walls and Cold Plate (8.0%)
Glue (9.5%)

= Flex Cable (50.1%)

s Pixel Chip (9.2%)

Mean X/X0 = 0.816% 29




Strategic work plan

> To transfer Know-How on MAPS ITS from CERN 1o NICA

» To desigh the ITS out of new ALICE ITS components with
minimum changes and need for additional R&D

» To build the outer layer(s) with all mainframe and
installation mechanics completed by the time of the MPD
commissioning (2022)

» To complete MPD ITS by 2025-26 and install it during
NICA LS1 together with Be-pipe of reduced diameter



The status of the MPD-ITS

PROTOCOL

to

THE CO-OPERATION AGREEMENT

between

THE JOINT INSTITUTE FOR NUCLEAR RESEARCH
(JINR)

and

THE EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH (CERN)

concerning

The Development and Provision by CERN of Monolithic Pixel
Detectors, TPC Front-end Electronics and other Items for the MPD
Experiment at the NICA Facility at JINR

2018

third party without any confidentiality obligation; or has been developed
by the receiving Party independently and outside the scope of the
Collaboration,

ARTICLE 12
Relationship with other agreements

This Protocol, including any sssociated Addenda, sets out the exclusive
understanding between the Parties on the subject matter

ARTICLE 13
Entry into force, amendment and duration

w

This Protocol shall enter into force on the date of its signature by the
Parties, it being understood that where it is subject to subsequent approval
or ratification, it shall enter into force on the date on which the Party
concerned has given written notification to the other Party that approval
or ratification has taken place

132 This Protoco! shall remain in force for as long as required to give effect to
is provisions

133 The Parties may amend this Protocol at any time by agreement in writing.

Done in two copies in the English language

For the Joint Institute For the European Organization
for Nuclear Research for Nuclear Research (CERN)

~—~Professor Victor A, Matveev Dr. Fablola Gianotti

i ORCa,

3 N A ~ &
ghied on)\ £.3.77%, 14742018 Signed on ),é.u.fﬁbwj, .. 2018 /&
1 ) “." J .
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Work Plan for 2018
> To sign the Protocol on Agreement CERN -JINR

> To send 3 key assembly persons to CERN

> To write & sign Addendum for CERN delivery of
ALPIDE,SAMPA, etc. and transfer the money to CERN
to be able to start assembling of HICs OB at LHEP in 2019

» To write the Technical Proposal for MPD/ITS : (1)
mechanical sketch design including jigs for ITS installation;
(2) ITS optimization through computer simulations

» To procure/install the basic equipment for assembly of
HIC (ALICIA-8)



Towards Technical Proposal
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Towards Technical Proposal: Simulations
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Towards Technical Proposal: Simulations
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Towards Technical Proposal: Simulations

6000 F— h2
= Entries 435446
5000 —
- Mean 2.309
E —
4000 ——
E — RMS 0.1661
3 =
o —
S 3000 —
o f—
5 —
E 2000 —
1000 —
0_| | | | | | M|
2 21 2.2 2.3 24 25 2.6
M. IaB
80 = Eniries 4205
= 231
— 0.1474
70— 53.69
= 10.63
_ - 0.3956
E 450 N 60 — 172125
: =M. EOE
£ 1022 50 — 0.017
C 0.1965 350 w0 =
= 0.2198 '-8 -
== 300 o a0 —
E 250 =] —
g 200 5 30 —
3 o B F
= EDT
E 100 -
E 1 50 10—
| IR Lo by e e b by by 0 —
05 1 5 2 25 3 35 -
M(K.p). I'sB o

Strange hyperons identification A*,

29



Towards Technical Proposal: General Mechanical
Layout

Sketch design by S.N.Igolkin will start September 2018

Key task: To design of the
mainframe and jigs for its

° . .
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Towards Technical Proposal: Interfaces

In TPC
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Critical issues of the MPD/ITS project and
ways for remedy

> Absense of 3 "leutenants” in the fields pointed by Musa

> Decision of JINR Director to overcome the standard flow
of procurement and transfer the money without delay to

CERN

» Getting an export license on ALPIDE (SAMPA?)

» Finding a Deputy for me of a rank of “a captain” to carry
on the project after my retirement



Perspectives for Internationalization

»Italy, China, Germany, Poland, UK

>Hiring foreign postdocs with salary from CREMLIN+
(sTar"ri?ng 2013) P /



B i ¢l

= MPD/ITS physics case is well justified and has a potential
of discovery of super nuclei

= After signing the Protocol with CERN the project got a
ground for a start

= Strategic plan is worked and agreed with CERN

= However, the general status to the moment is "just
started”

: THANK YOU FOR YOUR ATTENTION!



. Forum on Tracker Detector Mechanics
\ 25-27 June 2018

»
- |
| St

CERN EP R&D INITIATIVE
DETECTOR MECHANICS il RED

Corrado Garéi o and Antti Onnela
on behalf of Working Group 4 Detector Mechanics

https://indico.cern.ch/event/695767/overview
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|

An initiative to define R&D on Experimental Technologies in CERN’s Experimental Physics department for 2020 - 2025 (- 2030)

Scope:

R&D ON EXPERIMENTAL TECHNOLOGIES

Source: Presentation by M. Krammer, CERN EP department head, in EP R&D kick-off meeting 20.11.2017
experiment upgrades, new (unconventional) ideas
L ]
[ ]

Define the R&D strateqy for experimental technologies for future experiments: future colliders, fixed target experiments, future LHC
R&D on Detectors, Electronics, Software

|dentification of key technologies (with CERN involvement)

Definition of a roadmap with milestones and prototypes to be developed
Define funding requirements

Proposal for the organization of R&D within EP
Build on ongoing R&D,

Why now?

maintain and foster partnership with external research institutes and industrial partners
HL-LHC Phase 2 R&D nearing completion

R&D for future colliders funded through FCC and CLIC studies — will be under one budget line as of 2020

36
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Kick-off meeting

20 Nov 2017 N

R&D workshop |

16 March 2018 s

REPARING THE R&D PROPOSAL: TIME-LINE

R&D workshop Il

Early autumn 2018

Release R&D
proposal document

November 2018
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Working Groups

WG 1: Silicon detectors
WG 2: Gas detectors

WG 3: Calorimetry and light based detectors

WG 4: Detector Mechanics

WG 5: Interconnection technologies
WG 6: High Speed Links
WG 7: Software

WG 8: Detector Magnets

Convenors

Heinz Pernegger, Luciano Musa, Petra
Riedler, Dominik Dannheim

Christoph Rembser, Eraldo Oliveri

Martin Aleksa, Carmelo d'Ambrosio

Corrado Gargiulo, Antti Onnela

Federico Faccio, Michael Campbell

Paolo Moreira, Francois Vasey

Graeme Stewart, Jakob Blomer

Herman Ten Kate, Benoit Cure




Xoyelwb HAKOPMUTb YeNOBEKA OAUH pa3 — Aan emy pblby. Xoyellb
HAaKOPMWUTb ero Ha BCHO }KM3Hb — Hay4uu ero pbibaunTb .

Tpwn NyTy BeQYT K 3HAHUIO: MYTb PasMbILLIIEHNA — 3TO NYTb CaMbll
BrnaropogHbIn, NyTb NOApPaXaHUA — 3TO NYTb CaMbl JIETKUA N NYTb
ornbiTa — 3TO NYTb CaMbll FOPLKUN.

[aBain HacTaBneHust TONIbKO TOMY, KTO ULLET 3HAHUI, OOHapPYXUB CBOE
HEBEXECTBO.
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