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LS2 Activities

Overall very good progress

LS2 goals 
– rebuilt of ALICE and LHCb 
– conclusion of Phase I upgrades for ATLAS and CMS 
–      and preparation of Phase 2 upgrade



LAr Trigger
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LAr Trigger Upgrade

● Installation of new trigger data 

path for liquid argon calorimeter
– synergistic with “regular” 

maintenance

● Front-end board rework, crate 

baseplane replacement 

proceeding well
– 50 FEB/wk achieved (1524 total)

● Commissioning of new crates 

ongoing
– validate old trigger path 8rst, then 

new path when possible 

Present Phase-I

ATLAS



Muon New Small Wheel
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Muon New Small Wheel

Electronics test on sTGCs

Assembled sTGC wedges,

waiting for services and

electronics

First complete Micromegas 

double wedge in cosmic ray 

test stand for electronics 

studies

ATLAS



Status NSW
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Muon New Small Wheel
● NSW structure ready to receive detector sectors:

installation of 1st sector planned in summer

– Services installation on A-side wheel is complete

● sTGC:

– Production is progressing according to schedule, 

27 chambers shipped to CERN. Wedge assembly 

ongoing, 8rst 5 wedges completed

● Micromegas:

– Production is ongoing.  Some remaining HV stability issues

– Wedge assembly PRR was passed in April

– 1st double wedge assembled successfully, further wedge integration driven by chamber availability

● Electronics:

– 50% of front end ASIC (VMM) series production wafers received  packaging next→

– All electronics cards are either in pre-production or production, with some delays on the Micromegas 

frontend board (MMFE8)

● Good progress, but installation of 8rst wheel (A-side) in LS2 remains a challenge

ATLAS



Overview of CMS activities during LS2
A challenging LS2

6/5/19 CERN-RRB-2019-028 

HCAL	barrel	(last	Phase-1):	
install	SiPM+QIE11-based	
5Gbps	readout	

Pixel	detector:		
•  replace	barrel	layer	1	
•  replace	all	DCDC	converters	

Muon	system	(already	Phase-2):	
•  install	GEM	GE1/1	chambers	
•  Upgrade	CSC	FEE	for	HL-LHC	trigger	rates	
•  Shielding	against	neutron	background	

Keep	strip	tracker	cold	to	
avoid	reverse	annealing	

Install	new	beam	pipe	for	
Phase-2	

Coarse	schedule:	
•  2019:	Muons	and	HCAL	interleaved	
•  2020:	beam	pipe	installaRon,	then	
pixel	installaRon	

MAGNET	(stays	cold!)	&	Yoke	Opening		
•  Cooled	freewheel	thyristor+power/cooling	
•  New	opening	system	(telescopic	jacks)	
•  New	YE1	cable	gantry	(Phase2	services)	

Civil	engineering	on	P5	surface	to	prepare	
for	Phase-2	assembly	and	logisLcs	
•  SXA5	building	
•  temporary	buildings	for	storage/uRlity	

Near	beam	&	Forward	Systems		
•  BRIL	BCM/PLT	refit	
•  New	TOTEM	T2	track	detector		
•  PPS:	RP	det	&	mechanics	upgrade	

1 

Activities during LS2

3

Good progress on planned work @ P5

highlighted 
→ discussed 
in next slides

Completed Phase-1 upgrades
- new L1 trigger
- new pixel detector
- HCAL endcap
- muon electronics & detector upgrades

CMS



CMS Pixel Detector
CMS

Pixel
• New barrel layer 1

✦ Received all wafers of readout ASICs (PROC600 + TBM10)
• Latest version of PROC600 to be validated before summer closure of company: 

last but one version is already production ready

✦ Sensor module production will start soon after company summer closure

• Replace all DCDC converters
✦ Received (by CERN EP-ESE) latest version of ASIC (FEAST v2.3)

• To be validated by end of August

✦ DCDC converter modules will be produced in Fall/Winter 2019

• On track for detector ready 
for installation in Fall 2020

4

Seema Sharma, IISER-Pune LHCC Open Session, May 30, 2018

Tracker Commissioning in 2018
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• Pixel and Strip detectors promptly and successfully re-
commissioned after 
- replacing Pixel DCDC converters and six modules
- lowering the Strips operating temperature by 5ºC (now -20ºC)  

• Well aligned in time & space 
- Reconstructed tracks efficiently used in HLT   

• HV bias settings optimized for charge collection and 
resolution 
- Periodic HV bias scans to monitor evolution with integrated radiation

• Pretty smooth running at the peak luminosity of 
~ 2x1034 cm-2 s-1

- Hit losses below 4% in Pixel Barrel Layer-1 - the most 
exposed component 

• We have seen NO DCDC converter failure (as in 
2017) so far
- Fraction of active channels as high as in 2017 – Pixel: 

95.5-96% , Strip: 96.3%

> 96%

1/2 CMS Phase-1 barrel pixel 

Radiation tolerance through Run-3 
(+ improved readout ASICs)

Issue with chip in DCDC converters (2017)



HCALHCAL
• Barrel electronics upgrade, last Phase-1 upgrade

✦ Corresponding endcap upgrade completed in 2018

• Replacement of HPDs with SiPM 
✦ Improve noise levels, light yield & radiation tolerance 
✦ Maintain physics performance for jets & MET

• On track to complete installation & commissioning before Dec 2019

5

HPD=Hybrid PhotoDetectors
SiPM=Silicon Photo-Multipliers

HCAL Phase1 motivation overview 

June 4, 2019 Pawel de Barbaro, University of Rochester 2

• Eliminate high amplitude noise, drifting response, and premature aging of HPDs by replacing with SiPMs.

• Mitigate radiation damage to both HE and HB scintillator:
* High photo-detection efficiency SiPM, especially relevant for low light levels;
* Longitudinal segmentation for calibration of depth-dependent effects. 

• Maintain physics performance for jets and missing transverse energy. 

• HE upgrade was completed in 2018, HB upgrade is carried out during LS2.
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CMS

on track for 
completion 

before end 2019



Muon system upgrade (Phase II)Muons (2)
• Install GEM GE1/1 chambers

✦ Chambers 
• All built & validated

✦ FE electronics 
• Design change to improve spark protection, 

production underway

✦ Two chamber assembly (super chamber=SC)
• 7/72 assembled with final electronics: cooling, 

gas, etc. OK
• Final validation on cosmic test stand - expect to 

test 10 SC per month

✦ Services (power, gas, cooling, cables)
• Production on schedule

✦ On schedule to start installation in July

8

GEMs to improve muon 
capabilities around 1.5<|η|<2.0

3

Muon LS2: GE1/1 Production status 
Chamber production – all chambers are built and 
validated on schedule

Front End electronics production – delayed by a 
couple of months due to a change in the design to 
improve spark protection. Production is underway

Super Chamber assembly: 
● 7 SC assembled with final electronics: cooling, gas and connectivity test ok
● Final validation on the cosmic stand is being finalized. Test rate at regime is 

expected to be 10 SC per month.

Services (power, gas, cooling, cables) – production on schedule

On schedule for to start installation in July

First full Phase-2 detector, 
installing already now

CMS

Critical path



LHCb Phase I upgrades
LHCb

Operations Spectroscopy CP violation Heavy ions Upgrade

LHCb upgrade I

LHCb-TDR-12

Émilie Maurice (LAL, LLR) LHCb status report 16/26

Operations Spectroscopy CP violation Heavy ions Upgrade

Scintillating Fibre Tracker (SciFi)

Production well advanced

• Module production finished

• SiPM production will finish in March

• Electronics production:
Front-end chip produced and tested
Front-end boards ⇠ 20% produced

• Mechanical components for 1st C-frame ready
Assembly will start in week 10

• Installation of first 6 frames in LHCb is foreseen to start in November

Assembly hall fully prepared

Full-size prototype C-frame

• Commissioning of vacuum insulated SiPM cooling (-40�)

• Commissioning of readout and experiment controls well advanced
Coldbox mounting started: modules for first frame already finished

Émilie Maurice (LAL, LLR) LHCb status report 19/26



VELO
VELO

• New hybrid pixel detector for LHCb! Evaporative CO2
cooling in silicon microchannels.

• Project progressing very well, although the schedule is 
tight given the complexity.

• VeloPix ASIC bump bonding to silicon pixel sensors is 
complete.

• Module construction: 
• Several pre-production modules available; 
• Production site readiness review next week. 

• RF boxes: 
• First installation pair complete; machined to 250 um thin, leak 

tight. 
• Second pair almost complete (in final weeks of machining).

• High speed copper links 50% manufactured.
• Other components (vacuum feedthrough boards, 

electronics…) on schedule.
• Large scale mechanics (base, hood, isolation vacuum 

volumes, piping and valve assembly) progressing 
well. First half currently being prepared

Velo module test setup
Micro-channel 
cooling substrate

RF foil 

Tile QA

RF boxes

05/06/2019 6Blake Leverington -- LHCb Status -- LHCC Open Session
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LHCb



RICH
RICH

• Dismantling of RICH 1 complete, HPD removal from RICH 2 to begin soon

• Upgrade RICH 1 installation about to begin, mechanics under way

• Spherical mirrors almost completed, flat mirror tender completed

• MA-PMT columns for RICH 1 & 2: 22+24 = 46 columns  (+spares)
• all 3500 MaPMTs tested, CLARO asic: all received (100k) 100% pass rate
• Digital readout board (PDMDB): production of PCBs completed, first complete boards

being received 
• received most BaseBoard, FEBs and BackBoard batches, all undergoing QA

• Commissioning Lab (ComLab@CERN) ready to integrate columns

PDMDB Setup for Q&A of readout boards An assembled MaPMT column

05/06/2019 7Blake Leverington -- LHCb Status -- LHCC Open Session

SciFi Tracker
• Excellent progress! First scintillating fibre detector for LHCb. 

• C-Frame 1 (of 12) nearly complete 
• already equipped with modules. Electronics in Wk 25

• All 5500 SiPM arrays delivered and tested 

• Electronics:
• 40% of PACIFIC boards prod. and tested (100% of ASICS)
• 60% of Cluster boards prod. and tested
• Master Boards 

• 50 boards in pre-series delivered and tested
• 500 boards to be delivered in batches soon

• SiPM Cold-box to Fibre Module assembly on schedule
• All QA test results look good

• Readout and control of the prototype C-Frame (4 ROB) with 
PCIe40/WinCC (LHCb Upgrade read-out)

• Schedule is tight but experience will help us optimize the 
commissioning .

Front-end tester at Point 8

C-Frame 1 with fibre modules

05/06/2019 9Blake Leverington -- LHCb Status -- LHCC Open Session

SciFi
LHCb



UT
• SALT v3 asic received and tested, v3.5 sent for production 

• Issues seen in the previous version largely fixed. 

• Test beam at Fermilab in March. Good results. 

• Slice test setup in progress at Point 8 

• instrumented stave with realistic power, cooling and protomechanics 

• Now to finalize the hybrid and start production 

• Hybrid production June 2019, QA and tools ready 

• Sensors: 

• received all A-type, pre-series of B,C,D, prod. in Oct. 2019. 

• Read out electronics: production started 

• Flex cables pre-series available, under test  

• Bare staves: production finished  

• Integration infrastructure progressing at full speed 

UT

• SALT v3 asic received and tested, v3.5 sent for prod.
• Issues seen in the previous version largely fixed
• Test beam at Fermilab in March. Good results.

• Slice test setup in progress at Point 8
• instrumented stave with realistic power, cooling and proto 

mechanics.

• Now to finalize the hybrid and start production
• Hybrid production June 2019, QA and tools ready

• Sensors: 
• received all A-type, pre-series of B,C,D, prod. in Oct. 2019.

• Readout electronics: production started
• Flex cables pre-series available, under test

• Bare staves: production finished

• Integration infrastructure at progressing full speed

Type A sensor
SALTv3 ASICs

Delta-v2 Hybrid

GBT D.B.

Non-Irradiated Type A

UT test beam 
module

VERA -FULL HYBRID -CHIP 1

Test beam 

laser

05/06/2019 8Blake Leverington -- LHCb Status -- LHCC Open Session

UT stave 
for slice 
test

LHCb



SMOG 2
• LHCb has a unique fixed target physics programme at LHC [LHCb-

PUB-2018-015] 

• Heavy ions 

• Cosmic ray physics 

• Useful for early measurements such as p/He cross-section  

• New SMOG will increase by up to two orders of magnitude the 
effective target areal density [CERN-LHCC-2019-005 ; LHCB-
TDR-020] 

• significant increase of the luminosity for fixed- target collisions.  

• Multiple gas capabilities being studied 

• Impact on accelerator 

• LHCb has a unique fixed target physics 
programme at LHC [LHCb-PUB-2018-015]

• Heavy ions
• Cosmic ray physics
• Useful for early measurements such as p/He 

cross-section

• New SMOG will increase by up to two orders of 
magnitude the effective target areal density 
[CERN-LHCC-2019-005 ; LHCB-TDR-020] 

• significant increase of the luminosity for fixed-
target collisions. 

• Multiple gas capabilities being studied
• Impact on accelerator 

SMOG 2

Dragon illustration in 13th century 
manuscript - Wikimedia Commons

Technical drawing of the gas storage cell to be installed inside the VELO

SMOG connected to the VELO RF 
boxes

05/06/2019 15Blake Leverington -- LHCb Status -- LHCC Open Session

LHCb



Inner Tracker System ITS Installation 

 Raphaelle Bailhache, LHCC meeting 10

Inner Tracking System upgrade timeline

May 2019

Jun 2019

Aug. 2019

June 2020

Feb. 2021

Commissioning on ground with final
services ongoing (operation 24/7)

Installation

6-month Global 
Commissioning

Detector Construction and Assembly

● Module production: completed! (May 2019)
● Electronics production: done!
→ testing till end of July 2019
● Stave production: 85% done
→ continues till Aug. 2019

Stave
Readout unit

Inner Barrel Assembly Outer Barrel Assembly

Installation Global Commissioning

Oct. 2019 OB stave Assembly End:> 50% done

ALICE



Muon Forward Tracker
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Muon Forward Tracker status

● Support barrels delivered and insertion tests successful

● Good ladder production throughput (10 ladders /week) and yield
(92% gold and silver grades)

● Disk supports and heat exchanger production being finalized

● Ladder gluing on disk ongoing

● Surface commissioning lab @ CERN being prepared for detector
installation

Support barrels Ladders Heat exchangers

Mechanical disk fully equipped

Disk fully equipped with ladders

 Raphaelle Bailhache, LHCC meeting 11

Disk 0
(z=-46 cm)

Disk 4
(z=-77 cm)

● -3.6 < η < -2.45
● 936 ALPIDE Silicon pixel sensors (0.4 m2) on 280 ladders of 2 to 5 sensors
● Sensor size = 15 x 30 mm2; Pixel pitch = 29 x 27 µm2

● 5 Disks with 2 detection planes each 
● ALPIDE chips thinned down to 50 µm
● X/X0 per disk = 0.7%

The Muon Forward Tracker in a nutshell

MFT pointing resolution < 100μm at 1 GeV/c

ALICE



TPC in cleanroom

 Raphaelle Bailhache, LHCC meeting 7

Time Projection Chamber in the cleanroom 
● TPC  moved to the cleanroom on 5th April
●  Field cage X-ray irradiation - positive
● Multi-wire proportional Chamber (MWPC) removal on A-side accomplished
● TPC Field Cage adaptation for operation in RUN 3 and 4 ongoing
● Next step: install GEM chambers

Moved to the cleanroom 5th April Multi-wire proportional chamber
(MWPC) removal

ALICE



LS2 Brief Summary
• ATLAS  

• NSW installation on critical path even for one wheel 

• FTK: manpower not available to produce full-fledged system; discussing whether to install down-
scoped FTK (higher pT-cutoff) 

• CMS 

• Muon detector installation GE1 time critical 

• LHCb 

• Upstream Tracker electronics (SALT-chip) resolved; UT installation remains on critical path 

• ALICE 

• CRU electronics order for TPC in India delayed; way forward will have to be settled by end of June 

Excellent Progress everywhere, but…



Selected Physics Results
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Status of 13 TeV data sample

3

13 TeV Dataset & Luminosity

comparative stability of different

lumi measurements in 2018

2018 prelim lumi uncertainty 2.0%

(of which stability 0.8%)

Full Run 2 prelim uncertainty 1.7%

ATLAS-CONF-2019-021

LHC Lumi Days

recording eff ~ 94%

good for physics ~ 95%

L ~1.7%

ATLAS



Simplified Template Cross Sections: Higgs Combination

6

Higgs Coupling Combination: STXS
ATLAS-CONF-2019-005

Modi8ed Stage 1 STXS

(see YR4 arxiv:1610.07922)

de8ned by truth bin

compatibility with SM p = 88%

ATLAS
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Probing the very rare
• SM four top production, yet unobserved process (σSM~0.01pb)

✦ Same-sign + multileptons with 137fb-1, highest LHC sensitivity search
✦ Observed (expected) significance of 2.6σ (2.7σ)

• Measure σ = 12.6 +5.8/-5.2 fb 
• Constrain top Yukawa coupling: |yt / yt

SM| < 1.7

24

12

Figure 4: The predicted SM value of s(pp ! tttt) [2], calculated at LO and scaled to the
12.0+2.2

�2.5 fb cross section obtained in Ref. [1], as a function of |yt/y
SM
t | (dashed line), compared

with the observed value of s(pp ! tttt) (solid line), and with the observed 95% CL upper
limit (hatched line).

Figure 5: Cross section limits, as a function of boson mass, for heavy scalar (left) and pseu-
doscalar (right) bosons, produced in association with one or two top quarks. The bosons sub-
sequently decay to top quark pairs. The theoretical cross sections are shown with solid red
lines.

TOP-18-003Motivation

2

Anomalous Couplings 
• Probe Wtb vertex structure 
• SM: Left-Handed vector coupling  
• BSM: RH vector, RH/LH tensor

ttW, ttZ 
• QCD/QED at high mass  
• Probe top coupling to Z  
• Background to ttH

tttt  
• QCD at very high mass 
• High-mass scalars: H/A(tt) 
• Top-Higgs yukawa (yt4)
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Effective Field Theories 
• Comprehensive effort ongoing 

towards constraining EFT 
using the top quark (F. Maltoni) 

• Today: individual constraints 
based on ttW/Z, tttt, FCNC
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Figure 1: Leading-order diagrams for (a) vector-like top quark pair production, and (b) four-top production from
the contact interaction model.

where tR is the right handed top spinor and the �µ are the Dirac matrices. Direct constraints limit any
contact interaction between left-handed top quarks to be too small to be to be observed at the LHC. A
model with two universal extra dimensions under the real projective plane geometry (2UED/RPP) [34] is
also considered. In this model, the compactification of the extra dimensions leads to discretization of the
momenta along their directions. The model is parameterized by the radii R4 and R5 of the extra dimen-
sions or, equivalently, by mKK = 1/R4 and ⇠ = R4/R5. This model predicts the pair production of tier2
(1,1) Kaluza–Klein (KK) excitations of the photon (A(1,1)

µ ) with a leading-order mass of
p

1 + ⇠2 mKK
that decay to tt̄ with an unknown branching fraction, assumed here to be 100%.

Leading-order Feynman diagrams for the production in pp collisions of some of the signals searched for
in this analysis are presented in figure 1.

Previous searches by the ATLAS collaboration using an integrated luminosity of 20.3 fb�1 of pp collisions
at a centre-of-mass energy

p
s = 8 TeV [35], and the CMS collaboration using an integrated luminosity

19.5 fb�1 of pp collisions at
p

s = 8 TeV [36] and 2.3 fb�1 at 13 TeV [37], did not observe a significant
excess of same-sign dilepton production. However, in the ATLAS search, a modest excess was observed,
reaching 2.5 standard deviations in the set of signal regions defined for searching for four-top-quark
production. The ATLAS result was used to set limits at 95% confidence level on various models, including
on VLQ and four-top-quark production. The CMS result was also used to set limits on various models,
including on SM four-top-quark production. The upper limit on the four-top-quark production cross
section, set by CMS, was 49 fb. In separate analyses the CMS collaboration used the same-sign lepton
signature as part of a search for T5/3 quarks [38], ruling out left-handed (right-handed) T5/3 quarks with
mass below 0.94 (0.96) TeV, and as part of a broader search for vector-like T quarks [39], ruling out such
quarks with mass less than 0.69 TeV. Other searches by the ATLAS collaboration using pp collisions atp

s = 8 and 13 TeV [40, 41] with similar final states to those reported here were interpreted in the context
of supersymmetric models. The present analysis uses an analysis strategy that is similar to the

p
s = 8

TeV ATLAS analysis, using a data set recorded at
p

s = 13 TeV with an integrated luminosity of 3.2
fb�1. This allows for a check of the modest excess observed at 8 TeV. Because of the increased cross
sections, the sensitivity of the search was improved from the 8 TeV search, despite the smaller integrated
luminosity of the data set.

2 A tier of the Kaluza–Klein towers is labeled by two integers, corresponding to the two extra dimensions.
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FCNC 
• Suppressed in SM 

due to GIM mechanism 
• Can be enhanced in BSM

1

1 Introduction

In the standard model (SM), flavour changing neutral currents (FCNC) are forbidden at tree
level and highly suppressed at higher order, resulting in a SM branching fraction for a top
quark decaying into a charm or up quark and a Z boson of the order of 10�14 [1, 2]. Several
extensions of the SM enhance the FCNC branching fractions and can be probed at the LHC
[1]; the new couplings can also provide for flavour changing single top quark production in
association with a Z boson. Previous searches have been performed at the Fermilab Tevatron
by the CDF [3] and D0 [4] collaborations, and at the LHC by the ATLAS [5, 6] and CMS [7–9]
collaborations.

The analysis uses proton collision data coming from the 2016 data taking period, corresponding
to an integrated luminosity of 35.9 fb�1 at a centre-of-mass energy of 13 TeV collected by the
CMS detector [10]. The analysis focusses on the experimental search for evidence of a FCNC
vertex (referred to as tZq) with a top quark, a Z boson, and a quark q that is either up or charm.
Such a vertex can lead, for example, to the single top quark production diagrams in Figure 1
(with subprocess q ! tZ) and to top quark pair production with FCNC decay (with subprocess
t ! Zq) as shown in Figure 2. All these diagrams result in a final state with one jet originating
from a b quark (b jet), a W boson, a Z boson, and (in the case of FCNC top quark decay) a jet
originating from the up or charm quark. The present search requires that both W and Z bosons
decay leptonically to final-state electrons or muons, resulting in three leptons in the final state.

Figure 1: Single top quark event Feynman diagrams at leading order. The vertex labelled tZq
is the sought-for FCNC interaction.

Figure 2: Top quark pair Feynman diagram at leading order. The vertex labelled tZq is the
sought-for FCNC interaction.

Background SM processes that may result in reconstructed final states mimicking such signals
include direct WZ production in association with jets; Drell–Yan (DY) dilepton production in
association with jets; tt̄Z; tt̄W; and single top quark production with a Z boson radiated from a
flavour-conserving tt̄Z vertex, referred to as SM tZq.

As an aid in classifying events as signal or background, two multivariate discriminants based
on Boosted Decision Trees (BDT) are employed, one targeting the single top quark production
signal and, the other the top quark decay signal. The levels of backgrounds are estimated with

pp → tt̄tt̄
CMS



Dark Photons

• Massless dark photons coupling to a Higgs boson 
through charged dark sector particles  

• No excess observed
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• Massless dark photons coupling to a Higgs 
boson through charged dark sector particles
✦ Signal extraction from fitting mT in |ηγ| regions 

+ background control regions
✦ No excess observed

• For mH = 125 GeV: BR(H→inv+γ) < 4.6% (3.6+2.0 % expected) at 95% CL, vs mH 
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Delayed jets

• BSM scenarios (SUSY, hidden valley, ...) with long-
lived particles may result in “delayed” jets  

• First search for such jets using ECAL timing!  

• No excess – interpret in terms of Gauge mediated 
Supersymmetry Breaking
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Figure 2: The timing distribution of the backgrounds predicted to contribute to the signal
region is compared to representative signal models. The templates for the major backgrounds
are taken from control regions and normalised by the predictions detailed in Section 6. No
events are observed in data for tjet > 3 ns.

for a range in ct0, bounded by the requirements that the gluino must have sufficient lifetime
for its decay products to pass the tjet > 3 ns selection and that the gluino must decay before
or within the ECAL. For a gluino model with mg̃ = 2000 GeV the efficiency is maximal for the
range 1 < ct0 < 10 m. The efficiency is maximised for higher masses due to the increased p

miss
T

in the event and smaller b of the gluino.

The trigger efficiency for the simulated samples is evaluated from the trigger emulation. The
inefficiency due to the p

miss
T trigger requirement ranges from ⇠ 5% to ⇠ 15% for ct0 = 1 and

10 m respectively.

In order to evaluate systematic uncertainties in the modeling of the jet variables discussed in
Section 5.1.2 the distributions for multijet simulation are compared to data. For each jet vari-
able, the threshold used for the selection is varied in the simulation to match the efficiency
measured in data. The change in acceptance from this variation is shown for each of the clean-
ing variables in Table 3 using an example model point. This variation is taken as a system-
atic uncertainty on the signal model acceptance. The variation on t

RMS
jet is also propagated to

t
RMS
jet /tjet.

In addition to the uncertainty on the modelling of the jet cleaning variables the systematic
uncertainties on the signal A# are summarised below.

• Modelling of dedicated cleaning variables (detailed in Section 5.1.2): typical size
documented in Table 3, taken as correlated between years.

• Luminosity: 2.5%, 2.3%, 2.5% uncertainty in 2016, 2017, and 2018, taken as uncorre-
lated between years.

• Trigger: size of inefficiency taken as systematic variation, taken as correlated be-
tween years.

• Limited simulated sample statistics: few % depending on signal model acceptance,

Searches with 137 fb-1 

• BSM scenarios (SUSY, hidden valley, ...) with 
long-lived particles may result in “delayed” jets
✦ First search for such jets using ECAL timing!

• Dedicated reconstruction to extract jet timing
• “Unusual” backgrounds
• No excess, interpret in context of GMSB
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Figure 4: The 95% CL observed upper limits on s ⇥ BR2 in the mass and ct0 plane for the
GMSB model after all selections for 137 fb�1. The contour of 95% CL expected upper limits
on s/stheory = 1 is shown in the solid line while the plus and minus one sigma variations are
shown in the dashed lines. The observed limit is shown in the solid black line.
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for a range in ct0, bounded by the requirements that the gluino must have sufficient lifetime
for its decay products to pass the tjet > 3 ns selection and that the gluino must decay before
or within the ECAL. For a gluino model with mg̃ = 2000 GeV the efficiency is maximal for the
range 1 < ct0 < 10 m. The efficiency is maximised for higher masses due to the increased p

miss
T

in the event and smaller b of the gluino.

The trigger efficiency for the simulated samples is evaluated from the trigger emulation. The
inefficiency due to the p

miss
T trigger requirement ranges from ⇠ 5% to ⇠ 15% for ct0 = 1 and

10 m respectively.

In order to evaluate systematic uncertainties in the modeling of the jet variables discussed in
Section 5.1.2 the distributions for multijet simulation are compared to data. For each jet vari-
able, the threshold used for the selection is varied in the simulation to match the efficiency
measured in data. The change in acceptance from this variation is shown for each of the clean-
ing variables in Table 3 using an example model point. This variation is taken as a system-
atic uncertainty on the signal model acceptance. The variation on t

RMS
jet is also propagated to

t
RMS
jet /tjet.

In addition to the uncertainty on the modelling of the jet cleaning variables the systematic
uncertainties on the signal A# are summarised below.

• Modelling of dedicated cleaning variables (detailed in Section 5.1.2): typical size
documented in Table 3, taken as correlated between years.

• Luminosity: 2.5%, 2.3%, 2.5% uncertainty in 2016, 2017, and 2018, taken as uncorre-
lated between years.

• Trigger: size of inefficiency taken as systematic variation, taken as correlated be-
tween years.

• Limited simulated sample statistics: few % depending on signal model acceptance,

Searches with 137 fb-1 

• BSM scenarios (SUSY, hidden valley, ...) with 
long-lived particles may result in “delayed” jets
✦ First search for such jets using ECAL timing!

• Dedicated reconstruction to extract jet timing
• “Unusual” backgrounds
• No excess, interpret in context of GMSB
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for a range in ct0, bounded by the requirements that the gluino must have sufficient lifetime
for its decay products to pass the tjet > 3 ns selection and that the gluino must decay before
or within the ECAL. For a gluino model with mg̃ = 2000 GeV the efficiency is maximal for the
range 1 < ct0 < 10 m. The efficiency is maximised for higher masses due to the increased p

miss
T

in the event and smaller b of the gluino.

The trigger efficiency for the simulated samples is evaluated from the trigger emulation. The
inefficiency due to the p

miss
T trigger requirement ranges from ⇠ 5% to ⇠ 15% for ct0 = 1 and

10 m respectively.

In order to evaluate systematic uncertainties in the modeling of the jet variables discussed in
Section 5.1.2 the distributions for multijet simulation are compared to data. For each jet vari-
able, the threshold used for the selection is varied in the simulation to match the efficiency
measured in data. The change in acceptance from this variation is shown for each of the clean-
ing variables in Table 3 using an example model point. This variation is taken as a system-
atic uncertainty on the signal model acceptance. The variation on t

RMS
jet is also propagated to

t
RMS
jet /tjet.

In addition to the uncertainty on the modelling of the jet cleaning variables the systematic
uncertainties on the signal A# are summarised below.

• Modelling of dedicated cleaning variables (detailed in Section 5.1.2): typical size
documented in Table 3, taken as correlated between years.

• Luminosity: 2.5%, 2.3%, 2.5% uncertainty in 2016, 2017, and 2018, taken as uncorre-
lated between years.

• Trigger: size of inefficiency taken as systematic variation, taken as correlated be-
tween years.

• Limited simulated sample statistics: few % depending on signal model acceptance,
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• BSM scenarios (SUSY, hidden valley, ...) with 
long-lived particles may result in “delayed” jets
✦ First search for such jets using ECAL timing!

• Dedicated reconstruction to extract jet timing
• “Unusual” backgrounds
• No excess, interpret in context of GMSB
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Search for Lepton flavour violating decay B0(s) → τ±µ± 
Lepton flavour violating decay 𝐵(𝑠)

0 → 𝜏±𝜇∓

• Search for lepton-flavour violating decays 𝐵(𝑠)0 → 𝜏±𝜇∓

• BR in SM very small: ~10-54

• Can be strongly enhanced in NP models: 
up to O(10-9 – 10-5)

• Look for three prong W decays

[LHCB-PAPER-2019-016, Run1 3 fb-1]

First limits

World Best limits (Factor of 2)

arXiv:1905.06614 Submitted to PRL

05/06/2019 20Blake Leverington -- LHCb Status -- LHCC Open Session

LHCb



Observation of New Pentaquarks
• A narrow peak from Λ0b → J/𝜓 𝑝𝐾 − decays is 

observed near 4312 MeV with a width comparable 
to the mass resolution  

• Analysis uses full Run 1 and 2 data 

• statistical significance of 7.3σ. 

• The structure at 4450 MeV is now resolved into two 
narrow peaks, at 4440 and 4457 MeV 

• statistical significance of this two-peak 
interpretation is 5.4σ 

• Indication of a bound state 

• Full amplitude analysis required to better 
determine the nature of the states 

• A narrow peak from Λ𝑏0 → Τ𝐽 𝜓 𝑝𝐾− decays  is 
observed near 4312 MeV with a width 
comparable to the mass resolution

• Analysis uses full Run 1 and 2 data
• statistical significance of 7.3σ

• The structure at 4450 MeV is now resolved 
into two narrow peaks, at 4440 and 4457 MeV

• statistical significance of this two-peak 
interpretation is 5.4σ

• Indication of a bound state

• Full amplitude analysis required to better 
determine the nature of the states

Observation of new 
pentaquarks

[LHCB-PAPER-2019-014, 
Accepted by PRL]
arXiv: 1904.03947

05/06/2019 22Blake Leverington -- LHCb Status -- LHCC Open Session

LHCb
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Study of Baryon–(anti-)Baryon Interactions in pPb-collisions

 Raphaelle Bailhache, LHCC meeting 24

 Study baryon-(anti)baryon interactions

New paper arXiv:1905.07209

Exclusion plot 
for the Λ-Λ scattering parameters 

Narrow allowed region
compatible with a bound state

● Use Λ-Λ momentum correlation to measure their interaction

 

q: relative momentum
 r: relative distance between the points of emission of the two kaons

● Determine the scattering parameters (f
0
-1,d

0
) defining the interaction

which can described the measured C(q) using the Lednicky model:
● Scattering length:  f

0

● Effective range:     d
0

Measured 
correlation

Source size/shape
known from pp

Two-particle wave functions
Interaction unknown

Lednicky Model

ALICE



PbPb-run 2018

 Raphaelle Bailhache, LHCC meeting 27

Pb-Pb run 2018 

First paper submitted
including 2018 data

arXiv:1904.06272

J/ψ
in ultra-peripheral Pb-Pb collisions

ϒ 
in 5-60% central Pb-Pb collisions

First preliminary results
including 2018 data

D0

 in 0-10% central Pb-Pb collisions

More results for 
Summer conferences

Partial statistics

ALICE
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WLCG usage

05/06/2019 WLCG 3/21
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Pledged resources continue 

being fully used and some 
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S.Campana

§ Pledges generally exceeded.
§ This does not include HLTs 

and HPCs. 



Towards HL-LHC Computing

• A team of computing experts is being put in place as part of the LHCC 

• TDR for computing deferred to 2022 but intermediate assessment of 
developments

05/06/2019 WLCG 5/21

WLCG : Towards HL-LHC

Computing road toward HL-LHC

04/06/2019Simone.Campana@cern.ch - LHCC computing referees meeting 4

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Run 4

WLCG Strategy

Review of 
Strategy & 
Progress

Strategy Update
“ZDR” for FA’s

Computing 
TDR (tbd)

LS2 LS3Run 3

Update/progress 
report/review (tbd)

Resources ramp up

We propose a review of the strategy and the progress made in Spring 2020. We suggest to 

start the preparation soon (identify dates, possible reviewers, charge). We presented some 

suggestions in the past which we are happy to re-iterate 

§ We should formalise this timetable soon (now ?)

§ Reviewers are being identified & the committee’s charge is being finalised.

S.Campana

from S.Campana



Phase II Upgrades



Phase II Upgrade Group (P2UG)

• Task is to monitor progress for Phase II upgrades of ATLAS and CMS 

• chaired by M. Morandin and M. Demarteau respectively 

• First in-depth meeting with the experiments and report to LHCC 

• Overall schedule of HL-LHC will be reconsidered in Nov 27, 2019, when all 
information will be available



Follow-up on ASIC development at CERN

• Reminder of of M. Campbell’s presentation im 
May SPC meeting 

• CHIPS (CERN-HEP IC design Platform and 
Services) 

• suggesting four FTE on the longterm to 
render ASIC developments more 
successful and shorten development cycles 

• One FTE will be hired for hierarchical 
digital on top methodologies, where the 
most urgent need has been identified

CHIPS, CERN-HEP IC design Platform and Services 

 
Strengthening Foundry Services and Technical Support in CERN EP-ESE-ME to meet the 

challenges of future CMOS designs at CERN and in the HEP community 

 
 

Proposal 

 
 

ASIC technology and designs are becoming increasingly complex but bring potentially huge 

benefits to HEP experiments. However, because of this increased complexity, the community 

is confronted with the tangible risk of failed or delayed designs with potentially severe 

consequences on the physics programme.  
In its December 2018 meeting the SPC highlighted challenges associated with ASIC 

developments in the HEP community and requested a coherent plan for dealing with these 

problems. In meetings with the CERN EP-ESE group, the Director of Research and EP 

management the situation was carefully analysed and a plan of action worked out which was 

presented to the SPC in its May 2019 meeting.   
New technologies must be qualified to match the new designs since, given the timescales of 

HEP developments, simply staying with older processes carries with it a significant risk of 

process obsolescence. These new technologies bring large benefits but also new challenges that 

designers must confront. New more sophisticated design tools and design flows are available 

and, as a community, we must adapt to face the challenges of the new design paradigm. This 

means developing and following scrupulously new digital-on-top design techniques.  

The Microelectronics Section of the ESE group at CERN (EP-ESE-ME) already supports common 

technologies and design flows for the experiments through the ASIC Technical Support and 

Foundry Services platform. It is proposed to reorganize this support service and tailor it to the 

increased special needs. As detailed in the presentation of May a need for the recruitment of 

four highly specialized engineers has been identified.  
Of highest urgency is the strengthening of the support of hierarchical digital on top 

methodologies, similar to those used in industry. A staff post is going to be created for such a 

profile it being understood that this recruit will also maintain a strong role in Technology 

Support.  A model for the other three posts is being worked out and will be presented on a later 

occasion. 

C. Joram



Emerging Collaboration Activities with ApPEC



EuCAPT – European Centre for Astroparticle and Particle Theory

• Astroparticle Physics European Consortium (ApPEC) has long wished to establish a joint 
Theoretical Centre; CERN is an Observer to ApPEC. 

• In 2018 the General Assembly of ApPEC asked CERN to found a European Centre for 
Astroparticle and Particle Theory (EuCAPT) for an initial period of five years: 

• CERN contributes 0.5 FTE from TH as part of the ongoing research in the group (no new 
position) 

• is ready to host meetings and provide (limited) secretarial support 

• a budget of up to 20 kCHF/a equally shared between CERN and ApPEC 

• An external Director of EuCAPT has just been nominated (Gianfranco Bertone – NIKHEF)  
Kick-off at CERN on July 10, 2019



Consultancy for the Einstein Telescope

• The Gravitional Waves Community traditionally has maintained close contacts to particle 
physicists. All GW-experiments have CERN Recognised Status. 

• Many topics of common interest and expertise have long been identified (see e.g. 
Workshop at CERN 1.9.2017 https://indico.cern.ch/event/660772/timetable/) 

• After several (uncoordinated) requests from site  
proponents the Steering Committee of the ET-Collaboration 
has now formally requested CERN to advise in matters of 
safety, civil engineering, vacuum technology and cryogenics 

• CERN will explore the scope of such consultancy with the 
ET-collaboration and conclude appropriate Memoranda  
of Understanding

https://indico.cern.ch/event/660772/timetable/


Technology of DarkSide-20k

• DarkSide-20k will be a 20 kt double phase LArTPC for Dark Matter 
searches at LNGS in Gran Sasso 

• The original concept using a Liquid Scintillator veto will no longer be 
pursued because of environmental safety aspects at LNGS. 

• Instead DarkSide-20k observed that imbedding a depleted LArTPC 
detector immersed in a standard LArTPC would provide an ideal 
active shield. In its work of support to the construction of the proto-
DUNE detector and the cryostats of DUNE, CERN has developed 
unique expertise in cryogenics for LArTPC, in particular membrane 
cryostats (CERN/FC/6160/RA September 2017) 

• DarkSide-20k is a Recognised Experiment at CERN which involves 
many CERN member states.

Original DarkSide-20k design

protoDUNE cryostat



Procurement Cryogenics system for DarkSide-20k KN4460/RCS

• INFN shall provide all funding required for the execution of this Collaboration 
Agreement and INFN shall be liable for any additional expenses incurred by CERN 
during the execution of the project.  

• CERN will buy the components required for the DarkSide-20k project in accordance 
with CERN Financial Rules and in particular the Procurement rules for Recognized 
Experiments.  

• Technology transfer: Taking into account its duty under the CERN Convention to 
make available the results of its work and resulting Knowledge Transfer programme, 
and the uniqueness of its experience in this matter, CERN gives the requested 
support, provided such support is on a best-effort basis, is funded by INFN and that 
CERN’s Scientific Programme shall have priority over such support activities. 



Summary

• Good physics harvest – often on full Run 2 dataset – as reported at Moriond and 
LHCP 2019 conferences 

• Phase I upgrades on track 

• with remaining issues ATLAS NSW (only one in LS2) 

• Phase II upgrades 

• P2UG has met for both ATLAS and CMS 

• Initial feedback shows the usefulness of these bodies and initial critical areas have 
been spotted


