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The role of /s In HEP

CMS Experiment at the LHC, CERN
Data recorded: 2018-Jul-14 22:42:55.530432 GMT

ATLAS
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The role of ii’s in HEP
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u Interaction & Detection

» i’'s are Minimum lonizing Particle (MIPs)

- Traverse thought the entire detectors

. p-spectrometers are placed at the external layer

- Large area coverage — expensive — gaseous detectors
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Gaseous Detector Technologies

From Giulio Aielli
RESISTIVE PLATE CHAMBERS AT A GLANCE

RPC AND MRPC COMMON FEATURES
o TARGET AND AMPLIFICATION COINCIDE
*  UNIFORM FIELD = PROMPT SIGNAL
 TARGET AND AMPLIFICATION COINCIDE
HIGH R ELECTRODES > SPARK LESS
d UNIFORM ELECTRODE —> SIMPLE

WORKING AT ATM. PRESSURE = SIMPLE
MIN 1T MM OF TARGET FOR FULL EFF.

" i e THINO.TMM 2D LOCALIZATION
l ‘ A e VERY QUENCHING AND ELECTRONEGATIVE GASES

# OF GAPS = —
p(Q CM) 2

Q(V) = In(1 + e*V-"))
Q(x) =In(1 + e%¥)

Integral logistic growth
G. Aielli et al NIM A 508 (2003) 613 ] — Hz/CM2 >

0P

MODULE SIZE =2

Total charge (pC)
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aseous Detector Technologies

;i nkw wires sho \\nl

MWPC v Sespeessp
Tubes ]

7 trapezoidal panels
forming 6 gas gaps

FR4 board 1.5mm | \ cathode

Copper strip: 32 mmpitch, §  « « « o o o o BN e e e e e wires
thod
B 2.7 mm width, 35um height avalanche

cathode
Space between strip and FR4 in
face: 200 um u

1.4mm

Histogram with
projected hit Graphite layer:25 pm , with suri

positions Cathode resistance 160-240k<22.Sem? induced charge
Picture from : cathode with strips
N wires
avalanche _
cathode w/o strips
From Peter Wintz -
CSC/TGC

e Low X/X0 TGC layers for central tracking regions?

Wires
O Tube in ROI Drift radius o New wire materials new alloy, metallized carbon wire, ..
e Hit positions (two-fold ambiguity) e Specific topic: wire corrosion, coating quality, ..
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Gaseous Detector Technologies

From Eraldo Oliveri

Micromegas Bulk Micro bulk InGrid - High Rate Capability «  Up to MHz/mm? (MIP)
, Standard micromegas . High Gain ° Up to 105 _106

<100pm

 High Space Resolution

«  Good Time Resolution  Ingeneral few ns, sub-ns in specific configuration
10-20% FWHM @ soft X-Ray (6KeV)

« Good Energy Resolution
 Excellent Radiation Hardness
« Good Ageing Properties

e lon Backflow Reduction % level sort of easy, below % in particular configuration
 Photon Feedback Reduction

Large size * m?

Cathode Plane

 Low material budget

1E. »
MHSP Top
‘\\ Cathode Strip
¢ wh

e % (D /:?a strip
L oam - “— =
H‘[.q-f.

MSregion  Holeregion | E.

> Low cost

- R&D on: timing, stability, resistive materials, upscaling,
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ATLAS - LHC

« From ATLAS Muon TDR, 1997/
» Physics requirements

Resolution: momentum and mass resolutions at the level of 1% are essential for the recon-
struction of narrow two- and four-muon final states on top of high background levels,
such as the intermediate mass Higgs, and for reliable charge identification. A transverse
momentum resolution that is constant over the full rapidity range is desirable.

Second-coordinate measurement: a measurement of muon tracks in the non-bending pro-
]ectlons with an r.m.s. spatial resolution of 5-10 mm is required for safe track reconstruc-
tion and reliable momentum determination.

Rapidity coverage of track reconstruction: all physics channels profit from a pseudorapid-
ity coverage up to |n| =3 and good hermeticity, in particular rare high-mass processes.

Trigger selectivity: transverse momentum thresholds of 10-20 GeV are adequate for
high-mass states, which will be in the focus of LHC physics at nominal luminosity. Lower
thresholds of py = 5 GeV are required for CP violation and beauty physics.

Trigger coverage: adequate trigger efficiencies can be obtained with a pseudorapidity
coverage smaller than that of the precision chambers. The actual requirements are mostly
determined by processes at the opposite ends of the LHC mass scale: the need for good
acceptance for rare high-mass Higgs particles, and the need for very high statistics to
study small rate asymmetries due to CP violation in the B sector. A trigger coverage of
Inl < 2.4 1s found to be sufficient.

Bunch-crossing identification: the LHC bunch-crossing interval of 25 ns sets the scale for
the required time resolution of the first-level trigger system.
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ATLAS - LHC

« From ATLAS Muon TDR, 1997/
» Physics requirements

e Resolution: momentum and mass resolutions at the level of 1% are essential for the recon-
struction of narrow two- and four-muon final states on top of high background levels,
such as the intermediate mass Higgs, and for reliable charge identification. A transverse
momentum resolution that is constant over the full rapidity range is desirable.

e Second-coordinate measurement: a measurement of muon tracks in the non-bending pro-
jections with an r.m.s. spatial resolution of 5-10 mm is required for safe track reconstruc-
tion and reliable momentum determination.

= Rapidity coverage of track reconstruction: all physics channels profit from a pseudorapid-
ity coverage up to |n| =3 and good hermeticity, in particular rare high-mass processes.

» Trigger selectivity: transverse momentum thresholds of 10-20 GeV are adequate for

high-mass states, which will be in the focus of LHC physics at nominal luminosity. Lower

thresholds of pT =~ 5 GeV are required for CP violation and beauty physics.

- Trlgger coverage adequate trigger efficiencies can be obtained with a pseudorapidity
coverage smaller than that of the precision chambers. The actual requirements are mostly
determined by processes at the opposite ends of the LHC mass scale: the need for good
acceptance for rare high-mass Higgs particles, and the need for very high statistics to
study small rate asymmetries due to CP violation in the B sector. A trigger coverage of
I " I < 2.4 is found to be sufficient.

unch -Crossing 1dentlct10n the LHC bunch-crossing interval of 25 ns sets the scale for

the required time resolution of the first-level trigger system.
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ATLAS - LHC

« Gaseous solutions

- Long lever arm for sufficient banding - Catnode st
in the magnetic field

chambers

- Two technologies for triggering
» RPC - Barrel
« TGC - Endcap

« Two technologies for precision
- MDT - Barrel & Endcap
« CSC - Inner Endcap

Monitored drift tube
chambers

Figure 1-6 Three-dimensional view of the muon spectrometer instrumentation indicating the areas covered by
the four different chamber technologies
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« Reconstruction

» From inner tracks extrapolated to muon
stations and corrected with MDT

segments

« Muon segments extrapolated to inner
tracks

« Trigger
 LVL O - hardware based
- High LVL - software
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CMS - LHC

From CMS Muon TDR, 1997/
Physics requirements

The muon system has three purposes: muon identification, muon trigger, and muon
(signed) momentum measurement. Performance requirements follow the physics goals,
including the maximum reach for unexpected discoveries, and the background environment of
LHC at its highest luminosity. A robust 4 T solenoid-based system is the key to the CMS
design. Comprehensive simulation studies have indicated that the physics goals can be achieved
if the muon detector has the following functionality and performance:

- MUON IDENTIFICATION: at least 16 A of material is present up to n=2.4 with no

acceptance losses.

- MUON TRIGGER: the combination of precise muon chambers and fast dedicated
trigger detectors provide unambiguous beam crossing identification and trigger on
single and multimuon events with well defined p, “thresholds from a few GeV to

100 GeV up to n=2.1.

- STANDALONE MOMENTUM RESOLUTION from 8 to 15% op,/p; at 10 GeV and

20 to 40% at 1 TeV.

- GLOBAL RESOLUTION after matching with the Central Tracker:
from 1.0 to 1.5% at 10 GeV, and from 6 to 17% at 1 TeV. Momentum-dependent
spat1a131tnath at 1 TeV less than 1 mm in the bending plane and less than

10 mm in the non-bending plane.
- CHARGE ASSIGNMENT correct to 99% confidence up to the kinematic limit of

7 TeV.
- CAPABILITY OF WITHSTANDING the high radiation and interaction background
expected at the LHC.
https://www.weizmann.ac.il/particle/bressler/ 12
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CMS - LHC

» Gaseous solutions
- Technologies used for tracking and triggering
» Drift Tubes - Barrel .

§ [ DrftTubes_ w08 __ =18 etz

+ CSC - Endcap =100 | SR
+ RPC - Barrel & Endcap o | «
500 _

400 _:

300 l n=2.1"

200 | ] ‘::Iin?“-

’ 10100 T 1200
Z (cm)
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ATLAS - HL-LHC
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ATLAS - HL-LHC

» Higher luminosity

- Higher background * Expected hitrate in Run-4 gy e
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Figure 7.2: Expected TGC hit rates on the M1 wheels (left) and the EIL4 chambers (right) at a luminosity
of 7.5 x 103 cm=2 571,
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ATLAS - HL-LHC

AY EOS

 Higher luminosity o e ——

- Higher background ;f-;-\-_-; o =
- Higher radiation DDfD_D

» &aging

High-n sTGCs

» ATLAS upgrade in two phases "
- Phase | - New Small Wheel |
« Phase Il - TGC EI, MDT to sMDT, s ]
new RPC, elx. 5 e

Figure 1.3: Two R-Z views of the Phase-II ATLAS muon spectrometer layout showing a small sector
(top) and a large sector (bottom). The drawings show the new detectors to be added in the Phase-
IT upgrade, including the addition of the high-# tagger (red text: BI RPC, sMDT, EIL4 TGC, high-y
tagger), those to be installed during LS2 (green text: Micromegas and sTGC in the New Small Wheel
and BIS78 RPC and sMDT), and those that will remain unchanged from the Run 1 layout (black text).
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CMS - HL-LHC

» Higher luminosity

o
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Figure 1. Quadrant of a section of the CMS muon spectrometer, showing the Phase-1 muon stations and the
new stations after the Phase-2 upgrade (in red, violet and orange) [2].
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Future

From Maxim Titov

Accelerator & Time ... Detector size & . Special
Application Technology . Requirements .
scale Module size requirements
Max rate: 3 kH,,/cm?
Muono system for Total: 400 m? Spatial res: 1 mm/80 um
LHeC Tracking & RPC/MDT Module: 2-5 m? Time res ~0.4 ns
Triggering Rad. Hard: 0.3 C/cm?
, Max rate:10 kH,/cm?
FCC-ee/CEPC IDEA pre shower for URWELL Total: 225 m*~ Spatial res ~60-80 um
52030 Tracking Module: 0.25 m Time res: 5-7 ns
Rad. Hard < 100 mC/cm?
Max rate < 1 kH,/cm?
FCC-ee/CEPC 'DEAkfnuon system for Total: 3000 M2 Spatial res ~ 150 um
52030 Tracking & URWELL Module: 0.25 m? Time res: 5-7 ns
Triggering Rad. Hard < 10 mC/cm?
Max rate < 500 kH,/cm?
FCC-hh ¥UOE. sys;(em for MDT/RPC/MPGD/CSC Spatial res <100 m?t Redundant tracking
> 2050 r.aC Ing Total: ~ 3000 mz Time res ~3 ns and triaaerin
2 ggering
Triggering Rad Hards ~1 C/cm
Max rate < 100 kH,/cm?
Muon Collider MUOE. system for PG /fast timing MPGD Total: 3500 m* | Spatial res < 100 ym Redundant tracking
S Tracking & /fast timing Module: 0.3-0.4 M“ | Time res <10 ns d tri :
2050 Tri . and triggering
riggering Rad Hards < C/cm

https://www.weizmann.ac.il/particle/bressler/
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Future

- Nothing decided yet
 All options are on the table

INTERNATIONAL WORKSHOP
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« continues development of most gaseous detector types

Higher precision
» Towards pico second timing
Better stability
« New production techniques
- New materials

« Detailed comparison of the different
technologies under identical conditions

https://www.weizmann.ac.il/particle/bressler/

Compa

dU\/ﬁS LL

* Double DLC layout

« ~50MQ/O /
* Grounding points through vias under Grounding lines bet
the pillars GEM HV sectors
® ® " . . " . . 3 s : : : 3
- Plateau of 98°% stans @47 540
— Efficiency plateau starts earlier with a lower drift field £ ; .
A lower drift field shear '
-1 rency of Pt e
The performances of the detecions are assessed using muons in the analysis, providing an estmate of the det ienc be 00
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lies of the resi gUm MPGD technologies

* Fe-dopped glass

« 2GQcm
* Grounding through pads with
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epoxy-graphite mixture

ios % ’ [’
AACator
late reached w ift helds
At lo Ids, the pla rts at higher ampidica
voltages
At hig ields, the ¢ drops at high
ampl the dnft g
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