Overview of CMS Forward Muon Upgrade

Brian L. Dorney on behalf of the CMS Collaboration
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The CMS Detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 ym) ~16m* ~66M channels
Overall length ~ :28.7m Microstrips (80x180 ym) ~200m?> ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

CMS Collaboration, Lucas Taylor, “CMS detector design,”

) - -design 2011.
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The CMS Trigger @

* Two level system
— Hardware level: on-detector electronics, Level 1 (L1)

— Software level: underground CPU farm, High Level
Trigger (HLT)

* Significant rate reduction

— LHC collision rate is O(10 MHz) ~400 different

— L1 trigger readout rate ~100 kHz trigger paths
select pp collision

— HLT rate ~1 kHz events for offline

analysis
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' CMS Muon Performance: Run | @

 Muon-trigger demonstrated superb performance
over very wide p; range!

> trigger paths
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' CMS Muon Performance: Run | @

* Exceptionally high muon-reconstruction and
identification efficiency has been demonstrated!!
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CMS

Compact Muon Solenoid

CMS Physics Results: Run |

CMS Preliminary

I CMS Collaboration, CMS PAS TOP-14-001, 2014.
[ ]

* Fantastic physics results!
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CMS Physics Results: Run |
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The Future

* Muon-triggers in CMS
from |n|>1.6 arrive
solely from cathode strip
chambers (CSC)

e CSCsystem is at the limit
of its performance

* No redundancy!!!
— Potential problem for Sole System!
physics data taking No Redundancy!!!
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CMS

* The rate flattening problem

— Low-p; “soft” muons scatter in
the steel return yoke

— Tracks are incorrectly
reconstructed as high-p; “hard”
muons

* Rare occurrence but very high
number of soft muons

— Causes large tail in L1 muon-
trigger p; resolution

* Flattening of L1 trigger rate at
high-muon p; values due to this
large tail

The Future

| cMS DAQ TDR <

—— L1 trigger rate (GM']
DT/CSC standaloneg]

RPC standalone
generated rate

2

18 prthreshold (GeV/c; M

Rate flattening!!!
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* Additional muon
chambers before first CSC
station offers significant
Improvement

* Bending angle:

AD =P =P

acts as powerful
discriminator between
soft and hard muons

*

- Solution: GEM-CSC Bending Angle K@
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— High rate capability
— Radiation hard:
* Dose >9mC, no degradation 0%
* See Jeremie’s talk!!!!
— Good spatial/time resolution: 10 >y
(GEMqCSC )/L1 Single Nu —+
* ~100um; ~4-5ns 102 ' S ;
. L. 2 3 4 5678910 20 30 4050 10
— High Efficiency (~98%) pSH [GeV/e
— Nonflammable gas mixture

— Rapid manufacturing time Improvement!

. e See Antonio’s talk!!! .
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CMS
GEMs Solve Rate Flattening K ‘

* Studies show triple- GEM o S ey o
detectors are the L1 trigger rate £ 103% = e ) e 797197 3
savior of CMS 2
g 10° N ~_ -
D L i"\\ 3
* Additional advantages 10, . 3
— Low cost ik i
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* Createredundancyin &

B
muon system = '
* Robust tracking :

* Reduce L1 muon-trigger ...
and HLT rates by p
Improving muon p; -
resolution ) el

* Ensure ~100% trigger

efficiency in post LS2 pp Proposal to install triple-GEM
collision environment detectors in the forward
— High pile up! region of CMS

e LS2 (LS3) <PU> = 70(140)

B. Dorney et al. 16/06/14 12
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MEO System

i

e 2.0<|n|<3.5 :I/ﬁiferf:liisgi‘;ikst
— 20° wedges affixed to back of e
upgraded CMS HCAL endcap e
P ! 32 ingl Chamber 2
* Six layers of triple-GEM D o
d ete Cto rS g ;; EZrated Poly
— Design ongoing . : ST
e Significantly increases muon «— >
acceptance for high profile —
analyses ik
— e.g. H->ZZ->4u =
* Total foil area ~144m? *E
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e 36 superchambers (SC)

 Total foil area ~140m?

*

1.55<|n| <2.18

— Short and long
chambers for
maximum coverage

per side of CMS

— Each chamber spans
10° in ¢

— 2 chambers/SC
— 144 chambers total

Lever arm-trigger

Current Focus: GE1/1 System @

Even L2

4 < Odd numbered CSC chambers, located

farther away from IP than Even ones,

are at much larger distance from their | \8

companion GEM chambers.

< We also use "far" and “close” relative

to CSCs. But this is confusing with
“far from IP" and “close to IP."

< Naming of GE1/1 Chambers:

0O EvenLayer 1and Layer 2
O Odd Layer 1 and Layer 2

GEl1/1 and ME1/1 Rings

Odd L1

ny
v

Four years of R&D has given us five
prototype generations; each an
improvement of the last!!!

B. Dorney et al. 16/06/14
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GE2/1 System @

° 155 < |r]| < 245 GE2/1 ’,r;‘j‘ -
* Each chamber spans 20° o

* Design on-going

* Targeting two rings of double-layered triple-GEM
detectors

* Total foil area ~145m?

¢ *
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* Triple-GEM foils 5:50:5um for Cu:Kapton:Cu
— 70um diam.; 140um pitch

* Gap configuration (in mm): 3/1/2/1

* NS2 assembly technology; no spacers or glue!

© Embedded nut
3‘9‘(\6

Readout board I 1mm
I 2mm ‘ '::
GEM foils I . e e to slide
mm
|lnterna|frames |4‘9\7 ‘[ 3mm \
Drift electrode

External screws
Internal screws to GEM attaching structure

adjust stretching (4 pieces defining gaps)

| External frame I-\

B. Dorney et al. 16/06/14
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~ New external frame without holes

B. Dorney et al. 16/06/14 17



Assembly of GE1/1-V5 Prototype

B. Dorney et al. 16/06/14 18



CMS

GEM DAQ

Ol oo On Detector Off Detector
oo o VFAT3

L (front-end ASIC)

GEB
(GEM Electronic Board)

/ Opto Hybrid :
(FPGA/ GBTs) micro-TCA
/ — — Trigger
Links to CSCs AMC13 || paq
2 S © WS W -y —
Optical links @ 3.2Gbps DCS
: —>
: TTC
[
Power Supplies
LV
HV
A *
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GEM DAQ — Status 2,

On Detector Off Detector

VFAT3
(front-end ASIC)

e Version 2 production

/ launched
* Firmware development
ongoing
/ micro-TCA
/ — Trigger
- E——
l_F" (O LinkstoCSCs O AMCs AMC13 | paq
— »[ GLB >
Optical links @ 3.2Gbps DCS
TTC
[—>

Power Supplies

Lv

HV
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GEM DAQ - Status s

Ol 0. On Detector Off Detector
ol Bl B VFAT3
/ (front-end ASIC) : * Switching to MP7
/ - . = Firmware under
GEB development

(GEM Electronic Board)

Opto Hybrid
(FPGA/ GBTs)
/ — e Trigger
- E——
I_!' . . 00 0. AMC13 DAQ
> ——>
Optical links @ 3.2Gbps | : DCS
H l—
TTC
[
* Being developed by CERN
microelectronics group Power Supplies
LV
HV
A *
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CMS

GEM DAQ — Status

= On Detector
B VFAT3
(front-end ASIC)
]
GEB

(GEM Electronic Board)

Opto Hybrid
(FPGA/ GBTs)

/

Links to CSCs

ptical links @ 3.2Gbps

Integration work ongoing
at CERN in B904

LV

HV

Off Detector
micro-TCA
Trigger
» GLIB

DCS
[ ——p
TTC
[ —>

Power Supplies

B. Dorney et al. 16/06/14
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On-going Activities @

* Prototype production

* X-ray station

e CMS GEM Training School
* Cosmic stand

 CSC-GEM integration stand
* Fall 2014 Test Beam

e GE1/1 Slice Test in 2016

¢ *
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Prototype Production @
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Pulse from the bottom
of the last GEM

APV

SRS

Need two FECs and
24 APVs to scan the
entire prototype.

Trigger

ALICE

Amore SRS

Latency

Nb of APVs
Internal rate
Veto

Trigger type

«—
DATA

B. Dorney et al. 16/06/14
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Pulse from the bottom
of the last GEM

Amplifier

APV

SRS

Need two FECs and

24 APVs to scan the
entire prototype.

Trigger

~

ALICE

Amore SRS

DATE

Latency

Nb of APVs
Internal rate
Veto

Trigger type

«—
DATA

X-Ray Station: Gain Uniformity E—

B. Dorney et al. 16/06/14
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Additional layer of quality
control

Construction on going

Aluminum superstructure
completed

Assembling scintillators
and trigger logic
presently

B. Dorney et al. 16/06/14 27
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CMS GEM Training School @

* Introduce new members of the collaboration to
principals of triple-GEM detectors
— Leakage current
— Assembly
— HV stability
— Gain calibration

* Train expert collaborators in the use of SRS+APV
system for gain calibration measurements
— Critical to large scale production of GE1/1 system




pa

— CSC track finding

algorithm commissioned

before slice test

Full ME1/1 CSC chamber
present in B904

Plan to add GE1/1
prototype in tandem

— Position as if they were
in CMS

Use cosmics to develop
cross chamber
communication and
trigger logic

- CSC-GEM Integration Stand E

Goal: Slice test readiness

=

Computer
for uTCA

B. Dorney et al. 16/06/14



Fall 2014 Test Beam

SPS user schedule for 2014

schedule issue date: 11-Jun-2014 Version: 1.2 [TLHC Exp. |:|PS/5PS Exp. [IINT Exp. [ Other Exp.
Oct Nov Dec
Week | 40 | 41 | 42 | 43 | 44 | 45 I 46 | a7 I 48 49 I 50 | 51 52
Machine
19k Th_1gh 7h__19h Th Eh Theh Eh 8h 7h 19k 7h_1gh Th 7h THoh 7h_1gh 7h_1oh
NAG61 (SHINE)
T2- H2 s
T2 - H4
)
= |T4 - H6A
<
=
5 |Ta- HeB
o -
= 4
NA
T4 - H8 -
NA
T4 - K12 Setup
NA NA58 (COMPASS)
For further information contact the PS/SPS-Coordinator. Email: Sps.Coordinator@cern.ch, Tel: +41 76 487 3845.
¢
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~ Fall 2014 Test Beam Setup @4
H2 Test Beam w/Magnet H4 Test Beam w/Magnet
e October 13t — Nov 2" * Nov 26t — Dec 15
Magnet
"l____-—)---~~~ u——l———:h—l—-l—--—
(RDS1 Collab) Magnet (CMS GEM Collab. * Timing sensitive performance

measurements with B=0
* Charge sensitive performance e Study impact of radiation dose

measurements in high B field on performance
e Test version one of GEM e Test of version two of GEM
electronics electronics
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GE1/1 Slice Test

e 40° wedge
e 4 superchambers
8 chambers total

e SLOTS 1-2; 35-36
L A H Gas Racks |

B. Dorney et al. 16/06/14 32
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On-going Activities

* X-ray station

e CMS GEM Training School
* Cosmic stand

 CSC-GEM integration stand
* Fall 2014 Test Beam
 GE1/1 Slice Test in 2016

* You can get involved! Ask how!!!

— Discoveries around the corner!!!

¢ ¢
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Conclusion @

* Post LS2 presents a challenging pp collision
environment

* To maintain ability to perform competitive
physics measurements CMS must adapt

* Muon upgrade based on triple-GEM detectors is
an ideal solution for post LS2 operations

¢ *
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BACK-UP SLIDES
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Muon Reconstruction in CMS @

* Tracks independently reconstructed in:
— Silicon tracker, referred to as tracker tracks
— Muon chambers, referred to as standalone-muon tracks

* Global muon reconstruction via outside-in approach

— Attempts to match a standalone-muon track to a tracker
track

* Tracker muon reconstruction via inside-out
approach

— Tracker tracks extrapolated to muon chambers
— Attempt to match to track stub in muon chambers
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CMS Coordinate System @

%%

X-axis points out of page z- aX|s points |nto page
[yz-plane xy-plane
n = —In{tan(0/2)) Adb=d,— b, AR=VA>+An>
=\/pi+p§, An=n,—n, AA=AdorAR
. CMS Collaboration, Detector Drawings, CMS-PHO-GEN-2012-002. .
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