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CMS detector at Run i

Tracker: Cooling -20 °C
~1 m? Pixels (66M channels)
~200 m? Si microstrips (9.6M channels)
; | Iron Yoke

4th muon station

DAQ and HLT:
new CPU
upgraded trigger (55
tations of

on detectors

38T Solenoi ?

ECAL: Electromagnetic
calorimeter - 76K PbWO, crystals |
HCAL: hermetic Brass/

Scintillator sampling hadronic
calorimeter HCAL new photosensors

12,500 tons
21 m long
15 m diameter
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CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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Pb-pb data

- 5.02 TeV/nucleon (collision energy doubled)

- 0.56nb-1 recorded (4x more than in 2011)
- Analyses ongoing

Run |l dataset

Proton - proton data at 13 TeV
Recorded at O T: 1 fb-1
Recorded at 3.8 T : 2.8 fb-1

Data certification, 3.8 T:

- Good for all;: 2.2 fb-1

- With |eta|<3 for jets and mET: 2.6 fb-1
- Good for muons: 2.7 fb-1

Fraction of active channels >97%

Active Detector Fraction: Start of Run2 to End of 2015 pp-run

Py ——D— D I Start Run 2 (Jul
2015)

I End of 2015 pp (
Nov 2015)

Strip
EB+EE
EB
EE
ES
HCAL
HB
HE
HF
HO
DT
RPC
CcsC
90 91 92 93 94 95 96 97 98 99 100

Fraction (%)



CMS Magnet status

Before Run Il starts it was realised that the performance of the cryogenic system
feeding Liquide He to the magnet was severely impaired by a contamination of
the Cold box

Thanks to efforts from CERN cryogenic and technical departments working with
CMS technical coordination, the impact was limited, allowing to collect ~3/4 of the
2015 delivered luminosity with full magnetic field

Magnet / cryogenic system revision during YETS 2015-2016:
Cold box cleaning with special solvent was successful
- 370g of compressor oil removed. All evidence consistent with this being the
source of instabilities in 2015.
- Qil filters (surface of compressor hall), old oil removal system and coalescers
dismounted
- All new components delivered
- Reconnection and testing procedure is lengthy and must be done rigorously
before connecting to new He transfer line leading underground the cold box
- Estimate “magnet ready” in week of 25 April



Efficiency

Reconstruction in a nutshell

particle flow
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Standard model measurements at 13 TeV



Standard model QCD Jets production

SMP-15-007

72 pb’ (13 TeV)
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- Measurement with prescaled

high level triggers as low as pT
> 60 GeV

- Jet energy scale uncertainty

1-2% (central region) to 8%
(forward region)

Comparison with theory

- Good agreement with NLO
predictions corrected with non-
perturbative correction (some
tension at high rapidity)



B-hadron production
BPH-16-003

- Cross section of B*—=J/W K+ (with J/W—pup) vs pT and n compared to
FONLL predictions and 7 TeV CMS data
- Good agreement with theory up to 100 GeV
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Standard model W and Z bosons

SMP-15-004, SMP-15-010, SMP-15-011

Measure QCD Z and W production

/Z+|ets differential in pT, rapidity and jets
Overall good agreement with NLO
predictions (aMC@NLO, POWHEG)
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Standard model WZ and ZZ production

SMP-15-005, SMP-15-006

Re-establish QCD diboson production (background to Higgs boson searches)
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- TTbar Cross section increase (13 TeV
relative to 8TeV) : x3.3

- TTbar differential cross section measured

in lepton+jets and dilepton channels

- Single top: t-channel is dominant at the
LHC (s-channel and tW amount to 20% of
single top)
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ttbar and single top cross section
TOP-16-008, TOP-16-011, TOP-16-003
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ttbar+Z production
TOP-16-009

- Background to ttH multi lepton searches
- At 13 TeV, cross section x4 relative to 8 TeV
- Analysis counting events classified by jets/b-jets multiplicity,
in 3l and 4l final state
Observation c(pp — ttZ) = 1065 "33 (stat.) 1§ (sys.) fb
NLO predictions (ttZ) = 839.375)(scale) “32(pdf) 732 (as) fb
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Higgs boson physics at 13 TeV

Summary of Run | Higgs couplings

ATLAS and CMS Preliminary - ATLAS ATLAS and CMS Preliminary - ATLAS
LHC Run 1 LHC Run 1 --CMS
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H—ZZ—-A4l

HIG-15-004

Signature: 4e, 2e2u, 4

- Need momentum as low as pT>7 GeV _
(electrons) and pT>5 GeV (muons) to not loose Main backgrounds: 2/
too much efficiency missing the 4th lepton continuum, Z+jets, ttbar

CMS Preliminary 287" (13 TeV
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-2D analysis Higgs boson width (Run |)
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CMS Preliminary 2.8 (13 TeV)
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HIG-15-004

Analysis:

- Untagged: Kinematic discriminant, Matrix element
based, trained against non-resonant background

- VBF: Fischer discriminant using jet information,
trained against gluon fusion signal

- M=0.82+0-579 43 at 125.09 GeV
2.50 obs (3.40 expected)

- Best fit mass 123.4+0847 GeV: agreement
within 1.60 with Run | LHC measurement
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H—vyy analysis

ok
105

,CMS Preliminary

110

2.7fb' (13 TeV)

115

See talk from Camilo
Carrillo later this afternoon

HIG-15-005

- Look for small signal peak (BR~0.2%) over
large background

4— - Photon energy resolution 1-2 GeV

CMS Simulation Preliminary 13 TeV
~—~ [T T I T 1T I T 1T l T T 1T I L I L L l lllll
% F Hoyy Untagged 0 7
0.35 ]
O
To) n
o 03 o Simulation
~ r
w 025 .
c — Parametric 4
o C model ]
w021 ]
0.15 :_ G = 1.25 GeV ]
0.1 :_ FWHM = 2.75 GeV

160~

§ Data
D Z—ee MC

D MC syst.

depending on categories: calibration is crucial

-Vertex finding among pileup vertices helps
improving identification and resolution
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- Photon identification: reject jets faking photons
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Photon ID BDT score

- with shower shape and isolation using BDT
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H—vyy results
HIG-15-005

CMS Preliminary 2.7 b7 (13TeV)
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ttH,H—vyy

HIG-15-005

2 ttH categories: hadronic and leptonic
- Tighten photon pT/m requirement (ttH harder than ggh)
- Control region with inverted photonld
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VBF Tag 0

VBF Tag 1
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Events

Same sign: >4 jets, >1 b-tag
3 leptons: >2 jets, >1 b-tag

ttH multilepton

HIG-15-008

Analysis targeting 2 lepton same-sign (2Iss) and =3
Ieptons (31)

Backrounds: tt+\W/Z, tt+|ets (same-sign required to

reduce Drell-Yan and ttZ)

Background normalisation from control region:
loosened identification (fakes), Z to Il (mis-charge)

CMS Preliminary 2.2 fb (1 3 TeV)
:—I TT ] T 1T I TTT | TTT ] TTT I TTT | T _‘_ Data TT E
- MVZ+X 7
- OZ+X E
600% [FINon Z
2 2l+fake
2 control
E region
01080604020 02040608

Collaboration IPHC - PKU:
Jing Li (PhD student)

CMS Pre//m/nary 23" (13 TeV)
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"E r -¢- Dat
%) B [
>
12— ETTw —
w [ 711z
L Y Fakes |
10— [ Flips -
8- ]
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af- -
2f .
-qcl; I'\:| :
a 2 E
8 ) 1
© r e ——
o — :
s 4 s 6 7

N(jet, p,>25 GeV)

- Lepton identification with a BDT
using shape, isolation and
overlapping jet information



Events

Data/Pred.

ttH multilepton
HIG-15-008

.......... 2307°(13TeY)  OMS Prolmnay 2387 (13TeV) iyt e‘u e‘et 3L
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E T : btight | | b tight || _
of Sl R L - + 4 b tight
_ b loose H b loose H A
: $S2L with hadronic tau ﬂ b loose
) Analysis sensitivity:
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ttH,H—bb

HIG-16-004

Analysis targeting lepton+jets and dileptons

- |4+jets: =1 lepton, >4 jets, >2 b-tag 9
- Includes boosted jets for the first time (fat jet substructure)

- 2l: 2 opposite sign lepton, >3 jets, >2 b-tag

CMS sSimuiation - dilepton Mass resolution ~10%, jet
3 jets, 2 b-tags 3 jets, 3 b-tags > 4 jets, 2 b-tags >4 jets, 3 b-tags CombinatoriCS: use multivariate
methods in jet/b-jet categories
- BDT
- Matrix Element Method (MEM)

S/B=0.000, S/\B=0.026 S/B=0.005, S/\B=0.047 S/B=0.003, S/\B=0.148 S/B=0.014, S/\B=0.223
>4 jets, > 4 b-tags

. CMS simuiation - lepton+jets

oo = thce > 6 jets, 2 b-tags 4 jets, 3 b-tags 5 jets, 3 b-tags > 6 jets, 3 b-tags
tt+b o
Bl it2b
Bl tt+ob
ttebb [ Ewk
g B -
S/B=0.046, S/\B=0.221
tt+cc
S/B=0.004, S/\B=0.324 S/B=0.003, S/\B=0.137 S/B=0.006, S/\B=0.252 S/B=0.011, S/\B=0.430
4 jets, 4 b-tags 5 jets, > 4 b-tags > 6 jet, > 4 b-tags Boosted
tt+cc

S/B=0.028, S/\B=0.275 S/B=0.035, S/\B=0.456 S/B=0.019, S/\B=0.204

S/B=0.016, S/\B=0.121
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Double Higgs production

HIG-16-002, HIG-16-011
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Beyond standard model searches
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SUS-15-011

- “edge” analysis: CMS excess seen

Supersymmetry: 2 opposite sign leptons

CMS

19.4 fo'! (8 TeV)

I . 'Data' I T I

[ ] DY+jets (eeup)
_8 Tev [ DY+jets (t)

I [ ] wwwzzz

— - i

- + B singlet

o I Other SM

N
a
o

Ever&)ts /5 GeV
(@]
o

—_
n
o

—_
o
o

at run | was 2.6o0

8 TeV “edge”
b (scaled)

Same-flavour background measured from data
in opposite flavour sample (mainly ttbar)
Drell-Yan background estimated from ETmiss
template method in y+jets control sample

No significant excess observed in 13 TeV data
More data needed to exclude CMS Run | excess
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- On-Z : ATLAS saw 30 excess at Run |
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Supersymmetry: gluino/stop searches
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhyvsicsResultsSUS

pp — G0, § = ttX°  wmoriond 2016
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Supersymmetry: gluino/stop searches
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

A large number of SUSY analyses already
public

Analyses with best sensitivity to strong
production are all-hadronic, for instance:
HTmiss analysis (SUS-15-002) op - T T30

Moriond 2016

- At least 4 jets, large HT (scale sum pT of jets), = S0 T

: : o = CMS preliminary — Observed ----Expected

large HTmiss (vector sum of jets momenta) O, 450 SUS-15.002, 0ep (HI), 2.6 0 (13 ToV) -

. . . . o r = - ho- , U-lep T ) & e ]

- Many search regions in number of jets, b-jets, g% 400F sus-15.003, 0-lep (Mr,), 2.3 o™ (13 Tev) =

: - —SUS-16-007 HPTT, O-lep stop, 2.3 fo™' (13 TeV) .

HT and HTmiss 350F- —SUS-16-007 HETT, 0-lep stop, 2.3 fo' (13 TeV) E

MT2 analySIS (SUS'1 5_003) 3003 —SUS-16-002, 1-lep stop, 2.3 fb™ (13 TeV) —E

- Similar strategy, using an transverse mass- 250 , E
like variable -

- Exclusion limits on gluino up to < 1.7 TeV, J00F
for simplified models and low LSP mass: -

Significantly exceeds Run I Iimits E “I-.";,I | I | | I | | I | | I | | él ':: Iil 1111 | | IE
- Stops limits are similar to 8 TeV (~same 200 800 400 500 600 700 800 Ggoil
number of events expected) m; [GeV]
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Search for W’ or Z’ resonances
EXO-15-005, EXO-15-006

2.8 (13 TeV)
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Diboson high mass searches
EXO-15-002

. CMS ( unpubllshed . .L|= 19|,7Ifbl'1lat 1{"§=|8|TleV
Run I: 20 excess near 1.8-2.0 TeV 2 1 Run1 F,eqm'jsobs.zfo.id,':u,,\.’m?m, '_
- Repeat searches using most sensitive categories: o _o_e.,u.ﬁwwlzillm :
hadronic and semi-leptonic e R
- Boosted W/Z-jets reconstructed with anti-kt 0.8 = : ;\\
algorithm, further identified with jet substructure CIRT] - fff}x f‘f?\f
- Categorization in dijet mass for optimal sensitivity to \“"‘""7"%:‘{;;'?‘ T

WW,WZ,ZZ signals NN
- 13 TeV: no excess found around 2 TeV, more data o NG
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EXO-16-018

Analysis updated since December Jamboree
New ECAL calibration:

- resolution improved by ~30% (10% better

analysis sensitivity)

High mass searches with diphotons

Includes data with no magnetic field: 0.6 fb-1
=> 0T Improves also sensitivity by 10%
- Updated calibration: 1% difference in energy
scale correction relative to 3.8T

CMS Preliminary 0.6 fo' (13 TeV, 0T)

- 0T Vertexing: simple track =
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- 0T photon identification:
efficiency similar at high photon pT
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High mass searches with diphotons
EXO-16-018

CMS Preliminary 2.7 fo” (13 TeV, 3.8T) _. CMS Preliminary 2.7 fb” (13 TeV, 3.8T)
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High mass searches with diphotons
EXO-16-018

CMS Preliminary 3.3f0' (13 TeV)

Largest excess: mx=760 GeV and I'/m=1.4x10-4 o '
- Interpretation: spin 0 and spin 2 resonance > ey e
- Compatibility between 0T and 3.8T datasets - ,
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i 1 -3 :'"'3‘»"' ?" ---------------- L -'"._-‘-- ---:i:-- 1o g g
s b L-14x10* __J3¢
....................................... 26 07 g
- —dJ=0
I —J=2
I [ m=tl4xi0ty0 T 36 105_54><1|o2 III |1o3 2><%o3 3><%o3
10 3 —— Combined my (GeV)
------ 0T 0.6fb"
""" 3.8T27 b CMS Preliminary 3.31b" (13 TeV) + 19.7 tb” (8 TeV)
10-4 * : ; ; Q_o Ty B B AN T '.." " V%
5x10° 6x10? 7x10? 8x10? KN 1 % H il B
ms (GeV) EHE VR A AT SR — 1o
B 6f.‘vMS Preliminary 331" (13 TeV) + 19.7 b (8 TeV) Combination With 8 Tev: 10 ?l 'I :
S 5 750 Gov. &0 - Local p-value: 3.40 \\ ------------------------------ 20
AN o - Global p-value: 1.66  °c | >|
4 T . coo 'H
A\ T ey - Compatibility with excess | * | E a0t
- \\ L m=14x1V J=U__ |3
g — seen at 8 TeV, scaled by 10°c — Gombined °
21 J=0 cross-section ratio - f;ivv
C i e
- x4.2 Y .
1 - ( ) 105><1 0 10° 2x10° 3x10°
00— L % mS (GeV)
G13TeV . B'y v (fb) 32



Conclusions

Standard model measurements
- Standard model program at 13 TeV well started : first (differential) cross sections,
vector bosons and top quark production

Higgs boson physics

- First measurements available (diphoton, ZZ), more data needed for a rediscovery
at 13 TeV

- ttH analyses in main channels are ready, more data is also needed here

Beyond standard model searches

- A large number of SUSY analyses pushing limits in strong production are available
- Some Run | excesses did not show up (yet?) at 13 TeV

- Further analysis of diphoton shows a modest excess at 760 GeV

Many more CMS analyses are public and were not presented in this talk !

2016 data taking period will start soon: hopefully it will tell us more about the
Higgs coupling to fermions, a possible new resonance and maybe some other
surprises !
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ECAL laser monitoring

CMS Preliminary
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Measurement of pseudo-rapidity
of charged hadrons (dN/dn)

- Data consistent with expected
center of mass energy

dependence
CMS
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Charged particles and the “ridge”
FSQ-15-001, FSQ-15-002

Two-particle correlation
In events with high track multiplicity
Ntk>105

- Confirms presence of a ridge-like
structure, similar to Pb-Pb

Ridge Jet correlation
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t-channel single top
TOP-16-003

q q - t-channel is dominant at the LHC (s-channel and
tW amount to 20% of single top)
o - Analysis with muon+jets final state
- Statistical treatment : fit of neural network output
in each jet/b-jet category
b t - Most important variable: Inl of light jet (forward in
t-channel)
230" (13 TeV)
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High mass Higgs boson searches
HIG-15-004, HIG-16-001

10 *CMS Preliminary 2.8 b (13 TeV)
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Supersymmetry: 2 same sign leptons

SUS-15-008

2 same sign leptons + mET

CMS Preliminary 2.2fb™ (13 TeV)

||l||||||l|||||||||I|I||l|

HH SRs

-¢- data
[ ]Fakes
[wz
I X+
W
I Flips
[ tizH
mww
[ Rares

8
IIII|I|II/4{_4,_14’+__[_]_II|IIII

III|IIII|II]I|IIIIIIIIIIIIII

N ——

o5 30

Limits within
simplified model:
(high lepton pT)

- Searching for excesses in high and low
pT signal regions, low/high mET, low/high HT

CMS Preliminary 2.2 b7 (13 TeV)
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Generic dark matter searches
EXO-15-003, B2G-15-007

CMS Preliminary 211" (13 TeV)
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Trigger upgrade

2009 - 2012 20JS
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CMS news from YETS 2015-2016

Level 1 Trigger “stage 2” upgrade:

- Faster readout with coarse granularity : new hardware for improved performance
- UTCA global muon trigger:
- select 8 leading muon candidates
- Muon fake rate reduction x2-3 with similar efficiency
- L1 Calo trigger:
- Layer 1: build trigger towers from ECAL and HCAL inputs, applied position
and energy dependent calibrations

- Layer 2 : implements pattern recognition (jets,e,gamma,tau) and computes
global quantities (mET, HT...)

Tracker: No major intervention, new calibration started.

ECAL.: refurbishment of low voltage power supplies. Units installed and operated.
HCAL.: several maintenance tasks. Commissioning of uTCA trigger.

Muon system: testing ongoing of the new crates

All detectors participating in mid-week global runs
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