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2.5 Experiments:

Still active on Run1 analysis
Working on upgrades of the present detector (completed in 2018)
Defining the future CMS to explioit the High Lumi LHC after 2025
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Summary of Iast

e Steady productlon of Runt results
— rate ~ 3 papers/week
e Preparations for Run2 and start of data taking: HW, SW and
physics program exercised in Computing and analysis
challenges; CMS was ready at LHC restart.
e However, problems in the Cryogenics systems have been
affecting operation of the magnet.

e Progress in installation/execution of Phase1 upgrade

e Definition of the Phase 2 upgrade technical proposal : the LHC
resource Review Board agreed with the recommendation
from the CERN management to approve our Upgrade
program
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Show all Total Exotica Standard Model Supersymmetry Higgs

Top Physics Heavy lon B Physics Forward Physics Beyond 2 Generations

426 papers submitted as of 2015-09-17

» Rate at ~3 papers /week

» 449 papers published

» Several new precision analyses:
QCD, EWK, Top, B-Physics
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The CMS experimentin Run |

e Animmense crop of Standard Model measurements
e Brout-Englert-Higgs mechanism: a historical achievement
e Aleadingrolein Heavy lon research

CMS Integrated Luminosity, pp Data included from 2013-01-20 14:08 to 2013-02-10 05:05 UTC
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The present CMS
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Tracker and Pixel
running at -20°C
New
DAQ
fabric
and HLT

4th muon station
(CSC+RPC)

HF new PMT

HO new SiPM ~ "
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New Silicon LUMI
telescope and

improved FE for
BCM1f
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Strip
EB+EE
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ES
HCAL
HB
HE
HF
HO
DT
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Active Detector Fraction Run 1to Run 2

B End Run1
(Feb 2013)

B Start Run 2
(Jul 2015)

Active
channel
fraction
better than
in Runt
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to improve our resource usage efficiency

Monte Carlo DIGI-RECO workflows
routinely running on a large set of Tier-2s

Data Federation: AAA (Anydata Anytime
Anywhere) in widespread use

Multithreaded CMSSW framework and
algorithm deployed

Major Improvement of Reconstruction
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Max RSS

& max RSS, single multi-threaded job
©O max RSS, multiple single-threaded jobs
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e Since Marchthe “Cold Box” (CB) that produces
Liquid He for the operation of the CMS magnet
has shown problems, following a compressor oil
pollution of the CB circuit.

e For a definitive recovery, the system requires an
overall cleanup which takes several months.

 Meanwhile, the CERN cryo group, in collaboration
with the CMS Technical Coordination, has been
trying to find a way to operate the CB with a
reasonable Duty Cycle (> 70%) that would allow
operation of the magnet synchronized with
physics operation of the LHC until the Year end
technical stop
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Cold Box: presentiﬁf, '

al)

e Since then: numerous investigationsand attempts to understand the
problem and arrive at a solution have been carried out; several false
alarms, equally many false hopes.

More recent finding: a special regeneration cycle of the first heat
exchanger seems to allow Ionger periods between downtimes. This
would give CMS an “acceptable” duty cycle for the remainder of
2015 (until the deep clean during the End-Year Technical Stop).

In the recent Technical Stop a number of other technical
interventions® that should allow a longer period of operation in
between regenerations have been made.

The improvements of the CB done during the technical Stop have
clearly allowed a more stable CB operation: presently we hope to
have a cycle 8-10 days up/18 hours regeneration until the Extended
stop at the year end when a complete cleanup will be done

*new filters (factor 40, 100 in surface respectively) have been installed
in the CB for the Active Charcoal 80K adsorber post filter and before the
first turbine]
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Many thanks to the TE techncal teams & the a_ce welders from CERN main shop!!
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Primary Oil Removal System (PORS)

-ordered, delivery 1 Jan 2016 ’ ’ ——
(coalescers will be later — mid March), but ‘ O separator | Dryer
can be installed in parallel [ wokags &

300m warm He transfer line (surface to underground) %F F

-surface pipe done, work started in PM 54 shaft | |
80K Ads tank spares Shield x
- first one ready in CERN shops | 5 gF

- second one in order from Air llquide ZOKAng 12 e
Cold box cleaning | |

-cleaning machine ordered, delivery Dec 2015 | |

T

-selecting solvent — { s

-and defining cleaning sequence |
Direct contacts with other victims: = E}{

-“Elbe” plant in Dresden, “ALICE” in UK, investigating jl‘\&/la -

“Cello” at PETRA (not documented).
Risk analysis review (all risks to magnet)
- started
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-02 01:22 UTC
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Maintaining a
CMS Hallmark:
trigger flexibiltity
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Lack of B field has not prevented us from Submitted to PLB

exploiting the first runs taken at low luminosity http://arxiv.org/abs/1507.05915

dNch/dn||n|<0.5 = 5.49 £ 0.01 (stat) £ 0.17 (syst)
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Inclusive tt cross section [pb]
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— Good agreement with NLO MC within uncertainties
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At 13 TeV we find the same long range correlation, on the side of the tagging jet,
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model with narrow qqg, qg, or gg resonances

— Surpass Run 1 limits for string models & resonances above 5TeV in general

We exclude string resonances with masses below 5.3 TeV
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High mass di-electrol

@y CMS Experiment at the LHC, CERN
/ Data recorded: 2015-Aug-22 02:13:48.861952 GMT
o

= | Run/Event/LS: 254833/ 1268846022 / 846

E; 1260 GeV 1280 GeV
N -0.24 -1.31
[0) -2.74 rad 0.42 rad
charge -1 +1
mass 291 TeV
cos 07 -0.49
M= 29TeVIll 0.78

“Collins-Soper” angle, cos 6.5, negative while DY bkg peaks at positive cos B.s.
The rapidity of the di-electron is rather large

Backgroundis very low but not negligible ~0.002 events for M>2.5
Background uncertainty studies are ongoing (theory uncertainties expected to
dominate)
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removal, revision, re-installation of
ME1/1 chambers

::-'!-‘\Fourth muon station added: 72

(144) new CSC (RPC) chambers

Accessibility to electronics:
installed 3500 optical links, 20
new crates, for relocating part of
the electronics out of the
experimental cavern
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e BPIX(2half shelIs,(4\l\ayers»’eachv). &
- ~20% of modules ready

— First shell ready for module
installation mid/end March 2016

— Electronic boards ready to be
produced or already produced

— First supply tube incl. electronics:
end of January 2016

e FPIX (4 half cylinders, 3 disks each)

— First half cylinder disks ready in
November.

— First half cylinder mechanics ready in
December

— First fully equipped HC (modules +
electronics) at CERN in May

e Pixel FWD blades installed now
and taking data to commission
‘Readout and online infrastructure . .



.H L P'hase 1 upgﬁ
0 Replacement of Photo- detectors
— HF new thin window multicathode PMT,

— HPD replaced by SiPM everywhere else (done for HO, to be done in
Year end Tech Stops 2016 —HE- and 2018 —HB-)
e New frontend (to complete in 2018)and Backend

electronics (new mTCA based is already installed and being
used in trigger)

HPDs (12 layers) SiPM (4 layers)
0 10 Q
» - HPD (Hybrid Photodiode) w102 SiPM (Silicon Photomultiplier)
§ 10° 150 GeV muons § 150 GeV muons
w w 10
10¢
: Test beam |
k: Aug 2015
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UP rade 2015 Ay
"s Since the'start of the 25ns r’unnlﬁ
period, we have switched to the

““Stage-1” calorimeter upgrade

e Full trigger upgrade (muon and calo +
global trigger to operate at start of
206 run: being tested now in parallel to

Iegacy trlgger CMS Preliminary 52.0pb”" {s=13TeV

|

—
T T

o Efficiency
Lok
2]

=)
T T T

New Tau trigger
efficiency with and
without isol. compared
to legacy

o
[2)
—
——

o
'S

+ Stage 1, Relaxed: pT>28 GeV

+ Stage 1, Isolated: pT>28 GeV

o
[©)

+ Legacy: pT>28 GeV

i Lol bt b b b boaa Lo
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Run 1 | Run 2 Run 3
LSt EYETS 14 TeV
13-14 TeV E=d
splice consolidation injector upgrade Jimit
7Tev BTy e bs

2012

75%
nominal
luminosity |

2013

2014

experiment
beam pipes

" o=

2015 2016

nominal luminosity

2017 2018

I |

2019 2020

experiment upgrade
phase 1

reglons

2022

radiation

damage
2 x nominal luminosity N
— i

HL-LHC installation

2024 2025

experiment upgrade
phase 2

14 TeV

energy

S5to7x
nominal
luminosity

integrated
luminosity

* HL-LHC “baseline” peak luminosity 5 x 103* cm2s!; average number of collisions per
bunch crossing (“pileup”, PU): 140
*  “Ultimate” peak luminosity is 7.5 x 1034 cm? st — <PU>=200 (potentially increasing

integrated luminosity per fill by 30%)

x
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e Full Technical Proposal documenting
3ab™ physics, need for upgrades, s
conceptual design, and detailed
performance studies, submitted to
LHCCin June 2015.

e And extensive studies of detector
performance at 200PU
Including detailed simulations and
evaluation of costs

e Approved at last Week Resource
Review Board: our upgrade is now a

. The Compact Muon Solen01d :
pI'O]ECt Phase II Upgrade

Technical proposal
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Summary of the CMS upgrades for Phase-II

Trigger/HLT/DAQ

* Track information at L1-Trigger
e L1-Trigger: 12.5 ps latency - output 750 kHz
e HLT output=7.5kHz

Barrel EM calorimeter
» Replace FE/BE electronics
* Lower operatingtemperature (8°)

Muon systems
. *» Replace DT & CSC FE/BE
/ electronics
..« Complete RPC coveragein
.~ regionl5<n<24

‘ * Muon tagging 2.4<n<3
Replace Endcap Calorimeters -E Y
* Rad. tolerant- high granulanty P &N
* 3D capability

Replace Tracker
* Rad. tolerant- high granularity - significantly less material
* 40 MHz selective readout (Pt>2 GeV) in Outer Tracker for L1-Trigger
e Extend coverageto n= 3.8
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e 8 Inches wafer becoming
a reality: a world first for
Si trackers

e Second vendor is being
qualified: the sensors are
in Vienna being
tested... first news are

good First batch of strip
sensors on 200um thin,
e HighGranularityCalo like o
dlodes also on quer

' B *mgi |
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46 Instltutlons mvolved of WhICh 20 are from the USA
University of Alabama, Baylor University, Boston University, Brown University, University of California —
Davis, University of California — Santa Barbara, Carnegie Mellon University, University of lowa, Fairfield
University, University of Florida, Florida Institute of Technology, Florida International University ,FNAL,
University of Maryland, Massachusetts Institute of Technology, University of Minnesota, University of
Notre Dame, Northwestern University, University of Rochester, Texas Tech University
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DeS|gn with two
A challenging detector : 6" sensors
- Sensors and front-end electronics have to Wirebond protector
withstand fluxes of charged and neutrons in Readoun s _
excess of 101° /cm?2 -
- Front end electronics power budget < 10 m\Watts
- 660 mZ2 of silicon

2-sensor baseplate

Test Beam: at FNAL and CERN during 2016
using Skiroc1 readout
Front End : Final Design: progressing— plan to submit “test vehicles” Q1-16

Testbeam

Sensor design
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E__ ! . . Trigger and reconstruction
E£ I ~wsmr e 155<|n|<2.18
s i_ﬁ : ~ '°= « baseline detector for GEM project
. | see o 36 staggered super-chambers (SC) per
[ soenomages | PTTTTTCg 018 endcap, each super-chamber spans 10
¢« One super-chamber is made of
" P 2 back-to-back triple-GEM detectors
" sticon /  Installation: LS2 (2018-19)
MEO: RE 3/1 -RE4/1 :
uon taggerat highestn  Trigger and reconstruction Trigger and reconstruction
* 6 layers of Triple-GEM « 1.55<|n|<2.45 e 18<|n|l<2.4
* each chamberspans20® .« 1gstaggered SCperendcap, * Improved RPC (iRPC), finer pitch
* Installation: LS3(2022-24) each chamber covers 20°, * 18 chambers per endcap, each
3.5x GE1/1 area chamber spans 20°
Q . e InstaIIatégn %LS3 (2022- 24} Intallatlon LS3(2022-24)
Mcs T |
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LHC High Luminosity:

aim is to reach beyond the standard
model
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Relations between.tk u%/,., g ‘@
expérlment(as seen w j orists,

A defendable
picture when you
have very tight
predictions: e.g.
BEH boson, rare
decays rate

- Courtesy of H. Yamamoto
; 1 SREL (6 ) QB g
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increased data rates
[ J
program
Vs=14 TeV, PU=140
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. Back to the present: the yeari

I

. Heavy lons: CMS p

]

resented six new results at Quark
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Matter 2015 (from quenching of charm-taggedjets to
collective flow measurements)

e Even more, the upcoming Heavy lon run will be very
special: the increased capability of the new calorimeter
trigger will allow CMS to continue its full exploitation of

the HI beams at the
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Run I: an incredible feat. How often does one discover a
fundamental aspect of Nature? We did.

We are now in continuous improvement mode. Run Il already required

— A number of upgrades during LS1
— PLUS Phase lupgrade

A most exciting time, thanks to the 13 TeV

Longer term: full exploitation of the LHC s the highest priority in HEP

— Itis necessary to upgrade CMS. Full upgrade program defined in
Technical Proposal and we are approved now

We “just” have to carry out these 2.5 experiments.

— Runll our highest priority. Next: launch/secure Phase II.
— Perhaps we’ll find something.
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Pos'S|bIe discove:

"'Coanmhllatmn f" ‘a‘*

‘Coannihilation= almost degeneracy
between LSP and NSLP

e Stau coannihilation
model

— Excess intt+MET and bb+MET final states to
be discovered with 300/fb

— Observation of trileptons with 2-3 b-tags
indicates the complex weakly interacting
sector (produced in strong interaction)

— >3 TeV gluino/squarks still discoverable with

HL-LHC ~
e Stop coannihilation
model

— Compressed stop [Am(t,,N1) =6 GeV],
evidence in monojet search with 300/fb,
growing to 50 with 3000/fb

- Jets+MET + btags: clear signal with3000/fb

e B-tag multiplicities > branching
fraction of gluinos

o Jetmultiicities suggestthe existence
of 17 $nd 2nd generation squarks
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. Hexagonal Si-sensors built into
modules.

«  Modules with a W/Cu backing plate
and PCB readout board.

* Modules mounted on copper cooling
plates to make wedge-shaped
casseltes.

« (Cassettes inserted into absorber
structures at integration site (CERN)
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Key parameters:
« 593 m? of silicon

« 21,660 modules
« 92000 front-end ASICS.
 Power at end of life 115 kW.

System Divided into three separate parts:
EE — Silicon with tungsten absorber — 28 sampling layers — 25 X, + ~1.3 A
FH — Silicon with brass absorber — 12 sampling layers — 3.5 A
BH — Scintillator with brass absorber — 11 layers — 5.5 A

. EE and FH are ‘mamtamed at — 30°C BH IS at [oonf‘emg i

iz




“Installation of Phase-1uTCA back-en

oy

CMS #

complete
— 3 uTCA crates for HF, 9 for HBHE

— Assembly of spares is being completed
For HF, the uTCA is in use for data taking

All HBHE frontend fibers are now split to
feed both legacy VME and uTCA back-

Optical
splitters

ends

— VME used for CMS data taking until end of
2015

— UTCAs used parasitically during the rest

Legacy
VME

of 2015 to commission phase-1 L1 trigger
(HBHE uHTR trigger firmware has been in
use since July)

Planning remaining commissioning steps
for HBHE uTCA back-end to become the
CMS data taking system of 2016

— Work to be done together with L1 trigger
and central Der over next few months.. . -
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HCAL Phase1 upgﬁ‘
‘HFFrontend -~

Hardware

— Crates and backplanes (Brazil) production complete. All
crates and backplanes are at CERN.

- ngCCM (Maryland/Virginia) production complete, enough
cards at CERN for entire system.

— QIE cards (Turkey): Production completed.

- Adapter cards (Fermilab): All received and tested.
Facilities

— Building 904 - Ready to do the front-end system burn-in.

- P5 - A“Pilot” HFcrate, to test radiation environment and
with the P5 TCDS system

- CHARM facility - An irradiation test October 20.

Potential Issue: VTTx (CERN)

— 20 VTITxmodules are now ready for us (as well as 25 SM
VTRX).

— Delivery of full pre-production quantity: mid-Nov seems
feasible —this is the latest date to still allow installation

Factorized Installation
— Planning for full electronics installation during YETS 2015/16.

— PMT box rework may be delayed into EYETS 2016/17: Parts
are ready, but concern that work+comm1551on|ng may
hamper early 2016 physics -~ - - i A ot
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