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LHC Comissioning

LHC roadmap: according to MTP 2016-2020 V1 B Physics

LS2 starting in 2019 => 24 months + 3 months BC Bl Shutdown

LS3 LHC: starting in 2024 => 30 months + 3 months BC Beam commissioning
- Technical stop

Injectors: in 2025 => 13 months + 3 months BC
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General Survival & Improvement Concepts

pile-up 20 - 140...200
— association of tracks and calorimeter energies to individual vertices (up to high eta)
— particle flow reconstruction

N=ox¥

particle densities x5-10 (ATLAS+CMS: 6’000 primary tracks per event)
— finer granularity = more channels
. Lutz Feld, Phase-Il upgrade,
data rates (particles per event) x5-10 Aachen (2013)
— higher band-width (analogue->digital links)

increased trigger rates (at fixed thresholds) due to degraded resolution and ambiguities
improve resolution of pt and E measurement at trigger level

use topological information
pravide tracking informatian to L1 trigger

increase latency and acceptable trigger rates (LHCb: no trigger at all: 40 MHz read-out)

radiation damage x10
— more radiation hard detection elements (silicon, crystals)

increased front-end power consumption

— ASIC technology scaling 250nm = 130 nm = 65 nm
to reduce power per transistor

— improved powering and cooling
reduce material budget inside detector volume

changes to a running system

— test new systems as early as possible (e.g. run new triggers in parallel to old ones,
run pilot systems inside detectors)




Need a smart trigger!
Trigger Challenges

more luminosity = more interesting events but also more background
only useful if interesting events can still be triggered and read-out

high pile-up and particle densities lead to decreased resolution at trigger level
- trigger rates increase beyond capacity of trigger/DAQ system
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matching of muon system tracks with tracker tracks simply increasing trigger thresholds
- improved precision of pt measurement at trigger level would kill the signal
-> large rate reduction

Lutz Feld, Phase-1I upgrade. Aachen (2013
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MUON CHAMBERS

Overall diameter: 14.60 m

Overall length
Magnetic field
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Pixel Upgrade

» Radiation tolerant

» Thin sensors ~100 pm

» Smaller pixels 30x100 pm
» Position resolution 2~3 um
> Coverage up to n-~4

> Only first three disks used for trigger

_, Upgrade
< 4 barrel layers

P

Current
3 barrel layers

Phase-I




40 MHz -

COLLISION RATE

100 - 50 kHz

1 Terabit/s
READOUT
50,000 data
channels

500 Gigabit/s

300 Hz

FILTERED
EVENT

Gigabit/s
SERVICE LAN

DETECTOR CHANNELS

Computing Services

The CMSooooCloud

16 Million channels
3 Gigacell buffers

- 1 MB EVENT DATA

% 200 GB buffers

~ 400 Readout
memories

L1 gives a simple information
passing the threshold &
region of interest (seed)

HLT combines L1 information
from several detector parts

Save events satisfying

EVENT BUILDER.

Alarge swilching network (400+400 a
ports) weh total thraughput ~ 400Ghit/s
formes he nlerconnecton bDetween the
sources (deep buffaers) and the

destinatiors (buffars befora fam

~ 400 CPU farms

AT LR L —

processors organzed into many farms
gorvenent for ondine and ofine

WkA™ 5 TeralPS
Petabyte ARCHIVE

specific cut (ex. U(p1)>24GeV)

per prescale (ex. | in 100 events)

Cluster with
~1300
computers doing
event filtering

CHEP2013, 14-18 October 2013, Amsterdam, The Netherlands



LI (Pixel) Track
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L1 Track

 Self-seeded L1 track from silicon strip tracker

 LaTrack: Full efficiency at 2.2 GeV/c & track 1 mm I
parameters (zo, do, phi, eta, p;) ] janaean
tdy, 100pum

« Refit the L1 track with pixel clusters with following matching
condition:

« Barrel layers: [rAd| <3 mm, |Az| < 5 mm
* Endcap disks: |Ar| < smm

« Require pixel clusters from at least 3 different pixel layers/disks
on the track

P

« Use linearized xy fit (CMS Detector Note 2014-043)

(fi
« Adding pixel clusters improves track resolution !! Xzixel E Z :
7’ ¢ A. Ryd, L. Skinnari



L1 Pixel Track Triggers
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do matohing pixel clusters with LT tracks

L1 pixel tngger for electron
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then repeating the incarized track fit 1o

Ol bt ) msesun. e L e i

gr M om
£ AN e
d‘o“ o PRIV ‘Jr
s § ;A 1
= |4 M rm

0 -5 0 & 10 16 20 25
0P yrvicancs (B, )

e
Py

1> v M !

L1P2T Pi

Light-flavour jets efficiency

0.1
oosk 7%
004/
003
002 b
= . aosi ¢ 70%
42 0% 21 B05 © 005 @1 05 02 009 bessslisalos .
A20 (20,05720 o o) €M) 0 0102 03 04 05 06 07 08 09 1
b-jets efficiency
= jot vertax resolfution improved from 600 pum (without pixel) to 40 pym

- ~659% b-tagging efficiency for a light jet missing rate of ~10% at py > 20 GeV




Summary & Status

 Feasibility studies show the potential of the pixel inner
tracker for improving performances of the L1 trigger

 Exploiting the forward tracking potential of the inner pixel
tracker down to 1 of 4 opens a unique physics opportunity
(eg very forward muon trigger, Bs—¢® by S. Sarkar et al.)

» CMS software framework migration ongoing




