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Upgrades:
Exploiting the Full Physics Potential
of the High-Luminosity LHC
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LHC Run-2 Legacy and Run-3 Preparation
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http://iopscience.iop.org/article/10.1088/1742-6596/513/2/022032/meta
https://cds.cern.ch/record/1095924

German ATLAS/CMS Institutions

Maps: mapsvg.com, CC BY 4.0
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DESY, Hamburg
(Y

Universitat Hamburg

HU Berlin

DESY, Zeuthen

& Dortmur:d University ® University of Gottingen

® University of- Wuppertal
RWTH Aachen
University ® University of Siegen
1< ® Universify of Bonn
® Giessen University

T Dresden e

¢ JGU Mainz
e JMU Waurzburg

® Heidelberg University

e Karlsruhe Institute of Technology

Max Planck Institute for Physics
®

®
e University of Freiburg LMU Munich

CASUS, G('jrlitz.

ATLAS

13 universities (soon: +TU Munich)
DESY (Hamburg+Zeuthen)
MPP

11.7% of ATLAS authors
~240 physicists
~210 doctoral researchers

ATLAS |
\\ \\ o

EXPERIMENT

CMS

3 universities (Aachen (3 institutes)
Hamburg, Karlsruhe)

DESY (Hamburg)

CASUS

7.1% of CMS authors
~140 physicists
~120 doctoral researchers

Project Funding
Federal Ministry of Education & Research (ErUM-Pro, ErUM-Data, FIS)
Helmholtz Association, Max Planck Society

Additional funding by:
Deutsche Forschungsgemeinschaft, European Research Council
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https://mapsvg.com/maps/germany
https://creativecommons.org/licenses/by/4.0/

Major Responsibilities RATLAD
Responsibility ATLAS

EXPERIMENT

Silicon Pixel and Strip Tracker Silicon Pixel and Strip Tracker
Detector Operations & Muon MDT Chambers & New Smgll Wheel Muon DT and GEM Chambers & Electronics
Upgrades LAr Calorimeter & Electronics HCAL/I_—IO, CASTOR
Forward Detectors L1 Trigger & HLT
L1 Trigger Beam Radiation & Luminosity
b-Tagging, W/H/t-Tagging Tracking, b-Tagging, Vertexing
Calibrat Identification of e/y/{/t) Identification of e/y/d/)
alibration & D =t
Analysis Tools Jets & MlSSlng Transverse Momgntum Jets & Mls_smg Transver_se Momentum
Data Quality, Beam Background, Alignment Alignment, Luminosity
Monte Carlo Generators Monte Carlo Generators, Machine Learning

Tier-1 and Tier-2 Centers

Core Support Tier-1 and Tier-2 Centers

Computing

@ Responsibilities typically follow contributions to building the experiment

RECFA Visit to Germany: ATLAS/CMS Ulrich Husemann, KIT



Computing ATLAS =

EXPERIMENT

@ Strong German involvement in ATLAS/CMS computing
(see M. Duhrssen-Debling’s presentations):

B GridKa — the German Tier-1 center (Karlsruhe)

@ Tier-2 centers in Aachen, Freiburg, Gottingen, Hamburg (DESY+University),
Munich (Max Planck Institute, LMU), Wuppertal, Zeuthen

@ Very reliable operation, all pledges to Worldwide LHC Computing Grid
(WLCG) fulfilled — operating model requires significant update for HL-LHC
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Upgrades for LHC Run 2

®@ German groups: significant contributions to initial ATLAS/CMS
experiments and various upgrades before/during LHC Run-2 ("phase-17)

@ Example: upgrades of the silicon pixel detectors

ATLAS IBL Insertlon
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CMS Barrel Pixel Module
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T CI\/IS Forward and Barrel Pixel Tracker
Bonn, Dortmund, Goéttingen, MPP, Siegen, Wuppertal Aachen, DESY, Hamburg, Karlsruhe
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High-Level Management Positions YATLAS

@ ATLAS:
@ Spokesperson: K. Jakobs (Freiburg, 2017-2021)
@ Deputy spokesperson: B. Heinemann (DESY/Freiburg, 2013-2017)
@ Physics coordinator: K. Monig (DESY, 2019-2020)

2 CMS.
@ Deputy spokesperson: K. Borras (DESY/Aachen, 2014—-2016)

@ Upgrade coordinator: F. Hartmann (Karlsruhe, since 2018)
@ Collaboration Board chair: M. Kasemann (DESY, 2017-2019)

RECFA Visit to Germany: ATLAS/CMS Ulrich Husemann, KIT



A Anhang

Leitungsfunktionen von FSP-Mitgliedern in der ATLAS-Kollaboration

Deutsche Physiker hatten im Verlauf der aktuellen Férderperiode wichtige Aufgaben innerhalb der

ATLAS Kollaboration Gibernommen, die im Folgenden zusammenfassend dargestellt sind.

Ubergreifende Leitungsfunktionen:

Coordination Positions

ATLAS —

EXPERIMENT

Compact Muon Solenoid

Karl Jakobs Freiburg Spokesperson Untergruppen Higgs-Physik:
Klaus Monig DESY Physics Coordinator
Kerstin Lantzsch Bonn Run Coordination Sarah Heim DESY HComb (HSG7)
Duc Bao Ta Mainz HLep/Htautau (HSG4)
. P . . Judith Katzy DESY HTop (HSG8)
Mitarbeit hti ATLAS-Komitees:
tarbett In wichfigen omriees Jason Veatch Géttingen Di-Higgs (HDBS)
Krisztian Peters DESY Publication Committee 0
Heiko Lacker HU Berlin Authorship Committee Untergruppen Top-Physik: , ,
James Ferrando DESY Speakers Committee Andrea Knue Freiburg Top Properties
Ludovica Aperio Bella DESY CB Chair Advisory Group geb?St'aM“ 'I\"erg/e'lreye’ SU Berlin ;‘_’p IRe$°”S““°“°” « Level 2
. ! : : in - nn in

Monica Dunford Heidelberg Project Management Office ) eﬁq a oEeZ alls D° mund 7 g: op i o B tagging and vertexing (BTV) POG convener: S. Mitra
Xingguo Li DESY Early Career Scientist Board ohannes Erdmann ortmun Op rroperties B dTwo G : B2G) PAG . A. Hi
Stefan Richter DESY Early Career Scientist Board Yichen Li DESY Top Reconstruction © Beyond Two Generations (B2G) convener: A. Hinzmann
Sophio Pataraia Mainz Statistics Committee Geoffrey Gilles Wuppertal Single Top Mitglieder der deutschen CMS-Gruppen arbeiten an vielen Stellen und sehr sichtbar im Management der CMS-Kollaboration. o DT Run Coordinator: A. Sharma
Stefan Schmitt DESY Statistics Committee Im Berichtszeitraum waren dies unter anderem folgende Positionen: o Dynamic Resource Provisioning: C. Wissing

Untergruppen Supersymmetrie: o Electron/Gamma (EGM) POG convener: S. Mukherjee

Leitung von ATLAS-Arbeitsgruppen: Rosa Simoniello Mainz 3rd Generation Squarks - CMS-Management o Generator (GEN) group convener: A. Grohsjean
o Deutscher Vertreter im CMS Management Board: J. Haller (Stellvertreter: A. Schmidt) o HGCAL System Validation group convener: K. Krueger

Elizaveta Shabalina Géttingen Top WG Untergruppen Exotika: o Deutsche Vertreter im CMS Finance Board: J. Haller, I. Melzer-Pellmann o HGCAL Scintillators and SiPM Tileboards group convener: F. Sefkow
Wolfgang Wagner Wu_ppertal Top WG Katharina Behr DESY HQT Subgroup o Mitglied der Spokesperson Advisory Group: K. Klein o Jets und Missing ET (JetMET) POG convener: H. Kirschenmann
MOHIC.a Dunford Heidelberg Standard Model WG Patrick Rieck MPP Miinchen JDM Subgroup o Communications Office: F. Blekman o Machine Learning group convener: G. Kasieczka
Federico Meloni DESY Supersymmetry WG Dominik Duda MPP Miinchen DBL Subgrou o Diversity Office: I. Melzer-Pellmann FastSim group convener: S. Bein
Frank Siegert Dresden Physics Modelling WG group © M group convener: >. bel
Simone Amoroso DESY Physics Modelling WG , . o Engagement Office: M. Kasemann o Strategy for Trigger Evaluation and Monitoring (STEAM) group convener: L. Benato
Kerstin Tackmann DESY Higgs WG Untergruppen Physics Modelling: - Collaboration Board und zugeordnete Ausschiisse o TEDD Coordinator im Tracker Upgrade: A. Mussgiller
Karsten Koeneke Freiburg Higgs WG Spyridon Argyropoulos Freiburg Generator Infrastructure and Tools o Regional Representative: J. Haller o Tracker DPG convener: P. Connor
Michel Janus Géttingen Tau-Performance WG Ewelina Lobodzinska DESY Generator Infrastructure and Tools Mitglied im Collaboration Board Chair Advisory Committee: J. Haller o ations & Technical Field Manager: I. Shvetsov
Christian Grefe Bonn Vorsitz des Conference Committees: A. Meyer

Christopher Pollard DESY
Sascha Mehlhase LMU

Vorsitz des Authorship Committees: K. Hoepfner

Vorsitz des Career Committees: K. Borras

Vorsitz des Standard Model Physics (SMP) PAG Publication C
Vorsitz des SUSY PAG Publication Committees: |. Melzer-Pell
iinchen e/--Reconstruction and Software * Subsystem Instituti.on Boards und Auss'chij'sse

o/~-Reconstruction and Software o Vorsitz des Muon DT Institution Boards: K. Hoepfner

e/~ |solation and Fake Forum o Vorsitz des BRIL Institution Boards: W. Lohmann

Flavor Tag.: Algorithms, Performance o Vorsitz des Tracker Editorial Boards: K. Klein

Photon ID and Efficiencies
Photon ID and Efficiencies
Electron ID and Efficiencies
Electron ID and Efficiencies

ittees: K. Wichmann

O O 0O 0O O O

Untergruppen Standardmodell:
grupp onsible: S. Ghosh

| Coordinator: A. Sharma

Joany Manjarres

Non-Hadronic subgroup convener: S. Ghosh
Higgs Extended subgroup convener: R. Mankel

Leitungsfunktionen im Detektor!

O
O
Seoffrglz/é}llclies '\\//IV;p;p’;e/lr:[al N 'E:avor T?_g.: AgolrghTS’ Performance * Computing o HIG PAG Higgs to bb subgroup convener: L. Mastrolorenzo
; e ominik Duda iinchen avour Tag.: Calibration . ) ) . )
Institute Board Chairs: Jeanette Lorenz LMU Miinchen MET o De.uts.cher Vertreter im CMS Computing Resource Bo_ard. G. Quast o HIG PAG Higgs to tt subgroup convener: A. Raspiareza
Gregor Herten Freiburg Muon Detector IB Chair (ab 4/2021) Xingguo Li DESY Jet/Etmiss JetInSitu o Mitglied des CMS Co.mputmg Rgsource 'Boards: M. Gﬁe'% o Monte Carlo (MC) request manager: A. Pozdnyakov, N. Johmari Zulaiha
Wolfgang Wagner Wuppertal Inner Detector IB Chair Jason Veatch Géttingen Jet Substructure / Jet Tagging o CMS-Vertreter im GridKA Technical Advisory Board: M. Giffels o MC Physics Comparisons and Generator Tunes group convener: A. Bermudez Martinez
Johannes Junggeburth MPP Minchen Muon Efficiency o Koordinator der deutschen CMS-Computing-Aktivitdten: M. Giffels o MC validation convener: A. Grohsjean
Muon Detector: . JDaY'deJ,C'e” 5 M$E M?ncﬂe” :\guXIH _Eﬂ'c'epcy + LHC Cross Section Working Group o Outer Tracker Hybrids working group convener: K. Klein
William I._elg.ht DESY Muon Sofltware Coordinator avierJimenez Fena unchen ginmen o Mitglied im LHC Higgs Working Group Steering Committee: R. Wolf o Outer Tracker Sensors working group convener: A. Dierlamm
Stephanie Zimmermann Freiburg NSW Project Leader i . . .
o CMS-Vertreterin in der LHC Top Working Group: M. Aldaya o Outer Tracker System Tests working group convener: A. Dierlamm
Inner Detector- o CMS-Vertreter fiir den Bereich “Higgs” in der LHC Cross Section Working Group: A. Gottmann o Inner Tracker Sensor working group convener: G. Steinbriick
) . Outer Tracker Module and Mechanics working group convener: A. Mussgiller
Marcello Bindi Géttingen Pixel Project Leader Datenmanagement und Computing: Level 1 CMS U de Coordi B H © SMP PAG Hadronic sub R Sbg ! P g
Goetz Gaycken DESY Software Coordinator o pgrade Coordinator: F. Hartmann o . adronic su group convener: K. Rabbertz
Christian Grefe Bonn TRT Software David South DESY ADC Coordinator o CMS Physics Performance (PPD) convener: A. B. Meyer o Strip Local Reconstruction group convener: R. Walsh
Rodney Walker LMU Manchen Commissioning Coordinator o Tracker Project Manager: E. Butz o Tau POG ID subgroup convener: A. Cardini
Forward Detectors: Priscilla Pani DESY Production/Analysis Coordinator TOP PAG ttX sub . 0. Behnk
’ Dominic Hirschbuehl Wuppertal MC Production Coordinator © subgroup convener: . bennke
Marko Milovanovic DESY ARP Technical Coordinator David South DESY MG Production Coordinator o Machine learning production subgroup: M. Rieger
$:°r5‘e“BK“h' \?VESY " mc ';"O,d“‘jxon quorgmatg_r t o Tracker Alignment group convener: S. Consuegra Rodriguez
. omas beermann upperta onitoring/Analysis Coorainator . i
TDAQ: Alexander Mann LMU Minchen Software Physics Validation o TRK POG Tracking@HLT subgroup convener: K. Pena
Karolos Potamianos DESY FTK IM Coordinator James Ferrando DESY Software Physics Validation o Upgrade Physics study group (UPSG) SMP subgroup convener: A. B. Meyer
: Goetz Gaycken DESY Software Reconstruction
Lhocmgs l’l](ulfcfélerl 3E.3Y|b Erg ?ff:;ne. S(ifENarj Oleg Kuprash Freiburg Trigger Software EDM Coordinator
T chu Z oulon e! elberg alo Frojec eq er David Hohn Freiburg HammerCloud Coordinator
Silvia Franchino Heidelberg L1Calo Run Coordinator
Julio de Souza Mainz L1Calo Test Facilities Coordinator
Rosa Simoniello Mainz L1 Topo Algorithm Commissioning
Katharina Bierwagen Mainz L1 Topo Algorithm Commissioning
Jonathan Burr DESY MET Signature
Ren-Jie Wang Mainz MET Signature

Data Preparation:

... as well as many more coordination positions on all levels

Valerie Lang Freiburg Luminosity ID
Sergio Grancagnolo HU Berlin Non-Collision Background
Yichen Li DESY Reprocessing Coordinator

RECFA Visit to Germany: ATLAS/CMS Ulrich Husemann, KIT
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(see U. Bilow’s presentation)
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LHC Run 2 Dataset

éjjz__;\;maw (5 - 13 Tev = @ Significant C_Serman involv_ement IN
émo; LG Delversd 1. detector, trigger, and object | |
100" 1 oo or Py - performance groups and MC simulation
- 10 @ Focus related to experiment
g ok , 1. responsibilities and physics interests
" 20 1 / = @ Excellent starting point for doctoral
0 g g T T8 6 researchers
Month in Year OCze T T T T T T '—Esg.galgf;as Cte =
® Very successful data taking = 1T s EETRIERARE o
@ Thanks to the accelerator and = 2 Example CMS TrackerAllgnment S
detector teams S . S
® 140 fb-' per experiment = 1ol o ' il Bl
“good for physics” (only 5% of il I e L i ot
projected full LHC dataset size) L scsummos il Aachen, DESY, Karisuhe
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://cds.cern.ch/record/2713208?ln=en

Physics Harvest
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Image credit: CMS

Image credit: ATLAS

...and >850 doctoral theses on ATLAS and CMS defended in Germany.

Ulrich Husemann, KIT
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Physics Harvest

@ Higgs boson: completely new window to the universe and its open
guestions — from discovery to exploration of the Higgs sector

35.9-137 b (13 TeV)

> II| | I T T TTTI | T T | il | B | | | I | | | | | | | I | | | | I | | | | I | a
= ‘>> 1? CMS ~ t.,_ % - ATLAS = BB m,, = 80.370 = 0.019 GeV -_
P W™ - O 80.5 Bl m =172.84 070 GeV _
o - my, =125.38 GeV .° B ~
LL‘>1O_1 - alue — 449 _ '_2 - . ---- m, =125.09 + 0.24 GeV -
EQL  pryalie=aas . = 80.45 W 68/95% CL of m,, and m, —
- b x;’ n B _

107 hS : -

’ 80.4— " — |5

" ¢ Vector bosons - 4 |3

107 & .’ d . = o : ST 2

: i‘»'/ ¢ 3" generation fermions § B ',j | v

: ¢ Muons 15 80.35 ' 1

04k e SM Higgs boson 5 - ‘a - 2

EII| | | 1l 1 1 III| | | 1l 1 1 III| | | 1l 1 1 III| - : ‘‘‘‘ : ‘?i

(% 1.5 :Ill | | | L II| | | | L II| ] ] I 1T 11 II| B 80.3 N 68./95 /o CL Of EIeCtroweak_ B

5 + -2 = - Fit w/o m,, and m, 1

S f """""""""""" - - - (Eur. Phys. J. C 74 (2014) 3046) - | .

E N ] — - |—=

m O.5||| | Lol | Lol | Lol | oo .2 ] ] | | | | | | | | | | | | I I I | I | I I | l )

107 1 10 10? 80.25 165 170 175 180 185
Particle mass (GeV) m, [GeV]
t
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http://dx.doi.org/10.1007/JHEP01(2021)148
https://link.springer.com/article/10.1140/epjc/s10052-017-5475-4

Focus of German Groups ATLAS =

Percentage of Institutes
Contributing to Physics Topics @ gimilar physics interests in ATLAS/CMS:

® Standard Model @ Top @ Covering (almost) full LHC collider
Bottom Higgs physics landscape

® Susy ® Exotics ® Main focus: top, Higgs, exotics

\ 17 % ® Many innovative applications of
machine learning to physics analysis

22 %

@ Close connections to strong German
EEaks particle phenomenology community
(see M. Muhlleitner’s presentation)

14 % —

3 %

21 %

15 RECFA Visit to Germany: ATLAS/CMS Ulrich Husemann, KIT



Single Top + Gauge Boson Production YATLAS =

tqy: Fiducial Cross Section £ i som | o -
> 2200 1 - ]
C Vs=13TeV, 130"  [t(—Ivby)q [tty .
q q’ 2000:— > 1f] SR Blwy +jets [Zy +jets B
- Post-Fit Be-y [l Other prompt y -
1800 O ] .
o h—y Fake leptons 7 .
1600 oy 1 Result:
14001 =

oqy X B(t — fvb) = 580 £ 19 (stat.) + 63 (syst.) fb

— observation with 9.1 standard deviations
(6.7 s.d. expected)

Data / Pred.

0 01 02 03 04 05 06 07 08 09 1

N CMS 138 b (13 TeV)

.|.1:.38.f.b(13TeV) III|III|IIIIIIIII|III|III|III|III
. Measurement

— T T T | T T T T
0.14—
- CMS i Measurement

0.12 . = ey DoV
\\\$\ ~2 aMC@NLO, 4FS tZq (mcluswe). H——H }—i Stat. unc.

2 aMC@NLO, 5FS —: ..................................................... I I H...'I.'.o.tal...un.c ..............

p;ES =97.7%
pigs = 84.6%

tZa (£{) ||—I.—|-|

D DD

o«

o

=
||||||||||||||||

III|III|III|III|II
—
N
O
~
1

7}&\%—\&\-\\-\%\\-\-\\-\\-\x}\xxx\-\“\\\\\\\\i\\\\\\\\* A - H— - H

LA

o
; |
Q\
S
N
~
.<
¥
S
(o)
_|_
Prediction
Measurement

DESY 0 50 100 150 200 250 300 0O 02 04 06 08 1 12 14 16 1.8
Parton-level pr(Z) [GeV] Observed / Predicted
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/
http://dx.doi.org/10.1007/JHEP02(2022)107
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Limits on H—cc in VH Production xATLAS |

arXiv:2201.11428,
submitted to EPJC

Events after B-subtraction / 10 GeV

Freiburg

CMS-PAS-HIG-21-008

Aachen

S/(S+B) Weighted Events

100

300—||IIIIII|III|III|III|III|III|
- ATLA —o— Data
L Vs=13TeV, 139 b I VH(— c¢) (u=-9)
2501~ 0+1+2 leptons B VZ(— cc) (u=1.16)
- 2c-tag, All SR VW(— cq) (u=0.83)
200:— B-only uncertainty
B — SM VH(— cc) x 26
150~

50

IIII|IIII|IIII|IIII|IIII|IIII]_

0
N\ :
~50 -
_ | | 1 1 1 | | | | 1 1 1 | 1 1 1 | 1 1 1 | | | | 1 1 1 | | i
60 80 100 120 140 160 180 200
m,, [GeV]
138 fb™ (13 TeV)
1 200 [T | T T T | T T T T | T T T | T T T | T T T | _I T I_
— C MS —4— Observed B VH(H—bb) ~
B e [] vz(z—co) [] vv(other) i
1000 — Prellml-nary - Single Top I:l tt -
— kn:rged'let [ ] Wijets [ ] Z+jets -
B categories VH(H—cC), u=7.7 5% B tainty _|
800~ S/(S+B) weighted — o % B uncertanty ]
B , i
600 — N —]
400 i_ e —
T e ' —— 4 i
200_——'—_n :% L ——— =y —
- — ]
O { |
1 00 __ .................................... _+—‘ ..... o BSUbtra cted__
50 } ............................... | ................... ._.+._ ......... + .................................... __
0 e e e
S T

100 120 140 160 180 200

Higgs candidate mass [GeV]

0 lepton

Exp.= 40 x SM
Obs.= 35 x SM

1 lepton

Exp.= 60 x SM
Obs.=50 x SM

2 lepton

Exp.=51x SM
Obs.=49 x SM

Combination
Exp.= 31x SM
Obs.= 26 x SM

Combined
Expected 7.60
Observed 14.4

Merged-jet
Expected 8.75
Observed 16.9

Resolved-jet
Expected 19.0
Observed 13.9

oL
Expected 12.6
Observed 18.3

1L
Expected 11.5
Observed 19.1

2L
Expected 14.3
Observed 20.4

B PECRE

ATLAS
Vs=13 TeV, 139 fb™
VH, H — ¢t

----- Expected
—— Observed

26 (31) x S

0

20 40 60

80

100
95% CL limitonu
VH(ct

138 fb" (13 TeV)

)

IIII| IIIIIIII |IIII|IIII| IIIIIIII |IIII|IIII|III
----- Median expected

BB 68% expected
----- 95% expected

CMS —e— Observed
Preliminary

| 14 (7.6) x SM

RECFA Visit to Germany: ATLAS/CMS

30 35

95% CL limiton u
VH(H — ct)

~
AM_Q 4.5_| T T ] T T 1 — ——— —
_|(} - ATLAS ---- Expected
o 4:_ Vs =13 TeV, 139 fb™ Observed E
¥ ! h -
_¥35f VH, H—>bb/cT — ko y I =,y | ]
=S E
2k E
1.5F :
1H -
o5 B o
O: coo oo by l~..l."4-.L N 1-..1-'7":‘ o -
-8 -6 -4 _2 0 ) 4 6
KC
Ky,

Ratio |kc/kp| smaller than ratio of

bottom to charm quark masses

— Higgs coupling to charm quarks
smaller than to bottom quarks
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https://cds.cern.ch/record/2802742?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/

Di-Higgs Production: Examples

8 0909909999999

| | | | 1T 11 I | | | | |
ATLAS Preliminary — Observed
VS=13TeV, 139071 Expected
OggleVBF = 3278 fb 1 Comb.exp.limtx10o
[ 1 Comb.exp.limtx20
X
3.1(3.1) x SM e b
bbT* T R 46 39 -
bBYY — ® 4.3 5.7 —
Combined |- ¢ 3.1 3.1 —
I (I R N A | ! ! [
1 10
95% CL upper limit on signal strength
Bonn, DESY, Goéttingen
18

¢G0-120¢-ANOO-SV'1LV

8 2209909909909 >

8 9209909909909 <

I I
- 68% CL expected

--c>-- Median expected =~ ------ 95% CL expected

—&@— Observed

HH — Multilepton

07+4t,
u < 50.0 (78.8 exp)

1f+3Th
U< 51.0 (48.5 exp)

2¢SS
< 125 (62.8 exp)

2f+2Th
1 < 50.3 (62.0 exp)

3f+OTh
U< 59.2 (41.2 exp)

37 + 1 Ty
L < 45.6 (63.0 exp)

4¢
W < 56.7 (76.5 exp)

Combined
i< 21.8 (19.6 exp)

~ 21.8(19.6) x SM

0 20 40 60 80 100 120 140
95% CL upper limit on u = o(pp— HH) / O

Aachen, DESY, Hamburg, Karlsruhe

RECFA Visit to Germany: ATLAS/CMS

¢00-1Z-OIH-9Vd-SINO

OggF +ver (HH) [fb]

—
o
w

10!

95% CL upper limit on o(pp — HH) [pb]

—
o
()]

—
o
~

102}
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CMS,/ |
ATLAS |
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EXPERIMENT |[fF—
ATLAS IPIrIeIIirlnilnlalryl —— Observed limit (95% CL) -

Vs =13TeV, 139 fb-
—

Expected limit (95% CL) -

Expected limit £10

HH— bbt*t"

1 Expected limit +20 E
E== Theory prediction ]
* SM prediction

10 -8 -6 -4 2 0 2 4 & 8 10

KA

CMS Preliminary  HH — Multilepton 138 fb™ (13 TeV)

- —e— Combined 3¢ + 11, —~ 1/+371;
- 47 = 20+21, = 0/+41,
‘ 37+071, 2SS ‘

Solid (dashed) lines; observed:(median expected) limits

Ky,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-002/index.html

Searches: Dark Matter & MUSIC ATLAS =

2HDM with Dirac DM & Pseudoscalar Mediator Model-Unspecific Search for New Physics
N 00 O K O < 1O 0O 00 O ™ ™ OO < ™ ©~
— 200prF—— T pmiss, 3 5 5 &8 3388888 3838338383832 2 -2
% FIATLAS Preliminary T/ma>20% i \IJEI—TIEPt%((ngzg)S%J b S 6 ©6 6 © 6 6 6 6 6 6 6 6 6 6 6 6 8 © o
(D 1800FVs=13TeV, 36.1-139 fb" SHDMaa. Dirac DM__ % o 01 rrrrrrrrrrr T
< - Limits at 95% CL | | —E™+h(bb), 139 fb" o ,+F CMS ¢ Data =W+ Jets
& 1600 o - .., —CObserved m, =10 GeV, QX =17 ATLAS-CONF-2021-006 ) 10 1 tt HIQQS boson
T —=-.. . .- Expected sind = 0.35, tanf = 1 S : 35.9fb" (13 TeV) W Drell-Yan Wy + jets
i =g oemo—m 1 =—EM+Z(Il), 139 fb! o 10 Exclusive classes Il Single t m Multijet
1400 722" 770 - AT TR TR —  ATLAS-CONF-2021-029 S 1ot B Multiboson o
:-- o” “ | S .
5 : ]~ Htb, 139 b o
1200: [ 1 JHEP 06 (2021) 145 10
.“ : 5 : 2
1000 :.-Q.~ "‘,:‘ "l —_ h(an), 139 fb-1 10 AAAAA
- T Ry ™ ATLAS-CONF-2020-052 10 ' o 00000
| ’ (AT ] et esece e
800 i miss -1 ' 3
) e EMSS4h(yy), 139 fb ’ m
- ) - Xiv: 2104.13240
600 ,/ 4 10" B2 —
/ = ] —Combination B u L, Y8 2L HT 8888 g2 85
4001 & I E™+h(bB), EM+2(1l) el R S N N Nl
i B 2 g = N = F 2 5 o e o+t o+ 4 g 3ot 5«
c00f . ] +;c°\|’ +:$++ +(-\I|-fiti>$++$
— o v ~— = — =
100 200 300 400 500 600 700 800 = >+ T = o 2 52 3 - = «
+ () 3 + + + : + EII;
m, [GeV] 3 N = e
A +
)
DESY, Freiburg, Heidelberg, LMU ATLAS-CONF-2021-036 Aachen Eur. Phys. J. C 81 (2021) 629
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-036/
http://dx.doi.org/10.1140/epjc/s10052-021-09236-z
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Searches: Long-Lived Particles

From Picoseconds to Years

ATLAS

EXPERIMENT

Run 306147
Event 16519
2016-08-11 21:51:33 CEST

COLLISION
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Gluinos Stopped in Calorimeter

(o]

eqﬁ'{(?, Gluino R-Hadron

ATLAS

Am =500 GeV
—— Am = 100 GeV

1 LHC
_| revolution

\s=13 TeV, 579 hours, All limits at 95% CL

~0
m(x,) =100 GeV === Opserved Limit

1 min
__ 1 hour
__Jyear

__ First empty BX

NDH— -z~ -=----

— I

4 6

DESY, LMU, MPP

8 10 12 14 16
Iog10 (t/[ns]

N

JHEP 07 (2021) 173
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95% CL upper limit on B(H— SS)

ATLAS |

EXPERIMENT [F/——!

Scalar Stopped in Muon Endcap

1 137 b (13 TeV)
- = WL L T T T T | IIIIIII| 1,71 4 [/ ‘0
107 E E
10% E
i 2 _:
I DT A S -1t
10° £ E
- CMS mg =7 GeV + 10 expected:
[ — Observed — mg =15 GeV [+ 10 expected
: ceem Median expected — ms =40 GeV +10 expectEd:
— mg = 55 GeV + 10 expected
10_4 L 1 IIIIII| L 1 IIIIII| Ll Ll Ll L 1111l
10° 10" 1 10 107 10° 10*
CT [m]
Hamburg PRL 127 (2021) 261804
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https://link.springer.com/article/10.1007/JHEP07(2021)173
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.261804
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Trigger/DAQ Upgrades for Run 3  »ATLA3

L1 Jet Trlgger System
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@ Upgrade of ATLAS LAr calorimeter
readout electronics and trigger:

@ 10-fold increase in granularity
@ More selective level-1 trigger

B German contributions to calorimeter
trigger electronics boards:

@ JFEX (Jet Feature Extractor)

@ TREX (Tile Rear Extension)
@ L1Topo (Level-1 Topological Trigger)

@ CMS: improved high-level trigger — (
pe rfO FMmance US| ng G PUS L1Topo Board Installation at CERN (Mainz)

Dresden, Heidelberg, Mainz
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https://cds.cern.ch/record/2706099

b 3

2

k]

\ 8

z

(=}

S

Z
<
7\

New Muon Chambers for Run 3 ATLAS =2

A

@ ... Introducing micropattern gaseous detectors as a new technology:

Micromegas (ATLAS) and GEM (CMS)
ATLAS New Small Whe?[flnstallation

Y/ X
7 \.,

CMS GE1/1 Testing in Aachen

L D
,,,,,

U133 Sefe//-Sdny

"'“0 VAN Significant efforts to

Freiburg, Mainz, LMU, MPP, Wiirzburg reduce/replace
greenhouse gases

INn gaseous detectors

9P SWO-AS| MMM

Aachen
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https://atlas.cern/updates/news/NSW-complete
https://www.fsp-cms.de/features/interview_mit_kerstin_hoepfner_und_giovanni_mocellin_zum_ge1_1_upgrade/

Getting Ready for Data Taking ATLAS

CMS Experiment at the LHC, CERN
Data recorded: 2021-Oct-19 13:01:24.690432 GMT
Run/ Event / LS: 345881 /17244 / 734

« s

B Pilot beam in October 2021:

B Beam splashes and
900-GeV collisions

B Significant German contributions
t() beam monit()ring CMS Beam Condition Monitor BCMF1 “-shape”

® Until March 2022: detector Y
closing, magnet ramps, long
cosmic runs

02978 2/PI03a1/U0 UIad SPoj/- SN
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https://cds.cern.ch/record/2784620

Compact Muon Solenoid

ATLAS '~

EXPERIMENT —

R S
g 7/ A

;
“ P

‘ Phase-2 Upgrades

Exploiting the Full Physics Potential
of the High-Luminosity LHC
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Longer Term LHC Schedule

You are here.

HL-LHC
2021 2022 2023 2024 2025 2026 2027 2028 2029
JIFIMAM[]|J|AISIOIN|D|J [F M|J[J|A[S|ON|D|] |FIM/AM[]|J|AISIO|N|D[J |[FIMAM|] |J|A|S|ION|D|]|FIM/AM|{] |J |AIS|OIN|D|J [FIMAM[] ] |A|S|ON|D[]|FIMIAM[J [J|A|S|ON|D}|J |FIM/AIM[]|J |A|S|O|N|D[J [FIMIAM|J [J|A|S|ON|D

JIFIMIAM|]|]|A[S|OND|] [FMIAM|]|]|A|S|O|N|D|] [FIMAM|]|]|A|S|O|N|D[J [FIMAM|]|]|A|S|O|N|D[J|FIMAM|(] (] |AIS|O|N|D|J|FIM/AM[]{]|AIS|OIN|D|]J|FIM/AM[]|]|A[S|ONID|]|FIM/AM|] ] |A[S|ONID|] |[FIMIAM|]|]|A|S|O|ND
Run 4 J LS4 Run 5 ]
Last updated: January 2022
Shutdown/Technical stop lhc-commissioning.web.cern.ch
Protons physics
Ions
Commissioning with beam "
Hardware commissioning/magnet training —> delayed by th ree yea rs W. r.t. plan n I ng from 201 5.
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http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Phase-2 Upgrades: German Focus x2L:02

Pixel

Small Monitored Inner Tracking Tracker

. — Strip Track
Drift Tubes (sMDT) Detector (ITk) = + Eﬁ) Trrggk ?Irrigger

High-Granularity
Timing Detector

(HGTD) Detector
+ upgrades to on-detector and off-detector + contributions to MIP Timing Detector and
electronics, trigger, data acquisition High-Granularity Calorimeter
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Phase-2 Upgrades: Funding

@ German community secured funding for ATLAS/CMS

phase-2 upgrades from additional funding lines MERE
® BMBF Research Infrastructures (“FIS”): initially 40.0
90 MEUR (ATLAS/CMS = 60/30)
@ Cost increase due to delays 30.0
(e.g. unexpected additional R&D, COVID-19)
— Increased to 103.8 MEUR in 2021
@ Helmholtz Large-scale Investments: 16.7 MEUR 200
@ CORE contributions to detectors: 52 MCHF
(BMBF, Helmholtz, Max Planck; ATLAS/CMS = 31/21) 10.0
— to be updated after Engineering Design Reviews
@ Recent schedule changes will most likely require

additional funding 0.0
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B CORE Max Planck
B CORE Helmholtz
B CORE BMBF

ATLAS CMS
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Pixel Trackers

ITkPixV1 on Single Chip Card Beam Test with Irradiated CMS Pixel Modules
= BN
wgui \\v.\\

A A\

il =3

Beam tests at DESY
key element of
upgrade programs

(carried out despite
COVID- 19)

,,,,,,,,,,,

iy, / ‘ ‘ : £ ‘:‘:,1"/ ’
Sy . » Preparatlon for CMS Pixel Module Production

i" —:‘z'k?q"~':— “ ‘ ﬂ
1 ‘ = I

///////// /////’//

" %
- /// ,\,, 7
w 70 .. :
7 -y &
&M Wi ey 4

Hamburg

Bonn, Dortmund (TU&FH), Gott/ngen MPPS/egen Wuppen‘al
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@ Upgraded phase-2

pixel trackers: larger
geometric
acceptance, higher
granularity, improved
radiation hardness

Strong German
iInvolvement:

® RD53 readout chip
@ Sensor design
@ Module assembly

@ Tests & quality
assurance

Ulrich Husemann, KIT
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Strip Trackers ATLAS

Building one endcap each ATLAS ITk Endcap Petal

for ATLAS/CMS in Germany e

/"'"\., ."

@ Phase-2 strip tracker upgrades:
higher granularity, improved
radiation hardness, input for
Level-1 track trigger (CMS)

@ Strong German involvement:
@ Sensors
@ Hybrids

@ Development/production of
mechanical structures

@ Module assembly, tests &
quality assurance

@ Integration into larger
structures at DESY

Berlin, Dortmund, DESY, Freiburg Aachen, DESY, Karlsruhe
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Muon Detectors & Fast Timing

ATLAS sMDT Metrology

| ;

€299 C00

CMS Muon T Bord
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EDA-03805-V1
BOT
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v

Inner layer Input LVDS level
a C en capacitor ; Main power measurement
measurement In-circuit ~ Microcontroller Input protection  ADCs
circuit Programming power diodes
header for common
PAcia. ASD Serial ~ Mode Input
usB interface choke power
activity Thermeocouple #2 supply
LEDs Input
Thermocouple #1 power PCB

Power capacitor \ Ground Input

B ATLAS/CMS muon drift tube detectors: e LY BT
robust operation at highest particle rates gL} ‘

B German contributions:
@ Chamber production
® Frontend electronics

u
injection charge 10uA for ASD analog channel
capacitors injection i bias 10pA output supply
channel selection, bias. measurement
LEDs
Header
rom B | MU, MPP, Wiirzbur
J J g

ASD Header Header ASD output

30 RECFA Visit to Germany: ATLAS/CMS

Compact Muon Solenoid

ATLAS

EXPERIMENT |[fF—

@ ATLAS HGTD
(high-granularity
timing detector):
LGAD modules for
picosecond timing

ATLAS HGTD Beam Test at DESY

s [eajo/elealalalale (sinaasdiens
s eis(oieie o W

Giessen, Mainz
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Calorimeters

@ ATLAS: improved high-rate capability
and trigger selectivity

@ LAr Calorimeter: signal processors and
radiation-hard low-voltage power supplies

@ Tile Calorimeter off-detector readout
electronics: TileCal PreProcessor

@ CMS HGCAL
(high-granularity calorimeter):

@ Highly segmented replacement for
endcap calorimeter, precision timing

@ Synergies with CALICE, e.g. module
assembly & testing (CALICE technology
also used for DUNE Near Detector)

LAr Signal Processor

G Ty 3 e T - e
. 4 Pamas = s
it [
%
25
////:,

dd ‘uspsaid

— | TDAQI Board

\\;%
ATLAS [

EXPERIMENT |[fF——

ATCA carrier + 4 CPMs

bioqlaproH

CMS HGCAL Tile Wrapping
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HL-LHC Computing Challenges atLAs B

Run 3 (u=55) Run 4 (u=88-140)

E sl AflAskelmnay T
® Compute resources required for HL-LHC £ 0 comanarao
most probably not covered by purchases on L s oetogt e | g,
“sustained” budget — new model for S o
resource provisioning being discussed D
@ R&D and prototyping in Germany 3050 5023 3024 3036 2038 2080 3032 2034 2036
(see M. Duhrssen-Debling’s presentation): vea
@ Common developments with neighboring e
science communities (astroparticle physics, = I
hadrons and nuclei) s _l .I
B Example: heterogeneous resources at high- - """" ---! """"" . s

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month in 2021

performance computing centers
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/
https://indico.physik.uni-muenchen.de/event/166/contributions/707/attachments/381/764/ErUM-Data_MS_Opp_Res.pdf

A B Gérman groups: strong contributions to all-aspects of ATLAS and CMS
— operations, calibration, computing, physics, upgrades, management

__ W Close connections to German particle phenomenology
1 (see M. Muhlleitner’s presentation)

. | B Very stable funding support for ATLAS/CMS by three funding agencies,
\ additional funding for HL-LHC upgrades
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ATLAS
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Thank You.

B Funding agencies: BMBF, Max Planck Society, Helmholtz Association,
Deutsche Forschungsgemeinschaft, European Research Council.

B Colleagues who helped preparing this presentation:
S. Bethke, K. Desch, L. Feld, J. Haller, B. Heinemann, A. Quadt,
G. Quast, M. Schumacher, G. Steinbruck.
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