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The LHC and the ATLAS Experiment

The ATLAS Experiment

* Multi-purpose detector using tracking
system, calorimeters and a muon

spectrometer

* Trigger system to select rare processes
40 MHz collision rate =1 kHz recorded
rate

The Large Hadron Collider

e 27 km proton-proton (p-Pb, Pb-Pb)
collider with maximum design Vs=14 TeV

Upgrades for Run |l
* Energy increased from 8 TeV to 13 TeV T ctrecr \ o ctaimeirs

* Instant. luminosity up to =103* cm=2s? o chambers  Slenid magnet | ot rston ocker

Semiconductor tracker
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T
Challenges for ATLAS Data Taking in Run Il

Run |
8 TeV
 Energy7/8TeV - 13 TeV 10° e
= 20% higher pp cross section o ———A+— 1
. . . - © : l ]
7 L ' 1‘ 8
—> hard interaction cross section x2 107 £ Tevawon | Lhc 3%
i '
* Higher instantaneous luminosity 10° g . q10°
. E b 3
* Lower bunch spacing 50ns = 25ns 1 o
10° | 110*
. . . . . L G (B[ >s120) 1 7
- Significantly higher single-particle trigger Ot E I
rates (baseline triggers in Run 1) 2 WE o 1100 7
E Z ] =
© £ 0 (ES%> 100 Gev) 1
e Available trigger system was pushed to 10% ER 5
design limits already in 2012
* Allow for more complex trigger selections ~ 10” ¢ o 1107
(topological trigger processor @ 40MHz) L ouEF > ) .
* Update trigger and read-out system to 105 | Origgs(Myy = 150 GeV) | F10*
higher bandwidth oMy = 500 GoV) \,\
107 Lot L P L .:10-6
0.1 1 10
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B —
ATLAS Trigger and Data Acquisition

Trigger provides
Trigger DAQ

two Stage rate Event rates Data rates
. [Calo/] [Pixel] [Other]
reduction Muon) | /5CT
40 MHz | E ATLAS Event
1 . Custom A 1.7(?)MB/25 ns
* Level-1 Trigger: E \ o ] * | et acpe | G LD ; ) K
— Hardware trigger v 8
Y : (ropJ (ROD] (ROD] B
with calorimeter/ 100 kHz (Roie] See next slide — \/
. . ~160 GB/s
muon information o100
— Synchronous with FTK Readout System )
LHC collisions /
~ 30k 2
E[[ Y \ Fragments E V
. . Processing Unit | f e g
* High-level Trigger: —> - 2568/
— Runs on computer \0(10)
far v W L|°88e' : - 1500vMB/s
— !:ull, gran_ular ~ 1000 Hz - T S jI
information for part {___PermanentStorage __ |
of the event or full
event
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The ATLAS Level-1 Trigger

Resistive Plate Thin Gap Forward

LAr & Tile calorimeters
I l Chambers Chambers detectors

|

L1 Calorimeter Trigger

Level-1 muon detectors

l MUCTPI Level-1 Central Trigger
Level-1 -2- i
Topological . L1Topo
Processor ) l

Central Trigger Processor LHC
timing

!

Trigger, Timing and Controls Network
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B —
Implementation of the CTP

Core Module
Machine Interface * Obtain Level-1 Accept

*Receives LHC (igger & timing) (L1A) based on trigger
clock and orbit menu with prescales
signal and beam patterns

* Generate dead time

* Regions of Interest for
High Level Trigger

*Readout data to DAQ

Input Modules
*Receive trigger

inputs from sub- _
detectors gz@gif%gz?isput signals) *Low latency inputs
* Synch ronize and ((églli_btr)e:‘tison requests from
align to LHC Bunch ubdeieciors) Output Modules
Crossing (BC) *Send Level-1
Backplane bus Calibration Module Accept to
subdetector front-
Monitoring Modul ends
onitoring Vlodute * Readout busy
signal
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CTPIN

Direct

e 320 trigger input bits
from subdetectors via
CTPIN

* 192 low latency
direct inputs to

Forming the Level-1 Accept Decision

Decoding of
multiplicities,

OR

terms

320

192

CTPCORE

13/04/15

Coincidence
with beam
pattern

Subdetector
Busy readout

7

VETO

Level-1
Accept

S

Content
addressable
memory
Prescales

Bunch groups

Lookup tables
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B —
Muon Topological Information

Muon trigger objects

16 overclocked LEMO cables send 3-vector of
two muon candidates per octant (profit from
very flexible Run | design and adapt firmware

only)
ol1fafafofolafofolsfofs]1]1]0]1
Ul pr n ) pr

*  MUCTPI-2-L1Topo interface combines electrical
signal from MUCTPI and sends optical signal

* Level-1 topological processor aims at
rate reduction by using topological
information for level-1 trigger decision

— More details in presentation by E.
Simioni

13/04/15 Julian Glatzer - Operation of the ATLAS Level-1 Central Trigger



B —
Central Trigger Upgrades for Run |l

* Increase output rate from 75 kHz to R
100kHz Monikoring

VMEbus

DAQ S-LINK Readout/
Monitoring

LVL2 S-LINK

¢ More resources
— 320 input bits on backplane (run I: 160) copback s
— 512 trigger items (run |: 256)
— More CTPOUT output cables

Trigger & Timing
Signals
(COM Backplane)

64 Electrical Inputs —i
(LVDS) from L1TOPO e

PIT Bus Backplane
160 bit @ 80 MHz

« 192 direct input bits it (@ o
— Level-1 topological processor adds
latency to trigger path = save latency in CTPCORE+ module

CTP with direct input to CTPCORE
g CTPCORE:

new hardware, firmware

CTPIN, CTPMON:

new firmware with double data rate

CTPOUT:

new hardware, firmware

* Improved monitoring capabilities

e Support for three logical sessions

— Enables parallel usage of trigger during
commissioning and testing

— Level-1 accept and timing signals duplicated
New software
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e
Run | Online Software De5|gn

y CTPMI ! ¥ cTPMoN B

Run | Online Software:
 Close to hardware, organized by boards
* Logic for

— trigger configuration

— control of timing signal, dead time, luminosity blocks and readout
— monitoring

in one big, monolithic application using several threads

Consequences for operation:

* Non-essential monitoring tasks may stop data-taking of ATLAS
detector
* Configuration and control in one application require
— complicated build process
— hard to maintain

New system:

* Needs to run three trigger sessions in parallel
- More complex
- Avoid access same hardware register at the same time
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B —
Software Design Goals

* Factorization of configuration, * Other tasks are outsourced to
control and monitoring small, capsulated and

e Access to trigger configuration restartable monitoring clients
database limited to one * Access to monitoring
application information by remote expert

* Strict partitioning: Every session must be easy

only accesses its private

registers or goes via server =>» Client-server model with four
(enforced via reservation main applications
SYStem) Archive:
-~ Cool / Castor
Server session | l Data-taking session -
IS server: i CtpMonitoring IS server:
, et | _ Client(s) L1CT ] -
R | TriggerDB 4
CtpMonitor‘ CtpConfiguratb.r_It (commands)l CtpController B

VME| Monitoring| Config.| Readout| MasterTrigger|
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Run Il Software Design

Archive:
-~ Cool / Castor
Server session Data-taking session —
IS server: - CtpMonitoring g IS server:
pLLICT _ Client(s) LICT
R TriggerDB y :|
CtpMonitor CtpConfiguratc';F : CtpController
< (commands)
L l
|

-

VME| Monitoring| Config.| Readout| MasterTrigger|

Monitoring Server:

* Periodically reads out and publishes raw data from hardware
* Trigger rates
* Event information
* Readout busy

13/04/15
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B —
Run Il Software Design

Archive:
-~ Cool / Castor
Server session Data-taking session —

IS server: - CtpMonitoring IS server:

4 L1CT . Cllent(S) N L1CT
R TriggerDB ' :|

CtpMonitor CtpConfiguratc')? CtpController

(commands)

VME| Monitoring| Config.| Readout| MasterTrigger |

Configurator:

* Reads trigger menu from database

* Writes menu (items, prescales,...) to hardware
* Configures general parameters
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B —
Run Il Software Design

Archive:
-~ Cool / Castor
Server session Data-taking session

IS server: - CtpMonitoring . IS server:
.| L1CT . Client(s) L1CT
X TriggerDB / :|
CtpMonitor CtpConfigurato'r ‘ CtpController
(commands)
» 1
|

VME| Monitoring| Config.| Readout| MasterTrigger |

Controller:

* Interface used by shifter

* Holds/resumes trigger

* Luminosity blocks (event sets with same conditions)
* Sends periodic signals (Event Counter Reset, ...)

* Sets readout busy and readout configuration up
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Run Il Software Design

Archive:
-~ Cool / Castor
Server session Data-taking session —

IS server: - CtpMonitoring ; IS server:

4 LLICT _ Client(s) LICT
R TriggerDB y :|
CtpMonitor CtpConfiguratcTr : CtpController
(commands)
b l
|

VME| Monitoring| Config.| Readout| MasterTrigger|

Monitoring Clients:

* Republish and combine monitoring information in human-readable way
* Archive information
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B —
Monitoring Web Pages

] pr—
* Remote Central Trigger e 120 N D N D N
expert needs to get a quick on:s BusyPinel 18/3/2015 18:16:08

Complex. 000%
Runcontrol 000%

and good overview of ATLAS -

running with limited access ;.,m . - - = -
to computing resources £ = =
* Web pages for easy remote EE i
access = & = S

* Browser available on mobile
phones Readout busy information

R —
e [0 I D I I T T

. Partition: - — Trigger Rates 2/4/2015 10:10:34
Trlgger B oeos ] @Prs [l @Enabled Search
Type I 1 Name @[  PITrate W[ PS 1 TBP 1 TAP BE TAV 1 Enabled Ratio TBP/TAP
r a t e Ttem 212 L1_RDI_FILLED = 1.19¢7 39147 445046 0 True 8.76¢+6
Ttem 213 L1_RDI_EMPTY = 1.19¢-7 391647 346847 0 True 1.13e+7
. . Ttem 209 L1_RDO_FILLED = 000162607 391647 635032 0 True 615019
in f O rm a tl 0 n Item 211 L1_RDO_EMPTY = 2.98¢-7 391647 9.66216 0 True 404213¢46
Item 25 L1_MU4_EMPTY = 1.00000 242,545 242.545 0 True 1
Ttem 19 L1_MU4 - 100000 242,545 242.545 0 True 1
Ttem 27 LI_MU11_EMPTY s 1.00000 6.19369 619369 0 True 1
Ttem 2 LI_MUIL = 1.00000 6.19369 619369 0 True 1
Ttem 21 LI_MUI0 = 1.00000 17.8378 17.8378 0 True 1
Ttem 175 LI_MBTS_2 = 1.00000 0495495 0495495 0 True 1
Item 174 LI_MBTS_1 = 00166667 582207 0743243 0 True 78.3333
Item s11 LI1_CALREQ2 = 1.00000 0 0 0 True 0
Ttem 225 LI1_BGRP7 o 1.00000 0 0 0 True 0
Ttem 39 L1_2MU6 s 1.00000 346847 346847 0 True 1
Ttem 38 L1_2MU4 = 1.00000 13.1306 13.1306 0 True 1
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B —
Summary

* New trigger requirements due to LHC Run Il conditions

* Central Trigger Processor is at the core of the ATLAS trigger
system

* Major upgrades to Central Trigger Processor
* New hardware, firmware and software architecture
* Twice as many trigger items

* Full system successfully operated in pre-beam tests under
realistic conditions

* Many beam splash events have been recorded with high
efficiency

* Stable operation of online software during many hours of pre-
beam tests
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T
Run Il Software Design

Partition: InitialL1CT

4

IS server:
L1CT

.

CtpMonitor CtpConﬁgurat().r

(commands)

'« CtpMonitoring

, Client(s) .
TriggerDB /

CtpController

Archive:
-~ Cool / Castor
Partition: Atlas

IS server:

L1CT J

|

VME| Monitoring |

Config. |

Readout| MasterTrigger |

Monitoring Server:  Configurator:

*Periodically reads out *Reads trigger menu from
raw data from hardware database
*Trigger rates *Writes menu (items,
*Event information prescales,...) to hardware
*Readout busy *Configures general
*Publishes raw data parameters

Controller:

*Interface used by shifter
*Holds/resumes trigger
*Luminosity blocks (event

set with same conditions)

*Sends periodic signals
(ECR,...)
*Sets busy & readout up

Monitoring Clients:
*Republishes monitoring
information in human-
readable way
*Combines information
with trigger menu
*Archiving
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