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HL-LHC - High Luminosity LHC Upgrade

zvysit Run 24-3 luminositu 10x na 3 ab~! (fbmaz ~ 200)
klicové cile experimentu ATLAS (B. di Girolamo, ATLAS LHC RRB, 4/2014)

detailni promérenich produkénich a rozpadovych kanald H(125)

parova produkce HH

rozsireni oblasti hledani nové fyziky az o Am ~ 1 TeV

detailné;Si studium novych objevi v Run-2 a Run-3

vyzaduje znacny rozsah modernizace detektoru ATLAS

vycitaci elektronika

trigger

kompletné novy, radiacné odolny
vnitfni drahovy detektor




Casovy plan

e posun harmonogramu HL-LHC (posun LS3 o rok na zacatek 2024)
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e zari 2015 - ATLAS publikoval Phase-ll Upgrade Scoping Document
- tfi varianty: 200 (Low), 235 (Medium) a 275 (Reference) MCHF
- ty byly posouzeny LHCC a UCG (Upgrade Cost Group)

- zavéry projednany fijnovém zasedani LHC RRB
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Hlavni ¢asti modernizace - referencni scénar

TDAQ (Trigger and Data Acquisition): dvojaroviiovy hardwarovy trigger
(LO/L1) se specifikaci 1 MHz/400 kHz a 10 us/60 us latenci; 10 kHz z Event Filter

ITk (Inner Tracker): rozsireni pokryti z |n| = 2.7 na 4.0
LAr (Liquid Argon Calorimeter)

- upgrade vycitaci elektroniky
- nahrazeni FCal novym detektorem s mensi segmentaci sFCal

- pridani Casového detektoru v 1 od 2.4 do 4.3 pro potlaceni pile-up

TileCal
- upgrade vycitaci elektroniky

- pridani posledni vrstvy do LO mionového triggeru

Mionové detektory
- upgrade elektroniky vcetné triggeru

- rozsifeni v 7 z 2.6 na 4.0 (Very-forward Muon tagger)



Forward Calorimeter

Detector System Reference Middle Low
v/ . (275 MCHF) (235 MCHF) (200 MCHF)
alsl varia nty
Pixel Detector nl < 4.0 Inl < 3.2 Il < 2.7
Scoping Scenarios 4 4
Trigger and Data Acquisition Reference Middle Low ; [No stereo in layers #2,#4]
Barrel Strip Detector v
(275 MCHF) (235 MCHF) (200 MCHF) [No stub layer] [Remove layer #3]
[No stub layer]
Level-0 Trigger System
) ' v v
Central Trigger v v v Endcap Strip Detector v [Remove 1 disk/side] [Remove 1 disk/side]
Calorimeter Trigger (efy) [n| < 4.0 [l < 3.2 Il < 2.5
MDT everywhere MDT (BM & BO only) MDT (BM & BO only) . .
Muon Barrel Trigger RPC-BI Partial 5 coverage RPC-Bl No RPC-BI LAr Calorimeter Electronics v v v
bl s b & Tile Calorimeter Electronics v/ v v
Muon End-cap Trigger MDT everywhere MDT (EE&EM conly) MDT (EE&EM only) v X X
v X X

Level-1 Trigger System

Output Rate [kHz] 400 200 200
Central Trigger v v v
Global Trigger v v v
Level-1 Track Trigger pr>4 GeV pr>4 GeV pr> 8 GeV
(Rol based tracking) [l < 4.0 Inl< 3.2 = 2.7

FTK++ pr>1 GeV pr>1 GeV pr=>2 GeV
(Full tracking) 100 kHz 50 kHz 50 kHz
Event Filter 10 kHz output 5 kHz 5kHz

Detector Readout

[400 kHz L1 rate]

[200 kHz L1 rate]

v v v

[200 kHz L1 rate]

DataFlow

v
[400 kHz L1 rate]

v
[200 kHz L1 rate]

v
[200 kHz L1 rate]

e 235 MCHF

- redukce kapacity TDAQ na polovinu
- redukce v 7 (4.0 — 3.2)

e 200 MCHF

- dalsi redukce v 1 (na 2.7)

High Granularity
Precision Timing Detector

Muon Spectrometer

Reference

(275 MCHF) (235 MCHF)

Barrel Detectors and Electronics

Scoping Scenarios

Middle

Low
(200 MCHF)

RPC Trigger Electronics v v v
MDT Front-End . v y ,

and readout electronics

(Bl+BM+BO) [BM+BO only| [BM+BO only|
RPC Inner layer v v X

in the whole layer [in half layer only]

Barrel Inner sMDT Detectors v

) v . X

in the whole layer [in half layer only]

MDT LO Trigger Electronics v v v

(Bl +BM+BQ) [BI +BM only] [BI +BM only]

End-cap and Forward Muon Detectors and Electronics

tagger

TGC Trigger Electronics v v v
MDT LO Trigger and _ s , o
Front-End read-out electronics
(EE+EM+EO) [EE +EM only] [EE +EM only]
sTGC Detectors
in Big Wheel Inner Ring v e o
Very-f dM

ery-forward Muon Y X X




Vliv na rekonstrukci objekti
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Referencni fyzikalni procesy

e kanaly pro studium vykonu jednotlivych variant modernizace

Inner Tracker + Inner Tracker +
Muon Spectrometer Calorimeter

Detector system Trigger—DAQ | Inner Tracker

Efficiency/
Thresholds
Object
Performance : u* Identification/ : . miss

Physics b-tagging Resolution Pile-up rejection | Jets | Et
Process
H— 4u v v
VBF H — 77" — ceee v v v v v
VBF H > WW™ S vty |/ v v v v oV
SM VBS ssWW v v v v v v
SUSY, x5 — thb+ X v v v v v v v
BSM HH — bbbb v 4




Vliv na vyslednou fyziku

H = 4p o signifikantni rozdily v WW kanalech
- ) . . , .
Scevario  H—dp  2Z0 —~4p Ap/p - o vy npékterych kandlech nové fyziky
Reference 2551 4+ 51 741 £ 27 0.022 L~ LY . £~
Middle ~ 2104+46  351+19  0.024 >cenare M'd,dvle & Low odpovidaji
Low 2014445  336+£18  0.024 X2/ % 4 navySeni luminosity

VBF a VBS (Ap/p)

Scenario VBF H - WW®) VBF H — ZZ(*) VBS ssW*W=
Reference 0.14 0.134 0.059
Middle 0.20 0.137 0.11
Low 0.30 0.142 0.13

chargino + neutralino |

resonance HH — 4b

: SUSY xixg — b+ X | BSM HH — bbbb (Mg~ =2.0 TeV)
Scenario - 1 - int" " 1g,—1
Mass (GeV)  Lir;, [fb7] | Significance Ly, b7
Reference 850 3000 4.4 3000
Middle 770 6000 4.5
Low 675 12000 3.1 7200




summary - Performance

For both experiments the Reference Scenario provide
performant detectors capable of addressing the physics at
the HL-LHC.

The limitations of the Low Scenario are very apparent,
offering significantly worse detector capabilities.

Generally speaking, reduced detector performance affects Standard
Model (SM) physics less severely than signatures of physics Beyond

the SM (BSM).
In the Intermediate Scenario, the nominal physics
performance is only moderately deteriorated.

The detector redundancy is significantly reduced, resulting in a less
robust apparatus, more sensitive to detector inefficiencies and
failures, and less capable of dealing with the harsher running

conditions as anticipated by the ultimate luminosity available.

October 26, 2015 F.Forti: LHCC Report to RRB 31



LHC RRB - rijen 2015

Based on the LHCC and UCG findings and their subsequent endorsement by the
CERN Research Board, the CERN Management is asking the RRB to agree with
the following statement:

“The RRB considers the Step1 of the approval process for the Phase Il Upgrades
for the ATLAS and CMS experiments successfully completed.

A scale of funding between the full funding and the intermediate scenario
seems to meet the performance requirements.

The CERN Management, supported by the recommendations of the LHCC and the
UCG, deems as realistic the availability of prospective funds contained in the
preliminary “Money Matrices” submitted by the experiments.

The experiments are therefore encouraged to proceed to the next step of the
Phase Il upgrades, as described in the document CERN-LHCCC-2015-007 .

The LHCC and the UCG as well as the Management will regularly update the RRB
on progress of the process”



Vyzkumna infrastruktura CERN-CZ

e sedmilety projekt: 2016-2022
e rozsah obdobny jako v soucasnych INGO projektech CERN+ATLAS

+ prostredky na HL upgrade: 25 mil. K¢ / rok
6.1 MCHF pro ATLAS, 1.05 MCHF pro ALICE

— prostredky na “védu” (uziti infrastruktury) - prostor pro dalsi projekty

— investice (je mozno se o né uchazet v programu OPVVV)

e projekt je zafazen do nové Cestovni mapy
vyzkumnych infrastruktur CR 2016-2022

e rozpocCet Ceka na schvdleni rozsahu programu

Vlddou CR

- ve hre jsou varianty s kracenim na 80% a 90% a rozsifeni
o projekty A3-A4

- pro neshody, jednani vlady v tomto bodé bylo v pondéli

aaaaaaa
for Research, Experimental Development

preruseno a odlozeno na 21. 12.

MINISTRY OF EDUCATION



Navazny program OPVVV

e ocCekava se vyhlaseni zitra (17. 12.)
e parametry (presentované H. Dlouhou na vcerejSim seminari):
- 4 leta vyzva (a pak snad nasledna 3 letd)

- otevreny pro vSechny VI hodnocené stupném Al-A4

Shrnuti
e proces schvalovani HL upgrade se dostava do faze pripravy TDR
- ATLAS HL upgrade bude na drovni mezi 235-275 MCHF

e oblasti a rozsah prispévku CR do modernizace ATLAS se v pribéhu roku
upresnil:

ITk (navazujici prispévek M. Havranka), elektronika TileCal, AFP
e financovani CERNskych aktivit skrze projekt Vyzkumnych infrastruktur

- brzy se dozvime, v jakém rozsahu



Backup




Produkce H a vazbové parametry

ATL-PHYS-PUB-2014-016

ATLAS Simulation Preliminary e vazba mezi H a ostatnimi ¢asticemi

(s = 14 TeV: [Ldt=300 fb™ ; [Ldt=3000 fb

- v SM je tmérna hmotnosti Castice

H%’Y'Y (Comb') v = V4 \Ya4 /] o0
e z Cetnosti rozpadovych a produkcnich kanali

- u statisticky limitovanych kandld (H — pup) lze
ocCekavat zlepseni az faktorem 3 (~ 1/10)
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Produkce H a vazbové parametry

— ATL-PHYS-PUB-2014-016

W T 7
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1.2 300 fb™, w/o theory ------- 3000 fb™, w/o theory =
1,157 1 Standard Model 4 e pfisimultannim pokroku teorie
1.1 = |ze ocekdvat proméreni vazeb s
1.05F E presnosti
1 =
- J Ky 3%
0.95 = 4
3 L E kr ~ D%
0'95 ATLAS Simulation Preliminaryg 4
0.85¢ o ws=muaTev 2 ¢ jmplikace pro modely za SM
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Ky

e VBF kanal H — TpqqTiepe:  cCitelné vylepseni presnosti pfi rozsifeni
drahového detektoru do dopredné oblasti ATL-PHYS-PUB-2014-018

Ap/p ~ 24% (Run | rozsah) — 8% pro |n| < 4

e dle mého nazoru tohle jsou “legacy measurements” HL-LHC



