verview of the ATLAS
Upgrade Programme

ALESSANDRO CERRI

University of Sussex




Outline

e Introduction
o Run I: State of the Art
o LHC Upgrade Schedule

» ATLAS Upgrades Towards HL-LHC

o Physics Potential
o Detector Upgrades

e Conclusions

CAVEAT EMPTORS:
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The state of the (ATLAS) art

* We found a pretty SM-like Higgs Boson!

o Mass... Wk

= as predicted! "
= Precise: 125.4+0.44+0.2 GeV .
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o n » ] @

o Spin-parity consistent with o*
o Run I: 40 candidates — Run II: ~500/mode

o H couplings are falling into place too
ATL-CONF_2014-009
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o LHC iS a top faCtOI'Y! ATL-CONF_2014-008 ATL-CONF_2014-055

o Production o ¢ proton structure
o t mass is still an important SM constraint

A. Cerri - University of Sussex
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Exotic

ATLAS Exotics Searches* - 95% CL Exclusion

Searches

ATLAS Prreliminary

Status: ICHEP 2014 f[dt=(1.0'20.3) fb-! ‘/§=7’ 8 TeV
Model Ly Jets ET™ [raqm™) Mass limit Reference
ADD Gxx + 8/q - 1-2§ Yes 47 : : i n=2 1210.4491
ADD non-resonant (( 2e.p - - 203 n=3H2Z ATLAS-CONF-2014-030
ADD QBH — (g Teu 1j - 203 1311.2006
ADD QBH - 2 - 203 10 be submitied 1o PRD
ADD BH high N, 2u(SS) - - 203 . Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high ¥ pr zlep 22j - 203 . Mp = 1.5 TeV, non-ot BH 1405.4254
RS1 Gux — Ul 2en - - 203 k/Mp =01 14054123
RS1 Gxx — WW — (vly 2ep - Yes 47 k/Mp =01 1208.2880
Buk RS Gux — ZZ — llqq 2ep 2j1y - 203 k/Mp =10 ATLAS-CONF-2014-039
Buk RS Gk — HH — bbbb - 4b - 195 590-710 Gev Il k/Mpy =10 ATLAS-CONF-2014-005
Buk RS gux — tt Teu 21b 2102 Yes 143 BR = 0925 ATLAS-CONF-2013-052
s'12, €D 2ep - - 50 1200.2535
UED 2y - Yes 48 ATLAS-CONF-2012-072
SSMZ" — 2ep - - 203 1405.4123
SSMZ" = 1T 2r - - 195 ATLAS-CONF-2013-066
SSM W’ — (v Teu - Yes 203 ATLAS-CONF-2014-017
EGMW' - WZ ~ v 'l 3en - Yes 203 1406.4456
EGM W’ — WZ — qqll 2e.p 2j113 - 203 ATLAS-CONF-2014-039
LRSM W}, — tb Tep 2b01) Yes 143 ATLAS-CONF-2013-050
LRSM W, — tb Oep 21b1J - 203 10 be submitied 1o EPJC
Cl 9999 - 2j - 48 n=+1 1210.1718
. Cl gqtt 2ep - - 203 e =-1 ATLAS-CONF-2014-030
Cl uutr 2epu(SS) 21b,21) Yes 143 IC=1 ATLAS-CONF-2013-051
Bl oo o i momctir ) oo | " ey
EFT D9 operator (Dirac) Oep 1Js1j Yes 203 a190% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1% gen 2e 22j - 1.0 B=1 11124828
. Scalar LQ 2™ gen 2p 22j - 10 B=1 12033172
Scalar LQ 3" gen teptr 1b1) 47 B=1 1303.0526
Vector-iike quark TT — Ht + X lepu 22bz4) Yes 143 T in (T.8) doublet ATLAS-CONF-2013-018
Vectordkequark TT -~ Wb+ X 1eu 21b23j Yes 143 1s0spn singet ATLAS-CONF-2013-060
i Vector-ike quark TT — 2t + X 223eu 2221b - 203 T in (T.8) doublet ATLAS-CONF-2014-036
Vector-ike quark BB — Zb+ X 223e.u 2221b - 203 Bin (B.Y) doublet ATLAS-CONF-2014-036
Vector-ike quark BB — Wt + X 2e,u(SS) 21b 21) Yes 143 8 in (T.8) doublet ATLAS-CONF-2013-051
Excited quark " — qy 1y 1) - 203 only u* and ", A = m{(q") 1309.3230
Excited quark ¢° — qg - 2j - 203 only u* and d”. A = m(q") 10 be submitied 1o PRD
Excited quark b* — Wt 1or2eu1b2jorlj Yes 47 left-handed coupling 1301.1583
Excited lepton (* — (y 2epy - A=22%V 1308.1364
LSTCar — Wy Teuly - 10 be submitied 1o PLB
LRSM Majorana » 2ep 2j m(Wg) = 2 TV, no mixing 1203 5420
Type i Seesaw 2e.p - |V, 1=0.055, |V, 1=0.063, |V, 1«0 ATLAS-CONF-2013-019
5 Higgs triplet H** — (¢ 2e.u(SS) B DY production, BR(H** — (()=1 1210.5070
Multi-charged particies - - DY production, gl = 4e 1301.5272
Magnetic monopoles - - DY production, ig! = 1g0 1207.6411

A. Cerri - University of Sussex

10 mass scale [Tev]

» Limits at ~TeV scale, obviously model dependent...
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SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model 6Ty Jets E"’“, Jeanm™) Mass limit Reference
MSUGRA/CMSSM [ 26jets  Yes 203 memi) 1405.7875
MSUGRA/CMSSM Tep 36jets  Yes 203 any m(g) ATLAS-CONF-2013.062
MSUGRNCMSSM ] 7-10jets  Yes 203 any m(g) 1308.1841
.49t 0 26jets  Yes 203 mu‘.‘).omv,mn‘m.q)-m(:“m Q) 1405.7875
&, Q-.wi‘,' 0 26jets  Yes 203 m(§)0 GeV 1405.7875
. ‘_.w|,_‘w»'\; lep 36jets Yes 203 m(§1)<200 GeV. mi*)=0.5(mi(F?)emid)) ATLAS-CONF-2013-062
28, B—gq(Ll/lv/vw)¥} 2ep 03 jets - 203 m(E})=0GeV ATLAS-CONF-2013-089
GMSB (¢ NLSP) 2ep  24pts  Yos 47 tang<15 1208 4688
GMSB (7 NLSP) 127r401¢ O2jets Yes 203 tang >20 1407.0603
GGM (bino NLSP) 2y - Yes 203 m(§7)>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Tepsy . Yos 48 m(E})>50 GeV ATLAS-CONF.2012-144
GGM (higgsino-bino NLSP) Y 16 Yes 48 m(i})>220GeV 1211.1167
GGM (higgsino NLSP) 2e.u(2) O3jets  Yes 58 m(NLSP)>200 GeV ATLAS-CONF.2012-152
Gravitino LSP 0 mono-jet  Yes 105 m(C)>107 oV ATLAS-CONF-2012-147
F-obbi" 0 3b Yes 201 |® 1.25 TeV m(})<400GeV 1407.0600
Q—-u‘i}: 0 7-10jets  Yes 203 |& 1.1 TeV () <350 GeV 1308.1841
- gt O-1ep 3b Yes 201 |& 134 Tev m(i})<400 GeV 1407.0600
F-obik | O-1ep 3b Yes 201 & 13 TeV miE})<300GeV 1407.0600
byby, by bt} 0 2b Yes 201 |4, 100-620 GeV m(i])<90 GeV 1308.2631
I» h. by -k} 2e.u(SS)  03b Yes 203 | 275-440 GeV {)=2 m(f) 1404.2500
iy —eb¥ 12ep 1-2h Yos 47 |i 11067 GeV! )=55 GeV 1208.4305, 1209.2102
2e, 02jts  Yes 203 i 130-210 GeV ") i, ) m(W)-50 GeV. mii, )<<mif]) 1403 4853
2ep 2jets Yos 203 i 215-530 GeV m(E))=1 GoV 1403.4853
o 2b Yes 201 |7 150-580 GeV/ m(§})<200GeV. m(E])m()e5 Gov 1308.2631
lep 16 Yes 20 |& 210-640 GeV m(¥)=0 GeV 1407.0583
o 2b Yes 201 | 260-640 GeV m()=0 GeV 1406.1122
0 monojetctagYes 203 |7 90-240 GeV miiy)m(i}) <85 GeV 1407.0608
2e.u(2) 15 Yes 203 |# 150-580 GeV m(§’)>150GeV 14035222
e 15 Yes 203 |i@; 290-600 GeV' m(§)<200GeV 14035222
2ep o Yes 203 7 90-325 GeV m(E7)=0GeV 1403.5294
2ep [ Yes 203 |} 140-465 GeV m(F$)=0 GaV. m(Z, a0 S(m(¥} )om(i?)) 14035294
2r - Yes 203 |i; 100-350 GeV 7)=0.5(miE1 Joni¥1) 1407.0350
2 Sen 0 Yes 203 |EhE 700 Gev -0 5(m(E: JomiEh) 14027029
23eu 0 Yes 203 |Ehi 420Gev 0, sloplons. 14035294, 1402.7029
Teu 2b Yes 203 j’.}f 285 GeV 0. sieptons ATLAS-CONF-2013-093
de, [] Yes 203 l{, 620 GeV (E2)em(E2), mE2)e0, M7, 7)=0.S(m(E2)emi(T})) 1405.5086
1 prod., long-| Disapp. trk 1t Yes 203 @&} 270 GeV m(F})-m(T7)=160 MeV., r(¥{)=0.2ns ATLAS-CONF-2013-069
3 [] 15jets Yes 279 |& 832 GeV m(F})=100 GeV, 10 ys<r(§)<1000 s 1310.6584
GMSB, stable ?, n,am- i) 1- Zu - - 159 10<tang<50 ATLAS-CONF-2013-058
Gusa.,_.,(; long-lived £] - Yes 47 0.4<r(i))<2ns 1304.6310
3. .,_.W mpv) 1p, dwl vix - - 203 |4 1.0Tev 1.5 <cr<156 mm, BR(u)=1, m({})=108GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X. ¥, —e(u) + T lepst - - 46 1212.1272
t 2eu(SS) 03b Yes 203 q® 1.35TeV m(,,) m(F). s p<) mm 1404.2500
& dep - Yes 203 |& 750 GeV mE])>02xm(E} ), 4,320 14055085
Seusr - Yes 203 |& 450 GV )>02m(E}). Liye 1405 5085
0 67jts - 203 |& 916 GeV. BR()=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
2eu(SS) 03h Yes 203 |& 850 GeV' 1404.250
0 4jets - 46 | sguon  100-287 GeV incl. limit from 1110.2693 1210.4826
gluon pair, 2e, ;A(SS) zn Yes 143 |sguon 350800 GeV ATLAS-CONF-2013-051
WIMP interaction (DS, Dirac y) Yes 105 m{y)<80 GeV, limit of<687GeV for D8 ATLAS-CONF-2012-147
1

“Only a selection of the available mass ts on new states or phenomena is sh

Mass scale [TeV]

imits quoted are observed minus 1o theoretical signal cross section uncertainty.

» TeV Scale... “less obviously” model dependent!

A. Cerri - University of Sussex
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Last but not least;: SM!

Standard Model Production Cross Section Measurements  siaws: Juy 2014

E 10t 80 b
Ko ATLAS Preliminary Run1 s=7,8TeV
b 106 0.1<pr<2TeV

o 1

105 O o LHCpp Vs=7TeV  LHCpp \s=8TeV 3
B Theory pm  Theory ]
104 njet > 0 D t -1 D t 1 -g
E&)—; ata 45-4.7fb ata 20.3fb 3
3
10 njet > 1 3.1:[ zol _§
p
10 b 24 ot_n_n_*_ upper
L] 491 g 130fb =7
L o e o oo 0.7t
10 ot = 4 2,0 fb? ot |3
e BLLEK] 3‘ 24 [
O e 25 = T 0]
1 njet > 5 etz 4 s 6 s ].“. it : -
-0 O ’ - [
njet > 6 - n : : 3
' njet>5 g - *' : T
10_1 njet > 8 : : qg
njet > 6 n 1 A - 1 E
on H H
10-2 njet>7 el2? : i 3
“ 1 3
i i 3
1

1073 : R

1 1
PP  Jets Dijets W Z tt teechan WW+ WW ¥y Wt WZ ZZ tty Wy Zy ttW ttZ Zjj HoyywWiite chan

R=04 R=0.4 wz EWK EWK

total " |y|<3,0 |y|<3.0 fiducial fiducial total ~ total = total  total fiducial total = total ~ total fiducial fiducial fiducial total ~ total fiducial fiducial fiducial total
y'<3.0 njet=0 njet=0

» Impressive agreement across 9 orders of magnitude!

A. Cerri - University of Sussex 10/12/14




And Now What?
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What’s our best bet?

» The CERN council adopted ECFA’s
recommendation, including prioritisation:

Higgs Boson properties
=~ SM test
= New Physics search

LHC is in a strategic position, including the high-luminosity
upgrade
» HEPAP in US (May 2014) supports and recommends
HL-LHC as “the first high-priority large-category
project”

A. Cerri - University of Sussex 10/12/14




ATLAS Upgrade: Physics Goals

* Understand the Higgs Boson
o Mass, CP, Standard Model couplings,...

» Measure t, W and Z properties
o Strongest coupling to H

» Search for new TeV-scale particles
o What is the importance of this scale to SM?

» Find/understand any Standard Model anomalies
» ...flavour?

A. Cerri - University of Sussex 10/12/14




The LHC Upgrade Roadmap

c splice collimati HL-LHC ,"
o Start: 2018

« 18+3 Months ~3000 fo
3 ~300 fbr’ Aﬁl 2035

LS3: LS1 O Ls2 — | LS3

3 : 13-14 TeV 14 TeV HL-LHC

« Start 2023 ~0ft g > 2

* 30+3 Months 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 m

HL-LHC: Major upgrades for LHC+detectors
New project = significant R&D ongoing

A. Cerri - University of Sussex 10/12/14



ATLAS Roadmap

New Muon Small Wheel
Extended Forward Muon
Improved LiCalo Granul.

New Inner Tracker
: TDAQ Upgrade
New Inner Pixel Layer Q P5
: : Tracking at L1
L1 Topological Trigger
Begin FTK Installation
7,8TeV 13, 14 TeV 14 TeV 14 TeV
1027 cm2s1 - — 2x10% cm-2s-! — 3x10% cm-2s-! — 4x10% cm-2s!
7x103 cm-2s-! ¢
~3000 fb"
~300 fb! Atn 2035
~100 fb-" T
LS1 LS2 LS3
13-14 TeV 14 TeV HL-LHC
~30 fb-! > > >

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 -w

A. Cerri - University of Sussex 10/12/14



ATLAS Tracker: Run 11

» Additional Insertable B layer (IBL)

32-38 mm (vs 50.5 mm innermost layer in Run I)

Fourth pixel layer improves

— 0‘25 1 L) 1 1 1 L) L L 1 A L) 1 1) 1 L) 1 L
d E - —— 1GeV ATLAS
“ 03, ANNA O > e 1GeVIBL
02
do Z0 2 O -~ sGevarLas

v 100 GeV IBL

< 0 and @ @ low p; (~1 GeV) 015 |- 100GEV ATLAS

=~ -
l-_ 0.1 = .
f e * @
A N, 1 E e et —=
] 005k — ‘—: A A A e
:A__A_ AT RTRTA T A A A e s ..
Y A o s L T LT L T L e s AFEM NG
0 05 1 1.5 2 25
n|

First cosmic rays just observed
in fully installed IBL!

A. Cerri - University of Sussex 10/12/14



A. Cerri - University of Sussex

CERN-LHCC-2012-022
ATLAS Tracker: HL-LHC
» Facing x5 fluence Pixels I Double-sided strips
» Higher 1) coverage » 80 — 638 Mchan. e 6 — 74 Mchan.
» Lighter * 50xX400— * 2.45-4.9 cm
» Up to 14 hits/track 25%150/50%250 pum? » 74.5 um pitch
e 1MHz Readout * 40 mrad st. angle
e Slower read-out
(chip size & placement)
B Run IT ATLAS HL-ATLAS
ﬂ ~ - Lioo bionelo? | 400 eta=10
O'HM: Strip Detector . I | l I l 8 =20
el | T ota =27
199 Loxi9 o ’:° :H H ‘-ﬂ (QBDIFM” %ﬂ H ‘Huw PST
oqmﬁl’ - :{i\}\*r:*\-w I I l I |-~ Outer Plxels -
(m':.)‘:' $.08vs 200 s.ans N ]o;im | 'u&I o . [nla;]:.bo‘ P — Inner Pixels beam pipe
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

10/12/14




Detector Mass Distribution

|
- MaterialD|St]‘ibut|0n A°2.5 IIIIIIIIlIIIIIIIIIIIIIIIIII]IIIIIIIII]IIIIIIll-f:
Lol-ITk Current ID o
i L ervices
C OrT
EscT
W rixel
[CJBeam-pipe

» ITK has significantly less detector mass in tracking
volume

A. Cerri - University of Sussex 10/12/14



Performance with IBL and ITK

» Lifetime resolution improved by ~30% wrt Run I
» Higher p; reach further enhances resolution

Q [rrrryrrrryrrrrprTr T T T 'a‘ 0~2,"‘l"' rTTTTTTT T T T T T T T T T T T T T T T
[\] 4 ] Q - 7
3 o —e— ATLAS2012  <u>= 20 1 = 018 —e— ATLAS 2012 <u>= 20 —
0.1~ ——w— IBL Layout6,6 <u>= 60 7w - ]
§ ‘; —a— IBL Layout 11,11 <> = 60 1 @ 016 | «— IBL Layout, <u>= 60 =
§ 0.08- —~— ITK Layout 11,11 <p> = 200 N 0'14? . —=— ITK Layout, <u> =200
= . ] - %
2 ] 0.12F ATLAS simulation
0.06[~ *= 4 ] 0.1f * Preliminary
i . ATLAS simulation 4 0.08
o o " mi B . —
004" 1, Preliminary ] -
[ s I 0.061
0.02 ) 0.04F
- 0.02 =
ok 0:,“1.“1.“.1“.1‘.“1,.“1. el ]
0 0 10 20 30 40 50 60 70 80

p,(BY) [GeV]

3 02 """""  RARANRARANREALS RALLY LANEN LARRE RARLE ILILLL:
Qo F §
— 0.18; —e— ATLAS 2012 <u>= 20
. 0~ 35 fS ?2; 0.16: ——— IBL Layout 11,11 <p> = 60
© 0 14’ —— ITK Layout 11,11 <p> = 200
0-12; ATLAS simulation
» Soft dependence on #PV!
0.08 3
0065‘ ....... L .
0.04; ““““ prrrbeiove vy v ]
0.02)~ =

. . . :‘ INETE FRETE FNETE FRwe 1ol Alkllklkllkl‘:
A. Cerri - University of Sussex %71077207"30 40 50 60 70 80 90 100 10/12/14
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¢, Predictions

» Improvement mitigated by the (potential) increase in
trigger thresholds!

» Extrapolating this to proper HL-LHC conditions...
your (back of envelope) guess as good as mine!

2011 2012 2015-17 2019-21 | 2023-30+
Detector current | current IBL IBL ITK
Average interactions per BX <u> 6-12 21 60 60 200
Luminosity, fb™ 49 20 100 250 3 000
Di-u trigger pr thresholds, GeV 4 - 4(6) 4-6 6-6 11-11 | 11-11 11-11
Signal events per fb~! 4 400 4 320 3 280 460 460 330
Signal events 22000 | 86400 | 327900 | 45500 | 114000 | 810000
Total events in analysis 130 000 | 550 000 | 1 874 000 | 284 000 | 758 000 | 6 461 000
MC o(¢s) (stat.), rad 0.25 0.12 0.054 0.10 0.064 0.022

NB: topological trigger and FTK not considered!

A. Cerri - University of Sussex 10/12/14



» Forward triggers have higher fake rates
o @3E34 = forward triggers exceed max. storage!

e New Muon Small Wheel (LS2)
o Additional trigger segment matched

o Kill fake muon triggers with high quality
(o~1mrad) pointing to IP

o Coupled to u detector extension to large n (2.5-4)

M-

-
=z

sTGC  sTGC

A. Cerri - University of Sussex

New Muon Small Wheel

CERN-LHCC-2011-012
CERN-LHCC-2013-018

ATLAS Run 201289 [LB 96-566), LHC Fill 2516, Apr. 15 2012, 50ns spacing

Number of Rol

B R e e e e e e e e e s SRR R
ATLAS Preliminary

. L1_MU11 Rol

[:] Rol matched to reconstructed muon

.Rol matchadlopVHOGeV reco. muon 7
7,

Roln

10/12/14



ATLAS TDAQ Upgrade

Run I:

L1 —Dedicated Hardware 75KHz accept rate
L2, L3 (“EF”)— Commercial CPU 3KHz/200 Hz accept rate
L1—HLT via regions of interest

Run II (phase 0 upgrades, LS1).

o L2+EF—HLT (100 KHz @ L1, 300-500 Hz @HLT)

o FTK: global hardware-based tracking for HLT

o Topological capabilities in L1

o Improved pile-up suppression in L1 calorimeter trigger (L1Calo)
Run III (phase 1 upgrades, LS2).

o Refine LiCalo granularity

o New Muon Small Wheel

HL-LHC (phase 2 upgrades, LS3).
o Tracking at L1 (L1TT)
o u Barrel and Big-wheel electronics replacement

A. Cerri - University of Sussex 10/12/14




Event Selection for HF

e Current HF programme based on di-muon triggers

* As L increases, so will u pT thresholds
o Could maintain (4,4) in the first fb of Run II
o Will move to (4,6)—(6,6)—(11,11) by 2016(7)

High pT (~> 60 GeV)
di-muons will appear
as single-u

o L1 topological trigger
= Simple di-object combinatorial
« A, An,...
= Can significantly improve low-p; pu acceptance

for specific modes... An, 80
Jet-muon Transverse mass

HT. Meft

A. Cerri - University of Sussex

o High-p; single-muon triggers can become attractive

/




FTK Upgrade

» Hardware based track finding and fitting
Fully parallel pattern recognition (—AMChip)

109 Pre-loaded patterns (from simulation) : °"5w‘:¢*¢*¢iﬁi+ﬁi_
= Coarser detector resolution 5 O
= Simultaneously compared to oncoming detector hits : 075 ;

Pattern recognition ~done once detector is read-out oot e

FPGA-based track fitting (1 fit/ns): E O ottt e
= Track parameter determination [ Lo
= Solve combinatorial problem within one “pattern” § o TS '

o Full IT volume tracking ED S e
down to 1 GeV 5 o .J".I":
Within 40 us e

» Being deployed along Run II! e

FTK will provide additional flexibility in the selection of HF
events with the ATLAS HLT

A. Cerri - University of Sussex 10/12/14




FTK Use

» Improve rejection at HLT level:
o Exploit complex topologies (J/ype, K*11...)

o Lifetime cut
o Much more selective mass selection than what possible @L1

» ATLAS as a “parallel” LHC-B physms experlment at
“levelled” luminosity
o 1 GeV tracking
o 4ish GeV muon ID
o Offline-like resolutions

A. Cerri - University of Sussex 10/12/14



Tracking at L1 for HL-ATLAS: LiTT

___________ T Ty
0.8F

€ oef
» Complement muon and EM § I, e
: = sk e
trlggers : giﬁ_ M e Current L1Muon
. 03f + B 223537; 8:%?
o Improve muon p; resolution ook L o "
0.1 s
O Improve EM ID G(;---”"I1l()I o 50 I3|0I = ‘4|0I = 'SIOI = IGIOI )
p_[Ge
» Implemented as 2-level scheme o
o Accommodate legacy electronics § e, . e
o Reduce links from strip tracker é OE e, ¢
— Reuses phase-1 L1 trigger improvements ol ++++++ ey, ]
E +++_ W 3
for new Lo - T ”””HﬁT
» FTK technology effective on Rol-based approach E o z-jﬁ PO TE
Rol EE [GeV]

What potential for HF selections @L1?
» Better mass/angular resolution @ L1
» Further potential in non-topological approach

A. Cerri - University of Sussex 10/12/14




A New Trigger Level in HL-ATLAS

Most of “2019” L1: 500 KHz, 6us latency 4z New L1: 200 KHz, ~30us latency 3
Front End | Level-0 § Level-1
i Muon Trigger
Muon MDT : 99 : R MDT
! i - T [ ]
Barrel —> E:;ﬁ' S > E rigger
: “| MuCTPi ;
Endcap/NSW [-—> E:giiap —
. ‘| Level O > Level 1
| Central Trigger Topo/CTP [ —| TopolCTP [ L1A
Tracker ! LOA
v s
ITK RODs : LiTrack |—
Calorimeters | Calorimeter Trigger | | B
DPS/TBB >| eFEX/FEX §
. ; LOA i
Calo RODs |- ; L1Calo

Under investigation: LoA/L1A at 1 MHz/400 KHz

A. Cerri - University of Sussex 10/12/14




Conclusions

* Onia/HF program in ATLAS will remain healthy
o If a little boosted

» Preparations for first Run II quarkonium/B physics
measurements show us the way as £ grows:

o Must maximally and cleverly exploit improvements:
« Tracking
« Trigger HW and strategies
=« Muon coverage
o Low p; reach will become increasingly harder
x There may be exceptions for specific modes/topologies

o Study of high-p; and/or complex topologies favoured as £
increases

» The tools are there: we need to get creative!

A. Cerri - University of Sussex 10/12/14




Backup

A. Cerri - University of Sussex

10/12/14




The ATLAS Run I
trigger

3-tier system

 Level-1 > HW
implementation

« L2+L3 commercial CPU

« L1—HLT via Regions of
Interest

A. Cerri - University of Sussex

Trigger

High:Level

5o
. DataFlow 2c
v/ 29
Sub-Farm ne
Output T B S

& Z S o
oy p /Y. /7 .w —
2L Event Filter ‘//‘ ¢ L 5 Ly

— Network % o

75 kHz

Central Trigger
Processor

A ¢ ha D

Licalo

40 MHz

Sub-Farm /%
L 12‘!

Data Acquisition

777

Read- Read- Read-
(o]1}4 Out Out
Drivers Drivers Drivers

Front-End




0.1 x0.1 0.025 x 0.1

Phase I trigger upgrades ¢

(2019) ~ =

Phase 0: Current Phase 1
° L2+EF — HLT Tile Extended-Barrel
» FTK: global tracking for |_I05 s 4
HLT (installation completed with phase I) %'“ }/{‘ ,—“é_r,s: TGC |(TILE . E'-:4) 5 rec
. Yo, e A :,Aw’" e A"G'::,, e VLt cm:ct e:ce EOL
- Topological capabilities at =" [l L_1o<in<13

L]_ . RPCs n=1.3
BOL | /

° Improved plle—up . 2l ::\r/\\;z;ci:
suppression In LiCalo B B [1s<ni<as
6 JRTEN) 0
BIL
Phase I: ‘

 Refine LiCalo granularity . |

« New muon small wheel
(NSW)

Reduced fakes, improved resolution
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ATLAS for HL-LHC (2023)

» Software and Computing

* Detector: <U>~140 @ 25nS X-rate
Brand-new Si detector = 2-3x10'° 1 MeV neutron,,/cm?
« Inner tracker (ITK): pixel+strip
LAr calo electronics
Muon drift chamber

Forward detector
Shielding

» Trigger:
L1 Track Trigger (L1TT)
u barrel & big wheel electronics
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Detailed ITK Performance
L3 4
Integration and Performance § g T
. . . . . . © B & pileup=50, ITk ]
» Cooling, services, integration, removal, installation & \ pileup=140, ITk ]
. o . . —— 30 S & pileup=200, —
etc all being studied and key is understanding 3 1R e . 3
activation issues s + pleup=23, ID+IBL ]
. . . . 4 pileup=50, ID+IBL
« Optoelectronics (GBT) being working on in common 0% E
with other experiments B ]
«  DAQ/DCS exists for prototype operation but not yet 105 # IP3D+SV1 E
designs for final system - ]
« Detailed layout optimisation underway to b5 oe 07 T os oe 1o
understand cost/performance trade-offs b-jet efficiency
B [ amas smuaton ] 8 ol ' ' S - AR RRRERRRAS
© —e— 100 G2V upgrade tracker g F — P ]
;,_ —w— 50 GeV upgrade tracker E B ] E ___.__._:_—::_.__._ ]
10° —¥— 5GeV upgrads tracker A . ] i _.__.__.__.__._—'—:
0.9 — — 09+ —_—— -
- 5GeV — ] - 100 Ge ]
08 | ATLAS Simulation _.__.E 08 | ATLAS Simulation ]
L ——5GeV Muons, <u>=140 - . ——100GeV Muons, <u>=140 .
F —=—5GeV Pions, <u>=140 - - —=—100GeV Pions, <u>=140 B
102 : —— 5GeV Electrons, <u>=140 : : —=— 100GeV Electrons, <u>=140 :
L TS 1 25 I - - R
1 n n
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ITK Status

Str1p Detector
New prototype n-in-p sensors delivered with 4 rows of 2.4cm long strips at 74.5um pitch
¢ New (256 channel) 130nm CMOS ASIC now received after mask corrections
* Many strip modules (single and double sided) prototyped with 250nm ASICs
» Large area stave DC DC prototype (12ocm>< 10cm) produced and under study

* Serial an DC-DC powering studied in dil n sh versions of 2nave
* Several other new chips (HCC, HV multiplex, SP, DC-DC,..)
Wedge for Forward

* Hybrid/module de51gns for these completed - Tracker and Global
) : vo Mechanics

* Local supports extenswely prototype
further material reduction achieved

* Progress in Petal and Stave support designs

» End-of-stave card for 130nm developed
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More on L1 Topo

New L1 hardware for topological cuts Example : using An cut for Hott

r T T T T T 3 ("] r T T T ]
18F ATLAS Simulaton o £ 0'22;_ ATLAS Simulation

L1Muon 18] G=14Tev E 001'8:_ E=14Tev 1

RPC & TGC 4 ~—Hadronictau | 2 0.8 — \z/lf :1 LI

12f ——Leptonictau 3§z 0-14f - - Minimum Bias

- E 012f E

L1Cako Object “F 3 < 04F E
Multplicities - E CF E
& Energy Flags B 4 0.081- =
F E 0.06} E

04F E 0.04f =

021 E 0.021- - =

okt 1 1 1 h P ok e e E

0 20 40 60 80 100 120 140 160 180 200 1 2 3 4 5 6

true p_ [GeV] Anfr,T)

Example : using A¢@ cut for Higgs from Vector Boson Fusior

TTC Partitions
rs 400 +~1000, r
A A¢ s F _] MinBias_mugt mc12 14 Tev = 0ol [) Mingias muet mc121aTev  ATLAS Preliminary
n, THOE —— ZH125_nunubb me12 8 Tev 2 b ——— ZH125 unubb me1z8 TV Simulation
a8 F 800[
SH0F- Events wirn at least twe L1 cenraljots E 700k
“oof.  ATLAS Preliminary 5 g
L 4 o Simulation 00 s
s 200 500}
150/ 4001
Jet-muon Transverse mass a 3005
100 =
- 2001
e 100f-
0 L 1 L PR T 1 Al N : L aadaaaa laaal 1 | 1 |
0 0.5 1 1.5 2 25 a 05 1 15 2 3 35 4 45 5
min [dPhi{L1_MET, L1 central jets)! min dR(L1 central jets)
Ty leff (@) (b)
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Future Physics Reach

Events/GeV / 3 ab-1

ATLAS Simulation

f L dt = 3000 b

——
ttH production
with H = vy

|

O tH

Bl WH
CJzH
VBF
399

| 4

| w

@@ diphoton
B ttbar

130
diphoton mass [GeV]

tt Fusion

ATL-PHYS-PUB-2014-012

O Gives direct access to Higgs-top
coupling (intriguing as top is heavy)
O Today’s sensitivity: 6xSM cross-sectign:
0 With 3000 fb expect ~200 signal
events (S/B ~ 0.5) and significance 8.2
O Higgs-top coupling can be
measured to better than 10%

~

Events / 0.5 GeV

10'°

Is =14 TeV

9
10°E™ ['Ldt = 3000 fb”

10°
107
10°
10°
10*
10°
102 =

L L L B L
ATLAS Preliminary (Simulation)

[ Events - Bkg/ 2GeV

T

—Z->uu
- tT — pvX pvX

— WW- pvpv

- 99 — H— pp, m =125 GeV

5000

O Gives direct access to Higgs couplings
to fermions of the second generation.

O Today’s sensitivity: 8xSM cross-section

O With 3000 fb! expect 17000 signal eve
(but: S/B ~ 0.3%) and ~ 70 significance

O Higgs-muon coupling can be

measured to about 10%




Future Physics Reach (Cont’d)

________________________ 100000000 3000 fb! ® Total Events

Aim to measure as many Higgs couplings to fermions and R I
bosons as possible to really test if this is the SM Higgs or a 1000000
pointer to the BSM physics we know has to exist 100000

HL-LHC (3000 fb): a true Higgs factory: 10000

d > 170M Higgs events produced 1000

O > 3M useful for precise measurements .

)
LHC gg_) H (50pb); e+e__) ZH (O.2'O.3pb) 10 bb m VY] cc agg vww Ww zZZ Zy  Jlgy

See Appendix of ECFA-13-284 for many more details ‘

« Over 100M
Higgs bosons
100000000 ] ¢ 20K H->ZZ-
Higgs < 400K yy
Factory <« 50 H-J/yy

10000000

1000000

ag VBF WH ZH fitH



L1TT Finding tracks: FTK style

¢ LiTT input B/W:

- \L1/R3 data A schema similar to FTK
~

o . . . - — =" staves
o Limit with fine nxg =
. ]
segmentation: pre M oo
Pr>4 GeV processor I matching ) 1'1_A>
$ L] LaTracklogic m
0.05%0.05 | Lo Rols i
T/ Lvatenndocnd 0 o e e - - e - = J
(12600 towers) '
Npattem O NPileup ™ = 2V iayer
¢ How many patterns? arem R T

o Current FTK design based on 8000 AMChip6 = 109 patterns
(higher capacity AMChip evolutions possible —Gentsos presentation)
o FIK— LiTT:
x  Same detector
= x2-3 pile-up increase
x 8/12 — 12/14 layers
Possible with mitigation from RoI-based concept? Increase pT threshold?
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L1TT Alternative approach
Rol-less hierarchical approach:

« Limit off-detector data flow:

« On-detector “stub” finding based on double-sided detectors
« Match 2-3 “stubs” for further pT discrimination
 Fast cluster-finding in pixel detector

« Compatible 4 Gb/s readout rate per detector stave

 Variation (sketch below): detector layer doublets at 4-5 mm distance

80 pum pitch—

256 Channel

Analog

1 Fronl End Dala
2 Data from Pipeline Input
- | orrelator
Bank 1 Data Bank 2 Data
$ $ Separately
enabled block
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L1TT Outlook

» Tracking at L1

O X3-X10 rejection improvement

* 6/30 ps Lo/L1 latency splitting possible with proposed
double buffering scheme
o 1-10% of detector R3
o 500 kHz Lo and 200 kHz L1 rates

» Additional flexibility in the ATLAS TDAQ pipeline

Next steps:
2015: full specifications for L1TT
2016: Inner TracKer TDR
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