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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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““" Introduction to BTL -

l Barrel BT

Within TST — 20mm thick
Surface — 36 m?

Radiation level — 2E14 p,,/cm?
Sensors: LYSO crystals + SiPMs

Iy

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
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HL-LHC

CMS ’ .
E é’ Design constraints

" Time resolution 30-40 ps at the start of HL-LHC, <60 ps up
to fluences 4000 fb.

= Cover about 36 m? of area at the outer circumference of
the CMS tracker (TRK).

= Radiation levels for BTL at the end of HL-LHC :
* Fluence 1.7 -2 x 1014 neq/cm2 , Dose : 16-25 kGy

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

= Design facilitating quick and efficient assembly and
integration.
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HL-LHC

CMS

BTL Performance

= Time resolution of <30 ps established with design layout.

= With Dark Count Rate as expected for the SiPM at 4 ab!
resolution remains <60 ps.

LYSO:Ce 3x3x50 mm® - HPK 3x3 mm? (15 um)
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£ B Charge #4
== 2| BIL (402.8.3) WBS Structure
.=
" BTL project (402.8.3) subdivided into 6 tasks : |
= LYSO Scintillator (402.8.3.1) gg:vsa?:f;ﬁfnz
= C.Neu Layer AB

= SiPM sensor (402.8.3.2)
= M. Wayne - separate talk

= Concentrator Card (402.8.3.3) C. Neu
= Y. Maravin - separate talk

= Assembly (402.8.3.4)

= System Testing (402.8.4.5) CardsY, Maravin

* Integration and Commissioning (402.8.3.6)

20 March 2019

= A. Bornheim

= T. Orimoto, L. Gray

= A. Bornheim

Adi Bornheim

=]

CD1-v2-DR-402.8.3.1
BTL - LYSO Scintillator

*V2DrR402832
BTL - SiPMs

M. Wayne
E v2-DR-402.8.3.3

BTL - Concentrator

E v2-DR-402.8.3.4
BTL - Assembly

AB

*voDrR402835
BTL - System Testing

T. Orimoto

d*voDrR4028356

BTL - Integration and
Commissioning AB
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| 'Design Considerations for 407.o EEEAER
= LYSO (402.8.3.1) :

= Radiation hardness, cost, commercial availability.

= SiPM (402.8.3.2) :

= Radiation hardness, lowest possible power consumption at highest
possible PDE, low cost

= Concentrator Card (402.8.3.3) :

= |nterfacing ASIC boards with standardized CMS backend and power
systems

= Assembly (402.8.3.4) :

= Designed to allow accelerated assembly by parallelizing work, cost
efficient and reliable.

= System Testing (402.8.3.5) :

= Complement our understanding of the integrated system.

" Integration and Commissioning (402.8.3.6) :

= Fast, efficient and reliable design, allowing to work in parallel with
Tracker.

HL-LHC

20 March 2019 Adi Bornheim HL-LHC CMS Upgrade CD-1 Director’s Review 9



Current TST — Phase 2 very similar

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)

"= Tray:250x18x2.5cm

= 331k channels, organized in 6 Readout
Units per tray.
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= BTL tray design :

= Front End electronics, segmented into Readout Units
SO _?

= Sensor layer, segmented into modules

= Cooling tray, providing mechanical suport and houses CO,
cooling pipes.

1 : TOFHIR board with 6 ASICs Rea d 0 ut U n it

2 : LYSO array with 16 LYSO bars, bars oriented in ¢

3 : Concentrator card | e
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4 : DCDC converter

5 : CC-to-FE connector
6 : IpGBT

7 : SiPM-to-FE connector

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

= BTL module :

1. LYSO matrix 2%
SiPM arrayE2%
Connectivity to FE cards

Aluminum profiles providing
mechanical and thermal contact
to cooling tray.

HL-LHC

W N

. (2)
BTL S|P_!\L/I Array

[ -1R

BTL LYSO matrix (1)

wiat to bach oontact
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= Mating of LYSO and SiPM, connecting cables. >
= Mounting of modules and RU on cooling plate 4=
= 2 assembly centers in the US -

® Integration into the TST : E2

= Trays sliding into support rails, connecting services.

BTL services channel
BTL services channel mockun

QA

TST with BTL trays and services
N » |

A

e
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R&D Achieved

HL-LHC

= Benefit from extensive R&D preceding BTL project, dedicated R&D
for BTL very limited.

= Radiation hardness fully validated for our application.
= SiPM
= Profiting from many years of R&D for HCAL

= Concentrator Card
= Prototyping ongoing, using common components from CMS

= Assembly

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

= Specific solution being developed.

= Integration and Commissioning

= Joined project with Tracker, schedule and location (TIF) agreed.
= Specific solutions are being developed jointly.
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HL-LHC

= Sensor R&D concluding

= LYSO R&D limited to producer choice and production details
selection from commercially available solutions.

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

= Concentrator Card :
= See presentation by Y. Maravin

= Assembly

= Module and tray design now transitioning from conceptual to
engineering design.

= Industrialization options for module production being explored
in detail.

" |nstallation and Commissioning
= |nstallation procedure to be worked out in detail.

20 March 2019 Adi Bornheim HL-LHC CMS Upgrade CD-1 Director’s Review

R&D needed before production
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Scope and Deliverables for 402.8.

HL-LHC

= 1YSO:

= Purchase of fraction of LYSO, limited participation in the QA/QC
procedure to ensure standardized procedures at the integration
center.

= SiPM :
= Purchase and testing of part of the SiPMs : See talk by M. Wayne

= Concentrator Card :
= Design and production of all CC : See talk by Y. Maravin

= Assembly :
= Assembly of 2/3 of the modules and the trays, delivery to CERN.

" Integration and Commissioning :

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

= Details are described in the respective BoEs.
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Ilnte rfaces and dependencies

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

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

= Overall detector dependencies :

= 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

\._..I\ \.\\‘\
]
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https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13536

HL-LHC

Schedule and Cost

20 March 2019 Adi Bornheim

HL-LHC CMS Upgrade CD-1 Director’s Review
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Schedule Overview

HL-LHC

= BTL schedule constrained by Tracker integration

= Tracker takes priority over BTL, still some flexibility though.

= BTL schedule driven by ASIC development.
= ASIC schedule solidified since TR

= TOFHIR prototype delivered, tested at LIP, beam test expected in June

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

= Assembly can be accelerated using teams working in parallel.

= Detailed schedule, resource loaded, now available.
= Scrutiny in context of TDR review, in preparation for LHCC

FY19 FY20 FY21 FY22 FY23 FY24
DOE ’Cﬂ-i . €0-2/3

. <. MTD TOR PN
IMTD - _submitted @ e

s
“_ ETLEDR
v
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‘I\/Iilestones for 402.8.3 e

= Major milestones for end preproduction, production and end of
the project defined. cms-doc-13321

= Finer grained milestones are listed in P6

2016 [ 2017

2018 | 202 [ 2 2024 2025 | 2026 | 2027
jazfasJad [an |nz|ua|m|u||nz|m\m|m|nz|na|n4\n1 [o2 [as Jos [as Joz o3 o4 [ot Jaz Jos Jos (o1 Joz Jos Jod [o1 JozJea Jos JarJoz [eaJos [or1 [az Jos Jos [o1 Jeza Jos o
- BTL - CMS-D-here - GBT and DCDC - Frototype version avallsble — ADD TO ICMS TOR @
13-Aug-2019, DOE - CO-1 - Apprave Alemative Selection and Cost Ran CD-1
12-Hov-2019, BTL - POs for SIPM preproduction and packagin | Key
16-Dec-2019",  E5 - (CMS - BTL - B.FE 4 - Readout Und Proto] vaidated & I
"L+ iCMS.D-here - FE board available for module and tray assembly prea-production . ADD TO CMS TOR & |

£5 - ICMS - BTL - EMS.I0-here - L'YSO crystals avalable for preproduction of modules —- ADD TO ICMS TOR & @ External constraint
02-Ma1-2020, BTL - CC - Concentrator Card prolotype co

02-Mar-2020, BT - Ready for NS Engineering Design “"”Q Mar 2020: Ready for iCMS Engineering Dessgn Review @ Project milestone
Apr-2020°, | E5 - ICMS - BTL - iCM5-D-here - Component ASICs ready for CC pra-production - ADD TO IC!
15-May-2020%, , E5 - iCMS - BTL . BTLEDA - BTL Engineering design revew held &
-2020%, , ES - ICMS - BTL - ICMS-ID-here - pGBT IndDCDC Preproduction version avalable — ICMS TDR TABLE6.2 @&
15-Jun-2020%, ES - iCMS - BTL - iCMS-ID-here - LYSO pre-production compiete - ADD TO ICMS TDI CD 3 B
16-Jun-2020, DOE - CD-36 — Approve long lead prnwremenn 4
23-Juk-2020, , BTL - CC - Start to issue POs for C Card pre-p Note: CD milestone dates
10-Aug-2020, BTL - Perticipation in LYSO pre-production complete 4 reflect ESAAB approval
11-Aug-2020, , BTL - PO issued for procurement of LYSO batches 4

21-0ct-2020, BTL - Readiness review complete - Production SPMs and packagng 4 (~2 montbhs after review) i
28-0¢c1-2020, BTL - FOS issued for praduction SPMs &nd packaging + i Long Shutdown 3
27-Jan-2021, DOE - CD-2 — Approve Performance ﬂluh@ CD- 2/3 i
28-Jan-2021, DOE - CD-3 — Approve Start of Constructio H
04-4ar-2021, BTL - System test stand for pre-producton ready to
15-Mar-2021", , S - WS - BTL - B.Si4 - SPU boards 25% complete &

15-Mar-2021, , ES - iICMS - BTL - B.X.3 - Crystal matrices 25% complete &
22-Mar-2021, , BTL - Module RAD and prototyping complete — assembly process validated

ES - ICMS - BTL - ICHS-D-here - pGBT and DCOC - Production version svailable - ICMS TOR TAELE:S Apr 2021: Ready for Production Readiness Review
18-Apr-2021, , BTL - CC - Ready for Production Readiness Revie
03-May-2021, , BTL - Start module and tray assembly pre-produ:
e e Bt VIay 2021: Start module pre prnductmn
2B-Aug-2021, BTL - SiPM batch 02 (of 18) - Production SiPls complete
15-0t-20217, €5 - CUS - BTL - BA3 - Assemby centres quaificd @
03-Feb-2022, , BTL - Module pre-production compiete &
21-Feb-2022, BTL - 5iPM batch 10 {of 18} - Production SPlls complete 4
03-Mar-2022, BTL - System testing of pre-production aricles compicte 4
15-Apr-2022%, | ES - iCHS - BTL - iCHS-ID-here - FE 10% compiete — ADD TO iCMS TOR. &
02-May-2022, BTL - € - Produciion Concenirator Cards co

ko202, 5L - Ready o stk BT mocle ot "‘;'Q May 2022: Start module production
23-Jun-2022, BTL - Module batch 01 (CT) - Praduction cod
18-Aug-2022, 6TL - 5IPM batch 18 (of 18) - Production SiPls complete &
03-0ct-2022, BTL - SPM activities compiete ¢
11-0c:2022, BTL - Module batch 08 (UV) - Production complete &
17-Jan-2023", ES-ICMS- BTL-BSS3-T5T ready for nstaliaton @&
06-Ap(-2023; BTL - Sysfem lesting of produchion ariicies complete

S T 0 e couwo Apr 2023 T-KPP — BTL construction complete

FLOAT  TKBALTL 15 BARREL THING LAVER CONSTAUCTION CONALETE 70 - tus NEED BY I:;I 8.7 months of float to CMS need by da'qe
11-Sep-2023, BTL - Integration and commssioning faciies ready for use &

15-Apr-20217,

{6-Jan-2024,,ES.- CMS - BTL - CHS-D-hers - CHS newd by — P T ey ready for et o Jan 2024 : BTL constructyon request by date
21-Mar-2024, BTL - TST- mgl'lmn o
25-Mar-2024, O-KPP-TL-18: BARREL TMNG LAYER INSTALLATION AND COMMESIONNG COM

17-Apr-2024*, , ES - ICMS - BTL - ICMS-D-here - CMS need by date for BTL instaliation compiete {Outer T|'lﬁ'lef\-nulmf|u’L Mar 2024: O-KPP = BTL inSta"ation
' and commissioning complete
Threshold KPP:

BTL module and tray construction is de-coupled from LHC schedule
Objective KPP:

Participation in integration and commissioning with iCMS at CERN
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ICriticaI Path items for 402.8.3

= |nternational schedule driven by ASIC development.

= Drives availability of Front End cards.

= Concentrator Card :

= See presentation by Y. Maravin
= US critical path driven by assembly

= Assembly depends on availability of FE cards.
= Flexibility of assembly procedure specifically designed to cope with late arrival of ASIC

= Schedule impact reflected in Risk Registry

April 2022: FE boards
10% complete

Red activities
denote the
critical path

20 March 2019

Threshold KPP: T-KPP-TL-1B
April 2023: Barrel Timing Layer
Construction Complete

|Has 8.7 months of float to:

Adi Bornheim

Jan 2024: CMS requests-by date

[TRES R

Threshold KPP: T-KPP-TL-1B
L April 2023: Barrel Timing Layes

T
WS
[BTL Integration & |
| commissionin

Construction Complete

Objective KPP: O-KPP-TL-18
April 2024: Barrel Timing
Layer Integration and
Commissioning Complete

HL-LHC CMS Upgrade CD-1 Director’s Review
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-mate for 402.8.3

= M&S cost drivers :
= Purchase of fraction of SiPM & LYSO

= Labor cost drivers :
= CC card design and production, module and tray assembly

HL-LHC

402.8.3-TL-WBS L4 Base Budget Breakdown (DOE) 402.8.3-TL-Estimate Uncertainty Breakdown-M&S (DOE)
BAC = $5.41M (AYS) BAC (M&S)=5$3.83M (AYS)
| a028.3.6 Material | " 4078.3.6 Labor |
| 402.8.3.5 Labor 4% ||1‘| 7%
" =1

0%

402635 Material |
2% | o

LYSO

402.8.3.1 Material
24%;

Assembly

402.8.3-TL-Estimate Uncertainty Breakdown-Labor (DOE)
BAC (Labor Budget)=51.58M (AYS)

| A02.8.3.3 Labor
7%

CC v
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=) rofiles for 402.8.3

HL-LHC

= Expenditures peaking in 2021.

402.8.3-TL-Base Budget Profile (DOE)-Resource Type
BAC = $5.41M (AYS)

$2,000

W Budgeted Cost - 402.8.3.4 $1,000
mBudgeted Cost - 402.8.3.3
$500
mBudgeted Cost - 402.8.3.2
1,500
5L, m Budgeted Cost - 402.8.3.1 - | =)

402.8.3-TL-Base Budget Profile {DOE)-WBS L4 Subprojects g %50 —
BAC = $5.41M (AYS) ’ o Sudgeted Con -Labor
" $2J 500 = 82,000
g M Budgeted Cost - 402.8.3.6 o
5 = $1,500
2 M Budgeted Cost - 402.8.35 .:‘lj.
= g

w
S
>
f.t.' FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27
"q"J Fiscal Year
oo 402.8 3-TL-Base Budget Profile {DOE}-Institutions
o S 1,000 BAC = $5.41M (AYS)
3 , $2,500
[wa] E - Fermilab
£ $2,000 cond
$500 o - - Kansas State
. “;'2 $1,500 [ ] Nuu.c.[)amc
ﬂ |- Virginia
E“ $1,000
o Il = :
FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 $300
Fiscal Year % = .-

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

" Project governed by Fermilab Risk Management plan.

BTL Risks

Charge #3

= Risk workshop with external reviewers conducted.

* Dominated by changes to interfaces (assembly) and
delays in LYSO procurement.

= Documented in cms-doc-13480

2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
1 (Low)
1 (Low)
1 (Low)
1 (Low)
1 (Low)
1 (Low)
1 (Low)
1 (Low)
1 (Low)
1 (Low)

= Risk Type : Threat (15)

RT-402-8-05-D
RT-402-8-33-D
RT-402-8-14-D
RT-402-8-30-D
RT-402-8-07-D
RT-402-8-15-D
RT-402-8-35-D
RT-402-8-04-D
RT-402-8-36-D
RT-402-8-34-D
RT-402-8-08-D
RT-402-8-18-D
RT-402-8-42-D
RT-402-8-16-D
RT-402-8-44-D

= WBS / Ops Lab Activity : 402.8.3 BTL - Barrel Timing Layer (15)

BTL - Change in interfaces of tray assembly components

BTL - Difficulties procuring LYSO from international suppliers
BTL - Problems with SiPM vendor

BTL - Concentrator Card requires significant design changes
BTL - Concentrator Card delay in external component deliveries
BTL - Batch shipment of SiPMs lost in transport

BTL - Delays or damage of tray in transport to CERN

BTL - LYSO matrices not meeting specifications

BTL - Interface to iCMS changes

BTL - Delay in delivery of components from iCMS

BTL - Delay in cooling plate delivery

BTL - Concentrator card production & testing facility problem
BTL - Problems with module assembly site

BTL - Problems with SiPM QC test site

BTL - Concentrator Card batch shipment lost/damaged/delayed

20 %
10 %
20 %
10 %
20 %
5%
5%
10 %
20 %
20 %
10 %
20 %
10 %
20 %
5%

3 months

3 -- 6 -- 9 months
2 -- 6 -- 8 months
1 -- 8 -- 6 months
1--3 -- 6 months

-

months

—_

months

1 --2 -- 3 months
1--2 -- 3 months
1 --2 -- 3 months
1--2 -- 3 months

0.5 --1 -- 2 months

1--2 -- 3 months

0.25 -- 0.5 -- 1 months
0 -- 0.5 -- 1 months

150 -- 250 -- 350 k$
200 -- 450 -- 700 k$

32 --96 -- 128 k$

1--50-- 100 k$
0 k$

224 k$

220 k$

100 k$

30 k$

10 -- 20 -- 30 k$
10--20 - 30 k$
10 k$

10 -- 20 -- 30 k$
2--5--10k$
0--3--9k$

20 March 2019

Adi Bornheim

HL-LHC CMS Upgrade CD-1 Director’s Review
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Contributing Institutions and Resource
Optimization

20 March 2019 Adi Bornheim HL-LHC CMS Upgrade CD-1 Director’s Review

25



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.
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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.

20 March 2019 Adi Bornheim HL-LHC CMS Upgrade CD-1 Director’s Review

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

20 March 2019 Adi Bornheim HL-LHC CMS Upgrade CD-1 Director’s Review
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HL-LHC

= Following the strategy of maximal usage of commercial and
industrial technologies, use respective standards for QA/QC.

Quality Assurance and Quality Control

= Extensive testing in prototyping, preproduction and production.

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

L2WBS  |Subsystem title  [L2 Lead
BIP Timing
402.08] Chris Neu
Detector
. = Sub-Project/Sub- Instituticn Work A Coordinator/ .. ua Control or Assursnce &ctve Reguirements/ | Tech Requirement
Was WES Title , Lead Q8 Activity 1D Valigation J veritication & ——
componernt MAren Contact Farameter Inspection [ Acceptsnce Test Activities Specifications o
‘Work to be performed
P tyoe educti =t Roma. Feranne Uniformity of all part 5 s of h |A subiset of parts will be ind ik i d. Visual
worens lere trem e Chriz New, A ro-:o ,’i!,pp-epr ucti f, Univarsity of . S u-r ity of = r.:e t=, m:‘edu_ren:r._‘_‘:::!cm A zue |1|“‘:||'||-|nI wil e||;‘ ep-e_m:len .:;-ul,:iruet:.\uuu - M Dochis Res o e
. LDyl | rnrs Mew |7 ErRlENS Virginia, Caltech wil riz Neu A imenzian, sansistency. Meazurement of lig inspection far damage and oyztal unifermity. Light yieid, ree time | -engr-0d
Production part GC . . yo=id, scintillsteon time. measurement.
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https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13093

CMS
E é Summary

" BTL has made significant progress since TR :
= BTL design well defined
= SiPM and LYSO ready to move from R&D to preproduction

= ASIC prototype being tested in Portugal, TB in summer 2019

= Close collaboration with Tracker on integration and technical
coordination.

HL-LHC

= Cost, schedule and risks are understood and documented

= Strong team of contributing institutions with significant

experience of designing, building, and testing scintillator
based detectors.

= Strong international partners.
= Entire team is eager to build BTL.
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Charge #8

Responses to Technical Review (1

HL-LHC

= BTL-R1: It is crucial to follow the schedule of beam test and/or system integration tests to
verify functionality of the readout unit and compatibility with the other systems.

= BTL systems testing, beginning from sensor-loaded readout units, is being planned using the
results of the various prototyping efforts in the BTL international project. Similar to ETL-R1,
reports will be provided at each major stage of development (final engineering prototype,
pre-production prototype, and production). These reports will be based on the most
complete integrated system that can be assembled at that time, in order to mitigate risks
for later stages of the project.

= BTL-R2: In P6, identify the external dependencies such as LpGBT, DC-DC converter, and ETH
manufacturing of the DC-DC converter board.

= International CMS maintains a full list of milestones and dates for major deliverables which
is tabulated in the Technical Design Report. We have a high level watch list of external
dependencies that the US project depends on, with assigned contacts responsible to
monitor their progress. All external dependencies and international milestones that impact
the US project have been included in the P6 schedule and are linked to the appropriate
activities in our schedule so that we fully account for the impact of any delays on
dependent activities. We are working closely with iMTD to develop the iMTD schedule and
the US schedule in P6 is fully aligned with the iMTD schedule.
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Responses to Technical Review (2

HL-LHC

= BTL-R3: Consider setting granularity of number of chips/card so that one DC-DC converter is
matched to a single TOFHIR readout card.

= The current design takes this suggestion into account by assigning a single DC-DC converter
per single TOFHIR readout card. Thus, four DC-DC converters serve four TOFHIR cards, and
the remaining two are used to power the Concentrator Card.

= BTL-R4: Develop a plan for powering up the ASICs cards connected to the concentrator card
and for exploiting the LpGBT capabilities for control and environmental monitoring.

= The capabilities for powering up/down, control, and environmental monitoring are given
below. They allow full control to implement powering up/powering down scheme that will
be designed together with the detector control specialists and MTD teams. Each FE board
DC-DC converter enable will be controlled from a GBT-SCA GPIO pin. The PGood signal from
each dc- dc converter will be monitored by a GBT-SCA GPIO pin. Each DC-DC converter
output voltage will be monitored by a GBT-SCA analog input. The board input voltage will
be monitored by a GBT-SCA analog input. The temperature of the PCC and FE boards will be
monitored by a GBT-SCA analog input. Four SiPM temperature sensors will be monitored by
the LpGBT analog inputs. Total bias current for every 16 SiPM's will be monitored by GBT-
SCA analog inputs (12 from each FE board). Internal temperature sensors in each GBT-SCA
(2) and each LpGBT (2) will monitor temperature of the CC.
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HL-LHC

Critical Path and Schedule Contingency
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2022, BTL - odule batch 10 (CT) - Integrate modules and electronics into
2022, BTL - Wodule batoh 11 (UV] - Integrate modules and elsctronics into

Dec-2022, BTL - Module bateh 10 (CT) - Test modules and trays
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Installation and Commissioning

2023

2024 2025 2026
| Aug | Sep | Oct | Nov ‘ Dec | Jan | Feb | Mar | Apr ‘ May | Jun ‘ Jul | Aug | Sep ‘ Oct | Nov | Dec | Jan | Feb | Mar ‘ Apr | May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec | Jan ‘ Feb | Mar ‘ Apr ‘ May ‘ Jun ‘ dul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec | Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec | Jan | Feb
28-0ct-20. 220 14-Nov-2022, BTL - Module batth 10 [CT) - Integrate modules and electronics info trays:
28-Oct-20 14-Nov-2022, BTL - Module batch 11 (UV) - Integrate modules and electronics into trays
02-Diec-2022, BTL - Module|batch 10 (CT) - Test modules and trays
02-Diec-2022, BTL - Modulebatch 11 (UV) - Test modules and trays
& eazg% S}\E ;ﬂugu: ga:cn H Eﬁ;[l))- L&[ﬁalﬁ DDBBan%prepare ltrays ffursr;‘ipping
odulz batc} - Update DB and prepare trays for shipping L Sh d 3
BTL - Module batch 10 (CT)) - Production complete O n g Ut OW n
_ Module batch 11 (UV) - Production complete
P2-Dec-2022, BTL - Mgdule batch 13 (CT) - Produce modules
p2-Dec-2022, BTL - Madule batch 14 (UV) - Produce modules
13-Jan-. 2023 BTL - Module batch 13 (CT) - Integrate modules and electronics info trays
| 13-Jan- 2023 BTL - Module batch 14 (UV) - Integrate medules and electronics info trays
17_tan_on737] c _irus B &3 TST raadu for ingtallatinn
17-Jan-2028 W1-Fel D»2I]23 BTL - Module batch 13 (CT) - Test modules and trays
01-Feb-2023| BTL - Module batch 14 (UV) - Test modules and trays
D}Fetk2023 BTL - Module batch 13 (CT) - Update DB and prepare trays for shipping
03-Feb-2023 BTL - Module batch 14 (UV) - Update DB and prepare trays for shipping
02 h BTL - Moduls batch 13 (CT}) - Preduction complete
moau e 02379 ST - Moduig batch 14 (UV).- Production complete
21-Feb-2023, BTL - Module batch 16 (CT) - Produce modules
023, BTL - Module batch 17 (UV) - Produce modules
&b-202; ar-2023, BTL - Module batch 16 (CT) - Integrate modules and electronics into trays
an tray £b-202° Mar-2023. BTL - Module batch 17 (UV) - Integrate modules and Electronics into trays T res O K P P . T_ K P P_T L_ 1 B
7-Mar-. 2025 BTL - Module batch 18 (CT) - Test modules and trays .
0-Mar-2023" 7-Mar-2023, BTL - Module batch 17 (UV) - Test modules and frays
a sse m bl Mar-2023, BTL - Module batch 16 (CT) - Update DB and prelpare trays for shipping . . .
Mar-. 2023 BTL - Module batch 17 (UV) - Update DB and prepare trays for shipping
y o e 10 M pri : Barrel Timing Layer
18-Apr-2023, BTL - Module batch 18 (CT) - Ship trays to CERN °
19-Apr-2023, BTL - Module batch 17 (UV) - Shlp lrays 1o
Construction Complete
LTI 1R RARRFI TIMING | AYER CONSTRICTION FOMBIFTF
11-Sep-2023 BTL - Integration and commissioning facilities ready for use
BTL - TST+ integration ready to start
25 Sep-2023, BIL - [ST+ Manifold #1 - Receive and test trays then insert trays - labor (Caltsch)
25-5ep-2023, BTL - TST+ Manifold #1 - Receive and test trays then insert trays - labor (UVa)
1 Gtartnf Evoy
09-0ct-2023, BTL - TST+ Manifold #2 - Receive and test trays then insert trays - labor (Caltech)
09-0ci-2023, BTL, - TST+ Manifold #1 - Connect cables and weld cooling pipes then test trays - labor (Caltech)
08-0ct-2023, BTL - TST+ Manifold #2 - Receive and test trays then insert trays - labor (UVa)
09-0ct-2023, BT - TST+ Manifold #1 - Connect cables and weld cooling pipss then test trays - labor (UVa)
23, BTL - TST= Manifold #3 - Receive and test frays then insert trays - labor (Caltech)
TL - TST+ Manifold #2 - Connect cables and weld cooling pipes men test travs - labor (Cattech)
ITL - TST+ Manifold #3 - Receive and test trays then insert trays - labor (UVa]
23012023, BIL - TST+ Manifold #2 - Connect cables and weld cooling pipes i test trays - labpr (UVa)
i) 06 Nov-2003, BTL - TST+ Manifold #4 - Receive and test trays then insert trays - labor (Caltech
06-Nov-20p3, BTL - TST+ Manifold #3 - Connect cables and weld cooling pipes then test trays - labar (Cattech)
06-Nov-2023, BTL - TST+ Manifold #4 - Receive and test trays then insert trays - labor (UVa)
06-Nov-2023, BTL - TST+ Manifold #3 - Connect cables and weld cooling pipes then test trays - labor (UVa)
-Novt2023, BTL - TST+ Manifold #5 - Receive and test frays then insert trays - labor (Caltecl
20-Novt2023, BTL - TST+ Manifold #4 - Connect cables and weld cooling pipes then test trays - labor (Caltech)
20-Novt 2l}23 BTL - TST+ Manifold #5 - Receive and test trays then insert trays - labor (UVa
20-Novl2023, BTL - TST= Manifold #4 - Connect cables and weld cooling pipes then test trays - labor (UVa)
BTL | nte rat|on 06-Dec-2023, BTL - TST+ Manifold #5 - Receive and test trays then insert trays - labor (Cattech
06-Dec-2023, BTL - TST+ Manifold #5 - Connect cables and weld cooling pipes then testtrays - labor (Caltech)
08-Dec-2023, BTL - TST+ Manifold #6 - Receive and test trays then insert trays - labor (UVa,
06-Dec-2023, BTL - TST+ Manifold #5 - Connect cables and weld cooling pipes then test/irays - labor (UVa)
& comm|ss|on|ng TS issroin sy o s
F: ATY inatallafinn EN%. camnlete (TET aide 11 _ NOT HSEN M 1 OG0
0—Del>2023 BTL TST+ Manifold #5 - Connect cables and wekd cooling pipes then test trays - labor (Caltech)
202 0-Dec-2023, BTL - TET- Manifold #1 - Receive and test trays then insert trays - labor (Caltecl
07-Dec-20Z; . 0-Dec-2023, BTL - TST= Manifold #5 - Connect cables and weld cooling pipes then test trays - labor (UVa)
07-Dec-2023 0-Dec-2023, BTL - TST- Manifold #1 - Receive and test frays then insert trays - labof (UVa)
21-Dec-202: BTL tagration complets
07 tanonzhe  WELIHE G e VIS
D oy Tl P g R PR
21-Dec-20230={"] 09-Jan-2024, BTL TST Tianoi 83 2 Hedeins and fest trays then inser frays - labor (Caltech) p
21-Dec-202: ] 09-Jan-2024, BTL - TST- Manifold #1 - Connect cables and weld cooling pipes then test Irﬂys labor (Caltech) H
21-Dec-202: | 09-Jan-2024, BTL - TST- Manifold #2 - Receive and test trays then insert trays - labor (UV: B
21-Dec-2023 =] 08-Jan-. 2024 BTL - TST- Manifold #1 - Connect cables and weld cooling pipes then test lrays labor (UVa) b
20-Apr-202¥ \ ] 1243n 2024 FLOAT — T-KPP-TL-1B: BARREL TIMING LAYER CONSTRUCTION|COMPLETE — TO — CMS NEED BY '
18- lan-7nok irus ICMS N hers - CHS o — Final BT\ frav raady for inataliatinn :
10-Jan-2034 24—Jan iDZJ BIL - TST- Manifold #5~ Racerve and test trays then insert trays - labor (Caltech} P
10-Jan-2034f 24-Jan-2024. BTL - TST- Wanifold #2 - Connect cables and weld cooling pipes then test trays - labor (Caltech) ;
10-Jan-2024) 24-Jan. 2D24 BTL - TST- Manifold #3 - Receive and test trays then insert trays - labor (UVa) B
4 24—.13!1—2024‘ BTL - TST- Manifold #2 - Connect cables and weld cooling pipes then test trays - labor (UVa) b
07-Feb-2024, BTL - TST- Manifold #4 - Receive and test trays then insert trays - labor (Caltech)
07-Feb-2024, BTL - TST- Manifold #3 - Connect cables and weld cooling pipes then test trays - labor (Caltech) . .
07-Feb-2024, BTL - TST- Manifold #4 - Receive and test trays then insert trays - labor (UVa) O b e Ct I Ve K P P . O_ K P P_T L_ 1 B
07-Feb-2024, BTL - TST- Manifold #3 - Connect cables and weld cooling pipes then test trays - labor (UVa) I .
21rFekL2I}24 BTL - TST- Manifold #5 - Receive and test trays then insert trays - labor (Caltech)
%1#;&:%3%:‘ E\% - }g}— mani;uﬂ zg - gunnam cag\‘es ‘atnd wihld cunlmgr&lues mlerLtasElutrays - labor (Caltech) - - .
I-Fel , BIL - TST- Manifold #5 - Receive and test trays then insert trays - labor
24-Feb-2024, BTL - TST- Manifold #4 - Connect cables and weld coolitg pipes then test trays - labor (UVa) A rl I 2024 . Ba rre I TI m I n
1 08-Mar-; 2024 BTL - TST- Manifold #6 - Receive and test trays then insert trays - labor (Caltech) o
' 06-Mar-2024, BTL - TST- Wanifold #5 - Connect cables and weld caoling pipes then test (rays - labor (Caltech
06-Mar-. 2I}24 BTL - TST- Manifold #5 - Receive and test trays then insert trays - labor (UVa) °
i D&Mar—zﬂz{ BTL - TST- Manifold #5 - Connect cables and weld cooling pipes then tes a)
F— ® Fo_inuc BT _RAR_RTI installatinn 100% complete (TRT =ie 21 g g y
20-Mar-2024, BTL - TST- Manifold #5 - Connect cables and en Iastlrays laber (Caltech) a e r n S a a Io n a n
20-Mar-2024, BTL - TST- Manifold #5 - CDnnect Ci ooling D\D&s men test trays - labor (UVa)
BIL - TST- integration complete . . °
TL - Integration an e
~18: SPCATER INSTALLATION AND COMMISSIONING COMPLETE Commlsslonlng Complete
\T — O-KPP-TL-1B: BARREL TIMING LAYER 1&C COMPLETE — TO — CMS NEED BY
WS _RTI _iCMSIN_hara _ PMS nead hu data for RT) inatallafinn ramnlats (iter Trarker ualdation nf | 2} i
PP S SO W
02-Jan-2024' 30-Jun-2026, LHC - Long shutdown 3 (LE3)
‘ uuuLzuzer-r E4 - LHC - End long shutdown 3 (L53)
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