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Local Resources for Physics & Detector activities:
INFN-University Padova 
INFN-Trieste 
INFN-Bari
Berkeley
NERSC/Cori
FermiLab
IHEP
DESY

Mainly access by local people, with some exception

Shared Resources for Physics & Detector activities:
INFN Tier-1
• CPU resources access not possible outside INFN currently due to software configuration, possible in the future 

with new software framework or wrapper if that takes too long
• Disk storage access possible via GRID tools provide you are in the VO muoncoll.infn.it

CERN
Access via subscription to the e-groups:
muoncollider-batch (batch queue)
muoncollider-readers (read from disk)
muoncollider-writers (write to disk)              Granted to developers for the moment

Granted to everybody of the Muon Collider collaboration

https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10506848&AI_USERNAME=DLUCCHES&searchField=0&searchMethod=0&searchValue=muoncollider&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=4C1649F1F5949C3907CD88890CB75061
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10486879&AI_USERNAME=DLUCCHES&searchField=0&searchMethod=0&searchValue=muoncollider&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=4C1649F1F5949C3907CD88890CB75061
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10486873&AI_USERNAME=DLUCCHES&searchField=0&searchMethod=0&searchValue=muoncollider&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=4C1649F1F5949C3907CD88890CB75061
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Full simulation/reconstruction comments

Same type of events, full BIB overlaid:
• Conformal tracking, Double Layer requirement ~ 32 hours per event, often crashes, ~40GB of memory needed
• ACTS:  10 minutes ~ 8 GB memory
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… and much more

Beam-induced background events, will be copied at CERN. Example on how to use them need to be published to avoid 
mis-usage.

Simulated and reconstructed sample available to everybody
https://confluence.infn.it/display/muoncollider/Monte+Carlo+Simulated+Samples
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Among the information:
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Muon Efficiency

Muon Detectors

S. Jindariani, IMCC Annual Meeting, 202214

• Muon system is the lest affected by the BIB

• Current design: gaseous detectors interleaved in an 
iron yoke 

• Targets: 100 micron resolution and 1 ns timing

• High number of hits in the forward disks due to the BIB

• Some technologies reaching rate limits

• Some contain gas mixture which has a high 
Global Warming Potential

• New interesting technologies (MPGD, Picosec, mu-
RWELL…)
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Fig. 57 Comparison of the electron reconstruction e�ciency
as a function of the electron energy (top) and the electron
polar angle (bottom) in the cases of no beam-induced back-
ground and with the BIB added to the event.

1.4.5 Muons1974

The performance of muon reconstruction and identifi-1975

cation was studied in single muon events. The muons1976

were produced at the nominal collision point. The gen-1977

erated muons are uniformly distributed in energy in the1978

range 100MeV–50GeV, in polar angle between 8� and1979

172�, and in azimuthal angle over the whole range.1980

The muons are reconstructed and identified with1981

the Pandora Particle Flow algorithm [35], by match-1982

ing track in the inner detector reconstructed from the1983

Combinatorial Kalman Filter approach with clusters of1984

hits in the muon system. A cluster is defined as a combi-1985

nation of hits (one hit per layer) inside a cone extending1986

to the neighbouring layers. A detailed description of the1987

muon reconstruction algorithm is reported in [18].1988

The cluster finding e�ciency, defined as the ratio1989

between generated particles associated with a cluster1990

and total generated particles, was found to be higher1991

than 99% for pT > 10GeV and higher than 98% for1992

8° < ✓ < 172°.1993

Figures 58 and 59 show the muon reconstruction ef-1994

ficiency respectively as a function of the muon pT polar1995

angle ✓.1996
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Fig. 58 Muon reconstruction e�ciency as a function of
transverse momentum in a sample of single muon events.
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Fig. 59 Muon reconstruction e�ciency as a function of the
polar angle ✓ in a sample of single muon events.

The muon pT resolution is shown in Figure 60 where1997

�pT is the di↵erence between the generated muon pT1998

and the pT of the corresponding reconstructed particle.1999

It results to be less than 10�4 GeV�1 for pT > 30GeV2000

and around a factor of 7 better in the barrel region2001

compare to the endcap.2002

The BIB was found not strongly a↵ect the muon2003

reconstruction performance: the e�ciency is lower only2004

Michele Selvaggi
Muon collider card performance 

Delphes card 

FullSim
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Electron Efficiency
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Fig. 58 Muon reconstruction e�ciency as a function of
transverse momentum in a sample of single muon events.
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Fig. 59 Muon reconstruction e�ciency as a function of the
polar angle ✓ in a sample of single muon events.
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Fig. 57 Comparison of the electron reconstruction e�ciency
as a function of the electron energy (top) and the electron
polar angle (bottom) in the cases of no beam-induced back-
ground and with the BIB added to the event.
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Fig. 58 Muon reconstruction e�ciency as a function of
transverse momentum in a sample of single muon events.
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Fig. 59 Muon reconstruction e�ciency as a function of the
polar angle ✓ in a sample of single muon events.

The muon pT resolution is shown in Figure 60 where1997

�pT is the di↵erence between the generated muon pT1998

and the pT of the corresponding reconstructed particle.1999

It results to be less than 10�4 GeV�1 for pT > 30GeV2000

and around a factor of 7 better in the barrel region2001

compare to the endcap.2002

The BIB was found not strongly a↵ect the muon2003
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Photon Efficiency

34

1.4.4 Photons and electrons1885

The photon reconstruction and identification perfor-1886

mance of the muon collider detector is assessed in a1887

sample of single photon events. The photons were gen-1888

erated in the nominal collision vertex at the centre of1889

the detector, uniformly distributed in energy between1890

1 and 1500 GeV, in polar angle between 10� and 170�,1891

and in the full azimuthal angle range. The sample was1892

then processed with the detector simulation and recon-1893

struction software.1894

Prior to track reconstruction, the tracker hits were1895

processed with the Double Layer filter. Moreover, to get1896

rid of most of the fake tracks due to the spurious hits1897

from the background, a track quality selection is applied1898

before the track refitting step, which requires at least1899

three hits in the vertex detector and at least two hits1900

in the inner tracker. To reject part of the background1901

hits in the calorimeters, an energy threshold of 2 MeV is1902

applied to both the ECAL and HCAL hits. Photons are1903

reconstructed and identified with the Pandora Particle1904

Flow algorithm [35].1905

The energy threshold of the calorimeter hits and the1906

presence of the beam-induced background a↵ect the en-1907

ergy scale of the reconstructed photons. A correction1908

factor is applied to the reconstructed photon energy1909

to make the detector response uniform as a function1910

of the photon energy and the photon polar angle. The1911

correction was calculated from the ratio of the recon-1912

structed photon energy with the photon energy at gen-1913

erator level in an independent set of events.1914

Figure 54 shows a comparison of the photon recon-1915

struction e�ciency as a function of the generated pho-1916

ton energy and polar angle ✓ with and without the BIB.1917

The e�ciencies are defined as the fraction of generated1918

photons in the range 10� and 170� that are matched1919

to a reconstructed photon within �R < 0.05. A de-1920

crease of about 10% in the reconstruction e�ciency in1921

the presence of BIB is observed in the angular region1922

corresponding to the transition between the barrel and1923

endcap calorimeters, and is reflected in the e�ciency1924

below 400GeV.1925

The e↵ect of BIB on the photon energy resolution1926

has also been evaluated, and is shown in Figure 55 as1927

a function of the energy and polar angle of the photon.1928

The BIB was found to a↵ect more significantly the for-1929

ward region, where the energy resolution is degraded1930

by a factor of two, and the transition region between1931

the barrel and the endcap calorimeters.1932

The development of a dedicated algorithm to re-1933

cover the e↵ects on both the reconstruction e�ciency1934

and energy resolution is ongoing. However, the results1935
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Fig. 54 Photon reconstruction e�ciency as a function of the
photon energy (top) and the photon polar angle ✓ (bottom).

demonstrate an excellent level of expected performance1936

across the full investigated energy spectrum.1937

Figure 56 reports the fraction of photons that are1938

reconstructed and identified as electrons. The resulting1939

ine�ciency from misidentifications was found to be at1940

the level of 0.3% and relatively una↵ected by the pres-1941

ence of BIB.1942

The performance of electron reconstruction and iden-1943

tification was studied in single electron events, with the1944

electrons produced at the nominal collision point. The1945

generated electrons are uniformly distributed in energy1946

between 1 and 1500 GeV, in polar angle between 10�1947

and 170�, and in azimuthal angle over the whole range.1948

The sample was then processed with the detector sim-1949

ulation and reconstruction software.1950

Electrons are identified by means of an angular match-1951

ing of the electromagnetic clusters with tracks recon-1952

structed with the CKF algorithm, as described in Sec-1953

tion 1.4.1 in a R = 0.1 cone. A Double Layer filter was1954

used to reject BIB hits upstream of the track recon-1955
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b-tag Efficiency
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Fig. 51 E�ciency of the b-tagging algorithm as a function of
the jet pT (top) and ✓ (bottom). The e�ciency was evaluated
in bb̄ dijet events in µ

+
µ
� collisions at

p
s = 3 TeV.
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Fig. 52 Misidentification rate for c-jets as a function of pT
(top) and ✓ (bottom). The rate was evaluated in cc̄ dijet
events in µ

+
µ
� collisions at

p
s = 3 TeV.
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Fig. 51 E�ciency of the b-tagging algorithm as a function of
the jet pT (top) and ✓ (bottom). The e�ciency was evaluated
in bb̄ dijet events in µ

+
µ
� collisions at

p
s = 3 TeV.
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Fig. 52 Misidentification rate for c-jets as a function of pT
(top) and ✓ (bottom). The rate was evaluated in cc̄ dijet
events in µ

+
µ
� collisions at

p
s = 3 TeV.
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Mistag
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Fig. 51 E�ciency of the b-tagging algorithm as a function of
the jet pT (top) and ✓ (bottom). The e�ciency was evaluated
in bb̄ dijet events in µ

+
µ
� collisions at

p
s = 3 TeV.
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Fig. 52 Misidentification rate for c-jets as a function of pT
(top) and ✓ (bottom). The rate was evaluated in cc̄ dijet
events in µ

+
µ
� collisions at

p
s = 3 TeV.
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Fig. 53 Misidentification rate for light jets as a function of
pT (top) and ✓ (bottom). The rate was evaluated in qq̄ dijet
events in µ

+
µ
� collisions at

p
s = 3 TeV.

Michele Selvaggi Muon collider card performance 

FullSim

Delphes card 

https://indico.cern.ch/event/953063/contributions/4004535/attachments/2101907/3533828/delphes_card_mucol.pdf
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Summary and next steps

Ø A working package, beam-induced background sample at 1.5 TeV, and simulated/reconstructed data are 
available.

Ø Resources are available in several places and common shared resources start to be available

Future steps
§ Move to  a common framework that all the resources may/can (?) be used from every collaborator 

everywhere
§ Define rules, procedure and resources to make beam-induced background events available to the 

collaboration and publish instructions to use them
§ Update the delphes card:

• keep a target efficiencies and resolutions at 3 TeV for pheno studies
• have 3 TeV “realistic” version for student’s thesis 
• Different proposal?


