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Outline

» CMS experiment and performance

» Selected CMS physics results

*»» Soft QCD, forward scattering, quarkonia production, heavy ions

¢ SM measurements : :
Many new, interesting

+¢* Top physics results at new energy
regime, could discuss

* Hi hysi
'88S Physics only few.

+»* Search for BSM physics

+¢* Search for high mass resonances

» Summary
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Silicon Detectors
measure tracks left by
charged particles

Calorimeters
Absorb particles and
measure their energy

Muon Detectors
Identify and measure
muons that penetrate




CMS collaboration
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CMS performance

Detector Active Fraction

Very good performance in
Runl and Run2

EB
EE
ES

Subdetectors active fraction >
95% (2016) :i
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Data collection efficiency > 92% -

CMS Integrated Luminosity, pp, 2016, vs = 13 TeV
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CMS physics results

Show all Total Exotica Standard Model Supersymmetry Higgs Top Physics

Heavy lon Forward Physics

514 collider data papers submitted as of 2016-08-21

» More than 500 papers
submitted/published
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» ~ 100 public results
already with Run2 data
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» Few more analyses
continuing with Runl
data focusing on precision
measurements
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LHC Run 1

» Very successful Run 1 of the The Nobel Prize in Ph

LHC (2010-2012)

¢ Discovery of the 125 GeV Higgs
boson

0 Rare Bs®>u*u decay

¢ Top-quark mass measurement, SM

teSts Over VaSt magnitUdes Photo: A Mahmoud Phato: A. Mahmaoud
Francois Englert Peter W. Higgs
Prize share: 1/2 Prize share: 1/2

» In additional huge number &y
80— —4— Data

of CMS searches =T

B gy
= - = Combinatorial background
===== Semi-leptonic background
— = Peaking background

B
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0 A few > 20 effects
¢ Run 2 allow to follow up on those
effects and importantly extend the
reach of LHC
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Soft QCD, forward scattering,
quarkonia production, heavy ions



FSQ-15-005

Fxnerimental measurement within 30 <n <5 2 & -6 6<n
I—I\rl\—lllll\.— IVCUITL T1TTGCGCU DU W I1ILC VVIRLITINID W II - el A \J 1
» Within full phase space of inelastic domain,
c=71.3+0.5(exp.) £ 2.1 (lumi.) £ 2.7 (extrapolation) mb
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£>10° g >1070rg, >10° Cinel
¢ = fractional momentum loss of the scattered proton

g — MZ/q M= mass of the diffractive dissociated sys’tem moving in

a particular rapidity direction
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Charged particle production

» Soft particle production from low energy processes,

I i Wi W

I W W N od od o S

- test description of MC models with various tunes.
- underlying events accompanying hard scattering
- also important for description of pile-up.
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Energy flow in forward direction
(3.15<|n|<6.6) at Vs = 13 TeV

Soft inclusive inelastic events

0.06 nb' (13 TeV)
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CMS Preliminary
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Data
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v Castor 13 TeV

NSD-enhanced
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Consistent results with the hypothesis
of the limiting fragmentation.
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Exclusive yy=>WW production at Vs = 8 TeV

> No additional track in the detector
p(*)

p p® p p®
other than decay product of Ws (e, u)
W+ \S‘:‘j_'___ W+ \E:" .

.. » Evidence: 3.4 ¢ excess over

w- Mg S—— /;r"’\ " background (15 events vs. ~4.5
b A p(*J b

' background expected)

p( *.

FSQ-13-008

» No significant deviations from the SM
are observed in the pT distribution

» Best limits on anomalous quartic
gauge couplings !
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Events / GeV

Quarkonia production at vs = 8, 13 TeV

2 [pb/GeV]
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Nuclear modification factor

n"

in Pb-Pb collisions

T~\/

at VbNN 3 UL ICYV

For charged particles | HIN-15-015

25.8 pb" (5.02 TeV pp) + 404 ub ' (5.02 TeV PbPDb)
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For D-mesons

HIN-16-001

25.8 pb (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)
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“T+ Preliminary —— R,, charged hadrons

— S. Cao et al. 0-80%

c uncertainty | M. Djordjevic
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.

10
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10°

Strong suppression of light and heavy flavours with comparable
magnitude over wide pT range
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March of standard model



Cross section measurements at vs =7, 8, 13 TeV

All measurements consistent with standard model

June 2016 CMS Preliminary
5 - & 7 TeV CMS measurement (L <5.0 fb™) —
10 * ; ; | i 8 TeV CMS measurement (L <19.6 fb') —]
- 5 5 5 i 13 TeV CMS measurement (L < 1.3 fb') =
=l iel(:?)' j f : — Theory prediction —
104 = ' ' ' < CMS 95%CL limit ]
zn jet(
o
3 : f f f f f
1 0 o ! ! ! ! =
. i i i i -
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. ] . ] En jet(s
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Production Cross Section, & [pb]
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All results at: http://cern.ch/go/pNj7 EW: Woslv, -1, oy Th. Ac,,in exp. Ac

17




Inclusive jet measurements at Vs = 13 TeV

15

<71 pb'(13 TeV)

5‘40

SMP-15-007
arXiv:1605.04436

» Measurements up to jet pT = 2 TeV
» Data matches better with cone radius of 0.7

71 pb (13 TeV)

CPRE CMsS —e— |y| < 0.5 (x10°%)
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r —e— Data 7]
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Inclusive W,Z production at Vs = 13 TeV

% - E EWTE(w ﬁf 1 Measured values, including Vs dependence,
R < agree with NNLO QCD predictions
- v z
10° ;— _; Ratios of production rates - tools to
; pp ; constrain PDFs SMP-15-004
CE ey s e sorrs SMP-15-011
SE e CMS Freiiminary 43 pb (13 TeV)

CMS Prefiminary
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» Fundamental test of predictions for QCD radiations.

» Theory calculation W/Z productions with up to V+1

jet at NNLO or at NLO (up to V+2 jets, with 0,1,2
multiplicities combined) + parton-shower.

» Background for many analyses - contributions
must be estimated well.

CMS Prelimina ;;F;; Data [75ns
—_ 2.5fb"{13TeV]ry : el
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. L
. L
E 10%E
. . ® N e L]
Jet multiplicity in
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o -
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> >2 >3 >
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SMP-14-023
. CMS 19.6 b1 (8 TeV)
g I I I : Dth I I I
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T 10
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g E 2
& E 2000 ) g
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8 12E 77 ///ﬁ
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E = o e e 7 {// 55 i%
D6 ;— |I:|5tat and syst mrtﬁgm}ll— ------------ _— /,%
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Jet multiplicity in incl.
W production at 8 TeV



e — 0O Ta\/ e e Ao
S — 0 ICV SIVIP-15-008

19.4 b’ (8 TeV)
- CMS ¢ Data
— Preliminary B Wy Signal
1 Zyy
[ Other Multiboson
I jet—y Takes
=== Total uncertainty

Muon Channel

n and quartic gauge
[

Events / 5 GeV

T,

(]fj

—

* 100 120 140
i ‘f ;" [GeV]
O, - BR(W — (v) = 6.0 + 1.8 (stat) & 2.3 (syst) = 0.2 (lumi) fb.
79 -BR(Z — ££) = 12.7 + 1.4 (stat) = 1.8 (syst) £ 0.3 (lumi) fb_W*77  Fxpected (TeV™) Observed (TeV™)
fro/A* [-265,27.0] [-33.5, 34.0]
fri/A* [-34.5, 34.8] [-44.3, 44.8]
» Wyy process observed with significance 2.4 ¢ fro/At [74.6,737) [-93.8,93.2]
. . epe fnz/ A [-549, 531] [-701, 683]
» Zyy process observed with significance 5.9 o fs/A* [-916,950] [-1170, 1220]

» Limits on anomalous quartic gauge (dim-8) couplings
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Diboson productions at Vs = 13 TeV

» Measurements test SM prediction
» Theoretical predictions accurate up to NNLO

» Diboson are backgrounds to many searches - need to know the
rates accurately

CMS Prelimi 267 (13 Tev: . .

= T > s T e e . CMs Preiminay L=231b"(13TeV)

| m o T T 1 T l T T T T ‘ T T 1 1 I T 1 T T |

o cms 1 & F— T 2 F ]

“—':l L ®  CMS 4l channel Preliminary o N aq—2Z/Zy* ﬂc} 400__ ww Top-quark -

NT 20—  m  CMS 22y channel - & =0 o922 > C (I Higgs vZvw J

i @ [ gg—H—-ZZ I 350— (I vy ([0 Non-prompt 3

a A ATLAS 4lchannel :[ 5 - B ZWZ+X rmm! ' IIIIII DY —+— Data |
(o) v ATLAS 4k212v o5 - C

i

MATRD( NNLO tqqmg gg)

_ MCFMNLOsgg
NNPDF3.0, fwed p B - M,

i = — 0: - S S ]
A Y EE M 0 600 7t b 50 100 150 500
6 8 10 12 . 14 m Gev miss
Vs (TeV) el E™ [GeV]

G (pp= W*W) =115.3 £5.8 (stat) £ 5.7 (exp) 6.4 (theo) £ 3.6 (lumi) pb SMP-16-006
clpp — Z2Z) = 14. 6+ (f-‘.tat)Jr 5 (syst) = 0.2 (theo) £ 0.4 (lum) pb smp-16-001

o(pp = WZ) = 40.9 + 3.4 (stat) 31 (syst) + 0.4 (theo) £ 1.3 (lumi) pb, ~ SMP-16-002
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Summary of diboson production at Run 1 & Run 2

June 2016

CMS Preliminary
|

Y

Wy, (NLO th)
ZY, (NLO th))
ZY, (NLO th.)
WW+WZ
WW

WW

WW

wWZ

WZ

wWZ

27

7

ZZ|

CMS measurements
vs. NNLO (nLo) theory

| [ [ [ [ | [ [ [
7 TeV CMS measurement (stat,stat+sys) ——+—o—+—

8 TeV CMS measurement (stat,stat+sys) ——s—+—
13 TeV CMS measurement (stat,stat+sys) ——e——

1.06 £0.01+£0.12 5.0 fb™
1.16 £ 0.03+0.13 5.0 fb
0.98 £0.01+£0.05 5.0 fb"
0.98 +0.01+0.05 19.5fb"
1.01+£0.13+£0.14 4.9 fb"

1.07 £ 0.04 £ 0.09 4.9 b
— e 1.00 £ 0.02 £+ 0.08 19.4 fb™
e 0.96 £ 0.05 £ 0.08 2.3 fb™"
& B 1.08 £0.07 £ 0.06 4.9 fb
e 1.04 £0.03 £ 0.07 19.6 fb"
e 0.82 +0.07 £0.07 2.3 b
- 0.97 £0.13 +£0.07 4.9 fb
e 0.97 £0.06 £0.08 19.6 fb’

0.8&|§ +0.11+0.04

2.6 fb!

0.5
All results at:

http://cern.ch/go/pNj7

1 1.5
Production Cross Section Ratio: 6,/ Gy,

2

So far, no smoking-gun indicating disagreement between SM

predictions and experimental measurements
—Improvement in experimental accuracy and prediction precision makes tests more an(ZJI3

more stringent



Top Physics



Top pair production

Tevatron combined 1.96 TeV1{L =887
CMS ey 5.02 TeV (L =26 pb™)

CMS eu7 TeV(L=517

CMS l+jets 7 TeV (L=2.31b™)
CMS all-jets 7 TeV (L = 3.54 fb™
CMSeuBTeV(L=197 Tb'1]

CMS l+jets BTeV (L=19.6fb™)
CMS all jet= B TeV (L=184 ')
CME en 13 leV (L =42 pb™", bU ng)
CMSeul13 TeV (L=22fb", 25 ns)
CMS |+jets 13 TeV (L = 42 pb7)
CMS all-iets 13 TeV (L=253 fo)

(@)
w

Frgloroalle g

o
™

Inclusive tf cross section [pb]
T

B NNLOLNNLL {pp)

10

Czakon, Fiedler, Mitov, PRL 110 (2019) 252004 13 {5 [TeV]
NNPDF3.0, m,_ = 172.5 GeV, o, (M,) =0.118 = 0.001 ["a,_(M,)=0.113]

CMS Preliminary June 2016

T — T
| Effect of the beam eneigy
b uncenainty: 12 pb 1 4
1000} (ot included in the Figure) -

800

mmrprmiagan
GOOlDNNF‘DF:}.O .MMHTM_'
| [llcria [ ]aemizr |

2 = 6

» Top-pair in association with Z at Vs = 13 TeV

o(ttz) = 1065 *352 , ; (stat) *168 . (sys.) fb

8 10 i2 14
Vs [TeV]

o(tt) @ 5.02 TeV, 26 pb!
= 82 +20(stat)* 5(syst) £10 (lumi) pb

TOP-16-015

first measurement!

o(tt) @ 13 TeV , 2.2 fb1 [ TOP-16-005

= 793 * 8(stat)x 38 (syst) +21 (lumi) pb

TOP-16-009

Channel

Expected significance

Observed signiticance

3¢ analysis
40 analysis

2.9
1.2

3.5
0.9

3¢ and 4/ combined

3.1

3.6 25




Top pair differential cross sections at 13 TeV

» Tests QCD description 5

£

» New ME generator and PS codes 2!;

used in Run 2

» PT spectrum better described by
NNLO S
i} 23f'(13Tev) £[6
3 ; CMS l+jets parton Eg{}t?$ ctat
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Jet multiplicity in top events
> tt+jets important background to ttH

TOP-16-011 TOP-16-008
CMS Preliminary 22fb' (13 TeV)
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» Low jet multiplicity > sensitive to ME and matching to parton shower
» High jet multtiplicity - parton shower a, tuning
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Electroweak production of single top at 13 TeV

u(d) d(i) b ¢ u

» NNLO precision for single

b w top t-channel production rate
* Theory: ~ 1%

b 1 q Ww- i ]
t-channel tW-channel s—char;nel * Measurements:
- ~ ~10 .
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£ ~ o I~ € .
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Higgs Physics



Standard Model Higgs measurements at 13 TeV

Gy [fD]

H-> 2Z2*-4l HIG-15-004
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H-> WW (e u +X) at 13 TeV

CMS Prehmmary

Events

L = 2.3/b (1 3 TeV)
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» Similar for 1-jet category
» Bi-dimensional analysis in m, (5 bins)

m;" (10 bins)

» observed (expected) significance: 0.7 ¢

(2.0 o)

» signal strength p = 0.3 £0.5

Transverse momentum of Higgs at Vs =8 TeV:
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Search for beyond standard model physics



Searches for BSM Higgs at Vs = 13 TeV
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Search for Supersymmetry at Vs = 13 TeV

» Many searches with jets, leptons , photons,

missing energy in final state
* Sensitivity for both strong and weak production of SUSY
particles.

* Interpretation of final states in terms of simplified models,
eg. Tlbbbb

Gluino searches SUS-15-002, PLB 758(2016) 152
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Direct production of stop pairs

> Searches in hadronic final state

SUS-16-007

CMS preliminary 2.3 fb! (13 TeV)
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Search in multi-jet + missing E; final state

use kinematic variables with categorization

An extension of the transverse
mass in events with two invisible

parti

Mr; =

Events / 50 GeV
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Combination of diboson (WW/W2Z/ZZ/WH/ZH) productions

> Exotica searches B2G-16-007

e Heavy Vector Singlet/Triplet model: W < WZ, WH or Z’ - WW, ZH
exclusion: W >2.3TeV, Z’' > 1.8 TeV, triplet > 2.4 TeV
e A narrow Bulk Graviton - WW, ZZ : 0.90 significance for W’ (1.9-2 TeV)

» Run 1 had anomaly (slight excess around 2 TeV) at the level of 2
to 2.5 o, not confirmed at Run 2.
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Exotica searches: June 2016
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Summary of searches for beyond 2nd generation

O = qW
T—1tH
T—+tZ
T— bW
B — bH
B — bZ
B — tW
K53 — tW
K53 — tW

T — bW

F - tHcwo)=15

T — tH c{ft)=2.5

Vector-like quark palr
production

o 03 08 os 12
Observed limit 953%CL (TeV)

Vector-llke quark single

production

o , a

800 fi
13 TeV
000
04 0 12 18 2

Resonances to heavy
quarks
Z'(1.29) — 1t radion — HH
Z'(10%) — 1 W' — WH
QHH 1t B TE"-" Z = 7H
—

W — b EREA Gou —WW
Gouk — 27

W= tb Mg < M

W= 10 Mus = M W' — VW HVTI(B)

W — WH HVT(B)

Z'1%) =1
Z(10%) — t Z' — VH HVTIB)
Z'(30%:) — tt
gkK — it
1,5 o 65 1 16 2 2B 3 35 4
Cbserved limit 95%CL (TeV) U —1g 8=32
= tg S=1/2
B2G: new physics b+ K=t
searches with heavy SM SIS
particles b e O Kkt

Chserved limit 95%:CL (TeV)

Resonances to
dibosons

Il"=||'|1:|I
[ : :

30 fb
| | |

"-FS' I ..'_"
| I I I |

s !ll l:
I [ :
|I2I I:}.IS 1 1I.E- 2 25 a
Observed limit 95%CL (TeV)
Exclted quarks
| | |
S
L 8TeV |
-

| ] |
[ [
| | | |
| oy
|I2I l:ll.l 1}:8 1I.2 1.6 2

Observed imit 95%CL (TeV)

U




Dark Matter searches, June 2016

DM + jets/V(qa)

Vector, gm=gq=1
DM + jets/V(qa)
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Search for high mass resonances



27" (13 TeV,3.87T)
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» Total 2015 data analysed: 3.3 fb! (B=3.8T, OT)
» Consistent with 8 TeV data: 19.7 fb1

» Local significance = 3.40,
» Global significance (accounts for mass range, spin, width) =1.6 o

» Search for spin 0, spin-2 resonance,
» [/m between 1.4*10% to 5.6%102

o
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photon spectrum
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95% C.L. limit a(pp— S—vy) (fb)

Limits

CMS _Preliminary 3.3 1" (13 TeV) - _ 33107 (13 TeV) + 19.7 6 (8 TeV)
18 r 4 Q L 1. i T L I_.:i
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- N i 107 9
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> Set limits assuming gg fusion, RS-graviton (spin 2)
» Excess at 750 GeV, for I, / m, =1.4*10*

» More data required to confirm existence of resonance.
» 2016 data highly crucial: in August (ICHEP) update with ~10 fb!
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Events / 50 GeV
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Results from some of the related searches
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Summary
» CMS experiment is performing well in Run 2.

» Precision results using Run 1 data are crucial for better understanding
of LHC physics.

» Energy barrier for probing TeV scale physics is overcome exciting
times ahead!

> Data collected in 2016 is crucial to settle the issue of 750 GeV
resonance.

» Stay tuned .... ICHEP2016 !
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Thanks for your attention!

. _.. E
5 | |
14 1

R

Many thanks to 4400+ CMS members

and to the LHC Team !
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discover

Higgs-Boson

Great achievement to a four decade long quest
A Higgs-like state pinned down at 125 GeV mas

;-.!-“L-I1I'
ok MCDLL L SRR LAY |

ok

Ewvents /1.5 GaY

)

T i
m., (GeV)

1340

" 8/2+8) Weighted

ATLAS 20112 f8=7-8Tav
ot — Citncred R banind Spmis 0
150 A e 1) 400 50U

m, [GeV]



Hi I88s- Boson mass

ATLAS and CM

—e— Total Stat. [ Syst.
LHC Run Total Stat. Syst.
ATLAS H—yy —— 126.02 £ 0.51 (£ 0.43 £ 0.27) GeV
CMS H—yy ——— 124.70 £ 0.34 ( £ 0.31£ 0.15) GeV
ATLAS H—ZZ—4l I - | 124.51+0.52 (£ 0.52 + 0.04) GeV
CMS H—ZZ—4l ——= i 125.59 £ 0.45(+0.42 £ 0.17) GeV
ATLAS+CMS yy I-—EI—-I 125.07 £0.29 ( + 0.25 + 0.14) GeV
ATLAS+CMS 41 I_I-E_| 125.15 £ 0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l I—?—I 125.09 £ 0.24 ( £ 0.21 £ 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]

0.2% precission !

Phys. Rev. Letter 114, 191803(2015)



Higgs properties
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Higgs story so far

® We know it exists! Phys. Lett. B 716 (2012) 30

® W knovr its a boson.

® We know its mass : CMS PAS HIG-14-009

my (CMS) = 125.03 *J2¢ (stat) *012 (syst)

® We have strong evidence that it couples to
fermions Nat. Phys. 10 (2014) 557
Couplings are determined within 15 to 20%
accuracy, leaving room for BSM physics

® e have reasons to believe that it is a spin 0
CP even object
Phys. Rev. D 89 (2014) 092007

o We know it's a Higgs boson!
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19.7fb" (8 TeV) + 5.1 16" (7 TeV)
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s this THE Higgs boson (of the SM) or is it just A Higgs boson?
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First observation: B> p*p (CMS & LHCb)

CMS and LHCb (LHC run )

I | I I I I ] I I I I I I I I
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Weighted distribution of Dimuon mass-spectrum, superimposed in a combined
fit the B°>p*u and B> p*p components
mmm) first observation of B> u*u decay and evidence for B> u*u- decay

Nature 522 (2015) 68 56



Combined result B,°2>u*p: (CMS & LHCb)

B(Bg — u ) [1077]

0 1 2 3 4 5 6 7 8 9 00 0.2 0.4 0.6 0.8

B(BY — put 1) [1079] B(B° - it 1) [107]

Likelihood in B> pu*u vs B> u*u branching plane

Branching B> u*u: (2.8+0.7-0.6) x107° (0.76+0.20-0.18 x SM)

Branching B> u*u: (3.9+1.6-1.4) x101° (3.7 +1.6-1.4 x SM)

Nature 522 (2015) 68 v



top mass measurements

| | | | | | | I |

CMS 2010, dilenton ® 175.50 + 4,60 + 4,60 GeV

JHEP 07 (2011) 049, 36 pb’ (value + stat + syst)

CMS 2011, dilepton 172.50 £ 0.43 + 1.43 GeV

EPJC 72 (2012) 2202, 5.0 b (value + stat + syst)

CMS 2011, all-jets . 173.49+ 0.69 + 1.21 GeV

EPJC 74 (2014) 2758, 3.5 fb" (value + stat + syst)

CMS 2011, lepton+jets : 173.49 + 0.43 + 0.98 GeV

JHEP 12 (2012) 105, 5.0 ! (value * stat + syst)

CMS 2012, dilepton 172.82+ 0.19+ 1.22 GeV

This analysis, 19.7 b (value * stat + syst)

CMS 2012, all-jets . 172.32 + 0.25 + 0.59 GeV

This analysis, 18.2 fb™' (value * stat + syst)

F -~

CMS 2012, lepton+jets 172.35+ 0.16 + 0.48 GeV

This analysis, 19.7 b (value * stat £ syst)

CMS combination 172.44 + 0.13 £ 0.47 GeV
(value * stat + syst)

Tevatron combination (2014) ol

arXiv:1407.2682 174.34 + 0.37 + 0.52 GeV
{value + stat + syst)

World combination 2014 e

ATLAS, CDF, CMS, DO 173.34 + 0.27 + 0.71 GeV

arXiv:1403.4427 (value + stat + syst)

| | | | | | | | | | | | | | | | | | |

m

[GeV]

Top is the heaviest quark in the SM:
decays into W+b jet

Combined top mass using all CMS
Run | measurements at 7 and 8 TeV

Previous result combining results
from ATLAS, CDF, CMS, DO:

173.3410.27(stat)+0.71(syst) GeV

TOP-14-022 Phys. Rév. D 93, 072004 (2016) h



Search for Diboson VV Resonances

ATLAS saw 3.4c0 local/2.5¢6
global excess in Runl :
WW+W2+2Z

Events / 100 GeV

Significance

10*

10°

10°

10

107"

(@Y \b J @b

|
oL

T

L A B L R B
ATLAS —o— Data
\s=8TeV. 203 fb" =—— Background model
’ —1.5TeVEGM W', c =1
2.0 TeVEGM W', c =1
25 TeVEGM W', c =1
—— Significance (stat)
Il Significance (stat + syst)

WZ Selection

JHEP 12 (2015) 55
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20

Total Integrated Luminosity (pb ')

Data collection at 5TeV

CMS Integrated Luminosity, pp, 2015, Vs = 5 TeV

Data included from 2015-11-19 14:39 to 2015-11-23 06:28 UTC

—— : 30
B LHC Delivered: 29.52 pb '
1 CMS Recorded: 27.87 pb '
25
Preliminary Offline Luminosity -
- 115
i 110
i 15
L 1 1 0
@04 wo! ,‘,\o‘l
22 he 1>

Date (UTC)
61



2016 Physics reach

ICHEP dataset (5-10/fb)
l—l—l

Predicted cross-section ratios

Single t (s-ch.)
Single t (t-ch.) |§
W

2015 dataset

tt |8

ggH

VBF

VH

i ttH
1 (0.7 TeV)
({09 Tev)
ag {1.0 TeV)
g9 (15TeV)
gg (25 TeV)
L eay (2.0 TeV)
G* (3.0 TeV)

HSCP ¢ (2.0 TeV)
W—tb (2.0 TeV)
X (15 Tev) ﬁm
Ko Xes (1.5 TeV)
] Lt 1 poaaaaaal L Ll 1 I I |

:"1 10 107 1¢° 10*
2016 dataset (20/fb) 13 1ev/ Oa Tev

[G'L}Ia TeV > (o L]B TeV
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Example physics potential with L ~ 10 fb!

» 750 GeV mass resonance searches (if gg-produced)

» H(125) full programme

» Better sensitivity for Dark Matter in high-mass mediator region
» Searches for X->VV with M, ~ TeV

» New vector-like quarks

» SUSY via EWK interactions

» Search for anomalous couplings
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How to find New Physics?

The discovery of the Higgs completes the SM and Initiates in earnest the search for p
that extends it. Three complementary approaches:

Direct searches for new
particles and
phenomena

- Look for heavy
resonances, SUSY or
DM signatures

Indirect searches via
precision measurement
of SM processes

—>  Study rare processes
(rates and phases)
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Other searches for X (750 GeV)

* pp > X —>2y LH

lly: EXO-16-016 (13 TeV), HIG-16-014 (8 TeV),
EXO-16-021 (8+13 TeV combination)

qqy: EXO-16-020
- pp > X—> 22
4 lepton: HIG-15-004
2|1 2v: HIG-16-001
* pp — X — ZH(125)
H(125) —» bb: B2G-16-003
‘* pp >X—>HH
bbbb: HIG-16-002
bbtr: HIG-16-013 (13 TeV), HIG-15-013 (8 TeV)
WWhbb: HIG-16-011
" pp > X >WW
lvqq: B2G-16-004
* pp =X —=>tt
Semileptonic: B2G-15-002
All-hadronic: B2G-15-003
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LHC future: the path to High Luminosity

* Peak luminosity Integrated luminosity
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30 month shutdown to install
HL-LHC upgrades (2024)
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LHC: The 20 years plan

2009 < LHC startup, Vs = 900 GeV

2010

2011 - Vs=7~8 TeV, L=6x1033 cm2 5!, bunch spacing 50 ns

2012 ~20-25 fb-!
2013 o Go to design energy. nominal luminosity

2014

2015

2016 Vs=13~14 TeV, L-1x103* cm2s !, bunch spacing 25

2017 L .~ ~75-100 b
2018 LS2 Injector and LHC Phase-1 upgrade to ultimate design luminosity

2019 o

2000 Vs=14 TeV, L~2x10%** cm=2s!, bunch spacing 25 ns

2021 ~350 fb-!
2022 LS3 HL-LHC Phase-2 upgrade, IR, crab cavities?

=14 TeV, L=5x103** cm? s!, luminosity leveling

» ~75-100 fb ! will be collected during LHC Run 2

» Long shutdown in 2018 to upgrade detector for Run 3 (x2 inst. lumi)

» Long shutdown in 2022 to prepare for HL-LHC
0 Goal of collecting 3000 fb! at 5x1034 cm2s™t beyond 2030
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