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What's the dawn for the experimentalist?

The hardest hour in the night shift: the point where you start to collapse

where your best wish is to be in your bed or any bed or just to have the
possibility to sleep putting your head in your arms and just sleeping sleeping.
And this is often just the time where the major catastrophy in the shift happens;

And you are there with a reduced crew of people, in the same state you are
and having not to panic but solve the problem...s...

Is the time where:

The machineis in the commissioning of this new regime => trying to overcome the

issues which appear at this stage;

The time where the experiments are experiencing all the upgrades and repairs.

= Cautious and tedious calibrations, comparing MC with real data and trying to understan
all the discrepancies....

BREF

... the worst, toughest and tedious period....before getting everything working as expected
And hopefully later on...much later on???
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Outline

Particle Physics at the dawn of LHC13 era from an experimentalist

viewpoint:

 The machine: LHC setting up & early performances at 13 TeV i.e.
in 2015 & perspectives plus remaining challenges

 The instruments: 3 upgraded experiments for exploring the
Unknown

— ATLAS:
— CMS
— LHCb

* The Physics objectives, where we stand and the perspectives
* What IF Discovery(ies) and/or NOTHING at 13-14 TeV ???

=> NEW MACHINES
* Why NEW PHYSICS implies NEW HIGH TECH developments

N.B. The audience is assumed to know about the main results from
LHC 2010-2012






LHC - 2015

Target energy: 6.5 TeV
— looking good after a major effort

Bunch spacing: 25 ns
— strongly favored by experiments — pile-up

* Beta* in ATLAS and CMS: 80 to 40 cm 1
Energy 25 ns

 Lower quench margins e Electron-cloud

* Lower tolerance to beam loss * UFOs

 Hardware closer to maximum (beam  More long range collisions

dumps, power converters etc.) e Larger crossing angle, higher beta*™

* Higher total beam current
* Higher intensity per injection

19/11/15

(Slide from Mike Lamont’s talk at Lepton-Photon 2015)
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Complete Consolidation of the Installation of 5000
reconstruction of 3000 10170 13kA splices, consolidated electrical
of these Sp“COS ins[d“ing 27 000 shunts insulation systems

Enable the increase of \s to
higher energies




Key elements:1232 Dipoles to be trained
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Quench number

Dipoles bend the beam around the 27 km. ring. The momentum of the beam is very high and
these magnets have to produce a very strong magnetic field (8 Tesla)

To reach the high B-field required, high currents are needed. To avoid excessive resistive losses,
the magnets are superconducting.

A huge cryogenics system is required to produce the liquid He needed to keep the magnets cold

19/11/15 Dawn of LHC13-IFT-191115 7



Electron cloud

Electron clouds are the result of an avalanche-like
process, when electrons from gas ionization or
photoemission are accelerated in the electromagnetic
field of the beam and hit the beam chamber walls with
energies of few hundreds of eV, producing more
electrons.

The electron impacts on the wall cause molecule
desorption as well as heat load for the cryogenic system
in cold regions.

High electron densities in the beam chamber lead to
oscillations and blow up of the particle bunches due to
the electromagnetic interaction between electrons and
protons.

Giovanni Rumolo



25 ns & electron cloud

SEY

Beam screen

B 25 ns . Typical e~ densities10'°=10"2 m-3

Possible consequences:
— instabilities, emittance growth, desorption — bad vacuum
— excessive energy deposition in the cold sectors

Electron bombardment of a surface has been proven to reduce drastically the
secondary electron yield (SEY) of a material. This technique, known as scrubbing,
provides a mean to suppress electron cloud build-up.

Mike Lamont’s slide

..Electron cloud significantly worse with 25 ns
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EYETS

Shutdown/Technical stop

Protons physics

Commissioning

Ions

 EYETS — Extended Year End Technical Stop — 19 weeks — CMS pixel upgrade

e Start LS2 at the end of 2018
Mike Lamont’s slide




Run 2 performance

] . Mike Lamont’s slide (LP2015)
e Start 2016 in production mode

— 6.5 TeV, machine scrubbed for 25 ns operation
— Beta®™ =40 cm in ATLAS and CMS

— New injection protection absorbers

— Peak lumi limited to 1.7e34 by inner triplets

— Reasonable availability assumed — usual caveats apply —
really need to gain experience with 25 ns operation

Peak lumi Days proton Approx. int
E34 cm2s! physics lumi [fb1]
65 3

2015 ~0.5
2016 1.2 160 30
2017 1.5 160 36

2018 1.5 160 36

19/11/15 Dawn of LHC13-IFT-191115 11



And beyond
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Year
LHC is highest-E, highest-L operational collider - full exploitation (Vs ~ 14 TeV, 3000 fb-1)

is mandatory:
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Total Integrated Luminosity [fb]

Peak Luminosity per Fill [10%* cm2 s7]
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Remind: LHC 2010-2012 Run!

Here we are by analogy jn/%lS

CMS Integrated Luminosity, pp

Data lncluded from 2010 03 30 11: 21 to 2012-12- 16 20: 49 uUTC

2010: 0.04 b1
Vs =7 TeV

- 25| T 25
—_— 2010 7TeV 442ph !
E = 2011, 7TeV, 6.1 ' commlssmnmg
.::‘. 20 w—— 2012, 8 TeV, 23.3 m ' 120 fb-'l
g
£ 1) Vs =7 TeV
- ... exploring limits
Q
g% 1 12012: 23.3 fb*
g | . Vs =8 TeV
;i /f . production
S
— " A 1 0

e R R L

o > Dat:(UTCT > > Peak IumanSIty: ~280
pb-/day
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LHC - B CERN
e GZAL Ot S ATLAS ALICE
. - Point 1 =, Point 2
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Sl
Focus on ATLAS, CMS and LHCb as mstruments for explormg
the UNKNOWN



Exploring UNKNOWN territory needs improved tools

* Unknown territory why and what it means?

In previous Run: main goal = find HIGGS with strong indications of a light Higgs (LEP
and Tevatron). Now no more guidelines...Thus

 Ways to look for BSM are:
— Deviations from SM predictions
— Search for New particles (events) production

* Both ways request improving the instruments/detectors:

New/improved detectors, FE signal processing, Triggering, realtime processing (DAQ),
Data Analysis => keyword: UPGRADES

Based on:
=> continuous upgrade (LEP & Tevatron legacy)
During LS1, ATLAS, CMS and LHCb have undertaken first upgrades
=> the experience from the 2010-2012 Run, for example on handling large PU...

goal: the increase of PHYSICS POTENTIAL



What’s new in this starting Run Period

LHC is getting to design parameters

100 [

— Energycmup to 14 TeV %30

— 25 ns BX
— Collecting 100 fb-1 by end 2018

Dramatic increase in Physics

— Massive new objects, W’/Z’, SUSY etc..
— Observe rare processes, ttH, HH, LFV...

[ ratios of LHC parton luminosities: 13 TeV/ 8 TeV §
gluino @ 1.5 TeV

luminosity ratio

potential

MSTW2(18N LO

— Precision studies: Top, Higgs. B Physics... "0

1000

M, (GeV)

Continuous and major efforts across the Machine and Experiments for

19/11/15

exploiting at best the Full Physics Potential

(see some examples for the experiments in next slides)

Dawn of LHC13-IFT-191115
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Increased Energy => Increased Physics Reach

Minimum bias

7

WH

H (ggF)

H (VBF)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)
L' SSM (3 Tev)

Q* (4 Tev)

QBH (6 TeV)

R

>

(for 13TeV / 8 TeV: 8.4)

6 (for13TeV /8 TeV: 12)
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-
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Cross section ratios: 14 (13) TeV / 8 TeV

100 g
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- ratios of LHC parton luminosities: 13 TeV /8 Te I,-" ;’

MSTW2008NKLO

b

il
' ) 72 (for 13 TeV / 8 TeV: 46) M, (GeV)
_____:_ J 5700 (13 / 8: 2700)
b1 }
il
[ J 87
— J 12000
T 4 100 1000 10000 100000
 } T
v |fb" equivalent reach to Runl

2 fb! equivalent reach to Runl|
10 fb-! equivalent reach to Runl

CAVEAT: The Backgrounds, especially Physics backgrounds increases as well!!!

19/11/The gain is obvious for high-massobjects'of course.
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ATLAS EXPERIMENT

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor fracker
19/11/15 Dawn of LHC13-IFT-191115 19



* Infrastructure:

— New beampipe, improvements to magnet &
cryogenic system

e Detector consolidation

— Muon chambers completion (|n|=1.1-1.3) and
repairs, improved readout of various systems (L1
rate 100 kHz), repair of pixel modules and
calorimeter electronics, new pixel services, new
luminosity detectors, new MBTS detector

* 4% silicon pixel detector layer (IBL)

— Innermost Pixel detector layer at R=3.3 cm from
beam

* Trigger improvements

— New Topological L1 trigger, new central trigger
processor, coincidence between Tile and muons,
restructuring of high-level trigger, new Fast Track
Trigger (FTK), improved L1 calorimeter trigger

e Software

— Many improvements to simulation, reconstruction,
grid and analysis software

Upgrades to ATLAS during LS1

nsertion:

May 2014
\\\\T\\/ YO — 27




Compact Muon Solenoid EXPERIMENT

Pixel channels recovery
Tracker new dry air plant
Tracker:
~1 m? Pixels (66M channels)

‘ [ «-—Nlr -\\ ~200 m? Si microstrips (9.6M channels)
Q\\ o\ \\ Iron Yoke

l‘ \ ( \\ i '

M ‘|

S

New beampipe

=/ B

™ New Iummometer
ECAL: Electromagnetic | /

calorimeter - 76K PbWO, crystals |
HCAL: hermetic Brass/ New DAQ, improved trigger
21 m long Scintillator sampling hadronic ' \

15 m diameter calorimet' HCAL new photosensors
19/11/15 Dawn of LHC13-IFT-191115 21

Interventions during shutdown

tations of
on detectors

4th muon station

o

N

3.8 T Solenoid

12,500 tons



REPAIRS DURING THE LONG SHUTDOWN March 2013 -> April 2015

Several recovery campaigns have re-established an almost
perfect status.
=Please note that the scale starts at 90%)!

Active Detector Fraction Run 1 to Run 2

P! s > | B Start Run 2 (May 2015)
St B End Run 1 (Feb 2013)
EB+EE
EB
EE
ES
HCAL
HB
HE
HF |
 ————— |

DT

R ——————————
S e ———————— e
90% 91 %2 83 %4 % 9% 97 £l ] 100%

Fraction (%)

19/11/15 Dawn of LHC13-IFT-191115 22




Pile-up effects

In-time Plle'up CMS:78 reconstructed PU’s in 2012

* The pile-up happens from several pp TVLje2 PVl
o . . jete, =1
interactions per bunch crossing due to —

2 )
high luminosity. P

vi]=1-f

) o ) ) JVF[jetl, P
 Mis-association of the tracks from other

collisions makes worse for the jet energy
measurement.

Out-of-time pile-up -
» Effects from particles of the previous
bunch crossings due to slow or
uncorrected detector response. | /\'7[\

19/11/15 Dawn of LHC13-IFT-191115 | | I ) BX




PU PV PU
vertex vertex

In Time Pileup

PILEUP MITIGATION

Both ECAL and HCAL doa
faster version at HLT

o Roughly 50% reduction in pileup
background rate at same threshold
with no loss in performance

*  We want to measure energies of particles produced in

the primary collision (PV)

* Energies from PU collisions can be subtracted by taking

out the charged tracks that come from PU vertex

Out of Time Pileup

Amplitude

JAdt to measure energy I

- | BXO

time

Amplituae

9/11

BX0+25ns

Amplitude

Fit measured

ata for the

known pulse shape from past
test beams

NO tracks to substract
the OOT PU deposits!!

Dawn of =FT-191115

time

time

BX0 AND + 25 ns |
o

calorimeter

0

Digitized
pulse in HCAL

-

123 456 7 8 9TS

=4

[
£
(8]

6-20

[

18,
16
14
12
10

8f

o N A O
LAERERERE LR R

EHCAL 2012 Data

Substract
from total
Pulseshape

“in-time
~+ 00T

E_L { I R [ . !
0 1 2 3 4 5 6 7 8 9
TS

In Time Pulse

Baseline
OOT Pulse /
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PUPPI: Pile Up Per Particle Identification

Discriminates particle from hard scattering from PU => Improves
* JET Energy determination

* Missing Transverse Energy @ et
e Electron Isolation g 10455"?‘3'“’"""’”""""” g E
. Tau-ID i A Prue :
103 _:_0 -04'.'0_._*‘ * PUPPI Data 3
> « e PUPPI MC ]
This is how OOT is currently 10%E b T,
handled by software (HLT). ; .
For Run Il (HL-LHC) hardware 10% +Y* Ii T
solutions are investigated by 1k m|<3.0 | *1 1 t
including timing in calorimeters ‘ ‘ ’
FE ASIC (TDC) => able to get rid at 1075 ""20 40 60 80 100 120 140
L1 trigger level. MEF Gey)

19/11/15 Dawn of LHC13-IFT-191115 25




Alignment

The Pixel detector is re-centered from CMS-DP-2015-029/CDS:2041841
-1.3 cm because of new beampipe CMS Preliminary 3.8T cosmic ray data 2015
: < LN L LN LN LN LA L

(1%t layer now at 3.4 mm) 3 020 Alignment: cosmic rays
© .18 —e— aligned tracker rms=0.0127
; —=— Run | geometry rms=0.8924
Long & crucial alighment campaign of the%‘(é 0.16f= —— MC (no misalignment) rms=0.0120
overall tracker system =0.14
(200 m? of Silicon strips) g 0.12
plus Pixels) with B 010
. o -
-> Cosmics =
: : 0.08
-> Primary beams delivered by the LHC
20 Millions collisions track 0.06
0.04
RMS of median residuals after 0.02
. . 1 L l 1 1 I L 1 L l L 1
Alignment ranging from 3 to 10 um %866 004 -0.02/ 0.00 002 004 006

Ap_/(p \'E)
[ ] [ ] T T
Reaching almost “asymptotic performances”

19/11/15 Dawn of LHC13-IFT-191115 26



Events / GeV

Use “standard candles” to test the functioning of
your experiment

Y B low mass double muon + track
double muon inclusive

. 20 pb' (13 TeV)
10 ; Trigger paths
F CMS . 6
10" &= Preliminary B Ay
N JAp . v
10° = ¢ , S
= P Y

V4

19/11/15

_ , 10°
Dawn of LHCll—QH’—-Eiillﬁ nvanant mass [GeV:
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Events / GeV

Use “standard candles
your e o

and also Y(nS) (same trigger, different mass window)

’

20 pb' (13 TeV)

> 400

:

) 3005
b= -
Q o50F
LLI L

10°
10’
10°
10°

10*
10°
10°

10

CMS

Preliminary

200

150F

100E

CMS

Preliminary

o = 65 MeV
pf" >8 GeV
Ml < 0.9

| 1 | [ | | |
10

| | | 1 | |
10.5 1

utu invariant mass [GeV]

V4

19/11/15

i . 10°
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Muon & trigger LS1 improvements

» ME1/1 chambers: new digital
boards & trigger cards

» ME4/2:72(144) new CSC
(RPC) chambers

» Maintain trigger rates at a
lower Pt Threshold

L1Mu Efficiency for Degraded and Upgraded Detector at High Luminosity

?10‘ - o
‘I-' : __'——-_.‘.___-"\ L1 CSC b’mﬁf'am L=2"1 1.2 T I T T T [ T T T ] T T T I T T T I
5 T 0 [ nowmeaz 2simiens < - | Higgs p; region | 5 .
E ” ~J_ N no MEA2, 2 stat 3 1 - gg pf g 4
g th ME4i2, 3 statiors O I ‘ | : H
. B \ \\ 0.8 i+ < ------ Y ; :
10 E e B L — o | - :- : : 2 ; . ' t
- ‘ | ™ : | L
10 N i | | | . ]
= tngger rate N 04 [ fbre e
T e ILITL I N i 45" Detector and CSCTF threshold: 1
1025 J k-l " I I “\\ 0.2 fift—F i ‘degraded’ (p°°"" >50 GeVic) |
= | | ‘upgraded' (p°°°™>20 GeVie) -
B l Il 0 LU 1 | I | 1 I Yoo | ! ! Tn | 1 1 1 T

T19/11/15 10 awn of LHC13-IFT-091115 20 40 60 80 29100

pS (G MCup




Software & Computing

Significant overhaul during shutdown

o Multithreading in simulation/reconstruction: x4 improvement

o Improve reconstruction time at high PU
o Any Data, Anywhere, Anytime (AAA)
o New data format (miniAOD): reduce analysis time by x10

S
@©
Memory Usage vs. Number of Cores g
50,000 > L Full Reco Run1
— @ max RSS, single multi-threaded job B -
g © max RSS, multiple single-threaded jobs ‘é’ 50
— 40,000 =
) :
§ 40f
4 30,000
g 30—
20,000 i
g r
20—
2 10,000 [
- . - 10.
o With multi-threading F
0 a4 8 12 16 20 24 i
Number of Cores Used %

19/11/15
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. CMS Simulation, ys = 13 TeV. it + PU, BX=25ns
60 = Full Reco Current=— Track Reco Current |
» Track Reco Run1

PU140

Luminosity [10™ gm? s7]




HEAVY FLAVOUR SECTOR: another way to LOOK
for NEW PHYSICS ?!1?

LHCD is a HIGH PRECISION EXPERIMENT designed to:
v'"Measure the CP-VIOLATION in the b- and c-sector
v’ Perform INDIRECT SEARCH for NEW PHYSICS

19/11/15 awn of LHC13-IFF*19111 31



Tracking System (TT,IT,OT):
Excellent momentum resolution:

Muon System:
. Ap/p=0.4-0.6% from 5 to 100 GeV/c )
VErtex LOcator: p/p 2 / u identification efficiency >

Separate secondary from

Trigger System:
multi-stage selection
of leptonic and

hadronic final states

97% with <2.5% T mis-ID

primary vertex:

IP resolution=20 um

Inclusive selections

u, pttrack, uu.
topological, charm, ¢
Calorimeters: & Exclusive
Energy measurement, selections

e/y identification. °® mass ©
resolution = 10 GeV/c?

Dawn of LHC13-IFT-191115 3
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LHCDb Integrated Luminosity at p-p 6.5 TeV in 2015

Integrated LHCb Efficiency breakdown

) B : : |
Q ~ . .
= 500} I FuLLy ON: 88.40 (%) ¢  Delivered Lumi: 362.75 /pb
> — [ Hv: 0.28 () .
B - [ veLo safety: 164 (3) . Recorded Lumi: 320.66 /pb
_g B Il 0AQ: 2.35 (%) : :
g 400 B Il Deadtime: 7.70 (31)
- -
o -
2
© -
> -
£ 300 -

200 LT T LT T T T S P S PP P PP PP PP TISE PR PPPPPP PPN

100 R RN SRR SRR SRR (SRR IR o

_ +—t+—+ ! ——1+—+ m L1 1 1 | L1 1 | I |
3900 4000 4100 4200 4300 4400 4500

LHC Fill Number

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

s:auggg 25 ns
Ecm 13 TeV
[Z 3 fb! > 5 fb! >5fb'/year
# of bunch ‘
crossings up to 1262 ~ 2622 (nominal)
Z(cm?s™) 4-10* > 10%

19/11/15 RUNI Dawn of RUMNBIFT-198 1HCb Upgrade 50 fb in less than 10 yeas3




O RUN I (already heavily revised comparing to the original specs)

Machin?/v 40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

H?rdw?re " readout, high Er/Pr signatures 1 MHz full
gger layer — e detector read-out
Software trigger Defer 20% to disk J Data buffer
ayer - HLT ,Q —
[ Software High Level Trigger A
@oo Logical CPU cores )

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
\ Selection algorlthms y

0 I Ir
Storage

19/11/15 Dawn of LHC13-IFT-191115 34



O RUN II (major revision of the trigger system)
LHCb 2015 Trigger Diagram

vaching_— ([
<~ <F ~F

LO Hardware Trigger : 1 MHz
Hardware readout, high E+/Pr signatures 1 MHz full

trigger layer - LO detector read-out

. Software High Level Trigger

Splitted- HLT : _ ;
o [ oy prent reconatruction sevect s |

Buffer events to disk, perform online \ Data buffer

detector calibration and alignment

of inclusive and exclusive triggers

T I 17

storsge_, @ERETTIITITYITYS
g 12.5 kHz Rate to storage

No need for further calibration off-line (all at HLT)
-> No offline reconstruction at alll The whole reconstruction is carried out in the

online Event Filter
-> Allows writing-out data drectly on micro-DST format (in the “TURBO” stream no

raw data, just the tracks of the candidate heaV}/ hadron!)
19/11/15 Dawn of LHC13-IFT-191115

[ Full offline-like event selection, mixture]
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1) Exploring further the Heavy Flavour
Realm at LHC13:

or entering in the VERY VERY HIGH
precision measurements regime



VERY VERY FIRST LHCb RESULTS

d The TURBO stream has been commissioning this year and is
performing superbly

J Below plots obtained directly after the HLT

L] Ta
Gy ' ' P e e, g R T T T S A S e
- Ny 2imwe Ny RvomM g »
} o P ¢ D 2 . 4 lan b .
— ¥ O — Fl O C— B o =
— Sinal _ 100 b= == Sigeal 1 -1 —= Signil
~olF adkgre LHCb praliminary -] - [ Backgrourd LHCb praliminary ] — < Background LHCb preliminary 1
- VS =13TeV = VE=13TeV 2k VS =13TeV -
~ > = t N
- - 2 3
=000 | = 4 = L 4
O 9O 0 4 -
R 2 1 Rk ]
- o E s L <
S 8 2t .
0.0 S . e .[ I
: ] ] i ]
5 5 g L -
3 S u = [ -
=8 M = A i 2 -
= = i S b -
J o o R
0.2 " if 3
( ( L o e e ———
4 . .
= 0 0 = g
q "E q a .
‘E «10° 4 'i «10*
1 18 [ 1N 1 BN 1 1 10 2 J0e
m|K [MeV,/ef) m(K-K+xt) MeV /)
0 —_ J ! —_ } } — } }
D — K—m DY — K- whr Df— K- K'r

d Background almost non existent - tribute for the excellent
LHCDb tracking performance - off-line tracking quality in the HLT

) O THe " number of events is MUth Higher'than that in RUN I 38



d J/y cross-section measurement (prompt and secondary)
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Bs decay into 2 muons discovery & beyond

Intensively searched for over 30 years!
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An important discovery at L 0-2012 by CMS and LHCb
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For long time we were dreaming to find NP

Very rare in Standard Model due to e
« absence of tree-level FCNC
* helicity suppression HYA?

« CKM suppression
.. all features which are not necessarily
reproduced in extended models

ANANAN

3 SM ot
Lop
W WA
2
t
b W

Weighted distribution of dimuon invariant

. i
5,000 5,200 5,400

My (MeV/c?)

mass, M. for all categories.

-~
tan'
B(B W)= (3.66 £ 0.23) x 107’ B(B )MV ~ IM?
SUTH)™=(3.66 £ 0.23) X ENTHY an®
S S A0
CMS and LHCb (LHC run 1)
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C —— Signal and background _
b 50 18 »ww
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Feynman diagrams related to the
BO, —u*u decay
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The Bs=»pup events seen in CMS and in LHCb

s, | CMS Detector @ LHCb Detector
| Weight : 14,000 t ili Weight: 5,600 ton
Ei:gﬁter : ;gg 0 onnes Silicon Trackers d\\) ['eigft‘rt]i ;8 -
: 20, : ength: 20 m
Magnetic field: 3.6 T gurerc%nd ucting 9 -
olenoi
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Return Yoke \ ‘
\\. o
S ,
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< 7 ' Turicensis
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Hadron Calorimeter \ a Magnet
LHCb experiment
_“\) Run: 101412 Event: 8681643

S /1 CMS experiment
Date: 8 Sep 2011 Time: 16:04:18

I Run: 208307  Event: 997510994
[ Date: 30 Nov 2012 Time: 07:19:44 GMT
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Is this the end of the story??

combined ) 16 ;
OMS & THCh - | BE =24 1) =393 %1077
result l»‘(Bf;’711' 1o)=(2.8745,) x10°7
~— 20 v T
T [ D. Straub, 8. 1205 6094
o Currently probe NP masses
v =t dai o )
s MSSM-LL ~_— 0.5-1TeV - as Higgs coupling
| -
+ - s
=~ t’/_//’\\\ . P By S maimay A posss
T P
o 5 //<‘ S
E v MSSM-AC New Ph}'sics'?< w

v (;.- .R.\‘u-l 1’0 | | 2I0 | JO ‘Il()
B(B — p~p~) [1077]
- Expect LHCb 5x better resolution on BR(Bd)/BR(Bs) at end of Run 3
(o0 =04, still far from current a(th) = 0.05)
- Extremely important probe, and will stay so for a long time in future
- Possible NP at tree level probed at even higher scales (0(100 TeV))

=>»Moving towards HIGH PRECISION-ERA for Bs to dimuon decay




s this the end of the story??

CMS and LHCb (LHC run 1)
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- Expect LHCb 5x better resolution on BR(Bd)/BR(Bs) at end of Run 3
(o0 =04, still far from current a(th) = 0.05)

- Extremely important probe, and will stay so for a long time in future

- Possible NP at tree level probed at even higher scales (0(100 TeV))

=>»Moving towards HIGH PRECISION-ERA for Bs to dimuon decay



Full angular analysis of B® - K*uu-

LHCb-CONF-2015-002

« Bo-, K*u+u- provides superb laboratory to search for
new physics in b - sl*I- FCNC processes
- rates, angular distributions and asymmetries sensitive to NP

- experimentally clean signature

- many kinematic variables ... with clean theoretical
predictions

®o 0 Iy }u(2S)+\u(377]())'

..............

Search for narrow pp peak in
B — K*°up decays corresponding
to x with either negligible or

non-negligible lifetime ot

—— Prompt
——— Displaced

Candidates / 10 MeV

200 1000 2000 3000 4000
m(u*u ) [MeV]

No significant peak away from known resonances

I\’ =0

4

d > d
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Existing deviations: B — K*uu

| LHCL-.CONF-20156.002

. ———————————————— Study of this decay as a
Q . . .
B SM from Descotes-Genon - function of different
et al., 1407.8526 ) . .
0.5 . angular distribution, here
*l 1 Ps.
0 - .
"% ; Plotted as a function of
' l \ 370 3 g2 = mass(muon pair)
'0.5’— + 1 - ‘
) ’ . l e
\h" o => local deviation wrt to
10 1:

L —

s A4 SM calculation at 3.7c
¢ [GeV7/c'] level in the g2 region from
4.3 to 8.68 Gev2/c4.

More data is not only more stat, but will also allow exploring
further variables & channels => learn more about Physics.
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dB/dg? [107 X ¢*/GeV?]

dB(B? —ouu)/dg* [10°Ge V=3t

b - sp*u~ branching fractions

Theory WBinned

s LCSR Lattice -e-Data -o-LHCb

A H i e o L g 15 ——T T~ Based on
B'->K'u'y E BO_, K*0y*y~ LHCb  Lfb: update
LHCh A by - HH in progress
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Trend to be below SM prediction at low q°?
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TEST of LEPTON UNIVERSALITY
B _ D%ty . ‘oesﬁ('\et\ :

o0 ©
. . x«\"ﬁ‘
« Powerful channel to test lepton universality

- ratios R(D™) = B(B - D™1v)/B(B - D™uv) could deviate from SM values,
e.g. in models with charged Higgs bosons

« Heightened interest in this area
PRL 109 (2012) 101802

- anomalous results from BaBar & PRD 88 (2013) 072012
— other hints of lepton universality violation, e.g. R, , H- T

Belle 2007 | -
BaBar 2008 " H——H
Belle 2009 e e
Belle 2010 B —t—e——
BaBar 2012 H-t-o— =4 »

P (R ST P AR S T _ =

0.2 0.4 0.6 0.8 0.3 04 05 0.6 * 012 * ! * 0.4 0.6 :
R(D) R(D%*) R(D)
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B . D%ty
| Tension with SM at 3.90 |

;-\ 0 5 B I 1 1 I I I 1 1 1 1 I I I 1 1 _
fa [ —— BaBar, PRL109,101802(2012) AY*=1.0 1
& 0.45F = Belle,arXiv:1507.03233 —
_ LHCb, arXiv:1506.08614 R(D*) =0.322+0.018+0.012
— m— Average
0.4F R(D) = 0.391+0.041+0.028
0.35= =
032 =
0.25F = T -
- SM prediction p(x2) 55% N
0 S
0.2 0.3 0.4 053 0.6
SM predictions from R(D )

PRD 85 (2012) 094025

Expand the Lepton Universality Physics programme to electron & TAU’s

and search for Lepton Number Violation in parallel: B->tu, KTy, Kep etc.
19/11/15 Dawn of LHC13-IFT-191115 CMS . H_>Tu 49




Studies for ECFA HL-LHC workshop

Table 2: Expected sensitivities that can be achieved on key heavy flavour physics observables, using the total
imtegrated lnminosity recorded until the end of each LHC run period. Discnssion of systematic uncertainties is
given in the text. Uncertainties on ¢, are given in radians. The values for avour-changing neutral-current top
decays are expected 95% confidence level upper limits in the absence of signal.

LHC era HL-LHC' era
Run 1 Run 2 Run 3 Run 4 Run 5+
BE—pt pm ) CMS > 100% 1% a7% 21%
B(BI—pTp ) LHCh 220% 110% 60% 10% 28%
‘ J % 5% 2.8Y% % 3%
qo Ars (K"t Iifllli lI) I o ))0/2 :/L/c 131/[ .
b.(B0 s Ifpg)  ATLAS 0.11 0.05-0.07  0.04-0.03 0.020
Tel s 1 LHCh 0.05 0.025 0.013 (.009 0.006
 hs[BY s 4p)  LHCb 018 0.12 0.04 .026  0.017
LHCbH T° 4° 1.7° 1.1° 0.7
7 Belle T — 11° 2° 1.5° —
e r— LHCb JA4x107% 22107 09 x 1074 0.5 > 10 0.3 101
e O R - 18 %10~ 4-6x 10~ 3-5x 104 -
t o7 ATLAS _ 23 % 10 ' 41-72 x 10
' CMS 100 x 1077 27 % 1075 10 % 1077
I e ATLAS ... .. 7T8x10°°% .. 1.3 25 x 107

LHCb [ L dt
ATLAS/CMS [ L dt

19/11/15

3/fb
25/fb

8/fb
100/fb

23/fb
300/fb
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EXPERIMENT

THE TOP SEC]‘OR ATLAS

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST
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THE TOP

* QOur best friend: z %E §u< Sl

— Largely produced at LHC & now well known in its SM suit

— Like the HF sector, the top can be used now for high
precision measurements in order to detect any possible
deviation from SM.

* Our best enemy:
— Physics background for a large variety of BSM searches
And among the main objectives of LHC13 era:
The ttbar H production




First time observation of top production in the
Forward region (2.0<n<4.5) (sept 2015)

% o(top)[7TeV]=239453(stat)+38(syst)fb
o(top)[8TeV]=289+43(stat)+46(syst)fb

LHCb e Data
= Wh+top

o
=

Charge Asymmetry
o
(5>

B wb
100 0
-0.2
-0.4
0 | I ' 7’ 20 45 710 95 oo
20 45 70 95 (o)
p_(L+b) [GeV] p . (utb) [GeV]

Results for the W+B yield (left) and charge asymmetry (right) versus Pt(u+b) compared to
SM predictions obtained at NLO using MCFM.

The enhancement at forward rapidities of ttbar production via qq and gg scattering /
gg fusjoncan result in larger charge.asymmetries.may be sensitive to BSM physigs.
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CMS Preliminary,
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Agreement
with
Theory @ NLO

CMS dilepton ep
arXiv:1510.05302 (L=42/pb)

o
S
o
1
9 CMS prel. e/u+jets
a CMS-PAS TOP-15-005 (L=42/pb)
o
'—
2
o
w0
=
(U] — NNLO+NNLL (top++ 2.0), PDF4LHC, m,_ = 172.5 GeV

[ scale uncertai I 1
) scal e&)PDF@&I < uncertainty

o, summary, \s =13 TeV

Czakon et al., PRL 110 (2013) 252004. EerIV 1112.5675 (2013)

769 £ 60 £ 55+ 92 pb

(val. + stat. + syst. + lumi.)

836 +£27 88+ 100 pb

(val. + stat. + syst. + lumi.)

Nov 2015
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t-channel total cross section [pb]

102

—y
o

W+

b t9 b

in ONLY 42 pb-1

at LHC13!!

2-jet 1-tag (SR)
CMS
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3.5 o observed significance, while 2.7 o is expected

Pe—ch = 274 & 98(stat) & 52(syst) + 33(lumi) pb |

CMS

Preliminary

NLO+NNLL QCD * (scale ® PDF)
Kidonakis, Phys. Rev. D 83 (2011) 091503

Tevatron 1.96 TeV (L <9.7 fb™")
arXiv:1503.05027

CMS7TeV (L=1.171561b") _
JHEP 12 (2012) 035
CMS8TeV(L=19.7f")
JHEP 06 (2014) 090

CMS 13 TeV (L=42pb™)
CMS-TOP-15-004, preliminary

I 1 1
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Vs [TeV]

|Vip| = 1.12 £ 0.24(exp) £ 0.02(theo)
In agreement with SM
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Looking for ttbarH
and Yukawa coupling of Top and Higgs
=> |S THE HIGGS SO RRRRRREALLY
STANDARD?2?22?2??

PREMISES:

» Strong H coupling to TOP vs other fermions

» Because its high mass, Top Yukawa coupling expected to be 1.

» Because m(top)>m(H) its coupling cannot be assessed by
measuring Higgs decays to top quarks.

» Obervation of production of H in association with pair of tops
=> direct measurement of Top-Higgs Yukawa coupling and allow
disambiguation of NP (in tree-level & loop-level measurements)



The ttbarH search strategy

* H coupling to top can be experimentally constrained through measurements involving:

gluon fusion production via a fermion loop where top is the dominant "

|

contribution assuming there is NO BSM Physics contributing to the loop. 6ty > e
 Likewise Higgs to photons decay involves both a fermion loop diagram " t
dominated by top contribution and a W boson loop contribution. - v
. ;
Current measurements of Higgs production via gluon fusion are consistent \ t

expectation for top Yukawa coupling within experimental uncertainties

Probing Top Yukawa coupling directly requires a process that results in both a H-boson and
top quarks explicitly reconstructed via their final-state decay products (see next slide)
The production of H in association with a Top-pair satisfies this request.
PB: relatively VERY LOW xcross: 130fb at 8TeV cms
X 4 (at 13 TEV) but o(top-pair) x 3 as well...

NP predict heavy states decaying into a Top + H => any deviation/SM
in ttH production rate => indirect indication ef unknown phenomena




Category Signature Trigger Signature
Lepton + Jets Single Lepton | 1e/p, pr > 30 GeV
H — Hadrons | (ftH — fvjjbbbb) >4jets + >2 b-tags, pr > 30GeV
H — bb Dilepton Dilepton Te/p, pr > 20GeV
H — w1 (ttH — fvévbbbb) le/p, pr > 100GV
H — WW >3 jets + =2 b-tags, pr > 30 GV
Hadronic 1 Single Lepton | 1 e/, pr > 30 GeV
(tH — fvy[v] 2 [v]jjbb) 21, pr > 20GeV
>2 jets + 1-2 b-tags, pr > 30 GeV
Leptonic Diphoton 27, Pr > Mo, /2(25) GeV for 1% (279) |
H — Photons | (ttH — fvjjbby7y, >1e/u, pr > 20GeV
H— 77 ttH — fvévbbyy) >2jets + >1b-tags, pr > 25GeV
Hadronic Diphoton 27, Pr = Myy/2(25) GeV for 1% (279)
(tH — jjibbry) Oe/p, pr > 220GV
>4jets + >1b-tags, pr > 25GeV
Same-Sign Dilepton Dilepton 2e/p, pr > 220GV
H — Leptons | (ttH — £=vé*|v]jjj[j|bb) >4 jets + >1b-tags, pr > 25GeV
H+WW [3Lepton Dilepton, Te/ i, pr > 20GeV
H— 11 (tH — £vé[v]£€[v]j[jibb) | Trielectron le/p, pr > 100GV
H—ZZ 1e(p), pr > 7(5) GeV
>2jets + >1b-tags, pr > 25 GeV
4 Lepton Dilepton, le/p, pr > 20GeV
(tH — fvévé|v|€[v]bb) | Trielectron le/p, pr > 100GV
2e(p), pr > 7(5)GeV
>2 jets + =1 b-tags, pr > 25GeV

19/11/15
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CMS ttH bb \s=8TeV,L=19.3fb"

. _CMSttHbb Is=8TeV, L=19.3 fb" 2 r Dilepton + >3 b-tags
k= B Lepton + =6 jets + 3 b-tags T e ; -
& = — ttH(125.6) x 30 &™
: 7 I i
400— - _
: A B it + cc o0
3oo:— 60
200{— . 40
: BN Single t
100 tt+W,2Z
B - EWK L MIFit +1o Fit +26
72 Bkg.Unc s
% 4 g. - S = ——= =I=_|_—+
S — Do ——
: —+— Data 51
| | | | | | ®08 06 -04 02 0 02 04 06 08
075 08 085 08 oigfbt 1) BDT output
verage output (b-tags
cMS g p| o7 TeV,gs.O-5.1 5" 15 = 8 TeV, 19.3-19.7 ft" CMS 1s=7TeV,5.0-5.1fo";15 =8 TeV, 19.3-19.7 fb
| B%8 Expected + 16
Y= — i --- Expectedt 26
. g _ --- Expected (sig. inj.)
o5 20 d@Vlatlon/SIM_._ bb [~ -= Observed
7T = Thth
a4 . 4l
3l — —— 3l
Same-Sign 2| — e mm Same-Sign 2|
Combination |— == Combination
L1 | L1 1 | L1 | L1 | L1 | 1 Il | L1 | L1 | L1 | L1 1 1 L L L
10 -8 6 -4 -2 0 2 4 6 8 10 1 10
Best fit o/cg,, at m,, = 125.6 GeV 95% CL limit on o/cg,, at m, = 125.6 Ge\

I Best fit valué’is' w=2.8't 1.0 at 68% CL >



Search for ttH with H->bb & 1lepton + 5 jets or 2
opposite sign leptons with 4 jets signatures

t g b

Different (matrix element) analysis ssssssee—— Raggy,

\ nnncc-:-n( }_)
.............. H
A t

ol P am

Method: better systematics handle

Signature 1l+5jets or |+|- +4 jets

19.5 " (8 TeV) 195 b (8 TeV)
T - :
CMS B Expecied 2 19 CMS |
SL— | = BExpecied z st - ;
Results: : — Expected (sg. ) e
[l = observe |
| |+ o | .
|
!
Combined — [ ] Combined |— r
PR | I PR PR | - E P PR - | PR
10 -4 -2 0 2 4
85% CL limit onu = o/ at m,, =125 GeV Beet fitu =o/c, atm, =125 GeV

No evidence of a signal is found. The expected upper limit at a 95% CL
is u< 3.3 under the background-only hypothesis. The observed limit is
u<4.2, corresponding to a best-fit value of 1.2 .
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For completeness:
* H production in association with single ton in CMS: 1st time results

on anomalous tHq production reported ;*
taking C(top))=-1 & multi lepton signatures s

=> 95%CL upper limit on o(tHq) of 6.7 fimes §25

* ttH production with ATLAS

in multilepton signatures, (s included) |
=> NO EXCESS/SM expectation; Best fit: al

3+

CMS Preliminary 19.7 " (8 TeV)

pp — tHq
t—=blv,H—->WW
C=-1. m"=125 GsV

o(ttH)=2.1*14_ times SM expectation 1z
& the observed (expected) upper limit ="

i 28 ;¢ {38

Boe 0.9 234 (1§
- 1.8 23 (28

: 96 37 (33
f——H 21 12 )

=10

Is 4.7 (2.4) times the SM rate at 95%_CL_ .

19/1 awn o

5 % 4 2 0 2 4 & 8 10 12 w4
Best fit u(ttH) = o/ogy, formy =125 GeV61



A glimpse on Double Higgs production

v Double Higgs production at the LHC provides a good opportunity to
probe various couplings of the Higgs boson.

v’ Since gluon fusion is still the dominant channel for H pair production

v' just like single H production, with strong dependence on ttH

coupling.
v At the same time, it can give access to Higgs trilinear coupling as well.
9 f ----H 970000 +H
t 4 1t t 4 -If-{/
g -~ H g T “H

But this is not anymore at the dawn but in the full spendlor of LHC14....
Stay tuned....



Search for LFV Higgs decay
H->ut, and H->ut, channels

The sensitivity of the search is an order of magnitude better than the existing indirect limits.

A slight excess of signal events with a significance of 2.4c is observed. The p-value of this excess
at M(H)= 125 GeV is 0.010. The best fit branching fraction is B(H->ut)= (0.84 +0.39-0.37)%. A
constraint on the branching fraction, B(H->put) less than 1.51% at 95% confidence level, is set.
This limit is used to constrain the p-t Yukawa couplings to be less than 3.6 x 1073,

CMS 19.7 6™ (8 TeV) 19.7 b (8 TeV)
He, 0 Jets : ! ! ! 1
1.32% (exp.) .c ® Observed . _:S_
2.04% (obs.) | « Expected _| Stat fluctuation >
T, 1 Jet - - Expected * 16 or?? -
1.66% (exp.) ] 1
2.38% (obs) | [ ]Expected £26 | . 10
., 2 dets No excess in
3.77% (exp) I electron-Channel
3.84% (obs.)
b, 0 Jets

2.34% (exp.)
2.61% (obs.)

ATLAS: No statistical 107 Frh
ue, 1 Jet -

e
207% (oxp) - significant excess .
X

2.22% (obs.)

ue, 2 Jets

2.31% (exp.)
3.68% (obs.)

. Upper limit B(H> ut) 10°
1.85% (obs)/1.24%(exp)

o D
1:510/:(;2:)..i...l...l...l...|... atgs%CL g
0 2 4 6 8 10 10-4 Corel
95% CL limit on B(H—u1), % 10 10° 102 10" 1
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Searches for new particles

10

0

Q .
2 ATLAS Simulation InternalDiscovery reach in 0-lepton+jets+E™™
{
3
3
([ =2
10 w :
g g production
» . ~ —0 -0
10" o g—qqy., m(x,)=0GeV
........ L RN I PP g R KRS
5 >
10 fs= 13 TeV.AB/B=20 %
’
N -1
10° 5 11
........ ‘:-----------------9. —— 21b’
-7
10 - lll.lll Sfb1
8TeV, 20 fb™ (95% CL )
i | 1 | | %, [ 1017
10‘ 1 1 | B I | 11 1 | 11 DI | | I L1 1
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

m(g) [GeV]

* Could find evidence (30) up to ~1.5 TeV
with 5 fb-

Slide from Beate Heinemann, LP2015
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High Mass dijet & dilepton events:
& _ N\ Promising

Resonant Di-jet Candidate
Jet 0, T
2\ (Zt =2.62TeV, A LAS
/- eta = 0.357 EXPERIMENT -
\ T phi = 0.346

Jet 1, -
pt =2.55TeV

eta=-0.160

phi = -2.885

M=5.4 TeV

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 12 01:52:51 2015 CDT

Run/Event: 251562 / 310157776 l mj = 5.1 TeV
Lumi section: 347 Jet pr: 25, 24, 0.3 TeV

Dijet Mass 5.4 TeV

-1
:..],....,.,.],....,m.,..].,,...{‘?.p,b. f1.'°'..T‘?\,’),: QI ET T T TTTTT ‘ TTT xxxHx‘xxxmm‘HxxxxHxwmu‘wum‘w
< R CMS . & f - E
% 1 EaPreliminary — Lﬁ = ATLAS Prellmlnary B
S ¢ %+ o E 10° Vs=13 Tev, 80 pb! B
-8_10 = background fittodata ; Bgz:?(ground fit E
= E 0 s e QcD Mc 3 r S Erm hl;llunter interva_tll v ]
E 0 S e . . -—o-- BlackMax, m=4.0 Te
S 10_2 L q* (4.5 TeV) _ 102 L -
~ = = = 3
|e) = = - .
Stay tuned 3 ) : : ;
107 E
E Inl < 2.5, |An| < 1.3 3 10? =
E o Mp 1 Tev : c 3
10%5 wide Jets 5 [ p-value = 0.79 .
3 | FitRange:1.1-5.3 TeV
s . TE 1y1<06
10° E
L 2 i : « 31
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e - ‘ - 2 9
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1500 20:00 25;00 30;00 3500 4000 4500 5000 5500 2 3 4 5 6 7
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Exotic VV Resonances

SPRACE

* One of the core Physics e
analyses of SPRACE = 8 s o
— Leadership for Run2 N o' e o CMS, L =197 fb", /s = 8 TeV
il T E ; I —— Observed
AW 2
. 3 \ 2 1 Expected (68%)
e Runl recap: %102 \ \/.._.—-..‘ _____ s i‘: g [ Expected (95%)
.. ~ M WO - = L —— Gy~ WW (KM= 0.5)
— Limits around ~ 20 fb for x RN
resonances around 1 TeV ° | T;_; ’
— Excesses around 6007000 7800 2000 Ggsoo% 107
. M. [GeV]
1.8—2 TeV region ° o
. . CMS L=19.7fb"at {s=8TeV 10
* Observed in different === _
channels:VV(both had), ) Frequemfsm:expemed:m Resonance mass (TeV)
VW(had+lept+MET), S0 e
VZ (had +dilepton) t "\\.
* Also observed in ATLAS SN
— Originated analyses with % e .
Higgs bosons (VH, HH) ol
860 ‘1(‘)00‘ - ‘1500‘ - ‘2000‘ - ‘2500
M, [GeV]
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Exotic VV Resonances

* Run 2 preparations:
— ~2.5/fb good data collected by CMS

* Ballpark to be able to say something T T | |
about 1.8—2 TeV L R P
— Preparation for usage of new tools:

* PUPPI
— arXiv:1407.6013

e SoftDrop
— arXiv:1402.2657
— Results shown at the Scientific Policy ¢
Commlttee 2015: ° 0 0.5 1 1.5 2 2.5 3 3.5 4

° https://indico_cern_Ch/event/440939/ system mass [TeV] for 8.00 TeV, 20.00 fb!

o//:dny

9pI|102/YDd Ul

ueles d'9 Ag yoeai-l

Vv pue

em mass [TeV] for 13.00 TeV, 2.50 fb!

(Courtesy of Thiago Tomei, SPRACE-UNESP)
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Data / Pred.

Search for DM in Monojet final state

CMS Run Il Preliminary, {s=13 TeV (1264/5 pb™) " CMS Run Il Preliminary, {s=13 TeV (1264/5 pb™) CMS Run Il Preliminary, {s=13 TeV (1264/5 pb™)
-+ DATA 10

C E = DATA L -»:DATA
10tk I g Swon 10E Hwon
8 Dtélbubull [ Dtéi oson = Drtt)iboson
C * %Singtop 10° E %"i..st p iL %Singtop
10 =r P = 10°F =
F o -
P = i 100
S . ; =
i ]
1oL : s 105 10
j i f oy
1 1 é— __+L 1 o
2 i B L
5 ul=s L L. [
2 g 2 ? 3 2
: . | i cosceorgretphit it D besseporprttoppitith
05 Sos ' i Sos pogotn ]
0 1 2 3 4 5 6 7 8 9 0 100 200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
Jet Multiplicity 1st Jetp_[GeV/c] Type 1 Corrected PF MET [GeV]

* Picked up 1 out of 5 events from Data due to blink policy.
e Signal event selection.

— Veto events for Muons, Electrons, Taus, Photons, o
— b-tagged jets

— Leading jet p; > 100 GeV

— Leading jet passes cleaning cuts

— Aphi(jet, MET), ., > 0.5 . .

— MET > 200 GeV



Expected Limits >/ <
* Full mass scan for limits in progress q .

* Not ready for today but we show results for 1 point
— Axial-vector model, mediator mass =2 TeV, DM mass =1

GeV [scan param (1GeV -1TeV)](gSM = 0.25)
197" (8 Tev)
1000 =
Control Regions | 95% CL expected % i CMS Preliminary ~ «=--- Median Expected (1 _=1) - °
USEd UL on 0/00 VE = gDM=QSM=1 - ;/';ss:wal:dUncmainty
EQ 800— . s PICASSO+COUPP+SIMPLE
B Axial [7777) Planck+WMAP Relic
Z(py) & y+jets; -
14.7 L
W(uv) Need ~5 fb-1  °%[
Adding electron to beat Run-1 “©
13.2
channels
200
Adding Z/W
. 12.7
constraint 500 1000 1500 2000

(Courtesy of C.S. Moon, SPRACE-UNESP)
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YES we are ONLY at the DAWN... but we
already are preparing for the next

Important step:
the BEYOND HL-LHC

=> All the experiments will be rebuilt for HL-LHC
For exploiting the new Physics potential: this is a
task of 10-15 years (R&D’s based on novel high tech
and construction)
= And New Machines are under study since 2000
& even before....
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Upgrade overview

Current detector

y
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|Upgrade OVerview

Current detector — upgraded detector

y

Sm

All sub-detectors read out at
40 MHz for software trigger
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‘Upgrade OVErview

Current detector — upgraded detector

A
y

Sm

All sub-detectors read out at
40 MHz for software trigger

Ma M3

M3
M2

Pixel Vertex Locator (VELO)|

Half of VELO system  Improved performance

x impact” f,j‘"
5 ,“,' parameter Now .
t resolution 7~
Z m P > Upgrade.
Replacement of -l CL) " LHCb simulation
full tracking system 5, L N D
) (‘UT’ = ‘Upstream tracker’, a Vpy [GeVie]
high performance Si strip detector)
18/09/2015




‘Upgrade OVEIrview

All sub-detectors read out at

Current detector — upgraded detector 40 MHz for software trigger

A
M4 MS

M3
2

Scintillating Fibre Tracker

\

:
i\ WY

Replacement of  [f—& %,
full tracking system

Sm I

TNy
5 4 - Y ‘\
- -

18/09/2015 Large scale system (~12,000 km of fibres)




IUpgrade OVerview

Current detector — upgraded detector

RICH 1 redesigned; new photodetectors
installed for RICH 1 and RICH 2

Magnet

Replacement of  [f—& %,
full tracking system

Sm. - -I(

18/09/2015

All sub-detectors read out at
40 MHz for software trigger

 HCAL
TS oz ECAL

New photodetector

Ma M3

IRICH system

New optics....

S LHCD simulation !

g % Upgrade luminosity :

! i S

2 ’ .UpgraOG

g Oesaon

W ‘lb W R Ty e
good perfBI‘h?éﬁ'é'é" v

at high luminosity




BEYOND-LHC: NEW MACHINES

=> Future Circular Collider (FCC)
both FFC-hh & FCC-e+e-
Conceptual Design Report
By end 2018
In time for next
European Strategy Update

=> CLIC: 3-5 TeV e+ e- LC
19/11/15 => ".C: 0-‘35““11]':@9V5 e+ e- LC



CERN Circular Colliders + FCC

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
| | | , |
‘ ‘ < 20 years >
- Constr. Physics LEP

m Proto Construction Physics LHC
m Construction Physics HL-LHC

Future Collider =18 Construction Physics




Key Parameters FCC-hh

Parameter FCC-hh LHC
Energy [TeV] 100 c.m. 14 c.m.
Dipole field [T] 16 8.33
#IP 2 main, +2 -
Luminosity/IP, ... [cm2s] 5-25x10%| 1x10%
Stored energy/beam [GJ] 8.4 0.39
Synchrotron rad. [W/m/aperture] 28.4 0.17
Bunch spacing [ns] 25 (9) 25




Key Parameters FCC-ee

Parameter FCC-ee LEP2

Energy/beam [GeV] 45 120 175 105
Bunches/beam 13000-| 500-| 51-98 4

60000 1400

Beam current [mA] 1450 30 6.6 3
Luminosity/IP x 1034 cm2s-'| 21-280| 35-11/1.5-2.6| 0.0012
Energy loss/turn [GeV] 0.03| 167 7.55 3.34
Synchrotron Power [MW] 100 22
RF Voltage [GV] 0.3-2.5| 3.6-5.5 11 3.5

Dependency: crab-waist vs. baseline optics and 2 vs. 4 IPs

(G




THE EXPERIMENTALIST: “AVOIR DES CLARTES DE TOUT”
OOKFORTTHE FSNURE:

(PERSONAL VIEW)

THINK INNOVATIV.

] | ZNINSTRUMENT
THEOR g KNOWLEDGE
e T S Y P
ANALYSISS
INTERPRETATTOR HIGH| TECHNOLOGY
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