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Setting the scene

» 2013 European strategy report:

» "Europe’s top priority should be exploitation of the LHC, including the high
luminosity upgrade of the machine and detectors.”

95 00 05 10 15 20 25 30
| | | | | | | |
R&D
Construction - =
Physics . >
M&O

» Immensely exciting, but challenging
» Operate and maintain the ageing detector
» Exploit the increasingly large data sets with high pile-up
» Phase 2 upgrades

» Continue R&D, whilst transitioning into construction phase

» CMSUK critical to all aspects

» Any reduction in funding requests would have serious impact on CMS

» This talk: illustrate above aspects for CMS & CMSUK

» Defines present & future activities — natural evolution
» We are a relatively small number of people, so activities highly integrated

Imperial College
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2 CMS Status

CMS Integrated Luminosity, pp, 2018, Vs = 13 TeV CMS Integrated Luminosity, pp
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,'/3 CMS Physics

CMS Average Pileup, pp, 2017, Vs = 13 TeV

» Ver bI' oad rogramimme
8
° ° ° b o
» Risen to challenge of high pile-u Heavy ions
pp 27.39 pb™ (5.02 TeV) &
77— 77 z
. [ Prompt J/y CMS ] 2
- . . r = 1000 1000
B-physics Quartic Couplin Ey, <18 Preliminary -
8o Tev) V" Y 1 E
- - r - - 6F 65<p <35 GeV 1 a
100~ CMS S [ cms —— s . F oy <o = Data 3
C S—13Tev ( ) = r SMP-18-001 mm- i N b et = PYTHIA ] 3 so0 500
N . Xb 3P _U‘_:g K — - ] XS] 5: 25 < Prio < 35 GeV : 5
80— L=80.0fb S s — - Z ot ] e
% B Lﬂ : B v : © 4:_ 7
2 ol — To 5 C :ﬁ\‘:' ] % 3F HEh —— 3 29 K ® ry °
& - Signaly,, (3P) b 20~ FornF ettt g ] Mean number of interactions per crossing
§ 40'_ Background i Q:':'u:'a?':'w‘ ] 2; E
1] B N fresiens P AFm B TOV ] F B
r ol S swasm ] 1:— o 7
20— cEWK _ 15 A o) S N I N R
r "Wz 1 0 02 04 06 08 1
B PR | ¢ } Z
i T T St et TR R IR I A B R R 5 1sF 3
104 10.45 105 10.55 106 T
Y(3S) Yy invariant mass (GeV) = [T Show all Total Exotica Standard Model Supersymmetry Higgs Top Physics
S o ~500 1000 7500 3000 _ = ;
EW SUSY m,(WZ2) [GeV] Heavy lon B Physics Forward Physics L\ycng 2 Generations
T o
~ o~ ~ ~ ~ . 774 collider data pap mitted as of 2018-07-11
pp — 2%z pp — Xi%, pp =TT uuiy 2018 Higes
S’ L R L I 51107 (7 TeV) + 19.7 fo' (8 TeV) + 35.9 fb' (13 TeV)
(o) L o -1 ]
©, 1400 __CME’;;Z’";”(;ZY Feil, BF (I -0355 ; t:t:s) taten E % sf CMS t pserved
- - . s —>vil, =0.95, X=0. sus . 3
88 [ 170905400 3l GR i x5 Cxpecied o ° | Supplementary ey
1200[- - 1807.02048, 2 comb. (i—FvT, x=0.5)  Opserved | 10° T tiH (u=1.26)
[ —SUS-17-010, 2| OS (XX, —vl, x=0.5) ] tiH (1=1.00)
| —1807.02048, 2t comb. (XX, —TVvE, X=0.5) . 10°F
10001 _1801.03957, comb. (XH2—WZ7) I
L —1801.03957, comb. (iﬂeWHiﬁ) 4 108k
gooL —1806.05264, 21 OS (68,5 ,.F ) L ] ]
- e ] 102k
- 10¢
R R e ™
g’ 2.5F * i
] = 20f E
] o 1.5F NN
e o« %
: ‘g ] o 10 PP P S BOSPeSo e
R T 30 25 20 -15 -10 -05 00
200 400 600 800 1000 1200 |Og10(S/B)
my, = my. [GeV]
Enjoying the | dat t
A to a wealth of physics

» Increased publication rate

Imperial College

4 CMSUK PPAP Jul 2018 Gavin Davies
London



N CMS Physics

» Larger data sets open a wealth of opportunity
» More sophisticated techniques
» Increased precision, access to rarer decays, lower cross sections...
» e.g. evolution in Higgs sector (e.g H—uu or self-coupling)

z 35.9 b (13 TeV) CMS preliminary gg—HH 35.9 o (13 TeV)
& £ CMS Preliminary —— Observed bbVV
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© 8 - e Expected background only Expected 88.8xSM
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» Run 2 data should provide first hint for 2nd generation
» First results paving the way for Run3 and HL-LHC program

Imperial College
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CMS Physics

» Larger data sets open a wealth of opportunity
» More sophisticated techniques
» Increased precision, access to rarer decays, lower cross sections...
» e.g. exploit data-parking

Fill 6757 HLT rate —— Physics Streams ~ — — Prescale change
—— Data Parking —— — Run change
~4900F
b Tag B 4000}
w/ displaced p () :
,@ 53500,
-A;;>' 3000} -

2500f:
. ,Q\ 2000
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0 10005 524" p— ’

Probe B

H A Y =
: B 3
T 4
..... [ 28

15:00
Time

» Collect large sample of unbiased B decays
» Enable broad programme of B physics during LS2
» Use ‘old” opposite side tag method, turning-on L1 seeds as rate falls

» Legacy Run 2 & Run 3: Evolution to rarer processes, more complete
coverage of parameter space, and precision measurements with tighter

constraints on NP
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®
CMS Upgrade
()
Barrel Calorimeters
= https://cds.cern.ch/record/228318

8 ds.cern.ch/record/20e8h93 AL crystal gran eadout at 40

» Tracks in L1 -Trigger at 40 MHz for 750 kHz MHz with precise timing for e/y at 30 GeV
PFlow-like selection rate « ECAL and HCAL new Back-End boards

* HLT output 7.5 kHz

Muon systems
https://cds.cern.ch/record/2283189

~ +» DT & CSC new FE/BE readout
* New GEM/RPC1.6<n<24
« Extended coverage ton =3

. . \‘_ a W
Calorimeter EndCapsy \\ N
https://cds.cern.ch/record/22936 '

i, Scint+SiPM in Pb-\A"S
+ 3D shower-topology with
precise timing

Beam Radiation Instr.
and Luminosity, and
Common Systems

and Infrastructure
https://cds.cern.ch/record/2020886

TN &

Tracker https://cds.cern.ci¥cord/2272264 MIP Timing Detector

‘ |-Str|p and Pixe eased granularity https://cds.cern.ch/record/2296612
 Design for tracking in L1-Trigger * = 30 ps resolution

« Extended coverageton = 3.8 - Barrel layer: Crystals + SiPMs
» Endcap layer: Low Gain Avalanche Diodes

v

High statistics needed to explore high masses, small couplings, rare decays

v

Need high lumi, high trigger acceptance, high reconstruction efficiency

» Acceptance for W/Z /vy, and jet / energy flow resolution, must be as good or better than Run 2

The UK programme addresses these points directly

v

v

Global reconstruction requires a balanced approach to sub-detector upgrades

Imperial College
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2 CMS Upgrade

T r T T T T T T |
Calendar Year 2016 | 2017 1 2018 2019 | 2020 | 2021 2022 2023 2024 1 20205 2026 |
1 t t |
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T 1 1 I T I 1 | The Phase-2 Upgrade 9{ the
= | CMS Barrel Calorimeters
End cap Calorimeter |Design - Demao. 2 |Engineering - Prototyping " Technical Design Report
n b e I 1 n ] |
Muons: GEML1 |Engin. é Production Inst. IL J' : :
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| S — e
& e e Cuse|  cemuwccanas
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I
H = End cap 1: Production [inst. I I [ ( M S
RPC Design - Demo. ~ |Engin. - Proto. @ fre-pro 1 End cap 2: Production Inst. | | I
.o- — tnd L 1 .:S:dml.ink $ 7 ,;MM Inst. : : : e 2 The Phasf—ez Ulp‘g_l}a_de of the CMS
. - % tnccap 1: Pri nst. vel-1 Trigger
GEM2 Design - Demo. Engin. - Proto. 8 |Pre-pro ] Tl o 2 Prodach Tinst. : 1 : ) . o
—'E: o H Interim Technical Design Report
GEMO|Design - Demo. Engin. - Prototyping 4 |Prepro & Production Inst. - Comm. : CMs Collaboration
r n ry ] [——t— |
MIP-Timing  Barrel . Is.nun. -Proto. 3 I Pre-prod. - Brod. - Int. in Tracker - Comm. ! Inst. - Comm. |
Design - Demo. £ =] = ! :
End cap |Engln.-l’rm. =) |Pl'ﬂ- duction - Production - Integration - Commissicing Inst. - Comm. | ST L
T T 1 L 1 I I 1 | CMTéleé’hacsle-z Upgarie of the
= ndcap Calorimeter
L1-Trigger Conceptual Design g IOuhn ~ Proto. - Demo. E lee-oroduﬁion E Production Instaliation - Comm. ‘ : TECHNICAL DESIGN REPORT Technical I?esign Report
I T T T T r I
=
DAQ/HLY Design g l(lewonks Proto. - Demo. V1 § Pre-pro - Demo. V2 E Illectronks production - Slice |Installation - Comm. l :

» Overall, and individual TDR’s approved by LHCC
» Capital cost ~275MCHEF (~50% of original cost), covered by FA indicated budgets
» Negotiation of deliverables largely complete, documented in TDRs
» Moving towards signing of MoU’s later this year

» CMSUK responsible for key aspects
» Our continued leadership integral to overall CMS plan
» Looking forward to UKRI swiftly processing our construction bid

Imperial College
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UK in CMS

s
» Continue to punch above our weight (only ~4% of the Collaboration)

» Key roles & responsibilities in operations, physics and upgrade

» Management roles:
» Three current (or ex) system managers: L1 trigger, HGCAL, ECAL
Run coordination
Exotic Physics group
MB & XEB members, CB secretary, Diversity Office Chair

Numerous L2 positions: L1 Trigger, data preparation, computing, physics, upgrades (L1 trigger, tracker, HGCAL)
Lead most analysis groups in which we participate

CMS
|
é

v v Vv Vv WV

CMS Management Board-July 2018

Advisors -
Prev-SP: T. Camporesi Spokesperson Encaoxel;:::sm'-oe Collaboraugn Board
Prev-TC: A. Hervé 1. Butler - I CB Chair
Advisors: F.AT. Ba'uerd»ck « H. Chen, = R Carlin, G. Dissevtori t . Kasemann}
I. Golutvin, V. O'Dell, A. Santoro, Resources Manager R. cher (1 )
A. Sharma, F. Sikler , G. Tonelli, A. Charkiewicz G. y)
B. Wyslouch
I 1 l
Upgrade Coordination  Technical Coordination Physics Coordination I 1
D. Contardo A. Ball S. Rahatlou - U.S.A Italy
L. Malgeri, J. Spalding W Zeuner T. Bose . M.Narain G. M. Bilei
LEXGLIMOS N. Dupont Publications
Electronics Coord. M. Harsen B. Klima 1 1
r T Germany RDMS
. I.Feld V. Matveev
BRIL L1 Tracker Trigger Communication —
A.  Dabrowsky/ A. Tap A. Venturi e S. Gennai A. Petrilli | \
D. Stickland E. Perez £ Hartmann M. Pieri UK =
f T PPD o G. DavieSE D. Contardo
PPS DAQ Muons " Conferences
dog E Mei | G. Franzoni A. Meyer 1
S.Giani - Merjers A. Colaleo N. Srimanobhas - z
J.Hollae R.Mommsen M. Cruz Fouz Switzerland CERN
r 2 - T Offline & ol F. Canelii T. Camporesi
Endcap EC. HCAL | 4 Computing Mzslencqr;:w
Calorimeter F. Cavalla P. Rumerio T. Boccali . N Other Member States
T Virdee E Ferri J. Dittmann M. Klute P. Sphicas
M. Mannel D28 S
Run Other States-A
S. Goy-LopeZ% K. Mazumdar
— Paramesvar:
i : Other States-B
A. Sanchez-Hernandez
Detector Systems Coordinations — S o —

CMSUK PPAP Jul 2018
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CMSUK Operations

» UK mission-critical M&O responsibilities
» ECAL endcaps, Tracker readout, Level-1 Trigger
» Also software for reconstruction and analysis, and computing

» Commitments remain throughout lifetime of the experiment
» Increased pile-up, firmware /software evolution, detector ageing

» e.g. Tracker readout

» Loss of tracking efficiency with
increasing luminosity

» Finally understood to be slower recovery
time of APV at low temperatures
» New APV settings fixed issue

Hits per Track vs LS
278808 278406

10 CMSUK PPAP Jul 2018
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» e.g. Maintaining ECAL performance
» Led evaluation studies
» Took action to recover and preserve 2018

trigger efficiency
» Most crucial in forward regions
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» Effort essential for Run 3 & beyond

Imperial College
London

Gavin Davies



g CMSUK Operations

585 pb”’ (13 TeV)
° a 1 T
» Phase 1 Trigger Upgrade § fole |
» UK: leading role in ambitious 5 Tau efficiency (2016)
. . ol Excellent performance
replacement of entire L1 Trigger - from the outset
» Novel time-multiplexed architecture o4f o
» Common hardware / software platform (MP7, FC7) 02} e, £ 2500
. =% % 8 8 100
» Highly successful T GV
» 2017: Changing beam conditions tested flexibility 5[
» Object reconstruction and menus re-optimised for high pile-up 5 2016PU ™
» MET trigger rate particularly sensitive to high PU -
B
» PU mitigation algorithm studied, _ 1 SMS Preliminary 02810 (Fleoen) 13Tey) - £,
R % 1 w

A o 29 b
Mean number of interactions per crossing

implemented & optimised

» Factor of 2 reduction in rate
(= ~15GeV in threshold)

CMS Average Pileup, pp, 2017, .5 ~ 13 TeV

2000 2000
l <u» = 33
<1500

2017 PU

L1 MET > 125 GeV

L1 MET (PU mitigation) > 110 GeV.

e
1}7,{}7;};;};!&“.""*.1 111 I 1111 | 111 | 111 | 1111 | 111 1
0 50 100 150 200 250 300 350 400
Offline MET (GeV)

Recorded Luminosity (ph '/1.00)
w

» Looking ahead for CMSUK M&O
» LS2: Consolidation & preparation for Run 3

» Run 3 operation

Imperial College

| ] CMSUK PPAP Jul 2018 Gavin Davies
London



CMSUK Physics

» UK: Leading roles SM (top), Searches (SUSY, DM, Z’, exotics) & Higgs

» Evolution to rarer processes, precision measurements & constraints on NI

» Significant phenomenological activity
» SUSY (Mastercode), DM searches at LHC / interplay with others, long-lived particles,

"b NMSSM Hi h '
Z/ bosons, iggs, heavy neutrinos
14 35.9 b~ (13 TeV) 14 35.9 fb~' (13 TeV)

_ b ———— et~ 14— o
T [ CMS 17 [ CMS 1
% 12[ € 1 +jets combined o 12[ @ 1 +jets combined

0] [ 1 6 F177

Qo g t  Unfolded data 1 9 10k t  Unfolded data

o I S 1.0

= r —— POWHEG + PYTHIA 1= i —— POWHEG + PYTHIA

a r —== MG5.aMC@NLO-NLO + PYTHIA 1 a F ——= Shower scales 1
ofg_ 08 - POWHEG + HERWIGH+ - bl 081 ... Reweighted top quark pr |
£S] 1S Y S 19|E ]

ke L =T MG5 aMC@NLO-LO + PYTHIA ]

» Top

» ttbar differential cross section measurements ..
» Results consistent with all NLO generators g

i il ] | | I
0 100 200 300 400 500

} ttbar Spin StUdieS 0 100 2'65';8“" 360 460 ] 560 : -
Pres (GeV) IS (GeV)
» tZq — rare SM single top production

» Larger datatsets s
» SM measurements & contraints on NP 000t
» Top modelling — inc Sherpa tuning

t  Unfolded data
—— POWHEG + PYTHIA
——— Shower scales 7
-...... Reweighted top quark pT:
—eees Ngamp

t  Unfolded data
—— POWHEG + PYTHIA 1
—== MG5aMC@NLO-NLO + PYTHIAT|
—--- POWHEG + HERWIG++
------- MG5.aMC@NLO-LO + PYTHIA |

1.2
1.0 =
‘A 3 Stat. 3 Stat. @ Syst 82 [ stat. = Stat. @ Syst

6 | | I i | | | | 6 | | I il | | I |
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

» Increasing V+jets effort i Fo
» Intrinsic interest & as background in searches JHEP 06 (2018) 002
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g CMSUK Physics - searches

" " . . . _ CMS 35.9 fb™ (13 TeV)
» "ar" —inclusive jets + MET S T g
—_ =—pp—>b,b,b, —>bX
= == PR G
. . E pp—’l1t_1,t1—'l~):1
» First published SUSY search from LHC o metieer
. . . . 800 ;pp-'ﬁczl.ﬁ—-qi“(o;eligmtﬁ)
» Seven publications so far, >1000 citations T :
rAm,=m;-m;=m, ',”fi.’,"_ ....... . i
L] L] L] 600__ ' ' d . __
» Sensitive to broad range of SUSY & generic DM models :
400— —
» Focus on extension to wider models CMS Preliminary 13-39h ' (13TeV) |
. > 3000 - _ 0 _ ] N 7
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2 I = O C o HSCP, CMS-PAS-EXO-16-036 :
3 | CMS Simulation rreliminary E o 4y = 0.1 ]
8 I it\;:?:ts( 90 GeV) . g P00 E
s . jets p7>' e : : ’,/ , = ""‘.ﬁ .............................. i .
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o e nig &
500:§ | L | | | | | | i
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» Other Searches... -. §

-
o
-]

. | EXO-18-006
» Other extensions..

» Semi-visible jets, Boosted

107

Higgs in NMSSM decays 10° 45002000 3000 4000 = 5000
M [GeV]
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y/;‘ CMSUK Physics - Higgs

5.1t (7 TeV) + 19.7 fo' (8 TeV) + 35.9 o' (13 TeV)

From ob i h isati T
3
» From observation to characterisation g sacigons
35.9 b (13 TeV) 10° ttH (uﬁH=1 .26)
g oLCMS o 10° 10
. . 2 30§—+0hsered 2.5 . . . 3L
Last year: tv Observation § "= = % Earlier this year: ttH Observation ™
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» Rapid evolution in combination |w-e . . I -
HoTe )& ) ur e
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Hoviny . E . e Now updated
» Differential distributions o
» Search for NP — Higgs to invisible HIG-17-031
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g CMSUK Upgrade

» Strategy

» Build on success of original and Phase-1 projects
» In particular off-detector electronics

» Create common technology WP

» Enables us to broaden our leadership / influence within sub-detectors
» Clear potential for wider use

» Maintain crucial contribution to trigger — major factor in physics performance

On-detector front end Off-detector readout  Trigger primitive generation Trigger
/ Muons
N L ] ,| EB/HBTPG
- / “
7,,‘\ Barrel calo \ Correlator,
i Aatfodm (PN
= . ,| HGCreadout .| HGCTPG / l
Endcap cal Platform Slatform £ FW DAQ
o
251 r;/@fdfé/( 7/ . -‘r’é/c‘k/ffuffé/ 7 1 /ﬁ{é@({cfé///%
s Jaiform /PN PatiGm) FW
Tracking cecuf, ' £ %
Pixels
o |

» Objectives:
Common readout and trigger electronic module for use across subsystems

Outer tracker readout ASIC

Tracker off-detector readout electronics and L1 track-finding system [New at HL-LHC]
Trigger electronics for the CMS calorimeters

Level-1 trigger correlator

v v

v Vv Vv

Imperial College
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g CMSUK Upgrade: Common Technology

» New back-end electronics necessary

» Common approach
» Covers hardware, firmware, software

» Manpower savings
» Both in construction & operation

» Builds on success of Phase 1 project (MP7,FC7)

dlrectlon
unspecnﬁed

» “Serenity” — first full prototype now in hand
» ATCA development platform

» Carrier card (services), Daughter cards

(data processing FPGAs), Firmware & software
» Flexibility & adaptability
» Pragmatic approach, with collaborators, to de-risk complex
development, reducing costs & simplifying future operations

» Complete generic development & then tailor to sub-detector needs

Imperial College
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» Physics goals necessitate use of track information in L1 trigger

» Never been done before

» New concept for silicon tracking

g CMSUK Upgrade: Tracker

Pass Fail

HENIIEEEEV<EEREE

Upper sensor

1-2 mm

A

(T 4 200 um

~100 pm

Lower sensor

»

» Detector comprises “pr modules’, producing ‘stubs’
» CBC ASIC correlates hits in outer layers

» UK leadership

» Original concept of stacked tracking
» CBC ASIC; hardware track finder, BE boards

» Hardware track finder

CBC3.1 (final version)

- Submitted

» UK proposed FPGA based solution — using Hough transform and Kalman filter track fitter

v

Result: Adoption of UK technology & project leadership
Now need to turn system into reality

Off-detector electronics _ p .
» Largest of new CMS electronics systems - \ ‘m‘m
» ~400 boards with large FPGAs Iy S

v

v

Optical Patch

FE Control/Readout & DAQ
Time-multiplexing/Stub pre-processing

'. L
I

| o
\ |

\ Y ~ TSN

VAL AN I

NN N T/ // 24 DTCs

\\ AN N~ —~ 7 /
NN T
NN e P
N
Track reconstruction 24 DTCs / sector

Front End sector Q.ayer 1

v

Continued optimisation of TF algorithms
» Hardware specialisation for BE boards, inc DTC and TF
|7 CMSUK PPAP Jul 2018 Gavin Davies

20 TFPs

x 9 sectors
TFP

Track Reconstruction 180 TFP boards

216 DTC boards

20 time slices / sector

Layer 2

Imperial College
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",3 CMSUK Upgrade: Calorimetry

» UK leadership:
» Project managers: ECAL, HGCAL; HGCAL trigger and simulation conveners

» Barrel ECAL
» UK Role: Trigger primitive development (full granularity at L1)

& detector optolinks

» HGCAL /
» Radically new approach %%

» UK Role: Trigger primitive development and electronics,

and simulation ¢

N\
Stage 1 Stage 2 I

/

——— P
O
8 — s
s ¢ 14 CE-E layers —-
‘g’ ! 28 boards —: 4
T . —_—
w /
[TH : """"
----- ~4000 links 24 CE-H layers 2304 links 24 boards 288 links
40 Tbit/s 20 boards 20 Tbit/s 2 Tbit/s
T Imperial College
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W CMSUK Upgrade: LI Trigger

» UK leadership:

» L1 PM and L1 Phase 2 upgrade convener
» Built on highly successful ‘time-multiplexed” Phase-1 project

» Challenge: Maintain acceptance for physics with high pile-up

» Use more information from the detectors
» Addition of tracking information, increased granularity of calorimeter data - HGCAL
» Particle flow at L1 with next generation FPGAs possible — never been done before
» Current focus on defining architecture and algorithm development

EB BM || RPC || CSC |[GEM
TPG TPG TPG TPG || TPG || TPG
. &

*possible direct links from TF
*possible direct links to GT

» Directly re-use specialised board from tracker or HGCAL UK activities

’ crsuK APt 01 © comowe  [mperial College
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Summary

» LHC: A highly exciting present & future programme

» Have analysed less than 5% of total data sample
» Need to deal with high pile-up

» Dynamic technical evolution underway for Phase 2 upgrades
» Major activities: ~ 1/2 scale of the original construction

» CMS: At the cutting edge

» Continues to show its versatility & creativity in both physics & upgrades

» Challenge:

» Continued operation of detector in parallel with exploitation & upgrades

» CMSUK

» Essential part of all aspects
» Many mission-critical activities

» Focused, integrated effort far in excess of numerical contribution
» CMS relying upon our full participation

» Full funding — both CG and upgrade — as requested is critical

» Need to learn to access wider sources of funding

Imperial College
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, Comment on DCDC Converters
K ~5% ot DCDC power units on newly installed pixel detector failed late 2017

» Impact on 2017 data quality marginal _ lal\,_nsﬁeﬁmmary 41.3 1" (13 TeV) 2017
([ M % 0'9—_-=*=|=¢=dfl=*=
» 4 layers — redundancy, modified tracking S osh
» All 1200 converters removed & replaced o b
HA=,
. . 0.5 o 1
» Also 6 sensor modules in inner layer 04F !
. . 03F
» Operating as at start of 2017, no failures 02F 257 avnes Looso = 2017 vt Tl
F —+— belore . Y, LOOSse —+— beiore OCL Y, |Ig
. 0.1F —e— Aifter Oct. 9, Loose o— After Oct. 9, Tight
» Problem localised and understood b

100 200 300 400 500 6(|)0
. . . . . GeV
» Combination of integrated radiation P, [GeV]

& disable-enable cycle
» Radiation induced leakage current in 1 specific L

transistor amplified by a current mirror |

» When a cycle occurs, for an instant

there is no path for current and it builds up charge, T :

eventually breaking circuit
» Modified operations for 2018 run — expect no impact
» Problem easily resolved

» Required significant effort from many — solution a major relieve to many!

Imperial College
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» Larger data-sets — a wealth of opportunity
» Electroweak SUSY » Probing the B-anomalies

» Using Higgs tagging » Leptoquarks
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» The onward march....

_ June 2018 CMS Preliminary

o) .
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UK Detector Leadership

» Original construction
» Physics-driven detector simulation and optimisation
» Tracker front-end ASIC and off-detector readout

» Endcap ECAL construction, ECAL front-end ASIC
» L1 calorimeter trigger; Software and computing

» Phase-1 upgrades
» Calorimeter trigger (UK leadership - Tapper)
» UK common hardware / software platform for trigger (MP7) and readout (FC7)

» Phase-2 R&D
Low power front-end ASIC for silicon tracker (UK leadership — Hall)

v

v

Hardware track-finding system and trigger primitives (UK leadership — Pesaresi)
ECAL front-end electronics and data processing (UK leadership — Petyt)

v

v

L1 trigger final correlator unit (UK leadership — Brooke)

» ERC / STFC HGCAL project

» Design and optimisation of highly granular endcap calo (UK leadership — Virdee)
» Design of readout electronics and trigger primitives (UK leadership — Dauncey)

» Well-supported R&D has placed the UK in an exceptionally strong position

Imperial College
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lution

Si st;ipTracke;' 3mmmm3m

Electromagnetic Calorimeter
- Pixel Tracker
2018: replaced DCDC converters

/4 3 — 2018: New DAQ links
and 6 modules

17:_deteetorw|m 4 layers ¥ ___________ Hadron Endcap Calorimeter
Runi: 3 layers | '_ | 2018: Upgraded HPDs—SiPMs in Endcaps
T / 2017: Upgraded HPDs—SiPMs in one 20° readout

~
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