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CMS level-1 trigger interface specification: iRPC muon
trigger primitives

CMS RPC GROUP
All around the world

Abstract

This note provides the interface specification between iIRPC Trigger Primitive Gener-
ator and Endcap Muon Track Finder for the Phase-2 CMS Upgrade.

Zhen-An LIU, Jingzhou ZHAO*
Trigger Lab/IHEP Beijing
on behalf of CMS Muon RPC Group

CMS Back-end system ESR day 2

Thursday 15 Feb 2024, 09:00 — 18:10 Europe/zurich
@ 774/R-013 (CERN)

Description An overview describing the back-end electronics system in Phase-2
For the different subsystems:
- Targeted board and features required in that board 2024 CMS Back-end system ESR
- Firmware development status and estimated firmware footprint https://indico.cern.ch/event/1357604/
- Timeline for hardware delivery
- Installation and Commissioning schedule
- Requirements on Infrastructure, e.g. ATCA shelf procurement, rack allocation

@ Invitation_cms_Bac.

vid nference @ CMSBack-end system esm

—13:00 Back-end boards applications: Back-end board applications session 1
HGCAL, EB, HB, HO, HF, DT, RPC (if applicable), CSC, GEM

Conveners: Jeroen Hegeman (CERN), Magnus Hansen (CERN

[ video1027642046

09:00 Introduction to Day 2
Speaker: Magnus Hansen (CERN)
The HGCAL application

Speaker: Raghunandan Shukla (Imperial College (GB

[B) BE_ESR HGCAL 2.

The Muon application overview
Speaker: Sabino Meola (INFN e Laboratori Nazionali di Frascati (IT

B Muon Overview_Ba

[ 1000 EEE O1sm @+

Speakers: Jingzhou Zhao (Chinese Academy of Sciences (CN)), Zhen-An Liu (IHEPChinese Academy of Sciences (CN))

RPC_BE_ESR_2024. 8




iRPC Backend/Trigger system

® iRPC backend system
» 1 ATCA Crate

» 1 DTH400 EMTF XDAQ | TCDS
72 x IRPC chamber & 2 FEBs i
> 1 DAQSOO on—detector electronics (FEB) Per chamber T | _“
» 8 ATCA serenity boards | /
. : v
® Functionality >
.»
» Fast/Slow control(TTC), = GBT Link
— 4. 8Gbps
» Monitor " s
»,
» Data readout, pC 144 links
. ey Chamb ATCA crate
» Trigger Primitive(Cluster) =
Generation 1 link including 1 tx and 1 rx

2024/7/13



IRPC FEB-BE-EMTF mapping(update)

20240213 version for 2024 CMS ESR

RPC chambers in RE3/2and |58 57 26 25 24232221 201918171615141312/1110 9 8 7 6|5 4 3 2 1 36 8534 33 32 31 30 29 28 27
RE4/2 Endcap (10°sectors) |
' _ 31 14(31 13|31 12(31 11|31 10(31.9|31.8|31.7 |31 6315|314 |31.3 (31 2|31 131 18|31 17|31 16|31 15|31_14
iRPC chambers in RE3/1 and
RE4/1Endcap (20° sectors) 1,0 4141 13041 12]41 11]41 10| 41 0 | 41.8 | 417 | 416 | 415 | 414 | 413 | 41 2 | 41 1 |41 18|41 17|41 16|21 15|41 14
IRPC FEB optical ngﬁ SE% 2827 2625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 363534 33323130 29 28 27
One linkinclude 1 rx and 1 tx Lol | | | e S e O e e e e S S
BE -/+4 for RE31 BE -/+2 for RE31 !
31_6 [ 313 312 | 31.6 [ 313 | 312 | :
iRPC backend ATCA 315 | 31 4 | 31.1 31.5 31.4 31.1 "
board Output channel 1| NN ] | ] N L] ] :
to EMTF a5 25Gb
inerate BE_-/+3 for RE41 BE_-/+1 for RE41 !
1
outputs: 416 | | 413 412 41 6 [ 413 | a2 I
Sramers of BEA or Rea - 415 414 411 | 415 a4 | 411 ;
1 1 1 1 ‘ 1 1 ‘ 1 1 } 1 1 1
I 8/7/6|5|4(3|2|1 I 87 6/5/4/3|2]|1 8654321 g
A I :
EMTF sector
(60°+neighbor 20°) ) : : : : | : 1 : | I 5
87654321 1 ,87 65 43,21 .,87654321 |!876543
1 | | | | | | | 1 | | |
1 1 1 1 1 1 1 1 1 1 1
270° 240° 210° 180° 150° 120° 90° 60° 30° 0° 330° 300° 270°
2024/7/13
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Serenityfi < ittt i

€ Function of Serenity-S1 Payload Seice e
] Single FPGA design(Serenity-S1) KRIA
. Supports VU13P-A2577 package, " Storage
. 25Gbps 12ch Firefly transceivers i
e 124 bi-dir links @25 Gbps aik|| oA M
. New->Zyng functionality via Xilinx Kria M

SoM N W
@ Zhen-An LIU in Serenity Steering committee.
€ Jingzhou ZHAO in Technical and Layout

Group.
* Schematic design

* PCB layout and review

* Serenity test

J Serenity-S1 first version in pilot

production stage

2024/7/13
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MTCA Demo & %4t

& TATCAREMRAE=HIKR], 4T ETFTMTCARIRPCE
mil A B FFDemoR S, ATEmMARFFHIER
IHIGIE .
> XHASsEAAMNZITRETMTCAR A& B

TR (BE)

& EEEARYE TSR TREMLLHEIEZH TR

(Check Sort-Push, CSP) , H#&1EHXH.
FHAXKHESHT THLHR

ﬁZ%ﬁﬂmtbFﬁ?F%k&ﬂ%%ﬂﬁﬁﬁga%ﬁ&ﬁ

L 2R 4

Virtex-7
FPGA

ﬁ, s -

M mGBT.
eMin iP@D<

e e P i T A ik P 224
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iRPC Online

W)

iRPC Chamber

DAQ/TTC/TTS

Bi-directional GBT link

—
Front-end Bi-directional GBT link
Boards S o
Y
N

{ Fast/Slow Ctrl ]

ONTROL

IRPC i i i 5 FEL 1272 ] 41 2R A

|
MiniDAQ

F TMTCARY & S fis A FL ¥ Demo 2R Gt 2244 []

Read\

Data buffer ]—«/

N

DEMUX | Cluster
finding

e
Data path

Ctrl path
EMTF
L1T

DTH
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CSPAILHRR - A4 it IR

I R TFEARE: CMS IRPC Check-Sort-Push Z(#E1£ 5 pLAIBE 75
B Check-Sort-Push (CSP) https://indico.ihep.ac.cn/event/21307/contributions/160358/

HHE & XL

> ETHEMLTNEE 2 5CMS Preliminary GFer __ BooCMS Prelminary GIE+t o
> SIZ?%I%EEEIQZ%%LEE < | Withquti¢sP | 5 % - 1.4 mm double gap iRPC S
. L : 7 o ’/\ © © 1.4 mm double gap iRPC S 270 HV- 7100V 10% =
N 2 3z 070 = © E ©
ﬁli—\}ﬁﬁ@fk I\EE,%\% =INA| '§70§ "I-'icxalg/zg\t/s . 5000 103§ ‘é Total events : 5000 i §
IR E 1SN e, B 8 6oL Beam + y bkg (2.0-2.7 kHziem?) N o0 Beam + y bkg (2.0-2.7 kHz/cm?) 2
clusterfy /=4 LR [ : ‘ - 2
> ORENSHERAEE, B &0 : : . | |
%éﬁ#;fﬂﬁﬁﬁﬁ%%%% 40; 1st i Jnd i 3rd | 40% 1st i 2nd i 3
’F)iqj 0 . FPGA | FPGA | FPGA ¥ .. FPGA | FPGA | FPGA
> R : | : 1 | |
- RRIERMBESAH 20 -l 20 | i
ol B IR ANBIE = , . . : : , |
A R < R : | | : o 5 E
© ASAREBERAT, &K = TR : | = |

FE3R MEOBX (7 &) B 1K 6 1624 0 & 16 24 o 008 1624 0 8 16 24 o'%i 10°

Detector channel id

@J 30 BX(E ) Detector channel id

Without CSP |
With CSP
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Pair function#/Li 332 ¥r

D2l

B EE S L

B HR and LR data pair
function

* one strip tdc data
from HR and LR
concentrate in one
GBT frame, and
throw away only
have HR or LR tdc
data.

2024/7/13

Sending Delay Study of 96 FPGA Channel

CMS MUON Prelimina
90, mnary

Sending delay(BX)
o ~ (o]
=} o o

w

40
30,
20°

105

Orusriiia

GIF++

April.2023
run970_7200V

Event count: 8000

TDC data count: 100072
No y bkg rate

Beam trigger

M o

8716240 8 16 24 0 8 16 24

FPGA_Channel

Pair function disable

103
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~10?

10°

Sending delay(BX)
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o o
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o
T
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O
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40F
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10E

Sending Delay Study of 96 FPGA Channel

'CMS MUON Preliminary

T T ULAR RARRRERARS

LN AR

LLL

o I1181l‘ll]l.éllllzlalllliu

GIF++

July.2023
run1182_7200V

Event count: 8000

TDC data count: 491632
Beam trigger

y bkg rate(WP) : 2.7 kHz/:

LLILLLL IHAIi

n .' nnn 0”””!8'“”16 24

FPGA_Channel

Pair function enable
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CSPRL M

-5 - DAQT

« fEHCSP, 7E24 BXH & i A i b4 K 799.8%
o HERABARMBERGy AET, TP aFIfE12BX(H b7 1) M 93%1E K 1/99%
« CSPEEHE/NAIDAQE 1 AT fE

CMS Preliminary

GIF++

|
o
o

= ¥

Rate of good hits [%]
o
®

HV - 7100V
Beam-only

. —— Without CSP
—+— With CSP

94

96:1.4 mm double gap iRPC

9 2 3‘6
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24

18 12
DAQ window [BX]

Rate of good hits [%]

96

94

92

CMS Preliminary GIF++

L v —

1.4 mm double gap iRPC
HV - 7100V

Beam + y bkg (2.0-2.7 kHz/cm?)
. —— Without CSP

—+— With CSP

36 24 18 12
DAQ window [BX]
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7.2
I

FIEIER

&

LA

L

B EfihR R ERT (latency) RZHEEMA RS EESH,
B 5 T —ZRbufferfl —Zbuffer5iE K ZAAAIRE X E, /Nbuffer T,

L1T (preliminary) latency based on real firmware

GMT TkMuons
GMT Topol.
Outer Tracker

[
TKTF-FPGAL
TKTF-FPGA2

CL1E Puppi
CL1 E?-rwagd
ets

CcL2 %—Jtag
CL2 Efy

CL2 Tau

GT
GT-Final OR
TCDS2

00 05 1.0 15 20 25 30 35 40 45 50 55 60 65 7.0 75 80 85 9.0 95 10.0 105 11.0 11.5 12.0
time (us)

¢ Includes latency of inputs and numbers based on developed subsystems

o Latency of the links ~0.2 ps

e Latency of 10.2 uys (FEto FE)/ 12.5 ps

2024/7/13

Hir g FEL 572 24

channefifo{0)(0) F

- @120M
channelfifo(0)(1) |—
Readout Prog ToC FIFo0
| Priorit
@40M - Eocoer | - LDely SO0
3[ channelfifo(0)(32) JI_
; @120M @200M
channelfifo(1)(1)
— Readout Readout
@40m . b Priority Prog TOC FIFO() Prioriy | CONCENTRATOR
i Encoder Y Encoder
channelfifo(1)(32) |—
- @120M ;
channelfifo(2)(1) :
Readout Pro :
@40M P~ Priority Delag TDC _FIFO(2) :
Encoder Y :
channelfifo(2)(32) |—
channelfifo(2)(33) T T
CHECK  1st SORT 2nd SORT PUSH

— 2k buffer

— i buffer
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300} -
201 7]
200} . 15 1
10 B
100} . :
o ]
R ST S5 20 U 7 -
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Cluster Radial Size (cm)
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https://indico.ihep.ac.cn/event/21307/contributions/160357/

) EﬁXﬂ‘ ﬁég& ,;I%]:“ri E,(J ﬁ}l: 756 ’ Eﬁ % T *E‘ﬁ g HV =R7'E 2::)::)._\;904 6 CMS Mmuon Preliminary simu_laﬂon
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o BB SR IR AT TR m

oI BRI AR T W o] g
2 ]
25 R | _

: 0.002

« XIFPGABTUR R A 1 HLBLAT SR - O PR ]

Ay(mm) cluster size (reference)

DA

FEESERBABEERE  HREEXNSBIERTEE

CMS Muon Preliminary ~ CERN 904 Lab
T I I I T

Seg Length Seg Length

Nseg § Utilization Post-Synthesi Post-Implementation
RE41 RE31 . .
w
x = LUT 1
8 152.5 mm 183 mm go,ggf’ i = - 5 LUTRAM 4 1

= FF
% 0.98 BRAM
16 76.25 mm 91 mm oor g
a 100 200 300 a0c 500 GTH
o 1 BUFG
3 2 3 8 mm 46 mm ‘ Threshold: 40 fC MMSE:

0.95 Chamber type: RE3/1

S 16 ’ 0 25 50 75 100
e = 1 1 1 | 1 tilization (%)
g . 6.8 6.9 7.0 71 7.2 73 74 75 ’
2024/7/13 High Voltage(kV)
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iRPC QC3Jii =R R4

€ iRPC MTCAJE it K BB F2 R4 H
TFirRPC QC3R ER M

€ iRPCQC3: Chamber during
construction and with cosmics @
assembly sites: Gas leak, dark
current, cosmic (noise, eff, cluster
size, HV).

€ Developed and set up two systems

/III/T/I /Il/l

/I//////////

» Gent system: Jianing helped set
up this system in July.2023

» 904 system: Qingfeng set up
904 backend system

> 9043 R Gt 2. 58 il40BRPC
chamber Mz .

2024/7/13
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1. IEEE RT2024[F Fre=il, H3L4R45 Check-Sort-Push and its application in CMS iRPC
subsystem

RPCJ5 i & FE 223k g, XA, 2023 eMSH EIZHE 4y, 2023%7H2H
Timing reference distribution and alignment study for CMS iRPC, ~JfH&., 2023
CMSHT[EH 42>, 202377 H3H

CMS iRPC Backend and Trigger Status, zhao jingzhou, CLHCP2023, 16-20/11/2023

5. Data ananlsys for iRPC BE/TRG beam test, Weizhuo DIAO, CLHCP2023, 16-
20/11/2023
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