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ATLAS Upgrade Plans

3 ATLAS and the LHC High-Luminosity Challenges

Physics potential relies on crucial  EXpected Detector Performance

ATLAS Physics Goals

[ detector abilities: Electron & Muon Forward-jet tagging and
Electroweak Symmetry Supersymmetry Tracking and b-jet tagging Identification central-jet veto
Breaking / Higgs Extend discovery reach (if not found)
If the Higgs is found at the LHC, what kind of Higgs? or SE%:FOSCOPV . . . .. .
- Measurement of Higgs couplings to ‘->°- _ B e Harsher radiation environment
ferm-lons and boso-ns Extra - f ~ | Barrel calorimeters and muon
> Higgs self-couplings dimensions | —n Detectors at low radii and large n most chambers largely untouched
Triple gauge boson couplings affected: Inner Detector, forward
| T | New forces e . 1= calorimeter and forward muon wheels
What if there is no light Higgs boson? W’,Z’ gauge bosons | * higher granularity detectors < higher readout bandwidth
Strongly coupled Vector w00l e | Main motivations for upgrades: « increased radiation-hardness * reduced material ...
Boson system W, 2, — W Z; N | | | | * Improvement of detectors with new technology
° s o0 ds0 2000 * Replacement of damaged components :>
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* New detectors able to live in SLHC conditions !

- Exciting Physics requiring to maintain detector performance over >20 years!
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Experimental Challenges (o Trigger/ DAQ )

Phase | Calorimeters
* Improving e/y triggering will require full granularity Muon Systems e R * Topological trigger = ability to look at 2 or more trigger objects at L1
readout of the calorimeter and improved resolution Phase | . Zﬁﬂgﬁ e | 2 * Hardware-based fast track-finder to provide helix parameters to L2
> Electronics has to be upgraded *Replae C?tthde Stn: Cl;lam.bers — e Phase Il ] At SLHC, challenge is to reject 5x as many events 5x bigger
* Forward Calorimeter: 9(::1ca)ll\;v:tdian;vevt§cdrrilfc: :)ugg (;S, - More triggers, longer L1 latency
Extending to n=4.9, this detector will see very e — Phase I1]- =L 3°°,[n:;’°' I - Increased data storage and bandwidth /

intense particle fluxes, causing:

Forward region has to be / Inner Detector Coolm\ / Beam Pipe \

Could secure UpErEceridaetolnmensed | | SCT cooling suffers from pressure drops Current BP
tracking at LA + Reliability issue of compressors * produces high
L - ; high rate and ~ Replacement of backgrounds (n, y) in
élnv.estlgatmg amini_warm improve the Monitored Drift Tubes with the muon systems
calorlme'fer that would absor.b - : tubes radius reduced from * becomes radioactive
the e.m. jet component, halving rigger . N — =)
the energy deposit in the FCAL a2 \ (much shorter drift time)
 with radiation-hard electronics COAE RN
* and smaller gaps @ Bring Muon Drift Tubes trigger at L1 + Addition of forward 2kW thermo-siphon demonstrator Phase Il | All-beryllium BP!
(250um -> 100um) shieldings \already installed in the ATLAS Py (background +2 )

Sensor How to maintain very high hit efficiencies Insertable B-Layer

with high accumulated radiation dose?
—Increase ATLAS Physics reach

2 technologies under study:
- Compensate for defects in existing b-layer
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Planar: g very well-known, high yield 3D sensor: Charge carriers
o collected “horizontally’ on a By msertmg a new layer at smaller radlus ("‘3 3cm)I
N : shorter distance Enthalpy P P
with increasing fluence & . ne eched and filed
(sensor thickness ~200pum) even';?t';gre signal CO2 cooling: CO2 has a high volumetric cooling capacity and would allow
T BLepec irradiation to reduce diameter of cooling pipes in staves
swl TEH - .
, - * lower bias voltage .
§1 : sma"er Width Of pt etched and filled Staves
3 inactive edges fom betom Titani i
= itanium pipes
FFFFFFF O == Manufacturing yield and ) ] ] ] p P ]
But should be overcome with uniformity are uncertain Benefits: - Better resolution on the impact parameter of tracks Stiffness from carbon fiber laminate =
sufficient bias voltage IBL challenges: - Improvement of the reconstruction of vertices in the event Thermal transfer with low-
. |:> : : _ How to reduce density carbon foam material
Electronics Much higher particle fluxes 1/R? Increased amount of material material?
How to face increased occupancies and resist to radiation? - Radiation, occupancies, 2-track - Impact of nuclear interactions and
Development of a new Front- End ch| FE-14 with:  Biggest chip in HEP! separation issues in dense jets multiple scattering ~ 1 Modules
* smaller pixel size ;| [HEEE - R (o ~2.om - 5 —
+ CMOS 130nm el / Impact on Physics \ _”  Biggest improvement:
* local memory , T B- taggmg performance is greatly improved even with high level of Pile-Up r— b bonding bet
S— | . 00 o ‘ . ump-bonding between
inside pixels allowing recovery of small charge hits £ 5 O ] 2 o0 o E - nsor and larae EEs chi
- Big increase of readout bandwidth e . 2 ot :a;ﬂ E o R ~rreyey f’ ge FEs chips
» radiation-hard electronic design (i.e. Singe-Event-Upset tolerant latches) 5 98 L £ 700- gro0- il (reducing cost)
N is alread King! £ o7 E g 600 IP3D+SV1 g 600 IP3D+SV1 | =
- W AT | = r a e 3 < 50 = .
FE-14 is already working! g ) f o i éigg éiog Installation
" - L. oTom B i
Threshold _ o y f ol Temen e e
§ >3000e - ‘Orls;.f:\c' sepport 100- i’% 93t 5 1 > L - 3 o 05 - I = - E o 0 s L 25 - 50
B oo 4o = ! 5:' :" Average number of pileup interactions Number of pileup interactions Number of pileup interactions
P o TR s A ee T PV reconstruction efficiency B-tagging performance Effect of IBL for failure scenario
- Irradiations tests are underway
/ Electronics: : : : : \
Phase |l NEW Inner TraCker ! Pixel sensors: After 3000fb! collected, Services: Multiplexing, Bi-phase CO2
All silicon detect ixels and mi tri maintaining efficient charge collectionisa FE-14 can be used for outer layers or fluorocarbons cooling
SHICON detecCtor. pixXels and MICro-strips | ini ICI | | . . .
P P g | chall & : * B-layer will need smaller pixels and higher
E real challenge! :
~400M p bandwidth ——— |
400M pixels 5 p 4 e, 3D silicon : N _ Staves: New materials for
~45M strips! ' —>investigating Current LHC pixel IC layout
PS* > Diamond, . possible future L lI8htweight stable mechanics,
9 layers : 3D electronics, and/or FEEERSSE " ; .
- Gossip pixel in 3D IC with good thermal conduction
CMOS technology 65nm /

Nicolas Bousson, for the ATLAS Collaboration
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