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Phase |: currently Phase 2: currently
Two ATLAS upgrades: doing installation under construction

and commissioning

~2Xx more data ~15-20x more data

than current Run 2 than current Run 2

data set data set

~80 collisions/x-ing ~200 collisions/x-ing
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Outline

Phase-1 : Summary of upgrade

Phase-2 (HL-LHC) :
* Physics Prospects
* Sub-system upgrades:
* Tracker
* Trigger+DAQ
* Calorimeters + Muons
* New timing detector

This talk focusses on the physics goals and detector performance,
the following three talks will give info of the technologies and status
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Phase-|

2x nominal LHC |luminosity
Main Challenge is trigger rate related
Trigger menu dominated by e and [ lepton triggers

Elliot Lipeles UNIVERSITY 0f PENNSYLVANIA 4



Phase-1 Upgrade -

Electron and photon triggers Phase-1 LAr TDR

New Liquid Argon (LAr) calorimeter trigger path with finer granularity
s |
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Phase-| Upgrade -

Improving muon triggers requires new chambers

New end-cap muon chambers: e
12m] V=10 10<n<13 [EOt
New Small Wheel (NSW) T 4 —"=
. / AN : 0 | /I\ e -
N S ‘ N X N 5 e ,//NSW&TGC i
) 7/ \\\i S / // 8 \ oy coincidence 4
BML[TTT 217 3[4 |5 ] " 13<|n| <24 N
= st s :
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8 10;(I10I | I I I I I I I I I l I I I I | I I I I I I I:
] - ATLAS Preliminary E
; 95 Data 2017, s =13 TeV J.L dt=2.91b" ]
2 8F — L1mu202017 =
T — [_]rejected by Tile coincidence -
@ 7—_ re!ected by RPC Bls 7/.8 coinciden_ce (gstimationJ _:
— [_]rejected by NSW coincidence (estimation) -
— [l expected distribution in Run 3 _
6 [ offline reconstructed muons =
55_ [ offline p_ =20 GeV _E
| f—
Two technologies: Phase-1 Muon TDR sE ]
* sTGC: timing resolution for triggering 2 .
* Micromegas: high resolution (100 pm) 1 v

for offline momentum resolution
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1MuonTriggerPublicResults#Performance_plots_for_Phase_I_up

Phase-2 -

5-7.5x nominal LHC luminosity

20x data (=big reach)

Demanding 200 collisions per crossing (aka pile-up)

High particle fluence challenge for detector radiation tolerance

ATLAS

Physics Prospects EXPERIMENT
e o o HL-LHC tt event in ATLAS ITK
* Many sensitivity at <>=200
studies, but just
scratches the
surface of what

will be done

Detector Upgrades
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Broad Physics Program

High precision Higgs Coupling

High precision(2-4%) WV, Z,
top, bottom, T, gluon, and
photon measurements

Precise 2nd generation

/
\

coupling measurement

I | I | | I I I I I | I I | | | I I I I | I I I I I | I I

ATLAS Preliminary Total e  Stat. Syst. ==

Projection from Run 2 data

{s = 14 TeV, 3000 fb" Total Stat  Syst
Kw i +0.022 ( +0.008 +0.020 )
Ky ¢ +0.017 ( £ 0.008 +0.015 )
Ky e +0.040 ( £ 0.012 £ 0.037)
Ky, =2 +0.037 ( £0.014 £ 0.034 )
Ky e +0.026 ( £0.010 £ 0.024 )
Kq El +0.029 ( £0.011+£0.027)
Ky o +0.021 ( + 0.009 + 0.020 )
Ky == +0.070 ( +0.064 +0.028 )
Kz, ===  +0.123(%0.097 £0.076)

o +0.033 (£ 0.015 £ 0.029 )

===
ConStraintsonrareSM/,B,B.S"f.|...i...|...|...|...|...
Higgs decays 0.6 0.8 1 1.2 1.4 1.6 1.8

Parameter value

Strong indirect constraints on BSM Higgs

decays (without reconstructing the decay!)

ATL-PHYS-PUB-2018-054
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https://cds.cern.ch/record/2652762/files/ATL-PHYS-PUB-2018-054.pdf

Broad Physics Program

T | T T T | T T T | T T T | T T T | T T T I T T T | T T T
. . . ATLAS Preliminary Total ke  Stat. Syst. [
H |gh P recision Projection from Run 2 data
Vs = 14 TeV, 3000 b’ Total  Stat  Syst
Comparlng to HL-LHC ggF ol +0.024 (+0.008 +0.022)
Run 2 limits b)l VBF £ £0.042(+0020+0036)
PrOdUCtiOn WH =+ +£0.077(+0.041+0.065)
P rocess ZH @ +0.049 ( £ 0.034 + 0.035)
ttH Eﬂ +0.053 (£ 0.019 £ 0.050 )
1 | 1 1 1 | 1 1 1 i 1 1 | 1 1 1 | 1 l 1 | 1 1 1 | 1 1 1
0.6 0.8 1 1.2 1.4 1.6 1.8 2
Cross section norm. to SM value
| | | L | | L I | L | | L | LI | 11 I | L | | L I 11 | | L
ATLAS —e— Total Stat. [ Syst. SM
Vs=13TeV, 24.5-79.8 fb"
m, =125.09 GeV, |y, | <2.5
Run 2 Pey = 76% Total Stat. Syst.
M M | 0.07
||m|ts b)l ggF FH=o=H 1.04 +0.09(%0.07, 505 )
. +024 ,+0.18 +0.16
PrOdUCt|On VBF = 121 _g00 (0175 -013)
+040 ,+0.28 +0.29
prOCGSS WH — o — 1.30  _g3g (—027: —027)
zZH = — 105 "o5s (£024, 017
{EH-+tH He—s — 121 "o%e (+017, o%e)
| | 1 1 1 | 1 1 1 | 1 1 1 | 11 1 | 1 1 1 | 1 1 1 | | I | | 1 1 1 | 1 1 1 | 1 1 1

06 08 1 12 14 16 18 2 22 24 26
ATL-PHYS-PUB-2018-054 Cross section normalized to SM value
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Broad Physics Program -

Higgs self-coupling

FY = 20 )2
Higss self-coupling is an unmeasured Vg'g) = wo'¢+1(4'9)
parameter of SM > WH? + WwH + %H“
2 .
FU”)’ PFEdiCted in SM AHHH = KHHHH = m—H . Mass Self—coupllng
2v? term

Directly probes shape of Higgs potential

Can be probed through pair
production ...or indirectly in single Higgs couplings

t

I
|
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I
|
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7
\
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Broad Physics Program
Higgs self-coupling from Higgs Pair Production

4b and bbTT are very hard to trigger on
One of the trigger upgrade design drivers \

—_ 8 llllllllllllllllllll Illll]llll]llll[llll —_ 8 llllllllllllllllllllllllll oo
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n _ n I —— :
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=~ 7 Simulation and Projections from Run 2 data —e— pb1t B ~ . Us - Simulation and Projections from Run 2 dat&_—s— bbtt =

[\ /s = 14 TeV, 3000 fb™", x, = 1 = . * C Vs =14 TeV, 3000 b, x, = 1 .
E 6 -§ No systematic uncertair};ties —— bbyy % 6 - Systematics uncertaintie; included —— bbyy e
' 5F - Combination ' s —~— Combination -
4 4% -
3
ok
1
%0
K)\, Kk
Without systematics With systematics

ATL-PHYS-PUB-2018-053
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-053/

Broad Physics Program

Electroweak Probes

Many SM probes including
vector boson scattering (VBS),

quartic couplings, sin 0., ,W

P

E.e. INWWVBS, it is still unknown
whether the discovered Higgs
boson preserves unitarity of the
longitudinal VV scattering amplitude
at all energies,

6% measurement of the cross-section

| .80 significance for WL WL =W W,
scattering at SM level

ATL-PHYS-PUB-2018-053

Expected Significance

IIII|IIII|IIII‘IIII|Illllllll

ATLAS Simulation Preliminary
s=14 TeV
pp — W{Wjj

———— with all sources of uncertainty
with only statistical uncertainties

lllIlllllllIlllllllllllllIllllllllllllllll

1000 2000 3000 4000 5000 6000 7000 8000

Luminosity [fb™]
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Broad Physics Program

Model independent dark matter searches

Many possible signatures: Mono-jet, Mono-
top, Mono-Z, Mono-Higgs,VBF + MET.

Example Mono-jet quantified with simplified models

300 fb-! 3000 fb-!

I [ 1T 1771 I 1T 1771 I 1T 177 l I s [ T | L I 1T 171 | 1T 17T | L
8 1400; ATLAS Simulation Preliminary _ E 1400‘_ ATLAS Simulation Preliminary ]
— " Vs=13TeV, 300 fb" exp. sys. x1, th. sys. x1 . = [ Vs=13TeV, 3 ab™ exp. sys. x1, th. sys. x1
Ex‘l 200—_ Axial-Vector Mediator - Ex‘] 200 | Axial-Vector Mediator ]
: Dirac Fermion DM exp. sys. x1/2, th. sys. x1/2 : > : Dirac Fermion DM exp. sys. x1/2, th. sys. x1/2 .
1 OOO—_ 9,= 0.25, g = 1 exp. sys. x1/4, th. sys. x1/4  _| 1 OOO - 9,= 0.25, g, = 1 exp. sys. x1/4, th. sys. x1/4  _|
C 95% CL limits ] . . - 95% CL limits B
800:_ Projection from Run-2 data _: | n C rease ~4OO G eV | n 800:— Projection from Run-2 data B
i mediator and ~200 —
600 . 6001 N
i 1 GeV in DM mass ;
4001~ - 400~ .
200 . 200/~ .
i | I [ | I | I I 1 1 | l | | | l | 1 : L 11 I Ll 11 l L1111 I L1 11 I L1 11 I | I I I | i
Q) 500 1000 1500 2000 2500 3000 QJ 500 1000 1500 2000 2500 3000

m, [GeV] m, [GeV]

ATL-PHYS-PUB-2014-007
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Broad Physics Program -

New particle (BSM) Reach

SUSY lives on, also a proxy for other resonant BSM searches
Broad variety of signatures in BSM modes requires flexible detectors
Large increase in reach for classic SUSY signatures

SUSY “trilepton” search for large
Stop decay to neutralinos mass splitting
Wino ¥, ¥, — W* %, Z X, — 3L + MET final state

Tttt )”(0 5{0 - 0 lepton final state
I I 1 1 I

;I __I I T l T T I T 1 I T T | T 7T I T 1 I T T I T |__ ; B I I I I L I LI I | LI | L | | L | L |
8 1400: A-TLAS. o 95% OL exclusion, 0, = 15% (3 1200—_ATLAS Simulation Preliminary 5
;1200__ ?1111111!13}'103 P?:ellbrnlnary ------ 95% CL exclusion, 0, =30% ] — B (S=14 TeV. 3000 b ]
LA St - e ] %5 10001~ | ATLAS 13 TeV, 36 fb” -
£ 1000 DTN kS 3 . 95% CL exclusion (£16,,,), multi-bin_
- Q& . 800~ - 5¢ discovery, inclusi ]
- &L sy ] - ry, inclusive i
800 s /\{\//“‘ —] B All limits at 95% CL
- \A?\,' < . 600 ~
600 A — L o0 _gmmeemmmmm e . i
400, (& ~ S e . -
2005 E 2000 ﬁ " E
0 RN B SO L i - _1 I S AR A BN A B A |I\| A A I I‘\I I AN BN 1:

400 600 800 1000 1200 1400 1600 1800 2000 QOO 600 700 800 900 1000 1100 1200 1300 1400

~ ~+ ~0

ATL-PHYS-PUB-2018-048 m(t) [GeV] m(¥;, %,) [GeV]
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Broad Physics Program

New particle (BSM) Reach ..and for compressed spectra searches

i: if %f )‘(: Zf )Z production, tanB =5, u >0 Pure Higgsino

'a' 107 E_l. LI | I LI | LI LI | L | LI I | [ | I LI I I I

= = Disappearing Track Analysis ATLAS Simulation Preliminary

. {s=14 TeV, 3000 fb", p = 200
10 "7 -~ Al limits at 95% CL =
10° - -
10 ;F ) ?;
10°E ) 4
0.0 4.3 0 _t . o - > 4 .
X, Xp X, Xp X, X, production, tan =5, . >0 Pure Higgsino -~ N
;l . ; I I I I I I I I T I T I I T T T I T T T T I T T T T I T T I L 102 E. . ?E
[0} ATLAS Simulation Preliminary - =~ T lmem T L t( P e =
_ 1 xpected Limit (+1 o,

O, (=14 TeV, 3000 fb _ 10 5o discovery P -
S - All limits at 95% CL = Theory 3
c?fm el R Soft Lepton analysis 7] 1 _E Run 2 Limit (ATL-PHYS-PUB-2017-019) |
zx \\ IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIlI

‘E’ Sl 100 200 300 400 500 600 700 . 800

g 10 0 — m(x,) [GeV]

: — S’igéalntra;c\klet
[~ - _ _ _ . Expected limit (+10) 7 - = Not reconstructed
-7 ) @é)
[ e 5¢ discovery 7
Run 2 Limit (arXiv:1712.0811) .
1= | LEP excluded _ GSD
B 1 1 1 1 I 1 l 1 1 I 1 l 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 l 1
t
100 150 200 250 300 350 400 450 %r oI
- N
m(x) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-031/

Tracker Upgrade

Intense environment
More performance required

* Radiation Tolerance
* Sensor, electronics and
mechanical must survive
to 4000 fb-!
* Inner pixel layers replaced
at 2000 fb-!

* High efficiency with low fake
rate in 200 pile-up (~x10
Run )

* Higher trigger rate

* Higher n coverage

* Minimize material for track
and calorimeter performance
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Tracker Upgrade -

High efficiency with low fake rate in 200 pile-up (~x10 Run 1)

Coverage to n| > 4.0

1800
1600
1400
1200
1000
800

600

30

€ 1400  ATLAS Simulation Prelminary - Good coverage across full n range

= - ITk Layout RS L
1200 n=10 a5 ATLAS Simulation Tk Layout _:!2200
1000 - Prelimingry singldu, p, =1 GeV 372000

800 o5

Number of Hits

600

20

400

lIIIII|lI|IIIIII

15
200

% 70 1000

Inclined sensors provide shorter
path length of particles through
overlap region sensors

I|I|]II|I|I|]II|[|I|]II|[|I|I

10

IEII I [ | | I | | | |
1500 2000 2500\, 3000 3500

N
3
=

~all tracks have 5 pixel hits

Unique ring design allows tuning of
forward sensor placement ATL-PHYS-PUB-2019-014
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Tracker Upgrade

M —o 035 L I L e L
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3 35 4 45 - oF . . . . . . =
— 0 05 1 15 2 25 3 35 4
n/v n
8 1 1 1 1 1 | 1 1 1 1 I 1 I 1 1 I I 1 1 1 I 1 1 1 1
. . . . . | ATLAS Simulation Preliminary ]
Material is complex Material similar to % [ MMkLayout: 23-00-03 _
[ ) [ ) L] EOI8 I ]
sum of contributions Run 2 with > -
° ° O : —.—:
for the sensors, improvement in Qo0.6F -
° ° ° ° e : _D_ —'— :
supports, services, transition region 5 | -
) 5041 =
and cooling 5 [ . :
8 [ . -
E le: | f 0.2r ]
Xample: Impact o - -~ p =100 GeV -
. . > - —= Run-2H- vy, p_>15GeV 1
ImPrOved materlal 0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1
0 0.5 1 1.5 2 2.5
ATL-PHYS-PUB-2019-014 Truth Photon n
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Tracker Upgrade

Tracking Performance

> e L B B L B = j’é3000-'"""'""""""""""'—
o _ ATLAS Simulation Preliminary . i - &) - , _ . .
g - {s=14 TeV, HL-LHC Single p - © - ATLAS Simulation Preliminary
& 1_05__ ITk Layout: 23-00-03 —— Single e ] "" 2500_ ITk |ayout; 23-00-03 |
L - Single Particle, p_= 10 GeV 4+ Single © - 8 C p.>1 GeV ’ L
- i o i :
1L ] ‘6 2000 —— Run2[n|<2.4, (1)=38 - Oow
- ] g [ —— ITk ||<2.4, (1)=200 7 fake
B | = I = R
o.95_jIF.lt *I.I.lt_ e 1500: Tk ni<4.0, 1)=200 ﬂ ] rate
- ] - . ~
- m " * 4_I_"'_ ] 1000 o¢¢<% A‘?DGD@ o7
0.9— M M . — : w | - X 0
4 W +3 i L - 4@9@*@@6@@ ]
- . 500 &/ -
0.85— — i & :
w AR ' | | | L vy v b1 0_ PRI T NN SN N NN N AN S NV S NH AT N H O A l_
f -3 -2 -1 0 1 2 3 4 0 50 100 150 200 250 300
. Truth n _ _
Excellent efficiency across all Number of interactions
rapidity for e, Y, TT Linearity of number of track candidates

with number of interactions indicates
low fake rate

good zo resolution gives similar pile-up rejection at low n, better rejection in the forward
region

b-jet tagging, better or similar to Run 2 + with ITK b-tagging in forward region

ATL-PHYS-PUB-2019-014
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Trigger+DAQ

Inner Tracker Calorimeters

Muon System

Systems
TN LOMuon ]
LOCalo -
Barrel NSW Trigger
Sector Logic| | Processor
E Endcap MDT Trigger
oFEX Sector Logic Processor 5
4
>
%)
P Re)
8 (' Global Trigger ) J =
o Event é
—
a Processor 3
o \ y,
T
©
>
Q. CTP
=
?3 I
© TTC
—
[« B —
2 r ™ N
Readout
=
Data
FELIX [ Handlers
\_ J E
2
w
>
%)
( Dataflow R 2
o
Event Storage Event —
Builder Handler ||Aggregator
N —/ _
- E
Event Filter 2
2
~ %)
Processor 2
[ Farm [ L ] -
/ o
>
T
Permanent ?)Tfflﬂﬁg
CERN-LHCC-2017-020

ATLAS Detector

Physics rate increases from Run-2 by roughly
~3.75x, but...

1

* Would like to return £ 4, | ATLAS Smuaion -
g F \s=14TeV -
thresholds to ~Run-1 g 08  Weh E
o 0.7 L — =
= . —— HH—tt bb =
level to expand < o6 B E
acceptance and limit 0.5 Compressed SUSY -
. 0.4F (A m (x,xg)=40 GeV) 3
related systematics 0.3E E
* Pile-up makes 0.2- . :
. . . . 0. £ Target f =
discrimination harder P S RTINS i e S =

0 20 40 60 80 10 120

Lepton P, Threshold [GeV]

Approach
* Increase total rate limit from 100 kHz in Run-1/2/3
to | MHz
* Add even more discrimination compared to Phase-|
upgrade
* Full granularity calorimeter info with a zero-
suppression threshold
* Use of MDT chambers in LO Muon system
* “Global” trigger is a time-multiplexed system that
gets full granularity calorimeter + reconstructed
muon info into one very large FGPA
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https://iriu.web.cern.ch/iriu/UPGRADE/CERN-LHCC-2017-020/

Trigger+DAQ

Full Granularity, full detector effects

Y

These “n” strips are not use in E
full granularity in phase |

w lTIlIllllIITINIIIIIIITIXIIIIIIIIIllllll
L 10°Ek ATLAS Simulation
E 108 422 EM MinBias, (u)=200
. © jTowers 4-jet trigger, ;m|< 2.5
Full granularity = 107F . growers
. 10° jFEX jets*
clustering 0
Improves jet
energy ‘unAh 50 kHz
. "'""""""""""‘."&éﬁl; """"""""
resolution

*Jet p. at maximum ' ' '
efficiency if less than 95% ‘ ' .
Lo b by e ban v e by g by | |

"40 50 60 70 80 90 100 110

CERN-LHCC-2017-020 4" jet p_ at 95% efficiency [GeV]

ratio —

0.3

0.25

0.2
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ATLAS Simulation

—— Electrons, <u>=200

— Jets, <u>=200

lIllllllllllllllllllllllllllllll
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1 I 1 Il 1

0

02 04 06

0.8 1

E

ratin

o Ehighest energy cell Ean local maximum energy cell

Efficiency

Ehighest energy cell + Ean local maximum energy cell

Full detector

" allows for more
anti-kT like
algorithm that
improves near by
jet efficiency

[ T 1T T 71 I T 1 1 71 I T 1 1T 7T I T 1T T 71 T 1 1T T l T l_

] 6:— ATLAS Simulation B
E hh — bbbb, (u) =200, Four-jet trigger at 50 kHz :
1.4 — Antik,4 422EM —
N Anti-k 4 jTowers ]
1.2~ — Anti-k,4 gTowers —
r —IJFEXjet i

1? —_ =+ i
.
0.6F 2 =
0.4( = =
0.2 -
O : 1 _._—f::T | 1 1 1 1 | Il 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 I—

0 50 100 150 200 250

Fourth offline jet p; [GeV]
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Calorimeters and Muons -

Trigger upgrades require | MHz readout with |0ps LO latency support
and readout out of back to back bunches

Both the Liquid Argon and Tile Cal are responding to this using full 40
MHz readout with the event boundary defined in off-detector electronics

Muons are also reading out at 40 MHz plus adding new chamber to
improve trigger efficiency B
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https://iriu.web.cern.ch/iriu/UPGRADE/CERN-LHCC-2017-020/

Forward Timing Detector
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https://cds.cern.ch/record/2719855

Conclusion -

ATLAS is upgrading the detector to maximize physics output from Run 3
and HL-LHC

* Phase-1 for Run 3 is in installation and commissioning focused on
triggers

* Phase-2 for HL-LHC is a broad upgrade maximizing tracking
performance, trigger acceptance, and robust pile-up rejection

* The following three talks will cover more on the technologies that are
designed to achieve these goals and their status.
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Phase-| backup: rates
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Tracker Upgrade
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Tracker Upgrade

Tracking Performance
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Forward Timing Detector

High Granularity Timing Detector

Timing resolution 30 ps (start of run) to
50 ps (end of run)

Improves forward pile-up reject by
~40%

Improves forward lepton isolation, probable
improvements in forward b-tagging, MET,
and other possible applications
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