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The LHC, ATLAS and CMS
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ATLAS and CMS are the two general-

purpose discovery experiments
| will only cover a few highlights from these two




1232 14m-long superconducting main dipoles
Two-in-one coil design

Maximum field 8.4 T

Cooled to 1.9K with 90t on LHe
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CMS Detector CMS: 12500t 21m x 15m
STEEL RETURN YOKE ATLAS: 7000t 42m x 22m

12,500 tonnes SILICON TRACKERS
Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 pm) ~200m? ~9.6M channels

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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Running jobs: 243209
ansfer rate: 7.59 GiB/sec

St b e Iy

Each year, ATLAS and CMS write 10's PB of data
Around 250 000 CPU cores on the computing Grid are
used, spread over ~200 sites, to analyse them
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Data collected

Key parameters:
c-of-m energy /s and also
integrated luminosity

N fLdt

obs exp

The price of high
luminosity: pile-up
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
N
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Key parameters:
c-of-m energy /s and also
integrated luminosity
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Measuring known
processes at LHC energies



Physics processes at the LHC

proton - (anti)proton cross sections
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Peak luminosity achieved so far:
L=7.7x103 cm?s

(77% of LHC design luminosity, at 60% of

design energy and with half the number of

colliding bunches)

process Rate at L _,,
(Hz)
any interactions 10°
Bottom quarks 106
Jets with p;>100 GeV 104
W bosons 103
Z bosons 102
Top quarks 1
H (M=125 GeV) 0.1
H->yy (M=125 GeV) 2x104

Initially huge QCD backgrounds to rare/
electroweak processes — exceptional detector
performance needed (particle ID, resolution ...)12



Total cross-section pp—X

Inclusive measurements

Plot from TOTEM, PRL 111 (2013) 012001
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Dimuon mass spectrum
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Dimuon mass (GeV/c?)
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Standard Model Production Cross Section Measurements

r—

0
Z
b

10*

103

102

1071

1072

10°3

Status: March 2014
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Precision top-quark physics

To date around 6M tt pairs produced per experiment at the LHC
(cf ~75k at Tevatron)

CMS Experiment at LHC, CERN
Data recorded: Wed Jul 14 03:32:41 2010 CEST
.| Run/Event: 140124 | 17490868

| Lumi section:

Are top quarks “special” objects?
The Yukawa coupling y, of the ttH

interaction has strength y ~1

— Programme to measure top

production, properties and decays
precisely

K. =

1| e :__ *—n—h
Jetp, =15 ; ). 2. L~ A\
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Precision top-quark physics

With 6M tt pairs produced, range of
precision measurements possible

top-quark mass

CDF Runll, l+jets
871"

CDF Runll, di-lepton

Tevatron+LHC m

Lop COMbination - March 2014, L =35 fb'-8.7fb"
ATLAS + CDF + CMS + DO Preliminary
———t = 172.85+1.12(0.52+0.49 + 0.86)

170.28 £ 3.69 (1.95 +3.13)

L,=56f"

CDF Runll, all jets
L, =58 e
COF Runll, ET"**+jets

L, =87f"
DO Runll, l+jets
Ly=36M"
DO Runll, di-lepton
=53fb"

ATLAS 2011, l+jets

Inclusive tt cross section [pb]

172.47 £2.01(1.43£0.95+1.04)
173.93 £ 1.85(1.26 + 1.05 + 0.86)
174.94 £ 1.50 (0.83+0.47 £ 1.16)
174.00 £ 2.79 (2.36 + 0.55 + 1.38)

a7 —_— e — 172.31£1.55(0.23+£0.72+1.35)
ATLAS 2011, dilepton _— — 173.09+1.63(0.64  +150)
CMsz,?” I+jets — 1 —t 173.49 £ 1.06 (0.27+0.33+0.97)
CMS2?” di-lepton —_—— 172.50 £ 1.52 (0.43 +1.46)
CMSZ?” alljets —_ = 173.49+1.41069  +1.293)
World comb. 2014 e — 01— 173.34 £ 0.76 (0.27+0.24+0.67)

26 TevatonMarch2013 (Runtel) r—.—a 173.20+ 0.87 051036+ 0.61)
8 S e September 2013 — o — 173.29 + 0.95(0.23+0.26 + 0.88)
o | | | total  (stat. syst)

165 170 175 180 185
My, [GeV]

LHC+Tevatron combination (03/14)

173.34 £ 0.76 GeV
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

My = 1T|2.5 GeV, F’Dr Do, uncenltainties according to PDF4LHC

8

2 3 4 5 6 7

Two more measurements since:
DO 174.98 + 0.76 GeV
CMS  172.04 £ 0.77 GeV

8 9
\s [TeV]

Uncertainty at level of error in relating

measured values to the pole mass
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Single top production

Single top production is an electroweak
process: and has a high cross-section at
the LHC at 7-8 TeV: o(single-t)~ Y20(tt)

d d(u
u (d) () ; .
W+
s-channel b W
; ; T t .

t-channel Wt production

wH

New ATLAS t-channel analysis: measure cross-
section in a fiducial acceptance corresponding
to the experimental cuts, rather than
extrapolating to full cross-section — reduces
uncertainties and facilitates comparisons with
models

Standard ATLAS approach for measurements, now
extended to top (and Higgs) sectors
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& E CMS Preliminary | .
" L Single top-quark production =
21 W —
10 = - ____;_‘_*:___ — 3
B s-channel 7
10 E
1 —
= Approx. NNLO Kidonakis, PRD 83, 091503 (2011) 3
= . CMS, JHEP12(2012) 035 -
| A CMS, to be sub. to JHEP _
A Approx. NNLO Kidonakis, PRD 82, 054018 (2010)
107 o CMS, Phys.Rev.Lett 110, 022003 (2013) =
= A CMS, PAS-TOP-12-040 -
= Approx. NNLO Kidonakis, PRD 81, 054028 (2010) —
~ v CMS, PAS-TOP-13-009 (FC interval) 7
102 I | | | | I I I | I I I |
2 3 4 5 6 7 a8 9 10 11 12 13 14
V5 [Tev]
T ' 1 rrrrrrrrrrrrrrrr T
ATLAS Prelimnary | Ldt=20.3fo" 1s=8 TeV
ATLAS result i -
[Jstat. ® sys. [ |stat. :
Predicted fiducial cross-section:
aMC@NLO(2—3)+Herwig kit
Powheg(2—3)+Pythia6 |—m—|
Powheg(2—3)+Pythia8 I—H
Powheg(2—2)+Pythia6 —a—H
AcerMC+Pythia6 p=172.5 GeV b——s——m
AcerMC+Pythia6 u=60 GeV ik "
L L I L L L L I L L L L I L L L 1L I L L L .l I Il L L Il I Il
1.5 2 2.5 3 3.5 4

ATLAS-CONF-2014-007 cid [pb]
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Vector-boson scattering

arXiv:1405.6241

(71 ¢ W, )
. . w+
Important to probe the scattering of massive ¢ J
electroweak bosons to test for other physics - ¢ w
in electroweak symmetry-breaking than the || « ‘o, o b ;
new H(125) \\.EWK: VBS non-VBS _/  Strong )
. . . J2] RN RS R EERLT EEEE SRR AR BRI B R G
Recent evidence of WW scattering in 5 O ALAs e Data 2012 ]
. . . . . . T - 20.3fb",\s=8TeV Syst. Uncertainty
WW+.2 jet final state, w1jch high jet-jet mass 25 ey V‘%Wii Elottoneak
and jets well separated in the detector ! give | SUORG -
o0 : BN Prompt ]
- N ~ C —p Conversions ]
3 ATLAS e Data 2012 2 15:_ : BN Other non-prompt E
= 10° ¥ 20.3fb”,\s=8TeV B Syst. Uncertainty = - g
= : W*Wjj Electroweak - E
£ — WWHjj Strong ] 10p -
O>J 10 : == Prompt . C | .
N . 3 ]
Conversions 3 SRR =
"f&—}t B Other non-prompt 1 :
; —4— - o 1 2 3 4 5 6 7 8 9
yywvwvéfxvvvv% |ijj|
1 1 Combined significance:
10 . . . .
4.5 (3.6)c in the inclusive (VBS) region
g § : * Data/Bkg ] Fiducial cross section in VBS region:
] - : 1 Bkg Uncertainty i fd
o f o (%F(CeBka)Bkg | L o"¢ = 1.3 £ 0.4(stat) £ 0.2(syst) tb
g MM 1 SM: 0.95+0.06 fb
S 075005200 600 800 7000 1200 7400 1600 1800 2000 ,
m, [GeV] Just the first step of a long-term programme
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H(125) Update



The H(125) since the discovery

A range of measurements - all so far consistent with the
SM H expectations - errors are still large (low statistics)

CMS Preliminary ys=7TeV,L<5.1fb" Vs=8TeV, Ls196fb‘

Ys=7TeV,L<51f" Ys=8TeV,L<19.7 " N N T T T LLTL] L B 00 I
CMS Preliminary > | |=68%CL ]
Individual Results oc.B % I ———" t i}
V H— bb arxiv:1310.3687 H - - Z . 3
p(m, =125.0 GeV) = 1.0+ 0.5 _-_5 o - W=, .
< | AT
H iv: . : - .t b
p(nT: =ﬁ;5?6>§3e:1?21o§?g l 0.27 ——
y (0243 -
= Yy HIG-13-001 i : ]
u(m =125.0 GeV) = 0.78 + 0.27 _'_" i b . ]
iv: . B T ""’ . . -
hm <1256 oV} 075 015 —- o2 1" Couplings which
H— ZZ arXiv:1312.5353 ;t ShOUId S(-:ale ;
j(m =125.6 GeV) = 0.93+0.27 _._n i Wlth mass |n SM
U — ! '0‘5' = 1 — . I1-5I — I2 | 1 1 1 JIIII Il Il L 11 1 11
mass (GeV)
SRR S See also talk
£ o2oF ATLAS Prehmmary = . .
Y 20 \s=7TeV JLdt= 4648 1" 3 by J]anm]ng
185 % \s=8TeV |Ldt=20.31 E . .
3 Qian this
12 — afternoon
E --- SM expected E
e L\ 3 ATLAS-CONF-2014-009
4F : - """"" —; .
2?] AP .1 aes ‘r\_,hm A I |: >4G eVIdence for

. 7w VBF production

VBF ggF+tH
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\s=8TeV [Ldt=20.7 b
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v CL, expected
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0.8F .
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0.2F ~ |} Cross- sectlons =
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g II*:I%IIIIII
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< =
o 2r
2 e ]
g NN \IR\
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ATLAS-CONF-2013-072
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H(1 25) decays to fermions

g T EERRRRRRRE E ATLAS and CMS have shown more than 30
- ATLAS Preli ata .
o 10507 VBE';“;;:{; L%zsm(uﬂ PE evidence for H(125) decays to fermions
2 28 [Lat=20310" — E (>50 indirect evidence from production)
(O] — L —
i 40§ \s=8TeV 7///5?:::1 ] 00 CMS {s=7TeV,L=510" Vs =8 TeV, L = 19-20 fb”
= = = —F
o 30 ATLAS-CONF- < 18- my =125 GeV
oot 2013-108 3 T VH—-bb o/
£ ] 386 ——H-ow
108 E — Combined

0

w. Data-Bkg.

~60 80

100 120 140

after ATLAS-CONF-2014-009

760

180 200
miNC [GeV]

ATLAS Prelim. —“((S‘;‘;,Lc Total uncertainty
_ G\theory
my = 125.5 GeV —oftheory) *1oconp
W,Z H - bb s | '
0207 +0.4 —
s "T_0.6 |<0.1 l | |
H = Tt (8 TeV data only) | 53 E s
_iq05/% |4.10 (3.8) i—1—
H=12 s i | .
Combined oat ' !
H-bb, 1t +0.36 |01 !
w= 109032@0 | i

\s=7TeV |Ldt= s6-481" 0.5 0 05

[ s=8Tev |Ldt=20.3 b

1 15 2
Signal strength (u)

standard
model

12 14 16 1.8

0 02 04 06 08 1
Nature Phys 3005

u

s — 125 GV —

VH — bb 1.0+05
H— 17 3.7 32  0.78+027 CMS
Combined 1.4 38  0.83+0.24
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0. 02
0.015

A Scale

Precision H(125) physics: m,,

Very detailed and intricate work to understand the
performance of the detector: particle identification -.os

performance and energy/momentum scales 0.02
o 0.02
Measurements of the Higgs boson mass: & 0.015
arXiv:1406.3827 oo
Channel Mass measurement [GeV] 0.005
H—yy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50 0
ATLAS| H 72z 4¢ | 12451 £0.52 (stat) £0.06 (sysD)= 124.51 +0.52 | 0005
Combined 125.36 + 0.37 (stat) + 0.18 (syst) = 125.36 + 0.41 0210;
cMSs H—w 125.4 £ 0.5 (stat) £0.6 (syst) GeV 002
H— 4¢ 125.6 £ 0.4 (stat) £0.2 (syst) GeV .

CMS-PAS-HIG-13-001, PRD89.092007 251 1.004
§= 1.003

. . o o £ .
ATLAS analysis indicates that the measurement in ' "

the 42 channel will be statistics-limited for years to
come - if this superb level of energy/momentum
calibration can be maintained

1
0.999
0.998
0.997
0.996
0.995
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1.005——

2030 a0
arXiv:1406.3827
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Measuring H propagator at high mass, and I,

q

q - SO Z g i
| q q ] ]

q - MWW 7 E 000 -

q

a

High mass ZZ production is sensitive to the
effect of the Higgs diagram

2
goffshell %gﬁg HAY
gg—HZ7Z {2]‘?12}2

(+interference terms)
At high-mass, can measure products of H

couplings without any assumption about I',.

Now cf: . i
on-shell " geHSOHZZ
gg—H—ZZ My rH

Events / 10 GeV

With assumptions (no energy-dependence of g's, no
new physics in ZZ production ...)
— constraint on ',

Kauer & Passarino, Coala & Melnikov, Campbell et al
D Charlton / Birmingham - 24 June 2014,0CPA8 Singapore

(o)}
o

40

30

20

TATLTATAVANATITS Z g

rXiv:1405.3455

CMS

@\(Z

19.7 "' (8 TeV) + 5.1 1b ' (7 TeV

p—

* Data

10 120 130 140 150
m,, (GeV)

IIII|IIII|IIII|IIII|IIII|IIII|_|_

0 . ai | LY i
100 200 300 400 500 600 700 80C
m,, (GeV)



Measuring H propagator at high mass, and I,

q
q - SO Z g - \-'“'u"'uﬁu'ﬁ'u'ﬁ'-fﬂ'uﬁu"z g\mqt\ H R .ﬁ@\(z
x| a4 1 q i S
. , o arXiv:1405.3455
q MWW Z - 50000 CMS 19.7 6" (8 TeV) + 5.1 5" (7 TeV)
t__:l 10— 4 observed '
High mass ZZ production is sensitive | I e o
effeCt Of the nggS d]agram ' e 2521'+4I0n-s:9:: expected
8 | an-sne
Combined ZZ observed

Ségﬁf?%[zz
(2mz)?
(+interference terms)
At high-mass, can measure products {

couplings without any assumption ab{
Now cf:

T::rff—ﬁheii it
Veg \HZZ

gégm HZZ
myl g

on-shell "
gg—H—ZZ

With assumptions (no energy-dependence

new physics in ZZ production ...)
— constraint on

Kauer & Passarino, Coala & Melnikov, Campbell et al

Combined ZZ expected

e — — — — — — — —— —

D

[, <22 MeV at 95% CL

30

I, (MeV)

Caution: models with [, differing from SM
value (4 MeV) may not be tested
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Searching beyond



The end of physics?

The Standard Model works
fantastically, and is now
completed by the H discovery

But so many questions are
unanswered...
 Why three families?
* Why the huge imbalances in
fermion masses?
 What is dark matter?
* Matter-antimatter asymmetry
in the universe
e Extra dimensions?

D Charlton / Birmingham - 24 June 2014,0CPA8 Singapore

electruri sieutritic || muon neutring

Lpon

This is not the end of fundamental
physics - but where and what comes
next?
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The hierarchy problem

: W, Z i

h w h AVAVY
— e i ) - — —— - it L=

ho o ‘. h rF

L

il . N . S h_
re

A low-mass Higgs boson with only the SM particles requires fine-
tuning to cancel huge corrections

Huge conceptual puzzle to theorists for many years - now
crystallised by the observation of H(125)

Can only be solved by new physics at/near the TeV scale
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Supersymmetry

A new symmetry between fermions and

bosons

« Each SM particle has a partner with
different spin, e.g.:

SM spin SUSY spin

electron 1/2 selectron 0
top 1/2  stop 0
gluon 1 gluino 1/2

SUSY loops cancel SM loops

* Provided sparticle masses not too high
No (or few) ad-hoc tuned parameters
Natural dark matter candidate in the
lightest SUSY particle LSP, mass 0.1-1 TeV

SUSY particles should be found at the LHC
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Superpartners!

PARTICLES

=~
y.
i 4

"SHADOW" PARTICLES

/ A Y
H EQ‘ j’{ H
_______:n_d _______
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SUSY searches

Plethora of searches = 600
for SUSY “leave no o}
stone unturned” e

£ 500

Example: electroweak
productionof ™

charginos/neutralinos
Caution: different decay
modes overlaid, curves not
directly comparable to each
other

400

300

Amongst these, searches
for neutralinos decaying
via the H, charginos via
W's as preferred in
“natural” SUSY models -
challenging analyses!

200

100
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Simplified Model Spectra “SMS”

ATLAS Preliminary  20.3-20.7 fb’, 1s=8 TeV  Status: Moriond 2014
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Summary of CMS SUSY Results* in SMS framework SUSY 2013
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“Exotic” searches

Beyond SUSY, a host of .
other model possibilities
for Beyond the Standard
Model physics, with various

levels of motivation
« Open perspective - we do

not know what we may o
find L
* There are many many n

possible models - and i
event signatures

* Models act as benchmarks
and guides - but we are
open to as much as we -
can u
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Many extensions of the SM have ba:en

developed over the p
_—--'-.

Supersymmetry .

Technicolor(s)
Litle Higgs<—

T

No Higgs -g-
GUT

Compositeness
4" generation (', b')
LRSM, heavy neutrino
etc...

H Bachacou

i -

m Extra-Dimensions .:.";

1jet = MET
jats = MET

1 lepton + MET
Same-sign di-lepton
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Multileptons
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CMS Exotica Limits

LO(ej) x2
LO {e+LQ {v])
L2 () x2
LQ2{uj)+LQ2{v])
LQ3{vb) x2
LQ3{rb) x2
L3ty x2

RS1(yy), k=0.1
RS1{ee,uu), k=01
RS1(j), k=01
RS1(WW—4]), k=01
RS1{(ZZ—4]), k=01
bulk RS(ZZ 1]}, k=0.5

55M Z'{rT)

S5M Z'(lib

S5M Z'{bb)

S55M Z'(ee)+Z (up)
SSM Wi

55M Wi

55M WWZ—vil)
SSM WWZ—4))

gluinof3j) x2

stopped gluing (cloud)

stopped stop (cloud) :
HSCP gluino (cloud)
Leptoquarks HSCP stop (cloud)
q=2/3e HSCP

g=3e HSCP j
neutralino, ctau=25cm, ECAL time |
3 4 0 1 2 3 4

J+MET, SI DM=100 GeV, A
|+MET, SD DM=100 GeV, A
Y+MET, 51 DM=100 GeV\, A
RS Gravitons y+MET, SD DM=100 GeV, A

I+MET, E=+1, Sl DM=100 Ge¥, A
I+MET, &=+1, SD DM=100 Ge\, A

+MET, £=-1, S| DM=100 GeV¥, A
0 1 2 3 4 I+MET, £=-1, SD DM=100 GeV, A

| I _ompositeness
diets, A+ LL/RR ]

dijets, A- LL/RR

dimuons, A+ LLIM

dimuons, A- LLIM

TJ single e, A HNCM
j single y, A HnCM

inclusive jets, A+

0 1 2 3 4 inclusive jets, A
Excited

Fermions ADD {yy). nED=4, M3
ADD (ea pp), nEC=4, M3
ADD [HMET), nED=4, MD
ADD fy+MET), nED=4, MD

GQBH. nBD=4, MD=4 TaV

o 7 4 Tev MR BH, nED=4, MD=4 TaV
Jat Extinction Scala

Multijet String Scale I
Resonances

CMS Preliminary

CT1S Exotica Physics Group Summary —March. 2014
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- ATLAS Submitted Papers

Publication Output

250

— ATLAS

ATLAS: 312

200

1501

100

317 papers published as of 2014-06-20

50

300

250+

200+

Each experiment now has >300
publications covering a huge
range of topics

150

100

| could only sample a very few
here

50
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Looking Forward



2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027

2035

LHC Roadmap

Run 1: energy 7-8 TeV, 25 fb' of data
Shutdown 1: phase 0 upgrade

Run 2: energy 13+ TeV, ~120 fb' of data

Shutdown 2: phase 1 upgrade
Run 3: energy 14 TeV, ~350 fb' of data

Shutdown 3: phase 2 upgrade

HL-LHC: energy 14 TeV, ~3000 fb' of data
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From the White Paper
Update of the European Strategy for Particle Physics

c) The discovery of the Higgs boson is the start of a major programme of work to measure this
particle’s properties with the highest possible precision for testing the validity of the Standard Model
and to search for further new physics at the energy frontier. The LHC i1s in a unique position to pursue
this programme. Europe’s top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view to collecting ten times
more data than in the initial design, by around 2030. This upgrade programme will also provide
further exciting opportunities for the study of flavour physics and the guark-gluon plasma.

From the US (DOE/NSF) Particle Physics Projects
Prioritization Panel (P5) report

Building for Discovery

Recommendation 10 : Complete the LHC phase-1
upgrades and continue the strong collaboration in the LHC
with the phase-2 (HL-LHC) upgrades of the accelerator
and both general-purpose experiments (ATLAS and CMS).
The LHC upgrades constitute our highest-priority near-
term large project.

D Charlton / Birmingham - 24 June 2014,0CPA8 Singapore

Building for Discovery

Strategic Plan for U.S. Particle Physics in the Global Context

Executive Summary
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Run-2 prospects
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Run-2 will begin in Spring 2015 and is planned to run to mid-2018

Increase in cross-sections by a factor ~10 for m(system) ~ 2 TeV

With a few fb™!, discovery of new TeV-scale particles is possible -
expect 15-20 fb' by end 2015, ~100 fb™! in Run-2
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Prospects for H(125) measurements

Higgs couplings may indicate new physics: a
few percent precision is a good target

Higgs Snowmass report (arXiv:1310.8361)
Deviation from SM due to particles with M=1 TeV

Model Ky K Ky
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM ~ ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—3-9% ~-9%
Top Partner ~ —2% ~ —2% ~ +1%

ATLAS Simulation Preliminary
's=14TeV: [Ldt=300 b ; det—e,ooo o

Houu  (comb.
(incl.

(ttH-like

H—tt (VBF-like

H—ZZ (comb.
(VH-like

(ttH-like
(VBF-like
(ggF-like

Future LHC data will allow to measure H

and to access rare decays such as H—=pp

H->WW (comb.

il

ooooooooooooo
oooooooooooooooo
oooooooooooooooo

(+1]
(+0j

H—Zy (incl.

couplings at 2-8% level (cf 20-50% today),

CMS projections for coupling precision (arXiv:1307.7135)

H—yy  (comb.
(VH-like
(ttH-like

(VBF-like m
(+1)) |
M

!II

)
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)
)
)
)
)
)
)
)
(VBF-like)
)
)
)
)
)
)
)
)
)

L (fb_l) K'}’ Kw Kz Kg Ky Kt Kt KZr}/ KM‘ BRSM

300 | [5,7] | [4,6] | [4 6] | 16 8] | [10,13] | 114, 15] | [6, 8] | [41, 41] | 123, 23] | [14, 18]

3000 | [2,5] 12,51 |124]|I35] | [47] | [7,10] |[2,5] | [10,12] | [8,8] | [7,11]
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Conclusions

The LHC and its large experiments, ATLAS and CMS, are a
triumph of global scientific collaboration

A wealth of measurements have established the continuing
validity of the SM at LHC energies, and laid the foundation for
future searches

The discovery of the Higgs boson at 125 GeV, with close-to-SM
properties, has energised, and helped re-focus, searches
beyond the Standard Model - but as yet no sustained hints of
new physics beyond the Standard Model have been seen

The increase of centre-of-mass energy to 13-14 TeV in 2015
and beyond will extend the mass reach much further, well
into the TeV region



About CERN Students & Educators Scientists CERN people

Accelerators Experiments Physics Computing Engineering Updates

."' e

UT CERM

About CERN

Computing
Experiments
How a detector wi

=~ -

By providing collisions at energies never reached in a particle accelerator before, the LHC will open a
new window for potential discovery, allowing further studies on the Higgs boson and potentially CERN experiments
L ! cALE - ]

addressing unsolved mysteries such as dark matter, The ordinary matter of which we, and everything i R

vigible in the universe is composed, makes up just 5% of what the universe is made of. The remainder is

dark matter and energy, so the stakes for LHC run = are high.

CERN'’s accelerator complex: Restart schedule disaster response

2 June 2014 Restart of the Proton Synchrotron Booster

18 June 2014 Restart of the Proton Synchrotron (PS)

Early July Powering tests at the Super Proton Synchrotron (SPS)

Mid-July Physics programme to restart at the |SOLDE faality and at the PS
Mid-August Antimatter Physics programme to restart at the Antiproton Decelerator
Mid-October Physics programme to restart at the S5PS

Early 2015 Beam back into the Large Hadron Collider (LHC)

Spring 2015 Physics programme to restart at the LHC experiments
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