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01 What's MTD BTL



Physics motivation of MTD

High luminosity = High pileup

The MTD will be added to CMS to help meet the challenge of high luminosity.

» HL-LHC, 3000 fb-! at the cost of 140-200 simultaneous collisions (PU)

» MTD + upgraded tracker = Run2-esque PU mitigation
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What i1s MTD BTL ?

The Barrel Timing Layer (BTL) will measure time of arrival for > 0.7 GeV MIPs with ~30-60ps precision
» Thin (< 4 cm), large area (38 m? ) detector covering n| < 1.5

» ~10k Sensor Modules, each containing 16 scintillating LY SO crystal bars and two 16-channel SiPM arrays

» Read out with custom TOFHIR2 ASIC

» Mounted on CO2 cooled trays and installed on inner surface of BTL Tracker Support Tube (BTST)

BTL: LYSO bars + SiPM readout: ETL: Si with internal gain (LGAD):
« TK/ECAL interface: || < 1.45 + Onthe CE nose: 1.6 < |n| <3.0
. mm thick) + Radius: 315 <R < 1200 mm ¥ il
« L z + Position in z: £3.0 m (45 mm thick) ] i
* S channels + Surface ~14 m?, ~8.5M channels
* Fluence at 4 ab™: 2x10* nfem? + Fluence at 4 ab™: up to 2x10"*n,Jem?

BTL Module:

1x16 crystals
(32 channels)

“u\ DX Crystal bar
i -,

BTL Read-out Unit: :

3x8 modules
(768 channels)

BTL Tray:
6 Read-out units

A % - (4608 channels)
SV BTL detector

,g:;’ \ 72 trays: 2(z) x 36(p)

332k channels



Schedule of MTD BTL

PKU Assembly timeline

» Participate in TB of sensor in
2023

Improved the assembly and
QA/QC in 2023

Assembly Center Certification
in 2024

Start batch assembly in the
Autumn of 2024

End assembly in the Summer of
2026

Installed in the Autumn of 2026
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_»I'n_m lE.oma Start |Ewcmu End | Expect=(] 2021 [ [ 2024
s o | e | @ | a¢ | a o | @ | a3
0 BTL_CS_schedule_v35.1 Jan1,2018  Mar 3, 2028 0 days T I
1 BTL Jan1,2018  Mar 8, 2028 0 aay T T
2 Mechanical Systems Jan1,2018  April 24, 2024 32 [ [ ~
3 Mechanical Structures Jan1,2018  Mar 20, 2024 4.5 I I o]
N BTL support ralis (BTL-Tracker mechanical interfacs) Jan1,2018  Mar 20, 2024 4.5 ~
&  BTLsupport rails design January 1, 2018 April 2, 2021 8.4m|
8  B.55.0.0 BTL rail design ang qualification finshed April2,2021  April 2, 2021 B.4Mberincy
7 BTL support rall prototype production Aprii 65,2021  Augb6,2021  1.61 years|proauction
8 BTL support rall prototype testing August 8, 2021 Aprll 15, 2022 .81 y8arEL ooom i pectotyps testng
2 BTL support ralis manufacturing April 18,2022 Nov 25, 2022  1.61 ysars] STL support ralls ffanutacturing
10 BTL support ralis instalistion In TST Jan 17,2024 mar 20, 2024 4.6m) ETL suppon rals Instailation in TET
1 B.85.0.1 BTL rass ready to receive trays Mar 20,2024 mMar 20, 2024 4.6m) B.88.0.1 BTL rails ready to
12 Cooling Pistes and Tray Mechanics Jan1,2018  Nov 22,2023 42 T <]
16 Coaling piate preproduction and qualification Oct2,2020 Oct20,2021 1.63 ysars) :
16 B.55.0.2 Cooling plate design and qualification finished Jan 18,2023 uJan 18,2023 3.7 monthg B.850f Coolng piate design and qualification finishad I:
17 Cooiing piate testing Jan 19,2023  Juns 7, 2023 42m Cooling piate tastin}
18 Cooling piate manufacturing June 8,2023  Nov 22, 2023 42m Cosiing plte manwtactiring ___,]L
18 B.585.0.3 Cooling plste manufacturing ready, pistes avalisble for Nov 22, 2023 Nov 22, 2023 42m) 55803 Cootha turing ready, pistes ... _<>
tray assembly
20  BTL cover piates - Tracker responsibliity Jan 1,2018  Mar29,2023 1.43 years D
21 BTL cover plats and Tracker Senice Supports gasign Jafuary 1, 2018 Jan 1, 2021 Qﬂm:
22 B.55.0.4 BTL covsr piats oasign dsfined January 1, 2021 Jan 1, 2021 e.emhi
23 BTL cover pists ana Tracker ssrvice upparts, prototyping, Jan1, 2021 MNov 4, 2022  1.86 years] oy
testing ana manufacturing v

24 B.55.0.6 BTL cover piate and Tracksr senvice supports resdy  Mar 29,2023  Mar 20,2023 1.43 years] I BE.88.0.5 STL cover plate and Tracker service sUBOSM. &\
26 Trays and Integration Tools Jan1,2018 Dec 21,2023 4.4
28  Trays and Integration Tool design January 1, 2018 April 2, 2021 4.4 months]
27 B.58.1 Tray insertion tooking process dsfined April 2, 2021 April2, 2021 4.4 months|daninad
28  Tray Insartion tooling prototyping and testing Apri 5, 2021 Aprll 28,2023 4.4 monthekny sasting
20 B.S5.1.0 Tray insertion tooling vendsted April 28, 2023 April 28, 2023 4.4 monthe] 8.55.1.0 Tray nsertion toolifg valk
30  Tray and Integrstion tool production May 1,2023 Cct 13,2023 4.4 months) Tray and integration thol production H
31 Tray and Integrstion tool testing at TIF Oct 16,2023 Dec 21,2023 4.4 month [Tray dna intagration mmr:r “F’F]
32  B.8S.1.1 Tray and inteegration too! ready for Integration Dec 21,2023 Dec 21,2023 4.4 months) B.£8.1.1 Tlay and Imargration tocl ready lxr‘xng i I—_C T
33 BTST - Not official BTST schedule Jan1,2013  April 24, 2024 3.
36  BTST conduct tender process August 7, 2020 Sep 29, 2021 -4.2n)
36 B.SS5.2 BTST order placad -BTET Design fixed Sep 20, 2021 Sep 20, 2021 -4.2nbrier placad -BTET Design fxed
37  BTST prototype procuction nd svaiustion Sep 20,2021 Dec 8, 2021 -4.2nbrorotyoe production and evaluation
38  BTST PO praparstion Dec8,2021  June 8, 2022 -4.2n| STET 20 preparaticn
38 B.852.0 BTST production PO procsss started June 8,2022  June 8, 2022 -4.2n 8.66.2.0 STET procustion PY process started
40  BTST production st company June 82022 Dec6, 2023 -4.2n) STET prjauction 2t company [
41  BTSTshipping to TIF Dec§,2023  Jan 17, 2024 -4.2n} E‘!‘Ersrmlngerll'nF a&
42 B.SS2.1 BTET cetversd to TIF Jan 17,2024 Jsn 17,2024 -4.2n} £582.1 STST deivared 1o T YO
43 ETSTrecaption at TIF, Survey Jan 17,2024 Feb28,2024  -4.23 hours] BTST recagtion &t TH, sy [
44  BTST BIL rall mounting Feo 28, 2024  April 24, 2024 -4.2n) STST BT ras mofeming |
45  BTST post procuction st TiF Feb 28,2024 Mar 20, 2024 4.1mj BTET post uction & TIF g
46  B.85.3 BTST ready for TRK and BTL integrstion April 24,2024 April 24, 2024 32m} 8.58.3 STST masy for TRK ano STL jntagr
47 CO2 Cooling Jan 1,2018  April 10, 2024 3] : ] v
48 CO2 cooling manifoids (on astecter) testing Jan 19,2023 Awg 30,2023 3.7 months) €02 cooing mantids (on atactar testing
60  B.S5.4.0 CO2 cootng manifoids valldate Aug 30,2023 Awg 30,2023 3.7 monthe} 8.88.2.0 €42 coajing manifpics validate :
61 CO2 cooling fon ) g Aug 31,2023 April 10, 2024 3.7 months} = CO2 cociing manifdids {on detactan manutacturing

1.Q4.. 26253: 1 o2 cootng menifoics svaiisbie Apri 10,2024 Aprit 10,2024 37morne] B TL Meeting - Introdugtion 5:56.4.1 €02 £oning rtantolcs falianje
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02 How do we build BTL?



2.1. Test Beam

Conducted on CERN (180 GeV pion) and FNAL (120 GeV proton) beams

SiPM

» Main opt1m1zat10n and research parameters Cell 51ze of SIPM
different cell-sizes (15, 20, 25 pm)

» 25 um has the best time resolution , . i S
» More tests were conducted, such as comparing the time resolution of : : _ __TOFHIR2X

. . %) : b ; | .
SiPM from different manufacturers L 160 Frypet—t— i e kaeer- 28 4 SiMs ...
.. . . . E T | : —e—+ Laser - 20 um SiPMs
» Optimization of SiPM parameters has been completed 8 140 st g =16 SIPMS
© [ \ i .~ —e-TB-25umSiPMs
Tres of different FBK modules with posPhaseCorr 120 Sy 4 —0—- TB’-UZO'}I‘m”SiPMS G
= 55 —@B———  module 29 (LYSO 200 074, FBK C20 Rq2 -T2 non-irr) - i
= N o e iveomoeore reKoes Run Te nanim \ 80 |- - A
50— g | : ]
a5 [— B
5 40 | _
0 g o
| | 0




2.1. Test Beam

LYSO

entries

» Preliminary comparative tests were conducted on the quality of
LYSO (size, yield, etc.) from various manufacturers

» Finally, perform time resolution testing on high-performance
manufacturers using beam current

» The time resolution of manufacturers Prodl and Prod5 was
compared as follows
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» LYSO optimization has been completed
prod5 52deg prod] 52deg Results are measured at the optimal threshold
— 140 _HPK (25 um, type) + LYSO828 (prod, type1) . 140 ~HPK (25 um, type1) + LYSOB18 (prod1, type1) LYSO Vov/V | angle/deg  tg./ps @ error/%
& o Ve - 150 g | N 32 382 | 69
e [ Ve, =350V o | e 1.50 52 32.2 3.1
100 100 | . 64 30.9 9.0
80 | 80 f prodl 32 257 | 21
60 | 60 | 3.50 52 23.5 1.2
40 | a0} 64 236 72
. - s 41 1.50 35.1 4.3
ZZ 2;)5' o prod> 3 59 > 246 40
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14



2 Assembly of MTD BTL

Front view
(3.75 mm SiPMs)

Rear view
with four
3x4 mm? TECs

q 40AAL 118 ‘SO
E board |

¥ JorMiRv2. Al

SIPM IN

z
|
| 2
| a
| @

-

| Module

RU _ Tray

Total

Channels (SiPMs)
Crystals

ASICs

Modules

Readout units (RU)

32 | 768 | 4608 | 331776

16 384 | 2304

1 24
24

144
144
6

165888
10368
10368

432

leitector
s 2(z) x 36(p)
ja nels

All components will be

assembled and validated at 4
global BTL Assembly
Centers (BACs)

» Virginia
» Caltech
» Milan

» Beijing

Trays will be shipped to
CERN, integrated into the
BTST and commissioned in
the Tracker Integration
Facility

10
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2.2 Assembly and QA/QC of Sensor Module ;“: X- ;;

Assembly materials

Assembly tool : GAMBIT

>

DOWSIL™

N 3145 r1v

MIL-A-46146

RTV with a high refractive index close to that of crystals " AN mEal S c Al

Custom GAMBIT tools control RTV thickness, SiPM/LYSO
alignment, and tension during curing

Determine the position of LY SO crystal and perform calibration
Ensure the stability of SiPM during the coupling process

The gluing tools improvement have avoided human error factors
during the assembly process

stencil




2.2 Assembly and QA/QC of Sensor Module

GAMBIT performance tests and upgrade in the pre-production
» Alignment of Crystal and SiPM —> Adjust the height of the platform to approximately 200 pm
» Uneven adhesive thickness = Increasing the thickness of the Stencil and applying rubber bands for assistance

Standardization of Assembly flow
» Referring to the conditions that are most conducive to the uniform and smooth hardening of the RTV
—> The humidity, time, and other ranges for placing the module after assembly have been standardized

The development of LYSO+SiPM assembly tools GAMBIT has been completed and mass production has begun

LYSO array
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entries

2.2 Assembly and QA/QC of Sensor Module

LYSO Intrinsic Spectrum

e 178Ly: B decay =2 17%Hf excited state: y cascade decay

* 88 keV, 202 keV, 307 keV

P(E) = aggB(E —88) + ay0,0(E — 202) + ayeoB(E —290) + a39,6(E — 307)
+ 395 (E —395) + agged(E —509) + ago;S(E —597)

Intensity (x10°)

b)

Single Photoelectron Charge
* SPE histogram presents the amount of charge carried by a single photon

Intensity (x10%)

<)

The ratio is proportional to the light yield

E a) b) ::
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2.2 Assembly and QA/QC of Sensor Module

QA/QC of the Sensor module = Test its signal amplitude and uniformity

» Irradiating with a radioactive source

» Measurements including amplitude, time resolution, spectral type,
crosstalk, as well as the performance of SiPM at different

. S
temperatures and TEC testing S O AR
E;zgg: an: =1.56e+03, RMS = 35/
The QA/QC system (12 SM batch testing)
> Front amplification electronic module R,

» Constant temperature dark box and temperature control system R O A } T W
» Automated movement of radioactive sources ~ L
» The data collection system and other supporting structures

111111111

At present, the design of the QAQC system has been finalized, and the
batch-produced board has been completed and provided to other BACs

" i emrs £
-temperature control system
= = | \\g ——i

cww -5202

14



2.2 Assembly and QA/QC of Sensor Module

WP )
QA/QC at PKU
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2.3 Assembly and QA/QC of Detector Modul

Detector Module : Sensor module, FE front-end electronic board, and
copper shell for heat exchange

» FE board equipped with TOFHIR2 readout chip
v' obtain information such as the arrival time of signals at SiPM
v" It can ensure a Tres of better than 60ps the entire HL-LHC period

Assembly process of DM: Thermal contact
» Good contact between the outer end of TEC on SiPM and the copper
» Coverage of thermal pads on important chip surfaces on FE board

» Avoid contact between LYSO crystals and other components

At present, the latest version has undergone module assembly testing and the
process flow has been basically determined.

The thermal contact implementation effect is good.




2.3 Assembly and QA/QC of Detector Modul

QA/QC of the DM mainly involves thermal coupling testing : B E—

» the contact between the TEC and the Cooper shell —L
» the TEC working after power on —

At present, Peking University has established a single
module 6-channel QA/QC system.

Further work on the automation implementation to improve
its work efficiency T ‘

ools for DM Assembly®=="==5 &




2.4 Assembly and QA/QC of BTL Tray

MTD BTL Tray

CC & FCC sidefses

'ta-‘
» A BTL Tray will cover a detector range of =
10 degrees and 2.5 meters at i

» A total of 72 Trays cover the entire barrel of
the MTD time detector

Each tray consists of 6 Readout Units

» Each RU includes a cooling plate, CC board,
PCC board, and 12 DMs.

» The acquisition of time, temperature, etc. has
been achieved

» Cooling plate and CO?2 circulation installed

on it ensure the normal operation of the
module and chip

18



2.4 Assembly and QA/QC of BTL Tray

Tray assembly and QAQC

n E—y
=/ 1\ Tray QA/QC set

S S

u_p__
=4

i
s )

» In March 2024, the first RU was established during the
pre-production phase at CERN
» The first 5 sets of Cooling Plates used for cooling testing
were produced by PKU and sent to CERN and each BACs
» Assembly research, cooling testing, and transport
testing.

» Offline testing requires additional testing of the power
supply system, which has been completed

» The first tray of production has been completed at
CERN (July 2024) and the final tray Assambly process
is being finalized

» The tray QA/QC system based on Serenity board is
currently being established.
» Tray one is currently undergoing QA/QC,
including bias power supply, temperature testing,
etc., while optimizing QA/QC

74?.371 )

™0One Readout Unit
w.-
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03 Progress on MTD BTL Detector



3.1 MTD BTL Sensor design

» The MTD pre ADR and SiPMs PRR conference will

SiPM technical choices and specifications,
be held on June 8, 2023

and overall performance results

» CMS collaboration team reviews MTD BTL sensor
design

SiPM Procurement Readiness Review

» This meeting is one of the milestones of the MTD 8 June 2023
project BTL team presentation
> The engineering design Scheme fOI' the BTL Results from the collaborative effort of an enthusiastic team
SENSOor was approved China (PKU, Beihang, Tsinghua), France (IRFU/CEA), Hungary (Debrecen),
Italy: (Milano-Bicocca, Padova, Roma), Latvia (RTH; LU), Portugal (LIP),
> Set the parameters Of SiPM Switzerland (ETHZ), USA (Caltech, lowa, Notre Dame, Princeton, KSU, UVa) ]

» Selected manufacturers for batch ordering

> The Chinese MTD BTL team (1t K, &, dbfi) is
one of the main contributors to sensor research




3.2 Detector module workshop

|

|
o

| |

E
’E
HE

o “E

|
The first complete

detector module
was produced

at CERN

by the end of 2023

Laying the
foundation for the
manufacturing
process of detector
modules

22
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In March 2024 at CERN,
Complete the assembly of the whole RU for the first time

23



3.4 MTD BTL Tray Workshop

= l=g
ﬂzuuuﬂum“m

e = =
—_—

Q

? mt
‘\\ lg %§h~
Comepleted the assembly of the entire Tray for the first time,
QA/QC was carried out, and the assembly process was basically determined

24
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04 Summary and Plan
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Summary and Plan
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Summary

v Optimized sensor design through TB, finalize plan, and pass CMS review

v" Completed the construction of the QA/QC and conduct small-scale module tests
v" The assembly scheme of SM, DM, and BTL Tray has been basically determined
v' Completed the assembly of the first Tray and QA/QC

Plan

» Determine the final assembly plan

» Improve the QA/QC system

» Accept assembly batches of SiPM and LY SO for production
» In September 2024, assembly work will start

26
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Thanks for your attention!
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SiPM and readout

LYSO-Ce Cristal Bar N EULEEIHOTL

The real target Lab Laser
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