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Overview oy
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- CMS Status: Summer 2017
- New Pixel detector = | | S 103 verlic
- New HF calorimeter readout ot ow ot Ckﬁ % o
- Improved L1 Trigger e B T T

635 collider data papers submitted as of 2017-07-25

120

- Physics Highlights: 2016 data .| 35 cus rusicaions
- using full 40 fb-' 13 TeV data

- 39 new results at Moriond 2017
- 22 new results at LHCP 2017

20 new results at EPS-HEP 2017 =
Here: selected new results %]
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CMS DETECTOR Th CM S d t
Total weight : 14,000 tonnes f;I,‘SlE:l)EO‘%oii'sI'URN YORE e eteC O r

SILICON TRACKERS
Overall diameter :15.0 m Pixel (100x150 pym) ~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, crystals ’

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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HF upgrade, Muon-endcap GEM prototype

- HF readout upgraded

replaced PMTs in LS1
(2xQE, 2xGain, dual readout,
1/6 thick window/Cherenkov)

- GEM GE1/1 slice
demonstrator installed

(5 x100°)
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EYTS 2017: Pixel Detector Upgrade

Upg rade Outer rings
n=0 n=0.5
/ n=2.0
Fé -
/ =2.5
/ n= Upgrade
,"/ A ~ FeMEERgs h. 4 barrel layers
/r ___.—"'_ 4-_// \
/ e - . ol ¢
e ~ — — =
T =
\\ “\_\ P
\ —
X g old .
\ s .
Old \ 3 barrel layers
n=0 n=0.5 n=1.0 -

- 4 layers, 3 disks

- smaller radius inner layer (3cm)
- New readout chip

- higher efficiency at high rate & high pile-up (up to 100 PU)
- CO2 cooling and DC-DC powering

- less material
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CMS Performance

Active Channels

Detector Active Fraction New Pixel detector
| * Number of readout chips
el roughly doubled to 29696

Strip

EB+EE

EB

M Beginning 2016 pp (Apr)
EE
3 B End of 2016 pp (Nov)
HCAL B Beginning 2017 pp (mid June)
HB
HE

HF New Hadronic Forward

HO Calorimeter

A N S A
A I S S
DT
A S S S S
RPC

CsC

90 91 92 93 94 9 SOA) 96 97 98 99 100
Fraction (%)




Hit Efficiency

CMS Public

New Pixel detector performance

CMS Pre//mlnary2017 \f_ =13 TeV
S e T 3 =) - [ T T ]
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Instantaneous Luminosity (x10*cm-2s-

Time alignment of Layer 1 and 2, which share a
common programmable time delay, was difficult
due a faster Layer 1 ROC.

We succeeded in establishing an optimal
common plateau of efficiency with values close
to 99% for all pixel layers and disks at
luminosities L=1.6E34cm2 s,

The timing is chosen to favour the Layer 1
performance.

Although not yet at the ultimate detector
performance, more complex functions like
vertexing, b-tagging, and HLT electron
reconstruction are significantly better than with
the old detector, which would not have been
able to cope with the rates in the first place.
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CMS Preiiminary 221 pb™ (2016) + 53 pb™ (2017) (13 TeV)
> e R S N R R e
Performance L1 e/~ trigger 5 ' _
O . ]
. . Eﬁ 0'8— ? 1 Single EG A
- Full upgrade of L1 trigger system during LS1 I | oo vk 7
- cope with high inst. luminosity of 1034 cm2s- 06 _
. B <PU> =24
and pileup 04/ !
i * 2017 Data ]
! $ e L1 isolated e/y 0.2} - = 2016Data
‘ ‘ e trigger efficiency + . i
lIII|IIII|IIII|IIII|IIII|IIII
i » 0% 10 20 30 40 50 60 70 80 90 100
E; [GeV]
. CMS proimnay 22150 (2016) + 530" 017) (13 TeV)
I Seed Tower \ d0.0Bf— | _f
. ;:::: i::it::::urs . Isolation region 0-07; = 9/7 RSl EOiices é
- e 2016data 1
0.06:— _:
FITHILLE
0.04;— -
Examples of e/y like cluster shapes 0.03 f_ _f
e 5
‘ H i L1 e/yenergy ¢ ]
resolution oo s
Examples of jet like cluster shapes L —

CMS_DP_2017-024
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CMS_DP_2017_024

1

Performance L1 muon trigger

CMS Preliminary 951" (2016) + 267 pb™' (2017) (13 TeV) ] ]
g LTI - Improved L1 muon track finding
o - .
s pa::x:‘f#—f— ! - Improved L1 muon p; resolution
® 8 Rl s
R e . o :
3 n
E - ¢
:I .
] o e e e e ° L1 muon pT>25 Gev
- ¢ S . :
L & e || |1 E efficiency vs. offline p;
_ : 2016 data ! e . .
0.4 — - - L1 muon trigger with 25 GeV
L .2 threshold expected to stay
0obe. = unprescaled in 2017 data taking
0?| L1 1 | I I L1 11 1 | I — I 1 | 1 .
0 100 200 300 400 __ 500

(0]
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Performance Alignment

number of modules /0.2 um

CMS Preliminary 3.8T collision data 2016
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

: Alignment: cosmic rays + collisions ]

140 tracker in data taking w=-0.396 um, o =4.432 um —

aligned tracker w=0.006 um, ¢ =1.210 um
[ —— MC (no misalignment) w=0.023 um, ¢ =0.567 um

120F
100f

80f

60}
40f

20f

ok

-10 ” 6 . —4 § 2 0 2 . | -‘- IH ' 10 /E; - Trelxcker alignment in 2016 datal-taking used as reference .
median(y pre d hlt)[M ] ; 40 __ —— Update threshold Alignment update Magnet<3.8 T __

B —a— BPIX(x+) BPIX(x-) i

20— —

Movements Barrel Pixel in
global y-direction

range corresponds to 16.4 fb'
Gray bands: Magnet ramps

-20—

CMS _DP_2017 021

Barrel pixel median residuals local
y-positions

Barrel pixel position is very sensitive to
changes in temperature and magnetic field

End-of-year alignment better than the
alignment used in data taking by a factor 4

CMS Preliminary 13 TeV data (Aug. 16 - Dec. 5, 2016)
|

[
< .
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|
| |

| | | |
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Time
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CMS_DP_2017-028
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Performance MET in high pileup

- Compare the well measured Z— Il to pr(l™)

the recoiling hadronic system u;

- Compare Particle Flow (PF) and
PUPPI 10.1007/JHEP10(2014)059

- Resolution of parallel and

Uy

perpendicular components of recaoil: pr(l)
.CMS Preliminary 4.8 pb (13 TeV) 2o.CMS Preliminary 4.8 pb™ (13 TeV)
-+ Type 1 PF ET'““"s E o -+ Type 1 PF E?iss

80

c(u )LGeV]

60

40

20

CO

“*Type 1 Puppi ET
Response Corrected, q, > 20

L1 L1 11 L1 1l L1 11 l L1l
50 60 70 80 90 100
Number of vertices

60

40

20

*Type 1 Puppi ET
Response Corrected, q,> 20

50 I I60I - I70I I 80 90 100
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CMS_DP-2016-035
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High energy event: m(tt)=2.5TeV

-m(t)=176 GeV
m\s\ % CMS Experiment at LHC, CERN
Dat ded: Sun Jul 12 07:25:11 2015 CEST —
L Rﬁna/é\e/(e;g:: 351532/:111132974 ° pT - 488 GeV
- : E)u?ti/?:edio'n: 12321 722792 / 2253
.y \ roi rossing: .
= - Three subjets

-m(t)=177 GeV
- pr =613 GeV
- Three subjets -
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CMS Luminosity

Successful data-taking in 2016

- second year of data at center-of-mass energy of 13 TeV
- 38 fb-1 recorded, exceeding goal of 25 fb-'

- 92% of delivered luminosity was recorded

- dataset of presented physics results

CMS Peak Luminosity Per Day, pp, 2016, vs = 13 TeV CMS Integrated Luminosity, pp, 2016, v's = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC a5 Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC 45
= ] . ) 15 28H‘ X | | - BN LHC Delivered: 41.40 fb!
S ax. Inst. luml.: 15.28 Ha/n € 40 SN = CMS Recorded: 38.27 fi'! 40
Z 15 15 o |
g 2 35| 135
z G
" CMS Offline Luminosity (Prelinginary) ) 30 CMS Offline Luminosity (Preliminary) 30
=] c 3 i
£ ‘s
€ 10/ 10 35 25 125
3 -l
S D 20} 120
: g
9 L o15f {15
> o
= 5t 5 o
a £ 10} 110
~ -
i S st 15
o o

0 i “ o\ 9 Q ‘ 0 h 0 L 1 1 1 1 1 o
2> O W e 9

Date (UTC)

Date (UTC)
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CMS Luminosity

Data-taking in 2017

CMS Integrated Luminosity, pp, 2017, Vs = 13 TeV

Data included from 2017-05-23 14:32 to 2017-08-06 02:34 UTC

14 T T T T T T T T T 14
= EEE LHC Delivered: 12.77 fb! Very successful LHC start
é 12 t“_— [ CMS Recorded: 10.75 fb! 12 reachlng 1 034 Cm-2s-1 fast'
> s
e
@ 10} CMS Online Luminosity 110
c
£
=1 8’ 7 8
|
T
9 6 CMS Peak Luminosity Per Week, pp, 2017, Vs = 13 TeV
©
:l,i al Data included from 2017-05-23 14:32 to 2017-08-06 02:34 UTC
"":‘ 20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 120
- Max. inst. lumi.: 16.86 Hz/nb
- 5l
: 2
= 15 15

o Il 1 1 1 1 1 1 1 1 - . .
o o o o \ \ \ \ CMS Online Lumino
73 "\610 W oW WP W a8 W e W e

Date (UTC)

[
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T

Overall 83.8% data collection
efficiency

Peak Delivered Luminosity (Hz/nb)

0
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Peak Delivered Luminosity (Hz/nb)

Total Integrated Luminosity (b ')

N
[=)

[
(%]

=]
o

u
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2011, 7 TeV, max. 4.0 Hz/nb
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CMS Luminosity

Peak luminosity / day

e 2012, 8 TeV, max. 7.7 Hz/nb ]
« 2015, 13 TeV, max. 5.1 Hz/nb (pp) 13 TeV 13 TeV
¢« 2016, 13 TeV, max. 15.3 Hz/nb 2016 now
« 2017, 13 TeV, max. 16.9 Hz/nb ¢
L H e,
i‘. o8
8 TeV b .
i 2012 b T .o
7 TeV 13 TeV f-'.'. . .o
7 TeV 2011 r}“ﬁ. 2015 =, x
- 2010 Welss, 4 .
. f: :: s, & long shutdown & & 2 '
h ﬂ" L LHC upgrade 8 — 13 TeV I.L' ,‘ *
A" N A" A" A" A ¥° N
Date (UTC)
Data included from 2010-03-30 11:22 to 2017-07-24 03:55 UTC
—— 2010, 7 TeV, 45.0 pb " | | ) | i 36 fb-"
—— 2011, 7 TeV, 6.1 b Integrated luminosity
— 2012, 8 TeV, 23.3 fb
=— 2015, 13 TeV, 4.2 fb ! (pp)
=== 2016, 13 TeV, 40.8 fb !
== 2017, 13 TeV, 8.9 fb!
20 fb-1
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J x 50 /
N A" A" N A" A" N
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High expectations for the 13 TeV Run 2

- Cross section of processes increase with center-of-mass
energy depending on the process mass scale

- Already twice the luminosity

of the 8 TeV dataset
- Good for searches

luminosity ratio

100 ———
ratios of LHC parton luminosities:
- 13 TeV/8TeV,7 TeV /8 TeV

—_
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July 2017 CMS Public  CMS Preliminary

@ 7 TeV CMS measurement (L <5.0 fb™)

B @ 8 TeV CMS measurement (L < 19.6 fb')
e o m 13 TeV CMS measurement (L < 35.9 fb)

n jet@) oo n - Theory prediction

m o S Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV

19

, O [pb]
3,

14f'>n'e's
5 107F s + Extraordinary measurements
- o '+ Important background for searches
3 10°F
- B e e el A R R
@105Efé:§i'§§§§§§§§§§i}s'L§s;sssssé'@ééééi
(2NN S I I T T T U Y LN U S O O I
o10fé*i*’
c5""'iééééééééééézéz_:'!':ééiéi;:zii-'iéf
g v 2 vy F
B10°'E B
S f - - EE
0_10_25_ . -

Higgs j

o’k RN
0 E | Electroweak top physics

S m—— > <€

10_4 IWiZ iw iz iWw'wzizziEWiEWi”*iEW Tew Tew Tew iinz iW itt it "wht Ty iz IttWIttZitttti HiVﬁiVHittHIHH
voa aqW qaZ WW qaWy ssWWaqzy qqzz 1 VT Y teh son 111150 997 4qH

EW: Wy, Z—ll, l=e,u Th. Ao, in exp. Ao

All results at: http://cern.ch/go/pNj7
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10.1007/JHEPQ3(2017)156

s
/

Strong coupling strength «,

CMS Incl.Jet, Vs = 8TeV, ag(M) =0.1 164f°ojggjg
—e— CMS Incl.Jet, Vs =8TeV

—=8— CMSR,,, Is=7TeV

—&— CMS Incl.Jet, Vs = 7TeV

—=— CMStt, Vs=7TeV

——+— CMS 3-Jet Mass , Is = 7TeV

—=o— DO Incl.Jet

—+=—— D0 Angular Correlation

—2— H1

—4— ZEUS

- == World Avg o¢(M,) =0.1185 = 0.0006

5678 10

20 30 40

2000

- 1|000
Q (GeV)
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QCD: Differential jet production

Dijet topology: unfolded as function
of jet-mass and jet p;

jet mass sensitive to QCD parton
showering and used in searches for
new physics (“boosted” objects)

With & without jet grooming
algorithm to remove low energy
portions from jet arising from soft
radiation that are difficult to model.

MC predictions of jet mass spectrum 1o
are found to be improved for
groomed jets

Jet grooming algorithm:
AKS jet constituents reclustered by CA8

Hierarchical sequence of clustering
reversed

soft drop (SD) algorithm removes low
energetic constituents per declustering step

— —
o Qo
N N

—

1072

Normalized cross section
©
N

1078
1071°
10712

1071

CMS Preliminary

CMS-PAS-SMP-16-010

231" (13 TeV)
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L=3.9fb" (Vs =13 TeV, 2017)
CMS e DP-2017-029
Preliminary Iy
.
Jhp B,
' - Y
Y I low mass double muon + track
double muon inclusive

I

IIIIﬂTll IIII|T"| IIIIﬂT|| TTTTIm

1 10 10°
u*tu invariant mass [GeV]
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CMS-PAS-SMP-16-007

EWK: Measurement of the weak mixing angle

using forward-backward asymmetry Az of DY (e*e-, u*p) using the full 8 TeV data

sin?f extraction by fitting mass and rapidity dependence of A, strong dependence
on mass because of the axial - vector interference

Most precise measurement of sin26 at the LHC, similar to Tevatron experiments
Allows also to constrain PDFs

CMS Preliminary 19.6 fb™' (8 TeV) sin? 0P = 0.23101 = 0.00036(stat) =+ 0.00018(syst) + 0.00016(theory) + 0.00030(pdf)
0.4
<E 70.‘0 s‘IVLILOL D.‘4 s‘IVLILO.‘B 0.‘8 s‘IVLILL‘Z 1.‘2 s‘lv‘nl ‘<1‘5 1.‘6 s‘IVLILZ.‘D 2.‘0 s‘IVLILZ.L7 T T T T T T
- CMS ee+un ——— 0.23101 = 0.00052
— _1 — —
ol g!\llilﬁnsye 19.6 fb —_——— 0.23056 + 0.00086
i CMS up 18.8 b o
B Prelfminal:'yM 0.23125 + 0.00060
i LHCb uu 3 b . 0.23142 + 0.00106
O L _|
ATLAS ee+uu 4.8 fol ® 0.23080 + 0.00120
DO ee 9.7 fb™ —e—— 0.23147 = 0.00047
~0.2 L _]
CDF ee+uu 9.4 fb™ ———— 0.23221 + 0.00046
= F SLD: A —0— 0.23098 + 0.00026
LL  oo0sF b B N
' 3 LEP + SLD: Ay —0— 0.23221 = 0.00029
© 0 — —
-— F
8 ~0.05F . LEP + SLD —e— 0.23153 = 0.00016
C 1 n 1 n 1 1 L
70 90 10|70 90 110]|70 90 110]|70 90 110| 70 90 110|70 90 110 0.23 0-231| X 0.232 0.233
ep

M,, (GeV) Sin“O



March 2017 cwvs public - CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) ——o—+—
vs. NNLO (NLo) theory 8 TeV CMS measurement (stat,stat+sys) —+—e—+—
13 TeV CMS measurement (stat,stat+sys) —+—e—+—
VY 1.06 £ 0.01+0.12 5.0 fb™
Wy, (NLO th.) i o - 1.16 + 0.03 + 0.13 5.0 fb™
Zy, (NLO th.) b0 0.98 + 0.01+0.05 5.0 fb
Zy, (NLO th.) —— 0.98 + 0.01+0.05 19.5fb™
WW+WZ — o — 1.01+0.13+0.14 4.91b™"
WW o 1.07 £ 0.04 = 0.09 4.9 fb™
WW — e 1.00 £ 0.02 + 0.08 19.4 fb™
WW —— 0.96 + 0.05 + 0.08 2.3 fb™
W2Z —— o+ 1.05 + 0.07 + 0.06 4.9 fb
WZ — 1.02 £ 0.04 + 0.07 19.6 fb™
WZ S 0.80 + 0.06 = 0.07 2.3 b
77 o 0.97 +0.13 £ 0.07 4.9 fb™
77 ———— 0.97 +0.06 + 0.08 19.6 fb™
Y4 — . — 1.10 + 0.04 + 0.05 35.9 fb™
O.|5 | I I I ; I I I I 1.|5 I I I I 2
All results at. Production Cross Section Ratio: o,/ o

http://cern.ch/go/pN;j7 exp theo
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proton - (anti)proton cross sections

10° £ — T E109
Contents 10° o 10
10 £ Teva:tron LHC 510
- CMS Status 10° ¢ / 3 10°
. o 10° ¢ : o 10Ty,
- Physics Highlights w b 1 Jw'e
' / ] 3 mo
- QCD multijet production 10 F T U
- Electroweak production s 10 F j// 310
1 : : J1g0
> - Top physics SRl 3 1 §‘° 5
- Higgs physics © 1°_° 6, (E;" > 100 GeV) < ERd 2
. Searches for New Physics F 1" =
- Exotica 10° : 7/ 10" €
3 [ / 1403 g)
- Supersymmetry 10°F . 3% 0
. 10* ;_ . ' 1 10*
g CO”CIUS|On 10° ;_MH=125GGV{ 4 10°
10° £ 5 10°
10_7 - WJSZO]E L L . o] 10_7
0.1 1 10

Vs (TeV) J. Stirling



LP2017
Christian Autermann

CMS Public

26

LHC IS a top quark factory

B Tevatron comblned 1. 96 TeV (L < 8 8 fb )
CMS dilepton,+jets* 5.02 TeV (L = 27.4 pb”) CMS Prellmlnary July 2017 |

CMSeu7TeV(L=5fb") - .
tt production

CMS l+jets 7 TeV (L=2.3fb" )
CMS all-jets 7 TeV (L = 3. 54 fb™
CMS eu8TeV (L=19.7fb")
CMS I+jets 8 TeV (L =19.6 fb’ )
CMS all-jets 8 TeV (L = 18. 4 b
CMS en 13 TeV (L=43 pb 50 ns)
CMSen13TeV (L=221b )

CMS l+jets* 13 TeV (L = 42 pb 50 ns)
CMS l+jets 13 TeV (L=2.2fb )
CMS all-jets* 13 TeV (L =253 fb™)

* Preliminary

~50 top pairs every second at LHC!
(at 103* cm2s-! instantaneous luminosity )

10°

A AEOOPO «O0E < |

102 800

Inclusive tt cross section [pb]

600—. NNPDF3.0 . MMHT 14

ES=5 NNLO+NNLL (pp) :.CT14 |:|ABM12*

=== NNLO+NNLL (pp) RN i
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV] _|
NNPDF3.0,m_ = 1725 GeV, a,(M,) = 0.118 = 0001 [‘a (M,)=0.113] 3 [PD]

2 4 6 8 10 12 14
Vs[TeV]

Singie to'p-qu'alrk ﬁrodﬁctio'n | | t-'chanr'nel (p[l) or p||6)

Inclusive cross sections

10

tW (pp or pp) |

Probing rare tt+X processes:
ttW @ 5.50, ttZ @ 9.90 CMS PAS TOP 17 005 10
ttbb and ttbb/ttjj production 1705.10141, to PLB

s-channel (pp)

s-channel (pp)

tt’y prOdUCtiOn 1706.08128, subm. to JHEP 1 E_ B NLO+NNLL, PRD 82, 054018 (2010E
th production @ 240- 10.1007/JHEP07(2017)003 E ~—— NLO+NNLL, PRD 83, 091503 (2011) 4  CMS, PRL 110, 022003 (2013) E

v Tevatron, arXiv:1503.05027 [hep-ex] = CMS, PRL 112, 231802 (2014)
M easu ri ng cou p| | ngs 10° 4 CMS, JHEP 12, 035 (2012) NLO+NNLL, PRD 81, 054028 (2010) =

= CMS, JHEP 06, 090 (2014) v Tevatron, PRL 112, 231803 (2014)

. Testing FCNC’ BSM I . CMS,arXiv:1610.00678[h|ep-ex]l = CMS, JHEP 09 (2016) 027

| | | | | | | | | |
2 3 4 5 6 7 8 9 10 11 12 13 14
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OP: differential cross section

semi-leptonic decay channel (e* or u*) Latest of many similar results

important verification of theoretical models, sensitive * Particle and parton level
to rare SM processes like tt + (W, Z, or H), measurements;

. « |+ets, dilepton, and all jets;
important SM background to searches . b(J)?)SS:[edI :ﬁdopesiﬁ]vez. o8

CMS_PAS TOP-16-014

o(tt) differentially in variables, that don’t need « based on global event variables
reconstruction of tt system and reconstructing the top
system(s);

unfolded to particle level, phase-space resembling

fiducial volume of CMS * double and simple differential

35.9 fo- 1(13 TeV) 359 fo° 1(13 TeV)
‘:\ T T T T ‘ T T T T T T T —_ ‘ ‘
5 - CMS e M + Jets comblned 1 3 CMS e o+ jets comblned
& 0.012- Preliminary - NE Preliminary
- j_* i S g 40 -
S| 0.0105 }  Unfolded data ] e $ Uniolded data
S i —— POWHEG + PYTHIA8 ] —---l—---— — POWHEG + PYTHIA8
0.008 1 ~—~ MG5 aMC@NLO (FXFX) + PYTHIA8 - 30 - [ooLoT ~77 MGS aMC@NLO (NLO) + PYTHIAS
. i s POWHEG + HERWIGH+ ] —-- POWHEG + HERWIG++
------ MG5 aMC@NLO (LO) + PYTHIA8
ot BREEECEE MG5 aMC@NLO (MLM) + PYTHIA8
0.006 - . o0l |
0.004 |- ] 1
10 -
0.002 - ] e
O 000 L \m\—uk\;\ | | 0 | | | | |
-O' [ 1.2 [ ‘ ‘ --------- ‘- ---------------- ‘""""""""‘- ---------- . — ‘ ‘ ----"‘---__":';':.'.'"_".'.'.'j-_“L_-"I —
Bl§ 1.0 BE 1.0 e ]
82 T s E saesst ‘ * 0.8 == sm. == St o Syst. s
| | | | | | |

l
: 0.6
0 100 200 300 400 500 4 5 6 7 8 9 10
pT'es (GeV)
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Top property measurements: Top mass

CMS 2017, ptjets - 172.62 +0.38 £ 0.70 GeV
= = == (not included in combination) i
CMS Preliminary CMS Public Top sy 2017
N LA S A Y L L O B B B .
i b hadron lifetime
l—+—l 173. + 1. + 2.91 V
CMS Public o b 2080 (2014, 3.50 = 1.50 = 2.91 Ge
CMS 2010, dilepton 175.50 = 4.60 = 4.60 GeV
JHEP 07 (2011) 049, 36 pb’ (value = stat + syst) Kinematic endpoints 17 . +1.70 v
o EPJC 73 (2013) 2494 @ 17890090 2.10Ge
CMS 2011, dilepton 172.50 = 0.43 = 1.43 GeV .
EPJC 72 (2012) 2202, 5.0 fb”! (value = stat + syst) IT’(')lgt e"efg(y Pe?k —@——  172.29 = 117 + 2.66 GeV
-15-002 (2015
CMS 2011, all-jets 173.49 + 0.69 = 1.21 GeV
EPJC 74 (2014) 2758, 3.5 fb' (value =+ stat = syst) L—:E;‘z’;gé‘fs) s — @ 173.50 = 3.00 = 0.90 GeV
CMS 2011, lepton+jets . 173.49 = 0.43 = 0.98 GeV L SecV
JHEP 12 (2012) 105, 5.0 fb" (value = stat = syst) ngtg;(;o%:) 03‘2006 ~@— 173682020 *158 | Gev
CMS 2012, dilepton 172.82 = 0.19 = 1.22 GeV Dilepton kinematics 568
This analysis, 19.7 ! (value = stat + syst) TCI)P-F: 6-002 I(2016) 1 —= 171.70 = 1.10 *= -3.09 GeV
. -
CMS 2012, all-jets 172.32 = 0.25 = 0.59 GeV Si P
’ ingle top enriched . 0.97
This analysis, 18.2 fb™ (value = stat + syst) arXi?:1703.I())2530 (2017) L 172.60 = 0.77 *0°7 ) g3 GeV
. @~ _
CMS 2012, lepton+jets 172.35 = 0.16 = 0.48 GeV CMS tt+j shape, 8 TeV 169.90 = 1.10 +4:38 GeV
This analysis, 19.7 b’ (value =+ stat + syst) TOP-13-006 (2016) — Y= -3.49
@~ -
CMS combination 172.44 + 0.13 = 0.47 GeV A~ o/ | o(tt) 7+8 TeV 173.80 +1.70 GeV
(value = stat = syst) 0.3 %! JHEP 08 (2016) 029 ® ' -1.80 7€
Tevatron combination (2014) oo O] 1107 157 [0 1 I B A S R
arXiv:1407.2682 174.34 = 0.37 = 0.52 GeV CMS 7+8 TeV (2015) PN 172.44 + 0.13 + 0.47 GeV
(value = stat = syst) PRD 93 072004 (2016)
World combination 2014 — S
ATLAS, CDF, CMS, DO 173.34 = 0.27 = 0.71 GeV \World combination 9 173.34 = 0.27 = 0.71 GeV
arXiv:1403.4427 (value = stat + syst) arXiv:14’103. 4 "127 (2(‘)1 4)
I IR N N R NN S SN NN N N N N RN I IS N S N N S S R N R H R R
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[GeV] mGeY]
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Discovery channels of the Higgs

CMS Prellm/nary

35.9 fb (13 TeV)

> H—> vy
(\525000—m|-|—1 25.4 GeV, i=1.16 All categorles E
* ¢ Data ]
< i — S+Bfit
L%’QOOOO EN e B component
C +lo ]
15000~ [ ]+20 ]
10000f .
5000
oF
600 ' B component subtracted ]
400 F .
200k
0

-200 -

_40?00 110 120 130 140 150 160 170 180
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3

Best Fit
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m,, (GeV)

35.9 b (13 TeV)1 CMS Preliminary
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CMS_PAS_HIG_16-040,
1706.09936, subm. to JHEP
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- Discovery channels despite small BF
of ~0.23% (), ~0.013% (41)

- clean signal, high precision, fully
reconstructable

- consistent with SM

S CMS 35.9fb" (13 TeV)
T T | T T T T
& 10| H—=>2Z2=4] ¢ Data ]
I L [ H(125) ’
o - ] qa—2z,zy* §
S 80— B 9927, zy* —
> - _
AT B B z+x |
60— —
35.9fb" (13TeV)10A : :
b - i
BBBBBBB o 40 | —
20— —
O ........

200 300 400 500 ~ 700 900
. m,, (GeV)
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H—7rrand H— W*W- channels

1708.00373, subm PLB 35.9 b (13 TeV)
-.(2 107 T L I LI LI I LI LI I L T I T L I T L
Gcb 6 CMS ie . (Obs. i bkg.)/bki:;.
L|>J 10 19F — (H—>tu)/bkg.
1 Bkg. unc./bkg.
10° 06
0.4
0.2
0 ......

5 1 05
log, (S/(S+B))

- -+-0bserved %

ERs W

eu — H—tt (u=1.09)

1
EBkg.unc.
IIIIIIIIIIIIIIIIIIIIII

-1
103 25 2 15 1 05 0

log ] 0(S/(S+B))

pood vl 1

- Tau semi-hadronic & leptonic decay
channels
- Excellent CMS tau tagging
- 4 final states (eu, er , ur, 7.7)
- 3 categories (0 jet, VhBF, Boc;ls{led)

- 490 (4.70 expected) Run 1,2 combined:

° 1'09+0.27-0.26 X USM 5.90- (5-90- eXp)

CMS_PAS_HIG-16-021

CMS Preliminar L =15.2/fb (13 TeV

*@ : T I T T T | T T T | T T T | T T T | T :

& 6000 — DY ) ~] Non-prompt —

AT C tW and tt ww .

_c [ T VZ/Y*/Y |

© 5000~ [ Higgs —+— Data ]

% : Systematics ]

‘D 4000 E
2 C
@ -
& 3000—

2000 -

100 -

8 14 =

Q E =

S
| E

3 08 [ 3

S 06 F , , , 3

20 40 60 80 100
m, [GeV]

- H=-WW—evuv

- dilepton channel
- ggH, VH, VBF production channels

- 4.30 (4.10 expected)

- 1.05 £ 0.26 x 04y
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CMS_PAS_HIG_16-044

Strong evidence for V+ Higgs — bb : “r .., ; o ]
Sl — .
- VH—II'bb with V = (W, Z) & | = (e, u, 1) g :
- Tevatron’s most sensitive channel in reported o
evidence for HIggS 10.1103/PhysRevLett.109.071804 10°
- 0,1,2 charged lepton channels; 21 control b
regions e
- 7 BDT discriminator distributions g'er |
- Signal extraction by simultaneous binned 5T
likelihood fits of signal and backgrounds for all ~ “ost—pe—s—5c—5—c——5—
channels to the BDT distributions oy 29l

CMS Preliminary
pp — VH; H— bb
Combined u = 1.2 + 0.4

- Method validated on VZ with Z— bb, observed ZH(ob)

with 4.96¢ (1.02022, . x og,, ) .
- Combination with CMS Run | (7 & 8TeV): (a0 o

3.80 (3.80 expected) ept

1.O6+0'31_0_29 X O-SM 2=Iept.+

Best fit u

- more details in talk by Keti Kaadze this afternoon
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> T ' L ' rrrrTT
£1> 15 ATLAS and CMS
2 | LHC Run1
o) - 7 and 8 TeV data
E""|> 10°'F E
LL
A4
1072 E
¢ ATLAS+CMS
R SM Higgs boson |
: — [M, ¢] fit
[ 68% CL
95% CL
10%E 8 E
107 1 10 10?

Particle mass [GeV]
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Exotica - dijet angular correlations

CMS_EXO-16-046

.. 1
CMS Preliminary 35.9 fb” (13 TeV) CMS Preliminary 35.9 o' (13 TeV)
‘0-,)' E T T T T T T a - o 1.4 rr+~ - | v+ vt 1 v+ 1 v+ 1 1 [ 1T 1T 11 \d LI — 3 g
= = —— Data 4 © 14r N —=o09 =
L 03E e NLO QCD+EW prediction 3 " Vector/Axial-Vector Mediator N —os =
Q_‘_, E e, AF (CI) =13 TeV E 1.2 __FDM=0 § _;07 ~
20.25 LL = — - 3 —0.6
b'c c - A; (GRW) =10 TeV ] 1 Hos
ho} 0.2 -, REETTIPIy MQBH (n__ =6 ADD) =8 TeV = - CMS 95% CL Upper Limits 3
5 = ! M. (DMa =1.0)=4.5 TeV 3 [ === Dijet Chi Observed —04
bgO 15 | - - Med g9,=1 )=4.5Te E 0.8— Dijet Chi Expected \ o3
= . L SSs Dijet Resonance Observed SSSSSNN -
\ — —
Al = M;>6.0 Tev = 0.6 Dijet Resonance Expected —0.2
i + i, ST * [ ===~ Boosted Dijet Resonance Observed ]
0.05 . g o Boosted Dijet Resonance Expected 1
- . 04— SN\ —0.1
0.1 — - 7
N . . OO OIPOIN 117, o0 0.2 —
0.05 N
IIIIIIIIIIIIIIIIIIIIIIIIIIIII O L 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.1 0 1000 2000 3000 4000 5000 6000

0.05 dark matter mediator mass My, [GeV]

4.2< Mii <4.8 TeV

qq CI, quantum BH, DM, extra dim.;
constructive or destructive interference

complementary to dijet narrow bump search

0.1
0.05

01 '36< M, <4.2TeV

R QCD Rutherford scattering flat in e,
OZ;MH_“ First time limits on universal quark coupling to
'0 1_ """"""""" oA 30Ty dark matter mediator 2.5 < M4 < 5 TeV set,

§<

0.05

that is inaccessible through dijet resonances

2 4 6 g8 10 12 14 16_ olv1—v2| 14| cos 6* | 6*: jet angle to beam axis
dijet 1—| cos 6~ | in dijet rest frame
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1707.06193, subm. JHEP

Supersymmetry - Gauge mediated breaking

35.9 fb (13 TeV

36

> °2C Apra’ | 1 ] 2 . .
g 17 cus mvesimos 3. At least one photon in final state
~ A Nongenuine pT iss 1
g — .- Generic search for strongly produced GMSB
if 1 —%)vf/gmoowo 3 SUSY W|th )'Z%’y G
ol = i Tomncanamy ] m(g) up to 2 TeV &
s /,{ ---------- it :
= Wi ] ~ ~
_ N -Wmﬂ,ﬂ””,{;
ffg T — m(q) up to 1.65 TeV excluded dep. on m(x°,)
joof
88 g - CMS Supplementary | 359fb (13‘ TG“V)I
o=
Sg ity ’VW i E 3000 pp — 99 g — qaXs, X° vG n
om o0 200 400 600 800 ~_ | ——— SUS-16-047: high H} — Observed
p-TISS (GeV) é :— SUS-16-046: high S Expected -

| —— SUS-16-023: high S} 23fb1
20007aerV 1707.06193

- No excess observed

- Complementary channels »

© v EWK, vy, ytlepton,
multi-lepton p

- Planning combination in model

of General Gauge Mediation - /
10.1007/JHEP01(2017)135, 0 1500 2000 2500
10.1007/JHEP03(2016)046 m; (GeV)

1000
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Supersymmetry - Electroweak searches combination

37

- Electroweak chargino & neutralino production CMS Froiminay 35.9 fb" (13 TeV)
.y . . . G N PAEELEE ' T
- Statistical combination of multiple analyses 7 \" ' ]
: : . ! osh\ b ]
- multi-lepton, low p; dileptons, OS&SF dilepton, 15085! TN i
om I RN - s cross section ]
WH, Razor H%’)/fy, H+MET 0.6;-!- \\ ".\.,__ scenario 1 ]
.. \ ’ Mo=m_ =m, ]
- Optimized >3l search for m(x4?) - m(x,') = m(2) 1 N A me-1Gev
. 0.4_— \ .
- Model of x*, - x%, production : \\ N A
. . 0.2l EE = bbb ]
- different x°, decay scenarios ! b N\ T
L \ oy e Expected |
ol L v 1 N \ R B
— 200 400 600 800 1000

pp — X3 X3 Higgsino mass m_ [GeV]

= L L L L B i
8 400-CMS Preliminary 35.9 b (13 TeV) = CMS Freiiminary 35.9 fb™ (13 TeV) _
I_1=$.<F 350F- :gigg::;;(‘?f: ((VV\\/I;)) ---Expected l(’?\ 1 §
C BF(R—Z %) = BF(R-HX) = 0.5 (WH+wz) —Observed J I S
300[- R = | -
- /é\’.\::" ) x{x\'\r,\é@b e E OL?'SF _‘ﬁ,
2501 a ‘ 3 @
2002— ” S E 05 g
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50;0, .................... é
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Supersymmetry: R-Parity violation

; CMS Preliminary 35.9fb" (13 TeV)
- No theoretical reason why R-parity mustbe £ 10°F . ' '+ Data E
o C N = 7 ]
conserved @ 105 Ny =8 mtt E
- “Natural” RPV SUSY still largely joo L Mo 1000GeV []QCD 8
unconstrained I W+jets
. igr s 2
- No MET requirement - also sensitivity to 10 [ Other E
RPC SUSY with compressed mass spectra 10 -
1ot CMS Preliminary 35.9 b (13 TeV) -
g Tk - 1
=, —&— QObserved 95% CL limit
i% Expected 95% CL limit 1071
e | - Expected + o
% - ‘: Expected = 20 E
oML (o s T "g
D 1 L !
1 2 3 >4
1 C 4 C 1 144 (8 C C Nb
WRp: E/lijkLiLjEk +/1ijkLinDk+ z/liiji DjDk +,Ltl'Hle'
- Minimal Flavor violation: A" ¢
- §—tt—tbs, atleast one iso. lepton (e, u)
- signal extraction through shape fit to N, in bins

G roa of Ni; and M,



Conclusion

Outstanding performance of LHC and the CMS detector
Now results using up to 40 fb-! of 13 TeV data are published
Excellent performance of detectors Standard Model measurements

make more complicated & specialized search analyses possible
and worthwhile!

SM precision measurements profit from increasing luminosity

Naturalness arguments promises New Physics at the TeV scale,
the TeV scale is now in reach!

References
All CMS public results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Performance Pixel: Vertex reconstruction

I . A40-""""I""I""I""I""I""1I3'T'e'\f

- Resolution vs pileup = eventswinhighp, s CMS -

— 351 Preliminary —

é - —— 2015 (single run, L=1.6x10%cm2s") -

- Better than 14 pm In X,y % 305_ —=— 2016 (single run, L=4.6><10°3cm'2s")_5
- Better than 19 umin z I 25;—
(for primary vertices with sum of o 20

track p; > 100 GeV)

15[
- D(j:‘.{..
1o:—¥¢ + : {)

- Degradation of resolution : +
by 10% caused by higher °F
Inst. luminosity causing || SN N F S E S W W S

. e 0 5 10 15 20 25 30 35 40
larger pixel hit inefficiency Number of vertices



candidates / MeV

Performance tracking

13 TeV 6.38 fb™

500/
400
300
200/

100"

86

x10°
Al L.

- cms
600 Preliminary H

Norm: 3.29e+06 + 2e+03]
Mean: 1115.979 + 0.001 |
Avg c:2.817 +0.004 _|

1100

I T R T R
1120 1140 1160

mass (pn) [MeV]

CMS_DP_2016-047

13 TeV 6.38 fb™

1120_""| """" Frrrrrrrrrprrr
E Iiyg;minary ® data @ simulation E
11190 .
1118} ]
11171 .
* o8

1116 q‘:owmmtg@ —:
1115F .
1114....I....I....I....I....I....:

Lambda invariant mass reconstructed from oppositely-charged

pion/proton candidates in data.

Fit with double-Gaussian with a common mean for the signal
plus a quadratic polynomial for the background.
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CMS_DP_2017_027

Performance: Jet substructure algorithms

- BDT quark / gluon jet discriminator

CMS Simulation Preliminary 13 TeV ;

ROC curves and o ostavencts |0
correlations (medium p;)~—~§

AR weighted [S8&
10 CMS Simulation Preliminary 13 TeV
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