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Introduction P—

 So far, the detector and MDI have been optimised for 3 TeV signal and 1.5 TeV BIB

* When going to 3/10 TeV or more, we need to understand what the detector requirements are
from MDI point of view

 This talk presents “problems” and open questions, which should prompt fruitful discussions

 Unfortunately, no solutions yet but everything WIP
Get ready for
discussion! et e B
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https://indico.cern.ch/event/1250075/contributions/5349959/attachments/2670150/4628451/IMCC2023_Aime.pdf
https://indico.cern.ch/event/1250075/contributions/5349960/attachments/2670097/4628332/IMCC_June_LBuonincontri.pdf
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TOWARDS A MUON GOLLIDER

e Standard detector structure from CLIC e Studied with FLUKA+LineBuilder

* Good py (tracker) and energy (calorimeters) « Nozzles to mitigate BIB
resolution
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https://arxiv.org/pdf/2303.08533.pdf

IMCC ANNUAL MEETING

RENDERING OF MUON COLLIDER VERTEX DETECTOR

Size of the beam-pipe I

 Mainly driven by the size of the beam at the
Interaction point

* |t defines the position of the first vertex layer

* Fundamental to achieve good performance

for tracks’ impact parameter
e Some rough numbers for typical beam-pipe
radii:
Beam-pipe size First VXD layer 1 15-2 MM BEAM-PIPE SIZE
LEP 50 mm ~60 mm
LHC 29 mm ~40/50 mm
CLD/FCCee 15 mm 17.5 mm
Muon Collider (v1) 22.8 mm S0 mm '
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Size of the beam-pipe

* A quick study has been performed using a parametric simulation of the tracking system

. P ibility t K] h _ Position of tracker and vertex layers
OSSIDIIITY TO qUICKIY Change: S Materials, layers thickness, sensitivity
Magnetic field

EXAMPLE OF 0.8 GEV TRACK, 5 T MAGNETIC FIELD IN CLD TRACKER X o(D0) AS A FUNCTION OF TRACK MOMENTUM

a5

20:-
15-J

10}

2300 MM

P
11

—————
A
—————
—
N
N
RN
N\
N
N
— \.
N
N
~\
g
"—%_
\
\
\
\
N
L
. o
\
\
\
—————————————
—
LI L I LI
|
|
|
|
Il
|l
II

OIIIIIIIIIIIIIIIIIIIII

0 20 40 60 80 100
p (GeV)

 Performance evaluation for several parameters
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Size of the beam-pipe

* A quick study has been performed using a parametric simulation of the tracking system
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Position of tracker and vertex layers
Materials, layers thickness, sensitivity

 Possibility to quickly change: s
Magnetic field

EXAMPLE OF 0.8 GEV TRACK, 3.57 T MAGNETIC FIELD IN MUON COLLIDER TRACKER

1500 MM

 Performance evaluation for several parameters
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Knowledge of PV position

 Fundamental to distinguish PV from SV (e.g. to have high-performance flavour tagging)

BEAM SPOT MEASUREMENT AT LEP

Harder at lepton colliders wrt hadron colliders (fewer tracks to use for fitting)
 e.g. LEP2 used the LEP Beam Orbit Measurement

* Necessary to monitor position of beam focusing magnets closest to the interaction region
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https://cds.cern.ch/record/317914

Nozzles dimensions

* Nozzles have been optimised to mitigate BIB at 1.5 TeV

* A first attempt has been already performed at 10 TeV

................

................

...............................................
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* Reduce the background levels inside the detector

R,cm

Neutron per crossing position
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NOZZLE DESIGN BY MAP COLLABORATION

| original 7.99e+07 (2.5%)
| cut 4.78e+07 (3.7%)
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* What about acceptance?
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dN/dS[1/cm?]

o = N W A U O

Z,cm

1e5 Photon per crossing position

| 20deg 1.36e+08 (5.1%)

| 2p5deg 1.04e+08 (2.2%) ]

| 1p5deg 9.38e+07 (1.5%) ]
| 10deg 1.23e+08 (2.6%)

| 5deg 1.16e+08 (2.0%) 1]
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https://indico.cern.ch/event/1175126/contributions/5024029/attachments/2525935/4345891/MDIcollab.pdf
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PAPER MY P. MAEDE AND M. FORSLUND

Nozzles dimensions

* |Indeed, going to 10 TeV the acceptance of some physics processes might change

e egipu Ty - H( - bIB)vMDﬂ at 3and 10 TeV
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e Can we use a “wider” detector acceptance to exploit the angular features of these processes?
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https://arxiv.org/pdf/2203.09425.pdf

Detector dimensions

« Going to 10 TeV means that some very high-energetic processes might appear

 Problem: dimensions of tracking system and calorimeters

* |s alonger detector possible? Can we increase L*?
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(50 + |Dx max(pr)| + 2[cm]) [mm]

Bx.y

STUDY FOR DIFFERENT FINAL FOCUSING SCHEME
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https://indico.cern.ch/event/1175126/contributions/5024028/attachments/2526576/4345837/IR_Optics_Design_for_the_10_TeV_Muon_Collider.pdf
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Nozzles instrumentation :

 Several studies showing the importance of tagging forward muons

B INVISIBLE SINGLETS FROM ZZ FUSION §
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e Instrumentation of the nozzles

* |s it possible? How this affects MDI?
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https://indico.cern.ch/event/1175126/contributions/5025520/attachments/2526581/4345845/Muon_Collider_Ruhdorfer.pdf
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Conclusions

 Lots of questions and open points to discuss:
 Size of the beam-pipe — track and vertices reconstruction
 Knowledge of PV position — fundamental for tagging SV
* Nozzle and detector dimensions — acceptance of physics processes
 Nozzle instrumentation — important for forward physics

 Important effort and synergies between detector and MDI (/— —j\)
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Thank you for your attention,
and let’s discuss!

DAVIDE ZULIANI THE DETECTOR SEEN BY MDI 12



