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The talk is a 25" plenary talk containing recent CMS
results.
The title is:

Selected Recent results from CMS
Please send me corrections, comments and
suggestions.
A certain numbers of slides are just pictures or titles
of sections so they will not take much time during
the presentation but still | think | will have to move a
few of the slides into the spare part.

Thank you
---cristina cristina.biino@cern.ch



S Pxperiment at the LHC, CERN
Datayecordeds ay-07 02:24:17.924672 GMT

Selected Recenti Results
from CIMIS

Cristina Biino - INFN Torino

ICNFP2016: 5t" International Conference on New Frontiers in Physics
Orthodox Academy of Crete, Kolymbari, 6-14 July 2016




CMS

LRIE amnel EVIS

The Large Hadron Collider
(LHC), one of the largest
and truly global scientific

projects ever

* pp collisions at a centre of
mass energy of 7, 8 and 13 TeV
* PbPb collisions at a centre of
mass energy of 2.76 TeV/
nucleon.

5200 members: 1900 physicists, 1800 students, 950 engineers/technicians from 193 institutions, 43 countries
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~1 m? Pixels (66M channels)

~200 m? Si microstrips (9.6M channels)
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Major Achievement: Higgs discovery and characterization = Mass, spin, coupling, ...
Top Quark: LHC is a top quark factory = High precision measurements: mass, decays, spin...
Searches for SUSY and other exotic particles BSM —> Many limits for masses and couplings
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CMS,

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV 25 ns bunch spacing
instead of 50 ns in Runl

D incl 2016-04-22 22:4 2016-07-07 04:17 UT
atfalncu‘dedfrcl)m 0160 . 18to 060, 0 0 l,JC
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0 2016 - LHC outstanding
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£ | - Record fills with up to 0.7/fb
g | CMS Online Luminosity 15 Delivery >10/fb by ICHEP

§ conference = ~25/fb by

; 6l 16 end of 2016 seems possible
Q
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g al J 1a Major work accomplished

;::3 .‘:—- during end-of-the-year

= 5 1 shutdown

2 i Solenoid cooling system
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= 0\ 1 :-*’_T—Tf - - - — 0 fixed successfully, magnet
27900 7% ¥, 90 0 08 L oW T W stable at 3.8 T

Date (UTC)
Recovery of dead

regions. All detectors

In2015 @ 13 TeV:  LHC delivered 4.2 fb-' ; CMS recorded 3.8(2.8) fb-! | | In excellent shape for
Istantaneous luminosity >8 1033 cm?/s; reached 1.1 103 cm?/s; PU ~25 data taking.
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16 CMS, Vs =7TeV, L=5.2 fb™
% : CMS > 300 _I T T T | T T T T | T T T T ] T T T T I T T T T T T I_
C _ . o si [ - -
E 14F pp, V5 =7 Tev O.pposnemgn data = - —— 8iiotégal i ]
$ [ L=53m" — Signaksbackground fit o 250 wsmeew Three-body PS (global fit) -
e12r | e Background N +1c uncertainty band
o T ) —~200[— : — — Event-mixing (J/y, o, K*) ]
© 10F o - u L - Event-mixing (J/y, 6 K*) 7
sk 41 New =, state = L v 1D it ]
s 8 150 - +q =
o C C 3 ]
Lo - M r A 7
e ' 100[— + ~ + ++ —
4F - A i e N
50 "Tt é‘ ™S
" s 37" New states'in I -
- hasghnd o +
O - 'I — I el [ S SR NN SN SO SR SR NN SN SN ST SO AN ST SR ST S N ST S ST S S lT
0 ) 30 ) 40 50 1.1 1.2 1.3 1.4 .
MUYET) - MJIYZ) - M(r) [MeV] CMS Preliminary L2070 (i5=8 TeV) Am [GeV]
> | L | L | T T ]
S sF Data e ]
[ — componen: -
2 - .- Y(1S) YF:1S) Y(].S) Y(ZS) .
~ - Y(1S) Y(25) —
g 20 [ aia Y (1S)-combinatoriral .
© [ == Y(2S)-combinatoriral 1
2 — == Pure combinatorial
© 15—
o _
m —
o - R
10— il =
Ly Fr
oiQ;Lhu,déﬁﬁhugf}_lllg,Lf
g','"1"'1"'*'*1"'1"1"'1"'1"'1'"1"'1"'
_Sh | P 1‘1 Pl ] Pl Pl AT EFEFETE BN BT Y I‘I L i
86 88 9 92 94 9.6 98 10 102104108108

M,,[GeV]

July 9, 2016 Selected Results from CMS



CMS,

A gain in parton luminosity has a significant effect on the discovery reachfor
new particles, and the full exploitation of this new phase space is a primary
goal of the actual run after LS1

Min. bias [HiE]

Example physics el 207 Predicted cross-section ratios
potential with L~10 fb™! 77 > 04
Single t (s-ch.) . 1
e 750 GeV mass resonance Single t (t-ch.) 13 TeV with 2.2 fb
searches (if gg-produced) twW potentially more
tt sensitive than 8 TeV
* H(125) full programme ggH (0L 1oy > (0L)g 1y (19.8 fb1)
VBF
* Better sensitivity for Dark VH
Matter in high-mass E(O?Tt{g
mediator region (09 TeV)
_ 99 (1.0 TeV)
e Searches for X->VV with (15 TeV)
M, ~ TeV gg (2.5 TeV)
Z' <oy (2.0 TeV)
* New vector-like quarks G* (3.0 TeV)
HSCP g (2.0 TeV)
* SUSY via EWK Wtb (2.0 TeV)
interactions Xe13Xer3 (1.0 TeV)
Xg3Xs3 (1.5 TeV)
III 1 11 1 111 1 IIIIIII| 1 IIIIIII| 1 11 1 1 111

e Search for anomalous 7 3 4
couplings 1 10 1 10 10

End of 2015 dataset'T' G143 TeV/GS TeV
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Inclusive W, Z productions
Including Vs =13 TeV result
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Good agreement between data and theory

CMS Preliminary

June 2016
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June 2016 CMS Preliminary
[

| | [ | | [ [ [ | |

CM|S measurements 7 TeV CMS measureme|nt (stat,stat+sys) ——+—o—+—
vs. NNLO (NLo) theory 8 TeV CMS measurement (stat,stat+sys) ——+—e—+—

13 TeV CMS measurement (stat,stat+sys)+—+—e——
1Y i | 1.06 £ 0.01+0.12 5.0 fb
Wy, (NLO th.) —tos = 1.16 £0.03+0.13 5.0 fb™
Zy, (NLO th.) o 0.98 £0.01+£0.05 5.0fb"
ZY, (NLO th.) S — 0.98 +0.01+0.05 19.5 b
WW+WZ — S - 1.01£0.13+0.14 4.9fb"
WW — — 1.07 £0.04 £ 0.09 4.9 b
WW e 1.00 £ 0.02 £ 0.08 19.4 fb™
WW — . — 0.96 £ 0.05 +0.08 2.3 fb™
WZ - - 1.08 £0.07 £ 0.06 4.9 b
WZ e 1.04 £ 0.03 £ 0.07 19.6 fb™
WZ — e 0.82 +£0.07 £ 0.07 2.3 b
77 - K 0.97 £0.13+0.07 4.9 fb"
77 — e — 0.97 £0.06 £ 0.08 19.6 fb
77 | . T O.8E|3 +0.11+£0.04 2.6fb"
Al results at 1Production Cross Sel:'%ion Ratio: o../0C :

http://cern.ch/go/pN;j7 ] exp theo
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* Five main decay channels all published
* All results consistent with SM Higgs

m, =125.02 *%-2° (gat) "*1? (syst)GeV

-0.27 -0.15
, CMS 1971 @ Tov)+ 5115 e
1
> 1tATLAS and CMS v
0 SM Z | LHC Run
I 5
1_ Channel Obs (o) Exp(oc) E'; U E
E H>ZZ 65 6.3 i __
20 H=> vy > >3 E 4 ATLAS+CMS _
H>WW 47 54 Ll G pgon
H->tt 3.8 3.9 i E Esh:;:v/j]cf;t
H->bb 2.0 2.6 ol DIQS%CL. o

H->pup <0.1 0.4 o e 102
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ATLAS and CMS — tio
LHC Run 1 - ATLAS+CMS =+ ATLAS —+CMS — 2
e All x, are compatible | = 4=
with the SM within 26, xy — .
but 1,= 0.497;° -
* K,,compatible with SM: | *h—.,
- k= 0.81"%" ol ==
- k= 090" I
* Global p-value e
[ Bgsw=0
compatibility with T

SM is 119%. 45 -1 05 0 05 1 15 2

Parameter value
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Higgs “discovery” decays to bosonic channels

CMS Preliminary 281" (13 TeV)
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- Studies of Higgs properties and searches of BSM Higgs boson
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CMS

*

Energy dependence H - ZZ"— 4l
5.1 fb (7 TeV), 19.7 o' (8 TeV), 2.8 fb" (13 TeV)
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Top pair to
di-leptons

proton

proton

rted)

Top quark mass is an
important parameter
of the SM.

Precise measurements
of top quark mass
provide critical inputs
to the fits of global EW
parameters.

Internal consistency
check with the SM.

Affect the stability of
the SM Higgs
potential.

Check the validity of
perturbative QCD.
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Top pair

leptons+jets

Top pair
all hadronic

v
CMS
T | T T T T I T T T T | T T T T I T T
CMS combination, lepton+jets & 172,45+ 0.15+ 0.47 GeV
This analysis (value + stat + syst)
CMS combination, all-jets 8 172.42 + 0.24 + 0.59 GeV
This analysis (value + stat + syst)
CMS combination, dilepton 172.71+ 0.20 + 1.07 GeV
This analysis (value + stat + syst)
CMS combination NS 172.44+ 013+ 0.47 GeV
(value + stat + syst)
| | - 11 I I ! | - 11 I | |
165 170 175 180
m [GeV]
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ATLAS+CMS Preliminary LHCIOpWG  m,, summary,/s = 7-8 TeV Sep 2015
-------- World Comb. Mar 2014, [7]
stat
total uncertainty total stat
Myp = 173.34 = 0.76 (0.36 = 0.67) GeV M, = lotal (stat syst) & Ref
ATLAS, l+ets (%) st 172.31+1.55 (0.75+ 1.35) 7Tev [1]
ATLAS, dilepton (*) s 173.09+1.63 (0.64+ 1.50) 7TeV [2]
CMS, l+jets s+ 173.49+1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton i 172.50+1.52 (0.43+ 1.46) 7TeV [4]
CMS, all jets —t—— 173.49x1.41 (0.69+1.23) 7TeV [5]
LHC comb. (Sep 2013) = 173.29+0.95 (0.35= 0.88) 7TeV [6]
World comb. (Mar 2014) = 173.34+0.76 (0.36+ 0.67) 1.967 TeV [7]
ATLAS, l+jets H—— 172.33+1.27 (0.75+ 1.02) 7TeV [8]
ATLAS, dilepton =t 173.79+1.41 (0.54+ 1.30) 7TeV [8]
ATLAS, all jets E——=—+1 1751218 (1.421.2) 7TeV [9]
ATLAS, single top = 172.2+2.1 (0.7+2.0) 8TeV [10]
ATLAS comb.(:‘:ia;é,";g) i 172.99+0.91 (0.48+ 0.78) 7TeV [8]
CMS, l+jets HeH 172.35+0.51 (0.16+ 0.48) 8TeV [11]
CMS, dilepton et 172.82+1.23 (0.19+1.22) 8TeV [11]
CMS, all jets HeH 172.32+0.64 (0.25+ 0.59) 8TeV [11]
CMS comb. (Sep 2015) HH 172.44+0.48 (0.13+ 0.47) 748 TeV [11]
[11 ATLAS-CONF-2013-046 71 arXiv:1403.4427
[2]1 ATLAS-CONF-2013-077 181 Eur.Phys.J.C (2015) 75:330
[31 JHEP 12 (2012) 105 91 Eur.Phys.J.C75 (2015) 158
(") Superseded by results 14] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
shown below the line 50 Eurphya.J.C74 (2010 2788 11 CMS PAS TOP-14.022
Colon b L
165 170 175 180 185
m,,, [GeV]

High precision top quark measurements with
preliminary Run 1 combinations



ATLAS+CMS Preliminary LHCIOPWG o _summary, /s=13TeV  May 2016 tt b a r c ro s S - S e cti 0 n

NNLO+NNLL PRL 110 (2013) 252004
™ My, = 172.5 GeV, ay(M_) = 0.118+0.001 ol ot 1 —
scale uncertainty z o, + (stat) + (syst) + (lumi) _Q | IT I I |b Id I TI v (||_ I ﬂ:; 1) I | I I I | I I I | I I I
scale ® PDF @ o uncertainty e B B | v Tevatron combined 1.96 Te <8.8fb’ .. ]
ATLAS. dienion on = o CMS en502TeV (L=26pb) CMS Preliminary June 2016
ATLAS»C,ONF-ZFENG-OOSM ¥ 803727 =45pb (- m CMSeu7TeV(L=51"
Lg=321" (@) 30O CMS l+jets 7 TeV (L 2.3 1 )
T = 10° E v CMSalljets 7 Tev (L=3. 5410 =
dilepton ee/up |5 | i 749 = 57 = 79 = 74 pb ' o CMSeu8TeV(L=19.71" .
gt o8 8 T 4 CMSl+ets8TeV (L=1961b") ]
" ¢ CMSall-jets 8 TeV (L =18.4 fb b
ATLAS, I+jets * —_ i +13+103+ 0 B CMS en13TeV (L=43pb™, 50 ns N
ATLAS-CONF-2015.049 S0 n N L o oms 23 13 TeV EL 221" 25 :s; T T .
. S b oeiEeiemi-g), om0 -
CMS, dilepton e L E8 4+ B3 4 * all-jets e i ' s ) 1
PRL 116 (2016) 0520‘:)2 746 = 58 = 53 = 36 pb Yol L 1 OOO— (not included in the Figure) -
L =43 pb™!, 50 ns - > 3 1
CMS, dilepton e * —o— 793+ 8 +38=21pb G>) 1 0 = I =
CMS-PAS-TOP-16-005 = C ]
L =221b7 25ns ()] - 800_ 1 4
- L _
CMS, l+jets * ——+4é—+———| 836x27=84=x+100pb O L _
CMS-PAS TOP-15-005 -
b 24200 NNPDF3.0 JHEP 04 (2015) 040 - B 600 I:l NNPDF3.0 . MMHTM N
N MMHT14 EPJ C75 (2015) 5 I~ —— NNLO+NNLL (pp) | .CT14 I:lABM-Iz* 1 7
* Preliminary CT14 PRD 93 (2016) 033006 ) . L L
Effect of LHG beam : Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs s[TeVv] |
energy uncertainty: 12 pb ABM1 2 OF’]F]‘g 89 (2015) 054028 1 O __
(notincl‘uded inthe figure) | | [l z‘): 113] | = NNPDF3.0,m,  =172.5 GeV, ay(M,) = 0.118 = 0.001 ["a. (M Z)=0.113] .
| | [ [ | [ | [ [ — —
| | | | |
400 600 800 1000 1200 —— —— —— —— ——

2 4 6 8 10 12 14
Vs [TeV]

o, [pb]

o(tt) @ 5.02 TeV, 26 pb1= 82 +20(stat)+ 5(syst) £10(lumi) pb
o(tt) @ 13 TeV, 2.53 fb'l= 834 + 25(stat)+118-104(syst) £23(lumi) pb, in all jets
o(tt) @ 13 TeV, 2.2 fb'1= 793 + 8(stat)+ 38(syst) +21(lumi) pb, ine u 2jets

o(ttZ) @ 13 TeV, 2.7 pb'l= 1065 +352-313(stat) +168-142(syst) fb
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t-channe

q q

s-channel

t—chan

oy E . T T T T T T T =
S E Single top-quark production 3
o} - i i 1
L Inclusive cross sections ) ]
102 - tW (pp or pp)
B s-channel (pp) i
10 =
= s-channel (pp) 3
L+ ]
1= =
E NLO+NNLL, PRD 82, 054018 (2010) 3
- NLO+NNLL, PRD 83, 091503 (2011) 4  CMS, PRL 110, 022003 (2013) .
; B v Tevatron, arXiv:1503.05027 [hep-ex] ®  CMS, PRL 112, 231802 (2014) 7]
10 = 4 CMS, JHEP 12, 035 (2012) NLO+NNLL, PRD 81, 054028 (2010)
- = CMS, JHEP 06, 090 (2014) v Tevatron, PRL 112, 231803 (2014)
I~ ® CMS, TOP-16-003 (prel.) ®  CMS, arXiv:1603.02555 [hep-ex] i

102 | | | | | | | | | |

9 12 13 14

2 3 4 5 6 7 8

Opch = 141.5 £ 6.7 (stat) £ 9.4 (exp) +19.3-19.6 (theo) + 3.8 (lumi) pb

Opch.i= 81.0 £ 6.2 (stat) £ 8.1 (exp) +10.9-10.9 (theo) + 2.2 (lumi) pb
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Wt-channel

q t b t
w b
7 b g W

15.6%+1.

22.2%*1.5

NNLO precision for single top t-channel
production rate
e Theory:~ 1%
c Measurements:
~10% at 8 TeV, with 20/fb
~15% at 13 TeV with 2.3/fb

5.55%%0.22

V V
013Tt’ ~ 25)( GSTE

t—chan

= 141.5 7225 pb,

_ +15.1
= 81.0745;4

pb.



Nelbelrememberedi fromiRunl

Summary of CMS SUSY Results* in SMS framework ICHEP 2014

Search for New Physics in Runl
Many models and their predictions
investigated.

Unfortunately nothing found.
CAVEAT: several assumptions behind
. these limits.

L
1600 1800
Mass scales [GeV)

CMS Preliminary

1 ! 1
1000 1200 1400

stopped gluino fcloud)
stopped stop (cloud)
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HSCP stop (cloud)

L1 (el x2
LQtehlQifg)
LQ2{u) x2
LQ2iyHlazi)

Long-Lived

LQ3{ub) x2 =2/3e HECP i
LQ3irb} x2 e e Parficles
Lag(r) x2 chargino, ctaus100ns, AMSB . .
singleL B reutlino, otau=26em, ECAL fime CMS Searches for New Physics Beyond Two Generations (B2G)
Single LQ2 =t 0 1 2 3 4 Tev :
gletQz = 95% CL Exclusions (TeV)
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No signal around 2 TeV: Run 1 excess is not confirmed
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CMS Experiment at the LHC, CERN
.\ Data recorded: 2015-Oct-30 19:23:54.631552 GMT
| RunEVéRt ZLSk260424 / 211873064 / 115

Highest mass dimuon pair observed: 2.4 TeV
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CMS Experiment at the LHC, CERN
Data recorded: 2016-May-07 02:24:17.924672 GMT
Run/ Event /LS: 272775 / 53559711 / 72

Diphoton event with
m(yy) = 745 GeV
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 Run 1 data demonstrated the triumph of the SM, the Higgs boson
discovery but no significant signal of New Physics.

e CMS improved detectors, trigger and reconstruction algorithms
during the LS1.

e 2015 has been the commissioning year for LHC and CMS @13 TeV.

 LHC accelerator and CMS experiment are performing well: we are
back to discovery mode.
* For the moment Run 1 excesses have not been confirmed.
* Unexpected mild excess in the diphoton invariant mass requires
more data.
 2016-2018 data taking will deliver:
* high precision measurements at new energy regime
e searches for New Physics
=>» exciting times ahead!
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CMS

Intense program
to refurbish the
cryogenic system
forB=3.8 T
operation in 2016

Cold box cleaning to
remove traces of Breox

contaminant

* Replacement of primary
oil removal system
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CMS,

CVIS Viegner's Cregenie Plemt

a ) \“x
0123

The restart of the CMS magnet after ,_@_L@
LS1 was difficult due to problems |—®* - P&ggn FORS

with the cryogenic system in providing Dryer
liquid Helium.

Inefficiencies of the oil separation system of

the compressors for the warm Helium required gso K Ads

several interventions and delayed the startof | | &= F [—F—I
routine operation of the cryogenic system. | | L]

The magnet could be operated, but the Shield = L
continuous up-time was limited by the

performance of the cryogenic system requiring | | WF
more frequent maintenance than usual. 20 KAdsg =

A comprehensive program to re-establishits | | T T2 L9
nominal performance was performed. These | |

recovery activities for the cryogenic system were | |
synchronized with the accelerator schedule in Eg F
i X

order to run for adequately long periods and
enabled CMS to take % of the luminosity with | |

magnet on. —|
A thorough cleaning was performed during the
long the technical stop at end of the year.

All went very well and the cold box is working
flawlessly
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CMS shows a good performance to detect different signals
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o Top quark mass is an important

parameter of the standard model.

o Precise measurements of top
guark mass provide critical inputs
to the fits of global

electroweak parameters.

o Internal consistency check with
the SM.

o Affect the stability of the SM
Higgs potential.

o To check the validity of
perturbative QCD.
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Good agreement between data and theory
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