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HL-LHC

Brief Biographical Introduction

= Adi Bornheim, Caltech

= Roles in international MTD :
= |3: BTL Technical Manager BTL
= L4 : BTL Manager of Mechanics & Integration

= Roles in USCMS MTD :
= L3 : BTL Manager
= |4 : BTL Assembly, Integration and Commissioning

= Experience :
= CMS since 2002

= CMS ECAL R&D, installation, commissioning, operation, Higgs and
SM physics

= Precision timing detector R&D since 2012
= Postdoc on CLEO, PhD on ZEUS/HERA
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HL-LHC

E(é\"’ Outline

= Conceptual Design

= Scope and Deliverables for BTL (402.8.3)
= Cost and Schedule

= Contributing Institutions

= Resource Optimization
=" ES&H

= QA/QC

= Summary
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Conceptual Design, Scope and Deliverables
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Charge #1

Introduction to BTL

BTL: LYSO bars + SiPM readout:
+ TK/ECAL I1Hrf1 e: n| < 1.45
* Inner radius: 1148 mm (40 mm thick)

* Length: £2.6 m alr.m
+ Surface ~38 m¢; 332k channels
* Fluence at4 ab': 2x10™n,_ /cm?

BTL technology choice — SiPM/LYSO :

* Timing performance <30 ps with MIPs in LYSO/SiPM demonstrated.
= Radiation hardness established at the required level.

= Extensive experience with SiPM in CMS & LYSO in HEP & PET

= Cost effective mass market components



HL-LHC

CMS ’ .
E é Design constraints & Performance

= Time resolution 30-40 ps at the start of HL-LHC, <60 ps up to 3000 fbL.

Radiation levels for BTL at the end of HL-LHC :
= Fluence 1.65-1.85 x 1014 neq/cm2 , Dose : 16-20 kGy

Maintenance free operation inside the tracker cold volume.
= Requirement to run SiPMs at -30 C to limit dark count rate (DCR).

Cover ~36 m? of area at the outer circumference of the CMS tracker.

Design facilitating quick and efficient assembly and integration.

Test Beam : <30 ps established Resolution <60 ps @ 3 ab!
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HL-LHC

" BTL project (402.8.3) subdivided into 6 tasks :

= SiPM sensor (402.8.3.2)
= Purchase and testing of part of the SiPMs
= M. Wayne - separate talk
= Concentrator Card (402.8.3.3)
= Design and production of all CC
= Y. Maravin - separate talk
= Assembly (402.8.3.4)

= Assembly of “60% of the modules and the trays,
delivery to CERN

= A. Bornheim
» |[ntegration and Commissioning (402.8.3.6)

= Participation in I&C activity at CERN, jointly with
other BTL collaborators.

= A. Bornheim

10/23/2019

EZ BTL (402.8.3) WBS Structure

DOE-CD1-402.8.3

BTL - Barrel Timing Layer

=]

DOE-CD1-402.8.3.1

LYSO Scintillator

DEPRECATED -- was: BTL -

pd*p1-402.83.2

BTL - SiPMs

pd*cp1-402.833

BTL - Concentrator Cards

pd*kD1-402.83.4
BTL - Assembly

pd*p1-402835

System Testing

DEPRECATED -- was: BTL -

pd*kp1-402836

——— BTL - Integration and

Commissioning
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BTL will be attached to the inner wall of
the Tracker Support Tube (TST).

Cold volume shared with Tracker (TRK).
BTL Segmentation : _
= 72trays (36in@ x2inn) !

= 331k readout channels, 165k LYSO bars, g R
organized in 6 Readout Units per tray.  fg.

= Tray dimensions : 250 x 18 x 2.5 cm

BTL Module:
1x16 crystals
(32 channels)

AR Qe Crystal bar

BTL Read-out Unit: —

3x8 modules
(768 channels)

6 Read-out units
(4608 channels)
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= Front End electronics, segmented into Readout Units
= Sensor layer, segmented into modules
= Cooling tray, providing mechanical support, CO, cooling pipes.

Cooling tray
Ptotype

oy wm ™

1: TOFHIR board with 6 ASICs Readout U nit

2 : LYSO array with 16 LYSO bars, bars oriented in ¢
3 : Concentrator card

4 : DCDC converter

5 : CC-to-FE connector

6: IpGBT

7 : SiPM-to-FE connector

8 : Cooling bar with CO, pipes
9 : Cooling fins

10/23/2019



BTL Modules

= BTL module :
1.LYSO matrix
2.SiPM array
3. Connectivity to FE cards

4. Aluminum profiles
providing mechanical and
thermal contact to cooling
tray.

HL-LHC

SiPM Array Prototype (2)

2 Y
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" Module and tray assembly :
= Mating of LYSO and SiPM, connecting cables.

= Mounting of modules and RU on cooling plate.
= 2 assembly centers in the US

" Integration into the TST :
= Trays sliding into support rails, connecting services.

TST with BTL trays and services BTL services channel
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BTL services channel

mockup
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Charge #1, 2, 4

R&D achieved and remaining

HL-LHC

= Sensor R&D concluding
= Profiting from many years of R&D for HCAL

= LYSO R&D now focused on producer choice and production details, selecting
from commercially available solutions.

= Gluing and wrapping of LYSO
= SiPM : See presentation by M. Wayne

= Concentrator Card :

= Prototyping ongoing, using common components from CMS
= See presentation by Y. Maravin

= Assembly

= Benefit from experience gained in existing detector projects : CMS ECAL, CMS
HCAL, CALICE AHCAL.

n (I;/Iodule and tray design now transitioning from conceptual to engineering
esign.

= |ndustrialization options for module production being explored in detail.
Installation and Commissioning

= Joined project with Tracker, schedule and location (TIF) agreed.
= |nstallation procedure to be worked out in detail.

= Remaining R&D focused on optimization and vendor choice.
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Charge #7

= Sensors :
= Specs of LYSO and SiPMs, sensor boards, connectivity to FE

= Readout electronics:
= Matching specs of CC and ASIC card, services, tray mechanics.

= Qverall detector:

= BTL resides in the same cold volume as TRK, radial space assignment
to BTL signed off by TRK.

= BTL shares service channel — cooling, power, data fibers - with the
TRK. Preliminary design of all services exists.

= Documented in cms-doc-13536

10/23/2019 Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview 13


https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13536

Schedule and Cost

10/23/2019
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HL-LHC

= BTL schedule constrained by Tracker integration

= Flexibility by parallel work on both TST ends.

= Assembly and integration driven by FE boards (ASIC).

= Assembly can be accelerated using teams working in parallel.

= Detailed schedule, resource loaded, available.

10/23/2019

= MTD approved by LHCC/UCG in September 2019

FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26
D o1 ‘ cp-3a .cn-z,‘s

4 - BTLEDR TLEDR

DOE

MTD TDR
MTD _ submitted

BTL

SiPMs

1% batch

PRR avajlable
()

PRR 1% batch available

]
¥ st

cc Prototype
Assembly

1&C

Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview
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Milestones for 402.8.3 e

= Milestones defined and documented : cms-doc-13321
= Finer grained milestones are listed in P6

HL-LHC

A 7015 T 7016 T 7024 T 7025 T 7076 T 7027 T 078
Q3 [a4 OI]Q2|03|04|O1|02|03|Q4|01|02|03|04|0||02|03|04]01|02|03]04 [01|Qz|oa]oa|o1|02]03|04|01|oz|o3|04|01|02|03|o4 Qi[Qz[Q3[Q4 [Q1]Q2[Q3[Q4|Qi[Qz]Q3[Q4|Qf [a2[a3[Q4|ai[a2]a:
eed - Receive approval § : : : i

DE- CD 1 - Alternative Selection and Cost Range - Recewe ESAAB approv CD-1 5 * Proj il
: 03-Jan-2020, TL - Timing Layer - Ready for CD-3 |Ready for cD- 34\ roject milestone
09-Jan-2020, , BTL - Ready l‘orlCMS Engineering Desngn Review * i : : External constraint
Zadan -2020, BTL - T4 - POs for SiPM pre prod uction and packaging issued *

e.g. CMS need by date
15- May -2020*, DOE - CD-3A - Long lead procuremenis Receive ESAAB appmv@CD 3A i : (eg Y )
. . | 09-Sep-2020, BTL -Ready for oo@ Ready for ch-2 == Schedule contingency
09- Sep-2020 TL - Timing Layer Ready forCD 2+ ; ; : :

30-Nov-2020*, DOE - CDQB = Performance Baseline - Receive ESAAB approv@ CD- 2/3
1? Dec-2020, BTL - T4 - Readiness review complete Productlon SiPMs and packaging *,
28-Dec-2020, BTL T4 - POs issued for productlon SiPMs and packaging *
' 14-Jan—2021 BTL- Rcady for CD-3 '
14-Jan-2021, BTL T4 - CG Ready for Pioductlon Readiness Review | ‘
11- Mar-2021 TL - Tmmg Layer- Ready for CD- 3 . :
H 06-Jan-2022, , BTL - T4 - Module pre-produc‘llon complete .
i 31-Jan- 2022 BTL-T4- CC Production Concentrator Cards completei *
15 -Apr-2022, BTL - DD - Decision Point for Objective Scope - Produce last 3 production module batcheO BTL objectlve KPP dECISIOI‘I
; ; 15; Apr~2022, , BTL T4 - Readyto start BTL module production *
: 14-Oct- 2022 BTL-T4- SlPM achvltles-complete . .
: 04-Jan- 2023 BTL-T4- TST integration 50% complete * : : :
06 Mar-2023, BTL T4-T- KF’P (9 batches) producﬂon assaembly complete 2 . ' ) )
06 Mar-2023; T-KPP-TL-1B; BARREL TIMING LAYER CONSTRUCTION COMPLETE. Mar 2023: BTL threshold KPP complete

FLOAT - T-KPP-TL- 1B BARREL TIMING LAYERICONSTRUCTION COMPLETE -~ TO ~- CMS NEED BY : =———111.0 months of float to CMS need by date
i i 24-Apr-2023, BTL - T4 - Production assembly complete . 5 5 5 H

Long Shutdown 3

: 07-Jun-2023, BTL - T4 TST |ntegraaon 100% complem *
0& Jun-2023, BT]_ T4 - Inlsegra!]on and Commlss ioning Complete &
09-Jun-2023, O-KPP-TL-1B: BARREL TIMING LAYER CONSTRUCTION AND INSTALLATION COMPLETEQ Jun 2023: BTL objectlve KPP complete
FLOAT --- O-KPP:TL-1B: BARREL TIMING LAYER I&C COMPLETE --- TO :-- CMS NEEDIBY |
01-Feb- 2024* CMS - BTL - B.A6 - Tray: production 100% complete (including MTD: schedule contingency as lax Feb 2024 CMS nEEd by date
: : 26-Mar-2024*, CMS - BTL-B.A8.1 TST end of access for BTL (CMS need by datg) & for BT|_ threshold KPP
17-Apr-2024, THRESHOLD KPP (T-KPP-TL): TIMING LAYER CONSTRUCTION COMPLETE + ; ;
. FLOAT - T-KPP-TL-1: TIMING LAYER CONSTRUCTION COMPLETE — TO - CD# !
09-Jun- 2025 OBJECTIVE KPP (O-KPP-TL): TIMING LAYER CONSTRUCTION AND INSTALLATION COMPLETE 6 Jun 2025 BTL + ETL 0 KPP
: . FLOAT — 0 KPP-TL-1: TIMING LAYEF: OBJECTIVE KPP COMPLETE - TO —-CD4 ¢

30 -Sep-2027*,|DOE - CD-4 -- Prqect Completlon - Qecewe appmVQCD 4
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Charge #3

Critical Path for 402.8.3

HL-LHC

= Further details in F. Chlebana's talk.

2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2091 | 2032 | 2033
[aiJaz]a3]ad [a1[az[a3 a4 [a1]az[a3 [a4 [a1]az[a3[a4 [ai]Qz2[Q3 [Q4 [ai]az [a3[a4 (a1 [a2[Q3 [a4 [ai]az[a3[a4 [a1[a2[a3[a4 [ai[az[a3[as [al [az[a3[a4 [ai [az [a3[ad [ai [az[a3[ad [ai [az [a3[ad [ai [a2[a3[ad [a1 [Qz [a3 a4 [ai[@z[Q3]

27-Nov-2019° ;_.[EE - CD-1 -- Alternative Selection and Cost Range - Rece|ve ESAAB approval ! ! : '
16:Dec-2019*, & CMS - BTL - FE board available for module and tray assemply pre-production

14-Feb-2020",: & CMS - BTL - LYSO crystals available for preproduction of modules
15-Apr-2020%, & CMS - BTL - Component ASICs ready for CC pre-production : :
15-May-2020*,| & CMS - BTL - BTL.EDR - BTL Engineering design review held i i s Critical path activity

15-May-2020"*8 DOE - CD-3A - Long lead procurements - Receive ESAAB approval : : i
18-May-2020°, & CMS - BTL - IpGBT and DCDC - Preproduction version available : : £——— Schedule contingency
15-Jun-2020% & CMS -/BTL - LYSO pre-production complete External milestone

30-Nov-2020*"8 DOE - CD-2/3 - Performance Baseline - Re¢eive ESAAB approval : :
| 15.Apr-2021%, § CMS - BTL-IpGBT and DCDC - Produiction version available (e.g. CMS need by date)

5 5 15-Apr-2022" ZANCMS - BTL - BFE 6 - FE 10% complete
Apr 2022: Ready to start BTL—WTL - T4 - Ready to starl BTL module production

module production BTL - Module batch 01. (CT) - Produce modules
5 5 1 'E! BTL : Module batch 04 (CT) - Produce modules
b | BT.L - Module batc:.h 07 (CT) - Praduce modules
- BTL - Module b::m:h 10 (CT) - Produce modulés
‘~#8 BTL - Module|batch 13 (CT) - Produce modules ;
EE BTL - Module batch 13 (CT) - Integrate modules ad electfonics into trays
BTL - Module batch 13 (CT) - Test modules and ifays
BTL - Module batch 13 (CT) - Update DB and prepare trays for shlpplng
: : BTL - 5 - Module batch 13 (CT) - Production complete
.. . \ ) 8 BTL - Module batch 13 (CT) - Ship trays to CER ;
Tlmlng Laver Th I"EShO|d KPP: 03- Mar-2023 BTL - T7 - T-KPP (9 batches) production assembly complete - before any risks
06-Mar-20238TL - T4 - T-KPP (9 batches) production assembly complete '
e &3 KPP-TL;1B: BARREL TIMING LAYER CONSTRUCTION COMPLETE
3 iFLOAT - T-KPP-TL-1B: BARREL TIMING LAYER CONSTRUCTION COMPLETE - TO CMS NEED BY
09-Jun- 20 -T.l. 1B: BARREL.TIMING LAYER CQNSTRUCTION AND INSTALLATION COMPLETE
— FLOAT — O-KtPP-TLJ B. BARREL TIMING LAYER I&C COMPLETE +--TO — CMS NEED BY
‘CMS-BTL - B. A6 - Tray productign 100% complete (including iMTD schedule cormngency as lag)
26-Mar-202$ "= CMS - BTL - B‘.AB 1-TST- end|of access for BTL (CMS need by date)
17-Apr- 20245 TJ-JRESHOJ.EI KPP (T-KPP-TLL TIMING LAYER CONSTRUCTION COMPLETE
=] FLOAT -T- KPP' LTL-1: TIMING LAYER CONSTRUCTION COMPLETE — TC! -CD-4
091Jun-2025|3 OBJECTIVE )*PP (O-KPP-TL) TIMING LAYER CONSTRUCTION AND INSTALLATION COMPLETE
=] FLOAT -0- KPP TL-1: TIMING LAYER OBJECTIVE KPP COMPLETE -- TO -CD-4

30-Sep-2027°"% DOE CD-4 - ijectCompIetlon Receive approval

10 Feb-2023

Mar 2023: BTL construction complete
(11.0 months float before CMS need by date)

Timing Layer Objectivé KPP:

Jun 2023: BTL construction and installation complete Long Shutdown 3
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= Purchase fraction of SiPM

= | abor cost drivers :

10/23/2019

= Module and tray assembly, CC card design and production

402.8.3-TL-WBS L4 Base Budget Breakdown {DOE}
BAC = $5.14M (AYS)

A2 hlan 402.8.3-TL-Base Budget Profile {(DOE)-WBS L4 Subprojects
el BAC = $5.14M (AYS)
4 4002.8.3.6 Material
» 51,800
% $1.600 Budgeted Cost - 402.8.3.6
Q

W Budgeted Cost - 402.8.34
m Budgeted Cost - 402.8.33

a037.8.3.4 Labor
18%

m Budgeted Cost - 402.8.32

R0
=
[\
[=]
<

402.8.3.2 Malerial
39%

Assembly

Budget (AY kS)
v
(@)
3

402.8.3.4 Material
1%

= $1,400
$800
$600
5400
5200 I
$0 —

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27
Fiscal Year

40283 3 Labor
6%

an? 8.3.2 Labor

A02.8.3.3 Material 94

175

Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview 18



Charge #3

BTL Risks

" Project governed by Fermilab Risk Management plan.

HL-LHC

= Risk workshop with external reviewers conducted.
" Dominated by changes to interfaces.
" Documented in cms-doc-13480

10/23/2019

RI-ID Title Probability Cost Impact Schedule Impact P * Impact (k$) P * Impact (months)
4 WBS / Ops Lab Activity : 402.8 TL - Timing Layer (general risks) (2)
= WBS / Ops Lab Activity : 402.8.3 BTL - Barrel Timing Layer (14)
3 Risk Rank : 3 {High)
é RAT-402-8-30-D  BTL - Concentrator Card requires significant design changes 50 % 40--135--175k$ 1-- 3 -- 6 months 58 1.7
RT-402-8-07-D  BTL - Concentrator Card delay in external component deliveries 50 % 50k$ 3 -- 6 -- 9 months 25 3.0
3 Risk Rank : 2 (Medium) (4
é RAT-402-8-05-D  BTL - Change in interfaces of tray assembly components 20% 150--250--350k$ 3 months 50 0.6
RT-402-8-46-D  BTL - Problems with sensor gluing facility 50 % 90k$ 1 -- 2 -- 3 months 45 1.0
RT-402-8-33-D  BTL - Difficulties procuring LYSO from international suppliers 10% 100--250--400k$ 3 --6--9months 25 06
RT-402-8-14-D  BTL - Problems with SiPM vendor 20% 32--96--128kS$ 2 -- 6 -- B months 17 141
= Risk Rank : 1 (Low) 2
RT-402-8-15-D  BTL - Batch shipment of SiPMs lost in transport 5% 224k$ 1 months 11 0.1
RT-402-8-35-D  BTL - Delays or damage of tray in transport to CERN 5% 220k$ 1 months 1 041
RT-402-8-04-D  BTL - LYSO matrices not meeting specifications 10 % 100 k$ 1--2 -- 3 months 10 0.2
RT-402-8-36-D  BTL - Interface to iCMS changes 20% 30k$ 1 -- 2 -- 3 months [ 0.4
RT-402-8-34-D  BTL - Delay in delivery of components from iCMS 20% 10--20--30k$ 1-- 2 -- 3 months 4 0.4
RT-402-8-18-D  BTL - Concentrator card production & testing facility problem 20% 10k$ 0.5 -- 1 -- 2 months 2 0.2
RT-402-8-08-D  BTL - Delay in cooling plate delivery 10% 10--20--30k$ 1--2 -- 3 months 2 0.2
AT-402-8-42-D  BTL - Problems with module assembly site 10% 10--20--30k$ 1 -- 2 -- 3 months 2 02
4 WBS / Ops Lab Activity : 402.8.4 ETL - Endcap Timing Layer (10}

Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview
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https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13480

Contributing Institutions and Resource
Optimization

10/23/2019 Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview
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HL-LHC

E{% Contributing Institutions

" Main contributing institutions for the WBS 402.8.3 are

Caltech, lowa, Notre Dame, UVA, KSU, Princeton, FNAL,
NEU.

= All have substantial experience in detector design, R&D,

prototyping, construction and commissioning as well as
in generic detector R&D.

" |n CMS, experience in ECAL and HCAL

= Substantial experience with scintillating crystals, SiPMs
and precision timing.

10/23/2019 Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview 21



HL-LHC

= We follow value engineering in organization of the
project and optimal use of resources (cms-doc-13475).

= Participating institutions has very strong track record in
the relevant technologies.

=" Make maximal use of commercially available items for
cost drivers (LYSO and SiPMs).

" Make maximal use of industrial processes and
techniques for production and assembly.

10/23/2019 Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview

CMS . : Charge #4
E éﬁ Resource Optimization Chagei
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HL-LHC

= All ES&H aspects of the HL LHC CMS Detector Upgrade Project will be
handled in accordance with the Fermilab Integrated Safet

Management approach, and the rules and procedures laid out in the
Fermilab ES&H Manual (FESHM)

= The current construction plan involves no materials of identified
environmental risk : cooling plant is based on CO,
= Detector will be operated in a refrigerated mode (-30°C), similar to
TRK.
= Standard operational procedures will be developed and documented to
allow safe operation
= Handling of trays with a weight of 20 kg.
= Proper handling procedures will be applied.

= Electrical hazards and discharges, voltages up to 100 V.
= Standard operational procedures will be developed and documented to
allow safe operation

= R&D and some production testing will involve the use of ionizing
radiation and lasers.

I Ihelse tests will be performed at commonly-used radiation and test beam
acilities

= Documented in cms-doc-13394

10/23/2019 Adi Bornheim HL-LHC CMS CD-1 Review MTD - BTL Overview
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HL-LHC

Quality Assurance and Quality Control

= Following the strategy of maximal usage of commercial and

= Extensive testing in prototyping, preproduction and production.

industrial technologies, use respective standards for QA/QC.

= Quality Assurance & Control plan documented in cms-doc-13093.

Quality Control
Activities

Specification(s)

Requirement ID

Requirement Title

[STPTT paTarmeter
measured in QA/QC
will be verified in
beam tests and

[siPM spec dwg/doc
number]

MTD-engr-001, 016,
032,037

SiPM radiation
hardness

ﬁ"\ III:.d LIU’; ;f‘TUll
electrical
functionality. Verify
each part with visual

s

[Concentrator Card
spec dwg/doc
number]

MTD-engr-013, 026,
027

Electrical Hazards,
BTL Concentrator
Card performance;
Backend Electronics

incnoctinn for
Valdation or
electrical

performance.
Measurement of

[BTL Assembly
dwg/doc number]

MTD-engr-002, 006,
007, 008, 009, 010,
011,012, 014, 015,
030; 035, 036

T VTOTp eIy,
Module Cooling;
MTD thermal
performance; MTD

L. ; QA/ac uality Control or .
. A/QC Activit Responsible - - Quality Assurance
wes WBS Title 12,13, 14 Lead _— Coordinator/ C Activity ID Assurance A
Name Institution L Activities
Contact Activity/ Parameter
[DEVETOpITENT O TeoT |
University of Notre
Chris Neu, Adi Prototype/preprodu characterization of |procedures, based
. ) 3 . ; Dame / work to be . . MT-QA-001,
402.08.3.2 BTL: SiPMs Bornheim, Mitch ction iterations. i Yuri Musienko approximately on previous HCAL
A performed in our MT-QC-001
Wayne Production part QC. |_ 175,000 channels of [project. Setup test
SIPM lab at CERN -
) i Prototype testing
Chris Neu, Adi . stands and test
BTL Concentrator . - and qualification. Kansas State . . MT-QA-002, Power test and
402.8.2.3 Bornheim, Yurii . X ~ ) Yuri Maravin o R i procedures using
Card . Production testing  |University MT-QC-002 digital functionality
Maravin early prototype
of all parts.
PTOTOTYpPE EsTTEmER o[ BRSPS OPMETT Of test
Chiris Neu, Adi qualification. ~ . mechanical stands and test
University of MT-QA-003,
402.8.3.4 BTL Assembly Bornheim, Adi Production o Adi Bornheim parameters. procedures using
R - X Virginia, Caltech MT-QC-003
Bornheim inspection and Measurement of early prototype RUS
tacting ot v
Partcipate m University of R irementor feveloprent or
niversity o
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https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13093

HL-LHC

CMS
E é Summary

= Significant progress over the past year :
= BTL design well advanced
= SiPM and LYSO ready to move from R&D to preproduction

= Close collaboration with Tracker on integration and technical
coordination.

= Cost, schedule and risks well understood and documented

= Strong team of contributing institutions with significant experience
of designing, building, and testing scintillator based detectors.

= Conceptual design is complete and well on the way to baselining.
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