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LHC Schedule
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CMS:	
Muon	I	(endcap)	
CSC,	GEM1/1	

CMS:	
Muon	II	(endcap)	
GEM2/1,	RPC	
CO2	

CMS:	
BCAL,	Tracker,	
Muon	III	(barrel)		
MTD,	HGCAL,	ME0	
TDAQ	

CMS:	
PPS?	

LHCb:	
VELO,	SciFi,	UT,	
RICH2,	Muon/Calo	

LHCb:	
Upgrade	II	
(TDR	in	2021)	

eYETS	

ATLAS:	
Muon	NSW	
Muon	Barrel		
LAr	trigger	elec	
TDAQ		

ATLAS:	
ITk,	HGTD,	
LAr	&	TileCal	elect.,	
Muon	
TDAQ	ATLAS:	

Part	CO2	

ATLAS:	
ITK	inner	layers	

ALICE:	
ITS,	TPC,	
MFT,	FIT	

ALICE:	
ITS3,	
FoCal	

ALICE:	
whole new detector 
(EoI ‘18, LoI ‘21)	

LHCb:	
LS3	consolidation	work	(for	LS4)	

CMS:	
Inner	Pix	layer?	

Shutdowns	are	busy	



CMS LS2 activities
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RRB Oct ’20 - CMS Status report27/10/2020

2

LS2 activities

8

Muon	activities	in	full	swing.	
Expect	to	complete	by	beginning	of	Dec:	
•Install	and	commission	new	GEMs	
•CSC	cooling	and	front-end	electronics	
•DT	repair,	maintenance	and	shielding	
•RPC	gas	leak	&	HV	repair

Next	major	activities	(time	ordered):	
•forward	shielding	(part	1)	
•beam	pipe	
•pixel	installation	(new	L1)	
•yoke	closing		
•forward	shielding	(part	2)
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LS2 activities

8

Muon	activities	in	full	swing.	
Expect	to	complete	by	beginning	of	Dec:	
•Install	and	commission	new	GEMs	
•CSC	cooling	and	front-end	electronics	
•DT	repair,	maintenance	and	shielding	
•RPC	gas	leak	&	HV	repair

Next	major	activities	(time	ordered):	
•forward	shielding	(part	1)	
•beam	pipe	
•pixel	installation	(new	L1)	
•yoke	closing		
•forward	shielding	(part	2)

Detector will close end Sept 2021

Ready for RUN3 start Feb 2022



CMS Magnet Repairs 
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RRB Oct ’20 - CMS Status report27/10/2020

Magnet warm-up ended successfully

11

Needed	to	replace	a	broken	pump

Needed to warm up magnet to replace broken pump

Procedure performed during lockdown

• Started 20th April

• Finished 24th May

• Temperature stable



CMS papers 
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Currently 1006 submissions  
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995 published papers (incl. cosmic data)

New since last LHCC:

14 more submissions on collision data

5 preliminary results

995 published papers (incl. cosmic data)

New since last LHCC:

14 more submissions on collision data

5 preliminary results

CMS submitted 1000th physics paper on Oct. 6th 



Recent UK Physics results
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Herwig tune using 
CMS underlying 
events from 0.9,7,13 
TeV data. 

ttbar Spin Correlations

SMEFT Wilson coeff. 
constraints 

0.05- 0 0.05 0.1 0.15
VVc

0.02-

0.01-

0

0.01

0.02

tµ

Standard model

Nominal

Theory unc. up
Theory unc. down

68% CL

95% CL

CMS  (13 TeV)-135.9 fb

Phys. Rev. D 100, 072002 (2019)

LLP tagger 
using DNN 
(CNN) 



Recent UK Physics Results II
n Lots of Higgs SM and BSM analyses!  
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Upgrade of CMS for HL-LHC
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Tracker https://cds.cern.ch/record/2272264
• Si-Strip and Pixels increased granularity
• Design for tracking in L1-Trigger
• Extended coverage to η ≃ 3.8

L1-Trigger/HLT/DAQ
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2283193
• Tracks in L1-Trigger at 40 MHz 
• PFlow selection 750 kHz L1 output 

• HLT output 7.5 kHz
• 40 MHz data scouting

Calorimeter Endcap
https://cds.cern.ch/record/2293646
• 3D showers and precise timing
• Si, Scint+SiPM in Pb/W-SS

Barrel Calorimeters
https://cds.cern.ch/record/2283187

• ECAL crystal granularity readout at 40 MHz with 
precise timing for e/γ at 30 GeV

• ECAL and HCAL new Back-End boards 

Beam Radiation Instr. and 
Luminosity

http://cds.cern.ch/record/002706512
• Bunch-by-bunch luminosity 

measurement: 1% offline, 2% online

MIP Timing Detector
https://cds.cern.ch/record/2667167

Precision timing with:
• Barrel layer: Crystals + SiPMs

• Endcap layer: Low Gain Avalanche Diodes

Muon systems
https://cds.cern.ch/record/2283189
• DT & CSC new FE/BE readout 
• RPC back-end electronics
• New GEM/RPC 1.6 < η < 2.4
• Extended coverage  to η ≃ 3

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2283193
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
http://cds.cern.ch/record/002706512
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2283189


Upgrade of CMS for HL-LHC
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precise timing for e/γ at 30 GeV

• ECAL and HCAL new Back-End boards 
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Common electronics 
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ATCA board with up to 2 FPGAs (pluggable)

288 optical fibres @ 25Gb/s ( ~ 7Tb/s)

Comes with infrastructure firmware & software
• Board management

• Control & feedback to system (trigger, timing, throttle)

• I/O links and buffering

• Path to DAQ

• Board monitoring (e.g. optics, power regulators) 

Now producing version 1.2 of board. Boards in use at CERN and in variety of labs. 

Framework firmware and software well advanced.

http://cern.ch/serenity  



Common electronics
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CMS UK UPGRADE: COMMON TECHNOLOGY -NEXT STEPS �21

Challenge now will move to
• Delivering system, rather than a few 

individual cards.
• Procurement of 100s of cards.

• Multi-million CHF purchase.
• Significant quality assurance task.
• Looking towards next iteration of the 

card, particularly production aspects 

Commissioning Phase
• Still several years away, but planning 

for this is already starting

Infrastructure	firmware	&	so1ware	provides	common	services
•Communica7on,	
•Fast	Control	&	Feedback	(trigger,	7ming,	thro@le)
•SerDes	Links	(aligned,	fixed,	low	latency)
•Providing	input	&	output	buffering
•DAQ	path
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CMS UK UPGRADE: COMMON TECHNOLOGY -NEXT STEPS �21

Challenge now will move to
• Delivering system, rather than a few 

individual cards.
• Procurement of 100s of cards.

• Multi-million CHF purchase.
• Significant quality assurance task.
• Looking towards next iteration of the 

card, particularly production aspects 

Commissioning Phase
• Still several years away, but planning 

for this is already starting

Infrastructure	firmware	&	so1ware	provides	common	services
•Communica7on,	
•Fast	Control	&	Feedback	(trigger,	7ming,	thro@le)
•SerDes	Links	(aligned,	fixed,	low	latency)
•Providing	input	&	output	buffering
•DAQ	path

Flexible board many users: 

• UK projects (Tracker, HGC, L1 trigger)

• non-UK ( muons, timing det)

Set up Serenity Consortium within CMS: 

UK, Germany, France, Italy, India, ++?

7 Groups



Tracker
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CMS UK UPGRADE: TRACKER �22

Two key areas of UK involvement:

• Developed concept of “pT” modules to discriminate high pT tracks - including leading 
design and production of readout ASIC to be used in the outer layer “2S” modules 

(CBC) 
   

• Developed and led all-FPGA solution to provide tracking information to L1 trigger at 
40 MHz 
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CMS UK UPGRADE: TRACKER �22

Two key areas of UK involvement:

• Developed concept of “pT” modules to discriminate high pT tracks - including leading 
design and production of readout ASIC to be used in the outer layer “2S” modules 

(CBC) 
   

• Developed and led all-FPGA solution to provide tracking information to L1 trigger at 
40 MHz 

Si tracker to be completely replaced.

UK developed idea of “pt” modules enabling use of tracks at L1. 

UK developed frontend ASIC (CBC)

UK led development of all FPGA track reconstruction   



Outer module ASIC (CBC)
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 TOM WILLIAMS (RAL)  —  CMS PHASE-2 UPGRADES: UK OVERVIEW  —  23/07/2020

UK: On detector
‣ CBC: CMS binary chip

๏ Readout ASIC for 2S modules
• In addition to single-hit readout, identifies pairs  

of hits compatible with high-pT track => stubs
• 254 channels; 130nm CMOS

๏ Designed & developed by UK institutes
• Incl. characterization & extensive testing

๏ UK responsible for production & delivery 
to module production centres

• Incl. test stand for wafer QA
✓ PRR passed in March

‣ Module testing
๏ Verify ASICs (e.g. CBC3 + CIC) behave as 

intended with (prototype) readout systems

14

Flexible hybrid

CBC is the readout ASIC for the 2S tracker modules

Major Milestone Procurement Readiness Reivew (PRR) passed March 2020

A good example of a successful ASIC project. 

Wafer test stand at 
IC complete and 
ready for testing 
once bulk 
purchasing begins



Tracker – Off detector processing 
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VU9P 360MHz

Rack E1A09 status

2

Changes: 
• DTH in the node slot 
• Serenity 16 moved into slot 5 
• uCrystal in slot 1, sending 

legacy TTC clock to the 
Serenity boards

Apollo #05 

Serenity #16 Serenity #13 Switch F125 DTH #11 DAQ 0 
100G QSFP 

DTC (Data, Trigger, Control)
Stub sorting and routing to Track 
Finding boards

TF Finds and fits tracks

Serenity and Apollo boards at 
TIF at CERN
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Hardware simulation 
comparison

L1 tracking: seed finding (Tracklet)

912/02/2018Louise Skinnari & Ian Tomalin

“Tracklet (=2-stub seed) Engine”:
• A VM in layer 1 (red) is consistent with few, nearby VMs in layer 2 (red), 

given Pt > 2 GeV & beam constraint.
• For each allowed VM pairing, independent logic block checks 

if stubs in these VMs form valid seeds.
Ø Many logic blocks in parallel, each processing few stubs.

• (Seeding also done in other layer pairs).

“

TMTT 
Algorithm 
latency < 2.5us    

gǣ�¹ƐîĊőĽşı��ŔıŪƐĽƤĸŝƘ

�

�������75$&./(7�

䙜 6HDUFK�IRU�D�WUDFN�VHHG�
� ���VWXEV�LQ�QHLJKERXULQJ�OD\HUV��

䙜 3XW�KHOL[�WKURXJK�EHDP�VSRW�	�VHHG�

䙜 $GG�WR�WUDFN�WKH�VWXE�WKDW¶V�FORVHVW�
WR�KHOL[�LQ�HDFK�OD\HU��LI�LQ�ZLQGRZ��

䙜 Ȥ��WUDFN�ILW�

䙜 +LVWRULFDOO\��WZR�)3*$�EDVHG�/��WUDFNLQJ�DOJRV��75$&./(7�	�7077�
䚔 &RPELQLQJ�EHVW�LGHDV�IURP�ERWK��WR�FRQYHUJH�WR�UHI��DOJR�V��WKLV�\HDU�

�������7077�

䙜 5RXJK�WUDFNLQJ�LQ�U�ĳ�SODQH�ZLWK�
+RXJK�7UDQVIRUP�

䙜 .DOPDQ�)LOWHU�WR�ILW�WUDFN�
	�UHILQH�VWXE�DVVLJQPHQW�

Algorithm implementation 
and comparison



ECAL Barrel 
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Detector cooling, refurbishment
• All supermodule services to be 

replaced during LS3
- Low/High voltage, cooling pipes, 

readout fibres
- Improved insulation of water 

cooling pipes + new cooling 
system (chilled water) 

- to operate at 9oC instead of 
current 18oC

• Supermodules to be removed/
refurbished/reinstalled during 
LS3

- using specially prepared rework 
area at point 5 surface building

current supermodule services

supermodule insertion

�33

Schedule and planning

Enfourneur: supermodule extraction tool

Supermodule refurbishment in LS3
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Figure 27: Outline of the Phase II Timeline. Each project will include a detailed schedule in its
respective TDR.
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Figure 28: Anticipated CORE cost profile with the installation occurring during LS3 in 2024-
2026.

design, referred to as the “reference design” is documented in the Technical Proposal [1].1227

This companion document examines how the reference design will perform at the ultimate1228

instantaneous luminosity of 7.5 ⇥ 1034cm�2s�1, now believed to be likely at the HL-LHC. It1229

also extends the conceptual design effort by considering the impact of various reductions in1230

the scope of the proposed upgrade on the CMS physics reach.1231

The Technical Proposal demonstrates that the tracker and the endcap calorimeters, the detec-1232

tors most exposed to radiation, must be replaced. In general, to maintain the efficiency, back-1233

ground rejection, and resolution for the important physics requires an increase in the number1234

of detector channels. Additionally, the hardware trigger must be improved and the front-end1235

and data acquisition electronics must be upgraded to handle the much higher data rates. The1236

muon system does not need to be replaced but additional detector stations will be required to1237

maintain high efficiency with low fake rates, since the current chambers, being more than 201238

years old and having to survive for an additional ten years, begin to fail.1239
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prototype testing
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Overall schedule

Pre-
prod

�34

Replace all on and off 
detector readout

�3

Barrel (EB)
36 supermodules 
Avalanche PhotoDiode readout
coverage: |η|<1.48

Endcaps (EE)
4 half-disk Dees
Vacuum PhotoTriode readout
coverage: 1.48<|η|<3.0

Barrel
Endcap

Preshower

Barrel supermodule

Crystal Barrel & 
Endcaps (75848 
PbWO4 crystals) + 
Lead/Si Preshower

The CMS Electromagnetic Calorimeter

- Excellent energy 
resolution in the 
harsh LHC radiation 
environment

- Goal: achieve 1% 
mass resolution 
for low-mass 
H→γγ decays

Lead Tungstate (PbWO4) crystal

�18

CMS ECAL design criteria
• The CMS ECAL was designed with challenging goals in mind:

- Extreme energy resolution in the harsh LHC radiation environment
- achieve 1% mass resolution for low-mass Higgs in the γγ decay channel

- Hermetic and compact detector with coverage up to |η| = 3.0
• Solutions were obtained through intense R&D campaigns

- Lead tungstate (PbWO4) crystal calorimeter 
- compact, fast, radiation tolerant

- Radiation and magnetic-field tolerant APD and VPT photodetectors

Lead Tungstate (PbWO4) crystal Avalanche PhotoDiode (APD) Vacuum PhotoTriode (VPT)

Keep crystals and APDs

Solve spike 
problem & 
include 
clustering  
in off-det
FPGAs  

using prototype 
Phase-2 on-
detector 
electronics in 
test beam

pion-induced spikes (red) 

electrons (blue)

FPG
A1

FPG
A2

FPG
A3

FPG
A4

Receive

Optical links

Link sharing between FPGAs

Transmit

23.07.2020 8

FW builds and validation

• Builds

‣ Multiplication of single channel IP block in VHDL code

⁃ 72 channel versions of LD2 and LD3 successfully
built for Virtex 7

⁃ 300 channel versions successfully built for KU115
with EMP framework

• Validation

‣ HLS algorithm validation using test beam data

‣ Single channel Virtex 7 versions tested on HW (MP7) at CERN

⁃ 100% agreement

‣ Developed BCP emulator framework in CMSSW

⁃ Different algorithms loaded as plugins depending on configuration
or FW version

• Ideal spike tagger algorithm (full precision)

• FPGA spike tagger HLS code loaded as external library

• Wrapper code to format inputs

• Clustering + swiss cross

⁃ Allows for easy validation of HLS code against ideal C++ implementation

KU115 with 300 instances of LD2

> 99.9% agreement
with C++ algo

14093

1901

6

Optical Fibre
router (UK)

Design exploits UK 
expertise from 
Phase 1 upgrade 
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Optical fibre router 

• Routes optical fibres between boards

• Mapping carefully designed to share 

enough data to allow for cluster 
variables to be calculated in overlap 
regions


• Build on UK expertise from phase-1  
level-1 trigger upgrade


Trigger primitive algo & FW 

• Spikes: Anomalous signals due to 
particles interacting directly with APD 
sensor at the back of the crystal

• Dominate rate for ET > 4GeV

• High suppression factor needed for 

reasonable trigger rates


• Phase-2: Spike flagging algorithms in 
back-end => investigating options

• Comparing performance & resource 

usage: Swiss cross method; pulse 
shape-based linear discriminant


•  See T. Reis’ talk for latest results

Trigger firmware/software (UK)



HGC

November 2020 C. Shepherd-Themistocleous, RAL 18

HGCAL Parameters

K. GILL. HGCAL P2UG REPORT  

Key Parameters (updated from the TDR):
• HGCAL covers 1.5 < h < 3.0
• Full system maintained at -30oC
• ~640 m2 of silicon sensors 
• ~370 m2 of scintillators 

• 6.1M Si channels, 0.5 or 1.1 cm2 cell size  (6M)
240k scint-tile channels (h-f)  
• Data readout from all layers
• Trigger readout from alternate layers in CE-E and all in CE-H

• ~31000 Si modules (incl. spares)  

Electromagnetic calorimeter (CE-E): Si, Cu/CuW/Pb absorbers, 
28 layers, 25.5 X0 & ~1.7l
Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers, 
22 layers, ~9.5l (including CE-E)

Active Elements:
• Si sensors (full and partial hexagons) in CE-E and high-radiation 

region of CE-H
• SiPM-on-Scintillating tiles in low-radiation region of CE-H

r = 0.28 m

r =
 2

.6
2 

m

2 m

h = 3

h = 1.5

mass ~ 200 T 
each endcap

555 Nov 2020

Backend system: Integration

Main focus in 2020 is to test communications with the front-
end electronics via the lpGBT and the communication with 
Central DAQ and L1 Trigger

Central DAQ elements are being integrated into HGCAL Backend 
test stand at CERN

DAQ and Timing Hub (DTH) ATCA card delivered and Serenity-
DTH S-link tests on-going
Next is integration of Trigger Control and Distribution System 
(TCDS) and validation of all backend to central DAQ interfaces

Serenity HGCAL daughtercard designs validated
Firmware development also advancing (see backup slides)

boards from left to right:
Serenity source under test
DTH, Hub, Serenity
DTH destination under test
Shelf manager

5 Nov 2020 K. GILL. HGCAL P2UG REPORT  40

Communication tests 

with Serenity Board

Trigger primitive development and 
electronics, and simulation (UK)

Firmware development and detector 
performance simulation  underway

          CMS UK Phase 2                                                           PPAP 2019          12th Sept 2019

CMS UK UPGRADE: HIGH-GRANULARITY CALORIMETER �25
Key areas of UK involvement:

• UK developed and led the concept of new paradigm in calorimetry.  

• Leading role in Trigger primitive development and electronics, and simulation 

4 Tbit/s

120 degree sector
12 boards, 1 crate

120 degree sector
12 boards, 1 crate

120 degree sector
12 boards, 1 crate
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3888 links
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~5000 links
50 Tbit/s 36 boards

Stage 1 Stage 2
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TP Architecture for one end-cap

• Large and complex project pushing technology to 
the limit 

• Huge number of trigger channels 
• Very high data occupancy. 
• However simulation shows excellent efficiency and 

resolution can be achieved.
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CMS HGCAL Simulation



L1 Trigger 
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Ɣ %DVHG�RQ�ILUPZDUH�LPSOHPHQWDWLRQ�UHVXOWV��DOJRULWKP�LQSXW�UHTXLUHPHQWV�
DQG�ERDUG�FDSDELOLWLHV�ZH�GHILQHG�D�IOH[LEOH�DUFKLWHFWXUH��

Ɣ 'DWD�SURFHVVHG�LQ�GLIIHUHQW�VOLFHV�RI�WLPH�DQG�VSDFH�RSWLPL]LQJ�DOJRULWKP�
SHUIRUPDQFH�DQG�XWLOL]DWLRQ

7KH�/��7ULJJHU�$UFKLWHFWXUH

��

6WUDWHJ\�IRU�WKH�8SJUDGH�RI�WKH�/��7ULJJHU

Ɣ *LYHQ�WKH�ODUJH�SK\VLFV�UDWHV�IURP�60�SURFHVVHV����
ż LQFUHDVH�WKH�RXWSXW�RI�/��IURP�����N+]�WR�����N+]

Ɣ *LYHQ�WKH�H[SHFWHG�FRPSOH[LW\�RI�WKH�DOJRULWKPV�DQG�WKH�
ODUJH�GDWD�YROXPH�
ż LQFUHDVH�ODWHQF\�IURP�����ȝV�WR������ȝV�

Ɣ ([SORLW�WKH�XSJUDGHG�VXE�GHWHFWRUV�DQG�IURQWHQG�
HOHFWURQLFV
ż ,QFOXGH�ILQHVW�JUDQXODULW\�LQIRUPDWLRQ�IURP�SUHVHQW�GHWHFWRUV
ż ,QFOXGH�JUDQXODU�QHZ�GHWHFWRUV��&DORULPHWHU�DQG�0XRQV�
ż ,QFOXGH�6LOLFRQ�7UDFNHU�LQIRUPDWLRQ�IRU�WKH�ILUVW�WLPH

Ɣ ([SORLW�WKH�ODWHVW�WHFKQRORJLFDO�WUHQGV�WR�LQFUHDVH�
SURFHVVLQJ�SRZHU�HQDEOLQJ�VRSKLVWLFDWHG�DOJRULWKPV�WR�
EULQJ�+/7�LQWR�/�

Ɣ /HDYH�QR�VWRQH�XQWXUQHG�LQWURGXFLQJ�D�/��VFRXWLQJ�
VXEV\VWHP�WKDW�SHUIRUPV�GDWD�DQDO\VLV�RQ�HYHU\�
FROOLVLRQ�ZLWK�/��GDWD

,QWURGXFWLRQ

�

&06�FRQWLQXHV�WR�VXSSRUW��D�WZR�OHYHO�WULJJHU�V\VWHP�DUFKLWHFWXUH�IRU�+LJK�
/XPLQRVLW\�/+&����/��DQG�+LJK�/HYHO�7ULJJHU��+/7�

Approved June 2020

Standalone muon, calorimeter, track triggers

Correlator enables Particle Flow reconstruction. 
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L1T subsystems
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L1 Trigger – Algorithms 
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Track vertex 
association

CMS UK STFC Oversight Committee Meeting, 9th July, 2020.

Ongoing studies (post TDR)
• Particle Flow algorithms
‣ Continuing studies on jet and energy sum 

algorithms 
• Characterise algorithms further and study 

subtle features 
‣ In depth study of isolation for e/γ algorithms 
→   
• Feedback to track finder group (WP3) and to 

refine trigger architecture
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Electron 
isolation
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Implementation 
in FPGAs and 
on Serenity 
cards  

Jet finding

Vertex Reconstruction



CMS and Coronavirus
n L2 activities on CMS progressing well. Covid impact order of 

3 months delay. 
q Resident community vital for work done since March. 

n Impact on upgrades being evaluated. Estimate 3-5 months. 
n Small number of cases for people working at CMS pit. 
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COVID impact and restart

•Work	at	P5	continues	to	be	organized	in	work	packages	(WP).	

•The	WPs		proceed	in	pods	to	limit	inter-group	interactions	

(i.e.	potential	spread).	

•Most	of	the	work	performed	by	the	sizeable	community	of	

long-term	locally-resident	CMS	Institute	staff	(CERN	users),	

shown	once	again	to	be	an	invaluable	asset.	

•Some	delay	(~	3	months)	accumulated	in	LS2	work	due	to	the	

lockdown	but	schedule	has	been	re-organized	to	minimize	

impact.	

•A	similar	impact	(~	3	months)	expected/projected	also	into	

the	Upgrades	schedule,	to	be	fully	assessed	

•Return	to	office	work	is	stabilized	now	with	most	MPE/MPAt	

back	(and	60%	TW	since	Monday).



Computing Challenge
n UK new initiative. (Swift-HEP, Excalibur)
n HL-LHC computing demands can’t be met by current CPU 

based systems.  
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CMS participation 

Data management (IC, Brunel) 

FPGA acceleration. (RAL,IC) 

Data accessibility and analysis 
speed. (Bristol) 



GPUs in CMS HLT 
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RRB Oct ’20 - CMS Status report27/10/2020 16

GPU

CPU

current	timing	of	
representative	
Run3	menu	
running	on															
2018	data

GPU deployment @HLT

•Planning	to	move	to	heterogeneous	architecture	in	High	Level	
Trigger,	with	mixed	CPU/GPU:	
-already	achieved	25%	reducjon	of	CPU	jme	(tested	on	a	small	
testbench)	
-opens	new	possibilijes	for	trigger	algorithms		leveraging	on	GPUs		
-a	testbed	for	HL-LHC	Compujng	and	triggering	
•currently	ported:	ECAL	&	HCAL	local	reco,	pixel	reco	&	tracking	
•demonstrated	running	ECAL	&	HCAL	local	reco	at	p5	during	last	
Mid	Week	Global	Run	

• Proposal	approved	at	last	CB.	Final	configuration	to	be	
decided	when	approaching	purchasing	time.

CMS already piloting the use of GPUs in the HLT for Run 3 

Next major TDR for HLT

UK leads through Trigger Coordinator 



Future 
n Major next run period Run 3. 
n Upgrade to start of run 4

q Procurement of hardware
q System development and realization
q Integration and commissioning 

n Major undertaking: operation, exploitation and upgrades.
q Operation and exploitation ability considerably reduced by successive 

reductions in funded effort. European strategy top priority exploitation of 
full physics potential of LHC & HL-LHC

n …and then to Run 4 
q Will be a new detector. Commissioning will extend into running & 

operation and exploitation will require that effort levels remain similar to 
current totals. 
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Summary
n Physics analysis increasingly benefiting from large stats 

enabling high precession and differential measurements.   
Increasingly entering the high precision era 

n Upgrade work progressing well. UK and CMS globally broadly 
on schedule. 

n Intense work over next few years. Tackling operations, 
exploitation and upgrades simultaneously a major challenge. 

n CMS and LHC has a very long term programme. The 
completion and exploitation of the upgrades is a headline goal 
in the European Strategy update.  

n Computing capability a major challenge and CMSUK 
engaging strongly with UK initiative 
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Backup slides
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HGCAL Parameters

K. GILL. HGCAL P2UG REPORT  

Key Parameters (updated from the TDR):
• HGCAL covers 1.5 < h < 3.0
• Full system maintained at -30oC
• ~640 m2 of silicon sensors 
• ~370 m2 of scintillators 

• 6.1M Si channels, 0.5 or 1.1 cm2 cell size  (6M)
240k scint-tile channels (h-f)  
• Data readout from all layers
• Trigger readout from alternate layers in CE-E and all in CE-H

• ~31000 Si modules (incl. spares)  

Electromagnetic calorimeter (CE-E): Si, Cu/CuW/Pb absorbers, 
28 layers, 25.5 X0 & ~1.7l
Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers, 
22 layers, ~9.5l (including CE-E)

Active Elements:
• Si sensors (full and partial hexagons) in CE-E and high-radiation 

region of CE-H
• SiPM-on-Scintillating tiles in low-radiation region of CE-H

r = 0.28 m

r =
 2

.6
2 

m

2 m

h = 3

h = 1.5

mass ~ 200 T 
each endcap

555 Nov 2020



CMS UK Upgrade Activities
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CMS Management 
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CMS	management	organigram	(MB)	@	Nov	2020	

In	red:	new	
management/
changed	role

Higgs Convenor
Nick Wardle

L1 Trigger DPG
Aaron Bundock

Computing - Data 
workflow

Katy Ellis

ECAL trigger coord
David Petyt

Generators
Gurpreet Singh



Upgrade of CMS for HL-LHC
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Tracker https://cds.cern.ch/record/2272264
• Si-Strip and Pixels increased granularity
• Design for tracking in L1-Trigger
• Extended coverage to η ≃ 3.8

L1-Trigger/HLT/DAQ
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2283193
• Tracks in L1-Trigger at 40 MHz 
• PFlow selection 750 kHz L1 output 

• HLT output 7.5 kHz
• 40 MHz data scouting

Calorimeter Endcap
https://cds.cern.ch/record/2293646
• 3D showers and precise timing
• Si, Scint+SiPM in Pb/W-SS

Barrel Calorimeters
https://cds.cern.ch/record/2283187

• ECAL crystal granularity readout at 40 MHz with 
precise timing for e/γ at 30 GeV

• ECAL and HCAL new Back-End boards 

Beam Radiation Instr. and 
Luminosity

http://cds.cern.ch/record/002706512
• Bunch-by-bunch luminosity 

measurement: 1% offline, 2% online

MIP Timing Detector
https://cds.cern.ch/record/2667167

Precision timing with:
• Barrel layer: Crystals + SiPMs

• Endcap layer: Low Gain Avalanche Diodes

Muon systems
https://cds.cern.ch/record/2283189
• DT & CSC new FE/BE readout 
• RPC back-end electronics
• New GEM/RPC 1.6 < η < 2.4
• Extended coverage  to η ≃ 3

Mark Pessaresi
(Data Processing) 

Ian Tomalin
(Online Tracking)

Sarah Storey
(DAQ) 

Paul Dauncey
(TDAQ)
Chris Seez
(DPG)

Sudan Paramesvaran
(Tech Coord) 

Tom Williams
(online software)

Thomas Reis
(reconstruction software)

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2283193
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
http://cds.cern.ch/record/002706512
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2283189


Swift-HEP 
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CMS participation 

WP1: (IC, Brunel) GridPP

WP4: (RAL) FPGA 
acceleration. 

WP5: (Bristol) Data 
accessibility and analysis 
speed. 

A lot of interest in UK. Good prospects for area and grant funding to grow. Currently 3 years

Excalibur UKRI funded similar programme. Current pilot project



Swift-HEP: International picture

November 2020 C. Shepherd-Themistocleous, RAL 33



November 2020 C. Shepherd-Themistocleous, RAL 34

Ɣ 3RZHUHG�E\�D�98�3�)3*$
Ɣ ����EL�GLUHFWLRQDO�OLQNV�UHDFKLQJ�VSHHGV�XS�WR����*E�V
Ɣ (PEHGGHG�OLQX[�PH]]DQLQH��IRU�PRQLWRULQJ�DQG�FRQWURO
Ɣ &XVWRP�,30,�VROXWLRQ�IRU�ERDUG�PDQDJHPHQW
Ɣ ����*%�0HPRU\�PRGXOH�IRU�ODUJH�/RRNXS�7DEOHV ��

$7&$�3URFHVVRU��$3[

APx

Ɣ )HDWXULQJ�D�&38�)3*$�+\EULG�6\VWHP�2Q�&KLS��=8��(*��WKDW�FRPELQHV�
PDQDJHPHQW��SURFHVVLQJ��DQG�IDVW�&38�)3*$�FRPPXQLFDWLRQ

Ɣ ���EL�GLUHFWLRQDO�OLQNV��XS�WR����*E�V�
Ɣ %RDUG�PDQDJHPHQW�E\�,30,�PH]]DQLQH�E\�&(51����

$7&$�3URFHVVRU��2FHDQ�

��


