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LHC Upgrade Program

e Higgs discovery opens up new era

= done at half the nominal energy and 25 fb-7 collected so far
e with pileup at design levels

= 2015-2021: running at 13-14 TeV for a total of about 350 b’
e double mass reach for BSM searches

= recent studies for the future perspectives of the HL-LHC
e in the context of the European Strategy for Particle Physics

o HL-LHC running INn 2023-2030 (not yet approved)

= ¥=5-1034cm=s" with luminosity leveling for a total of 3000 fb,
expected pileup of ~140

= challenge: maintain detector performance in those conditions
(for taus, photons, jets, b-tagging, missing Et, )

= need to keep sensitivity for moderate pr objects even at large n
(e.g. to study vector boson fusion)

ade program
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Physics Prospects of the LHC Upgrade

e main results of LHC Run-1: (see Giinther’s talk)

= discovery of a Higgs Boson and first measurement of properties
= no signs for TeV scale physics beyond the Standard Model yet

e physics goals of the LHC upgrade program:

= electroweak symmetry breaking and the Higgs Boson

e measure its properties (couplings, ...), try to assess its self-coupling

e verify vector boson scattering cross section behaves as predicted in SM
= hierarchy in the TeV domain

e search for new phenomena moderating the hierarchy problem

e search for dark matter candidates in the (sub-)TeV regime

e search for the unexpected at the high-energy frontier

e and eventually study in detail any new physics discovered
= flavor and precision tests of the Standard Model

= as well: heavy ion program with increased luminosity (ALICE, not covered here)
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LHC Program and Upgrades

LHC startup, Vs 900 GeV

e foreseen
Vs=7+8 TeV, L=6x10*cm=s", bunch spacing 50ns ‘ SC h Ed U I e

Go to design energy, nominal luminosiy (Phase-0) = as shown by

R.Heuer ("13)
Vs=13~14 TeV, L~1x10*cm?s™, bunch spacing 25ns |

7 — 75-100 fb'
Injecto4 LHC Phase-1 ade to ultimate design luminosity

Vs=14 TeV, L~2x10*cm?s", bunch spacing

< HL-LHC Phase-2 i)). ade: Interaction Region, crab cavities?

Vs=14 TeV, L=5x10%*cm2s", luminosity levelling ~3000 fb"
.

e update of the European Strategy for Particle Physics (adopted)

= “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”

e ECFA HL-LHC Upgrade workshop planned (1-3 October)

= this event should be start of a series of reqular workshops



Experience with Pileup during Run-1
e pileup in 2012 exceeded design |

= average pileup up to 35 (1.5 x design)
= due 50 nsec operation s NN

® good Stab|||ty of detector perfO rmance / i.;i;:;""';":‘i F. "
= thanks to several algorithmic improvements *
e for pileup levels seen so far

= test with high pileup runs look promising
e known limitations when going much further

e Data 2012 default ATLAS Preliminary
m Data 2012 Pile-up suppression

e ATLAS / CMS upgrade goals

= restore (and if possible, improve on) performance at

increasing levels of pileup
= includes major upgrades in view of HL-LHC,
especially the need for new tracking detectors

MC default
o MC Pile-up suppression
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Phase-0 Upgrade in current Shutdown (LS1)

transition

e detector consolidation R N, 6 et
= all across ATLAS and CMS, e.q. AN QN

e new cooling plant for ATLAS Si trackers
e CMS replaces photo-detectors in HCAL

e detector upgrade

= completion of muon spectrometers g~ e incerside of stave:
e CMS endcap coverage and
e ATLAS chambers in barrel/endcap transition
= CMS replaces photodetectors in Forward and outer HCALS o
= ATLAS and CMS install smaller beam pipes ' e mog/m/;lyﬁyy
e anticipating Pixel detector upgrades 5 ATLAS
IP3D+SV1

b-tagging

e ATLAS installs 4th Pixel layer (IBL) in LST

= |ow mass layer, closer to beam, with smaller pixel size RS TEEEEEN
e will as well recover from present b-layer defects

e replace services of current Pixel (increased bandwidth)
= improves tracking, vertexing, b-tagging and
T-reconstruction at high pileup

Number of pileup interactions




Phase-1 (2018) Upgrades - The Challenge

® pileup as high as 55-80 for = 2-3x1034cm=s"' (@ 25 nsec)

= need to control pileup effects e.g. on jets and missing Er

= Level-1 trigger rate limits, difficult to: : ATLAS Simutation 14 Te
e preserve single lepton thresholds around 20-25 GeV s e
e control forward muon trigger rates and efficiency g — o
. <o. physics
e Phase-1 trigger strategy of CMS and ATLAS acceptance

Vs pTcut

= replace readout electronics to increase granularity for Level-1
= topological (multi-object) trigger processors for Level-1
e upgrade high level trigger farms and networks
= ATLAS introduces Fast Track Trigger (FTK) at input to Level-2 0 B3
. 0O 10 20 30 40 50 60 70 80 90 100
= both experiments upgrade forward muon detectors true muon p_[GeV/c]

= CMS adds longitudinal HCAL segmentation (particle flow)

e other upgrades:
= CMS replaces its Pixel detector in year-end shutdown 2016

= ATLAS introduces forward physics detector AFP




ATLAS Upgrades up to Phase-1

! ATy
) ey =\
/r Ve AL /l
/
/ L S
/

o LAr Calorimeter (LS2) SR

= fine granularity readout
for Level-1

e Insertable B-Layer (LS1)

= and new services for Pixels

e Level-1Trigger

= new electronics
= topological trigger
(phased in before LS2)

e Muons (LS1)

= complete coverage
= new shielding

\' Rt e e High Level
g\ 77\ W Trigger farm
(phased in before LS2)

e Tile Calorimeter (LS2)

= new gap scintillators
= new trigger electronics

e Muons (LS2) | \\

= New Small Wheel

K Trigger FTK (LS2)
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ATLAS - Effects on Lepton Triggers

e new Muon Small Wheel (NSW)

= 4 layers low resistivity sSTGC (Thin Gap Chambers) for trigger,
4 layers of MicroMegas for a total of 2 M channels
e < 1 mrad angular resolution on track segments at Level-1
= allows for trigger rate reduction by factor 6

e increased granularity calorimeter trigger

= requires new front end digital chain
= explore LAr lateral show shapes to improve rejection

e Level-1 uses ratio of energies of different size clusters
= with isolation, un-prescaled threshold at ~25 GeV

ATLAS simulation
elY

M=46 @25 nsec LI rate vs
= ET>23GeV threshold

—e— ET>23 GeV and Isolation

—— ET>23 GeV Isolated, R,>0.94

—— ET>23 GeV, Isolation, R,>0.94
and E[21<0.8 GeV

- -k
S
o O

kHz]

L1 Rates
S

L1 EME; [GeV]



CMS Upgrades up to Phase-1

e new Pixel detector
= installation in 2016/17 in

4.l
pgrade of CMS detector
through 2020

end of year shutdown

e Level-1 Trigger'
= new electronics |
e ¢, yisolation (PU)
e L isolation, better pr
® narrower T-cones N
e jetswith PU subtraction "\

= topological trigger
(ready for operation in 2016)

e Muons (LS1)

= complete coverage
= increase CSC
readout granularity

e Hadron Calorimeters (LS2)
= new photodetectors, higher Level-1 granularity
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current

CMS Upgrades up to Phase-1

e new CMS Pixel detector endcaps " ouerings

= 4 barrel layers and 3 endcap inner/outer rings .
e smaller radius inner barrel layer, spaced out in R ?I l l ~inner rings
e same pixel size 100x150 um? ‘new
¢ |less material per layer, new cabling and

powering scheme, CO; cooling Qi current
e new readout recovers inefficiency at high pileup = !
= installation in long winter shutdown 2016/17 |

e effect of CMS upgrades on Level-1 trigger performance

L1Mu Efficiency for Degraded and Upgraded Detector at High Luminosity
> 1.2 CMS 2012 L=2E34 cm?s™

+ Current Iso EG
= Upgrade Iso EG

elY

LI muon Ll rate vs

efficiency

threshold

] Detector and CSCTF threshold:
‘degraded’ (p‘T:SCTF>50 GeV/c)

‘'upgraded’ (p‘T:SCTF>20 GeVic)

30 35 40 45 50
L1 Threshold [GeV]




Phase-2 Upgrades - the Challenge

e by end of Phase-1 LHC will have delivered about 350 fb-’

= |HC will be made ready for 5-1034cm-2s-'
= expecting 140 pileup with luminosity leveling

e ATLAS and CMS Phase-2 upgrade programs taking shape

= one main activity will be construction of a new inner trackers

e current silicon tracker designed to survive upto ~10 MRad (<700 fb"")

e track density and data volumes at HL-LHC beyond capabilities of current detectors

e already ongoing - major R&D, prototyping and engineering effort

e both experiments foresee hardware track trigger at Level-1 ~ (ATLAS Level-0 seeded)
= upgrade Trigger systems, detector electronics and DAQ

e much increased HLT output rates will provide challenge to offline computing
= Muon Spectrometers will be upgraded to sustain rates
= Phase-2 conditions may require to replace/upgrade Forward Calorimeters

|lation in 2022/3
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ATLAS Phase-2 Upgrades

® new Inner Tracker

= radiation hardness
= better granularity and faster links
= improved precision
= |ess material

= extend n coverage?

e LAr and Tile Calorimeter
= new FE and BE electronics

——— - )
FJ,

WL"W lﬂ F‘J*ww ool o xas

4~“'\ 4

el
' ,-:E-t‘*‘ ")""I,
-.»’<_..—"‘ )

e T/DAQ

= |Level-0 at 500 kHz

= Tracks at Level-1

_ = 200 kHz input to HLT
— e = output 5 kHz?

ATLAS e Forward Calorimeters

etter f ntent = replace FCal ?
* = replace HEC cold electronics ?
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CMS Phase-2 Upgrades

e Muons

= complete RPCs in forward region with
new technology, GEM or GRPCs
= extend n coverage? =

® new Inner Tracker

= radiation hardness

= better granularity and faster links
= improved precision

= |ess material

= extend n coverage ?

e T/DAQ

= |evel-1at 1 MHz (?)

(requires all new FE/RO) Technical
= Tracking at Level-1 (!) Proposal
= HLT output 10 kHz ? .

° in 2014
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ATLAS and CMS Inner Tracker Upgrades® =

® CMS Inner Tracker

= Strip tracker replacement
e several layouts under consideration

e short strips in R, macro-pixels in z
= |evel-1 track trigger with high pr stubs

e correlate 2 sensors, threshold ~ 2 GeV

e pattern in associative memory, FPGA fit
= Pixel replacement: extend n coverage ?

pass fail

W LT I A T
1mm I

(LTI TIIT T

Y,
00 02 04 06 08 | 1 -
r(mm) > 100 um

1200 2S modules

1000 b

PN g o o e O A 0. O S RO
L e R R R

600 o A N e

400

200

0
o | CMS Strip Tracker option

2400 2800 z(mm)

A ﬁ‘?‘--‘/ / 4" S '

e ATLAS Inner Tracker !
= baseline: all silicon tracker, 14 hits

e robust tracking @140 PU for n<2.5
= Strip tracker with short strips + stereo
= Pixels cover n<2.7 (Muons)

¢ inner Pixels replaceable, reduced pitch

e alternative layouts (“Alpine’, conical)
= Level-1 track trigger seeded by Level-0

e FTK inspired,
reduced latency

ATLAS Simulation

ITk Lol Layout b-taggi ng

Light jet rejection

09 1.0
b-jet efficiency

eta=2.0

eta=27

T B
-F= /J /L,I/ 1= = Outer Pixels

Inner Pixels



Prospects for Higgs Couplings at the LHC

e relevant Higgs production channels:

signal strength Y

CMS Projection

Expected uncertainties on
Higgs boson signal strength p

and B Te'
300 fbat fs = 14 TeV
300 fb"at f5 = 14 TeV wio theory unc.
— -]
t=

a y
WWI/ZZ fusion ™

gluon fusion f 7 Higgs-Strahlung top fusion

= cross-section proportional to il #I, at the LHC
e [ and absolute couplings requires theory assumptions
e ratios measure /T« with no model dependence

= however: seems difficult to invent a model that keeps
all cross-sections and ratios at their SM values but
deviates in the unmeasurable quantities CMS Projection

____ couplings (2 scenarios

Expected uncertainties on
Higgs boson couplings

e CMS extrapolate their existing analyses % e fbl

= scenarios for going to 300 and 3000 fb': | (2 scenarios)

1. all systematics are unchanged " | |

2. current theory systematics are halved and
experimental systematics scale with /L

= truth will probably be in between . . 6.10 0.15

expected uncertainty

[

CMS NOTE -2012/006

. —



ATLAS performs Specialized Analyses

@ 3000 fb-' studies based on fast simulation
= smear physics objects according to expected resolution

N=
TT

ATLAS Preliminary (Simulation)
s =14 TeV

f Ldt=3000 fbo .
i VA eyl

o00a00
=

Events/GeV / 3 ab-1

e currently restrict to more robust channels
= e.g.only VBF used for H—= 1t

e new analyses added for HL-LHC

= ttH with H—byy were added 130 140 150

diphoton mass [GeV]

® H— uu becomes accessible at HL-LHC

= |ike H—yy today, signal is peak on smooth background
= possible precision is <20% per experiment (>60)

e more studies to follow
= towards results based on full simulation

)
Ee =)
- V— ~o—

ATLAS-PHYS-PUB-2012-04




ATLAS Preliminary (Simulation)

/s =14 TeV: [Ldt=300 fb™"; [Ldt=8000 fb
fLdt=300 fb™' extrapolated from 7+8 TeV

Expected Precision on Couplings

e results presented differently

= ATLAS model independent ratios of partial widths
= CMS coupling scale factors, assumes no unknown

decays N

e results agree within the uncertain o

S~

assumptions 5
= measurements of few % precision will be possible g ° O'i(r ?f) O'i(KO/':)
= nice complementarity with ILC (yy,uy,tt,Z2) B W ey e

Precision (%)

Scenario 2
ok |t | s7% | 7Sk | a7%

s —-—G.r

900/Z10¢- 410N SWD

fig. by PJanot based on arXiv:1302.3318

HZZ Hbb Hcc Hgg HWW Htt Hyy Hup T, T,




Higgs Self Couplings

ATLAS Preliminary (Simulation) _ .. &=

HH.H-vry
- Z{-»bb)H( »vy)
B i

Ldt=3000 fb"

e triple-Higgs coupling can be
measured from double Higgs

production

= (negative) interference with independent two-
Higgs production

(H-»yy)bb

M 5

4

ATLAS-PHYS-PUB-2013-01

® ATLAS study of HH—bbyy double
Higgs production

= can be seen with close to 30

e*e” : ILC-500, ILC-1TeV, CLIC-3TeV

pp : HL-LHC, HE-LHC, SHE-LHC

® 30% accuracy within reach for
triple-Higgs coupling

= if a 2nd channel with 30 significant is found
= two experiments are combined

Coupling precision

fig. by PJanot rased on arXiv:1302.3318




Studies of Vector Boson Scattering

---------- /riTL;\rs brellmlnary
was (Simulation)
[ L dt = 3000 fb

1

Entries

e new effects in VV scattering ?
= without a Higgs
e /V scattering violates unitarity around 1 TeV B o
e unitarity gets restored by the Higgs f

= if the Higgs is non-standard
e there can still be new effects (resonances) in

VV scattering at the TeV scale |
= however: no concrete models exist yet with a non-SM S
Higgs at 126 GeV and new effects in VV scattering
e this makes projections difficult at the moment

0.4 0.5 0.6

I L dt = 3000“)" +- Expected limit
Expectedt 1o

' ATLAS Preliminary Expected £ 26
(Simulation)
VV - WW

e two ATLAS studies: )i ;

= search for ZZ resonances in pp—ZZjjin a model
including a Higgs
e no useful limits with 300 fb-"

e limits in the TeV range for 3000 fb-’
= |imits on anomalous quadratic coupling term a4 in an

effective Lagrangian for WIWW production (without a Higgs)
@\ ® improvement of a factor 4 (0.066 — 0.016)

7

ATLAS-PHYS-PUB-2012-05




Stop

ATLAS Preliminary (Simulation),Ns=14 TeV diSCOVel‘)’

S u p e rSy m m et ry Tﬁt&? (m%t >> nrt1): 1-lepton (e,u) + jets reach

w3000 b discovery reach
nu w3000 fo" exclusion 95% C.L. discover
— 300 fb™ discovery reach exclusio
L4
| |

e 3rd generation squarks and gauginos
= |ow cross section, more luminosity helps to
improve limit
e significant gain for stops, large gain for gauginos

e reach interesting region to justify CLIC

600 700 800 900 1000 1100 1200
5fb'! at 7TeV m; [GeV]

ATLAS-PHYS-PUB-2013-02

e squark and gluino production
= |arge cross section and PDFs fall quickly at large x

= only moderate gain from luminosity increase g Ch:'rr;:; .
e |limits around 3 TeV can be reached L 3000 " 95% exclusion it Neutralino
(well above any lepton collider) 600F == 3000 fb", 50 discovery reach

300 fb™, 95% exclusion limit
500~ — 300 b, 50 discovery reach

" HE-LHC33
HL-LHC14
LHC14

6 Tevy

100 200 300 400 500 600 700 800
X, and 5{2 Mass (GeV)

LHCC-1-23




ATLAS Preliminary
(Simulation)

f L dt = 3000 fo™

ZIy =l

Events / Bin

Exotic Particle Searches

e several studies of searches for exotics

= “easy” searches with low background (Z'— 1) , _‘.
e the gain from HL-LHC is only 20% _ 7
006 01 0203 3 4567

ATLAS: 300 fo!_| 3000 fb- T
24TeV | 65TeV | 7.8Tev
22TeV | 64TeV | 7.6TeV

— Y440 /gS =-0.20

= more complex searches with higher background yield det:SO_OOfb_ | . Expedted i
. . . . ATLAS Simulation Expected « 20
larger gain with luminosity
e searches for tt-resonances o 14 Tev
= models with K.K. gluon production or a narrow Z'topcolor | g limits

e exploring lepton+jets (as well di-lepton) channel

ATLAS: 300 fb!_| 3000 fb- -
19TeV | 43Tev | 67Tev |

3000 4000 5000 6000 7000 8000 9000 10000

17TeV | 33TeV | 55Tev m,_[GeV]

e CMS studied reach for leptoquarks ATLAS-PHYS-PUB-2013-03
= extrapolate eejj-analysis, study different working points




FCNC in top Decays, Triple Gauge Couplings

® enormous top sample with 3000 fb-7 (~3-102 tt-pairs)

= can be used to measure rare top decays
= ATLAS study:

® search for t—qy and t—qZ decays
e limits O(10-) are possible

ATLAS-PHYS-PUB-2012-01

BR(t— q2)

e CMS extrapolated an older TGC study

(Gianotti, Mangano,Virdee et al., EP|] C39 (2005) 293)

'
[ oo | oo [ oo | owms

CMS NOTE -2012/006 (ILC RDR)

= improvements between 20% and a factor 2.2 at HL-LHC
e large improvement in g;£and A, where ILC is weaker

' V e smaller improvement in k, where ILC is far better anyway
;.‘4 - -
~_ T

. 95% C.L.
- — FCNC n tOP EXCLUDED -
| ﬁr—l REGIONS _|



40 MHz

LHC-b Upgrade Program ¥ ECiHC s

e current program until 2018
= collected so far 3 fb" at 2-4x1032cm2s!
|-40 MHz l

full detector
information

= aim is to collect 10 fb’?

e LHCb upgrade in LS2

= 10 year program, independent from HL-LHC
e operate at 3x1033cm=s" to collect 50 fb-' (5x)
e increase hadronic trigger acceptance by 2x

e significantly increases physics reach:

= unique for new physics searches in Bs system,
very competitive for By
= unprecedented charm yields

HLT

tracking, vertexing,
inclusive/exclustive selection

B trigger
efficiency vs
LLT rate

o
=
a
=
=
=
o
'Fi
oh
)]
o=
-

e new “trigger-less” readout scheme

= replace LO with LLT operated at up to 40 MHz
e replace all front-end electronics (except muons)
= full reconstruction in HLT farm for trigger selection

cy and radiation
' \er detectors

LHCC-2011-001
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LHCb Detector Upgrades in LS2

e Quter Tracker

® Option: = straw tubes

= Fiber Tracker to (replace readout)
replace Inner (Si)

and Outer Tracker \ -> i
3 ey

o LLT Trigger Scheme

= up to 40 MHz into HLT
with full reconstruction
= output 20KHz

‘ T\‘ ey ol | -i_‘l
\“W\ ot [\ L -
ol . 4 ‘\\ )
o Silicon Trackers RN «—— *Muons
= Si strips ~ N \ = MWPC
' (almost compatible)
(replace all) , \

e )
-~ ‘3\ ﬁ |
¥ e Calorimeter

el L “ ndill
o (reduce PMT gain,
replace readout)

Technical Design Report . R I ‘ H 1 & 2
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Sensitivity in Bs Channels

® search for new physics in Bi)— uu

= NP loop effects vs precise SM predictions
= B—uu / Bs—uu probes minimal flavor violation
= recent evidence for Bs—uu

034107 (-7%
BB || oo% | 5% | 5% ]

arXiv:1208.3355v2

vs models

95% one sided . — o WY
Pre LHC limit—

90% one sided

® search for CP violation in Bs— dd

= penguin dominated, particularly sensitive to NP

® SM: decay and mixing phases cancel = @55~ 0
y gp CI)S Fig.: M.Matrtinelli based on D.Straub

= | HCb: recently first time dependent measurement of ¢sss

arXiv:| 208.33552

e expected precision will approach theory uncertainty




Sensitivity in Bs Channels (Il)

® mixing induced CP violation in Bs—J/W¢ llustration of precision
based on fig. by G.Wilkinson

= CP violating phase ¢ in Bs mixing-decay interference
= golden mode:
e sensitivity to new physics entering mixing between
2nd and 3rd quark generation
e precise SM prediction, tiny theoretical uncertainty

(assume @s<cs =-23;)

= | HCb does time dependent analysis (of tagged events)

e recent (untagged) ATLAS measurement LHCb 1.0 fb

. . P — 0.25F ;
= 5o far consistent with SM prediction n HEAG
e remains priority to improve precision !

68% CL contours

| LHCb | current | 10f! | 50fb! | Theory L bl =115

arXiv:1208.3355v2

___________

--
- S, e e e ===




g _——
e SM expectation < 0.1 % = 00 N -

(D —hh)-T(D’—hh)
t(D —hh)+1(D'—hh)

AF

AAp = A (KK) = A p(Tm)

e Arassumed to be -acpnd
o AAcp mainly Aacpa

® recent results on AAcp

= data consistent with no CP at 2.1% C.L.
e need to achieve high precision CDE

| LHCb | curent | 10! | 50fb! | Theory e
A | 23403 | o4xio? foorxiof | -
__ 0Ace | 2102 [ 065x102 [ 02x10® [

arXiv:1208.3355v2

LHCD prelimjinary (pion tagged)
%f?mrl Y ¢ 88

LHCDb (muon tagged)
I 1.0 fb!

Naive a\’erage
I ' 1 I [=




Summary

e LHC upgrade program

= experiments have plans in hand to fully exploit the physics potential offered
by the LHC

e LHCb upgrade after 2018

= new trigger scheme will allow to statistics by 5-10 times over 10 years
= unique sensitivity for B; and charm sector, very competitive for By with Belle-lI

e ATLAS and CMS

= upgrades to preserve detector performance with rapid increase in pileup

e control trigger rates during Phase-1

e HL-LHC requires new Inner Trackers and new trigger and electronics chain
= precise studies of Higgs properties, explore LHC reach for new physics
e experiments are engaged in updating their projections as part of the

(Y 1 - )
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European Strategy and HL-LHC

® Erice meeting, January '13:

= document (draft) for the update of the European Strategy L%}’n
for Particle Physics:
e highest priority for large-scale scientific activities:

o ?dzjimw—s =

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 is 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 quark-gluon plasma.

= alongside, the document states:
e the strong scientific case for an [atto ettt Raslilelas referring explicitly to a
european role in the japanese initiative
e CERN should undertake design studies for accelerator projects in a global context
e a substantial European role in future long-baseline neutrino experiments
o etc. ...
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Higgs Physics

e Higgs observation at ~126 GeV

now firmly established

= strong preference for 0+ over O-
and for 5=0 over 5=2

CMS preliminary Vs=7TeV,L=5.11f5" {s=8TeV, L=19.6 f5'

ATLAS Preliminary

H—> 2Z*— 4l
s=7TeV{Ldt=46ft'
— CMS data Vs =8 TeVjLdt = 20.7 b’ ® Data
H—yy CL, expected
_ ’ _ -1 [ )
Vs =8 TeVyLdt=20.7 ft (assuming J° = 0*)

H— WW*— evuv/uvev
Vs =8 TeVyLdt =207 ft"

>
[O)
Q)
oV
~
0
2
c
)
>
L

Events - Fitted bkg

CMS Preliminary \s=7TeV,L=5.1 fb! :Vs=8TeV,L=19.6 fb!

Events / 3 GeV

180
my, [GeV]

Selected diphoton sample

o Data 2011+2012
Sig+Bkg Fit (mH=1 26.8 GeV)

Bkg (4th order polynomial)
ATLAS Preliminary
H—yy

(s=7TeV, f Ldt=4.8fb"

{s=8TeV, f Ldt = 20.7 fo™

status: Winter ‘1 3



Supersymmetry

ATLAS Preliminary
det = (44-207) 6" Ys=7,8TeV

Reference

RSN ATLAS SUSY Searches* - 95% CL Lower Limit
o present limits: [ttt

e, u 1,y dJets Ldt [fb™] Mass limit

MSUGRA/CMSSM 2-6 jets 1.8 TeV m(@=m(g) ATLAS-CONF-2013-047

= 1 TeV for gluinos
and squarks

= 560 GeV for stop

= 200-500 GeV for
gauginos

= all limits are
within specific
assumptions

= all limits need
relatively large
mass difference

MSUGRA/CMSSM
MSUGRA/CMSSM

gg—qaqall(nsx,

GMSB (| NLSP

GMSB (I NLSP)

GGM (bino NLSP)

GGM (wino NLSP)

GGM (higgsino-bino NLSP)
GGM (higgsino NLSP)
Gravitino LSP

Inclusive
searches

~ -:~0
g—>bb/4

39 gen.

g med.

T, (ight), t—~b3

1, (light), T—Wi

1, (medium),gﬁbyj
(medium)J t—=byy
1ty (heavy), 5—)&?
ity (heavy), t—>tx
tt, (natural GMSB)
tolp, 12

oL

(%)
3
S
o
%)
c
(5
(o)}
°
™
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1.24 TeV
1.1 TeV
740 GeV
1.3 TeV
900 GeV
1.1 TeV
1.24 TeV
1.4 TeV
1.07 TeV
619 GeV
900 GeV
690 GeV
645 GeV

1.24 TeV
900 GeV
114 TeV
1.15 TeV

100-630 GeV
430 GeV
167 GeV
220 GeV
150-440 GeV
150-580 GeV
200-610 GeV
320-660 GeV
500 GeV
520 GeV

85-315 GeV
125-450 GeV
180-330 GeV
600 GeV
315 GeV

220 GeV

300 GeV
230 GeV
700 GeV

1.61 TeV
1.1TeV
1.2TeV
760 GeV
350 GeV
666 GeV
880 GeV

100-287 GeV
704 GeV
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m(@=m(g)
any m(q)

%) =0 GeV

0GeV

m(%2) <200 GeV, m(% ") = 0.5(m(x9)+m(g))
m(%9) <650 GeV
tang <15
tang >18
m(%9) > 50 GeV
m(%?) > 50 GeV
m(%9) > 220 GeV
m(H) > 200 GeV
m(G)> 10" eV

m(%x9) <200 GeV
m(%9) <500 GeV
m(%9) <200 GeV
m(%x9) <200 GeV

m(x?) <100 GeV

m(%) =m(ty) - m(W) - 50 GeV, m(t;) << m(%3)
m(%3) = 0 GeV, m(ty)-m(x;) = 10 GeV
m(x9) <200 GeV, m(x;)-m

m(x9) > 150 GeV
m(t) = m(%?) + 180 GeV

sleptons decoupled
1<t(x;)<10ns

5<tanp <20
04<1t(x9)<2ns
1mm<ct<1m, gdecoupled

10.10, 1.,,,=0.05
\51=0.10, A 53,=0.05

m(q) =m(g), et gp <1 mm
m(%9) > 300 GeV, A ,,>0
m(%%) >80 GeV, A,y >0

incl. limit from 1110.2693
m(y) < 80 GeV, limit of < 687 GeV for D8

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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ATLAS-CONF-2013-007
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Exotic Particle Searches

e typical limits:

= singly produced objects with QCD couplings ~ 3.5 TeV
= singly produced objects with EW couplings ~ 4 TeV
= pair produced objects with QCD couplings ~ 600 GeV

= unitarity limited rates ~ 4 TeV

LQ1, B=0.5

LQ2, B=0.5

- Composrteness Scale ~ 8 Tev CMS EXOTICA 95% CL EXCLUSION LiMITS (TEV)  -Q!.B=10

g* (qg), dijet
g* (W)

q* (@2

q*, dijet pair
q*, boosted Z
e* , N=2TeV
P, A=2TeV

Z’SSM (ee, py)

Z’SSM (1)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’SSM (ll) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) kM = 0.1

G (Z()Z(qq)) k/M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’— WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP
stop, Stopped Giluino

stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

LQ2, B=1.0

LQ3 (bv), Q=+1/3, B=0.0 [N

LQ3 (b1), Q=+2/3 or +4/3, B=1.0
stop (b1)

Compositeness ,
b’ = tW, (31, 21) + b-jet

5 q’, b’'/t’ degenerate, Vtb=1
b’ = tW, l+jets

B’ — bZ (100%)

T — tZ (100%)

t' = bW (100%), I+jets

t' = bW (100%), I+

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

C.l., single p (HnCM)

C.I., incl. jet, destructive
C.l., incl. jet, constructive

Ms, yy, HLZ, nED = 3

Ms, yy, HLZ, nED = 6

Ms, Il, HLZ, nED = 3

Ms, Il, HLZ, nED = 6

MD, monojet, nED = 3

MD, monojet, nED = 6

MD, mono-y, nED =3

MD, mono-y, nED = 6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2
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Pixels & SCT

RODs

cluster finding

split by layer

The Fast Tracker (FTK)

8x n—o towers

50~100

e current ATLAS trigger chain W |
= |evel-1: hardware based (~50 kHz) = |
= |evel-2: software based with Rol access to full o TR — . e
granularity data (~5 kHz) “ tracking enters here Sinelc

= Event Filter: software trigger (~500 Hz) N _ Hy

e FTK: hardware based tracking

= descendent of the CDF Silicon Vertex Trigger (SVT)
= inputs from Pixel and SCT

e data in parallel to normal read-out SuperStrip (]
= two step reconstruction L ,
o ] . Pattern recognition in coarse resolution
e associative memories for parallel pattern finding (superstripProad)

e linearized track fitimplemented in FPGAs
= provides track information to Level-2 in ~ 25 us

step 2

® major Level-2 improvement for
= b-tagging, T-reconstruction

@ = |epton isolation
‘ - primary and plleup vertex reconstruction Track fit in full resolution (hits in a road)

F(x;, X5, X3, ...) ~ a5+ a;AX; + @,AX, + a3AX3 + ... =0

—~—1l



Phase 2: Calorimeters

* EM LAr Barrel & Tile Calorimeter will work fine: no upgrade.

* Full upgrade of FE and BE electronics (radiation, lifetime, performance ...)
— Both LAr and Tiles

* Hadronic EndCap electronics designed for 1000 fb™* — possible replacement

* Forward Calorimeter @ HL-LHC instantaneous luminosity: overheating / ion
ouild-up / HV drop / signal loss...

Optionl:

Complete replacement of the FCal
Smaller LAr gaps (to reduce ion
build-up/HV drop) + better cooling
i| (avoid overheating)

i
Fi

Reduce energy and ionization @ FCal
N

gﬁ Phase 2 Upgrade 2022-23 Run 2023-3x =>3000fb! @ 14 TeV

\“/ 6/7/12 ATLAS Upgrade




ATLAS Forward Physics (AFP)

e study tagged color singlet or

photon exchange processes

= p-p tagged high mass central system
= anomalous WW couplings, diffractive
jet production, new physics ?

e system of timing and silicon

detectors

= installed in movable beam pipe to
move detectors in while stable beams

= at 210 m away from P1

= 2x6 layer 3D pixel detector (IBL) to
measure proton position ~15 um
e radiation few mm from beam

= array of 4x8 quartz bars to measure
proton timing ~10 psec to separate
signal and pileup interactions




Highlights of the L1-Trigger upgrade (Phase 1)

* Modern FPGAs and UTCA backplane technology for high bandwidth and processing power
* New architecture for calorimeter with a full event in one processor
 Higher calorimeter granularity, earlier combination of muon systems and improved

algorithms

- e,y and pisolation with PU subtraction

— Jet finding with PU subtraction

— Tau finding with much narrower cone
* Global trigger with more inputs and algorithms
correlated quantities (e.g. invariant mass)

Calorimeter Trigger

]

ECAL HCAL HCAL

—

[ Calo Trigger Layer 1 J

Calo Trigger Layer 2 |

Muon Trigger

[ CSC

DT
CuOF

RPC

New SC
& fan-out

. J
LB

——

New SC

%
MPC
| Splitters

v

____Sorting/Merging Layer
\ qSeaaBal,  SCecosey

| Endcap (| Overlap {. Barrel
' \ J 1

& fan-out

LLR is involved in algorithms and firmware
developments for the calorimeter trigger
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ALICE Upgrades during LS2

o Study Quark Gluon Plasma with Pb-Pb collisions : 6 x 10?” Hz/cm? = 10 nb!
— Increase DAQ acquisition rate (current 5 kHz) to register all interactions > 50 kHz

Replace Internal Tracking System
- Improve IP resolution to measure
meson and baryon down to P, "~ 0

TPC: replace wire chambers
with GEM chambers

New Muon Forward Tracker?
- Measure i IP

Replace FE and RO of
TOF/PHOS/TRD

Replace Muons FE

Very forward EM + Hadron
Calorimeter?

—> Access very small x values \ |

>

VHMPID: Cherenkov + EM

— PID up to 20 GeV/c DCAL (during LS1)

—> Complete EMCAL back to
Lol in 2012 - Detector TDRs in 2013 - Online and Offline in 2014 back coverage



Table 2.1: Expected performance on the Higgs boson couplings from the LHC and e'e” colliders, as compiled from the Higgs Factory 2012 workshop.

CLIC numbers from Ref [11-12].

Accelerator > LHC HL-LHC ILC Full ILC CLIC LEP3, 4 IP TLEP, 4 IP
300 fb ' /expt | 3000 fb ' /expt | 250 GeV 250+350+ 350 GeV (500 fb") | 240 GeV 240 GeV
Physical Quantity 250 fb' 1000 GeV 500 GeV (500 fb™") | 2ab'(*) | 10ab ' 5yrs(¥)
1.4 TeV (2ab )
S yrs Syrs each 5yrs 350 GeV
5 yrs each 1.4 ab ' 3 yrs (*)
Ni 1.7 x 10’ 1.7 x 108 6x 10°ZH IOSZSH 4x 10°ZH 2x 10°ZH
) ' 1.4x 10" Hvv
my (MeV) 100 50 35 35 ~70 26 7
ATy /Ty - -- 10% 3% 6% 4% 1.3%
AT, / Ty o) s 1.5% 1.0% - 0.35% 0.15%
ALty | Sy 6.5— 5.1% 5.4—1.5% -- 5% N/A 3.4% 1.4%
A8hse / Lhtoe 11— 5.7% 7.5— 2.7% 4.5% 2.5% N/A 2.2% 0.7%
Aghiww / Srww 5.7-2.7% 4.5 —1.0% 4.3% 1% 1% 1.5% 0.25%
Agnzz | uzz 5.7-2.7% 4.5 —1.0% 1.3% 1.5% 1% 0.65% 0.2%
AgHHH / ZHHH -- <30% -- ~30% ~20% -- --
(2 expts)
AL / S <30% <10% -- - 15% 14% 7%
Agiice / hier 8.5-5.1% 5.4—2.0% 3.5% 2.5% 3% 1.5% 0.4%
Agice / Lhice - - 3.7% 2% 4% 2.0% 0.65%
Ao / Siob 15-6.9% 11 —2.7% 1.4% 1% 2% 0.7% 0.22%
Aghit / ru 14 -8.7% 8.0 —3.9% - 15% 3% - 30%
arXiv:1302.3318 [20
Markus Elsing 40




LHCb Flavor Physics Capabilities

Table 16: Statistical sensitivities of the LHCb upgrade to key observables. For each observable the current sensitivity is compared to
that which will be achieved by LHCD before the upgrade, and that which will be achieved with 50 fb~! by the upgraded experiment.
Systematic uncertainties are expected to be non-negligible for the most precisely measured quantities. Note that the current
sensitivities do not include new results presented at ICHEP 2012 or CKM2012.

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™")  uncertainty
BY mixing 28, (BY — J/b &) 0.10 [137] 0.025 0.008 ~0.003
28, (BY — Jh £,(980)) 0.17 [213] 0.045 0.014 ~ 0.01
a 64x1073[43]  0.6x1073 0.2x1073 0.03 x 1073
Gluonic 281 (BY — ¢¢) - 0.17 0.03 0.02
penguins 28 (BY — K*0K*Y) - 0.13 0.02 < 0.02
26T (B0 — $K?) 0.17 [43) 0.30 0.05 0.02
Right-handed 28 (BY — ¢) —~ 0.09 0.02 < 0.01
currents TM(BY = ¢7)/7ho — 5% 1% 0.2%
Electroweak  S3(B — K*utu=;1 < ¢* < 6 GeV?/c?) 0.08 [67] 0.025 0.008 0.02
penguins so Apg(B® — K*utu™) 25 % [67] 6 % 2% 7%
AlKptu—;1 < ¢ < 6CeVel) 0.25 [76] 0.08 0.025 ~ 0.02
BB = ntutu™)/B(BY — Ktutu™) 25 % [85] 8 % 2.5% ~ 10%
Miggs B(BY — u¥p) 15x109 [13] 05x109 0.15x10° 03x107
penguins B(B — utu™)/B(BY — utu™) - ~ 100 % ~ 35% ~ 5%
Unitarity v (B — DY KM) ~ 10-12° [243,257] 4° 0.9° negligible
triangle v (B? - D,K) - 11° 2.0° negligible
angles B (B — Jh K?) 0.8° [43] 0.6° 0.2° negligible
Charm Ar 23 x 103 [43] 040 x 10 0.07 x 103
CP violation AAcp 2.1 x 1079 [18] 0.65 x 1073 0.12 x 1073

arXiv:1208.3355v2
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