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Upgrades: Why, How, and When W A“(IT
@ Why:

® Physics: the best is yet to come
(cf. Tevatron: Bs mixing and single top
after ~20 years of operation)

B Detectors: replace aging components,
update obsolete technologies

® How:

® Upgrades of the LHC (including
Injection chain)

® Upgrades of detectors, trigger, data
acquisition

B Goal: keep comparable performance in
iIncreasingly challenging environment

@ When:
® Three phases: 2013 — 2018 — 2022
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The Case for LHC Upgrades

ATLAS and CMS Upgrades

ALICE and LHCb Upgrades

The Far Future
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The Case for LHC Upgrades
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Status December 2012 | "M Q(IT

@ Discovery of Higgs-like boson

® LHC = factory of standard model (SM) T
particles (W, Z, top, ...) PHYSIC"S

A

» e
R AN R
CEL R ANE LY

® No signs of beyond-SM physics yet
(SUSY, new strong dynamics, 4th
generation, extra dimensions, ...)

§

| Everts / 1.5 GeV
8

S/S+B) Weighted

130 140 150
m. (GeV)

ATLAS SUSY Searches* - 95% CL Lower Limits (Stat

I T T TTT T T IIIIIIL{) ~ I 1 LI
L-5.8|b",BTGV[ATLAS-CONF—2012-1 9] 1.50 TeV q~=g mass

L=5.8fb™, 8 TeV [ATLAS-CONF-2012-104] 1.24Tev! §=gmass j ; A TLA S 201112 Is=7-8 TaV
L=5.8b", 8 TeV [ATLAS-CONF-2012-109] 1.18 TeV g mass (m(@) <2 TeV, ligh " ¢ : —

T,miss

MSUGRA/CMSSM 1lep+j's+E.
Pheno model : 0 lep +j's + E.

T,miss

%] T,mi: =

2 Pheno model : 0 lep +j's + ET:mi: L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109] 1387V’ G mass (m@ <2 Tev, 1 ™ TAAYS

% Gluino med. i‘ (G—qay) : 1lep +j's + E s ] mass (m(x ) <200 GeV, m(x") -4

3 GMSB (TNLSP) : 2 le ep (0S) +js+E; . Gmass' (anp <15) 10 1]

©  GMSB (TNLSP):1-2t+0-1lep +]j's + ET i gmass (tans >20) 3 | 3
B GGM (bino NLSP) :yy + E ! mlss gmass (@) >50 Gev) 10k :
3 GGM (wino NLSP) :y +lep + E " gmass - | 1
£ GGM (higgsino-bino NLSP) :y +b + E ! me gmass_(m())>220 GeV) F | !

GGM (higgsino NLSP) : Z + jets + E; .. [L=581b", 8 TeV [ATLAS-CONF-2012-152] 690 GeV g mass (m(H) >2oo GeV) W |l 1

_________________ Q@y_lt_mg LSP: _rnqpp_Jga_t_ _4:_[:} miss _ | L=105 b, 8 TeV [ATLAS-CONF-2012-147] 645Gev| F ' scale (m@)> 10" V) r ‘| . !
8—. 8- gebB%‘ (virtual b) Olep + 3 b-j's + ET miss | =128 b™, 8 TeV [ATLAS-CONF-2012-145] 1.24 Tev g mass (m(x ) <200 GeV) 0 \ '
c £ g—>tf" (VII’t(lJJal t) 2lep (SS) +j's + ET miss L=5.8b™, 8 TeV [ATLAS-CONF-2012-105] 850 GeV g mass (mfx" )<300 GeV) L ‘ M T T e
g e —>tf)Z1 (virtual t) 3lep + ] 'S + E7 ics L=13.0 o™, 8 TeV [ATLAS-CONF-2012-151] 860GeV g mass (mf, )<300 GeV) ’ » R T ———
°3 g_>tf~ V|rtualt) 0 lep + multi-j ]s + ET miss |L=58 fb”, 8 TeV [ATLAS-CONF-2012-103] 1.00 TeV g mass (m(x )<300 GeV) 10 . 'fa 300 300500
R J\_/!r_tp_ql t)_ :0lep + 3 b-'s + Ermiss_ L=12.8 fb™, 8 TeV [ATLAS-CONF-2012-145] ~ 115Tev g mass (m(x ) <200 GeV) . > *0

1EN GeV)

m, [GeV]

—b¥" - 1120 + 2-b-jets + F

T miss

[https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots]

[elsevierconnect.com]

6 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
Institut fur Experimentelle Kernphysik (IEKP)


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/CombinedSummaryPlots

Implications for Future Physics Programm

B Comprehensive Higgs properties program
B Relatively low energy processes (<100 GeV) stay relevant
B Experiments: keep trigger and detection thresholds low

B Tests of electroweak symmetry breaking (ESWB)
B Question: is (only) the Higgs responsible for EWSB
B Access to EWSB mechanism: longitudinal WW scattering
B Experiments: forward instrumentation important

[qulgntumdiaries.org]
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Longitudinal WW Scattering ) ot

B Question: is SM Higgs mechanism at work or something else?

B Scattering of longitudinally polarized gauge bosons W.* W - — W_.* W~
B Without Higgs boson: cross section diverges for large CM energies (z 1.2 TeV)

Ei\ﬁ i ﬁ E‘
W~
W~

B No color exchange between initial state partons — expect forward jets
B Standard model: Higgs boson with my = 850 GeV regularizes divergence

B Y
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Implications for Future Physics Programm A“(IT

B Comprehensive Higgs properties program
B Relatively low energy processes (<100 GeV) stay relevant
B Experiments: keep trigger and detection thresholds low

B Tests of electroweak symmetry breaking (ESWB)
B Question: is (only) the Higgs responsible for EWSB
B Access to EWSB mechanism: longitudinal WW scattering
B Experiments: forward instrumentation important

B Search for physics beyond the SM
® New physics scale likely above 1 TeV

B Accessible with higher center-of-mass (CM) energy and/or
lots of luminosity

[uadnig "]
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Parton Luminosity

o IT
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CTEQ6L1:gg 2 TeV

[2A099€°8060:AlX e ‘BOBIND O]

@ Proton-proton collisions are really dl 108
parton-parton collisions with T2k 108
broad spread in momentum S dr 1o

= 103

: : = 102

@ Discovery potential for new heavy 2 o
. o

partllcles (e.g.. SUSY) depgnds £ 40

available luminosity at a given 3 10

partonic center of mass energy 2102

& 103

B Convenient notation: parton 10':
luminosity (derived from QCD 186
factorization) 102

1
dL; dx T
JK f 2 ( 2 )
= - 1 X! fk IR
T S
with j, k parton flavors and 7 = i XXk
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0.9 TeV
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PRAYAl Increase of discovery
A\ potential: more energy
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LHC High Lum|n03|ty Upgrade Physms Case

1 04 E — T T ] T 1 T T 7 | — 1 T T T [ 1 T T=
—~ F From 2007 — sllghtly outdated by now.. =
o] B -
< 3 !
>10°E — | E
n— — < 2, m=56.5TeV3

g — = Compositeness™]
c — > A A =~ 60 TeV
e D m=2.5TeV SUSY (3,9
E 1 02 E - eV-scale resonances from WW scattering =
3 - r~ Leptoquarks, m = 1.5 TeV -
— Compositeness, A = 30 TeV -
E - -
w 10 =
E‘ E Extra-dimensions G — e*e’, m=~1 TeV =
O B - N ™ B
e - -
E H, m & 15 GeV - -
1 3 3 3 =
— H—=-4I.mH-8DGE".I" -8 -8 =
C [Im~1Teve 57 (3.5) = 5 g
= = £ SHHE :
10—1 E’—:E”E,m—wu" 7p) N —_— —=|§
= o 2  now: HL-LHC 33
ft - First top quer© abserved in Eur©a! o 1=
- - - <
1 ] ] I | | | l ] 1 | I | | ] I | | | I ] ] L=
edr
2010 2013/14 2018 2022/23 y
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CMS Event with 78 Pileup Vertices
(from High-Pileup Test Run)

@ High luminosity comes at
a price: pileup

B LHC design luminosity:
2808 proton bunches/
beam, 25 ns spacing
— 25 pileup vertices

@ Pileup 2012:
1380 bunches/beam,
50 ns spacing
— 30+ pileup vertices

B Upgrade: expect 100-200
pileup vertices

12 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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High Luminosity LHC

® Goal: integrated luminosity 3000 fb~" at 14 TeV CM energy in 10—-12 years
B Peak luminosity: 5x1034 cm=—= s~ — 5x LHC design
B 25 ns bunch spacing — 140 pileup vertices

B Successful upgrade of accelerator chain: many projects
B Consolidation: magnets, cryogenics, collimation, electronics, machine protection
B Modifications: injector, new (quadrupole) magnets, collimators, crab cavities

HL-LHC \
installation -

13-14 TeV collision energy

\ injector \

8 TeV splice upgrade “cryolimit
consolidation , interaction
cryogenics regions
Point 4
S N T T T T BT N B B B
dispersion

button collimators,

suppression

R2E project collimation,
R2E project _ -

: experiment beam experiment 2 x nominal luminosity | experiment
nominal pipe nominal luminosity | upgrade | ! upgrade
luminosity I\, phase 1
70% |/ radiation

| . . , damage
[Rossi, Bruning, Krakéw 2012]
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Accelerator Upgrade: Some Examples

® Luminosity leveling

@ Very high luminosities: high
pileup, short beam lifetime

B Solution: keep luminosity at
approx. constant level during fill
(already done today at ALICE
and LHCD)

@ Higher luminosity achievable
by crab crossing of bunches

® RF cavities “turn” bunches
sideways — bunches collide
head-on

B Successfully used in e*e-
(KEKB), not yet in pp

14 12/12/2012
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L :1034 Cm'ZS'l] [Rossi, Bruning, Krakow 2012]
20 . . . . . .

[ \0 leveling w pea4 '
15 2x10%em?s! \ '\

-\ \ \ \
10f \ \ \ \

| ~ \ \

leveling at

_ average level

ot B b Li-pd [k

0 5 10 15 20 25 30 ¢[h]

[http://legacy.kek.jp]

Electron Bunch Positron Bunch

-

Cross Angle Crossing
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ATLAS and CMS Upgrades
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Tracking, Vertexing, and B-Tagging

B Tracking & vertexing

B Charged particle tracking at small
distances (~5 cm) from collision
point: precise reconstruction of
vertices

B Charged particle tracking at large

distances (~1 m): precise
momentum measurement

Charged
Particle
Trajectory

Detector
Layer

Collision

16 12/12/2012
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Tracks

y

NV =

Secondary ‘~,‘\;

Vertex

Protons Protons

I .......... .

: Prlmary Vertex

@ B-tagging:
@ Identify hadrons with b-quarks via
their long lifetimes (picoseconds)

W Parts of the tracks from B hadron
decays: large impact parameters
and/or displaced secondary vertex

@ Low particle momenta important

Ulrich Husemann
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High-Luminosity Challenges |: Radiation

High Occupancy

B At high luminosity:

® High channel occupancy
(= fraction of bunch crossings in
which given channel fires)

® Rule of thumb: tracking works up to
occupancies of 1%

\\‘ fake track

SUPER - LHC (5 years, 2500 fb™) B Solution: increase detector
y P1xe1 (‘7) M1mstr1p (‘?)l granu lari ty
10"°F | M 17 . .
s - B Constraints: material budget, power
o total flucnce @y, consumption, data transfer rates
Cﬁa 101
= 5} { o ® Radiation damage:
D] 3 eq
o 1 B Aging of components closest to
101 | pions @ . . . o o
SE | B Interacting point — limited lifetime
g - ] other charged ® Solution: design radiation-hard
" ATLAS Pixel | ATLAS SCT-barrel | | hadrons @, _
oL L (microstipdetectory) | detectors and electronics
O 1020 30 4D S e B Constraints: availability, cost
[M. Moll] r [cm]
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High-Luminosity Challenges Ill: Trigger Rate ﬂ(".

B Physics requirement: keep Simulated p Trigger Rates vs. pr Threshold
trigger thresholds for key §105 generator
objects low at high luminosity ‘g . t;
[T - E
. _ _ o x = O L2 +isolation (calo)
B Simulations show: insufficient  4o"FLfs, = * L3 .
reduction of single lepton S —*— |_» L3+isolation (calo + tracker)]
. . ~ = ® -
trigger rate with pr threshold I Tt -
10 = "B -
® Way outs: 3  Rate reduction 3
L I with increasing pr not  jaisias; .
@ Make IeX|st|ng triggers more 10%L sufficient i
granular E :
B Use tracking information in
trigger 10 | M S _
- 34 2c-1 n‘“ﬂmﬂ‘ "
® Challenge: process many i 10* cm™s s
more channels within same 1 : | r :
fri at 10 20 30 40 50 60
rgger iatency p! threshold [GeV/c]
18 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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ATLAS Upgrade Matrix @

New Beam Pipe,

Silicon Pixel nsertable B-Layer — New Tracker

Silicon Strips — — New Tracker
Electromagnetic e Finer Granularity New Electronics,
Calorimeter SR in Trigger Forward Cal
Hadronic 3 3 New Electronics,
Calorimeter Forward Cal
. Small Wheels
Muon System Endcap Extension (Forward) —
: Topological Triggers, Complete
irigger B Fast Track Trigger Replacement
+ several smaller projects
19 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann

Institut fur Experimentelle Kernphysik (IEKP)



20

ATLAS Upgrade Matrix

Silicon Strips

Electlzomagnetlc Consolidation Flne_r Grgnularlty
Calorimeter in Trigger
Hadronic
Calorimeter

: Small Wheels
Muon System Endcap Extension (Forward)
Trigger Fast Track Trigger

12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments

AT

Karlsruhe Institute of Technology

¥

ner-p

- i New Beam Pipe,
Silicon Pixel Insertable B-Layer -

New Tracker

New Tracker

New Electronics,
Forward Cal

Ulrich Husemann
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CMS Upgrade Matrix

Subsystem

Phase 0

SN (] ]

Karlsruhe Institute of Technology

Silicon Pixel

Silicon Strips

Electromagnetic
Calorimeter

Hadronic
Calorimeter

Muon System

Trigger

12/12/2012

New Beam Pipe

Consolidation

New Photon
Detection

Complete
Coverage

New Pixel Detector

New Tracker

— New Tracker

Improved Trigger
Primitives

New Electronics &
Photon Detection

ITpieRTE T“ggeF New Electronics
Prepare Electronics
Complete

New L1 Trigger Replacement

+ several smaller projects

Preparing for the Future: Upgrades of the LHC Experiments
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CMS Upgrade Matrix

Subsystem

Phase 0

o QAT

Karlsruhe Institute of Technology

Silicon Pixel

Silicon Strips

Electromagnetic
Calorimeter

Hadronic
Calorimeter

Muon System

Trigger

12/12/2012

New Beam Pipe

Consolidation

New Photon
Detection

Complete
Coverage

Preparing for the Future: Upgrades of the LHC Experiments

New Pixel Detector

New Tracker

— New Tracker

Improved Trigger
Primitives

New Electronics &
Photon Detection

Improve Trigger,

. New Electronics
Prepare Electronics

Complete

New L1 Trigger Replacement

Ulrich Husemann
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ATLAS Insertable B-Layer (IBL) @ 'L'}f},” ﬂ(".

B Goals:

® Add redundancy to current pixel detector

® Improve tracking, vertexing, b-tagging for
high pileup

B Establish new technology
for HL-LHC

@ Solution: Insertable B-Layer

B 4th pixel detector layer,
sensors atr = 33 mm

® New readout chip, advanced
planar and 3D pixel sensors

® Very low material budget: 0.015 Xo

----- #-----  |BL nominal Track Selection ]
——— |IBL pileup Track Selection 3
----- #-----  ATLAS nominal Track Selection
——— ATLAS pileup Track Selection

IP3D+SV1

[€10-0102-DDHT1-NY3D]

® Installation: LS1 (2013/2014)

Number of pileup interactions

23 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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Upgrade of CMS Silicon Pixel Detector

Upgrade Outer rings
n=0 n=0.5 n=1.0 n=1.5 /—
n=2.0
n=2.5
Innerrings
50.0 cm #
—
n=2.5
Current
n=2.0
n=0 n=0.5 n=1.0
{e— 2E34cm’s® ____
5 = o Jight jet: Current pixel detector il
- [~ ° light jet: Phase 1:upgrade detector
—_— 9 - * c-jet: Current pixel detector :
({o) O - 7 c-jet: Phase 1 upgrade detector :
— = 5 § : : :
o LW 107" -
N © F
s 2 f
c -
R o
O =10°
&) © F
I B
— | 5 5 5 5 s
> oo
e 10°E ~Jets with pr > 30 GeV
3 - ~ from tt sample with
= - 50 pileup vertices
10'4IIII IIII|IIIIiIIIIIIIIIIIIIIIIIIIIIIIIi
01 02 03 04 05 06 07 0.8 _0:9 1
b Jet Efficiency
24 12/12/2012
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B Goal: similar performance in

much harsher environment
— tracking, vertexing, b-tagging, ...

@ Solution: four-layer pixel
detector
B Innermost radius: 29 mm
® New digital readout chip

@ Ultra-lightweight mechanics,
COz2 cooling — reduced material
budget: 0.015 Xo per layer

® Installation
B LS1: new beampipe

® Modular design: Installation
during year-end technical stop
(planned for 2016/2017)

Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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ATLAS Calorimeter Trigger

AT

Karlsruhe Institute of Technology

:ﬁg ATLAS simulation
B Goal: keep electron trigger 1m0t Plleup: 46
N -
thresholds low L 100 1 . Ep23Gev
2 1402_ + —=e— E7>23 GeV and Isolation
% 120;_ ++ —&—— E7>28 GeV Isolated, R,>0.94
B Solution: improve electron-jet O 1007--------- ﬂ + E7»23GeV, Isolation, R,>0.94
. . . . - 80— :§?e< _
discrimination N ﬂ+ N Bers<0.8 GV
. . - e
® Improved L1 calorimeter trigger 4o:£ +4y Hﬁﬂﬂ*ﬁ
granularity (currently: AnxA¢@ = 0.1x0.1) 207 ¢w¢t¢|:t,:¢:.¢“‘tj‘“tzi¥¥ﬁt et e
B Better discrimination via shower shape A [c;:w 0%
algorithms already at L1 '
® New “tower builder board” 1. Rollocation baseg oncurent | Z 202
® New digital processing (replacing ~ | Ag=0.1
analog sums) to prepare for HL-LHC 2. Algorithm seeded by most |
energetic AnxA¢=0.025x0.1 d
Super-cell
. InSta”at|0n 3. 2nd most energetic neighbour in ¢ /’/ P4 n
. (AaonAvezcc))rszeolozvv(): :r:ﬁne cluster /
B LS1: slice of new system for tests S .
® LS2: full installation e B P
rejection
i [CERN-LHCC-2011-012]
25 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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ATLAS Fast TracKer (FTK) @

B Goal: improve triggering at high luminosity (esp. track-based triggers)

@ Solution: “level-1.5" trigger

W After L1 trigger accept: send silicon pixel & strip data to fast processors for
pattern recognition and tracking — provide tracking information for L2 procesors

B Key technology: associative memory

Single .

Hix \
L1 I SN S S - L LA 1 i»
\ v

|

/ | //

SuperStrip (bin)
- Pattern recognition in coarse resolution Track fit in full resolution (hits in a road)
(superstrip=>road) F(X{, X, X3, .0.) ~ Qg+ @;AX; + 2AX; + 23AX3 + ... =0
26 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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B Extensive R&D programs

ATLAS & CMS Trackers for HL-LHC @ Z. ﬂ(".

B ATLAS & CMS: replace- Current ATLAS Design: 4 Pixel + 5 Strip Layers (Barrel)
ment of entire tracker

® End of lifetime for current
trackers

® Increase granularity, e.g.
shorter silicon strips

® New readout chips

® New services: cooling - " [ATLAS-UPGRADE-SLIDES-2012-699)]
(CO2), powering (DC-DC
or serial), ... CMS HKP Campaign Wafer

ATLAS Prototype Module

Baby_Add

i i e ]

ongoing

® Robust light-weight detector
designs (ATLAS)

h — —-_‘uﬂ —— — ‘A I AR =S
I Multigeometry-ssD || Mult
(MSSD) | (MPix)
12 regions 12 regions 3
32 strips Layp: 1.25/25mm 3

® Radiation hard silicon RN ER R =
sensors (“HPK Campaign”, A
CMS) AR RN
[A. Dierlamm]
12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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CMS Tracker Upgrade: ptr Modules

B Goal: keep trigger

thresholds for single lepton Upper Sensor
triggers low 1L
100 um
B Idea: exploit tracking 1 mm

information in early trigger
stages (L1)

Lower Sensor

® Novel concept: pr modules

B Goal: suppression of low-pr
tracks (< 1-2 GeV) for trigger

B |dea: local coincidence of two
sandwiched silicon detector
layers

B 2S modules (strips + strips)
and/or PS modules
(pixels + strips)

12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments
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Pass

2S Module }\/
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ALICE and LHCb Upgrades

29 12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments Ulrich Husemann
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The Case for ALICE Upgrades % A“(IT

ﬂ L IC E Karlsruhe Institute of Technology

B Upgrade: exploit physics topics
uniquely accessible to ALICE

B Strongly coupled probes:
heavy flavor hadrons and quarkonia
W Physics: properties of quark-gluon plasma

@ Detector: tracking down to very low
w of D Mesons transverse momenta (pr), excellent

Elliptic Flo

5 T secondary vertex reconstruction
= Pb-Pb  {s=2.76 TeV
g g Centrality 30-50% 7
> — E ® Loosely coupled probes:
H E low-mass dileptons
o- . Ul I = ® Physics: generation of hadron masses via
0.1F 3 chiral symmetry breaking
- e D° EP2A¢bins an 7]
020+ DEP2AGLN oo g s ® Detector: low material budget, low-pr
T S S S TV R VIR T T tracking, lepton identification
P, (GeV/c)
[CERN-LHCC-2012-013]
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ALICE Upgrade Plans 7 AT

ALICE

Karlsruhe Institute of Technology

(RCoRoR) New, high-resolution and
= low material Inner
- »~.‘.Qifﬁjf_jﬁiﬂjﬁﬁﬁifi'ﬁf?““"-- ) Tracking System (ITS)

= S
oL )

FILTER =4 TPC upgrade: replace
= MPWCs with GEMs and new
1 piplelined readout

A T, VNG Fr-. . ZnC
L m—— e, D Upgrade of readout
electronics (TRD, TOF,

PHOS, MUON)

Upgrade of the forward
trigger detectors

ABSORBER

[P. Riedler, CERN]

Upgrade of online systems and of offline reconstruction and analysis framework and code
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Example: ALICE Tracking Upgrade %E A“(IT

Schematic Layout

o . Outer Barrel
B Goal: improve impact parameter =
resolution and tracking efficiency Tnner Barrel ya
—3 d //ﬁj;:::::::\ N
. i W AN \\\\\\
® Solution: b a )
. i } 1 W Layir1 ') i
B Move closer to interaction point: 22 mm e R
N Vi il
® Reduce material budget: 0.003 Xo/layer S et i
: : N ya
B Increase granularity: 7 layers, smaller pixels ‘*1:—;?:,////%404””
_ _ fveer
@ Fast readout (50 kHz), fast insertion/
removal Monolithic Pixels (0.18 pm CMOS)
. NWELL SUBST NMOS PMOS WELL
. TeCh nOIOgy ChOICeS: DIODE TAP TRANSISTOR TRANSISTOR TAP
W 7 pixel Iayers or 3 pixel + 4 strip Iayers PWELL JNWELL PWELL
. . " . . - \ ST =
® Option 1: hybrid pixels (current LHC pixel Voo T
technology) DR
B Option 2: monolithic pixels (sensing layer e = EPITAXIAL LAYER
integrated into CMOS chip) ’ SUBSTRATE
PARTICLE [CERN-LHCC-2012-013]
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The Case for LHCb Upgrades

® LHCDb rates:

Rate limitation: 1 fb~" per year

Upgrade: running at 1033 cm= s~1 with
40 MHz readout — 5 fb~" per year

B Many exiensions to physics program

Complementary to Belle Il: Bs, B baryons
Mixing-induced CPV in Bs — J/y ¢

Charmless hadronic B decays

Bs — K*0 K*0

— CP angle y at tree level to 1°
Rare decays: B/Bs — pyd, B — K* pyu

Charm physics, lepton flavor physics,
weak mixing angle, ...

@ Upgrades not tied to LHC upgrades

12/12/2012 Preparing for the Future: Upgrades of the LHC Experiments
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Karlsruhe Institute of Technology

[LOO-110Z2-DDHT-NH3DI]

Based on arXiv 1205.6094

MSSM-LL

[uia] -uluad “IN]

10? x BR(Bs — pp™)
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LHCb Upgrade Plans
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Example: LHCb DAQ/Trigger Upgrade %

ST

Karlsruhe Institute of Technology

® LO hardware trigger upgraded to low-level trigger (LLT)
® 1-40 MHz trigger-less readout to high-level trigger (HLT)
B Replace all front-end electronics (except muon system)

B HLT: full event selection in software — 20 kHz output rate

Current

Lo
Readout

Hardware
Trigger

Supervisor

L0 electronics

ADC

L0 trigger

.
4us ~

L0 Latency buffer L0 derandomiser
mﬂﬂlm ]ﬂﬂ[m_D_ ] SUf:?:rrgss |[|l]~ Formatting
1 MHz

L1 electronics

Input buffer /_,Qutput buffer

GB Ethernet
—‘ wbAQ P

Upgr ad e Low-level
Trigger
\ Rate control
Front-end Back-end
A~ Inputhuif r Output buffer
( Lero Datq lmk ‘7 \ 10GB Ethernet
ADC \ suppress ——1MM——1 — [ Formaﬂlng - tooaa P
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ALICE & LHCb Upgrade Schedules %E % ﬂ(".

ALICE

Upgrade Lol and CDR for  Framework TDR submitted
Proposals Inner Tracking submitted (May 2012), subsystem
(Sep 2012), TDRs 2013 TDRs to follow in 2013

Installation/ Cables/Fibers: LS1
Commissioning =52 (AT Detectors: LS2 (2018)

>10 nb~' of PbPb data

—1
>6 pb~' of pp data > 50 fb~! of pp data

Luminosity Goals

PbPb interactions at 50 pp interactions at 20 kHz
Running Scenario 2019 kHz (6x10%” cm=2 s 1) (1-2x1033 cm=2 s71)
— 2.85 nb~" per year — 5 fb~1 per year
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2 XIT

Karlsruhe Institute of Technology

The Far Future
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High Energy LHC

® HE-LHC: around 20357

B Increase of LHC center-of-
mass energy to 26-33 TeV

® New machine in LHC
tunnel: replace dipole
magnets

® Physics: “final word” on
electroweak symmetry
breaking, discoveries?

B Challenges

® Novel materials for high-
field superconducting
magnets

® New injection chain
(SPS at 1-1.3 TeV)

B Collimation, beam dump,
synchrotron radiation, ...
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Current Density Across Entire Cross-Section
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Super High Energy LHC A“(IT

B Alternative: new tunnel In
Geneva area
B 47 or 80 km circumference

B 42 TeV center-of-mass energy
with present LHC dipoles

@ 380-100 TeV with novel high-
field magnets

Price tag?
'I
The super-exploitation of the CERN complex: =
Injectors, LEP/LHC tunnel, infrastructures 1
N4 \ 47km & g
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 \\ ,,
SO R

o -

80km
LHC BEIEN:EA) - Construct. Physics

Molasse Limestone Known Aquifers

HL-LHC Design, R&D Construct. Physics

HE-LHC [RaELr R&D- Construct.  Physics [CERN GS, Krakow 2012]

[CERN-ATS-2012-237, Krakéw 2012]
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@ CERN's goal epr0|t full LHC physics potentlal
until ~2030

B Multi-phase upgrade program of accelerator
chain and experiments
® Projects grouped around three long shutdowns:

LS1 (2013/2014), LS2 (2018), LS3 (2022/2023)

B ATLAS/CMS: keep comparable performance at
highest luminosities

® ALICE/LHCb: optimize detector and readout for
highest rates
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