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[LHC — HL-LHC

e The LHC will be upgraded to HL-LHC 1n years

e 3-4x higher instantaneous luminosity, severe pileup (from 40~60 at LHC to 140~200 at
HL-LHC), challenging both the precision measurements and the probe of new physics

e To deal with this dense collision environment, a novel timing detector 1s proposed,
MIP timing detector (MTD) for CMS, with an aim to reach 30 ps time resolution
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CMS Experiment at the LHC, CERN
Data recorded: 2016-Aug-27 23:44:01.739584 GMT Z
Run / Event / LS: 279685 / 178456860 / 95

RUN 2: 40-60 vertices per bunch crossing
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“CMS periment at the LHE; GERN ] /

“Data recorded 2016-Oct-14 09:56:16 733952 GMT ~
Run/Eth /1.8:283171/.142530805 v 254\,
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HL-LHC: 140-200 vertices per bunch crossing



MTD brings a new dimension
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Simulated Vertices

3D Reconstructed Vertices
4D Reconstruction Vertices
4D Tracks
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Wlth the tlme mformatlon
one can treat the vertices 1in
different arriving time
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MTD potential in physic

e MTD will effectively suppress the pileup etfect and
even bring new functionalities

e Increase the HH signal acceptance by 20%

e Improve the single Higgs precision by 20-30%

e Suppress reducible background in SUSY by 40%

e Open a new avenue 1n searches for neutral LLPs
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HH — bbyy (200 Pileup Distribution )

—— Barrel Timing Only
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CMS Phase-2 Simulation
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MTD

BTL: LYSO bars + SiPM readout:
+ TK/ECAL interface: |n| < 1.45
* Innerradius: 1148 mm (40 mm thick)
* Length: £2.6 m along z
+ Surface ~38 m*
* Fluence at4 at-": 2x10" n, /cm¢

Barrel: LYSO+Si1PM
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ETL: Si with internal gain (LGAD):
* Onthe CEnose: 1.6<|n/<3.0
+ Radius: 315 <R <1200 mm
« Positioninz: £3.0 m (45 mm thick)
+ Surface ~14.m< ~8

Layout

In the barrel,
LYSO+SiPM is

adopted

In the endcap,
LGAD 1s adopted

Very different
radiation dose and
different price of
the sensor materials

This talk will focus
on MTD BTL
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BTL with less than 0.4X, (radiation length), | |
compared to 25.8X, in ECAL, has
negligible impact to the downstream (i
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Sensor: LYSO -EJ

. : ! e Each sensor module contains 16 LYSO:Ce crystals
§ S { placed in parallel, with a cross-section of ~3x3 mm?
tleft § g . MIPs right

e Fast rising (~100 ps) and decay time (~40 ns)
e High light output: 40000 gamma/MeV

e Radiation hard, proven up to 50 kGy with gamma
radiation from 69Co and 3x1014 Neg/cm? with 1 MeV
neutron

 Mature technology 1n industry (PET)
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Sensor: SiPM

e Fach sensor module contains 32 SiPM, with the

Front view effective area of ~3xX3 mm?2
(3.75 mm SiPMs)

e Compact 1n size, insensible to magnetic fields
e Fastrecover time < 10 ns, high gain x10°

e PDE@LYSO emission peak 20-40%

e Cooled by the cooling chamber of the tracker
and further by TECs 3x4 mm? x 0.9 mm

Detector module: side view

FE board
(DC ground

Rear view
with four
3x4 mm? TECs

LYSO bars

1.5 mm Spacers
M2 threaded inserts

Soft spacers




MT

"MTD BTL =

Tracker Support Tube TST

e Sensor Module: LYSOx16, SIPMx32 l """"" L 10000000000000000009 g 0000000

e Detector Module: sensor module x 2, BTL;:;':;‘ESSW | —r = — —— r= m—
ASIC x 2, copper housing I \ — — 1

e Readout Unit: detector module x 12, ) EF boar

concentrator cards, power converter
cards, cooling plate

e Tray: readout unit X 6, cooling pipes

LYSO+SiPM
Sensor Modules FE Boards housing
. ~ TOFHIR ASICs

Detector module .
(two arrays

Readout Unit (RU)

cold plate LYSO:Ce crystal CO; cooling loop

2 trays Iin z
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BTL detector
72 trays: 2(z) x 36(¢)
332k channels




e Prototype was tested with 120
GeV proton beam (@ FNAL

e Silicon tracker to identify the
position

e MCP-PMT used as a time
reference

 Pulse in LYSO+S1PM corrected
by the differential leading edge
discriminator (DLED) method

e A time resolution of 30 ps
independent of the incoming
position can be reached
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Scintillator

Test beam

for trigger

Silicon tracker

Crystals+SiPMs

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll ‘Ii..ll.ll.l.ll-

S :
£ M(M W“ n
E Q frormwsmnsmbmn
Pulse in _
500} LYSO+SiPM -
| corrected by
‘ DLED
1000 |
0 50 100 150 200
time (ns)
S 'The above zoomed 1n
° 0

-500 |-

-1000 -

time resolution (ps

(@)
o

95
50

45f
40f

35

30¢

25
20
15

Xiaohu SUN

MCP-PMT

LYSO:Ce 3x3x57 mm° - HPK S$12572-015 3x3 mm?
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- «-@Local activities [E

‘- Many actives are ongoing locally,
including

e S1PM tests and R&D

e The coupling between LY SO
and S1PM

llllll

e Assembly preparation

e QA/QC design

e Combining the efforts from Jt 3¢
| W "
Soe R TEAE RS and LTSN

T j?jt%,wearebulldmgan
| 4\‘\\M\‘\@‘w\\\\\\\\J.\QNFU\\M\ assembly center at Beljing
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Summary

e MTD 1s special timing detector that 1s designed to deal with ~200 pileup
vertices and to keep the physics sensitivity of CMS during HL-LHC
operations

e First time on CMS to have a dedicated timing detector and to reach a
time resolution of 30 ps, very promising

e Sensor design with LY SO+S1PM for the MTD barrel 1s proven to reach
the expected time resolution using radiation sources and test beams

e These two sensor materials have mature technology and can be
provided by the industry

e R&D 1s close to the end and the assembly 1s going to start in middle 2023



