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LHC and C_

. Geneva lake

Y% in Switzerland, % in France
Designed Ecm 14TeV (41) for p—p collisions
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LHC operation Roadmay

- Success LHC, upgrade needed for rich physics programs
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Overview of CMS phase Il upgrade

Tracker:
» Si-strips and Pixels increased granularity
« Tracking in L1-Trigger

+ Coverage extended to |eta|~3.8
Barrel Calorimeter: \

MIP Timing detector:

~30ps timing resolution
Barrel: Crystals + SiPMs
Endcap layer: LG Avalanche Diodes

Trigger/DAQ:

>

« New ECAL/HCAL reado
o]

Tracks in L1
40M > 750k(PF-like) > 7.5k

Calorimeter Endcap:

* Si, Scint+SiPM in Pb-W-SS ‘
« 3D position + precise timing + Ené gy

Beam/Luminosity and common

Muon system: Infrastructure
* New FE/BE readout for DT/CSC

* New GEM/RPC 1.4 <|eta|<2.4
+ Coverage extended to |eta|~3

CMS upgrade



https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2296612
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193
https://cds.cern.ch/record/2020886

Timeline of CMS phase |l upgrac

. LS2 (2019-2020):
= GE1 and CSC FE for inner endcap disk 1-4
= Beam pipe/magnet infrastructure

- LS3 (2024-2026): All other projects

Calendar Year 2016 2017 2018 | 2019 | 2020 | 2021 2022 2023 | 2024 | 2025 | 2026
o
Tracker: Outer « |Engineering - Prototyping a Pre-production - Production - Integration - Commissioing Inst. - Comm.
Design - Demo. <] =
Pixel Engineering - Prototyping a Pre-production - Production - Integration - Commissioing Inst. - Comm.
EB:;rLe/I:::irlmeters Design - Demo. ?3_: Engineering - Prototyping é ‘Z’ Pre-production - Production Integration - Installation - Comm.
. . o . . .  [End cap 1: Pre-production - Production - Integration - Commissioning _[Inst. - Comm.
- - o - o - - = ——
Calorimeter Endcap Rl Demo‘ = Engineering Plrototypmg w End cap 2: Pre-production - Production - Integration - Commissionifinst. - Comm.
o
Muons: GEML1 |Engin. a Pre-prod. - Production - Integ Inst.
CSC|FE Engin. Pre-prc 5 Producti* FE In}. BE Engin. - Pre-prod. 5 BE Production BE Inst. - Comm.
o
DT Engineering - Prototypir}/ Pre-pre O Prodcution Installation - Commissioning
o o End cap 1: Production [Inst.
o .
RPC |Design - Demo. « |Engin. - Proto. 2 Pre-pro End cap 2: Production Inst.
e Pre-pro.ESR Barrel Link System: Productiofinst.
. R 3 o End cap 1: Production [Inst.
- - .- B (=] - "
GEM2|Design - Demo Engin. - Proto a Pre-prc & FAIED AN IoH Tinst.
o
GEMO|Design - Demo. Engin. - Prototyping E a Pre-prod. - Production Inst. - Comm.
. . . z * * *
MIP-Timing: Barrel « |Eng. - Protc 3 | Pre-prod. - Prod. - Int. in Tracker - Comm. Inst. - Comm.
r Design - Demo. = 2 =
Endcap Engin. - Proto. 3 |Pre-production - Production - Integration - Commissioing Inst. - Comm.
0 o i = i i i i i
L1-Trigger Conceptual Design g Design - Proto. - Demo. e Pre-production 5 Production Installation - Comm.
: = T 7 : : = z : T
DAQ/HLT Design g Electronics Proto. - Demo. V1 8 Pre-pro - Demo. V2 5 Electronics production - Slice |Installation - Comm.
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Chinese in CMS Phase |l upgrade
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CERN European Organization for Nuclear Research ~ CERN-LHCC-2017-009
CMS-TDR-17-001

Organisation européenne pour la recherche nucléaire 1 July 2017

The Phase-2 Upgrade of the
CMS Tracker

Technical Design Report
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CMS Phase Il Tracker design

- Radiation: ~2.3*10'® MeV neg/cm?
« 40 MHz input for L1-Trigger
- Increased granularity

* OT Si-sensors = 200um thick - 90/100um pitch - 2.5/5cm strips - 1.5 mm macro-pixels in inner layers

* IT Si-silicon sensors < 150um thickness - 50x50 to 25x100um? - large pixels in outer layers?

high transverse
momentum

- Tilted 3 layers of inner OT
- Extend coverage |eta|<3.8

1.6 -4.0 mm
fe—>1

programmable
search window

low transverse

top sensor

bottom sensor o

- Reduced material e
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Phase |l Tracker performance

° Tracklng efflc:lency IS robust w.r.t. radlatlon and plleup
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CERN European Organization for Nuclear Research  ceRN-LHCC-2017-023

o CMS-TDR-019

Organisation européenne pour la recherche nucléaire 9 Apr 2018
-

CERN European Organization for Nuclear Research ~ cenw-Lice-2017-011
e S ~ e S CMS-TDR-17-002

! L Z i]“ill‘;

: '.._.-.r[‘rww'
N = l’ﬂ-ﬂi
S

B

I

P
Z
L
-
=
-
=
—_—
| =
| =
=
=
==
|| ==
=
l;;

>~
!

U\l
e, ”“.J\[h 5 A\
. A | Z ;. 3

CMBrel . lmters

| The Phase-2 Upgrade of the

CMS Endcap Calorimeter
Technical Design Report




= Ecal + Hcal

- Ecal (CE-E)
= 28 layers Si + W/Pb/Cu
= 25X, & ~1.3%
- Hcal (CE-H)
= 24 layers Si/Scintillator
+ Stainless Steel
= ~8.5\
- Total Silicon:
= 600 m?
- Total scintillator
= 500 m?
- 6 M Channels

CMS upgrade
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The HGCal design
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HGCal readout

Pb 2.1 mm +SS 2x0.3 mm
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Stainless Steel Absorber

HGCal scintillator hadronic part SRT s

Air 1.5 mm Scintillator 3.0 mm
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Baseplate 1.0 mm + Si 0.3 mm

ww eyt

Cu6.0mm

reflector foil fine-pitch connector twinax cable
with adapter board (4/8 diff. chns.)

small tile
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in mm,
not in scale

light calibration system, HGROC polyimide isolation (50um)
GBT_SCA, regulator

Motherboards for SiPMs
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Motherboards for
Silicon sensors readout
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Energy resolution (not-optimal)
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HGCal task of IHEP: Module Asse

- Tasks: MAC Beijing IHEP+THU+ZJU+FDU
Steering Committee HGCAL Institution Board
Technical Coordination Project Manager Resources Coordinator
1
1
Project Office
I .
[ I I —1 I | ]
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_ H . — : . 3 = (Gwmetry,
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From HGCal TDR: CMS-TDR-019

CMS upgrade , 2019

MoU is in the signature cycle
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CMS/HGCal management
visit IHEP MAC: 2019/09/18

Glue
machine

» compressor
Marble platfor |

Gantry: under delivery

tests equipment ¥

Kethley 2000e multimeter Arrival

1
1
Oscilloscope Arrival
1
1

AFG3100 functi Arriv 1
unction generator Arrival O G P : u n d e r d el Ive ry
Keysight E4980AL LCR Arrival

Pull tester: purchasing
2019: main MAC 2020: training & Mini gantry: prCl New clean room with
equipment ready site qualification production ]
new equipment
CMS upgrade Oct, 2019 18
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Phase Il Muon upgrade overview

Drift Tube (barrel): 40 MHz readout with improved z/t -precision

Resistive plate chamber (barrel): readout with improved t-precision

Cathode Strip chamber (Endcap): ME234/1 readout with higher bandwidth
and latency, replace ME1 with higher radiation hard components

New stations: GEM1/GEM2; iRPC3/iRPC4, 1.6<|n|<2.4; MEO, 1.15 <[n|<3
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GE1/1 GEB production and test

China provide all GE1/1 GEBs, which are produced in Sinofast Company in Shenzhen, China.
The GEBs were tested by us before transported to CERN.

COOLING PIPE

READOUT BOARD OPTICAL BOARD

DRIFT BOARD

Exploded view of GEM structure Early version of GEB produced in Sinofast
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GE1/1 GEB production and test

* We developed a device with FPGA, LED light etc. for the conductivity test of GEB. Other
tests include the torque test of standoff, flatness test etc.

e ~200 sets of GEBs were produced and tested in China. Sun Yetsen U, and Tsinghua U.
participated the test at Sinofast.

e The last batch of 50 sets GE1/1 GEB is under production, expected to be completed in couple
of weeks.

The conductivity test device developed by PKU GEB test at CERN

All GE1/1 GEB production in China will be completed by next months

CMS upgrade



GE2/1 GEB design and prototyj

* Two types of GE2/1 GEM detector (long and short), each divided into 4 sections, totally 8
different GEBs: M1 — MS;

*  We completed the design and prototyping of M1 — M5, produced 5-6 GEBs for each types,
sent to CERN and Rice U. for test.

* Design of M6-M8 were completed, are being checked by CERN team, prototyping will start
next week.
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GE2/1 GEB prototype QC test

= Test goal for GE2/1 prototype by PKU is to check the signal Connectivity
between VFAT3 hybrld and Optohybrid and make sure the power for each part is delivered correctly.

LEDs display
(FPGA auto test)
IDC40 | IDC40 IDC40 | Ipc40

Adapterl Adapterl

Panasonic! 100(VFAT) aca ptsea';r%ec, 160
————— GEB-prototype
Samtec-160

connectivity test schematic

m Connectivity for VFATs and Optohybrid

m Standoff alignment and torque test

= Bending test GE2/1 GEB M1 connectivity test in Shenzhen

= So far, GE2/1 GEB M1-M5 prototypes are all produced in Shenzhen and passed electrical tests by electronic
equipment designed by PKU.

= The results of test show the R&D of GE21 GEB prototype is successful by PKU.

15t version of M1-M8 GE2/1 GEB design completed, M1-MS35 prototyping
completed, M6-MS8 prototype production will start next week

CMS upgrade



facilities
PKU, SYSU, BAAU, THU

Cosmic test

9'X-ray test 4

CLEAN ROOM . chamber

CMS upgrade Oct, 2019
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Progress in QC setup

QCS: yield test with X-ray

50 kQ CAEN A422A

ORTEC 474

amplifier settings

. Coarse gain 4, Fine
gain 4.5,

e Integrate 100ns and
Diﬁgrential 100ns
the discriminator threshold
. -100mV
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CMS upgrade

CERN European Organization for Nuclear Research ~ CERN-LHCC-2019-003
CMS-TDR-020

Organisation européenne pour la recherche nucléaire 29 March 2019
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CMS l

Calorimeter upgrades:

= Precision timing of showers BARREL
- Provide precision timing on high energy photons in ECAL Barrel TK/ECAL interface ~ 25 mm thick
- All photons and high energy hadrons in HGCal Endcap Surface ~ 40 m?
Radiation level ~ ~2x10™ n,,/cm?
C Sensors: LYSO crystals + SiPMs

11*11 mm?/cell

= 8

&

ENDCAPS
On the CE nose  ~ 42 mm thick
’ Surface ~12m?
B Radiation level ~ ~2x10™ n,/cm?
4 Sensors: Si with internal gain (LGAD)
L 1*3 mm?/cell

e Thin layer between tracker and calorimeters
e MIP sensitivity with time resolution of ~30 ps (40 ps end of life)
e Hermetic coverage for |n|<3

CMS upgrade Huagiao Zhang @ Dalian Oct, 2019



CMS CERN-LHCC-2017-013
CMS-TDR-017 C CERN-LHCC-2017-014
September 12,2017 CMS-TDR-018
12 September 2017

' Level 1Tr|gger - The Phase-2 Upgrade of theg CMS DAQ

Interim Technical Design Report

CMS Collaboration

Interim Technical Design Report

CMS Collaboration

CERN-LHCC-2017-013 / CMS-TDR-017

01/02/2018
CERN-LHCC-2017-014 / CMS-TDR-018
09/02/2018

@

TDR Approval 2020 TDR Approval 2021
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L1-Trigger

Increased latency to 12.5us(from 5us) and
rate up to 750kHz (from current 100kHz)

= more time (latency) and more bandwidth
= All detector electronics needs to be updated

- Will use input from the Si outer tracker
= port Particle Flow algorithms at L1 trigger

- High granularity information from HGCAL
but also from ECAL (x25 better granularity)

3

Entries [a.u.]

3

i\\(possible direct links from TF

*possible direct links to GT

Et> 3.0 GeV
Et> 2.0 GeV
Etr>1.0 GeV

@ﬂﬂﬂm
CMS Phase-2 Simulation, (s = 14 TeV, <PU> = 200
HF ok BM || RPC||CSC ||GEM .
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DAQ and HLT

- New TCDS high speed serial distribution of precise
clock and multiple triggers data steam

- Systems interface with DTH ATCA boards

. HLT output at 7.5 kHz, 4.5 MHS06 for 500 kHz (140
PU) in LS3 plus 4.7 MHS06for 750 kHz (200 PU)

staged to LS4

O
PY4 Detector Front-Ends (FE)
- Custom electronics systems
. >
l( )] P2P Custom data links and protocols @) |®)]
- Tn(g{ger ,
ata
; Detector Back-Ends (BE) W
Level 1 Trlggers Custom systems electronics and interconnects. Modular electronics.
O T T | Event data T
(5) l L1 BUSY L1ACLK l fragments l
Trigger Control o DAQ interfaces
TTC/TTS ) > i Standard data links, networks and protocols. Modular electronics. J
1T L1A&CLK
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Synchronous systems
(bunch-clock driven)

Asynchronous systems
(Event driven)

First ATCA DTH prototype in Q4 2018




IHEP-Beijing Phase |l Tasks

- New requirement * New Designs
= UTCA -> ATCA Design — CPPF -> CPPF+

. 1.6Gbps->4.8/10.24Gbps FEE (concentration + TP)

= Trigger 10->16/25Gbps — IRPC TDAQ
— RPC Control and

‘Monitering IEIectfonics

I I ENDCAP | OVERLAP | BARREL
ENDCAP | OVERLAP | BARREL — . TRACK FINDER, TRACK FINDER, TRACK FINDER _ _ _ _

Splitter

Sub-detector &

()RPC COntrol +
Monitoring

Concentration
& Fanout

—— — — ———

______ L1l - 16/25Gbps

10.0 Gb's

Regional
Triigger

Phasel| - Phasell 16/25Gbps

-—— —— —— —— — — —
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Progress and Status

- UTCA proposal was raised and prototype iRPC
electronics for CERN test setup provided.

- ATCA prototype designed/tested at IHEP and reported to
CMS Trigger workshops

24

13-Nov-18 Phase-2 Trigger Hardware R&D

ol

Proposal for RPC Backend and
Status

% AMC Processor
» Data throughput
a 3 MiniPoD, support 360Gb/s INPUT,
o 2 MiniPoD, support 240Gb/s OUTPUT
> XC7VX415T-2 (Virtex-7)
o Core FPGA for data processing,
o 48 channel GTH Transceivers,
o Support up to 13.1 Gbps per channel,
> XC7K70T-2 (Kintex-7)
a Control FPGA,
a Configure and Control CPPF.
> AT32UC3A1512 (Atmel)
o MMC, Module Management Controller.
#* Carrier
> Ultrascale Kintex xcku060
> Designed for RPC backend
» Communication with CMS DTH
> Link speed 12-16.3Gbps

R&D Status with RPC BE/Coq
#* ATCA: 1 Carrier + 2 AMC Processor + 1 RTM ; I

Zhen-An Liu on behalf of Muan Group
Muon/L1 Joint Workshop
Nov. 28-30 2018 CERN/Geneva

CMS upgrade




Status and Progress

> The RPC Back-End electronics project (requirements, design and cost)
was presented to Upgrade, Electronics and DAQ management on 20
February 2019:

> The scope and schedule was approved. For the boards design, it was
suggested to re-design the system based on common Serenity
platform in order optimize the number of boards and the cost.

CMS upgrade 37


https://indico.cern.ch/event/800161/

5 iXFP cards :
= 4 ixFP cards for slow IRPC Control uTCA Shelf
IRPC Data

control

» 1 ixFP cards for iRPC
data

1 AMC13

» TTC

« DAQ

= Management

1 MCH

= Slow control
= Management

1 Shelf Manager

Status

1. Emulation/Development
System working at IHEP

2. Hardware works fine, ,, 3 »_ .
GBT/GBT links work fine A §g _E:Igﬁr
3. Simulation/Emulation | ARm—
under going

CH

1] ;A — — ’ |

""Data Fiber'
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- CMS Phase Il upgrades have been approved by LHCC/UCG
and CERN RRB

= L1-Trigger, DAQ/HLT and MIP Timing Detector TDRs is coming
« Production MoU under processing/soon

- Progress being developed

= Key components such as silicon sensor, gas detectors
= Electronics such as various FE ASICS, I[pGBTs
= |mprovements to detector performance/physics outcome

- Chinese collaborators make key contributions to CMS upgrade

= HGCal Phase Il Costs Fraction
= Muon GEM y, 070 3%3‘/0 = Tracker
= Muon Trigger/DAQ e \ " reca

Muon

‘ = Barrel Calorimeter
DAQ/HLT

= Mip Timing Detector
Total 280M CHF

CMS upgrade
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