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Status des Belle II-Experiments

1. Status SuperKEKB und Detektor

2. Long Shutdown 1 Upgrades

3. Ausblick und Zusammenfassung



19. November 2021

§ 15’ …

§ mit Input von Stephanie Hansmann-Menzemer, Arnulf Quadt, 
Thomas Kuhr, Lutz Feld → Vielen Dank!
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Disclaimer

Inhalt:
• Collider-Zeitpläne und Physik
• KET-Input und European Strategy
• teilnehmende Institute
• Betrieb von ATLAS und CMS
• Methodenentwicklung/Analyse 
• übergreifende Aspekte



19. November 2021

§ neue Unwägbarkeiten
• einzelne Runs kürzer (Energiesparen), ie. weniger Lumi, weniger Computing von IT?
• unklare Lage durch globale Situation, Russland/Ukraine-Konflikt, …

§ vorraussichtliche Aufgaben in der neuen FP (07/2024-06/2027):
• Betrieb der Detektoren in Run-3
• Methodenentwicklung (Kalibration/SW-Tools/PileUp/Reco/Trigger/…)

o für laufenden Run-3, aber auch schon Vorbereitung Run-4 (HL-LHC)

• Analyse der Run-3-Daten, Kombinationen (frühere Datensätzen, zw. Exp.)
o in Teilen: letzte Analysen der Run-2-Daten (?)
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LHC-Zeitplan

FP 24-27

eher ~300 fb-1



19. November 2021

§ detaillierte Überprüfungen des SM
• e.g. genauer, differentieller (double, triple,…), EFT

§ Vermessungen der Higgs-Kopplungen 
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Physik-Motivation LHC
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• Präzision, zweite Gen., STXS, differentiell, extended Higgs-Sektor?

§ höhere Sensitivität: seltene Prozesse/ höhere Massen
• e.g. Spektroskopie, seltene Zerfälle, BSM bei hohen Massen, …

§ Überprüfen von interessanten Auffälligkeiten
• B-Anomalien, mW, signal-artige Abweichungen aus Run-2, …



19. November 2021

§ neue FP fällt in den Run-2 von SuperKEKB

§ Aufgaben der deutschen Gruppen:
• Betrieb, vor allem Inbetriebnahme PXD2 → siehe Vortrag Kuhr
• Methodenentwicklung (Event-Reko, Kalibration, SW-Frameworks, Trigger, …)
• Datenanalyse (Run1, Run2, Kombination): B-Anomalien, Tau-Leptonen, Dark-

Sektor-Suchen, Hadron-Spektroskopie
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SuperKEKB: Zeitplan, Physik

  

Belle II Schedule

New concepts developed by

International SuperKEKB Task Force

PXD2 in LS1

Possible upgrade in LS2

CDR in 2023, TDR in 2024

  

Belle II Schedule

New concepts developed by

International SuperKEKB Task Force

PXD2 in LS1

Possible upgrade in LS2

CDR in 2023, TDR in 2024

FP
24-27

Einbau des PXD2 im LS1

höhere Lumi
→ höhere Spurbelegung
→ komplette 2. Lage notw. 



19. November 2021

§ Als Input zur ESU hatten wir diesen Aktivitäten bereits die allerhöchste 
Priorität eingeräumt: (auch)

§ Sie erscheinen auch an vielen Stellen der ESU

§ erhebliches deutsches Engagement in Betrieb und Methoden-
entwicklung/ Physikanalysen der laufenden Collider-Experimente 

auch in der neuen FP !  
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Kontext: European Strategy Update
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Major developments  
from the 2013 Strategy

$�� 6LQFH�WKH�UHFRPPHQGDWLRQ�LQ�WKH������6WUDWHJ\�WR�SURFHHG�ZLWK�WKH�SURJUDPPH�
RI�XSJUDGLQJ�WKH�OXPLQRVLW\�RI�WKH�/+&��WKH�+/�/+&�SURMHFW��ZDV�DSSURYHG�E\�WKH�
&(51�&RXQFLO�LQ�-XQH������DQG�LV�SURFHHGLQJ�DFFRUGLQJ�WR�SODQ��,Q�SDUDOOHO��WKH�/+&�
KDV�UHDFKHG�D�FHQWUH�RI�PDVV�HQHUJ\�RI����7H9��H[FHHGHG�WKH�GHVLJQ�OXPLQRVLW\��DQG�
SURGXFHG�D�ZHDOWK�RI�UHPDUNDEOH�SK\VLFV�UHVXOWV��%DVHG�RQ�WKLV�SHUIRUPDQFH��FRXSOHG�
ZLWK�WKH�LQQRYDWLYH�H[SHULPHQWDO�WHFKQLTXHV�GHYHORSHG�DW�WKH�/+&�H[SHULPHQWV�DQG�
WKHLU�SODQQHG�GHWHFWRU�XSJUDGHV��D�VLJQLÀFDQWO\�HQKDQFHG�SK\VLFV�SRWHQWLDO�LV�H[SHFWHG�
ZLWK�WKH�+/�/+&��7KH�UHTXLUHG�KLJK�ÀHOG�VXSHUFRQGXFWLQJ�1E�6Q�PDJQHWV�KDYH�
EHHQ�GHYHORSHG��The successful completion of the high-luminosity upgrade of 
the machine and detectors should remain the focal point of European particle 
physics, together with continued innovation in experimental techniques. The 
IXOO�SK\VLFV�SRWHQWLDO�RI�WKH�/+&�DQG�WKH�+/�/+&��LQFOXGLQJ�WKH�VWXG\�RI�ÁDYRXU�
physics and the quark-gluon plasma, should be exploited. 

%�� 7KH�H[LVWHQFH�RI�QRQ�]HUR�QHXWULQR�PDVVHV�LV�D�FRPSHOOLQJ�VLJQ�RI�QHZ�
SK\VLFV��7KH�ZRUOGZLGH�QHXWULQR�SK\VLFV�SURJUDPPH�H[SORUHV�WKH�IXOO�VFRSH�RI�WKH�ULFK�
QHXWULQR�VHFWRU�DQG�FRPPDQGV�VWURQJ�VXSSRUW�LQ�(XURSH��:LWKLQ�WKDW�SURJUDPPH��WKH�
1HXWULQR�3ODWIRUP�ZDV�HVWDEOLVKHG�E\�&(51�LQ�UHVSRQVH�WR�WKH�UHFRPPHQGDWLRQ�LQ�WKH�
�����6WUDWHJ\�DQG�KDV�VXFFHVVIXOO\�DFWHG�DV�D�KXE�IRU�(XURSHDQ�QHXWULQR�UHVHDUFK�DW�
DFFHOHUDWRU�EDVHG�SURMHFWV�RXWVLGH�(XURSH��Europe, and CERN through the Neutrino 
Platform, should continue to support long baseline experiments in Japan and the 
United States. In particular, they should continue to collaborate with the United 
States and other international partners towards the successful implementation of 
the Long-Baseline Neutrino Facility (LBNF) and the Deep Underground Neutrino 
Experiment (DUNE).

General considerations
for the 2020 update

$�� �(XURSH��WKURXJK�&(51��KDV�ZRUOG�OHDGHUVKLS�LQ�DFFHOHUDWRU�EDVHG�SDUWLFOH�
SK\VLFV�DQG�UHODWHG�WHFKQRORJLHV��7KH�IXWXUH�RI�WKH�ÀHOG�LQ�(XURSH�DQG�EH\RQG�GHSHQGV�
RQ�WKH�FRQWLQXLQJ�DELOLW\�RI�&(51�DQG�LWV�FRPPXQLW\�WR�UHDOLVH�FRPSHOOLQJ�VFLHQWLÀF�
SURMHFWV��7KLV�6WUDWHJ\�XSGDWH�VKRXOG�EH�LPSOHPHQWHG�WR�HQVXUH�(XURSH·V�
FRQWLQXHG�VFLHQWLÀF�DQG�WHFKQRORJLFDO�OHDGHUVKLS� 

%�� 7KH�(XURSHDQ�RUJDQLVDWLRQDO�PRGHO�FHQWUHG�RQ�FORVH�FROODERUDWLRQ�EHWZHHQ�
&(51�DQG�WKH�QDWLRQDO�LQVWLWXWHV��ODERUDWRULHV�DQG�XQLYHUVLWLHV�LQ�LWV�0HPEHU�DQG�
$VVRFLDWH�0HPEHU�6WDWHV�LV�HVVHQWLDO�WR�WKH�HQGXULQJ�VXFFHVV�RI�WKH�ÀHOG��7KLV�KDV�
SURYHQ�KLJKO\�HIIHFWLYH�LQ�KDUQHVVLQJ�WKH�FROOHFWLYH�UHVRXUFHV�DQG�H[SHUWLVH�RI�WKH�
SDUWLFOH��DVWURSDUWLFOH�DQG�QXFOHDU�SK\VLFV�FRPPXQLWLHV��DQG�RI�PDQ\�LQWHUGLVFLSOLQDU\�
UHVHDUFK�ÀHOGV��$QRWKHU�PDQLIHVWDWLRQ�RI�WKH�VXFFHVV�RI�WKLV�PRGHO�LV�WKH�FROODERUDWLRQ�
ZLWK�QRQ�0HPEHU�6WDWHV�DQG�WKHLU�VXEVWDQWLDO�FRQWULEXWLRQ��The particle physics 
community must further strengthen the unique ecosystem of research centres 
in Europe. In particular, cooperative programmes between CERN and these 
research centres should be expanded and sustained with adequate resources in 
order to address the objectives set out in the Strategy update. 

&�� 7KH�EURDG�UDQJH�RI�IXQGDPHQWDO�TXHVWLRQV�LQ�SDUWLFOH�SK\VLFV�DQG�WKH�
FRPSOH[LW\�RI�WKH�GLYHUVH�IDFLOLWLHV�UHTXLUHG�WR�DGGUHVV�WKHP��WRJHWKHU�ZLWK�WKH�QHHG�
IRU�DQ�HIÀFLHQW�XVH�RI�UHVRXUFHV��KDYH�UHVXOWHG�LQ�WKH�HVWDEOLVKPHQW�RI�D�JOREDO�
SDUWLFOH�SK\VLFV�FRPPXQLW\�ZLWK�FRPPRQ�LQWHUHVWV�DQG�JRDOV��7KLV�6WUDWHJ\�WDNHV�
LQWR�DFFRXQW�WKH�ULFK�DQG�FRPSOHPHQWDU\�SK\VLFV�SURJUDPPHV�EHLQJ�XQGHUWDNHQ�E\�
(XURSH·V�SDUWQHUV�DFURVV�WKH�JOREH�DQG�RI�VFLHQWLÀF�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�LQ�
QHLJKERXULQJ�ÀHOGV��The implementation of the Strategy should proceed in strong 
FROODERUDWLRQ�ZLWK�JOREDO�SDUWQHUV�DQG�QHLJKERXULQJ�ÀHOGV�
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High-priority future 
initiatives

$�� $Q�HOHFWURQ�SRVLWURQ�+LJJV�IDFWRU\�LV�WKH�KLJKHVW�SULRULW\�QH[W�FROOLGHU��)RU�WKH�
ORQJHU�WHUP��WKH�(XURSHDQ�SDUWLFOH�SK\VLFV�FRPPXQLW\�KDV�WKH�DPELWLRQ�WR�RSHUDWH�D�
SURWRQ�SURWRQ�FROOLGHU�DW�WKH�KLJKHVW�DFKLHYDEOH�HQHUJ\��$FFRPSOLVKLQJ�WKHVH�FRPSHOOLQJ�
JRDOV�ZLOO�UHTXLUH�LQQRYDWLRQ�DQG�FXWWLQJ�HGJH�WHFKQRORJ\� 
 
• the particle physics community should ramp up its R&D effort focused 
RQ�DGYDQFHG�DFFHOHUDWRU�WHFKQRORJLHV��LQ�SDUWLFXODU�WKDW�IRU�KLJK�ÀHOG�
superconducting magnets, including high-temperature superconductors;  
 
• Europe, together with its international partners, should investigate the technical 
DQG�ÀQDQFLDO�IHDVLELOLW\�RI�D�IXWXUH�KDGURQ�FROOLGHU�DW�&(51�ZLWK�D�FHQWUH�RI�PDVV�
energy of at least 100 TeV and with an electron-positron Higgs and electroweak 
IDFWRU\�DV�D�SRVVLEOH�ÀUVW�VWDJH��6XFK�D�IHDVLELOLW\�VWXG\�RI�WKH�FROOLGHUV�DQG�
related infrastructure should be established as a global endeavour and be 
completed on the timescale of the next Strategy update. 
 
The timely realisation of the electron-positron International Linear Collider (ILC) 
in Japan would be compatible with this strategy and, in that case, the European 
particle physics community would wish to collaborate.  

%�� ,QQRYDWLYH�DFFHOHUDWRU�WHFKQRORJ\�XQGHUSLQV�WKH�SK\VLFV�UHDFK�RI�KLJK�HQHUJ\�
DQG�KLJK�LQWHQVLW\�FROOLGHUV��,W�LV�DOVR�D�SRZHUIXO�GULYHU�IRU�PDQ\�DFFHOHUDWRU�EDVHG�
ÀHOGV�RI�VFLHQFH�DQG�LQGXVWU\��7KH�WHFKQRORJLHV�XQGHU�FRQVLGHUDWLRQ�LQFOXGH�KLJK�ÀHOG�
PDJQHWV��KLJK�WHPSHUDWXUH�VXSHUFRQGXFWRUV��SODVPD�ZDNHÀHOG�DFFHOHUDWLRQ�DQG�RWKHU�
KLJK�JUDGLHQW�DFFHOHUDWLQJ�VWUXFWXUHV��EULJKW�PXRQ�EHDPV��HQHUJ\�UHFRYHU\�OLQDFV��
The European particle physics community must intensify accelerator R&D and 
sustain it with adequate resources. A roadmap should prioritise the technology, 
taking into account synergies with international partners and other communities 
such as photon and neutron sources, fusion energy and industry. Deliverables for 
WKLV�GHFDGH�VKRXOG�EH�GHÀQHG�LQ�D�WLPHO\�IDVKLRQ�DQG�FRRUGLQDWHG�DPRQJ�&(51�
and national laboratories and institutes. 

$�� 7KH�TXHVW�IRU�GDUN�PDWWHU�DQG�WKH�H[SORUDWLRQ�RI�ÁDYRXU�DQG�IXQGDPHQWDO�
V\PPHWULHV�DUH�FUXFLDO�FRPSRQHQWV�RI�WKH�VHDUFK�IRU�QHZ�SK\VLFV��7KLV�VHDUFK�FDQ�
EH�GRQH�LQ�PDQ\�ZD\V��IRU�H[DPSOH�WKURXJK�SUHFLVLRQ�PHDVXUHPHQWV�RI�ÁDYRXU�
SK\VLFV�DQG�HOHFWULF�RU�PDJQHWLF�GLSROH�PRPHQWV��DQG�VHDUFKHV�IRU�D[LRQV��GDUN�VHFWRU�
FDQGLGDWHV�DQG�IHHEO\�LQWHUDFWLQJ�SDUWLFOHV��7KHUH�DUH�PDQ\�RSWLRQV�WR�DGGUHVV�VXFK�
SK\VLFV�WRSLFV�LQFOXGLQJ�HQHUJ\�IURQWLHU�FROOLGHUV��DFFHOHUDWRU�DQG�QRQ�DFFHOHUDWRU�
H[SHULPHQWV��$�GLYHUVH�SURJUDPPH�WKDW�LV�FRPSOHPHQWDU\�WR�WKH�HQHUJ\�IURQWLHU�LV�DQ�
HVVHQWLDO�SDUW�RI�WKH�(XURSHDQ�SDUWLFOH�SK\VLFV�6WUDWHJ\��Experiments in such diverse 
areas that offer potential high-impact particle physics programmes at laboratories 
in Europe should be supported, as well as participation in such experiments in 
other regions of the world. 

%�� 7KHRUHWLFDO�SK\VLFV�LV�DQ�HVVHQWLDO�GULYHU�RI�SDUWLFOH�SK\VLFV�WKDW�RSHQV�QHZ��
GDULQJ�OLQHV�RI�UHVHDUFK��PRWLYDWHV�H[SHULPHQWDO�VHDUFKHV�DQG�SURYLGHV�WKH�WRROV�
QHHGHG�WR�IXOO\�H[SORLW�H[SHULPHQWDO�UHVXOWV��,W�DOVR�SOD\V�DQ�LPSRUWDQW�UROH�LQ�FDSWXULQJ�
WKH�LPDJLQDWLRQ�RI�WKH�SXEOLF�DQG�LQVSLULQJ�\RXQJ�UHVHDUFKHUV��7KH�VXFFHVV�RI�WKH�
ÀHOG�GHSHQGV�RQ�GHGLFDWHG�WKHRUHWLFDO�ZRUN�DQG�LQWHQVH�FROODERUDWLRQ�EHWZHHQ�WKH�
WKHRUHWLFDO�DQG�H[SHULPHQWDO�FRPPXQLWLHV��Europe should continue to vigorously 
support a broad programme of theoretical research covering the full spectrum 
of particle physics from abstract to phenomenological topics. The pursuit of 
QHZ�UHVHDUFK�GLUHFWLRQV�VKRXOG�EH�HQFRXUDJHG�DQG�OLQNV�ZLWK�ÀHOGV�VXFK�DV�
cosmology, astroparticle physics, and nuclear physics fostered. Both exploratory 
research and theoretical research with direct impact on experiments should be 
supported, including recognition for the activity of providing and developing 
computational tools. 

&�� �7KH�VXFFHVV�RI�SDUWLFOH�SK\VLFV�H[SHULPHQWV�UHOLHV�RQ�LQQRYDWLYH�
LQVWUXPHQWDWLRQ�DQG�VWDWH�RI�WKH�DUW�LQIUDVWUXFWXUHV��7R�SUHSDUH�DQG�UHDOLVH�IXWXUH�
H[SHULPHQWDO�UHVHDUFK�SURJUDPPHV��WKH�FRPPXQLW\�PXVW�PDLQWDLQ�D�VWURQJ�IRFXV�
RQ�LQVWUXPHQWDWLRQ��Detector R&D programmes and associated infrastructures 
should be supported at CERN, national institutes, laboratories and universities. 
6\QHUJLHV�EHWZHHQ�WKH�QHHGV�RI�GLIIHUHQW�VFLHQWLÀF�ÀHOGV�DQG�LQGXVWU\�VKRXOG�
EH�LGHQWLÀHG�DQG�H[SORLWHG�WR�ERRVW�HIÀFLHQF\�LQ�WKH�GHYHORSPHQW�SURFHVV�DQG�
LQFUHDVH�RSSRUWXQLWLHV�IRU�PRUH�WHFKQRORJ\�WUDQVIHU�EHQHÀWLQJ�VRFLHW\�DW�ODUJH��
Collaborative platforms and consortia must be adequately supported to provide 
FRKHUHQFH�LQ�WKHVH�5	'�DFWLYLWLHV��7KH�FRPPXQLW\�VKRXOG�GHÀQH�D�JOREDO�
detector R&D roadmap that should be used to support proposals at the European 
and national levels.

Other essential scientific 
activities for particle physics
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High-priority future 
initiatives
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should be supported at CERN, national institutes, laboratories and universities. 
6\QHUJLHV�EHWZHHQ�WKH�QHHGV�RI�GLIIHUHQW�VFLHQWLÀF�ÀHOGV�DQG�LQGXVWU\�VKRXOG�
EH�LGHQWLÀHG�DQG�H[SORLWHG�WR�ERRVW�HIÀFLHQF\�LQ�WKH�GHYHORSPHQW�SURFHVV�DQG�
LQFUHDVH�RSSRUWXQLWLHV�IRU�PRUH�WHFKQRORJ\�WUDQVIHU�EHQHÀWLQJ�VRFLHW\�DW�ODUJH��
Collaborative platforms and consortia must be adequately supported to provide 
FRKHUHQFH�LQ�WKHVH�5	'�DFWLYLWLHV��7KH�FRPPXQLW\�VKRXOG�GHÀQH�D�JOREDO�
detector R&D roadmap that should be used to support proposals at the European 
and national levels.

Other essential scientific 
activities for particle physics
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Major developments  
from the 2013 Strategy

$�� 6LQFH�WKH�UHFRPPHQGDWLRQ�LQ�WKH������6WUDWHJ\�WR�SURFHHG�ZLWK�WKH�SURJUDPPH�
RI�XSJUDGLQJ�WKH�OXPLQRVLW\�RI�WKH�/+&��WKH�+/�/+&�SURMHFW��ZDV�DSSURYHG�E\�WKH�
&(51�&RXQFLO�LQ�-XQH������DQG�LV�SURFHHGLQJ�DFFRUGLQJ�WR�SODQ��,Q�SDUDOOHO��WKH�/+&�
KDV�UHDFKHG�D�FHQWUH�RI�PDVV�HQHUJ\�RI����7H9��H[FHHGHG�WKH�GHVLJQ�OXPLQRVLW\��DQG�
SURGXFHG�D�ZHDOWK�RI�UHPDUNDEOH�SK\VLFV�UHVXOWV��%DVHG�RQ�WKLV�SHUIRUPDQFH��FRXSOHG�
ZLWK�WKH�LQQRYDWLYH�H[SHULPHQWDO�WHFKQLTXHV�GHYHORSHG�DW�WKH�/+&�H[SHULPHQWV�DQG�
WKHLU�SODQQHG�GHWHFWRU�XSJUDGHV��D�VLJQLÀFDQWO\�HQKDQFHG�SK\VLFV�SRWHQWLDO�LV�H[SHFWHG�
ZLWK�WKH�+/�/+&��7KH�UHTXLUHG�KLJK�ÀHOG�VXSHUFRQGXFWLQJ�1E�6Q�PDJQHWV�KDYH�
EHHQ�GHYHORSHG��The successful completion of the high-luminosity upgrade of 
the machine and detectors should remain the focal point of European particle 
physics, together with continued innovation in experimental techniques. The 
IXOO�SK\VLFV�SRWHQWLDO�RI�WKH�/+&�DQG�WKH�+/�/+&��LQFOXGLQJ�WKH�VWXG\�RI�ÁDYRXU�
physics and the quark-gluon plasma, should be exploited. 

%�� 7KH�H[LVWHQFH�RI�QRQ�]HUR�QHXWULQR�PDVVHV�LV�D�FRPSHOOLQJ�VLJQ�RI�QHZ�
SK\VLFV��7KH�ZRUOGZLGH�QHXWULQR�SK\VLFV�SURJUDPPH�H[SORUHV�WKH�IXOO�VFRSH�RI�WKH�ULFK�
QHXWULQR�VHFWRU�DQG�FRPPDQGV�VWURQJ�VXSSRUW�LQ�(XURSH��:LWKLQ�WKDW�SURJUDPPH��WKH�
1HXWULQR�3ODWIRUP�ZDV�HVWDEOLVKHG�E\�&(51�LQ�UHVSRQVH�WR�WKH�UHFRPPHQGDWLRQ�LQ�WKH�
�����6WUDWHJ\�DQG�KDV�VXFFHVVIXOO\�DFWHG�DV�D�KXE�IRU�(XURSHDQ�QHXWULQR�UHVHDUFK�DW�
DFFHOHUDWRU�EDVHG�SURMHFWV�RXWVLGH�(XURSH��Europe, and CERN through the Neutrino 
Platform, should continue to support long baseline experiments in Japan and the 
United States. In particular, they should continue to collaborate with the United 
States and other international partners towards the successful implementation of 
the Long-Baseline Neutrino Facility (LBNF) and the Deep Underground Neutrino 
Experiment (DUNE).

General considerations
for the 2020 update

$�� �(XURSH��WKURXJK�&(51��KDV�ZRUOG�OHDGHUVKLS�LQ�DFFHOHUDWRU�EDVHG�SDUWLFOH�
SK\VLFV�DQG�UHODWHG�WHFKQRORJLHV��7KH�IXWXUH�RI�WKH�ÀHOG�LQ�(XURSH�DQG�EH\RQG�GHSHQGV�
RQ�WKH�FRQWLQXLQJ�DELOLW\�RI�&(51�DQG�LWV�FRPPXQLW\�WR�UHDOLVH�FRPSHOOLQJ�VFLHQWLÀF�
SURMHFWV��7KLV�6WUDWHJ\�XSGDWH�VKRXOG�EH�LPSOHPHQWHG�WR�HQVXUH�(XURSH·V�
FRQWLQXHG�VFLHQWLÀF�DQG�WHFKQRORJLFDO�OHDGHUVKLS� 

%�� 7KH�(XURSHDQ�RUJDQLVDWLRQDO�PRGHO�FHQWUHG�RQ�FORVH�FROODERUDWLRQ�EHWZHHQ�
&(51�DQG�WKH�QDWLRQDO�LQVWLWXWHV��ODERUDWRULHV�DQG�XQLYHUVLWLHV�LQ�LWV�0HPEHU�DQG�
$VVRFLDWH�0HPEHU�6WDWHV�LV�HVVHQWLDO�WR�WKH�HQGXULQJ�VXFFHVV�RI�WKH�ÀHOG��7KLV�KDV�
SURYHQ�KLJKO\�HIIHFWLYH�LQ�KDUQHVVLQJ�WKH�FROOHFWLYH�UHVRXUFHV�DQG�H[SHUWLVH�RI�WKH�
SDUWLFOH��DVWURSDUWLFOH�DQG�QXFOHDU�SK\VLFV�FRPPXQLWLHV��DQG�RI�PDQ\�LQWHUGLVFLSOLQDU\�
UHVHDUFK�ÀHOGV��$QRWKHU�PDQLIHVWDWLRQ�RI�WKH�VXFFHVV�RI�WKLV�PRGHO�LV�WKH�FROODERUDWLRQ�
ZLWK�QRQ�0HPEHU�6WDWHV�DQG�WKHLU�VXEVWDQWLDO�FRQWULEXWLRQ��The particle physics 
community must further strengthen the unique ecosystem of research centres 
in Europe. In particular, cooperative programmes between CERN and these 
research centres should be expanded and sustained with adequate resources in 
order to address the objectives set out in the Strategy update. 

&�� 7KH�EURDG�UDQJH�RI�IXQGDPHQWDO�TXHVWLRQV�LQ�SDUWLFOH�SK\VLFV�DQG�WKH�
FRPSOH[LW\�RI�WKH�GLYHUVH�IDFLOLWLHV�UHTXLUHG�WR�DGGUHVV�WKHP��WRJHWKHU�ZLWK�WKH�QHHG�
IRU�DQ�HIÀFLHQW�XVH�RI�UHVRXUFHV��KDYH�UHVXOWHG�LQ�WKH�HVWDEOLVKPHQW�RI�D�JOREDO�
SDUWLFOH�SK\VLFV�FRPPXQLW\�ZLWK�FRPPRQ�LQWHUHVWV�DQG�JRDOV��7KLV�6WUDWHJ\�WDNHV�
LQWR�DFFRXQW�WKH�ULFK�DQG�FRPSOHPHQWDU\�SK\VLFV�SURJUDPPHV�EHLQJ�XQGHUWDNHQ�E\�
(XURSH·V�SDUWQHUV�DFURVV�WKH�JOREH�DQG�RI�VFLHQWLÀF�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�LQ�
QHLJKERXULQJ�ÀHOGV��The implementation of the Strategy should proceed in strong 
FROODERUDWLRQ�ZLWK�JOREDO�SDUWQHUV�DQG�QHLJKERXULQJ�ÀHOGV�

 
 

December 2018 
 

1 

Statement by the German Particle Physics 
Community as Input to the Update of the 
European Strategy for Particle Physics 

Introduction 
Particle physics research based on accelerators has led to key discoveries in the past 50 years 
that have shaped the development of the fundamental theory of the elementary building blocks 
of matter and their interactions - the Standard Model of particle physics (SM).  Europe played 
a leading role within this international field of research.  Highlights such as the discoveries of 
the fundamental bosons of the theory: the gluon, the Z and the W bosons, and – ultimately – 
of a Higgs boson at the Large Hadron Collider (LHC) at CERN were provided by European 
laboratories. The particle content and the structure of basic interactions of the SM have been 
tested and verified with ever increasing precision at energies up to the TeV scale.  
  
Limitations of the SM in explaining the astrophysical evidence for Dark Matter and Dark 
Energy, the observation of massive neutrinos and many other open questions of fundamental 
nature strongly indicate the existence of New Physics beyond the Standard Model (BSM). The 
exploration of these puzzles, at all accessible energy and precision scales, is the goal of 
ongoing and future projects in experimental and theoretical particle physics. 
  
The German Committee for Particle Physics, KET1, arranged, jointly with the Committees of 
the neighbouring fields for astroparticle physics, KAT, and for hadronic and nuclear physics, 
KHuK, a series of workshops where the current status and future plans for the wider scientific 
field were evaluated and discussed. KET has extracted central statements and strategic 
proposals from the joint declaration and hereby submits them to the 2020 update of the 
European Strategy for Particle Physics. 

Running and approved Collider Projects  
The physics potential of the experiments at the LHC and its upgrade, the HL-LHC, as 
well as at SuperKEKB must be fully exploited. 

 
These projects provide now, and for the medium-term, the energy-, luminosity- and precision-
frontier of high energy particle physics. Operation of the LHC has already been a great 
success with the Higgs boson discovery being the most visible example. Its high luminosity 
upgrade, the HL-LHC, will yield at least an order of magnitude more data recorded with 
significantly improved detectors. Belle II will complement the physics reach of the LHC through 
its access to rare processes in a particularly clean environment. The excellent discovery 
potential of these projects, both through precision measurements and through the search for 
new particles, must be fully exploited. The results acquired will provide insight for the planning 

                                                
1 Contact: Prof. Ulrich Uwer (uwer@physi.uni-heidelberg.de) 

https://indico.desy.de/event/24214/contributions/52972/attachments/34224/42822/KET_ESPP_Statement_2018.pdf
https://indico.desy.de/event/24214/contributions/52972/attachments/34226/42824/KET-Response-vDev6.pdf


19. November 2021

§ Fortführung der vier BMBF-ErUM-FSPs wird anvisiert

• HU Berlin
• Uni Bonn
• TU Dortmund
• Uni Dresden
• Uni Freiburg
• Uni Gießen
• Uni Göttingen
• Uni Heidelberg
• Uni Mainz
• LMU München
• TU München
• Uni Siegen
• Uni Wuppertal
• Uni Würzburg
• MPP München
• DESY

|   Johannes Haller 7

Liste der Institute in D (ohne Theo.)

• RWTH Aachen
• Uni Hamburg
• KIT Karsruhe
• CASUS/Görlitz
• DESY

• Uni Bonn
• DESY
• Uni Gießen
• Uni Göttingen
• KIT Karlsruhe
• HLL MPG München
• LMU München
• Uni Mainz
• MPP München
• TU München

• RWTH Aachen
• TU Dortmund
• Uni Bonn
• MPIK Heidelberg
• Uni Heidelberg

Liste der beteiligten Institute recht stabil

Die deutschen Gruppen leisten herausragende Beiträge in
Betrieb der Experimente und Methodenentwicklung/Analyse 

und wollen das auch in der neue FP tun!



19. November 2021

§ Gruppen aus D werden sich in neuer FP 
erheblich beim Betrieb engagieren
• ATLAS: Spurdetektor (insb. Pixel und Streifen), LAr-Kalo

Kalorimeter, Myon-Spektrometer, Trigger

• CMS: Tracker, Myon-System, Lumisystem, HGCAL (?)

§ entspr. Mittel in neuer FP sind notwendig !
• vielversprechend: Run-3 erfolgreich begonnen
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Betrieb ATLAS / CMS

§ aber auch große Herausforderungen/Unsicherheiten:
• Energiesparen erfordert kürzere Runs → unklare Situation
• z.Z Schwierigkeiten, im Run-3 Schichten zu füllen, Gründe: Corona-Nachwirkungen, 

teilweise Kürzung von Reisemitteln, Gegenmaßnahmen in Diskussion
• russische Institute/Individuen leisten (noch) überproportional Beiträge im Betrieb, 

erwartete Änderungen ab 2023/24 mit Auslaufen der ICAs → Mehraufwand für D (?)
• langfristige Betriebsaufgaben erfordern Erfahrung, Leitungsfunktionen nicht mit 

BMBF-Mitteln erreichbar, langfristigere BMBF-Förderung (?)
o langfristige Aufgaben vs. Arbeitsrecht und Projekt-Perioden, ‘Sägezahn’

• Erhöhen der Mittel für Aufenthalte am Experiment (?)



19. November 2021

§ Methodenentwicklung unabdingbare Voraussetzung für bessere 
Resultate
• Anpassung an neue Umgebung (Pile-Up, Spur-Belegung, höhere Raten, neue Sub-

Detektoren, …)

• Performance-Verbesserungen notwendig für mehr als 1/√L-’Verbesserung’

§ Erfahrung:  erstaunliche Verbesserungen, wenn Daten verfügbar
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Methodenentwicklung

Recent CP developments 

Very few examples 
here only

33
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DNN based electron ID 
[ATL-PHYS-PUB-2022-022]

GNN based flavour tagging 
[ATL-PHYS-PUB-2022-027]
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Unified Flow Objects (UFOs) optimised for 
jet substructure reconstruction with 

Constituent Subtraction and SoftKiller
pileup mitigation algorithms compared to 

standard Pflow objects and Charged 
Hadron Substraction

[ATL-PHYS-PUB-2022-038]

  

Belle II Development of Methods

Comput. Softw. Big Sci. 3 (2019) 1, 6

https://github.com/belle2https://github.com/belle2https://github.com/belle2

https://syscorrfw.readthedocs.io/en/latest/

b-tagging Zerfallsketten-Rekonstruktion Eventraten
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Methodenentwicklung

§ Entwicklungen rund um 
den SciFi

§ Spurrekonstruktion und 
Alignment 

§ Track- und Vertexfits
§ Tracking-Effizienzen
§ online Real Time Analysis 

(RTA)
§ Entwicklung von Trigger 

Lines 
§ Data Preservation
§ Flavour Tagging 

Calibration 
§ …

§ Detektor-Alignement
§ b-Tagging
§ Trigger (Entwicklung und 

Performance-Studien)
§ JPerformance-Studien

einzelner Subdetektoren
§ et- und MET-Reko.
§ PileUp-Mitigation
§ Beam-Untergrund und 

Strahlenschäden
§ Lepton-Reko. (had. t)
§ Energieflussalgorithmen für t-

und Jet-Physik
§ W/H/top-Tagging
§ Data Quality
§ Modellierung von Signal- und 

BGR-Prozessen im MC.
§ ML-basierte Algorithmen
§ …

§ Spurrekonstruktion (PXD)
§ Full Event Interpretation 
§ Trigger-Entwicklung 

(Track-Trigger, Neuro-
Trigger, GNN-Tracking)

§ Kalorimeter-Reko
§ Rekonstruktion neutraler 

Teilchen
§ ParticleID-Kalibration
§ grundlegende SW-

Entwicklung (Systematic
Correction Framework)

§ Analyse-Werkzeuge
§ …

§ Spur-Rekonstruktion
§ Tracker-Alignement
§ b- und c-Tagging
§ Lepton-Rekonstruktion 

(Tauonen, e/gamma, 
Myonen)

§ Lumi-Messung
§ Jet- und MET-Reko und 

Kalibration
§ PileUp-Mitigation
§ Trigger-Entwicklungen 

(Algorithmen und Menus)
§ MC-Generation
§ ML-basierte Algorithmen
§ …

• Methodenentwicklung in D sehr breit aufgestellt
• gewisse Schwerpunkte in Bereichen, in denen zuvor 

Detektor/System-Bau und jetzt -Betrieb
o Detektor-Know-How oftmals unabdingbar

o Gruppen arbeiten gemeinsam → Verbünde
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Methodenentwicklung und Analyse
HH searches at CMS 

Marcel Rieger
11 HH combination

● Run 2 combination 
■ Observed (expected) limit at 95% CL on  measured as 3.4 (2.5) 

● 2016 data 
■ Scaling expected 95% CL limit of 12.8                                                                                                              

to Run 2 luminosity would imply a limit of 6.5

σ/σSM

2016 data

1 10 100

Theory
σ HH) / →(pp σ95% CL limit on 

Observed: 32
Expected: 40
bb ZZ

Observed: 21
Expected: 19
Multilepton

Observed: 8.4
Expected: 5.5

γγbb 

Observed: 3.3
Expected: 5.2

ττbb 

Observed: 6.4
Expected: 4.0
bb bb

Observed: 3.4
Expected: 2.5
Combined

Observed         Median expected
                      68% expected   
                      95% expected   

CMS 

 = 1tκ = λκ
 = 12Vκ = Vκ

 (13 TeV)-1138 fb

Run 2 combination
Phys. Rev. Lett. 122 (2019) 121803 Nature 607 (2022) 60

new

new

x 3 improvement

x 5 improvement

x 5 improvement 
(x 30 in boosted ch.)

Major improvements due to 
➜ Detector upgrades & trigger development 
➜ CMS reconstruction & object tagging 
➜ Improved analysis techniques 
➜ Additional decay channels

Methodenentwicklung führt 
direkt zu besseren Physik-
Resultaten

ein Beispiel: DiHiggs bei CMS 
(ATLAS analog)

ohne Methodenverbesserung 
wären 940 fb-1 notwendig 
gewesen, d.h. 19 Jahre 
Datennahme!

§ teilweise enorme Verbesserungen (ziemlich sicher auch in der neuen FP)

• besonderes Augenmerk: ML-basierte Verbesserungen → siehe Vortrag M. Erdmann

§ Als ‘Investor’/FA sollte man hier investieren !
• viele exp.-übergr. Initiativen zur Methodenentwicklung wurden in ErUM-data aber 

überraschend nicht gefördert (Trigger, Tracking, Unsicherheiten …), Gründe unklar.



19. November 2021

breite Abdeckung:

• SM-Physik
• Top-Physik
• Higgs-Physik
• SUSY
• Exotica
• (B-Physik)
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Physik-Interessen 

breite Abdeckung:
§ Elektroschwache 

Pinguin-Zerfälle (b→ 
sll)
§ LUV-Tests, 

Winkelanalysen, 
Branching ratios

§ Seltene Charm-
Zerfälle 

§ Hadron-Spektroskopie 
§ Quark-Mischung und 

CP-Verletzung 
§ Rare Decays 
§ QCD und Exotics
§ …

breite Abdeckung:
• Suche nach neuer 

Physik mit B-
Mesonen

• Präzisions-
Messungen mit B-
Mesonen

• Charm-Hadronen 
• tau-Leptonen
• Dark-Sector-Suchen
• Hadron-

Spektroskopie 
• …

breite Abdeckung:

• SM-Physik
• Top-Physik
• Higgs-Physik
• SUSY
• Exotica
• ‘B2G’
• (B-Physik)

Basierend auf Ihrer großen technischen Expertise wollen die Verbünde auch 
in der neuen FP zu den großen Physik-Zielen der Experimente beitragen.



19. November 2021

Physics output

17/11/21 Oscar Augusto

12

§ die laufenden Collider-Experimente haben 
weiterhin einen extrem hohen Output
• nur geringe Schwankungen der Rate durch Runs 

oder Shut-Downs → gute Aussichten für neue FP

§ aber: Physikresultate benötigen Zeit
• Abschätzung eines LHC-Experiments: jetzige Rate 

→ noch 7 Jahre, um alle Run-2 Papers zu 
publizieren (!) 
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Physik-Output der Collider-Experimente

Run1 Run2

Show all Total Exotica Standard Model Supersymmetry Higgs Top Heavy Ions

B and Quarkonia Forward and Soft QCD Beyond 2 Generations Detector Performance

1169 collider data papers submitted as of 2022-11-07

0

20

40

60

80

100

120

140

160

180

200

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

source: T. Ferber



19. November 2021

§ Analyse und Methodenentwicklung extrem verzahnt, oftmals starker 
Anschluss an Detektor-Betrieb (und auch Bau).
• Analyse erfordert Detektor-Knowhow, Feed-back-Loop: Betrieb/Analyse

§ wissenschaftlicher Output von vorherigem Investment
§ Fakt: nur mit wiss. Output kann promoviert werden (Nachwuchsförd.)

§ viele präferieren eine fortgesetzte Förderung durch ErUM-Pro
• Verzahnung mit Betrieb und Methoden, Vernetzung im Verbund
• BMBF: ‘Wissenschaftl. Spitzenleistungen’, ‘Nachwuchsförderung’
• aber: Mangel an Mittel für Analyse nach Abzug der Betriebsaufgaben

o eingeschränkte Eigenverantwortung der Projektleiter wird bemängelt

§ Alternative: Statement, dass BMBF Analyse nicht fördert, würde 
DFG-Verfahren ermöglichen. 
• ernste Änderung des HEP-Fundings in D.

|   Johannes Haller 14

Analyseförderung



19. November 2021

§ PR-Arbeit: Darstellung unserer Ergebnisse in den 
überregionalen Medien ist ‚schlecht‘ (siehe ZEIT 
oder Spiegel zu Higgs@10) → wir müssen aktiv 
werden!
• Das FSP-Büro hilft uns sehr! hat aber einen leicht 

anderen Fokus, sehr erfolgreich
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übergreifende Aspekte
BMBF-Forschungsschwerpunkte am LHC

Die Erforschung  
von Universum  
und Materie
am Large Hadron Collider, dem  
leistungsstärksten Teilchen- 
beschleuniger der Welt

§ Verzahnung mit Computing-Projekten (Run3, FIDIUM) bleibt wichtig

§ Verzahnung mit der Theorie bleibt wichtig
• in Zukunft: Analysen stärker systematisch limitiert, so dass z.B.  

Modellierungsunsicherheiten (z.B GANs) dominieren (werden).

• aber: teilweise sehr unterschiedliches Level der Zusammenarbeit mit 
den angegliederten Theorieprojekten


