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Outline

e LHC and CMS operations

e Precise measurement of standard model processes:
¢ Jet and electroweak production
¢ Top physics
¢ B rare decays
e Physics of the Higgs boson:
¢ Summary of Higgs boson discovery and properties
¢ Highlights of recent results
e Searched for beyond standard model physics:
¢ Supersymmetry, dark matter, exotica
* Recent results in heavy ions physics

e Summary

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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LHC and CIMIS Operations

CMS Integrated Luminosity, pp

 The Large Hadron Collider delivered pp
collisions from 2010 to 2012:
& ~6 fb of pp collisions at Vs = 7 TeV
& ~23 fb of pp collisions at Vs= 8 TeV
e The CMS detector proved itself very
efficient collection and reconstructing
event at high instantaneous luminosity: =25 55 o oo o o
¢ ~94% of delivered data were recorded pate (UTC)

CMS Integrated Luminosity, pp, 2012, s = 8 TeV

Data included from 2010-03-30 11:21 to 2012-12-02 15:07 UTC
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e Also collected heavy ion collision data: =°L§:E2232332123213:Zi:ﬁ
& ~150 pb of PbPb collisions at Vs, = s
2.76 TeV during 2011

¢ ~31 nb! of pPb collisions at \/spN =5.02
TeV during 2013

- 120

HCP

15 15

10} 110

Total Integrated Luminosity (b ')

A3
IR S N S S L

November 25-27, 2013 Luca Scodellaro, IFCA Date (UTC) 3



Jet Production

e Differential cross section for inclusive jet production at 8 TeV:
¢ Agreement with NLO@QNP QCD over 27 orders of magnitude
¢ CMS data can be used to constrain the fits of the PDFs
* New measurements of a;(Q) from 3 jet mass differential cross
section and from 3 to 2 jet cross section ratio:
¢ Sensitivity in high Q regime
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EWK Boson Production

e Cross sections for boson and diboson production:
¢ Good agreement over ~4 order of magnitude

July 2013 CMS
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Top Quark Production

Novemper £5-4/7, ZU15

Luca Scodellaro, IFCA
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Recent Top Physics Results

CMS Preliminary, \s =7 and 8 TeV

* Combined m, measurement with 0.6% precision oo sy, —— T 459
e ttbb production cross section at 8 TeV: e
[ ] 173+43ﬁ°y§7:”°3

o(ttbb)/o(ttjj) = 0.022 + 0.004(stat) = 0.005(syst) R

2011 all-je
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e Top polarization in single top t-channel:
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* Rare decays, BR sensitive to new particles
s o ue Mode SM prediction
) By = ptp— | (3.54£0.30) x 10~9
) ! z° B® - ptp~ | (0.1140.01) x 10-9
o t A. Buras et al., arXiv:1208.0934
: DeBruyn et al., arXiv:1204.1737
& o C. Davies, arXiv:1203.3862 (and ref. therein)
e CMS results:
¢ BR(B—ptp) =(3.0739) x 10° (4.30 evidence)
¢ BR(B—>pfpu)<1.1x10° @ 95% C.L.
e Combination with LHCb:
¢ BR(B—~ptp)=(2.9+0.7) x 107°
¢ >50 combined significance """
* No sign of new physics yet

1416 18 20 22
B(BY— i) [107]

1 L L L L 1
2 4 6 8 10 12

November 25-27, 2013 Luca Scodellaro, IFCA

S/(S+B) Weighted Events / ( 0.04 GeV)

CMS-L=5f"\s=7TeV,L=20fb" \s=8TeV

50— —— data
— full PDF
1 T B
) E Bt
ok [ L VY combinatorial bkg
0= =], AN semileptonic bkg
L | L ST T e peaking bkg
30f +
I ! +r LL '{’
20} ! + T Tl
i AN o
10l AN 0
—
C W (@)
0- i v- St i
49 5 51 52 53 54 55 586 5? 58 5.9
my, (GeV) on
2><10*’ CMS {5=T TeV, L=5 o' {5=8 TeV, L=20 o' *=1
F 4.30 513- O
1.3_— 1 o LI : N
E o WE\BF(B—u'w)= uf BF(B'—)= "‘_'
16— 410y 108 | ok 3.5 0™
C {3'0-0.5 »10 3q| WF ¢ ".;}K ; |
14— 0 : —
A 20 o 2.00 2o |
12— SM I\ SM
S T o JF 1o CC
; e TP S N B 4 0
(A N L
08— / \\ )
Ei/ \\
06! [ \ ;
- : r \ - 3
04f l1L \1| ;
02k \\ / ;
o /
ofiecbi N b el b0 L 10 X107
o 1 2 3 4 5 & 7 8 9 10
BF(Bs—m w)
8



Higgs Boson Signals
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Higgs Properties

{s=7TeV,L<511" (s=8TeV,L<19.6b"

CMS Preliminary ys —7TeV,L<51fb' {s—8TeV,L<19.6f"
T T

e Couplings from simultaneous = | ~wc | erdmE e
. . D 1L —95%CL b v -
fits to observed signals: i Wﬂz__,." 1ok ———
< . ] i o
¢ Consistent with SM L o ] 7»: -
¢ Test to custodial symmetry, b S -
fermion universality and 02l i ' ]
. .- ] S ————— p., =023
effects from new physics L S——
1 Z‘éd‘fém‘lllo 2I0I “‘1(‘10260 00‘5#1|5525
mass (GeV) parameter value
CMIS Pr:a\ilmilna:r)rl . \"E‘s TTIe\I.r, |I_= 511" "§|!|E|TG|VI\ L‘!\“?'B. ﬂ?"
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. : 0* 8.1% S )
¢ SM prediction JP = 0+ highly " g oosf
. 2+ . o0
favorite vs. other hypotheses L 1.5% o0l
D <0.1% :
0.02
. . 1 <0.1% i
It is an Higgs boson! f
1+ <0.1% %
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ttHd

* |mportant test of the Yukawa coupling of the top quark

e Several final states from top and Higgs decays: it
o Higgs to Multi-leptons, bb, T, or YY i
. eie . ttfusion : Sp—F]E
* Combined sensitivity on signal strength pu<2: I i
00T TTTOB0 ~
¢ Excess driven by same sign dimuon channel At

¢ Expected factor ~5 in production at 13 TeV

Vs=7TeV,L= 50f

CMS Preliminary Is=7TeV,L=501f5";/s=8TeV,L=195fb" CMS Preliminary ~ bb,tt,yy, WW,ZZ {5-g1ev L=1951 -
= E
2 —— Observed
YW —— v FE
: s ttH(125) injected
bb [~ L g 7F - Expected + 16
E E
Hadronic Tt |— = S S Expected £ 2o
O E
4l — 5 O
' g 4E .\lr—'——'—'—_’"—_———_‘_—'
3 —— 3‘
1
Combination — —— o
11 1 | 11 | I |- | 11 | l L1 1 l 1 1 ] |- I 11 | ] -] I 11 1 C 1
-0 -8 6 -4 -2 0 2 4 6 8 10 T 115 120 125 130 135 140
Best fit o/, at m, = 125.7 GeV m, (GeV)
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H = s

Interesting test of the Yukawa coupling for 2"? generation fermions

¢ Expected branching ratio in the SM is BR(H —» u*tu~)=2.2x10*

Inclusive search for gluon fusion and vector boson fusion production:

¢ Observed (expected) upper limit for m,;=125 GeV is p = 0 /05<7.4 (5.2)

CMS Preliminary
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Higgs to Invisible

e Sensitive to new physics:
¢ Higgs into LSP or dark matter
¢ Decay particles into extra-dimensions
e Combination of two analyses:
¢ ZH production, with Z—Ill and H->xyx
¢ VBF: MET + 2 jets with large An
* Assuming SM cross sections:
¢ BR(H— vv)<0.54 for m,=125 GeV
« New search for ZH — bbyy:

¢ Sensitivity at <2 times the standard
model production

November 25-27, 2013 Luca Scodellaro, IFCA
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MISSIVI Higgs Bosons

e CMS searched for $° — bb, tt, up and for H* signals
e Recent result for $° - tt:

. . . — g h/H7A°
¢ Including production associated to bb

¢ No evidence for a MSSM Higgs boson

CMS Prellmmary Ho1r, 4.9 fb' at 7 TeV, 19.7fb" at 8 TaV CMS Preliminary, H—vn 4.9 fb at7 Ta'u‘ 19 T fb at 8 TaV
T L] T L]

s 10° o —
o ”T = MSSM m, " scenario Msusv =1 TeV
No B-T —&— observed E
© 10t yNo B-lag Czow
-, i 3
- 103 - electroweak
: | e lels)
E ] bkg. uncertainty
B 07| M, (M =160 GeV, tanp=8) 10 —
Z : A 5 95% CL Excluded: [
T 10 — observed [
—— SM H injected H
— expected
1 | *1oexpected H
! + 20 expected
10" H B Lep I
102 1
10_3 L L L L L L L ]
100 200 300 400 1000
m,. [GeV] m, [GeV]
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gluino pmducion
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EWH gaugnos
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Summary of CMS SUSY Results* in SMS framework SUSY 2013

TobiE—=wWi)

CMS Preliminary

For decays with intermediate mass,

"Observed limits, theory uncertainties not included Mass scales [GE'V]
Only a selection of available mass limits

Frobe "up to" the quoted mass limit
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Supersymmetry

e Focus on natural SUSY and light third generation:
¢ Searches for direct and gluino mediated stop production
¢ Limits at ~700 GeV for stop mass and ~1.3 TeV for gluino mass
* Searches for electroweakino (¥ and 5’(15) pair production
¢ Mass limits between 200-700 GeV depending on the decay model

— ) ~~ ) ~ -0
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Dark Matter

* Searches for DM production in association to g, y or W(—Iv):

o Monojet, monophoton or monolepton final states * giYIW

e Limits dependent on mediator nature:

- DM
¢ Vector mediator — spin independent
¢ Axial-vector mediator — spin dependent g M
10 CMS preliminary 2012 20fb "' Vs =8 TeV 10 CMS pralnmmary 2012 20 fb A \{_ 8 TeV
— f T T fT'I'III[ T T 'Ifff'l'l[ T T 'IITT'IE o~
% —— Observed limit ------ CMS monojet 2012 NE 101 Observed Ilmlt s CMS mOﬂOJet 2012
e Expected limit O ., P Expected limit s Xenon 100 2012
O o Expected £ 16 -+ SuperK W'W 10 Expected + 16~ COUPP 2012 Latest results from
{ ] Expected +2 ¢ N 1 10 Expected t26 " SIMPLE 2012
S 10 mtmoocy.  'SCHeWW 8 e itins0 C.L CoGeNT 2011 monolepton channel
° - Spin Dependent <wee SIMPLE 2012 7 O ..a5-Spinindependent
% 107 L electron + muon &= +1 g 10™ Ejectron + muon E=+1" CDMSII 2010 EXO-13-004
7 i T 10
= 10%
: 10%
A g Also shown results
S B from monojet channel
40 L ",'.u'---—""-'__ 10-41
10 _, o EXO-12-048
10-41 '----.‘1-.-.1 Ll Ll Lol 10-43
1 10 i :
M, (GeV)
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Beyond 2 Generations

* Resonances in tt pair production: e BNVt — bgl decay:
¢ M>2 TeV for Z’ resonances with I,,/M..=1.2%| ¢ B<0.16/0.17%(u/e)

S B - >
CMS, 19.7b", (s=8TeV  _ows, 197", is=sTev 3 "
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Summary ofi Exotica Searches

C M S EXOT' CA 95% CL ExcLusioN LimiTs (TEV)

a (ag). dijet
g* (@w)

g* (aZ)

a* , dijet pair
a*, boosted £
e* A=2TeV
pr A=2TeV

£'53M (ee, py)

Z'35M (o)

Z’ (tt hadronic) width=1.2%
Z (dijet)

Z' (tt lep+jet) width=1.2%
Z'SSM (I fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) kM = 0.2
Gilyy) kM =01

G (ZinZiga)) kM = 0.1
W' (v

W (dijet)

W (td)

W'—= WZ{leptonic)

WR’ (tb)

WR, MNR=MWR/2

WEKK p =10 TeV

pTC, TG = 700 GeV
String Resonances (qg)
58 Resonance (gg)

EG diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCF, GMSE
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm
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Long
Lived
4

Compositeness

E

5

La1, B=0.5
LO1, B=1.0
LQ2, p=05
LQ2, p=1.0
LQ3 (bv), Q=£1/3, p=0.0

LQ3 (b}, Q=+2/3 or £4/3, B=1.0

stop (b1}

b" = tW, (31, 2I) + b-jet

q’, b'ft" degenerate, Vib=1
b = tW, l+jets

B’ — bZ (100%)

T = tZ (100%)

t' — bW (100%), l+jets

' — bW (100%), I+

C. A, X analysis, A+ LL/RR
C.L A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.L, single e (HNCM)

C.1, single p (HNCM)

C.L, incl. jet, destructive
C.L., incl. jet, constructive

Ms, yy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6

Ms, I, HLZ, nED =3

Ms, Il, HLZ, nED = 6
MD, monojet, NED = 3
MD, monojet, nED = 6
MD, mono-y, NED = 3
MD, mono-y, nED = &

MBH, rotating, MD=3TeV, nED = 2
MEBEH, non-rot, MD=3Te\, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED =2
MBH, Quantum BH, MD=3TeV, nED = 2
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Recent Results in Heavy lons Physics

OMS, {8, =276 ToV pp, [t =5.3p5" _PbPb, [ at= 150" arX|v 1310 0878

e First measurement of jet shapes: e T " »
¢ Radial distribution of printhejet £ "< "« | "o | T, | Te.
.. * e * e g a’# EB:58!
¢ pp collisions used as a reference P BT B T B T T .I
¢ Broadening of jets in the medium E b "‘-,i'!"“nﬁ
for most central PbPb collisions =1 | | | _
. (.1 0t1 r0:2 0:36 l‘JI.1 rOTE 0:36 OI.1 r0:2 Of3l!) Ol.'l r!].l2 \‘stt:.l UI.1 . 0:2 0:3
e Prompt J/y azimuthal anisotropy:||* Charged particle p; spectra in pPb
¢ No strong kinematic dependence ¢ Rppp and charge asymmetry
0.25¢ T I 0.25 e 2_"' T T T
[ ;::ﬂps‘;:r:::n m;r:GTQV :in:ap:sgwc L gzﬂpsbi%m;n:.?ﬂev Z:nr:p::f-;u% ] 1.8 PP |59, = 5.02 To, charged particles
0201, = 150" Iyl <24 02 L, = 150ub" ] 16- = Ter
-— 3 0.1 : = 14r - ::3:”55
”-15_- ° Y12 I m el Tg ~§
_ . wlyl <24 F L L
gy TR T ) (s
0.05— + |:+] 2 0.05/ +$' | * C o6 ;Eff-“' :
0- D- 0'4'_CMSPreIIminary >-“s 0 C:S._F'rolin:l::r:!m o e el
: 30-60% 20-30% 1020% i 0'2; N..i=6.9 _ 0'4_
00855~ ie e o s w0 PO e s s s 0 T YT 0.2 1I I ”1|o 10°
v 7 HINGI2-001 e PrlGeVel  HIN-12-017 P (GeVrl
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Summary

e Very successful two years of data taking at the LHC
* Precise measurements of SM processes:
¢ Top physics reaching Tevatron precision and exploring new channels
e Discovery of an Higgs boson and measurement of its properties:
¢ Now testing new production mechanisms and rare decay modes
e Searches for beyond the standard model phenomena:
¢ Supersymmetry, dark matter, exotica

e Results for B and heavy ion physics competitive with those from
dedicated experiments

Now focusing on CMS detector upgrade to meet the challenges
of Runll data taking at high energy and high luminosity
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LHC Schedule and CMIS Upgrade

LHC startup, Vs 900 GeV

2010 \_

2011 Vs=7+8 TeV, L~6x10¥cm?s", bunch spacing 50ns Run 1
2012 ~25 fb
2013 '

so14 Ls1 ™= Go to design energy, nominal luminosity - Phase 0

2015

2016 Vs=13~14 TeV, L~1x10*cm=3s", bunch spacing 25ns I

e ~75-100 fb*
2018 LS2 Injector + LHC Phase | upgrade to ultimate design luminosity

2019 a

2020 Vs=14 TeV, L~2x10*cm?s™, bunch spacing 25ns

2021

2022 1S3 HL-LHC Phase |l upgrade: Interaction Region, crab cavities?

2023 b

20307 l Vs=14 TeV, L~5x10*cm=?s", luminosity levelling 00

e LS1: complete muon coverage (ME4), improve muon trigger, DT electronics,
replace HCAL photo-detectors in Forward (new PMTs) and Outer (HPD—SiPM)

* LS2: new pixel detector, HCAL SiPM and electronics, L1 trigger upgrade

* LS3: new tracker and forward detectors, further trigger upgrade
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CIMS Physics Program Priorities

cms PrenmmawarXN 1307.7135v2

e Data taking up to ~2022 (300 fb1): oo miw T — %f{:;iz;f,;};;.,l.r};;'i
. . El= 500 -_ g::::afer:ﬂss?tsd::c:::w real:h T 14TV, 00 scenario B)_:
¢ Measure Higgs boson properties g S8 e
400 1= &v 6‘\ e Y
¢ Search for new physics at higher mass scale 3 ‘«‘«’/.., ..... I
e Data taking with HL-LHC (3000 fbt): WE bl ST
o Measure Higgs couplings with ultimate precision ,E N T
. m; [GeV]
¢ Study vector boson scattering s iy ot "<~
4 - m: —=
¢ Search for new physics in rare processes Sl "
PRy P %" FTR-13-017

rtainty [GeV]
W
T

'
o
T

1

arXiv:1307.7135v2 -
L(fb 1 Yy WW 77 bb TT Zy M inv.

300 | [6,12] | [6,11] | [7, 11] | [11, 14] | [8, 14] | [62, 62] | [40,42] | [17, 28]
3000 | 48] | 4,71 | 571 | [57] | 58] | [20,24] | [20,24] | [6, 17]

FTR-13-016
|19

unce!
%

— N
L BERES

Total m,
o
o
/ l

. h
T

TR-13-006

| B(t— Zq) 195fb' @8TeV | 300fb~" @14 TeV | 3000fb~" @ 14 TeV Significance 30 50
EXP- b:;g- lyle}f - 3-500/ - 5337/ - [fgfw SM EWK scattering discovery | 75 fb~! 185 fb !
xXpec imi1 . 0 . o . (0] T 1 i i
10 range 0.06—0.13% | 0.018—0038% | 0007 —0.014% fr1/A%at 300 fb 0.8 TeV L0 TeV
2 0 range 0.05-020% | 0.013—0051% | 0.005—0.020% fr1/A*at 3000 fb~! 0.45TeV—* | 0.55 TeV—*
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The Large Hadron Collider

LHCb: fisica de e = ATLAS: detector

los hadrones BB SR SBEEE multiproposito

e

8 _.FERN Meyin
Zswisst___~ =3

- e

LHC= 27%nT

CMS: detector S B ALICE: fisica de los
multiproposito ‘ ‘ gt iones pesados
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The CMS Detector

ECAL Scintillating PbWO, CALORIMETERS

HCAL Plastic scintillator/
brass

sandwich
SOLENOID
3.8 T B-field
TRACKER
MUON

~ ENDCAPS

Silicon Strips
Pixels

DHIS Toms Resistive Plate Cathode Strip Chambers (CSC)

(DT) Chambers (RPC)
Resistive Plate Chambers (RPC)
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Recent EWK Physics Results

e VZcross section in the Z— bb channel at 8 TeV
¢ o(pp - WZ)=30.7 £9.3(stat.) £ 7.1(syst.) £ 4.1(theo.) £ 1.0(lumi.) pb
o o(pp = ZZ) =6.5 £ 1.7(stat.) + 1.0(syst.) £ 0.9(theo.) £ 0.2(lumi.) pb
e New measurement of W charge asymmetry in the muon channel
¢ W signal extracted by missing E; distribution
¢ Important constraints to the PDFs

CMS preliminary \s=7TeV, 4.7 fb" CMS preliminary \Ns=7TeV, 4.7 fb"
RN RS RARRR T T —

> 140 T T T T - e £ 10V, 2 _ \s=TTeV, A7
8 - CMS preliminary e Data } & as000]- 4 2ol \ T T T ]
5120 Vs= 8TeV, L =18.9 fo" Il VZ(bb) - s = 0.00 < In| < 0.20 2L p .35 Gev
N - pp—VZ;Z - bb []VV+udscg ] § 0000 R . \?\I’a—t>auv 1 E i T
- - e b E L
2100 ElVH@25Gey) o b b : 1 == acD 1 7
= L — Tot. MC uncert. ] - F . DY—up © —e— Data
E 80 = VH + WV MC uncert. | 20000~ F | B EWK+1 E ﬂé 0.2 SMP-11-005 B 7
- i - - .. B © i - - "]
60~ S M P' 1 3 ‘O 1 1_' 15000 L 3 L-C) i P
- ] 10000 E— i _E I S &
40 = 2 EA i 8
- - 5000 —.'5 3 i
C ] ” T, = NLO FEWZ 68% CL
B . o ° b rdnad L ot CT10nlo
— T b WHC sty MG (statsys) 1 SR NNPDF23nlo
§ 12, Data [ nac (stat statssyst 01 ’ \\\\‘\%\Q?\\ e o ]
- = o |- B i e e = == ESIMSTW2008nlo
20 . | g . 3 —‘R\\\\\\ MSTW2008CPdeutnlo
-'|-|||||||||||||||||||||||‘ 08 ) ) ) ) .." e b b e e b
0 50 100 150 200 250 0 10 =20 30 40 50 60 70 80 80 100 0 0.5 1 15 2
M - [GeV] Er (GeV) Muon n|
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(s=7TeV,L=5fb"\s=8TeV,L=19.6 fb"

=
n

—— Background Model
—— Signal m = 125 GeV x 75

Events /2 GeV

IIlIIIIIIIlIIIIII|I|I|I|||IIn

Y Y

40 CMS (s=7TeV,L=5.0fb" Vs=8TeV,L=19.6fb"
T i e e o B e e L BB i e o i e

H—=2Zy

— Observed

F==1 Expected = 10
---- Expected +2 ¢

arXiv:1307.5515

95% CL limit on o/og,,

TTIlII]I

P20 25 130 135 140 145 150 155 160
m, (GeV)
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High Mass Higgs

_ _ -1 _ - -1
CMS \s=7 TeV, L=5.1fb" \/s=8 TeV, L=5.3 fb CMS V=7 TeV.L<5.1fb" \s=8 TeV. L< 5.3 fb"'
> ! ‘ | ! 5102 gl Lol AR B LA 1) LRI B LU I SN P il BRIt BB R,
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L &)
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