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MuZ2e Experiment

A search for Charged-Lepton Flavor Violation
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neutrino-less coherent conversion of the muon in electron

The observation of this physics process would demonstrate the existence of
physics beyond the standard model
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MuZ2e Concept

Proton Beam

Production Solenoid Detector Solenoid

.....

Calorimeter

Tracker

Muon
Stopping Target

Generate a beam of low momentum muons (u™)

Stop the muon In a target (aluminum)

The stopped muons are trapped in orbit around the nucleus
Look for events consistent with uN — eN
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The Mu2e Detector
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Calorimeter
Muon Beam Stop

Tracker
Outer Internal
Proton
Absorber

Downstream
External Shielding
(End Cap Shielding)

Detector Solenoid Downstream External

Shielding (Downstream
Cave)
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Tracker

ldentify and measure
105 MeV/c electrons

18 stations are assembled into
the completed tracker

A station is 1 plane of 6 panels

A panel is a group of 96 straws
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~ S5aom metlized Mylar “"straw"
/ 4.1lmm ID, 4.5wmm OD brass tu

\--
“ Sense Wire v

lsm OD, 0.5mm ID brass pin

The detector has 23,000 straws dlstrlbuted mto 20 measurement
stations across a 3 m length. § Lk e m—

Each straw is instrumented

on both sides with preamps w«%- “
and TDCs.

to be amplified, digitized
and trasmitted to the DAQ.
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Mu?2e tracker digitizer and readout
controller board

It sits on the outer edge of each Mu2e tracker panel and
services the entire panel via 12-bit 50 Mbps ADCs (MAX19527)
digitizing the hit energy from each of the 96 straws.

The time of the hits from the two ends of the straws is digitized
inside two Microsemi PolarFire FPGAs (MPF300TS-1FG1152),
called DIGI HV and DIGI CAL.

A third Microsemi PolarFire FPGA, called ROC, is connected to
each DIGI via four 5 Gbps SERDES lanes and to the TDAQ via a
two 2.5 Gpbs fibers connected to a Data Transfer Controller.
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Optical Fibers
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TDAQ - MuZ2e Trigger and Data Acquisition
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TDAQ - DTC

Readout Controllers (ROC)
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ROC Links
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e Controller
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DAQ Server
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d Controller
{DTC)

DAQ Server

The Data Transfer Controller
(DTC) collects data from
multiple detector Readout
Controllers.

The DTC is implemented
using a commercial PCle
card located in the DAQ
Server.

There are a total of 36 DAQ
servers, occupying four
racks in the electronics
room.
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TDAQ - Run Control Host

” | E BN s

\ |
[
!

Qll
. | | | -
= A TR NOEED

sl §
g =

T

The Command Fanout (CFO) module in the Run Control Host
is responsible for generating and synchronizing packets by
sending Heartbeat control packet for each event window.
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ROCs - Readout Controllers

TRACKER

data

Detector

. datareq J
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Firmware concept on DRAC
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1000BASEX PHY Arduino connectors Live probe

The main purpose of the
serl  firmware developed on the

connectors

RS Do %0 =
Iﬂﬁ 'vHA‘ S Microsemi :::::ii

Panasonic o |~

B f  cvaluation board is to manage
REG S I NIl N communication between the
Sl .1, 0 B  Trigger and Data Acquisition

e (TDAQ) and the Mu2e

detector subsystem Readout

o - Controllers (ROCs).

t (256M x 16)

=

PolarFire

MPF300TS-FCGABAE

TRANSCEIVER 0 - CH1

|

Compatible Shieid
Co i t TRANSCEIVER 1 - CHO
(3.3V Suppo !

2% Fermilab
14 25/9/2019 Micol Rigatti | Final Report



Testlng I|nk between ROC and DTC

Data Transfer Controller

Optical
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Libero SoC

@ Libero - C:AM\08172019_ReqAndRead Testing Ty2\V121_05152019_ResetExtravaganza pris”
Project File Edit View Design Tools SmartDesign Help

OE X0

Design Flow FX  pepots &% Sd7opseR0Es 8 X | Edpesetcontroler @ X | MamResstContoler Ovhd 8 X | ROCHanitor.vhd

A¢ BvOoar=MCH " " HE QAR E A &
Active Synthesis Implementation: synthesis_DCS_Fifos

[Tool [-]

= b Verify Post Synthesized Design
+£] Generate Simulation File
B Simulate
Place and Route
= b Verify Post Layout Implementation
v &, Verify Timing
Open SmartTime =
B Verify Power
©9 Open SSN Analyzer
Configure Hardware
[ Programming Connectivity and Interface =
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& Select Programmer

Top Module(root): TOP_SERDES (=] °

<
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Filter Nets: |= I™" Show Only BTF Nets

ForwardDetector.vhd & X

-
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» Configure Programming Options =

@ Configure Security

= b Program Design ]
v +{] Generate FRGA Array Data — i
+7] Configure Design Initialization Data and Memories LE,E _j 1
v +7] Generate Design Initialization Data 1 ] \
[ Configure 1/0 States During JTAG Programming — [ | \

v & Generate Bitstream =
v

& Run PROGRAM Action
= b Program SPI Flash Image

& Generate SPI Flash Image

@ Run PROGRAM _SPIIMAGE Action

= b Debug Design

+£] Generate SmartDebug FPGA Array Data

SmartDebug Design
Identify Debug Design

Handoff Design for Praduction

@ Configure Permanent Locks for Production
% Export Bitstream

# Export FlashPro Express Job

# Export Job Manager Data

4 Export SPI Flash Image hd|

Design Flow | Design Heerarchy | _Stimulus Hierarchy | _Catalog | _Fies | 4|

Log

(E)Messages €I Errors A Warnings i Info

g x

o-o0-0-0-0-0

The 'run selected actions' command succesded.

The 'set_programming file' command succeeded.

Project saved.

Tne 'save projsct’ command succesded.

Project closed

Exported log fils C:\M\0217201% RegqindReadTestingTry2\designer\TOF SERDES\TCP SERDES fp\TOF SERDES.log.
The 'close_project’ command succeeded

The Exscute Script command succesded.

Starting Identify Debugger...

Log | Message

X A Find: | retransm - Next | Previous | Find All ‘Sean:hln: Current Open Text Editor - [~ Match case | Match whole word [ REgUar

Expression
Replace with: Replace Replace Al

Fam: PolarFire | Part: MPF300TS_ES-FCGA84E | VHDL
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TOP SERDES
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otsDAQ - off-the-shelf data acquisition
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= Otsdaq must be Data: 9420
ral I l eWO r § ; configured "1”“;" Read [hex] FIF® from
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f' — |
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System

control, and
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Next Run Number: 2 ‘J Previous Doy | Next Doy
sed: 0:00:51

software
entities from
Chrome.
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Vivado - signals from DTC

¢ Vivade Lab Edition 2018.3 - X

File Edit  Tools Window Layout View Help

B £ 3 X Dashboard ~ Default Layout ~
Hardware hw_ila_6
Q = = > » . 'ﬂ‘ Waveform - hw_ila_6
Name Status w
2la + = 2 » » BB @ @ X o M = I [ o
~ I localhost (2 Connected ~ |2 b
v e xilinx_tefXilind000018304025..  Open S| ILaStaus: ldle
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=
o
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o
oller_. Idle
hw_ila_2 (Rin oller_. Idle
hw_ila_3 (RingContraller_ 1dle
hw_ila_4 (RingContraller_ Idle
hw_ila_5 (RingController_... Idle
hw_ila_6 (R Idle
hw_ila_7 (R Idle 8 LinkinputFIFC
hw_ila_8 (R ldle & LinkinputFIFOdatawe
o im0 D o a v
< Do 1o 9 ey 4 LinkinputFIF
@ LinkinputFIFOd
ILA Core Properties & LinkinputFIFO
» & LinkinputFIFC tusween
Name hw_ila_5
Cell: RingController_instRinginterface
Device £} xc7K3251_0 Settings - hw_ila_6 Status - hw_ila_6 Trigger Setup - hw_ila_6 Capture Setup - hw_ila_6
HW core core_5 > » N Q + e
Capiure sample count: 0 0f 1024 Corestatus @ dle Name Operator Radix Value Port Comparator Usage
Core staus: e ndata[17:0] 1= v M v 300 “~  probeQ[17:0]  1o0f1
Capture status - Window 1 of 1
Window sample 0 of 1024
Idle
< >
General Properties
Tcl Console
Q = = Il B B @
[Labtools 27-19€4] The ILR core 'hw ila 5' trigger was armed at 2019-Aug-15 15:09:35 ~

INFO: [Labtools 27-1966] The ILA core 'hw_ila 5' triggered at 2019-Rug-19% 15:09:
INFO: [Labtools 27-3304] ILA Waveform data saved to file C:/Users/mrigatti/AppData/Roaming/Xilinx/vivado_lab/.Xil/vivado lab-21376-CD-132133/backup/hw_ila data S.ila. Use Tcl command 'read hw ila data' or Vivado File->Import->Import ILA Data menu item to import t
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What so far?

Run Control Control &
Packets Data Storage

PROBLEMS SOLVED: j

« Bad synchronization on latches -\ _L |

* Wrong calculation on the CRC PAQsenver pm;ssmg1 crent i
« Bad handling of the RESET on ke et oo

20

the retransmission

Forward
Detector

Command
Handler
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Calorimeter, or
CRV ROCs

TASK ACCOMPLISHED:

Debugging, testing and fixing retransmission
of corrupted data

Changed marker detection

Testing of Read, Block Read, Write, Block
Write Request

Testing of Heartbeat and Data Request
Stress Test
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What now...?
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Pictorially: Event Window synchronization

Event Window Step 1. Measure travel time Step 2: after delays applied at ROC:
defined at CEO through diﬁeren’F boards and Eveqt Windnws synchronized at
through fibers of different lengths timestamping front-ends
—=
-
4& Fermilab
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Timing Supercycle: the temporal
window between two proton

supercycle (1.4 seconds) beams.

A
{ \

beam ON (379.8 msec) beam OFF (1020.2 msec)

\ A
{ | \

spill (43.1 msec beam, 5 msec gap)

A Spills: proton pulses are delivered

to the target in the Production
‘ ” ” ” ” ” ” ” Solenoid. -I_

Each spill contains approximately 32 000 uBunches, for a total of
256 000 Bunches in a 1.4 second supercycle. A Bunch is 1695 ns.
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Timing

Event Window Duration = 1695 ns

Encoded System Clock
40 MHz
/ Mo control Mo control \'
>\ Noc EVENT WINDOW s <
Control/DataRing 4/ W/ VS A VANV
2.5 Gbps
- Heartbeat packet

Readout Controller ---- controls next event
acquisition clocks H H H H H H
100 Mhz L

ROC internal time
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Loopback

1.

2.

The Command Fan Out (CFO) is the 40 MHz single clock source
and fans out clock to N Data Transfer Control (DTC) units
Transmission to the front-end ROCs will be done using optical
fiber employing clock-encoded data at 4.0 Gbps

ROCs will extract a 200 MHz clock

Digitizer Readout

from the clock-encoded data Data Transfer Assembler &
. . Gontroller (DTG 1) Dﬁi%n;t:ﬁr: .
bItStream/ WhICh Timing signals over fiber [ : ]

W||| be used by {Clock and marker) \
the ROCs as the

[ )
Reference Clock

for timestamping

dat TDAQ :
dala. DTC N C [DRAC,DIRAC] M
I

TDAQ | Tracker ! Calo

[DRAC,DIRAC] 7

DAC | Detector hall
room

Maximum number of DTCs in a chain: 10
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Clock test

[ Tektromix TDS3054B BTG S oo *Scope” 15t [HRE |

Trig'd P |
A 12.0mV
100mv

A 5.04ns
@: 960ps

Ch1 Freq
204.5MHz
Unstable
histogram
Ch1 Freq
204.5MH2z
Unstable
histogram

200mVQ Ch2 2.00V M2.00ns A Chl J 8.00mV
23 Sep 2019
ﬂ fi+¥ —200.000ps 11:06:23

TYYYYT N
| @ {‘7}7 e
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Next goals

« Understand why clock is not recovering and solve that
« Work on the integration DATAReq ¢~ - === =======-= s
of DRAC Firmware DCS Req

I
|
|

I

. TOP .
with TOP SERDES SERDES a
R |
«  Work on Calorimeter DATA OUT 1k
DCSRY | V‘e=epmeccaphees |
¥
R e o e e S S SR e == = 1
(] |_ ____________ LY |
] | I 1
! DATA W DATA 1 | !
IN DIGI N ! DDR
TRACKER <— *|  INTERFACE | INTERFACE .
(] | I 1
i e " r L]
| T DATA DATA !
: ouT IN :
i: ; . CORTEX |
PC i > MicroProcessor I
) DDR !
1 DRAC [ |
1 I

I T T R e
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Thank you!
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DDR INTERFACE

Part of the
firmware that

: s ™ DDR Interface
handles storage CORE DA
, CONTROLLER SRA Ax
of data and L ) o N
- - ' ——»| S AXI -
Integrity of the B e— T INTECONNECT A
! —» E DDR
DDR memory. | GENERATOR R £ —>! conTROLLER
: . J \
______________ :
DIGIFIFO | | >
DATA _ , | CONVERTER | DATA TEMP MEM FIFQ i MEMFIFO
. 32TO64 FIFO CNTRL | DATA
I _) ; »
1 I
1 I
& Fermilab
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