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Activity ongoing on three fronts

e Complete Runi analysis
e 2015 data taking and Run2 analysis

e Upgrade activities
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A successful recommissioning run for LHC:
25 ns + Js=13 TeV

e More than 4/fb pp collisions .. LHC 2010-2015
delivered to CMS and ATLAS 7
1.0E+33 t{
e Upto1.2x10" ppb and 2244 ¢ "%+ ¢ I
S =4~ High int. bunches
bunCheS g; 1.0E+31 f ~®-Low int, bunches
& ~a-150 n
g 1.0E+30 { -9-75 nSS
s 33 2c-1 3 ~+-50 ns
e Peak lumi: > 9x10°**cm™s R :c‘ DI
--25ns
1.0E+28 ®
o 4 weeks HI running Comp|eted 15-Mar-10 ~ 28-Jul-11  09-Dec-12  23-Apr-14  05-Sep-15
before Christmas break <>
Vs=13 TeV
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Large fraction of good data despite the
erratic behaviour of the CMS magnet

° BU”d Up Of Conta.mlnants N the CMS Integrated Luminosity, pp, 2015, v's = 13 TeV
mag net Cl‘yogenlc SyStem . Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

T 405

. . 5 .
Deep cleaning operations Z:o == LHC Delivered: 4.0 1 N
i St | CMS Recorded: 3.6 b ' .
CU I’I’eﬂﬂy OﬂgOIﬂg . g« 35l I B=3.8T, recorded for physics: 2.8 b ' 3.5
0 B=3.8 T, validated: 2.7 '
g 3.0
= Preliminary Offline Luminosity
- 2.7fb1 validated for physics 3%
- 2.0
@13TeV with B=3.8T - .
£,
g 1.0
8 o.s|
. Hugg transyersal effort to | g o r I
provide optimized reconstruction e e ot
algorithms-+Calibrations+MC for Date (UTC)

OT data taking
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The 25 ns challenge: many detector
updates since Run

e Silicon pixels: replaced modules e Resistive Plate Chambers: new
chambers

e Silicon tracker: operated at lower
temperature (—15°C) e (Cathode Strip Chambers: new

chambers & electronics

e [lectromagnetic calorimeter:
new trigger optical links

e Hadronic calo: new
photodetectors on HO, new
Back-End on HF

e Drift Tube chambers: relocation
of trigger electronics in the
Service cavern
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Excellent availability of the CMS detector

Pixel
Strip
EB+EE
EB
EE
ES
HCAL
HB
HE
HF
HO
DT
RPC
CsC

CMS
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Tracker alignment & resolution:
as good as in Runi

CMS pPreliminary 2.84 b (13 TeV 1 051 0° s =13 TeV
E Alignment: cosmic rays + 3.8T collisions = [ CMS ‘H’ Barrel Pixel Layer 2
| —&— aligned track o I _—
10 —o— S;%l:etr?ig ;arta taking > ol Preliminary 2015 « Triplet Residuals
: MC (no misalignment) = 8?
P S5 | Trackp, >12Gev = Student-t function fit
— 5 w F}
E : -8 6 T 1 G, =10.64 um
= f E |
~  0op ; Z
'U? . g . 4l
~ sk v -« i
E : o
-10|- - i
e 9;0 700 =50 0 50 100 150
3 2 4 0 1 2 3 - - - AX [um
track ¢ [rad]
e (Optimal conditions for re-reco: e Pixel Detector Resolution:
S, |~ Compensate for effect of magnet — transverse to the beam: or=10.64 pm
cycles+final modules alignment at the — parallel to the beam: 6:=29.09 pm
pm level
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Improved pixel hit efficiency (left) and
tracking efficiency (right)

CMS Preliminary 2015 Ys=13 TeV (25ns)
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e Dynamic inefficiency most visible e Small inefficiency in 1< ® < 3 due
cms,] onlayer 1 to missing strip module in layer 2

e Efficiency above 99% on all ¢ |ncluded in new MC simulation

‘ layers/disks
A
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Muon Detectors: new CSC and RPC
chambers and read-out commissioned

e New chambers reduce the muon trigger rate in the endcaps significantly

) Cluster Size RPC Barrel s =13 TeV CMS Preliminary
g 35 e i e '
-y : s _ RPC cluster size stability |
e Good stability of RPC cluster size  § d |
. : E ’ .
— good stability of RPC triggers R e T T .
— important for L1 pT assignment g HVsean 7 Thresholdsean
% § § § & 3§ i § 3 3§ &8
2 - 3 % g 5 - g 5 o
Data

CSC Trigger Primitive Efficiency (%)

CMS F f8=13 TeV, L=720 pb”

e Upgrades to forward inner CSC
readout electronics
— 48 strips —> 48 channels
CMS + hit resolutions improves by 20% wrt e 13
- Run |




ECAL.: excellent performance and stability

J_ with LM correction
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Consolidation & Upgrade for DAQ, Trigger,
Monitoring and Computing systems

e Data acquisition (DAQ): new architecture, hardware, software
e Trigger Control and Distribution System (TCDS)

e New online data quality monitoring (DQM) system

e |[evel-1 trigger: new calorimeter trigger

e New online luminometers

O7/01/2016
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Brand new DAQ and DQM systems are

performing flawlessly

e New layout for DAQZ2
— Iincreased bandwidth (200 GB/s)

— new machines for filter farm
- processing capacity of 200 ms/evt

— file based approach
— new storage system (350 TB)

DAQ2 performance

100

Rate
(kHz)

10

¥ pp (PU=22)

+ HI

¢ pp-design
pp - Emulator
HI - Emulator

100 GB/s

o1 100

Event size (MB)

e Updated DQM framework

— as effective as in Runi

— live monitoring with little latency
(~50s)

— high flexibility for different
applications

Storage Manager I
Files, 1/LS

0000
00O
0000
00O
00O
0000o

O
O
O

-

000000
o0
o0
0o
=
)
o
D
o

&

0000R00
0000Q00

HLTfarm Histograms\ | /
FUs/BUs

v 1S

HLT
Daemon
— g —
IIH E |

Histograms and quality

tests, shared memory % ﬂ @
while live, ROOT files
forarchival.

HLX

€SC
DAQ

L1
Strip

EEE =
S
I B
(T

O7/01/2016



Trigger: what CMS can do exploiting 1kHz
output rate

e Flexible menu with dedicated triggers capable of probing different regimes

0 Muon Spectrum 261" (13 TeV)

> 10 Trigger paths
8 . CMS -

10 Prelimi B Jy
(\D reliminary JAp o
e 83
o B
Lﬁ Y B 'ow mass double muon + track

double muon inclusive
J’ z

CMS

Ll l

! b 1|
1 10 10°
@ uwru invariant mass [GeV]
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Level 1 trigger: better tau trigger, PU
subtraction for jets, isolation, energy sums

. . L R |
e |1 trigger upgrade for Run2 will Ry UM SOSUEPED IS BTN
complete in 2016 S |
3 0.8
e (Goal: control rates by rejecting PU i
and keep low thresholds at the o
same time i
0.4
e New L1 single isolated Tau hadronic 02l !
trigger efficiency pT > 28GeV - p
compared to Runt setup 0606080 100 120 140 160 180 206

offline © P, [GeV]
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High Level Trigger: many different scenarios
(50ns, 25ns, VdM, PbPb, pp-ref, ...)

Significant improvements in the trigger
algorithms to handle increase in rate and
PU

Multithread validated and deployed online
offline like software on commercial CPUS is run

Dedicated triggers for calibration/alignment
and commissioning in general

Accurate description of the trigger in
MC simulation

CMS

A
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Beam Monitor and Luminosity calibration:
response of multiple detectors is used

e CMS luminometers calibrated independently using the Van der Meer (VdM)
scan technique

e Multiple detectors very useful to understand beam and detector
systematics

. ¢ VdM Scant -] o
- PLT + BQM current +YMScend - — -
S>30 ] VDM calibration using fill 4266

— Uncertainty from VDM 2.6

lr - PLT Corrections, Deadtime etc. 2.4
- W + . Detector behavior during 25 ns
. Linearity and stability

i o
- Fill 4266, (s = 13 TeV f TOTAL uncertainty (for 25 ns)

470_I|IIII|IIII|IIII|IIII|IIII|IIII
500 1000 1500 2000 2500 3000

@V LHC bunch crossing ID
i
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Offline and Computing:
major improvements on multiple aspects

e Global Pool for resources
provisioning
— Less Tier boundaries in the
Computing Model

— Can operate all T1/T2/opportunistic ANALYSIS
resources in a single pool
— 150kJobs in parallel e
i , Max RSS
e Multithread deployed in prod 0,000
< max RSS, single multi-threaded job
_ memory SaV|ng © max RSS, multiple single-threaded jobs
40,000
o
=
i i i ~ 30,000
e Simulation improvements g
— factor 2 speed up x 20000
=
CMS 10,000 A
0
0 4 8 12 16 20 24

Number of Cores Used
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Physics objects @25ns: under control over
many orders of magnitude
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One physics case: di-jet searches in Run2

e No significant signals observed, limits extend well beyond Runi with 2.4/tb
e Benefits from data scouting at low masses (500-1200 GeV)

241" (13 TeV)
1 4 [ L4 L4 . L4 ] v,

L4 L L ] v Al A T I Ls L4 L4 L4 ] v A ) L}
% 5 CMS — ¢— Data CMS 95% CL Exclusions of Dijet Resonances (TeV)
': 10 Fit ; s . " :
Q . '
=" Color-octet scalar (3.1 TeV) String 7.0
Excited quark (5.0 TeV)

= -- Scalar diquark (6.0 TeV) )
.g e Scalar diquark |
~ s

Axigluon/coloron’

Excited quark

Wide jets Color-octet scalar
nl < 2.5, LAl\jl <13
Wl
Ak ’
o B2ob'@Tev) [l 24mb'(13Tev)

CMS

Dijet mass [TeV]
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Data scouting: expanded strategy for Run2

CMS rrosminary 188" (8 TeV)

2~5_"l"l""l""l""l“"l"["q

SN Bliad CMS-PAS-EX0-14-005| -

e Data scouting in a nutshell o[l k
— Physics objects reconstructed online at ] |’[

the Hl_T 1.5; |\.[ “ CMS 20 fo" .

. . - C N ]

— HLT objects are saved in a minimal o [ IV ]

format: small size, high rate Ly y

— No offline reco performed

/ w— CMS 188 o' Observed (Data Scouting)

0.5__ == CMS 18.8 o Expectad (Data Scouting) _:
18 » 1 0 CMS Data Scouting
I +2 0 CMS Data Scouting 1
o.11.111..111.1111.11111.11...
0O 500 1000 1500 2000 2500 3000
M,. (GeV)
AU.
e [Expanded strategy for Run2 t\ sl (1,550 Sy i caos

—  Run Particle Flow Reco online \ s (10

— Parking (on demand reco):
T —

CMS

- same events as PF scouting
- full event information (~600 Hz available) HT (GeV)
P (Not 1o scale)

250 GeV 450 GeV 800 GeV

Rate estimates assume a f
W luminosity of 7633 cm* 8! Lowest unprescaled HT trigger

O7/01/2016



In summary: a successful recommissioning
at all levels of a ~new detector

e A new exciting data taking period has just started not without surprises

e Up-time of the CMS magnet was the main limitation in 2015, but didn’t
prevent the publication of many physics results
— 33 public results from Run?

e Many improvements in place to cope with new conditions:
— able to acquire data at higher rates
— event reconstruction robust against 25 ns pipe-up conditions

O7/01/2016
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length  :28.7m Microstrips (80x180 pm) ~200m” ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO 4 crystals

HADRON CALORIMETER (HCA

Brass + Plastic scintillator ~7,000 channels

)
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CMS Experiment at the LHC, CERN
Data recorded: 2015-Aug-22 02:13:48.861952 GMT
Run / Event / LS: 254833 / 1268846022 / 846

|

an U100 0] 1LALLALLALALALLAL MAA
R NN ST T .
g : .; \‘.) s ! 53

S aleat | 2 Wik,

1260 GeV 1280 GeV
-0.24 -1.31
-2.74 rad 0.42 rad
-1 +1
2.91 TeV




Highest mass di-jet event: 6.14 TeV

Dijet Mass = 6.14 TeV

CMS/ |
Jet 1, L —_— |
pt = 2.88 TeV
eta = -0.364
phi = 1.915

CMS Experiment at LHC, CERN

Data recorded: Mon Oct 12 2015 EEST
Run/Event: 258749/ 549864773
Lumi section: 355

Dyet Mass: 6.14 TeV

CMS

A
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Di-jet runi1 results

IC'MS Preliminary
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ECAL
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ECAL

e [Ecal Multi-fit algorithm very
effective for OOT PU mitigation

CMS simulation, Vs=13 TeV PU=20/BX, 25 ns
> L
S 12— ¢ ¢
> [ e Observed signal ‘
S | — Total pulse :
w 11— — In-time pulse
- Out-of-time pulses *
0.8_— *
0.6:— +
0.4
0.2
CMS B
[ | | ®
0 r t
_IITIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0

. 1 2 3 4 ) 6 7 8 9
@ Time sample
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H

CAL new systems

new HF PhotoMultiplier Tubes PMTs

— In Run 1 we had R7525 Hamamatsu PMTs. Now we have R7600 PMTs, replaced
during LS1. They have doubled QE and have a thinner window. Thinner window allows
to have decrease the pre-firing rate from Cherenkov Hits. Muons producing Cherenkov
when passing thru the cathode window.

—  HPD -> SiPMs for Hadron Outer. SIPMs don’t care about B field and have smaller size.

e HF Back End VME -> uTCA

— http://cmsdoc.cern.ch/cms/HCAL/document/uT CA/uHTR/
— http://cmsdoc.cern.ch/cms/HCAL/document/uTCA/

— In short: more speed, more throughput, increased the #channels + optical readout +
read out time information.

CMS
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http://cmsdoc.cern.ch/cms/HCAL/document/uTCA/uHTR/

Recall of L1 legacy trigger (Run1)

Calorimeter Trigger Muon Trigger (e
ECAL HCALMHF RPC hits [ CSC hits ] [ DT hits [
Trigger Trigger + ) ¥ -

SR Primitives Link Segment Segment :
system finder finder
S v X ¥
Calorimeter Pattern Track Track -
Trigger Comparator finder finder

40 MHz pipeline
:
=1
N
Oo»0

Global Muon Trigger J »
4
[ Global Trigger } N
L1A} fStatus
CMS [ TTC system ] [ TTS system }
experiment [ 32 pertitions [

Detector Frontend }—‘t_‘

Fig. 1. A block diagram of the CMS Trigger used during LHC Run 1.

Calorimeter, muon, and beam monitoring (not shown) are part of the decision

CMS making tree. Upgrades to all the trigger sub-systems are underway. The
calorimeter portion is on the left hand side of the diagram.
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L1 e/gamma trigger efficiency VS
reconstructed Pt

e [solation reduces the rates significantly with only a small drop in efficiency

. CMS preliminary 24.0 pb™, (s =13 TeV
ISOIated an.d non-lso.lated 3 >-71'TYITITT]‘fTT‘fITT]’TII'TTYITITTIY‘I'TY]TTIYIT‘(YTIITTI-‘
EGamma trigger efficiency s L —

as a function of offline pr, for e | E mal | |
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Tracker layout
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Pixel Tracker Operations

e [xcellent performance at -10
degrees throughout 2015 >

S
' .30
%

o Pixel SeCtor prOblem |imi-ted WL T I Y T TR L T Tl 1
to only 1 layer out of 3 ' pe o .

— Small effect on track seeding
and b-tagging and will be taken
into account in MC

e [Xxercise of reading out
prototype Phase | upgrade \\
modules installed in FPIX
has contributed to upgrade 1

firmware development ¥ &S
Upgrade modtiley e/ 2

CMS

AV CMS Status Report, 02-12-2015
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Interplay between magnet and tracker
alignment

e Movements of pixel-detector g 30 ?nqsprehmmaryT,J.,.‘..A..,..m.,.....msém.m e (13T6V):
large structures due to magnet = 5 e i
cycles (grey area) monitored ~ ~ g :

e Several updates of the alignment [ S
used in data taking (initial y
geometry) 10/

e Final alignment in several - [ oA e :
intervals of 2015 (10 I0OVs) has '205_ *:), +i’, E
been prepared at the module 057000 258000 259000 260000
level for data reprocessing Run

e validation plot samples all
Intervals

A
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Muon system layout in Run2

CMS - RUN |

CMS - RUN I

R (m)
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3] (553857 F S35 535 |

09
“uy

10 1.1
40.4°

or o8
525" 48.4°
R G R

03 04 08

6.7 65

06
§75"
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786 1.7
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T ey 518 2s

03

KRR TR A R AR B S H e i

Complete ME4/2
PreLSl: only 5 CSCs in +z
..« Now: 36 CSCs per endcap

. | .
' "" . " \ ‘ ' i
\ ) . 'y ‘ \

‘person
noe o (set scale!)

Add YE4 & RE4

Ungang ME1/1A
(inner strip ring of ME1/1)
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RPC rate vs Ins. lumi at 13 TeV in 2015
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Improvements in DT and CSC spatial
resolution

CSC hit position resolution

Layer 3, ME -1/1a (2.1 <l < 2.5) DT resolution
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Muon ID robust against pileup and in good

agreement with MC

Muon ID with loose isolation vs
number of primary vertices
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Z line shape in data and MC

L=21fb", {s=13TeV

1401
- CMS Preliminary
120 |-

—

100 |

Nevents/0.5GeV

Data / MC

0856958085 90 95 100 105 110
Dimuon Mass [GeV]

After data driven P+ calibration
correction

41



Luminosity — detector performance

Scan 2: Y-plane BCID 1711 x*/ ndt 36.27/19 Scan 1: X-plane BCID 1711 x*/ ndf 30.26/19
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After the data taking: frenetic work to
prepare for conferences

e New software release
— data VS MC validation

e MC production campaigns
— 3-4 billion events being produced

e Provide conditions for 2015 data reprocessing
— optimal alignment and calibration used for the final data reco
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