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Upgrade goals and motivati

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: Feb 2015

micc

Successful Run 1: Higgs discovery, plenty of other
results

. ATLAS showed excellent performance
. Recorded more than 25 fb of pp collisions
. But physics doesn’t stop there...

Physics potential of the LHC and HL-LHC
. Probing the Higgs sector
. Extending the reach for new physics

Detector development as response to rising
luminosity

. Higher Rates ==> Trigger
. Pileup ==> Tracking
— tracking in the core of high E; jets

— primary & secondary vertex
reconstruction

. Detector performance degradation
— Radiation damage

— Detector Integrity
— Component aging & obsolescence
full data

ons

ATLAS Preliminary

Vs=7,8TeV
[£ artm™ Mass limit Reference
T T T — T T T T —
203 |42 1.7TeV  m(3)=m(@) 1405.7875
203 |4d 850 GeV m(E7)=0 GeV, m(1* gen. g)=m(2" gen. §) 1405.7875
203 |d 250 GeV m(g)-m(E}) = m(c) 1411.1559
203 |z 1.33 TeV m(¥})=0 GeV 1405.7875
20 |& 1.2 TeV m(¥})<300 GeV, m(¥*)=0.5(m(¥})+m(z)) 1501.03555
20 |2 1.32 TeV m(¥})=0 GeV 1501.03555
203 |2 1.6TeV  tang>20 1407.0603
203 |2 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
4.8 m(t))>50 GeV ATLAS-CONF-2012-144
4.8 m(¥))>220 GeV 1211.1167
58 m(NLSP)>200 GeV ATLAS-CONF-2012-152
20.3 F'72 scale 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(g)=1.5TeV 1502.01518
201 |2 1.25 TeV m(¥})<400 GeV 1407.0600
203 |2 1.1 TeV m(¥}) <350 GeV 1308.1841
201 |2 1.34 TeV m(¥})<400 GeV 1407.0600
201 |2 1.3 TeV m(¥})<300 GeV 1407.0600
201 | By 100-620 GeV m(¥7)<90 GeV 1308.2631
203 | & 275-440 GeV m(¥;)=2 m(e)) 1404.2500
4.7 | H [ 1H10567/GEV m(F}) = 2m(E@)), m(¥)=55 GeV 1209.2102, 1407.0583
203 | & 90-191 GeV 215-530 GeV m())=1GeV 1403.4853, 1412.4742
20 |h 210-640 GeV m(P})=1GeV 1407.0583,1406.1122
203 | @ 90-240 GeV m(f)-m(&))<85 GeV 1407.0608
20.3 i 150-580 GeV m(¥))>150 GeV 1403.5222
20.3 i 290-600 GeV m(E))<200 GeV 1403.5222
203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
203 | X7 140-465 GeV m(¥})=0 GeV, m(Z, #)=0.5(m(¥;)+m(¥})) 1403.5294
203 | X 100-350 GeV m(¥)=0 GeV, m(#, 7)=0.5(m(¥; )+m(¥})) 1407.0350
203 | X5 700 GeV mETT)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥} )+m(t))) 1402.7029
20.3 X 420 GeV m(¥T)=m(¥3), m(¥})=0, sleptons decoupled 1403.5294, 1402.7029
203 | &K 250 GeV m(ET)=m(E3), m(¥})=0, sleptons decoupled 1501.07110
203 | X3, 620 GeV mEP9)=m(E3), m(E?)=0, m(Z, #=0.5(m(¥3)+m(¥})) 1405.5086
203 | X 270 GeV m¥T)-m(¥])=160 MeV, 7(¥})=0.2 ns 1310.3675
279 |2 832 GeV m(E7)=100 GeV, 10 us<7(2)<1000 s 1310.6584
19.1 z 1.27 TeV 1411.6795
191 | & 537 GeV 10<tanB<50 1411.6795
203 | &) 435 GeV 2<7(¥})<3 ns, SPS8 model 1409.5542
203 |d 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
4.6 45;,=0.10, 2;3,=0.05 1212.1272
20.3 .8 1.35 TeV m(@)=m(g), ctrsp<1 mm 1404.2500
203 | X 750 GeV mE)>0.2xm(¥5), 1121 %0 1405.5086
203 | X 450 GeV m(P})>0.2xm(¥i), A133£0 1405.5086
20.3 z 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
20.3 z 850 GeV 1404.250
203 |@ 490 GeV m(¥})<200 GeV 1501.01325
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*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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Upgrade goals and motivations

NEW PHYSICS

SUSY

* Squarks and gluinos 1-1.5 TeV

e SUSY particle properties

HIGGS BOSON

* MeasureoxB
* Ratio of H couplings to fermions
 Low rate Higgs couplings

Sbottom pair production, 6, —-b 7(? \s=14TeV
— 77—

1200F

ATLAS Simulation Preliminary

@ ATLAS 20.1 fb™, \s = 8 TeV, 95% CL

e Self-couplings
 Dynamics of EWSB

1000~ e 300 fb ™' exclusion 95% CL
- e 3000 fb exclusion 95% CL
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3-5TeV W’ and Z’ properties

Look for strongly coupled scalars
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carry out the physics
program



ATLAS Upgrades overview

System Phase 0 Upgrades Phase | Upgrades Phase Il Upgrades
Tracking * |IBL pixels * Replace pixel/SCT/TRT with
* Pixel new services all-Silicon tracker
Lar Calo * new LV power supplies | * finer granularity to * full granularity digital readout
L1Calo at 40 MHz to L1Calo
* replace forward calorimetry
Tile Calo * new LV power supplies * completely replace electronics
- digital signals to L1
* improved mechanics
Muons * NSW endcap muon * replace readout electronics
system - precision (MDT) to L1
TDAQ * topology at L1 * new L1Calo * move to LO/L1 architecture
* Fast TracKer (FTK) * NSW in L1Muon * add tracking to L1 (L1Track)

L2/Evt Filter/Evt
Builder on one CPU

* continued FTK

more use of commodity
hardware in HLT/DAQ




LHC timeline

PHASE O PHASE | PHASE Il
LS1 14 TeV 14 TeV energ
. S 5to7x
Do collmaton. s Sryolimit HL-LHC installation o
R2E project regions e
oz oo R B |11
radiation
ST
I B L \ ) L1/L2 p Ixel 2 x nominal luminosity ‘. ITK
experiment beam pipes \ re a d o u t _ experiment upgrade phase 2
}/
upgrade m luminosit

From LHC to HL-LHC
* |nstantaneous luminosities x5 — Particle densities x5-10

* Integrated luminosity x10 — Radiation damage x10
* Increased overlap of pp events (pile up x3-5)



Phase 0 highlights

The Insertable B-Layer

& 3

ATLAS IBL Preliminary

Additional 4th pixel sensor layer
* Close to interaction point (33 mm)

* Significant improvement to tracking:
vertex reconstruction, impact parameter
resolution

* The detector has ~0.1 % dead pixels!

Operational Fraction [%]




Phase 0/1 highlights I

Pixel consolidation = 1% ‘ i |
¢ On-detector services replaced g 9F ATLASPixel Preliminary I End of Run i
2 3 . :
*  Repaired all accessible failures 3 8§ 7 0% Il After Re-installation
(~98% modules working) E U3 6.3%
[} ‘_
*  Optical electronics moved to 3 65
off-detector location for improved accessibility 2 Stase
*  Power supply system upgraded 2 45 3.5%
o 3F
) %_ 1.9% 2.0%
Readout upgrade i 1.2% S
Occupancy increase foreseen in run |l operation is 05 — ! - ‘ - ! -
problematic at Run | read out speed 'S ayer 2 ayer 1 ayer 0
*  Anupgraded readout chain is needed for the
two external pixel layers _ 25— 1
i Z o 0.9
*  The IBL readout system offers optimal = - ATLAS Preliminary -
bandwidth S 2~ 80MHz Operation 0.8
< L
*  Compatibility between the on-detector and off- g - 0.7
detector electronics needed the design of a = 1.51 0.6
custom optical recevier - 0.5
Us 0.4
. . - 0.3
Installation in 2015-2016 )51 0.2
B 0.1
0__. T R R B

05 1
Optical power (renormalised unit)

Data transmission efficiency



Phase 1 goals

LHC - 14 month shutdown -
consolidation of injector chain
peak luminosity =2 x 1034 cm=2 st

1ase | Upgrades

Phase Il Upgrades

* Replace pixel/SCT/TRT with
all-Silicon tracker

Lar Calo * new LV power supplies | * finer granularity to * full granularity digital readout
L1Calo at 40 MHz to L1Calo
* replace forward calorimetry

ATLAS

TileCalo |+ new LV powersu Phase 1 LOI (CERN-LHCC-2011-012) ics
* Physics goals (Higgs, SUSY, etc) require ability to

Muons trigger on low p; (~20 GeV) leptons - difficult with

current ATLAS configuration at Phase | due to rates
DAG o i * Forward trigger chambers limit muon trigger
| iematii ) thresholc

L2/Evt Filter/Evt

e Similar limits for EM trigger
Builder onone Ci ®* All the upgrades compatible with Phase Il




ﬂ Fast TracKer

Pixels

Fast track reconstruction for events
_ : & SCT % FTK
passing the L1 trigger. F{+C+)+D Data 1 l
s =%r
e  Crucial to improve QCD rejection in b-jets ';:?rmatter-h
. uster Core Crate
and T signatures Finding AN 5555;23333;
e Hardware based pattern recognition 100 kHz
and fitting (1 fit/ns) Event
Rat
* 1 billion patterns (roads) stored e
(AM Chip 06 hold 128k patterns / chip) Second Stage Fit (4 brds)
*  Provides input to the HLT Track Data FLIC
 Installation started, with modular usage YYYY ROB
ramp up (full coverage in 2018). Raw Data FTK ROBs |=HLT
ROBs FProcessing
0 LA U L BN BN BN LRI BN
TWO STEP TRACK FITTING £ 1EATLAS Barrel (| < 1.1) 3
S - Simulation \s =14 TeV 7
| — Offline Light-Flavor <u> =60
® 10" — offline b-Jet E
N = —e— Re-fitted FTK Light-Flavor 3
g [ —e— Re-fitted FTK b-Jet ]
1) Pattern S 102 <
.l Z - 3
Recognition .F |
10 3 E
N L 10°E E
\q\ ¥ 0 1 2) TraCk ﬁt N - ]
AN - — | full resolution 10 E T T PO U T
< z X ! _ 2 15 -1 -056 0 05 1 15 2
U q\ z 2 ') Of the hItS do [mm]




Muon and Calorlmeter upgrades

New Small Wheels: reduce fake rates and keep

precision at high rate

* Improved muon tracking from |n|>1.3
* Resolution <100 um

Micromegas (1200 m?)

e Precision tracking

* High rate capable

Small-strip thin gap chambers (1200 m?)

* Triggering with timing from bunch ID

* Proven technology
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Level 1 Calorimeter Trigger

Improve granularity
Requires new trigger electronics

Better discrimination between
electrons and jets with the use of
topological information
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Phase 2 goals

LHC - 18 month shutdown - 1ase | Upgrades Phase Il Upgrades

* use of crab cavities for luminosity _ _
) * Replace pixel/SCT/TRT with
leveling .
) _ all-Silicon tracker
e peak luminosity = 5x 1034 cm=s?
Lar Calo *  new LV power supplies [ * finer granularity to * full granularity digital readout
L1Calo at 40 MHz to L1Calo
* replace forward calorimetry
_ ATLAS .
Tile Calg * completely replace electronics

Phase 2 LOI (CERN-LHCC-2012-022) _ digital signals to L1

* improved mechanics

* Detectors must cope with both high

Muons . L o]y * replace readout electronics
instantaneous and high integrated _ precision (MDT) to L1
luminosity

1pAqQ | ¢ Still evaluating options required for . move to L/l architecture
Phase Il detector upgrades  add tracking to L1 (L1Track)

* more use of commodity
BUTTUET UTT UTTE TPU hardware in HLT/DAQ

11



Possible Pixel
sensor
arrangement

Phase 2 Tracking Detector

1.5

1.0

0.5

0.0

Phase-Il Tracker Goals
* Good/Robust Pattern Recognition: 11 measurement planes
e Good Track Location at LAr Calorimeter: 1 mm resolution in z

* High muon efficiency and resolution: 20% improvement in H->uu mass
resolution

* Efficient b-jet tagging: light jet rejection factor of 400 for 65% efficiency

Phase-ll Lol Layout (% view)*

Solenoid
eta=1.0 ‘

Cryostat
inner wall

eta=2.0

-~ "Strips
 -5ba
|- -74am
7/ eta=30

} Pixels
-4 ba

to |n|=2.5
rrels, 7 disks
strips

to |n|=2.7
rrels, 6 disks

Beampipe - 638M pixels
I I [ \ \ I I [
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
z(m) *snapshot — still under development
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Development of novel silicon sensors

New silicon sensors are being developed for
the Phase 2 Tracker

* HV-CMOS is a family of CMOS processes where
addition are made in order to allow High-Voltage
(~ 100V) to be used in the circuitry.

Why use this technology for HEP?
* Large-scale, low-cost production possible.
* Possibility to integrate full electronics in-pixel

3200

3100 .
3000 :
2900 2
2800 2
2700 2
2600 :
2500 .
2400 .

Y position [um]

0.745308
2300

2200

400 1000 1200 1 400

X position [,um]

unlrradiated -Bias 12 V

Th 0.84 V
Eff 99.7% -



Phase 2 L1 track trigger

Evolution of FTK for Phase Il

* Regional readout at LO and L1
— Calorimeter and Muons could provide region of interest (ROI)

— Inner tracker is read out and hardware trigger confirms presence of a track
candidate

— Needs additional data stream in front end chip

- = L L L L B B L B B T]
s 1o ﬁ 10° E:.'ATLAS Simulaton il
- s R

ol p » nd '.' ]

- ‘ﬁ\%’ﬁ; % 105 _—‘A-‘ ""-. A Track Matched Isolated Rols _

= E A gy 3

L 1 . = E *, I. e

; - * d

- I~ "'4_ *’*‘* 7

“ O T M -
-Im_.l N PR B 103:— T +Tﬁ —:
1000 i £00 ‘Hkﬁ"" § .H_’. ﬁ;

* Self seeded stand alone 107955025 30 35 20 15 50

— Use paired modules (omit stereo placement)

— Read out only coincident modules (high p)

Rol EEM [GeV]



Phase 2 Calorimeter upgrades

New FCal

Upper LN2 Cooling Loo ~

Lower LN2 Cooling Loop
New Summing Boards

FCAL Cold Bulkhead

. FCAL Support Tube A Gabice
up to Signal
: FCAL 1 Feed-Through
Fooe and HV Feed Forward Calorimeter (Fcal)
S8 FCAL 3 hrough
N PLUG 3 ] *  potential problems with overheating and

signal loss in Forward Calorimeter

* At high intensity beam heating could
cause Liquid Argon to boil

Complete replacement

*  New detector with smaller gaps

*  New cold electronics for HV distribution
* New cooling loops

Installation of a small calorimeter in
front of the current FCal: Mini-FCal

*  Reduces energy and ionization in FCal to
acceptable levels

*  Mini-FCal baseline is copper plate
calorimeter with Diamond detector.
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Outlook

Exciting physics program with 300fb* and 3000fb!
e Search for new particles and measurements of Higgs properties

Technical challenges ahead

* High radiation environment

* High rate of pile up and occupancy
e High trigger rates

LHC and all 4 experiments have coherent plans to perform upgrade of
systems.

* This talk was only a brief summary only a part of the ATLAS upgrade effort

* The Swiss institutes are giving crucial contribution to both Phase | and
Phase Il activities
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Calorimeter L1 Trigger Upgrade

Improve granularity of trigger

* Requires new trigger electronics

e Better discrimination between electrons

and jets with the use of topological

information E
R “3x7
n=
E7,7
1. Rol location based on current An=0.025

Level-1 trigger system

2. Algorithm seeded by most

energetic AnxA¢=0.025x0.1

Super-cell

3. 2nd most energetic neighbour in ¢ _—

(above or below) define cluster /

AnxA¢p=0.2x0.2 core

e

P
4. Add neighbours in n,¢ to form cluster.
Wider eta environment for isolation/
rejection

Ap=0.1

L1 Rates [kHZz]
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ATLAS simulation

—— Electrons

I IIHIH‘

— Jets
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ATLAS simulation
+ —a— ET>23GeV

++ —e— ET>23 GeV and Isolation
+ —&—— ET>23 GeV Isolated, R,>0.94
++ —— E7>23 GeV, Isolation, R,>0.94
and E5%<0.8 GeV

‘H\|HI|\II‘HI|HI|H * T

#
77 ###*{H .. H***H

1%****@5%@:&

L1 EM E; [GeV]
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FTK Main Algorithms

FTK has a custom

clustering algorithm, The data are geometrically distributed

running on FPGAs to the processing units and compared
to existing track patterns.

-

[ 1

|
I

|
[ ]

11
q

Pattern matching limited
to 8 layers: 3 pixels + 5
SCTs.

~ ___ Hits compared at /
reduced resolution.

-

Full hits precision restored in

Good 8-layer tracks are extrapolated E_?[Od r;)ads(.j . |
to additional layers, improving the fit = LU X ) ItS reduced to scalar
Pi j CZJ xJ + g, products.
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