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The Mu2e Experiment

MuZ2e will search for coherent u~Al — e~Al at a sensitivity level of few parts by 10-17, an improvement by 10* over the existing limat.

Search for muon conversion explores new physics sector and probes physics scales up to ~ 10* TeV, beyond the reach of present or planned high energy colliders.

The experimental expected sensitivity 1s g =

= 8 GeV proton beam on tungsten target |
= Graded magnetic field for collecting m/p |
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The detector Read Out Controllers (ROC) stream out

8 GeV proton beam

1) Helix search

continuously the data from the Tracker and Calo to the Data
Transter Controller units (DTC).

using a 10G switch

We then group the data of a given event in a single server

e Than, we start the Online reconstruction of the event and

make a trigger decision

Requirements:

Trigger accept causes readout of the GRV data

e trigger rate of a few kHz - equivalent to ~7 Pb/year

e processing time < b ms/event

2) Track trigger structure

Event data from all detectors are aggregated at Data Logger

¢ Online reconstruction to perform a selection using tracks

1) Hits preparation + filtering

1) Hits Time-Clustering: we group the hits correlated in time

1) Pattern recognition: to identity full helicoidal trajectories

1v) Track-seed reconstruction:

« Kalman-based fit w/o left-right ambiguity

* We apply a dedicated filter after each reconstruction stage

e We run multiple track trigger lines with different setting of the

filters thresholds w/o running the reco modules multiple times

TDAQ prototype

 Large-scale prototype that provides advanced testing capabilities
o It consists of 20 detector-transter-control units in 10 servers

» Web-based GUI powered by “Oft-The-Shelves” software

o OTS: https://otsdag.fnal.gov
» The TDAQ software 1s being used by the various sub-systems
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| Transport Solenoid
= Select low momentum pr |
i= Antiproton absorber in the mid-section §

= 2 disks of ~ 1860 CsI (pure) crystals
= 0t <300 ps @ 100 MeV

= Capture | on Al target = oE/E < 10% @ 100 MeV

= Houses the detector system in 1'Tesla B field

= ~ 22000 straw tubes filled with Ar/CQO»9

arranged 1n planes on 18 stations
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= Ap/p ~ 2% @ 100 MeV/c

= 17 Al foils; p ifetime 1n the Al meso-atom 1s 864 ns

Trigger architecture

3) Efficiency & Rejection

Efficiency evaluated simulating the CE (I) and GPes (II) + background:
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1
|
|
|
|
|
)| !DataLogger
(— 14 . g . . . .
System Clock | = v The OR of the two algorithms provide a visible benefit
y |
\ I
|
A Control &
¥ ! WH Control Room
. E::kg‘t’s”tm' Run Control ™ Data Storage
| Extinction & | : \\ Host | Network
; Stopping Target Lo I dCache + = =
| Monitor ROCs Lo A\ a : - ENSTORE _ Mu2e Simulation: 2 batch mode v Trigger: cprstpr ~ Mu2e Simulation: 1 batch mode v Trigger: cpratr
bt I - : - .
: ! ' : | w I DCS Host [FIFE] - +  Trigger: tpr L +  Trigger: tpr
I g Control Packets, | ! N = o - o
: : | | - : L < Trigger: cpr L II & Trigger: cpr
I Detector Hall 1 | ' I B .
------------------- , Ethernet | \ ! DCS & - _ .
F-———-~-——====-=—===-=-=-- ! 1 DAQ Server . = B N
! Tracker and : : NN Q : : Management B i
: Calorimeter ROCs 1 | I . ' | Network - —
I [ I : | (slow controls e N s L
| : : | : : Ethernet) Offline Data = B
1 | -
| [ | . 00— o
I - ! Processing - B
: I : Control and Data Y Data Transfer : = -
, Lo Packets Controller | — B
I L " - L
| ! 1 1 B -
| 1 -
: o | ' 96-port 10G Campus . —
: o \ . | Event Building N -
: : : Online ° 1 Switch B B
1 Lo P . :(ForTrackerand Coo oy by ey by o— , vy e e by
! L | rocessing | Calorimeter Data) 20 40 60 80 100  12C 20 40 60 80 100 120
: Ly / 4 : protons/pulse protons/pulse
! Vacuum | ! . :ﬂ ‘ | !
' . D | |
' - '
|
| CRVROCs : :
! 1
! |

hits pre

+ filtering

Configuration GUI

System View Group View Table View
Active Context:
Active Configuration:

testContext(20) Tree-view
OnlineConfiguration(98) T

» Back + All Children
Root-Group Details:
Author: undefined

= All Children

Created: Wed Dec 31 19:00:00 1969 EST
Comment: undefined

nlineConfiguration (98) Activate

G ARTDAQArtTable »
L ARTDAQBoardReaderDagParameterTable »
(— ARTDAQBoardReaderTable »
(—=ARTDAQDagParameterTable »
(—+ARTDAQDagTable »
—#ARTDAQDatalLoggerTable »
—GIARTDAQDispatcherTable »
=+ARTDAQEventBuilderTable »
tEventBuilder@
EventBuilderGroupID :

builderGroup@
Status : On @
ExecutionHostname : localhost
& SubsystemLink-(UID = subsysteml) »
#tdaqLink-(UID = EventBuilder@DAQ) »
crartLink-(UID = builderArte) »

servicesLink-(UID = trigger@Services) »
fragmentReader) »

sourceLink-(UID = source.

stoutputsLink-(GroupID = tFiggerOOutputs) »
>

&t physicsLink-(UID = producers) »
ProcessName : TriggerExample

=t AddOnParametersLink-(GroupID = DEFAULT)-DISCONNECTED

preambleParametersLink—(GroupID =
EventBuilder@PreambleParameters)
addOnParametersLink—(GroupID =
EventBuilder@AddOnParameters)
ARTDAQGlobalTable »
ARTDAQMetricParameterTable »
ARTDAQMetricTable »

5+ARTDAOPhysicsFilterTable »

//Auto-gener
//Auto-gener
//Auto-gener
//Auto-gener
//Auto-gener
//Auto-gener
//Auto-gener
//Auto-gener
//Auto-gener

Application Status

Showing 9/9 Apps (Last update: Mon Apr 13 23:24:43 2020 CDT)
ters

Show Fil

App Name
GatewaySupervisor
ChatSupervisor
ConsoleSupervisor
LogbookSupervisor
VisualSupervisor
ConfigurationGUISupervisor
CodeEditorSupervisor
MacroMakerSupervisor
ARTDAQSupervisor

Status Progress Detail Last Update
Seconds ago
Seconds ago
Seconds ago ots::Cor
Seconds ago
Seconds ago ots::Vis
Seconds ago
Seconds ago ots::Coc
Seconds ago ots::Mac
Seconds ago

Minitialy Done
pinitialy Done
Minitialy Done
pinitialy Done
| Halted 8o %
| Halted [0Sp %
| Halted 8o %
pinitialy Done
Minitialy Done

ots::Gat
ots::Chg

ots::Log

ots: :Con

ots: :ART

Rejection (@ high intensity

____________________________________

The trigger rejection was tested also

Instantaneous

in harsher conditions:
rate [Hz]

v The total expected rate is < 1 kHz Signal triggers

(high-P DIO e- and mis-repo events)

DIO e- from the Stopping Target
(calibration and monitoring)

v Non-signal trig can be prescaled
v Rejection of ~700 @ x2 intensity
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Two track-search methods are used to improve the signal efhiciency:

1) A calorimeter-seeded algorithm (cpr)

1x10°¢

p/u-bunch

1) A tracker-seeded algorithm (tpr)

TDAQ prototype performance

Profiling the system with VTune Timing performance

Bandwidth Utilization Histogram

Explore bandwidth utilization over time using the histogram and identify memory objects or functions with maximum centribution to the high
bandwidth utilization.

e The timing performance are tested by injecting sim data in the DTC

* The data includes fluctuations in the beam intensity

Bandwidth Domain: | DRAM, GB/sec v|
Bandwidth Utilization Histogram

This histogram displays the wall time the bandwidth was utilized by certain value. Use sliders at the bottom of the histogram to define
thresholds for Low, Medium and High utilization levels. You can use these bandwidth utilization types in the Bottom-up view to group data and
see all functions executed during a particular utilization type. To learn bandwidth capabilities, refer to your system specifications or run
appropriate benchmarks to measure them; for example, Intel Memory Latency Checker can provide maximum achievable DRAM and
Interconnect bandwidth.

e Full chain (event-building+data-logger+DOQM) run on the servers
e Detailed module-by-module analysis to spot the sources of inefhiciency
Results:
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 The resulting average time 1s ~3.5 ms/event
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e Well below our 5 ms/event constraint
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Effective CPU Utilization : 81.2% (19.489 out of 24 logical CPUs)

Effective CPU Utilization Histogram
This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the |dle CPU utilization value.
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